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The Effect of Enovin on Proliferation Rate of Human

Dermal Fibroblast Cells (39SK) (three-day-treatment)
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MELG.LGGLSTLII

1 CTGATGGGCGCTCCTGGTGTTGATAGAGA ACTTGGAGGCCTCTCCACGCT
S HCPWP R R Q "S5EQIDNO: 28 . 20
61 GTCCCACTGCCCCTGGECTAGGCECCAGRTEAGTGGTTCTCCCAGTGACTCCTACCTGGT

121 ACTGAGGAAAGGCGGCTTGACTGOTGAGGGAGAGCARCGCTTGGCTTGGECAGCGGTTAG
181 GTGTGGGAGGGAAAATGGTCAGGGAGGGACCAGCTGAATGGGAGGAGGAGCGGGACTTCT
241 CTGAATGGTCGETGCACTCAGGTGATTCCTCCCCTGGGCTCCCAGAGGCAGCARACCCAT
301 TATACTGGARCCTAGGCCCTTCCTGAGTTTCCCCTCCACACAGCTAGGAGCCCATGCCCG

361 GCC'I‘GATC‘I‘CAGCCCC@ACAGCCCCTCC'ITGAGGTCC@X‘CCCCMGCCCACCTGG

A PLGL S A-al?p a1 we 33

421 GTGCUCTCTTTCTCCCTGA CACTTGGTCTCTCCGC CTGCCCTGTGGCCCA

T L AALALTLTGSSVAEA ASTLGSAZP ™5
481 CCCTGGCCGCTCTGRCTCTGCTGAGCAGCGTCGCAGAGGCCTCCCTGGGETCLGRGECCC:

R S PAPRETGTPPZPVILASZPAGIHIL 73
541 GCA PGCCCCCCGCGAAGGCCCCCOGCCTETCCTGECGTCCCCCGCCGGCCACCTGC

P | SEQ ID NO: 29 74
601 CGEGTAGGT! AGCGCGAGGEGGCGEGGCEGEECTGGCCCGGGACACCGCGCGTGACTG

¢ R T ARWOCSGRARUREPP 9
661 GGTCTCATTCCA ACGCACGGCCCGCTGGTGCAGTGGAAGAGCCCGGCGGLCGLLE

PQPSRPAPPPPAPPSALPRGHO
721 .CCGCAGCCT‘I'CTCGGCCCGCGCCCCCGCCGCCTGCACCCCCATCTGCTCTI‘CCCCGCGGG

(> aturs enovin
G R AARIAGGPGSRARAAGA ARGE 130

781 GGCCGCGCGGCGCGEECTGGGEGCCCEGGCAGCCGCGCTCGGGCAGCGRGEGCGELEEEET

Cc RLRSQLVEPVRALGTLGTEHT RS D 150
841 TGCCGCCTGCGCTCGCAGCTGRTGCCEOTGCGCGCGCTCOECCTGGGCCACCGCTCCGAC

ELVRFRTFGCECSGSCRRARSTPHDIN
901 GAGCTGGTGCGTTTCCGCTTCTGCAGEGGCTCCTGCCGCCGCGCGCGCTCTCCACACGAC

L S L A SLULGAGA ALTRZPPPGSRP 19
961 CTCAGCCTGGCCAGCCTACTGEGLGCCEEGECCCTGCGACCGCCCCCGGGCTCCCEGCCC

VSQPCCRPTRYEAVSFMDV§210

1021 GTCAGCCAGCCCTGCTGCCGACCCACGCGCTACGAAGCGGTCTCCTTCATGGACGTCAAC
SEQ ID NO: 30

T W R TV DRLSATACGCTLG" 228
1081 AGCACCTGGAGAACCGTGGACCGCQTCTCCGCCACCGCCTGCGGCTGCCTGGGCTGAGGG

1141 CTCGCTCC@GGGC’I‘TTGCAGACTGGACCCT”FACCGGTGGCTC'I’TCC'TG SEQ ID NO: 8

FIG. 21
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1 MELGLGGLST LSHCPWPRRQ APLGLSAQPA LWPTLAALAL LSSVAEASLG
51 SAPRSPAPRE GPPPVLASPA GHLPGGRTAR WCSGRARRPP PQPSRPAP?P
101 PAPPSALPRG GRAARAGGPG SRARAAGARG CRLRSQLVPV RALGLGHRSD
151 ELVRFRFCSG.SCRRARSPHD LSLASLLGAG ALRPPPGSRP VSQPCCRPTR

201 YEAVSFMDVN STWRTVDRLS ATACGCLG SEQ ID NO: 9

FIG.23
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1 MELGLGGLST LSHCPWPRRQ PALWPTLAAL ALLSSVAEAS LGSAPRSPAP
51 REGPPPVLAS PAGHLPGGRT ARWCSGRARR PPPQPSRPAP PPPAPPSALP

101 RGGRAARAGG PGSRARAAGA RGCRLRSQLV PVRALGLGHR SDELVRFRFC

4

151 SGSCRRARSP HDLSLASLLG AGALRPPPGS RPVSQPCCRP TRYEAVSFMD

201 VNSTWRTVDR LSATACGCLG SEQ ID NO: 10

FIG. 24
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ISOLATED NUCLEIC ACID MOLECULE
ENCODING A NEUROTROPHIC GROWTH
FACTOR

CROSS REFERENCE OF APPLICATION

[0001] This application is a continuation of U.S. patent
application Ser. No. 09/357,349, filed Jul. 14, 1999, which
claims the benefit of priority under 35 U.S.C. §119 from
United Kingdom Patent Application No. 9815283 .8, filed on
Jul. 14, 1998, the contents of which are incorporated herein
by reference, and is a continuation-in-part of U.S. patent
application Ser. No. 09/327,668, filed on Jun. 8, 1999, and of
U.S. patent application Ser. No. 09/248,772, filed on Feb. 12,
1999, the contents of which are incorporated herein by refer-
ence.

[0002] The present invention is concerned with a neu-
rotrophic factor and, in particular, with cloning and expres-
sion of a novel member of the GDNF family of neurotrophic
factors, designated herein as “enovin” (EVN).

INTRODUCTION

[0003] Neurotrophic factors are involved in neuronal dif-
ferentiation, development and maintenance. These proteins
can prevent degeneration and promote survival of different
types of neuronal cells and are thus potential therapeutic
agents for neurodegenerative diseases. Glial cell-line derived
neurotrophic factor (GDNF) was the first member of a grow-
ing subfamily of neurotrophic factors structurally distinct
from the neurotrophins. GDNF is a member of the transform-
ing growth factor (TGF-f) superfamily of growth factors,
characterized by a specific pattern of seven highly conserved
cysteine residues within the amino acid sequence (Kingsley,
1994). GDNF was originally purified using an assay based on
its ability to maintain the survival and function of embryonic
ventral midbrain dopaminergic neurons in vitro (Lin et al.,
1993). Other neuronal cell types in the central (CNS) or
peripheral nervous systems (PNS) are also responsive to the
survival effects of GDNF (Henderson et al., 1994, Buj-Bello
et al., 1995, Mount et al., 1995, Oppenheim et al., 1995).
GDNF is produced by cells in an inactive proform, which is
cleaved specifically at a RXXR furin recognition site to pro-
duce active (mature) GDNF (Lin et al., 1993). Exogenous
administration of GDNF has potent neuroprotective effects in
animal models of Parkinson’s disease, a common neurode-
generative disorder characterized by the loss of up to 70% of
dopaminergic cells in the substantia nigra of the brain (Beck
et al., 1995, Tomac et al., 1995, Gash et al., 1996, Choi-
Lundberg et al., 1997, Bilang-Bleuel J. at al., 1997).

[0004] Recently, additional neurotrophic factors of the
GDNF family have been discovered. Neurturin (NTN) was
purified from conditioned medium from Chinese hamster
ovary (CHO) cells using an assay based on its ability to
promote the survival of sympathetic neurons in culture
(Kotzbauer et al., 1996). The mature NTN protein is 57%
similar to mature GDNF. Persephin (PSP) was discovered by
cloning using degenerate primer PCR with genomic DNA as
atemplate. The mature PSP, like mature GDNF, promotes the
survival of ventral midbrain dopaminergic neurons and of
motor neurons in culture (Milbrandt at al., 1998). The simi-
larity of the mature PSP protein with mature GDNF and NTN
is =50%. Artemin (ARTN) was discovered by DNA database
searching and is a survival factor of sensory and sympathetic
neurons in culture (Baloh at al, 1998b).
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[0005] GDNF, NTN, PSP and ARTN require a het-
erodimeric receptor complex in order to carry out down-
stream intracellular signal transduction. GDNF binds to the
GDNF family receptor alpha 1 (GFRa-1; GFRa Nomencla-
ture Committee, 1997) subunit, a glycosyl-phosphatidyl-
inositol (glycosyl-PtdIns) anchored membrane protein (Jing
at al. 1996, Treanor at al. 1996, Sanicola et al 1997). The
GDNF/GFRa-1 complex subsequently binds to and activates
the cRET proto-oncogene, a membrane bound tyrosine
kinase (Durbec et al. 1996, Trupp et al, 1996), resulting in the
phosphorylation of tyrosine residues in cRET and subsequent
activation of downstream signal transduction pathways
(Worby et al., 1996). Several other members of the GFRa
family of ligand binding receptors have been characterized
(Baloh at al., 1997, Sanicola et al. 1997, Klein et al., 1997,
Buj-Bello et al, 1997, Suvanto et al., 1997). GFRa-2 and
GFRa-3 (Jing et al., 1997, Masure et al., 1998, Woby et al
1998, Naveilham et al., 1998, Baloh et al 1998a) have been
identified by a number of different groups. GFRa-1 and
GFRa-2 are widely expressed in almost all tissues and
expression may be developmentally regulated (Sanicola et
al., 1997, Widenfalk et al, 1997).

[0006] GFRa-3 is not expressed in the developing or 20
adult central nervous system, but is highly expressed in sev-
eral developing and adult sensory and. sympathetic ganglia of
the peripheral nervous system (Widenfalk et al, 1998, Naveil-
ham etal., 1998, Baloh et al, 1998a). A fourth family member,
GFRa-4, was cloned from chicken cDNA (Thompson et al.,
1998). GFRa is the preferred receptor for GDNF, whereas
GFRa-2 preferentially binds NTN (Jing et al., 1996, Treanor
et al., 1996, Klein et al., 1997). Chicken GFRa-4 forms a
functional receptor complex for PSP in combination with
cRET (Enokido et al., 1998). Cells expressing both GFRa.-3
and cRET were shown not to respond to either GDNF, NTN
or PSP (Worby et al., 1998, Baloh et al., 1998a). Recently,
ART has been shown to signal through cRET using GFRa.-3
as the preferred ligand-binding receptor (Baloh et al 1998b).
Cross-talk between the neurotrophic factors and GFRa
receptors is possible in vitro, as GDNF can bind to GFRa.-2 or
GFRa-3 inthe presence of cRET (Sanicola atal., 1997, Trupp
et al, 1998) and NTN can bind to GFRa-1 with low affinity
(Klein etal., 1997). In summary, GDNF, NTN, PSP and ART
are part of a neurotrophic signalling system whereby different
ligand-binding subunits (GFRa-1 to —4) can interact with the
same Tyrosine kinase subunit (cCRET). The physiological rel-
evance of these in vitro findings was recently shown in gene
knockout studies (reviewed by Rosenthal, 1999), which
clearly show that GDNF interacts with GFRa-1 in vivo,
whereas NTN is the preferred ligand for GFRa.-2.

[0007] The present inventors have identified, cloned,
expressed, chromosomally localized and characterized
Enovin (EVN), the fourth member of the GDNF family. The
knowledge of the mature EVN protein has been extended
with the discovery of different functional and non-functional
mRNA splice variants. Moreover, we present expression data,
binding data of EVN to GFRc and in vitro effects of EVN on
neurite outgrowth and protection against taxol-induced neu-
rotoxicity in staurosporine-differentiated SH-SYSY human
neuroblastoma cell cultures.

SUMMARY OF THE INVENTION

[0008] In the present application, there is provided a
nucleic acid molecule encoding a novel human neurotrophic
growth factor, “enovin” an expression vector comprising said
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nucleic acid molecule, a host cell transformed with said vec-
tor, a neurotrophic growth factor encoded by said nucleic acid
molecule, isolated enovin, compounds which act as agonists
or antagonists of enovin and pharmaceutical compositions
containing the nucleic acid or the enovin protein or the ago-
nists or antagonists thereof.

DETAILED DESCRIPTION OF THE INVENTION

[0009] According to a first aspect of the present invention
there is provided a nucleic acid molecule encoding a human
neurotrophic growth factor, designated herein as enovin, hav-
ing the amino acid sequence illustrated in FIG. 21, or encod-
ing a functional equivalent, derivative or bioprecursor of said
growth factor. Preferably, said nucleic acid molecule is DNA
and even more preferably a cDNA molecule.

[0010] Preferably, the nucleic acid according to the inven-
tion comprises the sequence from positions 81 to 419 of the
sequence illustrated in FIG. 1 and more preferably from posi-
tions 81 to 422 and even more preferably the complete
sequence illustrated in FIG. 1.

[0011] Thenucleic acid molecule from position 81 to 4191s
believed to encode the sequence of the mature enovin protein
subsequent to processing of the proform of the protein at the
RXXR processing site present in the stable proform of said
enovin protein.

[0012] There is also provided by the invention an antisense
molecule capable of hybridising to any of the nucleic acid
sequences according to the invention, under high stringency
conditions, which would be well known to those skilled in the
art.

[0013] Stringency of hybridisation as used herein refers to
conditions under which polynucleic acids are stable. The
stability of hybrids is reflected in the melting temperature
(Tm) of the hybrids. Tm can be approximated by the formula:

81.5° C.-16.6(log 10[Na*]+0.41(% G&C)-600/1

wherein 1 is the length of the hybrids in nucleotides. Tm
decreases approximately by 1-1.5 C with every 1% decrease
in sequence homology.

[0014] Advantageously, the nucleic acid molecule accord-
ing to the invention may be used to express the human neu-
rotrophic growth factor according to the invention, in a host
cell or the like using an appropriate expression vector.
[0015] An expression vector according to the invention
includes vectors capable of expressing DNA operatively
linked to regulatory sequences, such as promoter regions, that
are capable of effecting expression of such DNA fragments.
[0016] Regulatory elements required for expression
include promoter sequences to bind RNA polymerase and
transcription initiation sequences for ribosome binding. For
example, a bacterial expression vector may include a pro-
moter such as the lac promoter and for transcription initiation
the Shine-Dalgarno sequence and the start codon AUG. Simi-
larly, a eukaryotic expression vector may include a heterolo-
gous or homologous promoter for RNA polymerase 11, a
downstream polyadenylation signal, the start codon AUG and
a termination codon for detachment of the ribosome. Such
vectors may be obtained commercially or assembled from the
sequences described by methods well known in the art.
[0017] Thus, an expression vector refers to a recombinant
DNA or RNA construct, such as a plasmid, a phage, recom-
binant virus or other vector that upon introduction into an
appropriate host cell results in expression of the DNA or RNA
fragments. Appropriate expression vectors are well known to
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those skilled in the art and include those that are replicable in
eukaryotic cells and/or prokaryotic cells and those that
remain episomal or those which integrate into the host cell
genome.

[0018] The antisense molecule capable of hybridising to
the nucleic acid according to the invention may be used as a
probe or as amedicament or in a pharmaceutical composition.
[0019] Nucleic acid molecules according to the invention
may be inserted into the vectors described in an antisense
orientation in order to provide for the production of antisense
RNA. Antisense RNA or other antisense nucleic acids may be
produced by synthetic means.

[0020] A further aspect of the invention comprises the host
cell transformed, transfected or infected with the expression
vector according to the invention, which cell preferably com-
prises a eukaryotic cell and more preferably a mammalian
cell.

[0021] Incorporation of cloned DNA into a suitable expres-
sion vector for subsequent transformation of said cell and
subsequent selection of the transformed cells is well known to
those skilled in the art as provided in Sambrook et al (1989)
Molecular Cloning, A Laboratory manual, Cold Spring Har-
bour Laboratory Press

[0022] A further aspect of the present invention comprises
a nucleic acid molecule having at least 15 nucleotides of the
nucleic acid molecule according to the invention and prefer-
ably from 15 to 50 nucleotides.

[0023] These sequences may, advantageously be used as
probes or primers to initiate replication or the like. Such
nucleic acid molecules may be produced according to tech-
niques well known in the art, such as by recombinant or
synthetic means. They may also be used in diagnostic kits or
devices or the like for detecting for the presence of a nucleic
acid according to the invention. These tests generally com-
prise contacting the probe with a sample under hybridising
conditions and detecting for the presence of any duplex for-
mation between the probe and any nucleic acid in the sample.

[0024] According to the present invention these probes may
be anchored to a solid support. Preferably, they are present on
an array so that multiple probes can simultaneously hybridize
to a single biological sample. The probes can be spotted onto
the array or synthesized in situ on the array. (See Lockhart et
al., Nature Biotechnology, vol. 14, December 1996 “Expres-
sion monitoring by hybridisation into high density oligo-
nucleotide arrays™). A single array can contain more than 100,
500 or even 1,000 different probes in discrete locations.

[0025] Nucleic acid molecules according to the invention
may also be produced using such recombinant or synthetic
means, such as, for example, using PCR cloning mechanisms
which generally involve making a pair of primers, which may
be from approximately 10 to 50 nucleotides to a region of the
gene which is desired to be cloned, bringing the primers into
contact with mRNA, cDNA, or genomic DNA from a human
cell, performing a polymerase chain reaction under condi-
tions which bring about amplification of the desired region,
isolating the amplified region or fragment and recovering the
amplified DNA. Generally, such techniques as defined herein
are well known in the art, such as described in Sambrook et al
(Molecular Cloning: a Laboratory Manual, 1989).

The nucleic acids or oligonucleotides according to the inven-
tion may carry a revealing label. Suitable labels include radio-
isotopes such as P or *°S, enzyme labels or other protein
labels such as biotin or fluorescent markers. Such labels may
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be added to the nucleic acids or oligonucleotides of the inven-
tion and may be detected using known techniques per se.
Advantageously, human allelic variants or polymorphisms of
the DNA molecule according to the invention may be identi-
fied by, for example, probing cDNA or genomic libraries
from a range of individuals for example from different popu-
lations. Furthermore, nucleic acids and probes according to
the invention may be used to sequence genomic DNA from
patients using techniques well known in the art, such as the
Sanger Dideoxy chain termination method, which may
advantageously ascertain any predisposition of a patient to
certain disorders associated with a growth factor according to
the invention.

[0026] Further provided by the present invention is a trans-
genic cell, tissue or organism comprising a transgene capable
of expressing the human neurotrophic factor enovin accord-
ing to the invention.

The term “transgene capable of expression” as used herein
means any suitable nucleic acid sequence which leads to
expression of a neurotrophic factor having the same function
and/or activity of a neurotrophic factor according to the
invention. The transgene may include, for example, genomic
nucleic acid isolated from human cells or synthetic nucleic
acid including cDNA, integrated into the chromosome or in
an extrachromosomal state.

Preferably, the transgene comprises a vector according to the
invention, which vector includes a nucleic acid molecule
encoding said neurotrophic factor, or a functional fragment of
said nucleic acid molecule. A “functional fragment” of said
nucleic acid should be taken to mean a fragment of the gene
or cDNA encoding said neurotrophic factor or a functional
equivalent thereof, which fragment is capable of being
expressed to produce a functional neurotrophic growth factor
according to the invention. Thus, for example, fragments of
the neurotrophic growth factor according to the invention
which correspond to the specific amino acid residues inter-
acting with the corresponding receptor also form part of the
present invention and which fragments may serve to function
as agonists activating the corresponding receptor of the
growth factor according to the invention so as to elicit its
growth promoting and survival sustaining effects on cells.
This aspect of the invention also includes differentially
spliced isoforms and transcriptional starts of the nucleic acids
according to the invention.

[0027] In accordance with the present invention, a defined
nucleic acid includes not only the identical nucleic acid but
also any minor base variations including in particular, substi-
tutions in bases which result in a synonymous codon (a dif-
ferent codon specifying the same amino acid residue) due to
the degenerate code in conservative amino acid substitutions.
The term “nucleic acid molecule” also includes the comple-
mentary sequence to any single stranded sequence given
regarding base variations.

[0028] According to a further aspect the invention provides
an isolated human neurotrophic growth factor, encoded by a
nucleic acid molecule as defined herein. Preferably, the
growth factor comprises an amino acid sequence from posi-
tion 27 to 139 of the amino acid sequence of FIG. 1 (SEQ ID
NO. 3) or a functional equivalent, derivative or bioprecursor
thereof.

A “functional equivalent” as defined herein should be taken to
mean a growth factor that exhibits all of the growth properties
and functionality associated with the growth factor enovin. A
“derivative” of enovin as defined herein is intended to include

Jun. 12,2014

apolypeptide in which certain amino acids have been altered
or deleted or replaced with other amino acids and which
polypeptide retains the biological activity of enovin and/or
which polypeptide can react with antibodies raised using
enovin according to the invention as the challenging antigen.

[0029] Encompassed within the scope of the present inven-
tion are hybrid and modified forms of enovin, including
fusion proteins and fragments. The hybrid and modified
forms include, for example, when certain amino acids have
been subjected to some modification or replacement, such as
for example, by point mutation yet which modifications still
result in a protein which retains the biological activity of
enovin, according to the invention. Specific nucleic acid
sequences can be altered by those of'skill in the art to produce
agrowth factor exhibiting the same or substantially properties
to enovin.

[0030] As is well known in the art, many proteins are pro-
duced in vivo with a (pre) signal sequence at the N-terminus
of the protein. Furthermore, such proteins may comprise a
further pro sequence that represents a stable precursor to the
mature protein. Such pre and pro sequences are not generally
necessary for biological activity. The enovin molecule
according to the invention includes not only the full length
sequence illustrated in FIG. 21 but from position 27 to 139,
which follows the RXXR proteolytic processing site present
in growth factors of this type and which is believed to repre-
sent the mature sequence of enovin.

[0031] A defined protein, polypeptide or amino acid
sequence according to the invention includes not only the
identical amino acid sequence but isomers thereof in addition
to minor amino acid variations from the natural amino acid
sequence including conservative amino acid replacements (a
replacement by an amino acid that is related in its side chains).
Also included are amino acid sequences which vary from the
natural amino acid but result in a polypeptide which is immu-
nologically identical or similar to the polypeptide encoded by
the naturally occurring sequence.

[0032] Proteins or polypeptides according to the invention
further include variants of such sequences, including natu-
rally occurring allelic variants which are substantially
homologous to said proteins or polypeptides. In this context,
substantial homology is regarded as a sequence which has at
least 70%, and preferably 80%, 90% or 95% amino acid
homology with the proteins or polypeptides encoded by the
nucleic acid molecules according to the invention.

Neurotrophic growth factors expressed by the host cells
according to the invention are also encompassed within the
present invention.

[0033] The present invention is further directed to inhibit-
ing the neurotrophic growth factor according to the invention
in vivo by the use of antiserise technology. Antisense tech-
nology can be used to control gene expression through triple-
helix formation or antisense DNA or RNA, both of which
methods are based on binding of a polynucleotide to DNA or
RNA. For example, the part of the DNA sequence coding for
the mature protein of the present invention is used to design an
antisense RNA oligonucleotide of from 10 to 50 base pairs in
length. A DNA oligonucleotide is designed to be complemen-
tary to a region of the gene involved in transcription (triple-
helix—see Lee et al. Nucl. Acids. Res., 6:3073 (1979);
Cooney et al., Science, 241:456 (1988); and Dervan et al.,
Science, 251: 1360 (1991), thereby preventing transcription
and the production of enovin. The antisense RNA oligonucle-
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otide hybridises to the mRNA in vivo and blocks translation
of an mRNA molecule into enovin.

[0034] Because of the sequence similarity between the
growth factor described herein with previously identified
growth factors of the GDNF family, enovin is also believed to
be capable of promoting cell survival and growth and in
treating disorders resulting from defects in function or
expression of said neurotrophic factor.

[0035] The nucleic acid molecules or the neurotrophic fac-
tor according to the invention may, advantageously, therefore
be used to treat or prevent neural disorders in a subject by
administering to said subject an amount of a nucleic acid
molecule or growth factor according to the invention in suf-
ficient concentration to reduce the symptoms of said disorder.
Thus, the nucleic acid molecules of the invention may be used
to promote maintenance and survival of neuronal cells and for
treating neuronal disorders or neurodegenerative conditions
including Parkinson disease, Alzheimer’s disease, peripheral
neuropathy, amyatrophic lateral sclerosis, peripheral and cen-
tral nerve trauma or injury and exposure to neurotoxins.
[0036] The neurotrophic growth factor according to the
invention has, advantageously, been observed to confer a
neurotrophic or neuroprotective effect on neuronal cells or
cell populations, particularly those neuronal cells or cell
populations which have been induced to undergo apoptosis.
Accordingly, the nucleic acid or the enovin growth factor
itself according to the invention may additionally be used in
treating neurodegenerative disorders such as stroke, Hunting-
dons disease, peripheral neuropathy, acute brain injury ner-
vous system tumours, multiple sclerosis, amyotrophic lateral
sclerosis, peripheral nerve trauma, injury exposure to neuro-
toxins, multiple endocrine neoplasia, familial Hirschsprung
disease, Prion associated diseases, Creutzfeld-Jacob disease
by administering to a patient in need thereof, an amount of
said nucleic acid or enovin in sufficient concentration to
reduce or prevent the symptoms of the neural disorders
described herein.

[0037] Additionally, and which is described in more details
in the example below, enovin has been shown to speed up
recovery of induced sensory deficits, which identifies enovin
as a candidate for treating or alleviating pain syndromes with
a peripheral or central neurogenic component, rheumatic/
inflammatory diseases as well as conductance disturbances,
by administration to a patient in need thereof in sufficient
concentration to reduce or prevent the symptoms of these
disorders.

[0038] An alternative method for treating the nerve disor-
ders described above comprises implanting in a subject cells
that express a human neurotrophic growth factor according to
the invention such as the transgenic cell described herein.
[0039] The nucleic acid molecules and neurotrophic
growth factor according to the invention may also be included
in a pharmaceutical composition together with a pharmaceu-
tically acceptable carrier, diluent or excipient therefor.
[0040] Antibodies to the neurotrophic factor of the present
invention may, advantageously, be prepared by techniques
which are known in the art. For example, polyclonal antibod-
ies may be prepared by inoculating a host animal such as a
mouse with the growth factor or an epitope thereof and recov-
ering immune serum. Monoclonal antibodies may be pre-
pared according to known techniques such as described by
Kohier R. and Milstein C., Nature (1975) 256, 495-497.
[0041] Antibodies according to the invention may, advan-
tageously, be used in a method of detecting for the presence of
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a growth factor according to the invention, which method
comprises reacting the antibody with a sample and identify-
ing any protein bound to said antibody. A kit is also provided
for performing said method which comprises an antibody
according to the invention and means for reacting the anti-
body with said sample.

[0042] Also provided by the present invention is a kit or
device for detecting for the presence of a neurotrophic growth
factor according to the invention in a sample, comprising an
antibody as described above and means for reacting said
antibody and said sample.

[0043] Proteins which interact with the neurotrophic factor
of the invention, such as for example it’s corresponding cel-
Iular receptor may be identified by investigating protein-pro-
tein interactions using the two-hybrid vector system which is
well known to molecular biologists (Fields & Song, Nature
340:245 1989). This technique is based on functional recon-
stitution in vivo of a transcription factor which activates a
reporter gene. More particularly the technique comprises pro-
viding an appropriate host cell with a DNA construct com-
prising a reporter gene under the control of a promoter regu-
lated by a transcription factor having a DNA binding domain
and an activating domain, expressing in the host cell a first
hybrid DNA sequence encoding a first fusion of a fragment or
all of a nucleic acid sequence according to the invention and
either said DNA binding domain or said activating domain of
the transcription factor, expressing in the host at least one
second hybrid DNA sequence, such as a library or the like,
encoding putative binding proteins to be investigated together
with the DNA binding or activating domain of the transcrip-
tion factor which is not incorporated in the first fusion; detect-
ing any binding of the proteins to be investigated with a
protein according to the invention by detecting for the pres-
ence of any reporter gene product in the host cell; optionally
isolating second hybrid DNA sequences encoding the bind-
ing protein.

[0044] An example of such a technique utilizes the GALA
protein in yeast. GALA is a transcriptional activator of galac-
tose metabolism in yeast and has a separate domain for bind-
ing to activators upstream of the galactose metabolizing
genes as well as a protein binding domain. Nucleotide vectors
may be constructed, one of which comprises the nucleotide
residues encoding the DNA binding domain of GALA. These
binding domain residues may be fused to a known protein
encoding sequence, such as for example the nucleic acids
according to the invention. The other vector comprises the
residues encoding the protein binding domain of GALA.
These residues are fused to residues encoding a test protein,
preferably from the signal transduction pathway of the verte-
brate in question. Any interaction between neurotrophic fac-
tor encoded by the nucleic acid according to the invention and
the protein to be tested leads to transcriptional activation of a
reporter molecule in a GAL-4 transcription deficient yeast
cell into which the vectors have been transformed. Preferably,
a reporter molecule such as [-galactosidase is activated upon
restoration of transcription of the yeast galactose metabolism
genes.

[0045] The receptor for enovin has been identified by the
present inventors as GFRa3. Assays may therefore be pre-
pared to identify agonist or antagonistic compounds of
enovin. This assay may also be used in association with other
neurotrophic growth factors and their corresponding recep-
tors. Compounds identified may be used to treat or prevent
disorders such as Parkinson’s disease, Alzheimer’s disease,
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neuronal disorders associated with expanded polyglutamine
sequences, such as, Huntingdon’s disease, peripheral neur-
opathy, acute brain injury, nervous system tumours, multiple
sclerosis, amyotrophic lateral sclerosis, peripheral nerve
trauma or injury exposure to neurotoxins, multiple endocrine
neoplasia and familial Hirschsprung disease, Prion associ-
ated diseases, Creutzfeld-Jacob disease, stroke, pain syn-
dromes with a substantially peripheral or central neurogenic
component, rheumatic/inflammatory diseases as well as con-
ductance disturbances by administering to an individual an
amount of said agonist or antagonist in sufficient concentra-
tion to prevent or treat said neural disorders. Such compounds
may also be included in pharmaceutical compositions
together with a pharmaceutically acceptable carrier, diluent
or excipient therefor.

[0046] Agonists or antagonists of a growth factor (such as
for example enovin) may be identified in one embodiment by
contacting a cell tissue or organism expressing an appropriate
receptor and cRET with a candidate compound in the pres-
ence of the growth factor and comparing the levels of RET
activation in said cell, tissue or organism with a control which
has not been contacted with said candidate compound.
[0047] An alternative embodiment of the invention com-
prises a method of identifying agonists or antagonists of a
neurotrophic growth factor said method comprising contact-
ing a cell tissue or organism expressing an appropriate recep-
tor of said growth factor and cRET with a candidate com-
pound in the presence of said growth factor, measuring the
level of activation of a signalling kinase in the signal trans-
duction pathway of which said appropriate receptor is a com-
ponent following addition of an antibody specific for said
signal kinase conjugated to a reporter molecule compared to
a cell tissue or organism which has not been contacted with
said compound.

[0048] A further aspect of the invention comprises use of a
compound identified as an antagonist according to the inven-
tion in the manufacture of a medicament for treating gas-
trointestinal disorders or conditions mediated by increased
peristaltic intestinal movement. The compounds identified in
the assays of the present invention may advantageously be
used to enhance the gastrointestinal motility and therefore
may be useful in treating conditions related to a hampered or
impaired gastrointestinal transit.

[0049] Accordingly, such compounds may be useful in
treating warm-blooded animals, including humans, suffering
from conditions related to a hampered or impaired gastric
emptying or more generally suffering from conditions related
to a hampered or impaired gastrointestinal transit. Conse-
quently a method of treatment is provided for relieving
patients from conditions, such as, for example, gastrooescph-
ageal reflux, dyspepsia, gastroparesis, post-operative ileus,
and intestinal pseudo-obstruction.

[0050] Dyspepsiais animpairment of the function of diges-
tion, that can arise as a symptom of a primary gastrointestinal
dysfunction, especially a gastrointestinal dysfunction related
to an increased muscle tone or as a complication due to other
disorders such as appendicitis, gallbladder disturbances, or
malnutrition. Dyspeptic symptoms are for example a lack of
appetite, feeling of fullness, early satiety, nausea, vomiting
and bloating.

[0051] Gastroparesis can be brought about by an abnormal-
ity in the stomach or as a complication of diseases such as
diabetes, progressive systemic sclerosis, anorexia, nervosa
and myotonic dystrophy.
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[0052] Post-operative ileus is an obstruction or a kinetic
impairment in the intestine due to a disruption in muscle tone
following surgery. Intestinal pseudo-obstruction is a condi-
tion characterized by constipation, colicky pain, and vomit-
ing, but without evidence of physical obstruction.

[0053] The compounds of the present invention can thus be
used either to take away the actual cause of the condition or to
alleviate the symptoms of the conditions.

[0054] Additionally some of the compounds being stimu-
lators of kinetic activity on the colon, may be useful to nor-
malize or to improve the intestinal transit in subjects suffering
from symptoms related to disturbed motility, e.g. a decreased
peristalsis of the small and large intestine alone or in combi-
nation with delayed gastric emptying.

[0055] Inview ofthe colon kinetic utility of the compounds
of'the present invention, there is provided a method of treating
warm-blooded animals, including humans, suffering from
motility disorders of the intestinal system, such as, for
example, constipation, pseudo-obstruction, intestinal atony,
post-operative intestinal atony, irritable bowel syndrome
(IBS), and drug-induced delayed transit.

[0056] Compounds identified as antagonists according to
the assays of the present invention may also be of potential
use in the treatment or prophylaxis of gastrointestinal condi-
tions resulting from increased peristaltic movements in the
intestines such as diarrhea (including secretory diarrhea, bac-
terial induced diarrhea, choleic diarrhea, traveller’s diarrhea
and psychogenic diarrhea), Crohn’s disease, spastic colon,
irritable bowel syndrome (IBS), diarrheapredominant irri-
table bowel gastrointestinal hypersensitivity.

[0057] Inview ofthe utility of the compounds of the inven-
tion, it follows that the present invention also provides a
method of treating warm-blooded animals, including humans
suffering from gastrointestinal conditions such as irritable
bowel syndrome (IBS), especially the diarrhea aspects of
IRS. Consequently a method of treatment is provided for
relieving patients suffering from conditions such as irritable
bowel syndrome (IBS), diarrheapredominant irritable bowel
syndrome, bowel hypersensitivity, and the reduction of pain
associated with gastrointestinal hypersensitivity.

[0058] The present compounds may also be of potential use
in other gastrointestinal disorders, such as those associated
with upper gut motility, and as antiemetics for treating eme-
sis, and cytotoxic drug and radiation induced emesis.

[0059] Inflammatory bowel diseases include, for example,
ulcerative colitis, Crohn’s disease and the like.

[0060] A further aspect of the invention also comprises a
method of treating a disorder mediated by expression of
enovin according to the invention by administering to a
patient an amount of an antisense molecule or an antagonist
thereof according to the invention in sufficient concentration
to alleviate or reduce the symptoms of said disorder.

[0061] Disorders mediated by inactivation or inhibiting
expression of enovin may also advantageously be treated by
administering to an individual an amount of a compound
identified as an agonist of enovin in sufficient concentration
to reduce or prevent the symptoms of the disorder.

[0062] In afurther aspect, the invention provides a method
for making a pharmaceutical formulation for the treatment of
diseases associated with human neurotrophic growth factor
enovin, said method comprising, selecting a candidate com-
pound identified as an agonist or antagonist of enovin accord-
ing to the invention, manufacturing bulk quantities of said
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compound and formulating the compound manufactured in a
pharmaceutically acceptable carrier.

[0063] As will be seen in more detail from the examples
below, enovin has been successful in reducing taxol induced
sensory deficits. Enovin may therefore play a possible role in
pain syndromes with a substantially peripheral and central
neurogenic component, rheumatic diseases as well as con-
ductance disturbances and can play a modulatory role in
sensory processes after transdermal, topical, local central
(such as epidural, initrathecal, ICV, intraplexus, intraneu-
ronal) per oral, rectal and systemic application. Therefore, in
the same manner as described herein for other conditions
mediated by enovin, these conditions may be alleviated or
even prevented by administering either an antisense mol-
ecule, a nucleic acid, enovin protein, pharmaceutical compo-
sition, or a compound identified as an agonist or an antago-
nist, as appropriate, according to the invention, in sufficient
concentrations to alleviate or prevent the symptoms of said
disorder(s).

[0064] The therapeutic or pharmaceutical compositions of
the present invention can be administered by any suitable
route known in the art including for example intravenous,
subcutaneous, intramuscular, transdermal, intrathecal or
intracerebral or administration to cells in ex viva treatment
protocols. Administration can be either rapid as by injection
or over a period of time as by slow infusion or administration
of'slow release formulation. For treating tissues in the central
nervous system, administration can be by injection or infu-
sion into the cerebrospinal fluid (CSF).

[0065] Enovin can also be linked or conjugated with agents
that provide desirable pharmaceutical or pharmacodynamic
properties. For example, it can be coupled to any substance
known in the art to promote penetration or transport across the
blood-brain barrier such as an antibody to the transferrin
receptor, and administered by intravenous injection.

[0066] Enovin, the antisense molecules or indeed the com-
pounds identified as agonists or antagonists of enovin accord-
ing to the invention may be used in the form of'a pharmaceu-
tical composition, which may be prepared according to
procedures well known in the art. Preferred compositions
include a pharmaceutically acceptable vehicle or diluent or
excipient, such as for example, a physiological saline solu-
tion. Other pharmaceutically acceptable carriers including
other non-toxic salts, sterile water or the like may also be
used. A suitable buffer may also be present allowing the
compositions to be lyophilized and stored in sterile condi-
tions prior to reconstitution by the addition of sterile water for
subsequent administration. Incorporation of enovin into a
solid or semi-solid biologically compatible matrix may be
carried out which can be implanted into tissues requiring
treatment.

[0067] The carrier can also contain other pharmaceutically
acceptable excipients for modifying other conditions such as
pH, osmolarity, viscosity, sterility, lipophilicity, solubility or
the like. Pharmaceutically acceptable excipients which per-
mit sustained or delayed release following administration
may also be included.

[0068] The enovin protein or the nucleic acid molecules or
compounds according to the invention may be administered
orally. In this embodiment they may be encapsulated and
combined with suitable carriers in solid dosage forms which
would be well known to those skilled in the art.

[0069] As would be well known to those of skill in the art,
the specific dosage regime may be calculated according to the
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body surface area of the patient or the volume of body space
to be occupied, dependent upon the particular route of admin-
istration to be used. The amount of the composition actually
administered will, however, be determined by a medical prac-
titioner, based on the circumstances pertaining to the disorder
to be treated, such as the severity of the symptoms, the com-
position to be administered, the age, weight, and response of
the individual patient and the chosen route of administration.
[0070] The present invention may be more clearly under-
stood by the following examples which are purely exemplary
and by reference to the accompanying drawings wherein:
[0071] FIG. 1: is partial cDNA sequence of a neurotrophic
factor according to the invention designated as enovin. The
consensus sequence was obtained by PCR amplification with
primers PNHsp3 and PNHap1 on different cDNAs and on
genomic DNA followed by cloning and sequence analysis
and comparison of the obtained sequences. The predicted one
letter code amino acid sequence is shown above the DNA
sequence. The nucleotide residue number is shown on the
right of the DNA sequence, whereas the amino acid residue
number is shown to the right of the translated protein
sequence. The putative RXXR cleavage site for the pro-
domain is indicated in bold and underlined. The putative start
of the mature protein is indicated by an arrow. The seven
conserved cysteine residues characteristics for all members
of'the TGF-p family are indicated in bold: A potential N-gly-
cosylation site is double underlined.

[0072] FIG. 2: (SEQID NOS. 16, 17, 18, and 19) is align-
ment of the predicted mature protein sequences of human
GDNF, NTN, PSP and EVN. The sequences were aligned
using the ClustalW alignment program. Amino acid residues
conserved between all three proteins are included in the black
areas. Residues conserved between two or three of the
sequences are shaded in grey. The 7 conserved cysteine resi-
dues characteristic for members of the TGF-f family are
indicated by asterisks above the sequence. Amino acid resi-
dues are numbered to the right. The dashes indicate gaps
introduced into the sequence to optimize the alignment.
[0073] FIG.3: (SEQIDNO. 5)is partial cDNA sequence of
enovin. The consensus sequence was obtained by PCR ampli-
fication (primary PCR with primers PNHspl and PNHapl
and nested PCR with primers PNHsp2 and PNHap2) on dif-
ferent cDNAs followed by cloning and sequence analysis and
comparison of the obtained sequences. The translated one
letter code amino acid sequence of nucleotides 30 to 284
(reading frame A) is shown above the sequence and numbered
to the right (A1 to A85). This reading frame contains a puta-
tive ATG translation start codon. The translated one letter
code amino acid sequence of nucleotides 334 to 810 (reading
frame B) is shown above the sequence and numbered to the
right (B1 to B159). This reading frame contains the region of
homology with GDNF, NTN and PSP. The nucleotide residue
number is shown to the right of the DNA sequence. The
putative RXXR cleavage site for the prodomain is indicated in
bold and underlined. The putative start of the mature protein
is indicated by an arrow. The seven conserved cysteine resi-
dues characteristic for all members of the TGF-p family are
indicated in bold. A potential N-glycosylation site is double
underlined,

[0074] FIG. 4: is an illustration of the chromosomal locali-
sation of human Enovin. (A) Diagram of FISH mapping
results for Enovin. Each dot represents the double FISH sig-
nals detected on human chromosome 1, region p31.3-p32. (B)
Example of FISH mapping of Enovin. The left panel shows
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the FISH signals on chromosome 1. The right panel shows the
same mitotic figure stained with 4',6-diamidino-2-phenylin-
dole to identify chromosome 1,

[0075] FIG. 5. is an illustration of expression of Enovin in
different human tissues. (A), (B), (C) Northern blot analysis
of tissue expression of Enovin. The expression of Enovin
mRNA in different human tissues was assessed using a probe
corresponding to part of the coding region of Enovin (includ-
ing the region coding for the mature Enovin protein) to anal-
yse blots of human poly(A) rich RNA. (A) Multiple Tissue
Northern (MTN) blot; (B) MTN blot II) Fetal MTN blot II.
Panel (D) shows an autoradiography of the human RNA
master blot probed with the same Enovin cDNA fragment.
Panel (E) shows the location of human tissue mRNA samples
on the RNA master blot from (D),

[0076] FIG. 6: is a graphic illustration of the total survival
of SH-SYS5Y cells after 72 hours treatment with 10-6M taxol
and the effect of increasing doses of enovin on this survival,
normalized to the condition of solvent. SH-SY5Y cells are
differentiated for 5 days with 25 nM staurosporine before
application of taxol. Data are from two independent experi-
ments in sixtuplate. Mean and st. dev. is shown,

[0077] FIG. 7: is a graphic representation of the effect of
increasing concentrations of enovin over 48 hours on neurite
outgrowth of staurosporine—differentiated SH-SYSY cells,
normalized to the condition of solvent, SH-SY5Y cells are
differentiated for 5 days with 25 nM staurosporine before
starting the 48 hour experiment. As a positive control, the
differentiating effect of 25 nM staurosporine is shown. Neu-
rite length is calculated on at least 5000 cells. Data is provided
from the experiments performed in duplicate. Mean and st.
dev. is shown.

[0078] FIGS. 8 to 18: are graphic representations of the
effect of enovin on proliferation of various cell types.
[0079] FIG. 19: is a graphic representation of the effects of
enovin on taxol-induced sensory deficits using the pin prick
test. Given are the average (x1 SEM) cumulative scores over
time of rats treated with either 2 different doses of enovin 23
or 130 pg/ml; n=10 rats/group) or vehicle/saline (n=20 rats)
after taxol. Enovin or saline/vehicle were injected ina volume
of 75 ul in the subplantar area of the right hind paw.

[0080] FIG. 20: is a graphic representation of the effects of
enovin on taxol-induced sensory deficits using the pin prick
test. Given are the average (x1 SEM) cumulative scores over
time of rats treated with either 2 different doses of enovin (23
or 130 pg/ml; n=10 rats/group) or vehicle/saline (n=20 rats)
before taxol. Enovin or saline/vehicle were injected in a vol-
ume of 75 pl in the subplantar area of the right hind paw.
[0081] FIG.21: is a DNA sequence of enovin. The consen-
sus sequence was obtained, by amplification with PCR using
primers PNHsp5 and PNHap1 on human frontal cortex cDNA
and on human genomic DNA followed by cloning, sequence
analysis and comparison of the resultant sequences. The pre-
dicted amino acid sequence is shown above the DNA
sequence for the only splice variant yielding a functional
Enovin protein after translation. The nucleotide residue num-
ber is shown to the left of the DNA sequence, whereas the
amino acid residue number is shown to the right of the trans-
lated protein sequence. 5' and 3' splice sites detected by com-
parison of sequenced cDNA fragments with the genomic
sequence are indicated by vertical lines bending to the left or
right, respectively, and are numbered consecutively. The
putative RXXR furin cleavage site for the prodomain is indi-
cated in bold and underlined. The putative start of the mature
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protein is indicated by an arrow. The seven conserved cys-
teine residues characteristic for all members of the TGF-f3
family are indicated in bold. A potential N-linked glycosyla-
tion site is double underlined. The 5' and 3' splice sites are
numbered and encircled.

[0082] FIG. 22: is an illustration of expression of different
Enovin splice variants in human tissues. (A) schematic dia-
gram of Enovin splice variants identified by RT-PRC experi-
ments with Enovin specific primers on RNA derived from
different human tissues followed by cloning and sequence
analysis of PCR products. The top line shows a scale (in bp).
The second line represents the Enovin genomic sequence.
The position of the translation start and stop codon, of the
start of the mature Enovin coding sequence and of the 5' and
3'splice sites (see FIG. 21) are indicated. The right part of the
figure shows the PCR products obtained by RT-PCR on ovary
and on frontal cortex RNA together with a 100 bp DNA
ladder. The position of the different mRNA variants is indi-
cated together with their size (from start to stop codon). The
translated proteins are shown on the left hand side. Boxes
delineate regions represented in the cDNA. Dashed lines
represent spliced out genomic DNA. The shaded region rep-
resents the mature Enovin coding sequence. The dotted line
marks the start of the mature Enovin coding sequence. The
two transcripts capable of yielding functional Enovin protein
are indicated by an asterisk at the left hand side. (B) Tissue
distribution of the main splice variants. The photograph
shows the PCR fragments obtained by RT-PCR with Enovin
specific primers on different human ¢cDNAs. The 4 main
splice variants (A to D) are indicated by arrows at the left hand
side. Sizes are indicated on the right hand side based on the
100 bp DNA ladder used as size reference on the gel.

[0083] FIG. 23: Predicted protein sequence of the long
splice variant of Enovin, obtained by splicing out the two
introns from the DNA sequence of FIG. 21. Splice sites 5'1
and 3'-1 are used to remove the first intron and splice sites 5'-2
and 3'-3 are used to remove the second intron. This results in
a cDNA sequence having an open reading frame coding for
the 228 amino acid residue protein shown above.

[0084] FIG. 24: Predicted protein sequence of an alterna-
tive (short) splice variant of Enovin, obtained by splicing out
the two introns from the DNA sequence of FIG. 21. Splice
sites 5'-1 and 3'-2 are used to remove the first intron and splice
sites 5'-2 and 3'-3 are used to remove the second intron. This
results in a cDNA sequence having an open reading frame
coding for the 220 amino acid residue protein shown above.
This protein sequence misses 8 amino acid. residues com-
pared to the sequence of FIG. 23.

[0085] FIG. 25: is a graphic representation of the results
obtained from experiments designed to compare the levels of
expression of enovin in normal diseased tissue. Enovin and
GAPDH expression is represented in brain tissue, in respect
of multiple sclerosis and Alzheimer’s disease.

[0086] FIG. 26: is a graphic representation of the results

obtained to detect levels of expression of enovin and GAPDH
in Parkinson’s disease and cancer.

DEPOSITS

[0087] Plasmid EVNmat/pRSETB including the DNA
sequence encoding enovin, was deposited on 6 May 1999
under Accession No. LMBP3931, at the Belgian Coordinated
Collections of Micro-Biologie (BCCM) at Laboratorium
voor Moleculaire-Plasmidencollectie (LMBP) B9000,
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Ghent, Selgium, in accordance with the provisions of the
Budapest Treaty of 28 Apr. 1997. Materials and methods
[0088] Materials

[0089] Native Taq polymerase, ampicillin, IPTG (isopro-
pyl-p-D-thiogalactoside), X-gal (5-bromo-4-chloro-3-in-
dolyl-p-D-galactopyranoside) and all restriction enzymes
used were from Boehringer Mannheim (Mannheim, Ger-
many). 10 mM dNTP mix was purchased from Life Technolo-
gies (Gaithersburg, Md., USA). The TOPO-TA cloning kit
was purchased from Invitrogen BV (Leek, The Netherlands).
The Qiagen plasmid mini- or midi-DNA purification kit, the
Qiaprep Spin Miniprep kit and the Qiaquick gel extraction kit
were purchased from Qiagen GmbH (Dusseldorf, Germany).
c¢DNA libraries, Marathon™ Ready ¢cDNA kits, human mul-
tiple tissue cDNA (MTC™) panels I and II multiple tissues
northern blots and the Advantage-GC ¢DNA PCR kit were
obtained from Clontech Laboratories (Palo Alto, Calif.,
USA). All PCR reactions were performed in a GeneAmp PCR
system 9600 cycler (Perkin Elmer, Foster City, Calif., USA).
LB (Luria-Bertani) medium consists of 10 g/ of tryptone, 5
g/l of yeast extract and 10 g/l of NaCl. 2xY T/ampicillin plates
consist of 16 g/l of tryptone, 10 g/l of yeast extract, 5 g/l of
NaCl, 15 g/l of agar and 100 mg/i of ampicillin.

Jun. 12,2014

[0093] Oligonucleotide Synthesis for PCR and DNA
Sequencing.
[0094] All oligonucleotide primers were ordered from

Eurogentec (Seraing, Belgium). Insert-specific sequencing
primers (15- and 16-mers) and primers for use in PCR reac-
tions were designed manually. DNA was prepared on Qiagen-
tip-20 or -100 anion exchange or Qiaquick spin columns
(Qiagen GrnbH, Dusseldorf, Germany) and recovered from
the columns in 30 pl TE-buffer (10 mM Tris.HCl, 1 mM
EDTA (sodium salt), pH 8.0).

[0095] Sequencing reactions were done on both strands
using the ABI prism BigDye Terminator Cycle sequencing kit
and were run on an Applied Biosystems 377XL. sequencer
(Perkin Elmer, ABI Division, Foster City, Calif., USA). The
Sequencher™ software was used for sequence assembly and
manual editing (GeneCodes, Ann Arbor, Mich., USA).
[0096] Cloning of a Novel GDNF Homologue.

[0097] A DNA region spanning nucleotides 67411 to
68343 of EMBL accession no. AC005038 of which the trans-
lated protein sequence was homologous to mature NTN and
PSP was used to design oligonucleotide primers for PCR
amplification. The different primers used are shown in Table
1.

TABLE 1

Primers used for the PCR amplification of fragments of AC005038.

Primer name Primer sequence SEQ ID NO:

PNHspl 5' - CGGTGCACTCAGGTGATTCCTCC - 3! SEQ ID NO: 31
PNHsp2 5' - GGCAGCAAACCCATTATACTGGAACC - 3! SEQ ID NO: 32
PNHsp3 5' - CGCTGGTGCAGTGGAAGAGCC - 3! SEQ ID NO: 33
PNHsp4 5' - CTGCACCCCCATCTGCTCTTCC - 3! SEQ ID NO: 34
PNHapl 5' - GCAGGAAGAGCCACCGGTAAGG - 3! SEQ ID NO: 35
PNHap2 5' - CCAGTCTGCAAAGCCCTGGAGC - 3! SEQ ID NO: 36

[0090] Database Homology Searching and Sequence Com-
parison.
[0091] Using the complete human glial cell-line derived

neurotrophic factor (GDNF; accession no. Q99748), neur-
turin (NTN; accession no. P39905) and persephin (PSP;
accessionno. AF040962) cDNA derived protein sequences as
query sequences, a BLAST (Basic Local Alignment Search
Tool; Altschul et al., 1990) search was performed on the daily
update of the EMBL/GenBank human expressed sequence
tag (EST) and genomic databases.

Additional BLAST searches were performed using the
genomic sequence with accession no. AC005038 and several
ESTs present in the GenBank database and showing homol-
ogy to this genomic sequence were detected.

[0092] The percentage identity and percentage similarity
between members of the GDNF family was calculated by
pairwise comparison of the sequences using the BESTFIT
program (Genetics Computer Group sequence analysis soft-
ware package, version 8.0, University of Wisconsin, Madi-
son, Wis., USA). Alignments of DNA or protein sequences
were done with the ClustalW alignment program (EMBL,
Heidelberg, Germany).

[0098] Primers PNHsp3 and PNHap1 were used to amplify
a fragment of 502 bp on cDNA derived from different human
tissues (fetal brain, whole fetus, prostate or lung Marathon-
Ready™ cDNA (Clontech Laboratories), frontal cortex, hip-
pocampus and cerebellum ¢cDNA) and on human genomic
DNA. Based on the genomic sequence from the EMBL/Gen-
Bank database (acc. no. AC005038), the fragment to be
amplified was predicted to have a G+C content of 76%.
Therefore, amplifications were done using the Advantage-
GC c¢DNA PCR kit (Clontech Laboratories, Palo Alto, Calif.,
USA) optimized for the amplification of GC-rich DNA
sequences. PCR reactions were performed in a total volume
of 50 ul, containing 1xGC ¢cDNA PCR reaction buffer, 0.2
mM dNTP, 1 M GC-MELT™, 200 nM of primers PNHsp3
and PNRapl, 1 ul of Advantage KlenTaq polymerase mix and
1to 5 ul of cDNA or 0.5 pg of genomic DNA. Samples were
heated to 95° C. for 5 min and cycling was done for 45 s at 95°
C., 1 mm at 58° C.and 40 s at 72° C. for 35 cycles, with a final
step of 7 min at 72° C. Samples were finally treated with 2.5
U of native Tag DNA polymerase to add an A-overhang. PCR
products were analysed on a 1% (w/v) agarose gel in 1xTAE
buffer (40 mM Tris-acetate, 1 mM EDTA (sodium salt), pH
8.3). PCR fragments of the expected size (495 bp) were
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excised from the gel and purified with the Qiaquick gel
extraction kit. The PCR fragments were sequenced to confirm
their identity and cloned into the plasmid vector pCR2.1-
TOPO using the TOPO TA cloning kit according to manufac-
turer’s instructions. Approximately 20 ng of purified frag-
ment was combined with 1 pl pCR2.1-TOPO vector in a total
volume of 5 pl. Reactions were incubated at room tempera-
ture (20° C.) for 5 min. 2 pl of the reaction was transformed
into TOP1OF' competent cells (Invitrogen BV) using heat-
shock transformation and plated on 2xY T/ampicillin plates
supplemented with 10 mM IPTG and 2% (w/v) X-gal for
blue-white screening. White colonies after overnight growth
were picked from the plates, grown in 5 ml of LB medium
supplemented with 100 mg/l ampicillin and plasmid DNA
prepared using the Qiaprep Spin Miniprep kit. The presence
of an insert of the expected size was confirmed by restriction
digestion with EcoRI. The plasmid insert of several positive
clones was sequenced and the obtained sequences compared
using the Clustal W alignment program.

[0099] To obtain additional coding sequence for the novel
GDNF homologue, a fragment with an expected size of 931
bp based on the EMBL/GenBank sequence (acc. no.
AC005038) was amplified by PCR using primers PNHspl
and PNHapl. PCR reactions were performed in a total vol-
ume of 50 pl, containing 1xGC ¢DNA PCR reaction buffer,
02 mM dNTP, 1 M GC-MELT™, 200 nM of primers
PNHspl and PNHapl, 1 pl of Advantage KlenTaq poly-
merase mix and 1 to 5 ul of cDNA from cerebellum, frontal
cortex or hippocampus or 0.5 pl of genomic DNA. Samples
were heated to 95° C. for 5 min and cycling was done for 45
s at 95° C., 1 min at 58° C. and 1 min 30 s at 72° C. for 35
cycles, with a final step of 7 min at 72° C. PCR products were
analysed on a 1% (w/v) agarose gel in 1 XTAE buffer (40 mM
Tris-acetate, ] mM EDTA (sodium salt), pH 8.3). A second
round amplification was performed with nested primers
(PNHsp2 and PNHap2). 1 pl of the first round amplification
reaction was used in a total volume of 50 containing 1xGC
¢cDNA PCR reaction buffer, 02 mM dNTP, 1 M
GC-MELT™, 200 nM of primers PNHsp2 and PNHap2 and
1 wl of Advantage KlenTaq polymerase mix. Samples were
heated to 95° C. for 5 min and cycling was done for 45 s at 95°
C., 1 minat58°C. and 1 min30s at72°C. for 35 cycles, with
a final step of 7 min at 72° C. Samples were analysed on a 1%
(w/v) agarose gel in 1XTAE buffer. PCR fragments of the
expected size (870 bp) were excised from the gel and purified
with the Qiaquick gel extraction kit. The PCR fragments were
sequenced to confirm their identity, treated with 2.5 U of Tag
polymerase and cloned into the plasmid vector pCR2.1-
TOPO using the TOPO TA cloning kit according to manufac-
turer’s instructions. Approximately 20 ng of purified frag-
ment was combined with 1 pl pCR2.1-TOPO vector in a total
volume of 5 Reactions were incubated at room temperature
(20° C.) for 5 min. 2 pl of the reactions was transformed into
TOP1OF' competent cells using heat-shock transformation
and plated on 2xY T/ampicillin plates supplemented with 10
mM IPTG and 2% (w/v) X-gal for blue-white screening.
White colonies after overnight growth were picked from the
plates, grown in 5 ml of LB medium supplemented with 100
mg/l ampicillin and plasmid DNA prepared using the Qiaprep
Spin Miniprep kit. The presence of an insert of the expected
size was confirmed by restriction digestion with EcoRI. The
plasmid insert of several positive clones was sequenced and
the sequences compared using the Clustal alignment pro-
gram.
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[0100] Analysis of Enovin Gene Expression by RT-PCR
Analysis.
[0101] Oligonucleotide primers PNHsp3 and PNHap1 (see

table 1) were used for the specific PCR amplification of a 502
bp fragment from enovin. PCR amplifications were per-
formed on human multiple tissue cDNA (MTC™) panels
normalized to the mRNA expression levels of six different
housekeeping genes. PCR reactions with enovin specific
primers were performed in a total volume of 50 pl, containing
5 ul of cDNA, 1xGC ¢DNA PCR reaction buffer, 0.2 mM
dNTP, 1 M GC-MELT™, 400 nM of primers PNHsp3 and
PNHap1 and 1 pl of Advantage KlenTaq polymerase mix.
Samples were heated to 95° C. for 30 s and cycling was done
for 30 s at 95° C. and 30 s at 68° C. for 35 cycles. Samples
were analysed on a 1.2% (w/v) agarose gel in 1xTAE buffer
(40 mM Tris-acetate, 1 mM EDTA (sodium salt), pH 8.3) and
images of the ethidium bromide stained gels were obtained
using an Eagle Eye II Video system (Stratagene, La Jolla,
Calif., USA).

[0102] Similarity searching of the daily update of the
EMBL/GenBank database with the human neurturin and per-
sephin protein sequences yielded a genomic DNA sequence
coding for a putative novel protein similar to the neurotrophic
factors GDNF, NTN and PSP which has been called enovin
(EVN). Additional database homology searching using the
genomic DNA sequence surrounding the region coding for
enovin yielded several expressed sequence tag (EST) clones
derived from different human tissues (prostate epithelium
[accessionno. AAS33512 (ID1322952)], lung carcinoma [ac-
cession no. AA931637] and parathyroid tumor [accession no.
AA844072]). These clones contain DNA sequence outside of
the region of homology with GDNF, PSP or NTN, but con-
firmed that enovin mRNA is expressed in normal and tumor
tissues.

[0103] Initial PCR amplification using primers (PNHsp3
and PNHap1) based on the genomic sequence yielded a frag-
ment of =500 bp from fetus, fetal brain, prostate, frontal
cortex, hippocampus, cerebellum cDNA and from genomic
DNA, but not from lung cDNA. Cloning and sequence analy-
sis of these fragments yielded a DNA sequence of 474 bp that
translated into a predicted protein sequence of 139 amino acid
residues including seven conserved cysteine residues charac-
teristic of all the members of the transforming growth factor
p (TGF-p) family of proteins (Kingsley, 1994) (FIG. 1) (SEQ
ID NOS. 2 and 4). The sequence also contained a RXXR
motif for cleavage of the prodomain (RAAR, amino acid
position 23 to 26) (Barr, 1991). A similar cleavage site is
present in the GDNF, NTN and PSP protein sequences, at a
comparable position in the prodomain sequence. Assuming
cleavage of the enovin prodomain occurs at this site in vivo,
the mature EVN protein sequence contains 113 amino acid
residues (residue 27 to 139 in FIG. 1) (SEQ ID NO. 3) and has
a calculated molecular mass of 11965 Da and an isoelectric
point of 11.8. There is one potential N-glycosylation site
present in the mature sequence (NST at amino acid position
121-123). Moreover, several regions conserved between the
mature forms of the known neurotrophic factors GDNF, NTN
and PSP were also present in enovin (FIG. 2). Table 2 sum-
marizes the results of the comparison of the mature protein
sequences of the GDNF family members by the BESTFIT
program. Percentage identity and percentage similarity are
shown. The GDNF, NTN, PSP and EVN mature sequences
used in this comparison started at the first amino acid residue
following the RXXR cleavage site.
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TABLE 2

Pairwise comparison of mature human GDNF family
members using the BESTFIT program.

Comparison % identity % similarity
EVN vs GDNF 38.8 47.2
EVN vs NTN 51 56.1
EVN vs PSP 53.3 57.8
GDNF vs NTN 44.8 57.3
GDNF vs. PSP 44.3 50
NTN vs PSP 50 544

[0104] From these comparisons it is apparent that the
mature enovin protein is more closely related to persephin
and to neurturin than to GDNF.

[0105] Amplification, cloning and sequence analysis of a
larger fragment of the enovin DNA sequence from frontal
cortex cDNA using primers based on the genomic EMBL/
GenBank sequence (acc. no. AC005038) yielded a sequence
of' 819 bp (FIG. 3) (SEQ ID NO. 5). This sequence contains a
putative ATG start codon at nucleotide positions 30-32 and
yields an open reading frame (reading frame A in FIG. 3)
(SEQ ID NO. 6) that extends up to a stop codon at nucleotide
positions 285-287. The translated protein sequence of this
region does not show similarity to any known protein in the
databases. Translation of the cDNA sequence in the second
reading frame (reading frame B in FIG. 3) (SEQ ID NO. 7)
yields a predicted protein sequence of 159 amino acid resi-
dues. This sequence contains the RXXR cleavage site (posi-
tion B43 to B46; nucleotide position 460-471) and the
sequence corresponding to the mature enovin sequence (posi-
tion B47 to B 159; nucleotide position 472-810). The open
reading frame including the RXXR cleavage site and the
mature enovin coding sequence extends from nucleotide
position 334 (preceded-by an in-frame stop codon) to a stop
codon at position 811-813, but does not contain an ATG
codon for a starting methionine residue. In analogy with
persephin (Milbrandt et al., 1998) we hypothesize that an
unspliced intron is present in the majority of the mRNA
transcripts from the EVN gene. GDNF and NTN also have an
intron in their respective prodomain coding regions (Mat-
sushita et al., 1997, Heuckeroth et al., 1997).

[0106] To evaluate the existence of different mRNA tran-
scripts for Enovin, RT-PCR experiments were performed
using primers situated at the 5' end of the Enovin coding
sequence just 5' of a possible upstream ATG start codon
(primer PNHsp5 [5'-GCA AGC TGC CTC AAC AGG AGG
G-3' (SEQ ID NO: 37)] and nested primer PNH [5'-GGT
GGG GGAACA GCT CAA CAATGG-3' (SEQIDNO: 38)]
and at the 3' end (primer PNHap1 and nested primer PNHap2
[see Table 1]. Experiments were performed on human mul-
tiple tissue cDNA panels (Clontech MTC panels I and II), on
a fetal heart cDNA library (Clontech) and on ¢cDNA derived
from human cerebellum, hippocampus or frontal cortex (Ma-
sure et al., 1998). Primary PCR reactions were performed
with primers PNHsp5 and PNHap1 under GC-rich conditions
(Advantage GC-PCR kit, Clontech) for 30 cycles (95° C.-30
s, 60° C.-30 s, 72° C.-1 min) as described. Nested PCR
reactions were performed on 1 pl of the primary PCR product
using primers PNHsp6 and PNHap2 under the same condi-
tions for 30 cycles. Resulting PCR products were analysed on
a 1.5% agarose gel and ranged in size from +350 bp to +800
bp. Several bands were purified from the gel and the PCR
fragments sequenced directly. Some purified PCR products
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were also cloned in vector pCR2.1-TOPO (TOPO-TA clon-
ing kit, Invitrogen) and then sequenced. Sequence analysis
confirmed the existence of different mRNA molecules con-
taining Enovin sequence. The obtained fragment sequences
were compared with the genomic Enovin sequence. This
allowed us to identify several possible 5' and 3' splice sites in
the genomic sequence (FIG. 21) (SEQ ID NOS. 11 through
15). All these splice sites corresponded to the consensus
sequences for donor and acceptor splice sites (Senaphthy, P,
Shapiro, M. B. & Harris, N. L. (1990)) splice junctions,
branch point sites, and exons: sequence statistics, identifica-
tion, and applications to genome project. Methods Enzymol.
183, 252-278). The different Enovin splice variants identified
and their presence in different human tissues are summarized
in FIG. 22. Only two of the 5 sequenced transcripts yield
functional Enovin protein upon translation from the ATG start
codon. These two transcripts code for proteins of 228 or 220
amino acids, respectively with predicted signal peptides of 47
and 39 amino acid residues. The predicted protein sequences
of these two variants are shown in FIG. 23 (long variant)
(SEQID NO: 9) and FIG. 24 (short variant) (SEQID NO: 10).
The long variant can be deduced from the DNA sequence of
FIG. 21 (SEQ ID NO: 8) by splicing out the first intron at
locations 5'-1 and 3'-1 and the second intron at 5'-2 arid 3'-3
(SEQ ID NO: 12). Upon translation of the open reading
frame, the predicted protein sequence of FIG. 23 is obtained.
The shorter variant can be deduced from the DNA sequence
of FIG. 21 by splicing out the first intron at locations 5'-1 and
3'-2 and the second intron at 5'-2 and 3'-3. Upon translation of
the open reading frame, the predicted protein sequence of
FIG. 24 is obtained.

[0107] The longest transcript seems to be the most abun-
dant in most tissues as judged by the band intensity in FIG.
22B. The shorter transcripts result in frame shifts yielding a
translated protein missing the mature Enovin amino acid
sequence homologous with GDNF, NTN and PSP. The two
smallest transcripts even miss part of the mature coding
sequence, including two of the seven highly conserved cys-
teine residues. FIG. 22B shows the distribution of the main
splice variants in different human tissues. Functional Enovin
mRNA is expressed in almost all tissues tested, including
brain, heart, kidney, liver, lung, pancreas, skeletal muscle,
colon, small intestine, peripheral blood leukocytes, spleen,
thymus, prostate, testis, ovary, placenta and fetal heart. In
some human tissues (e.g. cerebellum, hippocampus), only
non-functional transcripts could be amplified by PCR. To our
knowledge, the occurrence of non-functional mRNA tran-
scripts to such an extent has not been described before. The
biological significance of this finding remains to be studied.
Although the expression of NTN and PSP in different tissues
has not been fully characterized, their expression levels seem
much lower and the expression more restricted to certain
tissues (Kotzbauer et al., 1996, Milbrandt et al., 1998).
[0108] Recombinant Expression of Enovin in £. Coli Con-
struction of an Enovin Expression Plasmid

[0109] A 414 bp PCR fragment was amplified from human
genomic DNA with primers PNHsp4 and PNHap2 (Table 1)
and cloned in vector pCR2.1-TOPO using TA-cloning (Invit-
rogen). The sequence of the insert was confirmed by sequence
analysis. One clone containing an insert with the Enovin
consensus sequence (clone 36) was used for subsequent con-
struction of an expression plasmid. Two primers were
designed containing appropriate restriction sites at their 5'
ends. Forward primer PNHexp-spl (5'-GCG GAT CC G
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GCT GGG GGC CCG GGC A-3' (SEQ ID NO: 39)) con-
tained a BamHI restriction site (in bold, italics) and reverse
primer PNHexp-apl (5'-GCC TCG AGT CAG CCC AGG
CAG CCG CAG G-3' (SEQ ID NO: 40)) contained a Xhol
restriction site (also in bold, italics). Using these primers, the
343 bp fragment coding for mature Enovin (position 81 to 422
in FIG. 1) was amplified from clone 36. The PCR reaction was
performed in a total volume of 50 pl, containing 1xGC cDNA
PCR reaction buffer, 0.2 mM dNTP, 1 M GC-MELT™ (200
nM of primers PNHexp-sp1 and PNHexp-ap1, 1 ul of Advan-
tage KlenTag polymerase mix and 10 ng of plasmid DNA
from clone 36. Samples were heated to 94° C. for 5 min and
cycling was done for 45 s at 94° C., 1 min at 58° C. and 30 s
at 72° C. for 25 cycles with a final step of 7 min at 72° C. The
resulting 50 pl product was purified using the Qiaquick PCR
purification kit (Qiagen) and the DNA eluted in 30 pl. 25 ul of
this purified product was then digested in a 30 pl reaction with
10 U of BamHI and 10 U of Xhol in 1x buffer B (Boehringer
Mannheim) for 1 h at 37° C. After electrophoresis in a 1%
(w/v) agarose gel in 1xTAE buffer (40 mM Tris-*acetate, 1
mM EDTA (sodium salt), pH 8.3), the expected 353 bp band
was excised from the gel and purified using the Qiaquick gel
extraction kit. The resulting fragment was ligated in the vec-
tor pRSET B (Invitrogen) linearised with BamHI and Xhol.
The insert of the resulting plasmid construct (hEVNmat/
pRSETB) was confirmed by complete sequence analysis. The
resulting construct codes for a 146 amino acid protein with a
predicted molecular mass of 15704 Da including an NH2-
terminal 6xHis-tag fused in frame to the mature Enovin cod-
ing sequence. The NH2-terminal amino acid sequence of the
resulting protein is thus MRGS HHHHHH GMASMTG-
GQQMGRDLYDDDDKDPAGGPGS (SEQ ID NO: 41)
(mature Enovin sequence in bold, 6xHis tag in bold, italics).

[0110] Expression of Enovin in BL21(DE3) E. coli Cells

[0111] Recombinant production of Enovin protein was per-
formed essentially as described for Neurturin by Creedon at
al. (1997), with modifications. For the production of recom-
binant Enovin protein, the plasmid hEVNmat/pRSETB was
transformed in E. coli strain BL21(DE3) (Novagen) and
grown in 2xY T/ampicillin-medium (16 g/1 of tryptone, 10 g/1
of yeast extract, 5 g/l of NaCl and 100 mg/1 of ampicillin) at
30°C. (225 rpm)or37° C. (300 rpm) to an OD600 of approxi-
mately 0.5 prior to addition of IPTG to a final concentration of
0.2 mM to induce expression. Cell pellets were harvested by
centrifugation following a 3 h induction period, washed with
phosphate-buffered saline, centrifuged and stored frozen. For
purification and refolding, cell pellets were resuspended in
sonication buffer (20 mM Tris-HCl, pH 8.0, 300 mM NaCl, 1
mM 2-mercaptoethanol protease inhibitors (Complete™ pro-
tease inhibitor cocktail tablets (Boebringer Mannheim, 1 tab-
let per 50 ml buffer) and 1 mg lysozyine per 500 mg cell
pellet). Cells were disrupted by sonication and inclusion bod-
ies harvested by centrifugation. Inclusion bodies were dis-
solved and incubated in buffer A (8 M urea, 20 mM Tris-HC1
pH 7.6, 200 mM NaCl, 1 mM 2-mercaptoethanol) for 30 min
at 37° C. prior to adding to Ni-NTA resin (nickel nitrilotri-
acetic acid, Qiagen). After 40 min shaking at 37° C., samples
were washed once with buffer A and loaded onto a 5 ml
Ni-NTA column. The column was washed successively with
10 column volumes of buffer A, 10 column volumes of buffer
A atpH 7.2 and 10 column volumes of buffer A at pH 7.2+10
mM imidazole. The Enovin was eluted from the column in 4
column volumes of buffer A at pH 7.2+4200 mM imidazole.
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[0112] Enovin refolding was performed by stepwise over-
night dialysis at 4° C. in renaturation buffer (0.1M sodium
phosphate, 0.15M aCl, 3 cysteine, 0.02% Tween-20, 10%
glycerol, 0.01M Tris-RC1, pH 8.3) containing decreasing
amounts of urea at each step (GM to 4M to 3M to 2M to iN to
0.5M to ON urea). The purified protein was aliquotted, stored
at =20° C. and further used for functional assays.

[0113] Chromosomal Localization of the Enovin Gene.

[0114] A 3.3kb fragment ofthe Enovin gene was amplified
from cerebellum cDNA using primers

[0115] EVN(7)-spl (5'-TTC GCG TGT CTA CAA ACT
CAA CTC CC-3' (SEQ ID NO: 42)) and PNHap1 (5"-GCA
GGA AGA GCC ACC GGT AAG G-3' (SEQ ID NO: 43))
designed on the sequence of EMBL accession number
ACO005038. The PCR reaction was performed in a total vol-
ume of 50 pl, containing 1x Expand Long Template PCR
reaction buffer (Boehringer Mannheim), 0.5 mM dNTP, 1 M
GC-MELT ((Clontech Laboratories), 400 nM of primers
EVN(7)-spl and PNHapl and 1 pl of cerebellum cDNA.
After an initial 2 min at 94° C., 0.75 pul. of Expand Long
Template polymerase (Boehringer Mannheim) was added
and cycling was done for 10 s at 94° C.; 30 s at 58° C. and 3
min at 68° C. for 10 cycles. Then, additional cycles were
performed increasing the extension time at 68° C. with 20 s
every cycle. A final 7 min at 68° C. were also included. The
resulting 3.3 kb fragment was purified after electrophoresis in
a0.8% agarose/TAE gel and cloned in vector pCR2.1-TOPO
using TA-cloning (Invitrogen). Complete sequence analysis
of the 3.3 kb insert of one clone confirmed that the obtained
c¢DNA sequence corresponded to the genomic sequence in the
EMBL database (accession number AC00503). No introns
were spliced out in the cDNA obtained from cerebellum
cDNA.

[0116] Chromosomal mapping studies were carried out
using fluorescent in situ hybridization (FISH) analysis essen-
tially as described (Heng et al., 1992, Heng & Tsui, 1993).
Human lymphocytes were cultured at 37° C. for 68-72 h
before treatment with 0.18 mg/ml 5-bromo-2'-deoxyuridine
(BrdU) to synchronize the cell cycles in the cell population.
The synchronized cells were washed and recultured at 37° C.
for 6 h. Cells were harvested and slides were prepared using
standard procedures including hypotonic treatment, fixation
and air-drying. The 3.3 kb probe for Enovin was biotinylated
and used for FISH detection. Slides were baked at 55° C. for
1 h, treated with RNase and denatured in 70% formamide in
2xNaCl/Cit (20xNaCl/Cit being 3 M NaCl, 0.3 M disodium
citrate, pH 7.0) for 2 min at 70° C. followed by dehydration
with ethanol. The probe was denatured prior to loading on the
denatured chromosomal slides. After overnight hybridiza-
tion, slides were washed and FISH signals and the 4',6-dia-
midino-2-phenylindole banding pattern were recorded sepa-
rately on photographic film, and the assignment of the FISH
mapping data with chromosomal bands was achieved by
superimposition of FISH signals with 4',6-diamidino-2-phe-
nylindole banded chromosomes (Heng & Tsui, 1993). Under
the conditions used, the hybridization efficiency was approxi-
mately 72% for this probe (among 100 checked mitotic fig-
ures, 72 of them showed signals on one pair of the chromo-
somes). Since the 4',6-diamidino-2-phenylindole banding
was used to identify the specific chromosome, the assignment
between the signal from the probe and the short arm of chro-
mosome 1 was obtained. The detailed position was further
determined based upon the summary from 10 photographs
(FIG. 4A). There was no additional locus picked by FISH
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detection under the conditions used, therefore, we conclude
that Enovin is located at human chromosome 1, region p31.
3-p32. Anexample of the mapping results is presented in FIG.
43.

[0117] From the gene map data at the National Center for
Biotechnology Information (NCBI, http://www.ncbi.nlm.
nih.gov/genemap), it can be deduced that the genomic clone
containing the Enovin sequence (EMBL accession number
AC005038) is located on chromosome 1, between markers
D1S2843 and D1S417. This corresponds to chromosome 1,
region p31.1 to p32.3, confirming the data obtained by FISH
analysis.

[0118] Tissue Distribution of Enovin as Determined by
Northern Blot and Dot Blot Analysis.

[0119] Northern blots containing 2 ug of poly(A)-rich RNA
derived from different human tissues (Cloritech Laboratories,
Palo Alto, Calif., USA; MTN™ blot, MTN™ blot Il and Fetal
MTN™ blot IT) were hybridised according to the manufac-
turer’s instructions with a (a->*P-dCTP random-priming
labelled (HighPrime kit, Boehringer Mannhein) 897 bp
Enovin fragment. This fragment was obtained by PCR ampli-
fication with primers PNHsp1 and PNHap1 on frontal cortex
c¢DNA and subsequent cloning in vector pCR2.1-TOPO. The
fragment contains 897 bp of Enovin sequence up to the stop
codon and includes the complete coding sequence for the
mature Enovin protein.

[0120] Enovin mRNA was detected as a main transcript of
approximately 4.5 kb (FIG. 5A-C). Enovin mRNA was
expressed in a range of tissues, most prominently in heart,
skeletal muscle, pancreas and prostate. Some smaller-sized
transcripts are present in e.g. placenta (4 kb, 2.4kband 1.6 kb)
and prostate (4 kb and 1.6 kb). In fetal tissue, a prominent 2.4
kb transcript is present in liver and to a lesser extent lung.
Other transcripts are also present in fetal kidney, liver, lung
and brain.

[0121] In addition an RNA master blot (Clontech Labora-
tories) containing poly(A) rich RNA from different human
tissues and developmental stages was also hybridized with
the 897 bp Enovin probe. The poly(A) rich RNA samples
used for making this blot have been normalized to the mRNA
expression levels of eight different housekeeping genes by the
manufacturer. Enovin mRNA was expressed ubiquitously,
but highest mRNA levels were apparent in prostate, pituitary
gland, trachea, placenta, fetal lung, pancreas and kidney
(FIG. 5D+E).

[0122] Construction of GFRa-1gG-Fe Fusions Vectors
[0123] cDNA regions of GFRa-1, GFRa-2 and GFRa-3
(coding for amino acids 27 to 427, 20 to 431 and 28 to 371,
respectively) excluding the sequences coding for the signal
peptide and for the COOH-terminal hydrophobic region
involved in GPI-anchoring were cloned in-frame in the
expression vector Signal plg plus (R&D Systems Europe
Ltd). The resulting proteins expressed from these constructs
contain a 17 amino acid NH,-terminal CD33 signal peptide,
the GFRaprotein region and a 243 amino acid COOH-termi-
nal human IgG,-Fc fusion domain. CHO cells were trans-
fected with GFRa fusion constructs and stably transfected
cells were selected using 500 pg G418. Permanent clones
were selected using anti Fc antibody. For purification of
GFRa fusion proteins, cells were grown in serum-free
medium and medium was collected after every 3 days.
Medium was centrifuged and applied to a protein A column
(Protein A Sepharose, Pharmacia Biotech). Bound protein
was eluted with 0.1 M Na citrate, pH 3.0 and collected into 1
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M Tris buffer, pH 8.4. Protein concentration was estimated by
absorbance at 280 nm using an extinction coefficient of 1.5.
These purified soluble GFRa-1 to -3 Fc fusion proteins were
used for subsequent binding studies.

[0124] Surface Plasmon Resonance Analysis

[0125] Surface plasmon resonance (SPR) experiments
were performed at 25° C. using a BlAcore 3000 instrument.
Analyses were performed with enovin and NGF as immobi-
lized ligands. The carboxylated matrix of a F1 sensor chip was
first activated with a 1:1 mixture of 400 mM N-ethyl-N-
(dimethylaminopropyl)-carbodiimide and 100 mM N-hy-
droxy-succinimide for 10 min. Than, recombinant enovin and
NGF were applied onto the activated surface in 10 nM acetate
buffer, pH 4.5 at a flow rate of 5 ul/min. Unoccupied reactive
groups were inactivated with 1 M ethanolamine hydrochlo-
ride. For binding experiments, soluble GFRa1-3-Fc were
superfused at concentrations of 10-100 nM in HEPES buff-
ered saline (150 mM NaCl, 3.5 mM EDTA, 0.05% P-20, 10
mM HEPES, pH 7.4) at a flow rate of 10 ul/min. The asso-
ciation was monitored for 3 min and dissociation for 1 min,
followed by regeneration with 5 mM NaOH. Dissociation
was initiated by superfusion with HEPES buffered saline. A
BlAcore evaluation software, 3.0 was used to calculate the
association rate (k,), dissociation rate (k,) and the equilib-
rium dissociation constants (K, calculated as k /K ).

[0126] Results

[0127] SPR was used to measure binding of soluble
GFRa1-3 to immobilized enovin. Specific binding to enovin
could be detected with the soluble GFRa3 only. GFRal and
GFRo2 did not bind to the immobilized enovin. The observed
binding of GFRa3 was specific as there was no binding to
NGF. In the separate control experiment specific binding of
TrkA-Fc (NGF receptor) to the immobilized NGF was
detected without binding to immobilized enovin.

[0128] From the binding curves obtained using three dif-
ferent concentrations of GFRa, the following constants in
Table 3 were derived. These results demonstrate that GFRa3
binds specifically to enovin.

TABLE 3
K, (1 Ms) K, (1/s) Ky (m)
GFRa3 1.6510° 5.08 1074 31107
[0129] Since GDNF, NTN and PSP all promote the main-

tenance and survival of different types of neuronal cells, it is
anticipated that enovin has similar biological effects on nerve
cells and, possibly, on other cell types too. Therefore, it is
envisaged that the enovin protein may be useful in the treat-
ment of neural disorders in general, including Parkinson’s
disease, Alzheimer’s disease, peripheral neuropathy, amyo-
trophic lateral sclerosis (ALS), Huntington’s disease, acute
brain injury, nervous system tumors, multiple sclerosis
peripheral nerve trauma or injury and exposure to neurotox-
ins.

[0130] Enovin could also be useful in various aspects of
neuroprotection. Considering its effect on survival of differ-
ent neuronal cell populations and on the observed neurite
extensions in our model of SHSYSY cells, we propose that
this compound could have neuroprotective and neuroregen-
erative applications.

[0131] This is based upon the following observations.
Taxol induces neuronal apoptosis in NGF-differentiated
PC12 rat pheochromocytoma cells (Nuydens et al, submit-
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ted). Therefore, taxol induced cytotoxicity has features of
neuronal apoptosis, as monitored by DNA fragmentation,
Annexin V labelling and bcl-2 protection. As an extension,
therefore, it can be deduced that taxol induces apoptosis in
differentiated SH-SYS5Y cells. Enovin is now shown to be
able to reduce this cell death and therefore may reverse neu-
ronal apoptosis in general.

[0132] The compound may therefore be helpful in the fol-
lowing neurodegenerative conditions in which apoptosis has
been observed, stroke (Hakim 1998), Parkinson’s disease
(Marsden et al. 1998), Alzheimer’s disease (Nagy et al 1998),
Huntington’s disease (Wellington et al. 1997), Neurotrauma
(Smirnova et al. 1998), Peripheral neuropathies, (Srinivisan
etal., 1998).

[0133] As an example for the last clinical indication, we
have shown that this neurotrophic factor actually protects
differentiated SH-SYSY human neuroblastoma cells against
taxol-induced cell toxicity.

[0134] Methodology of Viability Measurements

[0135] Cell viability was determined by adding 100 pl of a
1 mg/ml 2,3-bis[2-methoxy-4-nitro-5-sulphophenyl]-2H-tet-
razolium-5-carboxanilide (XTT, Sigma) solution in DMEM
(37° C.) supplemented with 0.02 mM phenazine methosulfate
(PMS, Sigma) to each well. The plates were then incubated at
37°C.for 2.5 hours. The optical densities were read (Molecu-
lar devices) at 450 nm, using 650 nm as a reference. The XTT
assay is based on the conversion of the tetrazolium salt XTT
into a red colored formazan product. This reaction is per-
formed by mitochondrial enzymes.

[0136] Methodology of Neuronal Differentiation

[0137] 1. Differentiation in Human Neuroblastoma
SHSY5Y Cells

[0138] SHSYSY cells are differentiated for 5 days with 25

nM staurosporine. Effect of Enovin is measured 72 hrs after
start of the experiment. (reference Jalava et al. “Protein
Kinase inhibitor staurosporine induces a mature neuronal
phenotype in SH-SY5Y human neuroblastoma cells through
an a,b,z PKC independent pathway” Journ cell Physiol, 155,
301-312 (1993)).

[0139]

[0140] Morphological changes of neurones were automati-
cally quantified as follows. Briefly, at the appropriate times,
glutaraldehyde was added directly to the medium and left for
30 minutes at room temperature. This ensured that the mor-
phology of the cells at that time point reflected the real situ-
ation. The cells were observed through transmitted light
mode in an Axiovert microscope (Zeiss Oberkochen, Ger-
many), equipped with a Marzhauser scanning stage driven by
an Indy workstation (Silicon Graphics, Mountain View,
USA). Images were captured using a MXS5 video camera
(HCS). About 3000 cells were evaluated in 64 aligned
images, forming a 8x8 square matrix of images. The exact
alignment of the images ensured that neurites could be fol-
lowed from one image field into the next. Automatic detection
of the neurite extensions, labeled by polyclonal tau antibody
was performed using an unbiased detector of curvilinear
structures (Steger 1998). The analysis software automatically
calculated total cell body area, number of cell bodies and total
neurite length.

[0141] To investigate the effect of enovin on different cell

types, two assays were performed, a DNA synthesis assay and
a chemotaxis assay.

2. Measurement of Neurite Extension.
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[0142] DNA Synthesis Assay

[0143] Cells including human dermal fibroblasts (39SK),
human umbilical vein endothelial cells (HUVEC), human
smooth muscle cells (HSMC), human chondrocytes, and rat
osteoblasts were maintained in DMEM containing 10% FBS
(39-SK, HSMC, rat osteoblasts) or defined media (chondro-
cytes and HUVEC) at 37° C. with 5% CO, and 95% air. For
the DNA synthesis assay, cells were seeded in a 96-well tissue
culture plate at a density of 5,000 cells/well in DMEM con-
taining 10% FBS and incubated for 24 h. The culture medium
then was replaced with DMEM containing various concen-
trations of Enovin and 0.1% BSA (for 39-SK, osteoblasts,
HSMC, chondrocytes) or DMEM containing various concen-
trations of Enovin and 0.5% FBS (for HTJVEC) and cells
were incubated for 24 h. Subsequently, the culture medium
was replaced with 100 ul of DMEM containing 5% FBS and
0.1 uCi of [*H]-thymidine. Following 2 h of pulse labelling,
cells were fixed with methanol/acetic acid (3:1, vol/vol) for 1
h at room temperature. The fixed cells were washed twice
with 80% methanol. The cells were solubilized in 0.05%
trypsin (100 pl/well) for 30 min and then in 0.5% SDS (100
ul/well) for an additional 30 min. Aliquotes of cell lysates
(180 pl) were combined with 2 ml of scintillation cocktail and
the radioactivity of cell lysates was measured using a liquid
scintillation counter (Wallac 1409).

[0144] Chemotaxis Assay

[0145] Cells were maintained as described in “DNA 25
Synthesis Assay”. The chemotactic activity of Enovin was
analyzed using a 12-well modified Boyden Chamber (Mc-
Quillan, D. J., Handley, C. J, Campbell, M. A., Bolis, S.,
Milway, V. E., Herington, A. C., (1986), “Stimulation of
Proteoglycan biosynthesis by serum and insulin-like growth
factor-1 in cultured bovine articular cartilage”, Biochem. J.
240:423-430). Cells were trypsinized using 0.05% trypsin
and 0.5 mM EDTA and resuspended in DMEM. To the bot-
tom wells of a Boyden chamber, aliquots of 150 pl of media
containing various concentrations of Enovin were added. A
polycarbonate membrane (8 um) coated with 0.1 mg/ml of
type 1 collagen was placed on the top of the bottom wells,
followed by assembling the top wells. To the top wells, ali-
quots of 100 pl of cells (70,000 cells/ml) were added. Fol-
lowing a 6-h incubation period, the apparatus was disas-
sembled. Cells remaining on the top of the membrane were
removed. The membrane was fixed with 10% formaldehyde
for 15 min, followed by staining with Gill’s strength hemo-
toxylin. Cells were counted under microscopy (250x magni-
fication), and the average of cell counts from five areas of
each well was used. Each experiment was repeated at least
four times. The results were expressed as the fold of control
(DMEM containing 0.1% BSA).

[0146] As illustrated by the results in FIGS. 8 to 18, enovin
has no effect on proliferation in each of the cell types used, or
on the migration of HUVEC cells (FIG. 14) as described
above. There was an effect of enovin on SH-SY-5Y neuro-
blastoma cells. This demonstrated enovins selective effect on
neuronal cells.

[0147] Both GDNF and NTN have been shown to signal via
a signalling complex composed of a ligand-binding subunit,
either GFRa-1. or GFRa-2 and a signalling subunit, the
cRET protein tyrosine kinase. Enovin is expected to exert its
biological effects via a similar signalling complex composed
of a GFRa binding partner (either GFRa-1, GFRa2, the
recently characterized orphan receptor GFRa-3 or other as
yet uncharacterized members of the GFRafamily) in combi-



US 2014/0162951 Al

nation with cRET or another signalling partner, Indeed, our
binding data show that enovin can bind specifically to GFRa.-
3.

[0148] In humans, germ line mutations in GDNF or cRET
can lead to several disease phenotypes including multiple
endocrine neoplasia and Familial Hirschsprung disease
(HSCR) (Romeo et al., 1994, Edery etal., 1994, Angristetal.,
1996). Both diseases are associated with gut dismotility, with
Hirschsprung disease being the most common cause of con-
genital bowel obstruction in infants. Interestingly, GDNF and
CRET knockout mice exhibit remarkably similar pathologies
with renal agenesis and intestinal aganglionosis (Sanchez et
al, 1996; Mooreetal., 1996; Pichel etal., 1996). Enovin could
be involved in similar disorders of the gut or the kidneys or,
since it is ubiquitously expressed, could be important in the
development of other peripheral organs in the body.

[0149] The interaction of ligands with their receptors is
generally achieved by the interaction of specific bonds from
particular residues in both proteins. Fragments of a protein
can serve as agonists activating the receptor to elicit its
growth promoting and survival sustaining effects on cells.
Parts of enovin or synthetic peptides based on the enovin
protein sequence can therefore be useful as agonists or
antagonists to regulate its receptor GFRa3. Using peptide
synthesis or recombinant techniques, hybrid growth factors
composed of parts of GDNF, NTN or PSP or any other neu-
rotrophic or growth factor with parts of enovin can be pro-
duced to yield a novel synthetic growth factor with new
properties.

[0150] Two pilot trials were conducted to test whether
enovin is able to change the taxol-induced sensory deficits in
rats after subplantar injections in rats. In a first experiment, it
was tested whether a single treatment with enovin could
reverse the taxol-induced sensory deficit, whereas in a second
trial it was tested whether enovin could prevent the develop-
ment of the taxol-induced deficits.

[0151] Reversal Over Tine of Taxol-Induced Sensory Dys-
function.

[0152] Procedure

[0153] Male Sprague-Dawley rats, weighing 300-340

gram, were used. The animals were housed individually with
food and water ad lib. Before the start of the experiment, the
animals were placed in standard observation cages and after a
habituation period of 15 min, the pin prick reflex was evalu-
ated. To do so, the plantar surface of the right paw of the
animal was stimulated with a needle and the reactivity to this
pin-prick was scored as either present (score=1) or absent
(score=0). Within one session, the procedure was repeated
three times with a time interval of 1 min between 2 consecu-
tive stimulus presentations; as such the pin prick test con-
sisted of 3 measures of reactivity to a pin prick. Only rats
having normal reactions on the 3 pin pricks were included in
the experiment.

[0154] On the 3 consecutive days in the morning, the ani-
mals received daily a subplantar injection of 50 ul of taxol (3
mg/ml paclitaxel dissolved in cremophor and dehydrated
alcohol plus water) in the right hind paw. During the next
morning, the pin prick reflex was re-evaluated and animals
not showing any reactivity to the 3 stimulus presentations
were selected. These animals were randomly divided in sub-
groups (n=10/group) receiving a subplantar injection in the
right hind paw of 75 ul of either vehicle, saline or 23 or 130
pg/ml. enovin. Because no differences were observed
between the results of the vehicle and saline treated animals,
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both groups were joined (control group). At days 1, 4, Sand 7
after the last treatment, the pin prick test was performed both
in the morning (between 8 and 9 a.m.) and the evening (be-
tween 3:30 and 4:30 p.m.). On day 8, a last pin prick test was
taken during the morning. For each animal, the cumulative
score of reactivity to the pin prick was measured over time.
Because in total 9 pin prick tests (each consisting of 3 pin
prick presentations) were performed after the last drug treat-
ment, the maximal score to be reached over the total time
period of the experiment is 27.

[0155] Results

[0156] Repeated subplantar injections of taxol over 3 con-
secutive days results in an acute inflammatory reaction with a
lack of responding to a pin prick stimulation in the majority of
animals. A subplantar injection of saline or vehicle did not
affect the taxol-induced deficit. At the first measurement,
only 4 out of 20 controls showed at least 1 reaction to the three
pin pricks and the mean (+SEM) pin prick score of the con-
trols at the first measurement was 0.25 (+0.12); this in con-
trast to the starting of the experiment where the mean score
was 3.0 (£0.0) because all animals responded to the pin prick.
Even after 8 days of measurement, the reactivity in the con-
trols was still impaired with 11 out of 20 rats responding at
least once and with a mean pin prick score of 0.75 (20.18).
Within this control group, none of the rats displayed a normal
reactivity to all 3 stimuli. The cumulative pin prick score of
the controls over time is presented in FIG. 19. Because the
animals were tested 9 times over an 8 days period, the maxi-
mal. score to be reached with 3 pin pricks at each testis 27. As
seen on the graph, a subplantar injection of saline or vehicle
was unable to reverse the taxol-induced deficit over the time
period tested. The mean total cumulative score of the controls
atthe end of the experiment was 5.10 (£0.87); being 18.9% of
the maximal score to be reached.

[0157] A single subplantar injection of 75 pl of 23 pg/ml
enovin, resulted after the first measurement in 4 out of 10 rats
responding at least once, with a mean pin prick score of 0.70
(x0.33). At day 8, all 10 animals responded at least once to the
pin prick, and a normal reactivity was present in 5 out of 10
rats. The average pin prick score of this group at day 8 was
2.20 (x0.29). As compared to the controls, the average cumu-
lative score at the end of the 8 days of measurement was
significantly increased (Mann—Whitney U-test, two-tailed,
p<0.01), reaching a mean pin prick score of 14.50 (x1.96)
(FIG. 19). This is 53.7% of the maximal score.

[0158] Also with an subplantar injection of 130 pg/ml
enovin there was improved efficacy against the controls. At
the first measurement after 130 pg/ml enovin, 6 out of 10 rats
responded at least once with a mean pin prick score of 1.10
(x0.35). At day 8, all 10 animals responded to at least one pin
prick with a mean score of 2.60 (x0.22). A normal reactivity
to the 3 pin pricks was present in 8 out of 10 rats. The average
cumulative total pin prick score at the end of the experiment
in this group was 17.20 (£1.94). This is 63.7% of the total
possible score and significantly improved as compared to the
control group (p<0.01).

[0159] Prevention Over Time of Taxol-Induced Sensory
Dysfunction.

[0160] Procedure

[0161] Male Sprague-Dawley rats, weighing 300-340

gram, were used. The animals were housed individually with
food and water ad lib. Before the start of the experiment, the
animals were placed in standard observation cages and after a
habituation period of 15 min, the pin prick reflex was evalu-
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ated. To do so, the plantar surface of the right paw of the
animal was stimulated with a needle and the reactivity to this
pin-prick was scored as either present (score=1) or absent
(score=0). Within one session, the procedure was repeated
three times with a time interval of 1 min between 2 consecu-
tive stimulus presentations; as such the pin prick test con-
sisted of 3 measures of reactivity to a pin prick. Only rats
having normal reactions on the 3 pin pricks were included in
the experiment (pin prick score=3). After this control mea-
surement, the animals were randomly divided in subgroups
(n=10/group) receiving an subplantar injection in the right
hind paw of 75 pul of either vehicle, saline or 23 or 130 pg/ml
enovin. Because no differences were observed between the
results of the vehicle and saline treated animals, both groups
were joined (control group). During the 3 consecutive days,
the animals received daily a subplantar injection of 50 ul of
taxol (3 mg/ml paclitaxel dissolved in cremophor and dehy-
drated alcohol plus water) in the right hind paw. At days 1, 4,
5 and 7 after taxol, the pin prick test was performed both in the
morning (between 8 and 9 a.m.) and the evening (between
3:30 and 4:30 p.m.). On day 8, a last pin prick test was done
during the morning. For each animal, the cumulative score of
reactivity to the pin prick was measured over time. Because in
total 9 pin prick tests (each consisting of 3 pin prick presen-
tations) were performed after the taxol treatment, the maxi-
mal cumulative score to be reached over the total time period
of the experiment is 27.

[0162] Results

[0163] A subplantar injection of saline or vehicle before
taxol did not prevent the taxol-induced deficit in the pin prick
test. At the first testing after taxol, 8 out of 20 rats responded
at least once to the pin prick, with a mean pin prick score of
0.60 (x£0.18). At day 8, the taxol-induced deficit was still
present, with only 8 out of 20 animals responding and having
a mean score of 0.8 (+0.25). Within two animals, a normal-
ized pin prick reflex was present. Over time, the cumulative
pin prick score was also reduced, resulting in a mean value of
6.55 (x1.08), which is 24.3% of the maximal score (FIG. 20).
[0164] Pretreatment with 23 pg/ml enovin reduced the
taxol-induced deficits on the pin prick. At day 1, 8 out of 10
animals responded at least once, and the average pin prick
score was 1.70(x0.40). At day 8, 5 all animals were respond-
ing with a mean score of 2.50 (x0.27). Here 7 animals
revealed a normal reactivity on all pin prick exposures. With
regard to the cumulative responding over time (FIG. 20), the
mean total score was significantly improved (p<0.01) over the
control level to 18.40 (+1.73); this is 68.1% of the maximal
value.

[0165] Comparable results were obtained after a pretreat-
ment with 130 pg/ml enovin. Here, 6 out of 10 animals
responded during the first testing with a mean pin prick score
of 1.70 (+0.31). At day 8, all animals were reacting at least
once to a pin prick stimulation with a mean score of 2.40
(+0.22) and all 3 reactions were normal in half of the animals.
With regard to the cumulative score, the mean score obtained
at day 8 is 17.70 (+1.92), representing 65.5% of the total
score.

[0166] The present series of experiments indicate that a
single subplantar injection of enovin is able to reduce the
taxol-induced sensory deficits as measured by a pin prick test.
Activity is seen when the drug was applied both before and
after taxol.

[0167] Enovin is a possible candidate for pain syndromes
with mainly a peripheral and central neurogenic component,
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rheumatic/inflammatory diseases as well as conductance dis-
turbances, and. can play a modulatory role in sensory pro-
cesses after transdermal, topical, local, central (such as epi-
dural, intrathecal, and the like) and systemic application.
[0168] Furtheritis worthwhile to use enovin as a diagnostic
tool to screen for physiophatological changes in the area’s
mentioned above.

[0169] Comparison of Enovin mRNA Expression in Nor-
mal Versus Diseased Tissues

[0170] Theexpression of Enovin mRNA was quantitatively
analysed using the ABI Prism 7700 Sequence Detection Sys-
tem (TagMan; Perkin Elmer) using proprietary technology
developed and carried out at Pharmagene Laboratories Ltd,
Royston, United Kingdom. The system uses a fluorogenic
probeto generate sequence specific fluorescent signals during
PCR. The probe is an oligonucleotide with fluorescent
reporter and quencher dyes attached, it is positioned between
the forward and reverse PCR primers. While intact, the inten-
sity of reporter fluorescence is suppressed by the quencher.
Should the probe form part of a replication complex, the
fluorescent reporter is cleaved from the quencher by a 5' to 3'
exonuclease activity inherent in Taq polymerase. The
increase in fluorescent reporter signal within a reaction is a
direct measure of the accumulation of PCR product. The
starting copy number of an mRNA target sequence (Cn) is
established by determining the fractional PCR cycle number
(Ct) at which a PCR product is first detected—the point at
which the fluorescence signal passes above a threshold base-
line. Quantification of the amount of target mRNA in each
sample is established through comparison of experimental Ct
values with a standard curve.

[0171] RNA Preparation and Quality Control

[0172] Total RNA was isolated from whole and sub-dis-
sected tissue, using Tri-Zol reagent (Life Technologies,
Gaithersburg, Md., USA) according to the suppliers’ proto-
col. Quality control procedures for all RNA samples included
an assessment of integrity (intact 18S and 28S ribosomal
RNA) and determination of the presence of high abundance
(actin) and low abundance (transferrin receptor) transcripts.
[0173] Primer/Probe Design

[0174] A pair of primers and a TagMan probe were
designed to amplify a specific sequence from Enovin

(SEQ ID NO: 44)
Primer 1: 5' ACGGTTCTCCAGGTGCTGT 3'

(SEQ ID NO: 45)

Primer 3: 5' TGCTGCCGACCCACG 3!
(SEQ ID NO: 46)
Probe 5: 5' CTACGAAGCGGTCTCCTTCATGGACG 3!
[0175] In addition a pair of primers and a TagMan probe

were designed which span an intron and amplify a portion of
the human GAPDH gene

Primer 2:
(SEQ ID NO: 47)
5' CAGAGTTAMAGCAGCCCTGGT 3'

Primer 4:
(SEQ ID NO: 48)
5' GAAGGTGAAGGTCGGAGTCAAC 3'
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-continued
Probe 6:
(SEQ ID NO:
5' TTTGETCCGTATTGGGCGCCT 3!

49)

[0176] Probe 5 is labelled with the fluor FAM while probe
6 is labelled with the fluor VIC.

[0177] DNase Treatment Of Total RNA

[0178] For each tissue tested 2.2 ng of total RNA was
digested with 2 units of RNase free DNase (Gibco BRL) for
15 minutes at room temperature in a 20 pl volume of
1xDNase buffer (Gibco BRL). The reaction was stopped by
addition of 2 pl of 25 mM EDTA solution. The samples were
then incubated at 65° C. for 10 minutes to inactivate the

enzyme.
[0179] First Strand cDNA Synthesis
[0180] For each tissue tested 100 ng of total RNA was used

as template for first strand cDNA synthesis. The RNA in a
volume of 4 ml and in the presence of 50 nM primers 1 and 2,
1xPCR buffer II (Perkin Elmer) and 5 mM MgCl, was heated
to 72° C. for 5 minutes and cooled slowly to 55° C. After
addition of all other reagents, the 6 ml reaction was incubated
at 48° C. for 30 minutes followed by an enzyme inactivation
step of 90° C. for 5 minutes. The final reaction conditions
were as follows: 1xPCR buffer I, 5 mM MgCl,, 1 mM dATP,
dTTP, dGTP, dCTP, 12.5 units MuLV reverse transcriptase
(Gibco BRL).

[0181] PCR Amplification of First Strand cDNA Products
[0182] The cDNA derived from 100 ng total RNA for each
sample was subjected to PCR amplification in a single reac-
tion to identify both target and GAPDH transcripts. The final
primer/probe concentrations for target were 300 nM primer 1,
300nM primer 3 and 200 nM probe 5, those for GAPDH were
20 nM primer 2, 20 nM primer 4 and 100 nM probe 6. The
final concentration of other reagents in the reaction were
4.5% glycerol, 1x TagMan buffer A (Perkin Elmer), 6.25 mM
MgCl, 430M dATP, dUTP, dGTP, dCTp, 2.5 units AmpliTaq
Gold. The PCR amplification was carried out in the ABI 7700
sequence detection system, an initial enzyme activation step
ot 94° C. for 12 min was followed by 45 cycles of 94° C. 15
secs, 60° C. 1 min (minimum ramp time).

[0183] Diseases and Tissues Tested

[0184] Enovin mRNA expression was compared in tissues
derived from disease patients and normal control individuals
(FIGS. 25 and 26). The table below shows the diseases and
corresponding tissues that have been investigated. For each
condition, three diseased and three control samples were
analysed.

Patholog Tissue 1 Tissue 2 Tissue 3
Alzheimer’s disease  Temporal Cortex Hippocampus Occipital
Cortex
Multiple Sclerosis Spinal Cord Periventicular Cerebellum
‘White Matter
Parkinson’s Disease  Substantia Nigra Putamen Cerebellum
Cancer Colon Breast Ductal Lung
Adenocarcinoma  Adenocarcinoma  Squamous
Cell
Carcinoma
[0185] Statistical Analysis
[0186] For each group of 3 tissues, the mean and standard

deviation were calculated on the Ct values (which are nor-
mally distributed) and were then converted into Cn values
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according to the formula Cn=10l*40-007)-3.6231 Analysis of
variance (ANOVA) was performed on the Ct values also to
compare the mean Enovin mRNA expression levels in normal
versus diseased tissues.

[0187] FIGS. 25 and 26 show the mean Enovin mRNA
copy numbers (xSD; n=3) in diseased versus control tissues.
Statistical analysis showed a significant increase in the
Enovin expression level in the periventricular white matter of
patients with multiple sclerosis (p=0.013). The internal
GAPD control showed no significant difference (p=0.79).
Although the Enovin expression level in the periventricular
white matter is quite low in normal tissue (270 copies per 100
ng total RNA on average versus 200,000 copies of GAPDH),
the level is three times higher (825) in patients with multiple
sclerosis.

[0188] Only one other diseased tissue showed a significant
difference versus normal control; in breast ductal adenocar-
cinoma, the Enovin mRNA expression level is 6 times higher
(6,000 versus 1,000; p 0.007), but the GAPDH control value
is also significantly increased (165,000 versus 4,4000; p=0.
03), probably representing a general increase in mRNA lev-
els.

[0189] In conclusion, we have found Enovin mRNA levels
to be upregulated in the periventricular white matter of
patients with multiple sclerosis.

[0190] Use of Phospho-Specific Antibody Cell-Based
ELISA for Screening of Enovin Mimetic on GFRc3/cP2.T
Receptor Complex.

[0191] Method can Also be Used for Identification of Ago-
nist or Antagonist of Other Neurotrophin Receptors, Such as
GFRal, GFRa2, GFRad, TrkA, TrkB and TrkC.

[0192] Assay

[0193] Using this assay we can identify agonist or antago-
nist compounds of neurotrophic growth factors by measuring
the activation of key signalling kinases activated in the neu-
rotrophic pathway or by measuring the activation of cRET
receptor kinase. The activation is measured by detecting the
amount of phosphorylated kinase or receptor kinase using
phospho-specific antibodies. We will use NIH 3T3 cells
expressing transiently or permanently TrkA, TrkB, TrkC,
GFRal/cRET, GFRa2/cRET, GFRa3/cRET or GFRa4/cRET.
[0194] Theactivationofp42/p44 MAPkinase, PKBkinase,
c-jun, CREB, INK/SAPK kinase and other kinases is
detected using commercially available phospho-specific anti-
bodies. In addition, cRET activation can be deleted. using
phospho-specific cRET antibody.

[0195] The protocol used was as follows:

[0196] Plate NIH 3T3 cells in 96-wells in 10% calf
serum, cells have to be 80% confluent before stimula-
tion.

[0197] Next day, replace medium with serum-free
medium and starve cells for 18-24 h.

[0198] After starvation stimulate cells with compounds
and neurotrophic factors as positive control (10 ng/ml
for neurotrophic factors)

[0199] Fix cells with 4% formaldehyde in PBS at 4° C.
for 20 min.

[0200] Wash cells 3x with 200 pl PBS/0.1% Triton for 5
min.

[0201] Quench the cells with 100 pl p 0.6% H,O, in

PBS/0.1% Triton for 20 min.
[0202] Wash cells 3x with 200 pl PBS/0.1% Triton for 5
min.
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[0203] Block the cells with 100 pl. 10% foetal. calf
serum in PBS/0.1% Triton for 60 min.

[0204] Incubate the cells with phosphospecific antibody
in 50 pl 5% BSA//PBS/0.1% Triton, over night at 4° C.
Antibody dilution should be experimentally determined,
suggested range 1:100-1:250.

[0205] Wash cells 3x with 200 pl PBS/0.1% Triton for 5
min.

[0206] Incubate with secondary antibody HRP linked,
dilution 1:100 in 50 ul 5% BSA/PBS/0.1% Triton, for 1
h at room temperature.

[0207] Wash cells 3x with 200 pl PBS/0.1% Triton for 5
min.

[0208] Dissolve 1 tablet of OPD (Sigma) in 25 ml buffer
(3.65 gcitric acid-H,0 and 5.9 g Na,HPO,.2H,01in 0.51
H,O pH 5.6) and add 12.5 pl H,O,. Add 50 ul to each
well and incubate for 15 min on shaker (200 rpm), cov-
ered with aluminium foil.

[0209]

[0210]
[0211]
[0212]

[0213] Neuronal cultures were prepared from the ventral
mesencephalon of foetal rat by enzymatic and mechanical
dispersion. The tissue was collected, washed in ice-cold
Ca®*- and Mg**-free phosphate buffered saline containing
0.6% glucose (PBSG) and incubated for 30 min with PBSG
containing 0.1% trypsin at 37° C. The cell suspension was
plated at a density of 2.5 10° cells/cm? onto 96 well NUNC
tissue culture plates. In advance, culture plates were coated
with poly-L-ornithine and CDM containing 10% foetal calf
serum. The cultures were maintained in chemically defined
medium (CDM), composed of a 1:1 mixture of Dulbecco’s
Modified Eagles medium arid F12 Nutrient supplemented
with glucose (0.6%), glutamine (2 mM), sodium bicarbonate
(3 mM), HEPES (5§ mM), insulin (25 p/ml), human transferrin
(100 pg/ml), putrescine (60 pg/ml), sodium selenite (30 nM),
streptomycin (100 pg/ml) and penicillin (100 IU/ml).

[0214]

[0215] Neurotrophins were dissolved in 0.5% bovine
serum albumin as a stock. Neurotrophins were added 3 h after
initial plating and after 5 days in culture. The same amount of
0.5% bovine serum albumin was added to the control wells.

[0216] High-Affinity Dopamine Uptake

[0217] Dopamine uptake was measured after 10 days. For
the uptake, cells were washed twice with pre-warmed PBS
supplemented with glucose (5 mM), ascorbic acid (100 mM)
and pargyline (100 mM) and pre-incubated for 10 min with
the same solution. The pre-incubation solution was replaced
with the same solution containing 50 nM [*H]DA and incu-
bation continued for 15 min at 37° C. Uptake was stopped by
3 rapid washes with ice-cold PBS. The accumulated [*H]
dopamine was released by incubating with acidified ethanol
for 30 min at room temperature. Radioactivity was deter-
mined after addition of 4 ml of scintillation liquid (Packard
ultima gold MV) using Packard scintillation counter. Non-
specific uptake was determined by adding 20 uM cocaine.

Stop the reaction with 25 pl H,SO,.
Measure OD,,5q_¢50 on the ELISA reader.
Mesencephalic Dopaminergic Neuronal Culture

Neuronal. Culture

Treatment with Neurotrophic Factors
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TABLE 4

Effect of enovin on [*H] dopamine uptake

Percent control

[H]
Treatment dopamine uptake n
control 100 5
enovin 300 ng/ml 111 4
enovin 1000 ng/ml 127 5
enovin 2000 ng/ml 152 5
enovin 4000 ng/ml 161 1
enovin 10000 ng/ml 165 2

Cells were grown for 10 days in the presence or absence of
enovin. Untreated controls were set as 100%. Results are
obtained in 1-5 independent experiments.
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LIST OF ABBREVIATIONS

[0272] BLAST basic local alignment search tool
bp base pairs

S5cDNA complementary DNA

CNS central nervous system

EST expressed sequence taq

EVN enovin

GDNF glial cell-line derived neurotrophic factor
GFRa GDNF family receptor a

GPI glycosyl phosphatidyl inositol

MTC multiple tissue cDNA

NTN neurturin

PCR polymerase chain reaction

PNS peripheral nervous system

PSP persephin

RT-PCR reverse transcription PCR

TGFB transforming growth factor

FISH fluorescent in situ hybridisation

MTN multiple tissue northern

NGF nerve growth factor

SPR surface plasinon resonance

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 59

<210> SEQ ID NO 1
<211> LENGTH: 339
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-continued
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 1
getgggggee cgggcagecg cgctegggca gegggggcge ggggctgeeg cctgcegeteg 60
cagctggtge cggtgegege getceggectyg ggecaccget ccgacgaget ggtgegttte 120
cgettetgea geggetectyg cecgcecgegeg cgetctecac acgacctcag cctggecage 180
ctactgggeg ccggggecct gegaccgece cegggctece ggeccgtcag ccagecctge 240
tgccgaccca cgcgctacga ageggtetece tteatggacyg tcaacagcac ctggagaacce 300
gtggaccgece tcectecgecac cgectgegge tgcecctggge 339
<210> SEQ ID NO 2
<211> LENGTH: 474
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (3)..(419)
<400> SEQUENCE: 2
¢g ceg ceg cag cct tet cgg cece geg ccc ceg ceg cct gea cce cca 47
Pro Pro Gln Pro Ser Arg Pro Ala Pro Pro Pro Pro Ala Pro Pro
1 5 10 15
tet get ctt cee cge ggg ggce cge gog gog cgg got ggg ggce ccg ggce 95
Ser Ala Leu Pro Arg Gly Gly Arg Ala Ala Arg Ala Gly Gly Pro Gly
20 25 30
agce cge get cgg gea geg ggg geg ¢gg ggce tge cge ctg cge tceg cag 143
Ser Arg Ala Arg Ala Ala Gly Ala Arg Gly Cys Arg Leu Arg Ser Gln
35 40 45
ctg gtg ccg gtg cge geg cte gge ctg gge cac cge tcee gac gag ctg 191
Leu Val Pro Val Arg Ala Leu Gly Leu Gly His Arg Ser Asp Glu Leu
50 55 60
gtg cgt ttc cge ttc tgc age ggce tece tge cge cgce geg cgce tet cca 239
Val Arg Phe Arg Phe Cys Ser Gly Ser Cys Arg Arg Ala Arg Ser Pro
65 70 75
cac gac ctc age ctg gee age cta ctg ggce gec ggg gcece ctg cga ccg 287
His Asp Leu Ser Leu Ala Ser Leu Leu Gly Ala Gly Ala Leu Arg Pro
80 85 90 95
cee ceg gge tee cgg cee gtce age cag cce tge tge cga ccc acg cgce 335
Pro Pro Gly Ser Arg Pro Val Ser Gln Pro Cys Cys Arg Pro Thr Arg
100 105 110
tac gaa gcg gtc tece tte atg gac gte aac age acce tgg aga acc gtg 383
Tyr Glu Ala Val Ser Phe Met Asp Val Asn Ser Thr Trp Arg Thr Val
115 120 125
gac cgce ctc tee gee ace gee tge gge tge ctg gge tgagggcteg 429
Asp Arg Leu Ser Ala Thr Ala Cys Gly Cys Leu Gly
130 135
ctccagggcet ttgcagactg gacccttace ggtggctett cctge 474

<210> SEQ ID NO 3

<211> LENGTH: 113

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Ala Gly Gly Pro Gly Ser Arg Ala Arg Ala Ala Gly Ala Arg Gly Cys
1 5 10 15
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-continued

Arg Leu Arg Ser Gln Leu Val Pro Val Arg Ala Leu Gly Leu Gly His
20 25 30

Arg Ser Asp Glu Leu Val Arg Phe Arg Phe Cys Ser Gly Ser Cys Arg
35 40 45

Arg Ala Arg Ser Pro His Asp Leu Ser Leu Ala Ser Leu Leu Gly Ala

Gly Ala Leu Arg Pro Pro Pro Gly Ser Arg Pro Val Ser Gln Pro Cys
65 70 75 80

Cys Arg Pro Thr Arg Tyr Glu Ala Val Ser Phe Met Asp Val Asn Ser
85 90 95

Thr Trp Arg Thr Val Asp Arg Leu Ser Ala Thr Ala Cys Gly Cys Leu
100 105 110

Gly

<210> SEQ ID NO 4

<211> LENGTH: 139

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Pro Pro Gln Pro Ser Arg Pro Ala Pro Pro Pro Pro Ala Pro Pro Ser
1 5 10 15

Ala Leu Pro Arg Gly Gly Arg Ala Ala Arg Ala Gly Gly Pro Gly Ser
20 25 30

Arg Ala Arg Ala Ala Gly Ala Arg Gly Cys Arg Leu Arg Ser Gln Leu
35 40 45

Val Pro Val Arg Ala Leu Gly Leu Gly His Arg Ser Asp Glu Leu Val
50 55 60

Arg Phe Arg Phe Cys Ser Gly Ser Cys Arg Arg Ala Arg Ser Pro His

Asp Leu Ser Leu Ala Ser Leu Leu Gly Ala Gly Ala Leu Arg Pro Pro
85 90 95

Pro Gly Ser Arg Pro Val Ser Gln Pro Cys Cys Arg Pro Thr Arg Tyr
100 105 110

Glu Ala Val Ser Phe Met Asp Val Asn Ser Thr Trp Arg Thr Val Asp
115 120 125

Arg Leu Ser Ala Thr Ala Cys Gly Cys Leu Gly
130 135

<210> SEQ ID NO 5

<211> LENGTH: 819

<212> TYPE: DNA

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

<221> NAME/KEY: CDS

<222> LOCATION: (30)..(284)
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (334)..(810)

<400> SEQUENCE: 5

gagtttcecee tccacacage taggagecc atg cce gge ctg ate tca gec cga 53
Met Pro Gly Leu Ile Ser Ala Arg
1 5

gga cag ccc cte ctt gag gte ctt cct cece caa gec cac ctg ggt gce 101

Gly Gln Pro Leu Leu Glu Val Leu Pro Pro Gln Ala His Leu Gly Ala
10 15 20
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-continued
cte ttt ctc cct gag gct cca ctt ggt ctc tece geg cag cct gee ctyg 149
Leu Phe Leu Pro Glu Ala Pro Leu Gly Leu Ser Ala Gln Pro Ala Leu
25 30 35 40
tgg ccc acc ctg gee get ctg get ctg ctg age age gtce gea gag gec 197
Trp Pro Thr Leu Ala Ala Leu Ala Leu Leu Ser Ser Val Ala Glu Ala
45 50 55
tce ctg gge tcee geg cee cge age cct gece cee cge gaa ggce ccce ccg 245
Ser Leu Gly Ser Ala Pro Arg Ser Pro Ala Pro Arg Glu Gly Pro Pro
60 65 70
cct gte ctg geg tee cee gee gge cac ctg ceg ggt agyg tgagagggcey 294
Pro Val Leu Ala Ser Pro Ala Gly His Leu Pro Gly Arg
75 80 85
agggggceggy gceggggetgg cccgggacac cgegegtga ctg ggt cte att cca 348
Leu Gly Leu Ile Pro
90
ggg gga cgc acg gcc cgce tgg tgc agt gga aga gcc cgg cgg ccg ccg 396
Gly Gly Arg Thr Ala Arg Trp Cys Ser Gly Arg Ala Arg Arg Pro Pro
95 100 105
ceg cag cct tet cgg cee geg cee ceg ceg cct gea cce cca tet get 444
Pro Gln Pro Ser Arg Pro Ala Pro Pro Pro Pro Ala Pro Pro Ser Ala
110 115 120
ctt cecc cge ggg ggc cge gceg geg cgg got ggg gge ccg ggce age cgce 492
Leu Pro Arg Gly Gly Arg Ala Ala Arg Ala Gly Gly Pro Gly Ser Arg
125 130 135
get c¢gg gca geg ggg gog cgg ggce tge cge ctg cge teg cag ctg gtg 540
Ala Arg Ala Ala Gly Ala Arg Gly Cys Arg Leu Arg Ser Gln Leu Val
140 145 150
ceg gtg cge geg cte gge ctg gge cac cge tee gac gag ctg gtg cgt 588
Pro Val Arg Ala Leu Gly Leu Gly His Arg Ser Asp Glu Leu Val Arg
155 160 165 170
tte cge tte tge age gge tcee tge cge cge geg cge tet cca cac gac 636
Phe Arg Phe Cys Ser Gly Ser Cys Arg Arg Ala Arg Ser Pro His Asp
175 180 185
cte age ctg gcee age cta ctg gge gee ggg gec ctg cga ccg cce ccg 684
Leu Ser Leu Ala Ser Leu Leu Gly Ala Gly Ala Leu Arg Pro Pro Pro
190 195 200
gge tce cgg ccc gtc age cag ccc tge tge cga cee acg cgce tac gaa 732
Gly Ser Arg Pro Val Ser Gln Pro Cys Cys Arg Pro Thr Arg Tyr Glu
205 210 215
geg gte tee tte atg gac gte aac age acce tgg aga acc gtg gac cge 780
Ala Val Ser Phe Met Asp Val Asn Ser Thr Trp Arg Thr Val Asp Arg
220 225 230
ctec tce gee acc gce tge gge tgce ctg ggce tgagggcte 819
Leu Ser Ala Thr Ala Cys Gly Cys Leu Gly
235 240

<210> SEQ ID NO 6

<211> LENGTH: 85

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Met Pro Gly Leu Ile Ser Ala Arg Gly Gln Pro Leu Leu Glu Val Leu
1 5 10 15

Pro Pro Gln Ala His Leu Gly Ala Leu Phe Leu Pro Glu Ala Pro Leu
20 25 30

Gly Leu Ser Ala Gln Pro Ala Leu Trp Pro Thr Leu Ala Ala Leu Ala
35 40 45
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-continued

Leu Leu Ser Ser Val Ala Glu Ala Ser Leu Gly Ser Ala Pro Arg Ser
50 55 60

Pro Ala Pro Arg Glu Gly Pro Pro Pro Val Leu Ala Ser Pro Ala Gly
65 70 75 80

His Leu Pro Gly Arg
85

<210> SEQ ID NO 7

<211> LENGTH: 159

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

Leu Gly Leu Ile Pro Gly Gly Arg Thr Ala Arg Trp Cys Ser Gly Arg
1 5 10 15

Ala Arg Arg Pro Pro Pro Gln Pro Ser Arg Pro Ala Pro Pro Pro Pro
20 25 30

Ala Pro Pro Ser Ala Leu Pro Arg Gly Gly Arg Ala Ala Arg Ala Gly
35 40 45

Gly Pro Gly Ser Arg Ala Arg Ala Ala Gly Ala Arg Gly Cys Arg Leu
50 55 60

Arg Ser Gln Leu Val Pro Val Arg Ala Leu Gly Leu Gly His Arg Ser

Asp Glu Leu Val Arg Phe Arg Phe Cys Ser Gly Ser Cys Arg Arg Ala
85 90 95

Arg Ser Pro His Asp Leu Ser Leu Ala Ser Leu Leu Gly Ala Gly Ala
100 105 110

Leu Arg Pro Pro Pro Gly Ser Arg Pro Val Ser Gln Pro Cys Cys Arg
115 120 125

Pro Thr Arg Tyr Glu Ala Val Ser Phe Met Asp Val Asn Ser Thr Trp
130 135 140

Arg Thr Val Asp Arg Leu Ser Ala Thr Ala Cys Gly Cys Leu Gly
145 150 155

<210> SEQ ID NO 8

<211> LENGTH: 1188

<212> TYPE: DNA

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

<221> NAME/KEY: CDS

<222> LOCATION: (29)..(88)
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (441)..(602)
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (673)..(1134)

<400> SEQUENCE: 8

ctgatgggeg ctectggtgt tgatagag atg gaa ctt gga ctt gga ggce ctce 52
Met Glu Leu Gly Leu Gly Gly Leu
1 5
tece acg ctg tce cac tge cce tgg cct agg cgyg cag gtgagtggtt 98
Ser Thr Leu Ser His Cys Pro Trp Pro Arg Arg Gln
10 15 20
ctecccagtga ctectacctg gtactgagga aaggceggcett gactggtgag ggagagcagg 158

gettggetty ggcageggtt aggtgtggga gggaaaatgg tcagggaggyg accaggtgaa 218

tgggaggagyg agcgggactt ctctgaatgg teggtgeact caggtgatte ctecectggg 278
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-continued
ctcccagagg cagcaaaccce attatactgg aacctaggec cttectgagt ttcccctceca 338
cacagctagg agcccatgcce cggectgatce tcagcccgag gacagcccct ccttgaggte 398
cttcectecce aagcccacct gggtgeccte tttcectecctg ag get cca ctt ggt 452

Ala Pro Leu Gly

cte tec geg cag cct gee ctg tgg cee acce ctg gee get ctg get ctg 500
Leu Ser Ala Gln Pro Ala Leu Trp Pro Thr Leu Ala Ala Leu Ala Leu
25 30 35 40
ctg agce age gtce geca gag gcec tee ctg gge tee geg ccce cge age cct 548
Leu Ser Ser Val Ala Glu Ala Ser Leu Gly Ser Ala Pro Arg Ser Pro
45 50 55
gee cce cge gaa ggc ccc ceg cct gte ctg geog tee cee geco gge cac 596
Ala Pro Arg Glu Gly Pro Pro Pro Val Leu Ala Ser Pro Ala Gly His
60 65 70
ctg ccg ggtaggtgag agggcgaggg 9gcggggcgg ggctggcceg ggacaccgeg 652
Leu Pro
cgtgactggg tctcattcca ggg gga cgce acg gec cge tgg tge agt gga aga 705
Gly Gly Arg Thr Ala Arg Trp Cys Ser Gly Arg
75 80 85
gee c¢gg cgg ccg ccg ccg cag cct tet egg cece geg cee cecg cecg cct 753
Ala Arg Arg Pro Pro Pro Gln Pro Ser Arg Pro Ala Pro Pro Pro Pro
90 95 100
gca cce cca tet get ctt cee cge ggg ggce cge geg geg cgg get ggg 801
Ala Pro Pro Ser Ala Leu Pro Arg Gly Gly Arg Ala Ala Arg Ala Gly
105 110 115
gge ccg ggce age cgce get cgg gca geg ggg gog ¢gg gge tgce cge ctg 849
Gly Pro Gly Ser Arg Ala Arg Ala Ala Gly Ala Arg Gly Cys Arg Leu
120 125 130
cge teg cag ctg gtg ceg gtg cge geg cte gge ctg gge cac cge tecc 897
Arg Ser Gln Leu Val Pro Val Arg Ala Leu Gly Leu Gly His Arg Ser
135 140 145
gac gag ctg gtg cgt ttc cge tte tge age gge tee tge cge cge gcg 945
Asp Glu Leu Val Arg Phe Arg Phe Cys Ser Gly Ser Cys Arg Arg Ala
150 155 160 165
cge tet cca cac gac cte age ctg gee age cta ctg ggce gec ggg gec 993
Arg Ser Pro His Asp Leu Ser Leu Ala Ser Leu Leu Gly Ala Gly Ala
170 175 180
ctg cga ccg ccc ccg gge tece c¢gg ccc gtc age cag ccc tgc tgce cga 1041
Leu Arg Pro Pro Pro Gly Ser Arg Pro Val Ser Gln Pro Cys Cys Arg
185 190 195
cce acg cgce tac gaa gcg gtce tce ttce atg gac gtc aac agc acc tgg 1089
Pro Thr Arg Tyr Glu Ala Val Ser Phe Met Asp Val Asn Ser Thr Trp
200 205 210
aga acc gtg gac cgc ctc tcc gee acce gece tge gge tge ctg ggce 1134
Arg Thr Val Asp Arg Leu Ser Ala Thr Ala Cys Gly Cys Leu Gly
215 220 225
tgagggctcg ctccagggct ttgcagactg gacccttacce ggtggectctt cctg 1188

<210> SEQ ID NO 9

<211> LENGTH: 228

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

Met Glu Leu Gly Leu Gly Gly Leu Ser Thr Leu Ser His Cys Pro Trp
1 5 10 15

Pro Arg Arg Gln Ala Pro Leu Gly Leu Ser Ala Gln Pro Ala Leu Trp
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20 25 30

Pro Thr Leu Ala Ala Leu Ala Leu Leu Ser Ser Val Ala Glu Ala Ser
35 40 45

Leu Gly Ser Ala Pro Arg Ser Pro Ala Pro Arg Glu Gly Pro Pro Pro
Val Leu Ala Ser Pro Ala Gly His Leu Pro Gly Gly Arg Thr Ala Arg
65 70 75 80

Trp Cys Ser Gly Arg Ala Arg Arg Pro Pro Pro Gln Pro Ser Arg Pro
85 90 95

Ala Pro Pro Pro Pro Ala Pro Pro Ser Ala Leu Pro Arg Gly Gly Arg
100 105 110

Ala Ala Arg Ala Gly Gly Pro Gly Ser Arg Ala Arg Ala Ala Gly Ala
115 120 125

Arg Gly Cys Arg Leu Arg Ser Gln Leu Val Pro Val Arg Ala Leu Gly
130 135 140

Leu Gly His Arg Ser Asp Glu Leu Val Arg Phe Arg Phe Cys Ser Gly
145 150 155 160

Ser Cys Arg Arg Ala Arg Ser Pro His Asp Leu Ser Leu Ala Ser Leu
165 170 175

Leu Gly Ala Gly Ala Leu Arg Pro Pro Pro Gly Ser Arg Pro Val Ser
180 185 190

Gln Pro Cys Cys Arg Pro Thr Arg Tyr Glu Ala Val Ser Phe Met Asp
195 200 205

Val Asn Ser Thr Trp Arg Thr Val Asp Arg Leu Ser Ala Thr Ala Cys
210 215 220

Gly Cys Leu Gly
225

<210> SEQ ID NO 10

<211> LENGTH: 220

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

Met Glu Leu Gly Leu Gly Gly Leu Ser Thr Leu Ser His Cys Pro Trp
1 5 10 15

Pro Arg Arg Gln Pro Ala Leu Trp Pro Thr Leu Ala Ala Leu Ala Leu
20 25 30

Leu Ser Ser Val Ala Glu Ala Ser Leu Gly Ser Ala Pro Arg Ser Pro
35 40 45

Ala Pro Arg Glu Gly Pro Pro Pro Val Leu Ala Ser Pro Ala Gly His
50 55 60

Leu Pro Gly Gly Arg Thr Ala Arg Trp Cys Ser Gly Arg Ala Arg Arg
65 70 75 80

Pro Pro Pro Gln Pro Ser Arg Pro Ala Pro Pro Pro Pro Ala Pro Pro
85 90 95

Ser Ala Leu Pro Arg Gly Gly Arg Ala Ala Arg Ala Gly Gly Pro Gly
100 105 110

Ser Arg Ala Arg Ala Ala Gly Ala Arg Gly Cys Arg Leu Arg Ser Gln
115 120 125

Leu Val Pro Val Arg Ala Leu Gly Leu Gly His Arg Ser Asp Glu Leu
130 135 140

Val Arg Phe Arg Phe Cys Ser Gly Ser Cys Arg Arg Ala Arg Ser Pro
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145 150 155 160

His Asp Leu Ser Leu Ala Ser Leu Leu Gly Ala Gly Ala Leu Arg Pro
165 170 175

Pro Pro Gly Ser Arg Pro Val Ser Gln Pro Cys Cys Arg Pro Thr Arg
180 185 190

Tyr Glu Ala Val Ser Phe Met Asp Val Asn Ser Thr Trp Arg Thr Val
195 200 205

Asp Arg Leu Ser Ala Thr Ala Cys Gly Cys Leu Gly
210 215 220

<210> SEQ ID NO 11

<211> LENGTH: 766

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

ctgatgggeg ctectggtgt tgatagagat ggaacttgga cttggaggece tctccacget 60
gtcccactge ccectggecta ggeggcagge tccacttggt cteteegege agectgecct 120
gtggcccace ctggecgete tggetetget gagcagegte gecagaggect cectgggete 180
cgegeceage agcecctgecoe cecgegaagg ccecccgect gteetggegt ccccegecgg 240

ccacctgeeg gggggacgca cggeccegetyg gtgcagtgga agageecgge ggcecgecgec 300

gecagccttet cggcccegege cecegecgee tgcaccccca tetgetette ceegeggggyg 360

cegegeggeg cgggetgggg gcecegggcag ccgcgcetegg gcageggggg cgcggggctyg 420

cegectgege tegecagetgg tgccggtgeg cgegetegge ctgggecace gctecgacga 480
getggtgegt ttecgettet gcageggete ctgccgecge gegegetcete cacacgacct 540
cagcectggee agectactgg gegcecgggge cetgegaceyg cceceecggget cccggeccegt 600
cagccagece tgctgecgac ccacgegeta cgaagceggte tecttcatgg acgtcaacag 660
cacctggaga accgtggacc gectctecge caccgectge ggetgectgyg gcetgaggget 720
cgctceccaggg ctttgcagac tggaccctta ccggtggcete ttectg 766

<210> SEQ ID NO 12

<211> LENGTH: 742

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

ctgatgggeg ctectggtgt tgatagagat ggaacttgga cttggaggece tctccacget 60
gtcccactge cectggecta ggeggcagece tgccctgtgg cccaccctgyg cegetetgge 120
tctgetgage agegtegeag aggecteect gggeteegeg cecegeagee ctgcccceceg 180
cgaaggccce ccgectgtee tggegtecce cgecggecac ctgecggggg gacgcacgge 240
cegetggtge agtggaagag cecggeggece geegecgeag cettetegge ccegegeccece 300
gecgectgea cccccatetg ctettecceyg cgggggcecge goeggegeggyg ctgggggecc 360

gggcageege gctegggcag cgggggegeyg gggctgecege ctgegetege agetggtgec 420

ggtgcgegeg cteggectgg gecaccegete cgacgagetg gtgegtttece gettetgeag 480
cggetectge cgecgegege getctecaca cgacctecage ctggecagee tactgggege 540
cggggecctyg cgaccgeccee cgggeteceg geccgteage cagecctget gecgacccac 600

gegetacgaa geggtctect tcatggacgt caacagcacce tggagaaccyg tggaccgect 660
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cteegecace gectgegget gectgggetyg agggeteget ccagggettt gcagactgga 720
ccettaccgg tggctettee tg 742
<210> SEQ ID NO 13
<211> LENGTH: 603
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 13
ctgatgggeg ctectggtgt tgatagagat ggaacttgga cttggaggece tctcecacget 60
gteccactge cectggecta ggcggcaggg ggacgcacgg cecgcetggtyg cagtggaaga 120
geeeggegge cgecgecgea gecttetegg cecgegecce cgecgectge accceccatet 180

getettecee gegggggeeg cgceggegegy getgggggee cgggcagecyg cgetegggea 240

gegggggege ggggetgeeg cctgegeteg cagetggtge cggtgegege geteggectg 300

ggccaccget ccgacgaget ggtgegttte cgettetgea geggcetectg cegecgegeg 360
cgctetecac acgacctcag cctggecage ctactgggeyg ceggggcecect gcgaccgece 420
cegggetece ggccegtecag ccageectge tgecgacceca cgegetacga ageggtetcece 480
ttcatggacg tcaacagcac ctggagaacc gtggaccgece tctecgcecac cgectgegge 540
tgcctggget gagggetege tccagggett tgcagactgg acccttacceyg gtggetcette 600
ctg 603

<210> SEQ ID NO 14

<211> LENGTH: 489

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

ctgatgggeg ctectggtgt tgatagagat ggaacttgga cttggaggece tctcecacget 60
gteccactge cectggecta ggcggcagece tgccectgtgg cecaccctgg cegetetgge 120
tctgetgage agegtegecag aggcctecct gggetcecegeg cecegcagece ctgecceccyg 180
cgaaggccce ccgectgtee tggegteccee cgecggecac ctgecggegyg ctectgecge 240
cgegegeget ctccacacga cctcagectg gecagectac tgggegecegyg ggccectgcega 300
cegecccegg geteecggee cgtcagecag cectgcetgece gacccacgeyg ctacgaagceg 360
gtectecttea tggacgtcaa cagcacctgg agaaccgtgg accgectcecte cgecaccgec 420
tgeggetgee tgggetgagg getcegeteca gggetttgea gactggaccee ttaccggtgg 480
ctcttectyg 489

<210> SEQ ID NO 15

<211> LENGTH: 350

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

ctgatgggeg ctectggtgt tgatagagat ggaacttgga cttggaggece tctccacget 60
gtcccactge ccectggecta ggeggcageyg getectgeeg cegegegege tctcecacacyg 120
acctcagect ggecagecta ctgggegeceg gggeectgeg accgeececyg ggctcecegge 180

cegtecageca geoctgetge cgacccacge gctacgaage ggtcetectte atggacgtca 240
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acagcacctyg gagaaccgtg gaccgectet cegecaccege ctgeggetge ctgggetgag 300
ggctegctee agggctttge agactggacce cttaccggtg getcttectg 350

<210> SEQ ID NO 16

<211> LENGTH: 74

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

Ser Pro Asp Lys Gln Met Ala Val Leu Pro Arg Arg Glu Arg Asn Arg
1 5 10 15

Gln Ala Ala Ala Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg
20 25 30

Gly Gln Arg Gly Lys Asn Arg Gly Cys Val Leu Thr Ala Ile His Leu

Asn Val Thr Asp Leu Gly Leu Gly Tyr Glu Thr Lys Glu Glu Leu Ile
50 55 60

Phe Arg Tyr Cys Ser Gly Ser Cys Asp Ala
65 70

<210> SEQ ID NO 17

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17

Ala Glu Thr Thr Tyr Asp Lys Ile Leu Lys Asn Leu Ser Arg Asn Arg
1 5 10 15

Arg Leu Val Ser
20

<210> SEQ ID NO 18

<211> LENGTH: 40

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18

Asp Lys Val Gly Gln Ala Cys Cys Arg Pro Ile Ala Phe Asp Asp Asp
1 5 10 15

Leu Ser Phe Leu Asp Asp Asn Leu Val Tyr His Ile Leu Arg Lys His
20 25 30

Ser Ala Lys Arg Cys Gly Cys Ile
35 40

<210> SEQ ID NO 19

<211> LENGTH: 41

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

Ala Arg Leu Gly Ala Arg Pro Cys Gly Leu Arg Glu Leu Glu Val Arg
1 5 10 15

Val Ser Glu Leu Gly Leu Gly Tyr Ala Ser Asp Glu Thr Val Leu Phe
20 25 30

Arg Tyr Cys Ala Gly Ala Cys Glu Ala
35 40

<210> SEQ ID NO 20
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<211> LENGTH: 20
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 20

Ala Ala Arg Val Tyr Asp Leu Gly Leu Arg Arg Leu Arg Gln Arg Arg
1 5 10 15

Arg Leu Arg Arg
20

<210> SEQ ID NO 21

<211> LENGTH: 41

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 21

Glu Arg Val Arg Ala Gln Pro Cys Cys Arg Pro Thr Ala Tyr Glu Asp
1 5 10 15

Glu Val Ser Phe Leu Asp Ala His Ser Arg Tyr His Thr Val His Glu
20 25 30

Leu Ser Ala Arg Glu Cys Ala Cys Val
35 40

<210> SEQ ID NO 22

<211> LENGTH: 56

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 22

Ala Leu Ser Gly Pro Cys Gln Leu Trp Ser Leu Thr Leu Ser Val Ala
1 5 10 15

Glu Leu Gly Leu Gly Tyr Ala Ser Glu Glu Lys Val Ile Phe Arg Tyr
20 25 30

Cys Ala Gly Ser Cys Pro Arg Gly Ala Arg Thr Gln His Gly Leu Ala
35 40 45

Leu Ala Arg Leu Gln Gly Gln Gly
50 55

<210> SEQ ID NO 23

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 23
Arg Ala His Gly Gly Pro Cys Cys Arg Pro Thr Arg Tyr Thr

1 5 10

<210> SEQ ID NO 24

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 24

Asp Val Ala Phe Leu Asp Asp Arg His Arg Trp Gln Arg Leu Pro Gln
1 5 10 15

Leu Ser Ala Ala Ala Cys Gly Cys Gly Gly
20 25

<210> SEQ ID NO 25
<211> LENGTH: 49
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<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 25

Ala Gly Gly Pro Gly Ser Arg Ala Arg Ala Ala Gly Ala Arg Gly Cys
1 5 10 15

Arg Leu Arg Ser Gln Leu Val Pro Val Arg Ala Leu Gly Leu Gly His
20 25 30

Arg Ser Asp Glu Leu Val Arg Phe Arg Phe Cys Ser Gly Ser Cys Arg
35 40 45

Arg

<210> SEQ ID NO 26

<211> LENGTH: 38

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 26

Ala Arg Ser Pro His Asp Leu Ser Leu Ala Ser Leu Leu Gly Ala Gly
1 5 10 15

Ala Leu Arg Pro Pro Pro Gly Ser Arg Pro Val Ser Gln Pro Cys Cys
20 25 30

Arg Pro Thr Arg Tyr Glu
35

<210> SEQ ID NO 27

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 27

Ala Val Ser Phe Met Asp Val Asn Ser Thr Trp Arg Thr Val Asp Arg
1 5 10 15

Leu Ser Ala Thr Ala Cys Gly Cys Leu Gly
20 25

<210> SEQ ID NO 28

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 28

Met Glu Leu Gly Leu Gly Gly Leu Ser Thr Leu Ser His Cys Pro Trp
1 5 10 15

Pro Arg Arg Gln
20

<210> SEQ ID NO 29

<211> LENGTH: 54

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 29

Ala Pro Leu Gly Leu Ser Ala Gln Pro Ala Leu Trp Pro Thr Leu Ala
1 5 10 15

Ala Leu Ala Leu Leu Ser Ser Val Ala Glu Ala Ser Leu Gly Ser Ala
20 25 30

Pro Arg Ser Pro Ala Pro Arg Glu Gly Pro Pro Pro Val Leu Ala Ser
35 40 45
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Pro

Ala Gly His Leu Pro
50

<210> SEQ ID NO 30

<211> LENGTH: 154

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 30

Gly

1

Pro

Leu

Ala

Pro

65

Phe

Leu

Gly

Ala

Leu
145

Gly Arg Thr Ala Arg Trp Cys Ser Gly Arg Ala Arg Arg Pro

Gln Pro Ser Arg Pro Ala Pro Pro Pro Pro Ala Pro Pro Ser
20 25 30

Pro Arg Gly Gly Arg Ala Ala Arg Ala Gly Gly Pro Gly Ser

Arg Ala Ala Gly Ala Arg Gly Cys Arg Leu Arg Ser Gln Leu

50 55 60

Val Arg Ala Leu Gly Leu Gly His Arg Ser Asp Glu Leu Val
70 75

Arg Phe Cys Ser Gly Ser Cys Arg Arg Ala Arg Ser Pro His
85 90 95

Ser Leu Ala Ser Leu Leu Gly Ala Gly Ala Leu Arg Pro Pro
100 105 110

Ser Arg Pro Val Ser Gln Pro Cys Cys Arg Pro Thr Arg Tyr
115 120 125

Val Ser Phe Met Asp Val Asn Ser Thr Trp Arg Thr Val Asp
130 135 140

Ser Ala Thr Ala Cys Gly Cys Leu Gly
150

<210> SEQ ID NO 31

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer PNHspl

<400> SEQUENCE: 31

cggtgcacte aggtgattee tec

<210> SEQ ID NO 32

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer PNHsp2

<400> SEQUENCE: 32

ggcagcaaac ccattatact ggaacc

<210> SEQ ID NO 33

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer PNHsp3

Pro

Ala

Arg

Val

Arg

80

Asp

Pro

Glu

Arg

Synthetic

23

Synthetic

26

Synthetic
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<400> SEQUENCE: 33

cgctggtgeca gtggaagage ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 34

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer PHNsp4
<400> SEQUENCE: 34

ctgcaccece atctgetett cc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 35

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer PNHapl

<400> SEQUENCE: 35

gcaggaagag ccaccggtaa gg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 36

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer PNHap2
<400> SEQUENCE: 36

ccagtectgea aagccctgga go

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 37

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer PNHspS5
<400> SEQUENCE: 37

gcaagctgee tcaacaggag gg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 38

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

nested primer PNHspé

<400> SEQUENCE: 38

ggtgggggaa cagctcaaca atgg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 39

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

forward primer PNHexp-spl

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

21

Synthetic

22

Synthetic

22

Synthetic

22

Synthetic

22

Synthetic

24

Synthetic
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<400>

SEQUENCE: 39

gecggatcegg ctgggggecce gggea

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 40

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

reverse primer PNHexp-apl

SEQUENCE: 40

gectegagte ageccaggca gecgcagg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 41

LENGTH: 39

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

plasmid NH2-terminal polypeptide

SEQUENCE: 41

25

Synthetic

28

Synthetic

Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr

1

5 10 15

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp

20 25 30

Pro Ala Gly Gly Pro Gly Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

35

SEQ ID NO 42

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer EVN(7) -spl

SEQUENCE: 42

ttcgegtgte tacaaactca actcec

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 43

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer PNHapl

SEQUENCE: 43

gcaggaagag ccaccggtaa gg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 44

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer 1

SEQUENCE: 44

acggttctee aggtgetgt

Synthetic

26

Synthetic

22

Synthetic

19
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 45

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer 3
<400> SEQUENCE: 45

tgctgecgac ccacg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 46

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

TagMan Probe 5

<400> SEQUENCE: 46

ctacgaagceg gtctecttea tggacyg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 47

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer 2
<400> SEQUENCE: 47

cagagttama gcagccctgg t

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 48

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer 4
<400> SEQUENCE: 48

gaaggtgaag gtcggagtca ac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 49

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

TagMan Probe 6
<400> SEQUENCE: 49
tttggtcegt attgggegee t
<210>
<211>

<212>
<213>

SEQ ID NO 50

LENGTH: 4

TYPE: PRT

ORGANISM: Homo sapiens
<400> SEQUENCE: 50

Arg Ala Ala Arg
1

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

15

Synthetic

26

Synthetic

21

Synthetic

22

Synthetic

21
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<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

6xHis tag
<400> SEQUENCE:

His His His His
1

<210> SEQ ID NO
<211> LENGTH: 4
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Leu Gly Leu Gly
1

<210> SEQ ID NO
<211> LENGTH: 4
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Phe Arg Phe Cys

1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Gln Pro Cys Cys

1

<210> SEQ ID NO
<211> LENGTH: 7
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Ser Ala Thr Ala

1

<210> SEQ ID NO

51

Artificial Sequence

51
His His
5

52

Homo sapiens

52

53

Homo sapiens

53

54

Homo sapiens
54

Arg Pro
5

55

Homo sapiens
55
Cys Gly Cys

5

56

<211> LENGTH: 134

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Ser Pro Asp Lys
1

Gln Ala Ala Ala
20

Gly Gln Arg Gly
35

Asn Val Thr Asp
50

Homo sapiens

56

Synthetic

Gln Met Ala Val Leu Pro Arg Arg Glu Arg Asn Arg

5 10 15

Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg

25 30

Lys Asn Arg Gly Cys Val Leu Thr Ala Ile His Leu

40 45

Leu Gly Leu Gly Tyr Glu Thr Lys Glu Glu Leu Ile

55 60
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Phe Arg Tyr Cys Ser Gly Ser Cys Asp Ala Ala Glu Thr Thr Tyr Asp
65 70 75 80

Lys Ile Leu Lys Asn Leu Ser Arg Asn Arg Arg Leu Val Ser Asp Lys
85 90 95

Val Gly Gln Ala Cys Cys Arg Pro Ile Ala Phe Asp Asp Asp Leu Ser
100 105 110

Phe Leu Asp Asp Asn Leu Val Tyr His Ile Leu Arg Lys His Ser Ala
115 120 125

Lys Arg Cys Gly Cys Ile
130

<210> SEQ ID NO 57

<211> LENGTH: 102

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 57

Ala Arg Leu Gly Ala Arg Pro Cys Gly Leu Arg Glu Leu Glu Val Arg
1 5 10 15

Val Ser Glu Leu Gly Leu Gly Tyr Ala Ser Asp Glu Thr Val Leu Phe
20 25 30

Arg Tyr Cys Ala Gly Ala Cys Glu Ala Ala Ala Arg Val Tyr Asp Leu
35 40 45

Gly Leu Arg Arg Leu Arg Gln Arg Arg Arg Leu Arg Arg Glu Arg Val
50 55 60

Arg Ala Gln Pro Cys Cys Arg Pro Thr Ala Tyr Glu Asp Glu Val Ser
65 70 75 80

Phe Leu Asp Ala His Ser Arg Tyr His Thr Val His Glu Leu Ser Ala
85 90 95

Arg Glu Cys Ala Cys Val
100

<210> SEQ ID NO 58

<211> LENGTH: 96

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 58

Ala Leu Ser Gly Pro Cys Gln Leu Trp Ser Leu Thr Leu Ser Val Ala
1 5 10 15

Glu Leu Gly Leu Gly Tyr Ala Ser Glu Glu Lys Val Ile Phe Arg Tyr
20 25 30

Cys Ala Gly Ser Cys Pro Arg Gly Ala Arg Thr Gln His Gly Leu Ala
35 40 45

Leu Ala Arg Leu Gln Gly Gln Gly Arg Ala His Gly Gly Pro Cys Cys
50 55 60

Arg Pro Thr Arg Tyr Thr Asp Val Ala Phe Leu Asp Asp Arg His Arg

Trp Gln Arg Leu Pro Gln Leu Ser Ala Ala Ala Cys Gly Cys Gly Gly
85 90 95

<210> SEQ ID NO 59

<211> LENGTH: 113

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 59
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Ala Ala Ala

10

Gly Gly Pro Gly Ser Arg Arg Ala Gly

Gln Val Val

25

Ser Leu Pro Ala

20

Arg Leu Arg Arg Leu Gly

Arg Ser Asp Glu Leu Val Arg Phe Arg Phe Cys Ser Gly

45

Ala
50

Ala Ser Leu

60

Arg Arg Ser Pro His Asp Leu Ser Leu

55
Gly Ala
65

Pro Val

75

Pro Pro Ser

70

Leu Arg Pro Gly Arg Ser

Thr Glu Ala Val Ser Phe

90

Cys Arg Pro Arg Tyr Met Asp

Thr Thr

100

Val Ser Ala Thr Ala

105

Trp Arg Asp Arg Leu Cys

Gly

Ala Arg Gly

Leu

30

Ser

Leu

Gln

Val

Gly
110

Cys
15

Gly His

Cys Arg

Gly Ala

Pro Cys

80
Asn Ser
95

Cys Leu

What is claimed is:

1. A method for treating neuropathic pain involving a
GFRa-3 receptor in a subject comprising administering to the
subject an effective amount of a human neurotrophic growth
factor polypeptide comprising:

(a) seven conserved cysteine residues at positions 16, 43,
47, 80, 81, 109, and 111 when numbered in accordance
with SEQ ID NO: 3;

(b) amino acid residues as follows: C at position 16, L at
position 18, V at position 25, L at position 28, G at
position 29, L. at position 30, G at position 31, E at
position 36, F at position 40, R at position 41, F at
position 42, C at position 43, G at position 45, C at
position 47, C at position 80, C at position 81, Rat
position 82, P at position 83, F at position 91, D at
position 93, S at position 105, A at position 106, C at
position 109 and C at position 111, each when numbered
in accordance with SEQ ID NO: 3; and

(c) an LGLG (SEQ ID NO: 52) repeat, an FRFC (SEQ ID
NO: 53) motif, a QPCCRP (SEQ ID NO: 54) motif, and
a SATACGC (SEQ ID NO: 55) motif;

wherein said neurotrophic growth factor polypeptide is at
least 90% homologous to the amino acid sequence of
SEQ ID NO: 3; and

wherein said neurotrophic growth factor polypeptide
exerts its effect by binding to GFRa-3 receptor, thereby
treating neurotrophic pain involving the GFRa.-3 recep-
tor.

2. The method according to claim 1, wherein the neu-
rotrophic growth factor polypeptide comprises the amino
acid sequence of SEQ ID NO: 3.

3. The method of claim 1, wherein said neurotrophic
growth factor polypeptide is administered by a route selected
from the group consisting of intravenous, subcutaneous,
intramuscular, transdermal, and intracerebral.

4. The method of claim 1, wherein said neurotrophic
growth factor polypeptide further comprises a pharmaceuti-
cally acceptable carrier.

5. The method of claim 4, wherein said pharmaceutically
acceptable carrier is selected from the group consisting of
saline, non-toxic-salt, and sterile water.

6. The method of claim 4, wherein said neurotrophic
growth factor polypeptide is lyophilized and stored in sterile
conditions prior to reconstitution by the addition of sterile
water for subsequent administration.

7. The method of claim 1, wherein said neurotrophic pain
results from exposure to neurotoxins.

8. The method of claim 1, wherein said neurotrophic pain
results from peripheral nerve trauma.

9. The method of claim 1, wherein said neurotrophic pain
is associated with gastrointestinal hypersensitivity.

10. A method of promoting the growth and/or survival of
neuronal cells involving a GFRa-3 receptor in a subject,
comprising administering to the subject an effective amount
of'a human
neurotrophic growth factor polypeptide, comprising

(a) seven conserved cysteine residues at positions 16, 43,
47,80, 81, 109, and 111 when numbered in accordance
with SEQ ID NO: 3;

(b) amino acid residues as follows: C at position 16, L at
position 18, V at position 25, L at position 28, G at
position 29, L. at position 30, G at position 31, E at
position 36, F at position 40, R at position 41, F at
position 42, C at position 43, G at position 45, C at
position 47, C at position 80, C at position 81, Rat
position 82, P at position 83, F at position 91, D at
position 93, S at position 105, A at position 106, C at
position 109 and C at position 111, each when numbered
in accordance with SEQ ID NO: 3; and

(¢) an LGLG (SEQ ID NO: 52) repeat, an FRFC (SEQ ID
NO: 53) motif, a QPCCRP (SEQ ID NO: 54) motif, and
a SATACGC (SEQ ID NO: 55) motif;

(d) wherein the neurotrophic growth factor polypeptide is
at least 90% homologous to the amino acid sequence of
SEQ ID NO: 3; and

wherein said neurotrophic growth factor polypeptide exerts
its effect by binding to GFRa.-3 receptor, thereby promoting
and/or survival of neuronal cells involving the GFRa.-3 recep-
tor.

11. The method of claim 1, wherein the neurotrophic
growth factor polypeptide has a C-terminal amino acid
sequence as set forth in residues 49-113 of SEQ ID NO: 3.
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12. The method of claim 1, wherein the neurotrophic
growth factor polypeptide comprises conservative amino acid
substitutions wherein said polypeptide retains neurotrophic
activity.

13. The method of claim 1, wherein the neurotrophic
growth factor polypeptide comprises at least 95% amino acid
homology to SEQ ID NO: 3.

14. A method for treating peripheral neuropathy compris-
ing administering to a subject in need thereof an effective
amount of a human neurotrophic growth factor polypeptide
comprising amino acid sequence of SEQ ID NO: 3, wherein
said neurotrophic growth factor exerts its effects by binding to
GFRa3.

15. The method of claim 14, wherein the human neu-
rotrophic growth factor polypeptide consists of the amino
acid sequence of SEQ ID NO: 3.
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16. The method of claim 14, wherein said neurotrophic
growth factor polypeptide is administered by a route selected
from the group consisting of intravenous, subcutaneous,
intramuscular, transdermal, intratehcal, and intracerebral.

17. The method of claim 14, wherein staid neurotrophic
growth factor polypeptide further comprises a pharmaceuti-
cally acceptable carrier.

18. The method of claim 17, wherein said pharmaceuti-
cally acceptable carrier is selected from the group consisting
of saline, non-toxic salt, and sterile water.

19. The method of claim 17, wherein said neurotrophic
growth factor polypeptide is lyophilized and stored in sterile
conditions prior to reconstitution by the addition of sterile
water for subsequent administration.

20. The method of claim 14, wherein said peripheral neu-
ropathy results from exposure to neurotoxins.

#* #* #* #* #*



