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HUMAN trk RECEPTORS AND NEUROTROPHIC FACTOR INHIBITORS

Field of the Inventien
This invention concerns human trk receptors. The invention further
concerns neurotrophic factor inhibitors, and methods for iphibiting
neurotrophic factor biological activity. ’

Bagk und of the Invention

Neurotrophic factors or neurotrophins are a family of small, basic
proteins which play a crucial role in the development and maintenmance of
the nervous system. The first identified and probably best understood
member of this family is nerve growth factor (NGF), which has preminent
effectd on developing sensory and sympathetic neurons of the peripheral
nervous system (Levi-Montalcini, R. and Angeletti, P.U., Phvsiol, Rev. 48,
534-569 [1968] ; Thoenen, H. et al., Rev, Physiol. Biochem. Pharmacol. 109,
145-178 [1987]). Although NGF and a number of animal hemologs had been
known for a long time, including a homolog from the mouge gubmandibular
gland, the mature, active form of which is often referred to as f- or 2.58
NGF, it was not until recently that sequentially related but distinct
polypeptides with pimilar functions were identified.

The first in line was a factor called brain-derived neurotrophic
tfactor (BDNF), now also referred to as neurotrophin- 2 (NT-2) which was
cloned and sequenced by Leibrock, J. et al. (Nature 341, 149-152 [1989]).
This factor was originally purified from pig brain (Barde, Y.A. et al.,
EMBO J. 1, 549-553 [1982]), but it was not until its cDNA was cloned and
sequenced that its homology with NGF became apparent. The overall amino
acid sequence identity betwesen NGF and BNDF (NT-2) is about 50%. In view
of this finding, Leibrock et al. speculated that there was no reason to
think that BPNF and NGF should be the only members of a family of
neurotrophic factors having in common structural and funrctional
characterigtics.

Indeed, further neurotrocphic factors closely related to (-NGF and
EDNF have since been discovered. Several groups identified a neurotrophic
factor originally called neuronal factor (NF), and now referred to as
neurotrophin-3 (NT-3) (Ernfors et al., Proc. Natl. Acad, Sci, USA 87, 5454-
5458 (1990); HShn et al., Nature 344, 339 [1990]; Maigonpierre et al.,
Science 247, 1446 [1990]); Rosenthal et al., Neuron 4, 767 [1990]; Jones and
Reichardt, Proc. Natl. Acad. Sci. USA 87, 8060-B8064 (1990); Kaisho et al.,
FEBS Lett. 266, 187 [1990]). NT-3 shares about 50% of its amino acids with
both B-NGF and BDNF (NT-2). Neurotrocphins-¢ and -5 (NT-4 and NT-5), have
been recently added to the family (U.S. Patent No. 5,364762 published 15
November 1594; Hallbock, F. et al., Neuron §, 845-858 [1991)]; Berkmeier,

L.R. et al., Neuron 7, 857-866 [1991]; Ip et al., Proc. Natl. Acad. Sci USA

89, 3060-3064 [1992]). The mammalian molecule initially described by
Berkmeier et al. pupra, which was gubsequently seen tc be the homolog of
Xenopug NT-4, is usually referred to as NT-4/5.
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Neurotrophing, similarly to other polypeptide growth factors, affect
their target cells through interactions with cell surface receptors.
According to our current knowledge, two kinds of transmembrane
glycoproteins serve as receptors for neurotrophins. Equilibrium binding
studies have ghown that neurotrophin-respongive neurons DOBS&s8s a common
low molecular weight (65-80 kDa), low affinity receptor (LNGFR), also
termed as 13'15NTR or p75, which binds NGF, BDNF, and NT-3 with a K, of 2 x
10 M and large molecular weight (130-150 kDa), high affinity (X, in the
:LD'11 M) receptors, which are members of the trk family of the receptor
tyrosine kinases.

The first member of the trk receptor family, trkA, was initially
identified as the result of an oncogenic transformation caused by the
translocation of tropomyosin sequences onto its catalytic domain. Later
work identified trkA as a signal transducing receptor for NGF.
Subsequently, two other related receptors, mouse and rat trkB (Klein et
al., EMBC J. 8, 3701-3703 [1%89}; Middlemas er al., Mol. Cell. Biol, 11,
143-153 [1991]; EP 455,460 published 6 November 1991) and porcine, mouge
and rat trkC ({Lamballe et al., Cell g6, 967-979 [1991]; EP 522,530
published 13 January 1993), were identified as members of the trk receptor
family. The structures of the trk receptors are quite similar, but
alternate splicing increases the complexity of the family by giving rise
to two known forms of trkA, three known forme of trkB (two without
functional tyrcsine kinase domaing) and at least four forms of trkC

(several without functional tyrosine kinase domain, and two with small
inserts in the tyrosine kinase domain}. This is summarized in Figure 1.

The role of the p75 and trk receptors is centroversial. It is
generally accepted that trk receptor tyrogine kinases play an important
role in conferring binding specificity to a particular neurotrophin,
however, cell lines expressing trkA bind not only NGF but aleso RT-3 and NT-
4/5 (but not BDNF), trkB expressing cells bind BDNF, NT-3, NT-4, and NT-4/5
{but not NGF), in contrast to trkC-expressing cells which have been
reported to bind NT-3 alone (but not the other neurotrophing) .
Furthermore, it has been shown in model systems that the various forms of
trk receptors, ariging from alternate splicing events, can activate
different intracellular signalling pathways, and therefore presumably
mediate different physiological functions in vivo. It is unclear whether
cells expressing a given trk receptor in the absence of P75 bind
neurotrophinsg with low or high affinity (Meakin and Shooter, TIrends
Neurpgei, 15, 323-2331 [1992]).

Published results of etudies uging various cell lines are confuging
and suggest that p75 is either essential or dispensable for neurotrophin
responsiveness. Cell lines that express p75 alone bind NGF, BDNF, NT-3,
and NT-4 with similar low affinity at equilibrium, but the binding rate
constants ars remarkably different. 1As a repult, although p75-binding is
2 common property of all neurotrophing, it has been suggested the p75
receptor may alsc play a role in ligand discrimination (Rodriguez-Tebar et
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al., EMBO J, 11, 917-922 [1992]). It ig unclear whether the p75 receptor
alone is capable of mediating neurotrophin biclogical activity. While the
trk receptors have been traditionally thought of as the biologically
significant neurstrophic factor receptors, it has recently been
demongtrated that in melanoma cells devoid of trka expressgion, NGF can
still elicit profound changes in biological behavior presumably through p75
(Herrmann et al., Mol. Bicl,  Cell 4, 1205-1216 [1993]). Recently, Davies
et al. (Neuyon 11, 565-574 [1993]) reported the results of studies
investigating the role of P75 in mediating the survival responge of
embryonic neurons to neurotrophine in a model of transgenic mice carrying
2 null mutation in the p75 gene. They found that p75 enhances the
sensitivity of NGF-dependent cutaneous BENSory neurcns to NGF.

Neurctrophins exhibit actiocns on distinct, but overlapping, sets of
peripheral and central neurons. These effects range from playing a crucial
role in ensuring the survival of developing neurons (NGF in sengory and
sympathetic neurons) to relatively subtle effects on the morphology of
neurons (NT-3 on purkinje cells). These activities have led to interest
in using neurotrophins as treatments of certain neurodegenerative diseases.
Neurotrophing have also been implicated in the mediation of inflammatory
pain, and are overexpressed in certain types of malignancies. Accordingly,
inhibitars of neurotrophin bioclogical activity have therapeutic potentials,
such as in pain medication and as chemotherapeutics in cancer treatment.

In order to better understand the role of trk and neurotrophin action
in various human pathological Etates, it would be useful to identify and
isolate human trkB and trkC proteins, and ispecifically, to determine which
forms of trkB and trkC are expressed in the human. Apart from their
scientific and therapeutic potentials, such human trk receptor proteins
would be useful in the purification of human neurotrephic factors, and in
the diagnosis of various human pathological conditions associated with
elevated or reduced levels of neurctrophins capable of binding trkB and/
or trkC,

It would further be demirable to provide effective inhibitors of
neurotrophic factor biological activity. Such inhibiters would be ugeful
in the diagnosis and treatment of pathological conditions associated with
neurotrophic factors.

Summary of the Invention

The present inventicn is based on successful research resulting in
the identification, cloming and sequencing of naturally-occurring forms of
trkB and trkC receptors from the human, and in the determination of their
¢xpression pattern in varicus tissues by Northern and in situ hybridization
analysis. The invention is further baged on structure-function mutagenesis
studies performed with human trke receptor, which resulted in the
identification of regions required for receptor binding and/or biological
activity. The inventiom is additionally based on the experimental finding
that expression of the extracellular demains of human trk receptors as
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immunoglobulin chimeras (immuncadhesins) leads to soluble
molecules which retain the binding specificity of the
corresponding native receptors and are capable of blocking
the biological.activity of their cognate neurotraphing.

In one aspect, the present invention relates to an
isolated human trkB or trkC polypeptide selected from the
grucp consisting of:

(a) a native seguence human trkB or trk¢ polypeptide,

(b) a polypeptide having at least 95% amino acid
sequence identity with a native sequence human trkB or trkC
polypeptide, and being non-immunogenic in the human, and

(c) a fragment of a polypeptide of (a) or (b)
exhibiting a biological property of a native human trkB or
trkC polypeptide, and being non-immunogenic in the human.

In another aspect, the invention concerns antibodies
capable of specifically binding any of the foregoing human
trkB or trkC polypeptides, and to hybridoma cell lines
producing such antibodies.

In yet another aspect, the invention concerns an
isolated nucleic acid molecule comprising a nucleic acid
sequence coding for a human trkB or trkC polypeptide as
hereinabove defined.

In a further aspect, the invention concerns an
expression vector comprising the foregoing nucleiec acid
molecule operably linked to control sequences recognized by
a host cell transformed with the vector.

In a still further aspect, the invention concerns a
host cell transformed with the foregoing expresgion wvector.
In a different aspect, the invention concerns a

method of using a nucleic acid molecule encoding a human
trkB or trkC pelypeptide as hereinabove defined, comprising
expressing such nucleic acid molecule in a cultured host
cell transformed with a vector comprising said nucleic acid
mclecule operbly linked to control sequences recognized by
the host cell transformed with the vector, and recovering

the encoded polypeptide from the host cell.

f:\anna‘\Keep\Retypes\32456.95 .doc 18/05/9%
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The invention further concerns a method for producing
a human trkB or trkC polypeptide as hereinabove defined,
comprising inserting into the DNA of a cell containing
nucleic acid encoding said polypeptide a transcription
5 modulatory element in sufficient proximity and orientation
to the nucleie acid molecule to influence the transcription
thereof.
The invention also provides a method of determining
the presence of human trkB or trkC polypeptide, comprising
10 hybridizing DNA encoding such polypeptide to a test sample
nucleic acid and determining the presence of human trkB or
trkC polypeptide DNA.
In a different aspect, the invention concerns a
method of amplifying a nucleic acid test sample comprising
15 priming a nucleic acid polymerase reaction with nucleic

acid encoding a human trkB or trkC polypeptide, as defined

above.

H:\anna\Keep\Retypes 32456 .35 dos 18/05/99
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The invention further concerns an antagonist of a native human trkB
or trk( polypeptide, as hereinabove defined.

In a further embodiment, the ipventicn concerns a pharmaceutical
composition temprising (a) a human trkB or trkC polypeptide as hereinabove
defined, (b) an antagonist of a native human trkB or trkC polypeptide, ox
{c) an antibody specifically binding a polypeptide of {a) or (b), in
admixture with a pharmaceutically acceptable carrier.

In yet another aspect, the invention concerns chimeric polypeptides
comprising a trk receptor amino acid sequence capsble of binding a native
neurotrophic factor, linked to an immunoglobulin sequence. Io a specific
embodiment, the chimeric polypeptides are immunocadhesins comprising a
fusion of a trk receptor aminc acid sequence capable of binding a native
neurotrophic factor, to an immunoglobulin sequence. The trk receptor is
preferably human, and the fusion is preferably with an immuncglobulin
constant demain sequence, more preferably with an immunoglobulin heavy
chain constant domain sequence. In a particular embodiment, the
association of two trk receptor-immunoglobulin heavy chain fusions {e.g.,
via covalent linkage by digulfide bond{s)) results in a homodimeric
immunoglobulin-like structure. An immunoglobulin light chain may further
be associated with cne or both of the trk receptor-immunoglobulin chimeras
in the disulfide-bonded dimer t¢ yield a homotrimeric or homotetrameric
structure.

In a further aspect, the invention concerns bispecific molecules
compriging a trk receptor amino acid segquence capable of binding a native
neurctrophic factor and a different binding sequence. In a special
embodiment, such bispecific molecules are immunoadhesing compriging a
fusion of a trk receptor amino acid sequence capable of binding a
neurotrophic factor to an immunoglobulin seguence covalently associated
with a2 fusion of a different binding sequence to an immunoglobulin
sequence. The different binding sequence may, for example, be a different
trk receptor aminc acid sequence, capable of binding the same or a
different neurotrophic factor, or may recognize a determinant on a cell
type expressing the neurotrophic factor to which the first trk receptor
amino acid sequence binds.

In a preferred embediment, each of the binding sequences is fueed to
an immunoglcbulin heavy chain constant domain seguence, and the two fusions
are disulfide-bonded to provide a heterodimeric structure. Immunoglobulin
light chains may be associated with the binding sequence - immunoglobulin
constant domain fusicns in one or both arms of the immunoglcbulin-like
molecule, to provide a disulfide-bonded heterotrimeric or heterotetrameric
structure.

The invention further concerns nucleic acid encoding the chimeric
chains of the foregoing monc- or bispecific-immuncadbesing or other
bispecific polypeptides within the scope herein, expression vectors
containing DNA encoding such molecules, transformed host cellsg, and methods
for the production of the molecules by cultivating transformant hest cells.

-5.
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In a further aspect, the invention concerns a method
for purifying a neurotrophic factor by adsorption on an
immunoadhesin comprising the fusion of a trk receptor amino
acid sequence capable of binding the neurotrophic factor to
be purified to an immunoglebulin sequence. The trk
receptor sequence preferably is of the same species that
serves as the source of the neurotrophic factor to be
purified.

In yet another aspect, the invention corncerns a
method for detecting a nucleic acid sequence coding for a
polypeptide molecule which comprises all or part of a human
trkB or trkC protein or a related nucleic acid sequeace,
comprising contacting the nucleic acid sequence with a
detectable marker which binds specifically to at least part
of the nucleic acid sequence, and detecting the marker so
bound.

A method for the diagnosis of a pathological
condition characterized by the over- or underexpression of
a neurotrophic factor, comprising contacting a biological
sample comprising said neurctrophic factor with a
detectably labelled trk receptor polypeptide capable of
binding said neurotrophic factor, and detecting the marker
so bound.

The invention further concerns pharmaceutical
compositions comprising a therapeutically or preventatively
effective amount of a mono- or bispecific chimeric
polypeptide as hereinabove defined, in admixture with a
pharmaceutically acceptable carrier.

For the purposes of this specification it will be
clearly understood that the word “comprising” means

*including but not limited to”, and that the word

“comprises” has a corresponding meaning.

Brief Description of the Drawings

Figure 1 shows the nucleotide sequence and deduced

amine acid sequence of human trkB receptor. A} The

H:iannasKeap\Retypas\12436.95 dac 18/05/99
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sequence of tyrosine kinase domain-containing trkB is shown
(SEQ. ID. NO: 1) with potential N-linked giycosylation
sites boxed, predicted transmembrane domain underlined, and
tyrosine kinase domain flanked by arrows. The site of the
splice giving rise to the truncated form is indicated by a
single vertical line. B} The seguence of the alternately
spliced truncated intracellular domain is shown. The amino
acid sequence and the nucleotide sequence of the truncated
form of buman trkB receptor are attached as SEQ. ID. NOS: 6
and 7, respectively.

Figure 2 shows the amino acid sequence of human trkcC
receptor. A) The sequence of tyrosine kinase containing
trkC is shown ({SEQ. ID. NO: 2) with potential N-linked
glycosylation sites boxed, predicted transmembrane domain
underlined, and tyrosine kinase domain flanked by arrows.
The site of the splice giving rise to the truncated form is
indicated by a single vertical line. The sequence of the
potential inserts in the extracellular and tyrosine kinase
domains are flanked by brackets. B) The sequence of the
alternately spliced truncated intracellular domain is
shown. The amino acid sequence and the nuclectide sequence
of the truncated human trkC receptor and attached as SEQ.
ID. NOS: 4 and 5.

Figure 3. Similarities of various domains of trk
family members from rat and human. Percent similarity
based on the PAM250 matrix (Dayhoff et al., 1983) was
determined for different trk domains as defined by
Schneider and Schweiger, Oncogene 6, 1807-1811 (19%1).
Pairwise comparisons were made between human trkA and human
trkB (H A-B}, human trkA and human trkC (H A-C), human trkB
and human trkC (H B-C), human trkA and rat trka (H-R A),
human trkB and rat trkB (H-R B), and human trkC and rat
txkC (H-R C).

Figure 4., Summary of the splice forms seen in human
and other mammalian trks. Shown are schematic
representations of the forms of the various trks arising

from alternate splicing. Domains are after Schneider and

Hi\anna\Keep\Retypas\32456 95 doc 18/05/39
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Schweiger, supra. Data are redrawn from the literature for
rat trka (Meakin, et al.. Proc. natl. Acad, Sci. USA 89,
2374-2378 ([1992], Barker et al., J. Biol. Chem. 268, 15150-
15157 [19393]), rat and mouse trkB (Klein, et al., EMBG J.
B, 3701-3709 [1989]; Klein et al., Cell 61, 647-656 [1990],
Middlemas et al., Mol. Cell. Biol, 11, 143-153 [1991]) and
rat and pig trkC (Lamballe, et al., Cell 66, 967-979
[1991]; Valenzuela et al., Neuron 10, 963-574 [1993];
Tsoulfas, etal., Neuron 10, 975-990 [1993]). Alternate
forms of truncated rat trkC described by Valenzuela et al.,

supra are omitted for clarity. The closed triangle in trka
extracellular region represents the optionally present
peptide Ser-Pro-Ser-Arg-Arg-Trp (SEQ. ID. NO: 39) as
described in the text. The half-closed triangle in trkC
extracellular region represents the optionally present 9
amino acid peptide ESTDNFILF (SEQ. ID. NO: 38) as described
in the text. The smaller open triangle in trkC tyrosine
kinase domain represents the opticnally present 14 amino
acid peptide LFNPSGNDFCIWCE (SEQ. ID. NO: 37), and the
larger open triangle in non-human trkC tyrosine kinase
domain represents the optionally present 25 or 39 amino
acid peptides.

Figure 5. Competitive displacement of neurtrophins
bound to trk-IgE. Radiolabelled neurotrophins (25 to
35 pM) were bound to trk-IgG in the presence of increasing
concentrations of various unlabelled neurotrophins. A)
Labelled NGF binding to trkA-IgG. B) Labelled BDNF bound
to trkB-IgG. C) Labelled NT3 bound to trkC-IgG.
Displacement was with cold NGF (@), cold BDNF (Q), cold
NT3 (M), or cold NTS ([J).

Figure 6. Neurotrophin bicactivity is blocked by trk
immunoadhesins. Neurotrophin bicactivity was assessed by
measuring the survival of chick dorsal root (A and B) or
sympathetic (C) ganglion neurcns in the absence or presence
of trk immunoadhesins.

H:\anno\Keep\Retypes\32456.95.doc 18705739
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Figure 7. Structure of trkC deletions and swaps with
trkB. Structural domains of trkC and trkB in black and
grey, respectively.

Figure B. Expression of trkC deletions and swaps
with trkB. One particular representative experiment is
shown. Concentrations were determined using an anti-Fc
ELISA. Values of trk(C variants are expressed as percentage
of trkC wild-type expression.

Figure 9. Competitive displacement of NT-3 bound to
trkC variants. Radlolabeled NT-3 (50 pM) was bound to trkC
variants in the presence of increasing amounts of unlabeled
NT-3. {A) Deletions of trkC. (B} Domain swaps of trkC
with corresponding segquences from trkB. (C) Variants of
Ig-domain 2 of trkC.

Figure 10, Competitive digplacement of BDNF bound to
trkC variants. Labeled BDNF (50 pM) was bound toe trkC
variants in the presence of increasing amounts of unlabeled
BDNF . (A) Deletions of trkC. (B) domain swaps of trkC
with corresponding sequences from trkB. (C) Swap of Ig-
domain 2 with sequence from trkB.

Figure 11. Comparison of the amino acid sequence of
full length human trkd, trkB and trkC receptors. The

consensus sequences are boxed;

Hi\anna‘\Keep\Rerypes\32456.95.doc 18/05/39
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the boundaries of the various domains are marked by wvertical lines (see
SEQ. ID. NOS: 3, 1 and 2).

Pigure 12. Effect of a trkA-IgG immunoadhesin on carageenan induced
hyperalgesia in rats.

Figure 13. TrkA-IgG infusion leads to hypoalgesia in ratg.

Detaiied Depgription of the Inventicn

A. Definitions

The terms ‘'neurotrephin' and ‘'neurotrcphic factor® and their
grammatical variants are used interchangeably, and refer to a family of
polypeptides compriging nerve growth factor (NGF) and sequentially related
homologs. NGF, brain-derived growth factor {BDNF, a.k.a. NT-2},
neurotrephin-3 (NT-3}, and neurotrophine-4 and -5 (NT-4/5) have so far been
identified as members of this family.

The terms "neurotrophin® and "neurotrophic factor" include native
neurotrophing of any (human or non-human) animal species, and their
functional derivatives, whether purified from a native source, prepared by
methods of recombinant DNA technology, or chemical synthesis, or any
combination of these or other methods. "Native" or '"native sequence"
neurotrophic factors or neurctrephing have the amino acid sequence of a
neurotrophin occurring in nature in any human or non-human animal species,
including naturally-occurring truncated and variant forms, and naturally-
occurring allelic variants.

The terms "trk", r"trk polypeptide" , ‘“trk receptor" and their
grammatical variants are used interchangeably and refer to polypeptides cf
the receptor tyrosine kinase superfamily, which are capable of binding at
least one native neurotrophic factor. Currently identjfied members of this
family are trka (plw"u), trkB, and trkC, but the definition specifically
includes polypeptides that might be identified in the future as members of
this receptor family. The terms " trk", “trk polypeptide" and ‘"trk
receptor", with or without an affixed capital letter {e.g., A, B or ¢}
designating specific members within thig family, specifically include
"native" or "native sequence" receptors (wherein these terms are used
interchangeably) from any animal species (e.g. human, murine, rabbit,
porcine, equine, etc.), including full length receptors, their truncated
and variant forms, such as those arising by alternate splicing and/or
insertien, and naturally-cccurring allelic variants, as well as functional
derivatives of such receptors.

Thus, a "native" or "native sequence" human trkB or trkC polypeptide
has the amino acid sequence of any form of a trkB or trkC receptor as
occurring in the human, including full length native human trkB and trkC,
truncated, tyrosine kinase (TK) domain-deleted (epliced) forme of full
length native human trkB and trkC, and insertion variants of full length
or truncated native human trkC, wherein the insert is within the TK domain
or within the extracellular domain, and any further naturally-occurring
human trkB or trkC polypeptides that might be identified in the future.

-8-
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A diagram of the different identified forms of human trk polypeptides in
comparison to those found in animal species is shown in Figure 4. Preceded
by a signal sequence, the extracellular domains of full-length native trka,
trkB and trkC receptors have five functional domains, that have been
defined with reference to homologous or otherwise sgimilar structures
identified in various other proteins (see Figure 11). The domains have
been designated starting at the N-terminus of the amino acid sequence of
the mature trk receptors as 1) a first cyeteine-rich domain extending from
amino acid position 1 to about amino acid pogition 32 of human trkh, from
amino acid position 1 to about amino acid position 36 of human trkB, and
from amino acid position 1 to about aminc acid position 48 of human trkC;
2) a leucine-rich domain stretching from about amino acid 32 to about amine
acid to about amino acid 104 in trkA; from about amino acid 37 to about
amino acid 108 in trkB, and from about amino acid 49 to about amino acid
120 in trkC; 3) a second cysteine-rich domain from about amino acid 105 to
about amine acid 157 in trkA; from about amino acid 109 to about amino acid
164 in trkB; and from about amino acid 121 to about amino acid 177 in trkC;
4) a first immmoglobulin-like domain stretching from about amino acid 176
to about amino acid 234 in trka; from about amino acid 183 to about amino
acid 239 in trkB; and from about amino acid 196 to about amine acid 257 in
trkC; and 5) a second immunoglobulin-like domain extending from about amino
acid 264 to about amino acid 330 in trkA; from about amino acid 270 to
about aminc acid 334 in trkB; and from about amino acid 288 to about amino
acid 351 in trkC. The terms "native" or "pative sequence" human trkB or
trkC specifically include naturally occurring allelic variants of any
native form of these receptors. It is noted that the amino acid at
position 433 of human trkB was variously determined to be M or V: both
sequences are specifically within the scope of the present invention.

A "functional derivative" of a native polypeptide is a compound
having a qualitative biclogical property in common with the native
polypeptide. A functional derivative of a neurotrophic factor is a
compound that has a ¢ualitative biologiral property in common with a native
(human or non-human) neurotrophic factor. Similarly, a functicnal
derivative of a trk receptor is a compound that hasg a qualitative
biclogical property in common with a native (human or non-human) trk
receptor. "Functicnal derivatives" include, but are not limited to,
fragments of native polypeptides from any animal species (including
humans) , and derivatives of native (human and non-human) polypeptides and
their fragments, provided that they have a biological activity in common
with a corresponding native polypeptide.

"Fragments" comprige regions within the sequence of a mature native
neurotrophic factor or trk receptor polypeptide. Preferred fragments of
trk receptors include at least the second immunoglobulin-like domain of a
full length native or variant trk receptor.

The term "derivative" ip used to define amino acid gequence and
glycosylatien variants, and covalent modifications of a native peolypeptide,
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- 10 -
whereas the temm 'variant" refers to amino acid sequence and glycosylaticn
variants within this definition.

"Biclogical property* in the context of the definition of *functional
darivatives" is defined as either 1) immﬁnolcgical cross-reactivity with
at lsast one epitope of a native polypeptide (e.g. neurocrophin or trk
receptor), or 2} the possession of ar leasc one adhesive, regulatory or
effector function qualitatively in common with a native polypeptides (e.q.
neurotrophin or trk receptor).

preferably, the functional derivatives are polypeptides which have
at least about 5% amino acid sequence identity, more preferably about 75%
aminc acid sequence identity, even more preferably at least about 85% amino
acid sequence identiry, most preferably at least about 95% amine acid
sequence identity with a mative polypepride. In the contaxt of the present
invention, functicnal derivacives of native sequence human trkB or trkC
pelypeptides preferably show at least 95% amino acid sequence identity with
their cognate native human receptars, and ars not imminogenic in the human,
or are fragments of narive human trkB or trkC receptors or of polypeptides
exhibiting at least 95% amino acid sequence identity with such native
receptors, and are not immunogenic in the human. The fragments of native
full length trk receptors preferably retain the domain or the domains
within the extracellular domain that are required for ligand binding and/or
bioclogical activity. As discussed hereinabove, the extracellular domains
of the trk family of proteins are build up by five domains: a first
cysteine-rich damain, a leucine-rich demain, a second cysteine-rich domain,
and two immunoglobulin-like domains. It is preferred to include in a
functional derivative at least the second immunoglobulin-like domain of a
native trk receptor, or a sequence exhibiting at least about 95 % sequence
identity with the second immuncglobulin-like domain of a native trk
receptor, wherein the trk receptor preferably is trkB or trkC.

Amino acid sequence identity or homology is defined herein as the
percentage of amino acid residues in the candidate sequence that are
identical with the residues of a corresponding native polypeptide sequence,
after aligning the sequences and introducing gaps, if necessary, to achieve
the maximum percent homology, and not considering any conservative
subgtitutions as part of the sequence identity. Neither N- or ¢-terminal
extensions nor insertions shall be construed as reducing identity or
hemology .

Immunologically cross-reactive as used herein means that the
candidate (poly)peptide is capable of competitively inhibiting the
qualitative biological activity of a corresponding native polypeptide

® having this activity with polyclonal antihodies or antisera raised against
the known active molecule. Such antibodies and antisera are prepared in
conventional fashion by injecting an animal such as a goat or rabbit, for
example, subcutanecusly with the known native neurotrophic factor or
trk receptor in comlete Freund's adjuvant, followed by booster intra-

peritoneal or subcutaneocus injection in incomplete Freund's.
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"Isolated" nucleic acid or polypeptide in the context of the present
invention is a nucleic acid or polypeptide that is identified and separated
from contamipant nucleic acids or polypeptides present in the animal or
human source of the nucleic acid or polypeptide. The nucleic acid or
polypeptide may be labeled for diagnostic or probe purposes, using a label
as described and defined further below in discussion of diagnostic assays.

The term "igolated human trkB and trkC polypeptide" and grammatical
variants thereof refer to human trkB and trkC polypeptides (as hereinabove
defined) separated from contaminant polypeptides present in the human or
in other source from which the polypeptide is isolated, and fragments,
amino acid sequence variants, glycosylation variants and derivatives of
such native sequence polypeptides, provided that they retain the
qualitative ability to bind at least one native neurotrophic factor, and
are not immunogenic in humans. Such isolated human trkB and trkC
polypeptides specifically include native sequence human trkB and trkC,
including the native full-length human trkB and trke receptors, their
naturally-occurring truncated and amino acid {inserticn) variants arising
by alternate splicing, and naturally- occurring alleles. The amino acid
sequence variants of native-sequence trkB or trkC polypeptides show at
least about 95% homeology, more preferably at least about 98% hemology with
their native counterparts, and are non-immuncgenic to humans. Most
preferably, the amino acid sequence variants within the definition of
isolated native human trkB and trkC polypeptides preserve the entire native
sequence of the tyrosine kinase domain, and the insertions found in
naturally-cocurring spliced human trkB or trkC polypeptides. The
definition further includes fragments of the foregoing native polypeptides
and their amino acid sequence variants, as well as their glycosylation
variants and derivatives provided that they retain the qualitative ability
to bind at least one native neurctrophic factor.

In general, the term "amino acid sequence variant" refers to
molecules with some differences in their amino acid sequences as compared
to a reference (e.g. native sequence) polypeptide. The amino acid
alterations may be substitutions, insertions, deleticns or any desired
combinaticns of such changes in a native amino acid sequence.

Substitutional variants are those that have at least one amino acid
residue in a native sequence removed and a different amino acid inserted
in its place at the same position. The substitutions may be single, where
only one amino acid in the molecule has been gubstituted, or they may be
multiple, where two or more amino acids have been substituted in the same
molecule.

Inserticnal variante are those with one or more amino acids ingerted
immediately adjacent to an amino acid at a particular position in a native
amino acid sequence. Immediately adjacent to an amino acid means connected
to either the a-carboxy or w-amino functional group of the amino acid.
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Deletional variants are those with one or more amino acids in the
native amino acid sequence removed. Ordinarily, deletional variants will
have one or two amine acids deleted in a particular region of the molecule.

The term "glycosylation variant" ie used to refer to a polypeptide
having a glycosylation profile different from that of a corresponding
native polypeptide. Glycosylation of polypeptides is typically either N-
linked or O-linked. N-linked refers to the attachment of the carbohydrate
moiety to the side of an asparagine residue. The tripeptide seguences,
asparagine-X-serine and asparagine-X-threonine, wherein X is any amino acid
except proline, are recognition sequences for enzymatic attachment of the
carbohydrate moiety to the asparagine side chain. O-linked glycosylation
refers tc the attachment of one of the sugars N-acetylgalactosamine,
galactose, or xylose to a hydroxyamino acid, most commonly serine or
threonine, although S-hydroxyproline or S-hydroxylysine may alsc be
involved in 0O-linked glycosylation. Any difference in the location and/or
nature of the carbohydrate moieties present ir a variant or fragment as
compared to its native counterpart is within the scope herein.

The glycosylation pattern of native polypeptides can be determined
by well known techniques of analytical chemistry, including HPAE
chromatography [Hardy, M.R. et al., Apal. Biochem 170, 54-62 (1988)],
methylation analysis te determine glycosyl-linkage composition [Lindberg,
B., Meth. Epzymol. 28. 178-195 {1972); Waeghe, T.J. et al., Carbohvdr. Resg.
123, 281-304 (1983)], NMR spectroscopy, MASS Spectrometry, etc.

"Covalent derivatives' include modifications of a native polypeptide

or a fragment thereof with an organic proteinaceous or non-proteinaceocus
derivatizing agent, and post-translaticnal moedifications, Covalent
modifications are traditionmally introduced by reacting targeted amino acid
residues with an organic derivatizing agent that is capable of reacting
with selected sides or terminal residues, or by harnessing mechanisms of
post-translaticnal modifications that function in selected recombinant host
cells. Certain post-translational modifications are the result of the
action of recombinant host cells on the expressed polypeptide. Glutaminyl
and asparaginyl residues are frequently post-translationally deamidated to
the corresponding glutamyl and aspartyl residues. Alternatively, these
residues are deamidated under mildly acidic conditions. Either form of
these residues may be present in the trk receptor polypeptides of the
present inventiocn. Other post-translational modifications include
hydroxylation of proline and lysine, phosphorylation of hydroxyl groupe of
seryl, tyrosine or threonyl residues, methylation of the @-amino groups of
lysine, arginine, and histidine side chains [T.E. Creighton, Proteing:
Structure and Molecular Propertjes, W.H. Freeman & Co., San Francisco, PP.
72-86 (1983)].

The terms "DNA sequence encoding”, "DNA encoding" and *nucleic acid
encoding" refer to the order or sequence of deoxyribonucleotides along a
strand of deoxyribonucleic acid. The order of these deoxyribonucleotides
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determines the order of amino acids aleng the polypeptide chain, The DNA
sequence thus codes for the amino acid sequence.

The terms "replicable expression vector" and "expresgion vegtor"
refer to a piece of DNA, upually double-stranded, which may have inserted
into it a piece of foreign DNA. Foreign DMA is defined as heterologous
DNA, which ig DNA not naturally found in the host cell. The vector is used
to transport the foreign or heterologous DNA into a suitable host cell.
Onee in the host cell, the vector can replicate independently of the host
chromosomal DHNA, and several copies of the vector and its inserted
(foreign) DNA may be generated. In addition, the vector containg the
necessary elements that permit translating the foreign DNA inte a
polypeptide. Many molecules of the polypeptide encoded by the foreign DNA
can thus be rapidly synthesized.

The term "control sequences" refers to DNA sequences necessary for
the expression of an operably linked coding sequence in a particular host
organism. The control sequences that are suitable for prokaryotes, for
example, include a promoter, opticnally an operator sequence, a riboscme
binding site, and poseibly, other as yet poorly understood sequences.
Eukaryotic cells are known to utilize promcters, polyadenylation signals,
and enhancer,

Wucleic acid is "operably linked" when it is placed into a functional
relationship with another nucleic acid sequence. For example, DNA for a
presequence or a Bsecretory leader is operably linked to DNA for a
polypeptide if it is expressed as a preprotein that participates in the
secreticn of the polypeptide; a promoter or enhancer is cperably linked to
a coding sequence if it affects the trangcription of the sequence; Or a
ribosome binding site is operably linked to a coding eequenge if it is
positioned S0 as to facilitate translation. Generally, “operably linked"
means that the DNA sequences being linked are contiguous and, in the case
of a secretory leader, contiguous and in reading phase. However, enhancers
do not have to be contiguous. Linking is accomplished by ligation at
convenient restriction sites. If such Bites do not exist, then synthetic
oligonucleotide adaptors or linkers are used in accord with convenrionmal
practice.

In the context of the present invention the expressicns "cell", "cell
line”, and "cell culture" are used interchangeably, and all such
designaticns include progeny. Thus, the words ‘"transformants" and

"transformed (host) cells" include the primary subject cell and cultures
derived therefrom without regard for the number of transfers. It is also
understood that all progeny may not be precisely identical in DNA content,
due to deliberate or inadvertent mutations. Mutant progeny that have the
same function or bioclogical activity as screened for in the originally
transformed cell are included. Where distinct designations are intended,
it will be clear from the context.

An ‘texogenous" element ig defined herein to mean nucleic acid
sequence that is foreign to the cell, or homologous to the cell but in a
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pogition within the host cell nucleic acid in which the element is
ordinarily mot found.

Antibodies (Abs) and immunoglobulins (Igs) are glycoproteins having
the same structural characteristics. While antibodies exhibit binding
specificity to a specific antigen, immunoglobulins include both antibodies
and other antibody-like molecules which 1lack antigen specificity.
Polypeptides of the latter kind are, for example, produced at low levels
by the lymph system and at increased levels by myelomas.

Native antibodies and immunoglobuling are usually heterotetrameric
glycoproteins of about 150,000 daltons, composed of two identical light (L)
chains and two identical heavy (H) chains. Each light chain is linked to
a heavy chain by one covalent disulfide bond, while the number of disulfide
linkages varies between the heavy chains of different immunoglobulin
isotypes. Each heavy and light chain also has regularly spaced intrachain
disulfide bridges. Each heavy chain has at one end a variable domain (V)
followed by a number of constant domains. Bach light chain hag a variable
domain at one and (V) and a constant domain at its other end; the constant
domain of the light chain is aligned with the first constant domain of the
heavy chain, and the light chain variable domain is aligned with the
variable domain of the heavy chain. Particular amine acid residues are
believed tc form an interface between the light and heavy chain variable
domains [Clothia et al., J. Mol. Biol, 186, 651-663 {(1985); Novotny and
Haber, Proc. Natl. Acad. Sci, TSA 82, 4592-4596 (1985)].

The wvariability is not evenly distributed through the variable
regions of antibodies. It i concentrated in three segments called
complementarity determining regions (CDRs) or hypervariable regions both
in the light chain and the heavy chain variable regions., The more highly
conserved portions of variable domains are called the framework (FR). The
variable domaing of native heavy and light chains each comprise four FR
regicns, largely adopting a P-sheet configuration, comnected by three CDRs,
which form loops comnecting, and in some cases forming part of, the p-sheet
structure. The CDRs in each chain are held together in close proximity by
the FR regions and, with the CDRe from the other chain, contribute to the
formation of the antigen binding eite of antibcdies [gee Kabat, E.A. et

al., Sequences of Proteins of Immunological Interest National Institute of

Health, Bethesda, MD (1587)]. The constant domaing are not involved

directly in binding an antibody to an antigen, but exhibit various effector
functiong, such as participation of the antibody in antiboedy-dependent
cellular toxicity.

Papain digestion of antibodies produces two identical antigen binding
fragments, called Fab fragments, each with a single antigen binding site,
and a residual "Fc" fragment, whose name reflects its ability to
crystallize readily. Pepsin treatment yields an F(ab'), fragment that has
two antigen combining sites and is still capable of cross-linking antigen.

"Fv" is the minimum antibody fragment which contains a complete
antigen recognition and binding site. This region consists of a dimer of
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one heavy and one light chain variable domain in tight, non-covalent
association. It is in this configuration that the three CDRy of each
variable domain interact to define an antigen binding site on the surface
of the Vy-V, dimer. Collectively, the gix CDRs confer antigen binding
specificity to the antibody. However, even a single variable domain {or
half of an Fv comprising only three CDRs specific for an antigen) has the
ability to recognize and bind antigen, although at a lower affinity than
the entire binding site.

The Feb fragment alsc contains the constant domain of the light chain
and the first constant domain (Cyl) of the heavy chain. Fab’ fragments
differ from Fab fragments by the addition of a few regidues at the carboxy
terminus of the heavy chain €yl domain including one or more cysteines from
the antibody hinge region. Fab’-SH is the designation herein for Fab’ in
which the cysteine residue(s) of the comstant domains bear a free thiol
group. Flab'), antibody fragments originally were produced as pairg of
Fab’ fragments which have hinge cysteines between them. Other, chemical
couplings of antibody fragments are alsoc known.

The light chains of antibodies (immunoglobulins) from any vertebrate
species can be agsigned to one of two clearly distinct types, called kappa
and lambda ()}, based on the aminc sacid sequences of their constant
domains.

Depending on the amino acid sequence of the constant region of their
heavy chains, immmoglobuline can be assigned to different classes. There
are five major classes of immunoglobulins: IgA, IgDh, IgE, IgG and IgM, and
several of these may be further divided into gubclasses (isotypes), e.g.
IgG-1, IgG-2, IgG-3, and IgG-4; IgA-1 and Igh-2. The heavy chain constant
regions that correspond to the different classes of immunoglobulins are
called &, delta, epsilen, v, and i, respectively. The subunit structures
and three-dimensional configurations of different classes of
immunoglobulins are well known. IgA-1 and Igh-2 are moncmeric subclasses
cf IghA, which usually is in the form of dimers or larger polymers.
Immunocytes in the gut produce mainly polymeric Igh (also referred to poly-
IgA including dimers and higher polymers) . Such poly-IgA contains a
disulfide-linked polypeptide called the "joining" or "J» chain, and can be
transported through the glandular epithelium together with the J-containing
polymeric IgM (poly-IgM), compriping five subunits.

The term "antibody" is used in the broadest sense and specifically
covers single anti-trk monoclonal antibodies (including agonist and
antagonist antibodies) and anti-trk antibody compositions with polyepitepic
specificity.

The term "monoclonal antibody" as used herein refers to an antibody
obtained from a populaticn of substantially homogeneous antibodies, i.e.,
the individual antibodies comprising the population are identical except
for possible naturally-occurring mutations that may be present in minor
amounts. Monoclonal antibodies are highly specific, being directed against
a single antigenic site, Furthermore, in contrast to conventional
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{polyclonal) antibody preparations which typically include different
antibodies directed against different determinants (epitopes), each
monocional antibody is directed against a single determinant on the
antigen. In addition to their specificity, the monoclonal antibodies are
advantageous in that they are synthesized by the hybrideoma culture,
uncontaminated by other immuncglcbulins.

The monoclonal antibodies herein include hybrid and recombinant
antibodies produced by splicing a variable (including hypervariable) domain
of an anti-trk antibody with a constant domain {e.g. "humanized"
antibedies), or a light chain with a heavy chain, or a chain from one
species with a chain from another species, or fusions with heterologous
proteins, regardless of species of origin or immunoglobulin class or
subclass designation, as well as antibedy fragments (e.g., Fab, F(ab')z,
and Fv), so long as they exhibit the desired biological activity. [See,
e.g. Cabilly, et al., U.S. Pat. No. 4,816,567; Mage & Iamoyi, in
Monoclonal Antibody Production Techniques and Applicaticns, pp.79-97
{Marcel Dekker, Inc., New York, 19887).]

Thus, the medifier "monoclonal” indicates the character of the
antibody as being obtained from a substantially homogeneous population of
antibodies, and is not to be cecnstrued as requiring production of the
antibody by any particular method. For example, the monoclonal antibodies
to be used in accordance with the present invention may be made by the
hybridoma method first described by Kohler & Milstein, Nature 256:495
(1975), or may be made by recombinant DNA methods [Cabilly, et al., supral.

"Humanized" forms of non-human {e.g. murine) antibodies are specific
chimeric immunoglcbulins, immunoglobulin chains or fragments thereof ({such
as Fv, Fab, Fab’, F(ab’), or other antigen-binding subsequences of
antibodies) which contain minimal sequence derived from non-human
immunoglobulin. For the most part, humanized antibodies are human
immunoglobuline {recipient antibody) in which residues from a complementary
determining region (CDR) of the recipient are replaced by residueg from a
CDR of a non-human species (donor antibody) such as mouse, rat or rabbit
having the desired specificity, affinity and capacity., In some instances,
Fv framework (FR) residues of the human immunoglobulin are replaced by
corresponding non-human residues. Furthermore, humanized antibody may
comprise residues which are found neither in the recipient antibody nor in
the imported CDR or framework sequences. These modifications are made to
further refine and optimize antibody performance. In general, the
humanized antibody will comprise substantially all of at least cne, and
typically two, variable domains, in which all or substantially all of the
CDR regions correspond to those of a non-human immunoglobulin and all or
substantially all of the FR regions are those of a human immunoglobulin
consensus sequence. The humanized antibody optimally also will comprise
at least a portion of an immuncglcbulin congtant regiecn (Fc) . typically
that of a human immunoglobulin.
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Hybridization is preferably performed under "stringent conditions"
which meang (1) employing low ionic strength and high temperature for
waghing, for example, 0.015 sodium chloride/0.0015 M sodium citrate/0.1%
sodium dodecyl sulfate at 50°C, or (2) employing during hybridizatien a
denaturing agent, such as formamide, for example, 50% (vol/vol) formamide
with 0.1% bovine serum albumin/0.1l% Ficcll/0.1% polyvinylpyrrolidone/50 nM
sodium phosphate buffer at pH 6.5 with 750 mM sodium chloride, 75 mM sodium
citrate at 42°C. Another example is use of 50% formamide, 5 x SSC (0.75
M NaCl, 0.075 M sodium citrate), 50 mM sodium phosphate (pH 6/8), 0.1%
sodium pyrophosphate, 5 x Denhardt’s solution, sonicated salmon sperm DNA
(50 pg/ml), 0.1% SDS, and 10% dextran sulfate at 42°C, with washeg at 42°C
in 0.2 x SSC and 0.1% SDS.

BE. Isolation of DNA encoding the term raceptors

For the purpose of the present invention, DNA encoding a trk recesptor
can be obtained from any cDNA library prepared from tissue believed to
possess the trk receptor mRNA and to express it at a detectable level. For
example, a human brain cbNa library, such as that described in the
examples, is a good source of trkB and trkC receptor cDNa. The trk
receptor genes can also be cobtained from a gencmic library, such as a human
genomic cosmic library.

Identification of trk receptor DNA is most conveniently accomplished
by probing human or other mammalian cDNA or genomic libraries by labeled
oligonucleotide sequences selected from known trk sequences (such as human
trkA sequence, murine trkB sequence or murine or porcine trkC seguence) in
accord with known criteria, among which‘is that the sequence should be
sufficient in length and sufficiently unambiguous that false positives are
minimized. Typically, a 325 1aheled oligonucleotide having about 30 to 50
bages is sufficient, particularly if the oligonucleotide contains one or
more codons for methionine or tryptophan. Isolated nucleic acid will be
DNA that is identified and separated from contaminant mucleic acid encoding
other polypeptides from the source of nugleic acid.

An alternative means to jisolate the gene encoding a trk receptor is
to use polymerase chain reacticn (PCR) methedology as described in U.S.
Patent No. 4,683,195, issued 28 July 1987, in section 14 of Sambrook et

al., Molecular Cloning: A Laboratory Manual, seceond edition, Cold Spring

Harbor Laboratory Press. New York, 1982, or in Chapter 15 of Current

Protocols in Molecular Biology, Ausubel et al. eds., CGreene Publishing

Associates and Wiley-Interscience 1991, and as illustrated in the examples.
Another alternmative is to chemically synthesize the gene encoding a
trk receptor, using one of the metheds described in Engels and Uhlmann,

Agnew. Chem. Int. 4. Engl. 28, 716 (1983). These methods include

triester, phosphite, phosphoramidite and H-phosphenate methods, PCR and
other autoprimer methods, and oligonucleotide syntheses on golid supports.
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C. Amino Acid Sequence Variants of a native trk receptor or receptor

fragments

Amino acid sequence variants of native trk receptors and trk receproxr
fragments are prepared by methods known in the art by introducing
appropriate nuclectide changes into a native or variant trk receptor DNA,
or by in vitro synthesis of the desired polypeptide. There are two
principal variables in the construction of amino acid sequence variantg:
the location of the mutation site and the nature of the mutation. With the
exception of naturally-occurring alleles, which do net require the
manipulation of the DNA Bequence encoding the trk receptor, the amino acid
sequence variants of trk receptor are preferably conetructed by mutating
the DNA, either to arrive at an allele or an aming acid sequence variant
that does not occur in nature. In general, the mutations will be created
within the extracellular domain of a native trk receptor. Sites or regions
that appear to be important for the signal transduction of a neurotrophic
factor, will be selected in in vitro studies of neurotrophin bielogical
activity. S8ites at puch locations will then be modified in series, e.qg.
by (1) substituting first with consexrvative choiceg and then with more
radical selections depending upon the resultg achieved, (2) deleting the
target residue or residues, or (3) ineerting residues of the same or
different clases adjacent to the located site, or combinaticns of cptions
1-3.

Cne helpful technique ie called "alanine scanning” (Cunningham and
Wells, Science 244, 1081-1085 [1989]). Bere, a residue or group of target
residues is identified and substituted by alanine or polyalanine. Thoge
domains demonstrating functional sengitivity to the alanine substitutions
are then refined by introducing further or other substituents at or for the
sites of alanine gubstitution.

After identifying the desired mutation(s), the gene encoding a trk
receptor variant can be obtained by chemical synthesis as hereinabove
described,

More preferably, DNA encoding an trk receptor amino acid sequence
variant ig prepared by site-directed mutagenesis of DNA that encodes an
earlier prepared variant or a nonvariant version of trk receptor, Site-
directed (site-gpecific) mutagenesis allows the production of trk receptor
variants through the use of specific oligonucleotide sequences that encode
the DFA sequence of the desired mutation, as well as a sufficient number
of adjacent nucleotides, to provide a primer sequence of sufficient Bize
and gequence complexity to form a stable duplex on both sides of the
deletion junction being traversed. Typically, a primer of about 20 to 25
nucleotides in length is preferred, with about 5 to 10 residues on both
sides of the junction of the sequence being altered. In general, the
techniques of site-specific mutagenesis are well known in the art, as
exemplified by publications such as, Edelman et al., DNa 2, 183 (1983).
As will be appreciated, the site-specific mutagenesis technique typically
employs a phage vector that exists in both a single-stranded and double-
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stranded form. Typical vectors useful in site-directed mutagenesis include
vectors such as the M13 phage, for example, as disclosed by Messing et al.,
Third Cleveland Symposium on Macromolecules and Recembinant DNA, A. Walton,
ed., Elsevier, BAmsterdam (1981). Thie and other rhage wvectors are
commercially available and their use is well knowa to those gkilled in the
art. A versatile and efficient procedure for the congtruction of
cligodeoxyribonucleotide directed site-specific mutations in DNA fragments
ueing Mi3-derived vectors was published by 2oller, M.J. and Smith, M.,
Nucleic Acids Reg. 10, 6487-6500 [1982}). RAlso, plasmid vectors that
contain a single-stranded phage origin of replication (Veira et al., Meth.
Enzymol. 153, 3 [1987]) may be employed toc obtain single-gtranded DNA.
Alternatively, nuclectide substitutionms are introduced by synthesizing the
appropriate DNA fragment in vitro, and amplifying it by PCR procedures
known in the art.

In general, gite-specific mutagenesis herewith ig performed by first
obtaining a single-gstranded vector that includes within its sequence a DNA
sequence that encodes the relevant protein. 2n oligonucleotide primer
bearing the desired mutated Bequence is prepared, generally synthetically,
for example, by the method of Crea et al., Prog. Natl. Acad, Sci. USA Is,
5765 (1978). This primer is then annealed with the single-stranded protein
Bequence-containing vector, and subjected to DNA-polymerizing engymes such
as, E. coli polymerase I Klenow fragment, to complete the synthesis of the
mutation-bearing strand. Thus, a heteroduplex is formed wherein one strand
encodes the origimal non-mutated sequence and the second strand bears the
desired mutation. This heteroduplex vector is then uged to transform
appropriate host cells such as JP1O1 cells, and clones are selected that
include recombinant vectors bearing the mutated sequence arrangement .
Thereafter, the mutated region may be removed and placed in an appropriate
expresgion vector for protein production. B

The PCR technigque may also be used in creating amino acid sequence
variants of a trk receptor. When small amounts of template DNA are used
as starting material in a PCR, primers that differ slightly in seguence
from the corresponding region in a template DNA can be used to generate
relatively large quantities of a specific DNa fragment that differs from
the template sequence only at the positions where the primers differ from
the template. For introduction of a mutation into a plasmid DNA, one of
the primerg is designed to overlap the position of the mutation and to
contain the mutation; the sequence of the other primer must be identical
toc a stretch of sequence of the opposite gtrand of the plasmid, but this
sequence can be located anywhere along the plasmid DNa. It is preferred,
howsver, that the ssgquence of the second primer is located within 200
nucleotides from that of the first, such that in the end the entire
amplified region of DNA bounded by the primers can be easily sequenced.
PCR amplification using a primer pair like the one just described results
in a population of DNA fragments that differ at the position of the
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mutation specified by the primer, and possibly at other positions, as
template copying is somewhat error-prone.

If the ratio of template to product material is extremely low, the
vast majority of product DNA fragments incorporate the desired mutation(s).
This product material is used to replace the ¢orresponding region in the
plaemid that served as PCR template using sgtandard DNA technology.
Mutations at separate positions can be introduced simultaneocusly by either
uging a mutant second primer or performing a second PCR with different
mutant primers and ligating the two resulting PCR fragments simultanecusly
to the vector fragment in a three (or more) part ligation.

In a specific example of PCR mutagenesis, template plasmid DNA (1 pg)
is linearized by digestion with a restriction endonucliease that has a
uniqgue recognition site in the plasmid DNA outside of the region to be
amplified. Of this material, 100 ng is added to a PCR mixture containing
PCR buffer, which contains the four deoxynucleotide triphosphates and is
ineluded in the GeneAmp® kits (obtained from Perkin-Elmer Cetus, Norwalk,
CT and Emeryville, CA), and 25 pmole of each oligonucleotide primer, to a
final volume of 50 ul. The reaction mixture is overlayered with 35 ul
mineral oil. The reaction is denatured for § minutes at 100°C, placed
briefly on ice, and then 1 ul Thermus aguaticus (Tag) DNA polymerase (5
units/ 1), purchased fram Perkin-Elmer Cetus, Norwalk, CT and Emeryville,
CA) is added below the mineral oil layer. The reaction mixture ig then
inserted into a DNA Thermal Cycler (purchased from Perkin-Elmer Cetus)
programmed as follows:

2 min. 55°C,

30 sec. 72°C, then 13 cycles of the following:
30 sec. 94°C,

30 sec. 55°C, and

30 sec. 72°C,

At the end of the program, the reaction vial is removed from the
thermal cycler and the aqueous phase transferred to a new vial, extracted
with phenol/chloroform (50:50 vol), and ethanol precipitated, and the DNA
is recovered by ptandard procedures. This material iz subsequently
subjected to appropriate treatments for insertion into a vector.

Another method for preparing variants, cassette mutagenesis, is based
on the technique described by Wells et al. [Gene 34, 315 (1985)]. ‘The
starting material is the plasmid {or vector) comprising the trk receptor
DNA to be mutated. The codon(s) within the trk receptor to be mutated are
identified. There must be a unique restriction endonuclease site on each
fide of the identified mutation site(s). If no such restriction gites
exist, they may be generated using the above-described oligonucleotide-
mediated mutagenesis method to introduce them at appropriate locations in
the trk receptor DNA. After the restriction sites have been introduced
into the plasmid, the plasmid is cut at these sites to linearize it. A
double-stranded oligonucleotide encoding the sequence of the DNA between
the restriction site but containing the desired mutation(s) is synthesized
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uging standard procedures. The two strands are synthesized separately and
then hybridized together using standard techniques. This double-gtranded
oligonuclectide is referred to as the cassette. This cassette is designed
to have 3’ and 5’ ends that are compatible with the ends of the linearized
plasmid, such that it can be directly ligated to the plasmid. This plasmid
now contains the mutated trk receptor DNA sequence.

Additionally, the so-called phagemid display method may be useful in
making emino acid sequence variants of native or variant trk receptors or
their fragments. This method involves (a) conatructing a replicable
expression vector comprising a first gene encoding an receptor to be
mutated, a second gene encoding at least a portion of a natural or wild-
type phage coat protein wherein the first and second genes are
heterologous, and a transcription regulatory element coperably linked to the
first and second genes, thereby forming a gene fusion encoding a fusicn
protein; (b) mutating the vector at one or more selected positions within
the first gene thereby forming a family of related plasmids; {c)
transforming suitable host cells with the plasmids; (d) infecting the
transformed host cells with a helper phage having a gene encoding the phage
coat protein; (e) culturing the transformed infected host cells under
conditions suitable for forming recombinant phagemid particles containing
at least a portion of the plasmid and capable of transforming the host, the
conditions adjusted so that no more than a minor amount of phagemid
particles display more than one copy of the fusion protein on the surface
of the particle; (f) contacting the phagemid particles with a suitable
antigen so that at least a portion of the phagemid particles bind to the
antigen; and (g) separating the phagemid particles that bind from those
that deo not. Steps (d) through {g) can be repeated one or more times.
Preferably in this method the plasmid is under tight control of the
transcription regulatory element, and the culturing conditions are adjusted
so that the amount or number of phagemid particles displaying more than one
copy of the fusion protein on the surface of the particle is less than
sbout 1%. Also, preferably, the amount of phagemid particles displaying
more than one copy of the fusicn protein is less than 10% of the amount of
phagemid particles displaying a single copy of the fusion protein. Most
preferably, the amount is less than 20%. Typically in this method, the
expression vector will further contain a secretory eigmal sequence fused
to the DNA encoding each subunit of the polypeptide and the transcripticn
regulatory element will be a promoter system. Preferred promoter systems
are selected from lac 2z, A, , tac, T7 polymerase, tryptophan, and alkaline
phosphatase promoters and combinations thereof. Also, normally the method
will employ a helper phage selected from M13K07, M13R408, M13-VCS, and Phi
X 174. The preferred helper phage is MI13K07, and the preferred coat
protein is the M13 Phage gene III coat protein. The preferred host is E.
coli, and protease-deficient strains of E. coli.

Further details of the foregoing and similar mutagenegis techniques
are found in general textbooks, such as, for example, Sambrook et al.,
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supra, and Current Protocols in Molecular Biology, Ausubel et al. eds.,
supra.

Amino acid substitution variants have at least one amino acid residue
in a native receptor molecule removed and a different residue inserted
in its place. The sites of great interest for substitutional mutagenesis
include sites identified as important for signal transduction and/or ligand
binding, and sites where the amino acids found in the native trk receptors
from various species are substantially different in terms of eide bulk,
charge and/or hydrophobicity. As it will be apparent from the examples,
the secend immuncgleobulin-like domain of the human trke raceptor has been
identified as primarily responsible for neurctrophin  binding.
Substitutions (just as other aminc acid alteraticns) within this region are
believed to significantly affect the neurotrophin binding properties of trk
receptors. Amino acid(g) primarily responsibls for the binding specificity
of and the diverse biological activities mediated by the individual trk
receptors can be identified by a cembination of the foregoing mutagenesis
techniques. At least part of the amino acids distinguishing the various
trk receptors from one another are believed to be within the sgecond
immunoglobulin-like domain of their extracellular region, It is possgible
to create trk receptor variants by substituting the region identified as
responsible for ligand-specificity in one trk receptor by the ligand
binding domain of another trk receptor.

Cther sites of interest are those in which particular residues of the
native trk receptors from various species are identical. These positions
may be important for the biological function of the trk receptor. Further
important sites for mutagenesis include motifs common in various members
of the trk receptor family,

Naturally-occurring amino acids are divided into groups based on
commeon side chain properties:

(1) hydrophebic: norleucine, met, ala, val, leu, ile;

(2) neutral hydrophobic: cys, ger, thr;

{3) acidic: asp, glu;

(4} basic: asn, gln, his, lys, arg;

(5) residues that influence chain orientation: gly, pro; and
(6) arcmatic: trp, tyr, phe.

Congervative substitutions involve exchanging a member within one
group for another member within the same group, whereas non-conservative
substitutions will entail exchanging a member of cne of these classes for
another. Variants obtained by ncn-conservative substitutions within the
neurotrophic factor-binding region(s) of a native trk receptor sequence of
a fragment thersof are expected to result in significant changes in the
biological properties of the cbtajined variant, and may result in trk
receptor wvariants which block the biclogical activity of their cognate
neurotrophic factor(s), i.e. are antagonists of the biological action of
the corresponding native meurotrophic factor(s), or the signaling potential
of which surpasses that of the corresponding native trk receptor. Amino
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acid positions that are conserved among various species and/or various
receptors of the trk receptor family are generally substituted in a
relatively conservative manner if the goal is to retain biological
activity.

Aminc acid seguence deletiong generally range from about 1 to 20
regidues, more preferably about 1 to 10 residues, and typically are
contiguous. Deleticns may be introduced into regiong not directly invelved
in eignal transduction and/or ligand binding, to modify the biological
activity of the trk receptor. Deletions from the regions that are directly
involved in signal transduction and/or ligand binding will be more likely
to modify the bioclegical activity of the mutated trk receptor more
significantly, and may potentially yield trk receptor antagonists. The
number of consecutive deletions will be selected so 88 to preserve the
tertiary structure of the trk receptor in the affected domain.

It is possible to construct trk receptor variants which combine the
binding domains for and, accordingly, have the ability to signal the
bioclogical activities of more than one neurotrophic factor. Such variant
can be made by inserting into the sequence of a trk receptor the
neurotrophin binding domain of another trk raceptor. For example, native
trkB and trk( receptors do not bind to an appreciable degree NGF, which is
the native ligand for the trka receptor. Insertion of the NGF-binding
sequence of a trkA receptor into a trkB or trkC receptor yields a trkB or
trkC receptor variant, which (in addition to the native ligands of the
native trkB and trkC receptors, respectively) binds NGF. Similarly,
naturally occurring trki receptors bind BDNF and RT4/5 but do not bind
appreciably to NGF or NT-3. Thus, the insertion of the NT-3 binding
sequence of trkC into a trkB receptor vields a variant receptor that is
capable of binding BDNF, NT4/5 and NT-3. The resultant receptor variants
will be able to mediate a broader spectrum of biological activities, which
Opens new ways for their application and therapeutics.

Amino acid insertions alse include amino- and/or carboxyl-terminal
fusions ranging in length from one residue to polypeptides containing a
hundred or more residues, as well as intrasequence insertiong of single or
multiple amino acid residues. Intrasequence insertions {i.e. insertions
within the trk receptor amino acid sequence) may range generally from
about 1 to 10 residues, more preferably 1 to 5 residues, more preferably
1 to 3 residues. Examples of terminal insertions include the trk receptor
with an N-terminal methionyl residue, an artifact of ite direct expressicn
in bacterial recombinant cell culture, and fueion of a heterologous N-
terminal signal sequence to the N-terminus of the trk receptor molecule
to facilitate the secretion of the mature trk receptor from recombinant
host cells. Such signal sequences will generally be obtained from, and
thus homologous to, the intended host cell species. Suitable sequences
include STII or Ipp for E. coli, alpha factor for yeast, and viral signals
such as herpes gD for mammalian cells.
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Other ingertional variants of the native trk receptor molecules
include the fusion to the N- or C-terminus of the
trk receptor of immunogenic polypeptides, e.5. bacterial polypeptides such
as beta-lactamase or an enzyme encoded by the E, coli trp locus, or yeast
protein, and C-terminal fusions with proteins having a long half-life such
as immmoglcbulin regions (preferably immunoglobulin constant regions),
albumin, or ferritin, as described in WO 89/02922 publighed on 6 April
1289.

Since it ig often difficult to predict in advance the characteristics
of a variant trk receptor, it will be appreciated that some screening will
be needed to select the optitum variant.

pb. Ingertion of DNA ipto a Cloning Vehicle

Once the nucleic acid encoding a native or variant trk receptor is
available, it is generally ligated into a replicable expression vector for
further cloning (amplification of the DNA), or for expresgion.

Expresgion and cloning vectors are well known in the art and contain
a mucleic acid sequence that enables the vector to replicate in cne or more
selected host cells. The selection of the appropriate vector will depend
on 1) whether it is to be used for DNA amplification or for DNA expression,
2) the gize of the DNA to be inserted into the vector, and 3) the host cell
to be transformed with the wector. Each vector containg various compcnents
depending on its function (amplification of DNA of expression of DNA) and
the host cell for which it is compatible. The vector components generally
include, but are not limited to, one or more of the following: a signal
sequence, an origin of replication, one or more marker genes, an enhancer
element, a promoter, and a transcription termination seguence.

(1) Signal Seguence Component

In general, the gignal sequence may be a component of the vector, or
it may be a part of the trk receptor that is inserted into the vector. The
native trk receptor comprises a signal sequence at the amino terminus (5’
end of the DNA) of the polypeptide that is cleaved during post-
translaticonal processing of the pelypeptide to form a mature trk receptor.
Native trk receptor is however not secreted from the host cell as it
contains a membrane anchoring domain between the extracellular domain and
the cytoplasmic domain Thus, to form a secreted version of an trk
receptor, the membrane anchoring domain (also referred to as transmembrane
domain) is ordinarily deleted or otherwise inactivated (for example by
point mutation(s)). Generally, the cytoplasmic domain is also deleted
along with the membrane anchoring domain. The truncated (or transmembrane
domain-inactivated) trk receptor variants may be secreted from the cell,
provided that the DNA encoding the truncated variant retains the amino
terminal signal sequence.

Included within the scope of this invention are trk receptors with
the native signal sequence deleted and replaced with a heterologous signal
Eequence. The heterologous signal sequence selected should be one that is
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recognized and processed (i.e. cleaved by a signal peptidase) by the host
cell.

For prokaryotic host cells that do not recognize and process the
native trk receptor signal sequence, the signal sequence is substituted by
a prokaryotic signal sequence selected, for example, from the group of the
alkaline phosphatase, penicillinase, lpp, or heat-stable enterotoxin II
leaders. For yeast secretion the native trk regeptor signal sequence may
be asubstituted by the yeast invertase, alpha factor, or acid phosphatase
leaders. In mammalian cell expression the native signal sequence is
satisfactory, although other mammalian signal sequences may be suitable.

{ii) Ozigin of Replication Component

Both expressicn and cloning vectors contain a nucleic acid sequence
that enabled the vector to replicate in one or more selected host cells.
Generally, in cloning vectors this sequence is one that epables the vector
to replicate independently of the host chromosomes, and includes crigins
of replication or autonomously replicating sequences. Such Bequence are
well known for a variety of bacteria, yeast and viruses. The crigin of
replication from the well-known plasmid pBR322 is suitable for most gram
negative bacteria, the 2p plasmid origin for veast and various viral
origins (SV40, polyoma, adenovirus, VSV or BPV) are ugeful for cloning
vectors in mammalian cells. Origins of replication are not needed for
mammalian expression vectors (the SV40 origin may typically be used only
because it contains the early promoter). Moet expression vectors are
"ghuttle" vectors, i.e. they are capable of replication in at least one
claes of organisms but can be transfected intc another organism for
expression. For example, a vector is cloned in E. coli and then the Bame
vector is transfected into yeast or mammalian cells for expression even
though it is not cépable of replicating independently of the host cell
¢hromosome .

DNA is aleo clened Ly insertion into the host genome. This is
readily accomplished using Bacillus spevies as hosts, for example, by
including in the vector a DNA sequence that is complementary to a sequence
found in Bacillus genomic DNA, Transfection of Bacillus with this vector
results in homologous recombination with the genome and insertion of the
DNA encoding the depired heterologous polypeptide. However, the recovery
of genomic DNA is more complex than that of an exogenously replicated

vector because restriction enzyme digestion is required to excise the
encoded polypeptide molecule.

(iii) Selection Gene Component

Expression and cloning vectors should contain a selection gene, also
termed a pelectable marker. This is a gene that encodes a protein
necessary for the survival or growth of a host cell transformed with the
vector. ‘The presence of this gene ensures that amy host cell which deletes
the vector will not obtain an advantage in growth or reproduction over
transformed hosts. Typical selection genes encode proteins that (a) confer
resistance to antibiotics or other toxins, e.g. ampicillin, neomycin,
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methotrexate or tetracycline, (b) complement auxotrophic deficiencies, or
{(¢) supply critical nutrients not available from complex media, e.g. the
gene encoding D-alanines racemase for bacilli.

One example of a selection scheme utilizes a drug to arrest growth
of a host cell. Those cells that are successfully transformed with a
heterologous gene express a protein conferring drug resistance and thue
survive the selection regimen. Examples of such dominant selection use the
drugs neomycin [Southern et al., J. Molec, Appl. Gemet. 1, 327 {1982)],
mycophenolic acid [Mulligan et al., Science 209, 1422 (1980)] , or
hygromycin [Sudgen et al., Mol. Cel.. Biol. 5, 410-413 (1985)]. The three
examples given above employ bacterial genes under eukaryotic control to
convey resistance te the appropriate drug G418 or neomycin {geneticin),
xgpt (mycophenolic acid)}, or hygromycin, respectively.

Other examples of suitable selectable markers for mammalian cells
are dihydrofolate reductase (DHFR} or thymidine kinase. Such markers
enable the identification of cells which were competent to take up the
desired nucleic acid. The mammalian cell transformants are placed under
selection pressure which only the transformants are uniquely adapted to

survive by virtue of having taken up the marker. Selection pressure is
imposed by culturing the transformants under conditions in which the
concentration of selection agent in the medium is successively changed,
thereby leading to amplification of both the selection gene and the DNA
that encodes the desired polypeptide. Amplification is the process by
which genes in greater demand for the production of a protein critical for
growth are reiterated in tandem within the chromosomes of successive
generations of recombinant cells. Increased guantities of the desired
polypeptide {either a trk-containing chimeric polypeptide or a segment
thereof) are synthesized from the amplified DNA.

For example, cells transformed with the DHFR selectiocn gene are first
identified by culturing all of the transformants in a culture medium which
lacks hypoxanthine, glycine, and thymidine. An appropriate host cell in
this case is the Chinese hamster ovary (CHO) cell line deficient in DHFR
activity, prepared and propagated as described by Urlaub and Chasin, Proc.
Nat'l. Acad. Sci, USA 77, 4216 (1980). A particularly useful DHFR is a
mutant DEFR that is highly resistant to MTX (EP 117,060). This selection
agent can be used with any otherwige suitable host, e.g. ATCC No. CCL61
CHO-K1, motwithstanding the presence of endogenous DHFR. The DNA encoding
DHFR and the desired polypeptide, respectively, then is amplified by
exposure to an agent (methotrexate, or MTX) that inactivates the DHFR. One
ensures that the cell requires more DHFR (and consequently amplifies all
exogenous DNA) by selecting only for cells that can grow in successive
rounds of ever-greater MIX concentration. Alternatively, hosts co-
transformed with genes encoding the desired polypeptide, wild-type DHFR,
and another selectable marker such as the neo gene can be identified using
a selecticn agent for the selectable marker such as G418 and then selected
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and amplified using methotrexate in a wild-type host that contains
endogencus DHFR, (See also U.S. Patent No. 4,965,199).

A suitable gelection gene for use in yeast is the frpl gene pregent
in the yeast plasmid YRp? (Stinchconb et al., 1979, Nature 282:39; Kingsman
et al., 1979, Gene 7:141; or Tschemper et al,,, 1980, Gene 10:157). The
Lmpl gene provides a selection marker for a mutant strain of yeapt lacking
the ability to grow in tryptophan, for example, ATCC No. 44076 or PEP4-1
(Jones, 1977, Genetics B85:12). The presence of the trpl lesion in the
yeast host cell genome then provides an effective environment for detecting
transformation by growth in the absence of tryptophan. Similarly, Leu2
deficient yeast straing (ATCC 20,622 or 38,626) are complemented by known
plasmids bearing the Leu2 gene.

{iv) Promoter Component

Expression vectors, unlike cloning vectors, should contain a promoter
which is recognized by the host organism and is cperably linked to the
nucleic acid encoding the desired polypeptide. Promoters are untranslated
sequences located upstream from the gstart coden of a structural gene
{generally within about 100 to 1000 bp) that control the transcription and
translaticn of nucleic acid under their control. They typically fall into
two classes, inducible and constitutive. Inducible promoters are promoters
that initiate increased levele of transcription from DNA under their
control in response to some change in culture conditions, e.g. the presence

or absence of a nutrient or a change in temperature. At this time a large
mumber of promoters recognized by a variety of potential host cells are
well known. These promoters are operably linked to DNA encoding the
desired polypeptide by removing them from their gene of origin by
restriction enzyme digestion, followed by insertion 5’ to the start codon
for the polypeptide to be expressed. This is not to say that the genomic
pramoter for trk receptor is not usable, However, heterologous promoters
generally will result in greater transcription and higher yields of
expressed trk receptor as compared to the native trk receptor promoter.
Promoters suitable for use with prokaryotic hosts include the B-
lactamase and lactose promoter systems (Chang et al., Nature 275:615
(1378) ; and Goeddel et al., Nature 281:544 (1979)), alkaline phosphatase,
a tryptophan (trp) promoter system (Goeddel, Nucleic Acids Res. 8:4057
(1980) and EPO Appln. Publ. No. 36,776) and hybrid promoters such as the
tac promoter (H. de Boer et al., Proc. Nat'l. Acad. Sci. USA 80:21-25
(1382)). However, other known bacterial promoters are suitable. Their
nucleotide sequences have been published, thereby enabling a skilled worker
¢perably to ligate them to DNA enceding trk (Siebenlist et al.. Cell 20:269
(1280)) using linkers or adaptors to supply any required restriction sites.
Promoters for use in bacterial systems also will contain a Shine-Dalgarno

(8.D.) sequence cperably linked to the DNAR enceding trk.

Suitable promoting sequences for use with yeast hosts include the
prometers for 3-phosphoglycerate kinase (Hitzeman et al. J, Biol. Chem.
255:2073 (1980)) or cther glycolytic enzymes (Hess et al., J. Adv. Enzyme
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Reg. 7:149 (1978); and Holland, Biochemigtyy 17:4900 (1978)), such as
enolase, glyceraldehyde-3-phosphate dehydrogenase, hexckinase, pyruvate
decarboxylase, phosphofructokinase, glucose-6-phosphate isomerase, 3-
phesphoglycerate mutase, pyruvate kinase, triosephosphate isomerage,
phosphoglucose isomerase, and glucckinase.

Other yeast promoters, which are inducible Promoters having the
additicnal advantage of transcription controlled by growth conditions, are
the promoter regions for alcohol dehydrogenase 2, isocytochrome C, acid
phosphatase, degradative enzymes associated with nitxogen metabolism,
metallothionein, glyceraldehyde-3-phosphate dehydrogenase, and enzymes
responsible for maltose and galactose utilization. Suitable vectors and
promoters for use in yeast expression are further described in R, Hitzeman
et al., EP 73,657A. Yeast enhancers also are advantageously used with
yeast promoters.

Promoter seguences are known for eukaryotes. Virtually all
eukaryotic genes have an AT-rich region located approximately 25 to 30
bases upstream from the gite where transcription igs initiated. Another
sequence found 70 to 80 bases upstream from the start of transcription of
many genes is a CXCAAT region where X may be any nucleotide. At the 3’ end
of most eukaryotic genmes is an AATRAA Eequence that may be the signal for
addition of the poly A tail to the 3’ end of the coding sequence. All of
these sequences are suitably inserted into mammalian expression vectors.

trk receptor transcription from vectors in mammalian host cells may
be controlled by promaters obtained from the genomes of viruses such as
polyoma virus, fowlpox wvirus (UK 2,211,504 published 5 July 1989),
adenovirus (such as Adencvirus 2}, bovine papilloma virus, avian sarcoma
virus, cytcmegalovirus, a retrovirus, hepatitis-B virus and most preferably
Simian Virus 40 (5v40), from heterologous mammalian promoters, e.g. the
actin promoter ¢r an immunoglebulin promoter, from heat shock promoters,
and from the promoter normally associated with the trk receptor eequence,
provided such promoters are compatible with the host cell systems.

The early and late promoters of the SV40 virus are cenveniently
cktained as an SV40 restriction fragment which also contains the SV40 wviral
origin of replication [Fiers et al., Nature 273:113 (1978), Mulligan and
Berg, Science 209, 1422-1427 (1980) ; Pavlakis et al., Proc, Natl, K Acad,
Sci. USA 78, 7398-7402 {1981)]. The immediate early promoter of the human
cytomegalovirus is conveniently obtained as a HindIII E restricticn
fragment [Greenaway et al., @Gene 18, 355-360 (1982)]. A system for
expressing DNA in mammalian hosts using the bovine papilloma virus as a
vector is disclosed in US 4,419,446, A modification of thig syatem is
described in US 4,601,378. See also, Gray et al., Nature 295, 503-508
(1982) on expressing cDNA enceding human immune interferon in monkey cells;
Reyes et al., Nature 297, 598-601 {1982} on expressing human R-interferon
c¢DNAR in mouse cells under the control of a thymidine kinase promoter from

herpes simplex virus; Canaani and Berg, Proc. Natl. Acad. Sei. USA 79,

5166-5170 (1982) on expression of the human interferon 1 gene in cultured
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mouse and rabbit cells; and Gorman et al,, Proc. Natl, Acad. Sci,, USA 73,

6777-6781 (1982) on expression of bacterial CAT sequences in CV-1 monkey
kidney cells, chicken embryo fibroblasts, Chinege hamster ovary cells, Hela
cells, and mouge HIN-3T3 cells using the Rous parcoma virus long terminal
repeat as a promoter.

The actual plasmid used in the course of cloning the murine trk
receptor contains the promotexr of the murine 3-hydroxy-3-methylglutaryl
coenzyme A reductase gene {Gautier et al., Nucleic Acids Res, 17, B389
{1289)], whereas the reporter plaemid [pUMS  (GT)y-Tac] used during
expression cloning contained an artificial multimerized trk recepto-
inducible promoter element [McDonald et al., Cell 60, 767-779 (1990)] .

(v) Enhancer Elemsnt Compopent

Transcription of a DMA encoding the trk receptors of the present
invention by higher eukaryotes is often increased by inserting an enhancer

sequence into the vector, Enhancers are cis-acting elements of DNA,
usually about from 10 to 300 bp, that act on a promoter to increase its
transcription. Enhancers are relatively orientation and position

independent having been found 5’ [Laimine et al., Proc. Natl. Acad. Sci.
USh 78, 993 (1981)] and 3’ [Lasky et al., Mol Cel.. Bigl, 3, 1108 (19283)]
to the transcription unit, within an intron [Banerji et al., Cell 33, 729
(1983)] as well as within the coding sequence itself [Osborne et al., Mol.
Cel. Biol. 4, 1293 (1984)]. Many enhancer sequences are now known from
mammalian genes (glcbin, elastase, albumin, @-fetcprotein and insulin).
Typically, however, one will use an enhancer from a eukaryotic cell virus.
Examples include the SV40 enhancer on the late side of the replication
origin (bp 100-270), the cytomegalovirus early promoter enhancer, the
polyoma enhancer on the late side of the replication origin, and adenovirus
enhancers. See also Yaniv, Nature 287, 17-18 (1982) on enhancing elements
for activation of eukaryotic promoters. The enhancer may be spliced into
the vector at a position 5' or 3' to the trk receptor DNA, but is
prefexrably located at a site 5’ from the prometer .

(vi) Transcription Termination Component

Expression vectors used in eukaryotic host cells {yeagt, fungi,
insect, plant, animal, human, or nucleated cells from other multicellular
organisms) will also contain sequences necessary for the termination of
transcription and for stabilizing the mRNA. Such sequences are commonly
available from the 5° ang, occasionally 3’ untranslated regione of
eukaryotic or viral DNAs or CDNAs. These regions contain nuclectide
segments transcribed as polyadenylated fragments in the untranslated
portien of the mRNA encoding the trk receptor. The 3° untranslated regions
also include transcription termination sites.

Construction of suitable vectors containing one or more of the above
listed components, the desired coding and control sequences, employs
standard ligaticn techniques. Iesolated plasmids or DNA fragments are
cleaved, tailored, and religated in the form desired to generate the
plasmids required.
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For analysis to confirm correct segquences in plaemids constructed,
the ligation mixtures are used to transform E. colj K12 strain 294 (ATCC
31,446) and successful transformants selected by ampicillin or tetracycline
resistance where appropriate. Plasmids from the transformants are
prepared, analyzed by zestriction endonuclease digestion, and/or sequenced
by the method of Messing et al., Bugleic Acids Res. &, 309 (1981) or by the
method of Maxam et al., Methods in Enzymoloay 65, 499 ({1980).

Particularly useful in the practice of this invention are expressicn
vegtors that provide for the transient expression in mammalian cells of DNA
encoding an trk receptor. In general, transient expression involvee the
use of an expresgion vector that is able to replicate efficiently in a host
cell, such that the host cell accumulates many copies of the expression
vector and, in turn, synthesizes high levels of a desired polypeptide
encoded by the expressicn vector. Transient systems, comprisging a suitable
expression vector and a host cell, allow for the convenient positive
identificarion of polypeptides encoded by clones DNAs, as well as for the
rapid Esereening of such polypeptides for desired biological or
physiological properties. Thus, transient expresgpion systems are
particularly useful in the invention for purposes of identifying analogs
and variante of the trk receptor.

Other methode, vectors, and host cells suitable for adaptation to the
synthegis of the trk receptors in recombinant vertebrate cell culture are
described in Getting et al., Nature 293, 620-625 {1981) ; Mantel et al.,
Nature 281, 40-46 (1979); Levinson et al.; EP 117,060 and EP 117,058, A
particularly useful plasmid for mammalian cell culture expression of the
trk receptor is pRKS (EP 307,247).

E. Selection and Trancformation of Host Cells

Suirable host cells for cloning or expressing the vectors herein are
the prokaryote, yeast or higher eukaryote cells described above. Suitable
prokaryotes include gram negative or gram positive organisms, for example
E. coli or bacilli. A preferred cloning host is E. goli 294 (ATCC 31,446)
although other gram negative or gram positive prokaryotes such as E. coli
B, E. goli X1776 (ATCC 31,537}, E. coli W3illo (ATCC 27,325), Pseudomonas
species, or Serratia Marcesans are suitable,

In addition to prokaryotes, eukaryotic microbes such as filamentous

fungi or yeast are suitable hosts for vectors herein. Saccharomyces
gerevigise, or common baker’'s yeast, 1§ the most commonly used among lower
eukaryotic host microorganisms. However, a number of other genera, species
and straine are commonly available and useful herein, such as S. pombe
[Beach and Nurse, Nature 290, 140 (1981)], Kluyveromyces lactisg
[Louvencourt et al., J. Bacteriol, 737 (1983)); varrowia (EP &02,226);
Pichia pastoris (EP 183,070), Trichoderma reesia (EP 244,234), Neurcoepora
cragsa [Case et al., Proc, Natl. Agad. Sci. USA 75, 5259-5263 (1979)]; and
Aspergillus hosts such as A. nidulans [Ballance et al., Biochem. Biophvg.
Res. Commun. 112, 284-289 (1983); Tilburn et al., Gene 26, 205-221 (1983);
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Yelton et al., Prog. Natl. Acad. Sci. USA 81, 1470-1474 (1984)] and 2,
niger [Kelly and Hynes, EMBO J. 4, 475-479 {(1985)].

Suitable host celle may aleo derive from multicellular organisms.
Such host cells are capable of complex processing and glycosylation
activities. In principle, any higher eukaryotic cell culture is workable,
whether from vertebrate or invertebrate culture, although cells from
mammals such as humans are preferred. Examples of invertebrate cells
include plants and insect cells. Numerous baculoviral strains and variants
and corresponding permiggive insect host cells from hosts such as
Spodoptera frugiperda (caterpillar), Aedes aeqvpti (mosquitc), Aedes
albopictug (mosquito), Drogophila melangaster (fruitfly), and Bombyx mori
host cells have been identified. See, e.g. Luckow et al., Bio/Technology
6, 47-55 (1988); Miller et al., in Gepeti¢c Engineering, Setlow, J.K. et
al., eds., Vol. 8 (Plenum Publishing, 1986}, pp. 277-279; and Maeda et ai.,
Wature 315, 592-594 (1985). A variety of such viral strains are publicly
available, e.g. the L-1 variant ¢f BAutographa californica NPV, and such
viruses may be used as the virus herein according to the present invention,
particularly for transfection of Spodoptera frugiperda cells.

Plant cell cultures of c¢otton, corn, potato, sgoybean, petunia,
tomato, and tobacco can be utilized as hosts. Typically, plant cells are
transfected by incubation with certain strains of the bacterium
Agrobacterium tumefaciens, which has been previously manipulated to contain
the trk receptor DNA. During incubation of the plant cell ¢ulture with A.
tumefaciens, the DNA encoding trk receptor is transferred to the plant cell
host such that it is transfected, and wili, under appropriate conditions,
expregs the trk receptor DNA. In addition, regulatory and signal sequences
compatible with plant cells are available, such as the nopaline synthase
promoter and polyadhenylaticon signal sequences. Depicker et al., J. Mol,
Appl. Gen. 1, 561 (1982). In addition, DNA segments igolated from the
upstream region ¢f the T-DNA 780 gene are capable of activating or
increasing transcription levels of plant-expressible genes in recombinant
DNA-containing plant tissue. See EP 321,196 published 21 June 1989.

However, interest has been greatest in vertebrate cells, and
propagation of vertebrate cells in culture (tissue culture) is per ge well
known. See Tissue Culture, Academic Press, Kruse and Patterson, editors
(1873) . Examples of useful mammalian host cell linee are monkey kidney CVi
line transformed by SV40 (COS-7, ATCC CRL 1651); human embrycnic kidney
cell line [293 or 293 cells subcloned for growth in suspensicn culture,
Graham et al., J. Gen. Virgl. 36, 5% {(1377)]; baby hamster kidney cells
S9BHK, RTCC CCL 10); Chinese hamster ovary cells/-DHFR [CHO, Urlaub and
Chagin, Proc. Natl. Rcad. Sci, USA 77, 4216 (1380)]; mouse sertolli cells
[TM4, Mather, Biol. Reprod. 23, 243-251 {1980)]; monkey kidney cells (CV1
ATCC CCL 70} ; African green monkey kidney cells (VERO-76, ATCC CRL-1587);
human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells
(MDCK, ATCC CCL 34): buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human
lung cells (W138, ATCC CCL75); human liver cells (Hep G2, HB B065S); mouse
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mammary tumor (MMT 060562, ATCC CCLS1); TRI cells [Mather et al., Annalg

N.¥. Acad. Soi. 383, 44068 (1982)); MRC 5 cells; FS4 cells; and a human
hepatoma cell line (Hep G2). Preferred host cells are human embryonic

kidney 293 and Chinese hamster ovary cells.

Particularly preferred host cells for the purpose of the preaent
invention are vertebrate cells producing the trk receptor.

Host cells are transfected and preferably transformed with the above-
described expression or clening vectors and cultured in conventicnal
nutrient media modified as is appropriaste for inducing promoters or
selecting transformants containing amplified genes.

F. ulturi th ost 1lls

Prokaryotes cells used to produced the trk receptor polypeptides of
this invention are cultured in suitable media as describe generally in
Sambrook et al., supra. '

Mammalian cells can be cultured in a variety of media. Commercially
available media such as Ham’s F10 (Sigma), Minimal Essential Medium (MEM,
Sigma), RPMI-1640 }Sigma), and Dulbecco’s Modified Eagle’s Madium (DMEM,
Sigma) are suitable for culturing the host cells. In additicn, any of the
media described in Ham and Wallace, Meth. Enzvmol. 58, 44 (1979); Barnes
and Sato, Anal Biochem. 102, 255 (1980}, US 4,767,704; 4,657,866;
4,327,762; or 4,560,655; WO 90/03430; WO 87/00195 or US Pat. Re. 30,985 may
be used as culture media for the hogt tells. Any of these media may be
supplemented as necessary with hormones and/or other growth factors (such
as insulin, transferrin, or epidermal growth factor), salts (such as sodium
chloride, calcium, magnesium, and phosphate), buffers (such as HEPES) ,
nucleosides (guch as adenosine and thymidine), antibiotics (guch as
Gc-:m:axrtycinTN drug) trace elements (defined as inorganic compounds usually
present at final concentrations in the micromolar range), and glucose or
an equivalent energy source. Any other nhecessary supplements may also be
included at appropriate concentrations that would be known to those skilled
in the art. The culture conditions, such as tempexature, pH and the like,
Buitably are those previcusly used with the hoat cell selected for cloning
or exprespion, as the case may be, and will be apparent to the ordinary
artisan.

The host cells referred to in this disclosure encompass cells in in
vitro cell culture as well as cells that are within a host animal or plant.

It is further envieioned that the trk receptor of this invention may
be preduced by homologous recombination, or with recombinant preduction
methods utilizing control elements introduced into cells already containing
DRA encoding the trk receptor.

G. Detecting Gene Amplification/Expression

Gene amplification and/or expression may be measured in a sample
directly, for example, by comventiomal Southern bletting, Northern blotting
to quantitate the transcription of mRNA [Thomas, Proc, Natl, Acad. Sg¢i. USA
27, 5201-5205 (1980)}], dot blotting (DNA analysig), or in situ
hybridizaticn, using an appropriately labeled probe, based on the sequences
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provided herein. Various labels may be employed, most commonly
radioigotopes, particularly 32p, However, other techniques may also be
employed, such as using biotin-modified nucleotides for introduction into
a polynuclectide. The bictin then serves as a site for binding to avidin
or antibodies, which may be labeled with a wide variety of labels, such ag
radionuclides, fluorescers, enzymes, or the like. Alternatively,
antibodies may be emploved that can recognize specific duplexes, including
DNA duplexes, ERNa duplexes, and DNA-RNA hybrid duplexes or DNA-protein
duplexes. The antibodies in turn may be labeled and the assay may be
carried out where the duplex is bound to the surface, so that upon the
formation of duplex on the surface, the presence of antibody bound to the
duplex can be detected.

Gene expression, alternatively, may be measured by immunological
methods, such as immunchistochemical staining of tissue sections and assay
of cell culture or body fluids, to quantitate directly the expression of
gene product., With immunchistochemical staining techniques, a cell sample
is prepared, typically by dehydration and fixation, followed by reaction
with labeled antibodies gpecific for the gene product coupled, where the
labels are usually vigually detectable, such as enzymatic labels,
fluorescent labels, luminegcent labels, and the like. A particularly
sensitive staining technique suitable for use in the present invention is
described by Hse et al., Am. J. Ciin. Pharm 75, 734-738 (1980} .

Antibodies useful for immunohistochemical staining and/or assay of
sample fluids may be either monoclenal or polyclonal, and may be prepared
in any animal. Conveniently, the antibodies may be prepared against a
native trk receptor polypeptide, or against a synthetic peptide based on
the DNR sequence provided herein as described further hereinbelow,

H. Purification of the trk receptor

The trk receptor preferably is recovered from the cell culture medium
as a secreted polypeptide, although it also may be recovered from host cell
lysates when directly expressed in a form including the membrane anchoring
domain, and with or without a Becretory signal,

When the trk receptor is expressed in a recombinant cell other than
one of human origin, the trk receptor is completely free of proteins or
polypeptides of human origin. However, it ig necessary to purify the trk
receptor from recombinant cell proteins or polypeptides to obtained
preparations that are substantially homogenous as to the trk receptor. As

a first step, the culture medium or lysate is centrifuged to remove
particulate cell debris. The membrane and soluble protein fractions are
then separated. The trk receptor may then be purified from the soluble
protein fraction and from the membrane fraction of the culture lysate,
depending on whether the trk receptor is membrane bound. The following
procedures are exemplary of puitable purification procedures:
fractionation on immuncaffinity or icn-exchange columns; ethanol
precipitation; reverse phase HPLC; chromatography on silica or on a cation
exchange resin such as DRAE; chromatofocusing; SDS-PAGE; ammonium sulfate
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precipitation; gel filtration using, for example, Sephadex G-75; and
protein A Sepharose columns to remove contaminants such as IgG.

Trk receptor functional derivatives in which residuee have been
deleted, inserted and/or pubstituted are recovered in the game faghion as
the native receptor chains, taking into account of any substantial changes
in properties occasioned by ths alteration. For example, fusion of the trk
receptor with another protein or polypeptide, e.g. a bacterial or viral
antigen, facilitates purification; an immunoaffinity column containing
antibody to the antigen can be used to absorb the fugion. Immunoaffinity
colums such as a rabbit polyclonal anti-trk receptor column can be.
employed to absorb trk receptor variant by binding to at least one
remaining immune epitocpe. A protease inhibitor, guch as phenyl methyl
sulfonyl fluoride (PMSF} also may be upeful to iphibit proteolytic
degradation during purification, and antibiotice may be included to prevent
the growth of adventitious contaminants. One skilled in the art will
appreciate that purification methods suitable for pative trk receptor may
require modification to account for changes in the character of the trk
receptor or its variants upon expression in recombinant cell culture.

I. Covalent Modifications of trk receptor

Covalent modifications of trk receptor are included within the scope
herein. Such modifications are traditionally introduced by reacting
targeted amino acid residues of the trk receptor with an organic
derivatizing agent that is capable of reacting with selected sides or
terminal residues, or by harnessing mechanisms of post-translational
modifications that function in selected recombinant host cells. The
resultant covalent derivatives are useful in programe directed at
identifying residues important for biological activity, for immunoassays
of the trk receptor, or for the preparation of anti-trk receptor antibodies
for immunoaffinity purification of the recombinant. For example, complete
inactivation of the biological activity of the protein after reaction with
niphydrin would suggest that at least one arginyl or lysyl residue is
critical for its activity, whereafter the individual residues which were
modified under the conditions selected are identified by isolation of a
peptide fragment containing the modified amino acid residue. Such
modifications are within the ordinary skill in the art and are performed
without undue experimentation.

Cysteinyl residues most commonly are reacted with a-haloacetates (and
corresponding amines), such as chlorvacetic acid or chlorcacetamide, to
give carboxymethyl or carboxyamidomethyl derivatives. Cysteinyl residues
also are derivatized by reaction with bromotrifluorcacetene, o-bremo-p- (5-
imidezoyl)propicnic acid, chlorcaceryl phosphate, N-alkylmaleimides, 2-
nitre-2-pyridyl disulfide, methyl 2-pyridyl disulfide, p-
chloremercuribenzoate, 2-chloromercuri-4-nitrophenol, or chlcro-7-
nitrobenzo-2-oxa-1,3-diazole.

Histidyl residues are derivatized by reaction with diethylpyro-
carbenate at pH 5.5-7.0 because this agent is relatively specific¢ for the
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histidyl side chain. Para-bromophenacyl bromide alsc is useful; the
reaction is preferably performed in 0.1M sodium cacodylate at pH 6.0.

Lysinyl and amino terminal residues are reacted with succinic or
other carboxylic acid anhydrides. Derivatization with these agents has the
effect of reverging the charge of the lyeinyl residues. Other suitable
reagents for derivatizing o-amino-containing residues include imidoesters
such as methyl picolinimidate: pyridoxal phosphate; pyridoxal;
chloroborohydride; trinitrcbenzenesulfonic acid; O-methylisocurea; 2,4-
pentanedione; and transaminase-catalyzed reaction with glyoxylate.

Arginyl residues are modified by reaction with one or several
conventional reagents, among them phenylglyoxal, 2,3-butanedione, 1,2-
cyclchexanedione, and ninhydrin. Derivatization of arginine residues
requires that the reaction be performed in alkaline conditions because of
the high pK, of the guanidine functional group. Furthermore, these
reagents may react with the groups of lysine as well as the arginine
epeilon-amino group.

The specific modification of tyrosyl residues may be made, with
particular interest in introducing spectral labels into tyrosyl residues
by reaction with aromatic diazenium compounds or tetranitromethane. Most
commonly, N-acetylimidizole and tetranitromethane are used to form O-acetyl
tyrosyl species and 3-nitro derivatives, reppectively. Tyrosyl residues
are iodinated using @I or "I to prepare labeled proteins for use in
radiocimmunoassay .

Carboxyl side groups (aspartyl or glutamyl)} are selectively modified
by reaction with carbodiimides (R’-N=C=N-R’) such as l-cyclohexyl-3-(2-
morpholinyl-4-ethyl) carbodiimide or 1-ethyl-3-{4-azcnia-4,4-
dimethylpentyl) carbodiimide. Furthermore, agpartyl and glutamyl residues
are converted tc asparaginyl and glutaminyl residues by reaction with
ammenium ions.

Glutaminyl and asparaginyl residueg are frequently deamidated to the
corresponding glutamyl and aspartyl residues. Alternatively, theee
residues are deamidated under mildly acidic conditions. Either form of
these residues falls within the scope of this invention.

Other modifications include hydroxylation of proline and lysine,
phegphorylation of hydroxyl groups of seryl, threonyl or tyrosyl residues,
methylation of the ¢-amino groups of lysine, arginine, and histidine gide
chains (T.E, Creighton, Proteins: Structure and Molecular Properties, W.H.
Freeman & Co,, San Francisco, pp. 79-86 [19B83]), acetylaticn of the N-
terminal amine, and amidation of any C-terminal carboxyl group. The
molecules may further be covalently linked to nonproteinaceous polymers,
e.g. polyethylene glycol, polypropylene glycol or polyoxyalkylenes, in the
mammer set forth in PCT Patent Publication No. WO 89/02922 or U.S. patents
4,640,835; 4,496,689; 4,301,144; 4,670,417; 4,791,192 or 4,179,337.

Derivatization with bifuncticnal agents is useful for preparing
intramolecular aggregates of the trk receptor with polypeptides as well as
for cromss-linking the trk receptor to a water insoluble support matrix or
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surface for use in assays or affinity purification. In addition, a gtudy
of interchain cross-links will provide direct information on conformational
strugture, Commonly used cross-linking agents include 1,1-
bis(diazoacetyl) -2-phenylethane, glutaraldehyde, N-hydroxysuceinimide
esters, homocbifunctional imidoesters, and bifunctional maleimides.
Derivatizing agents such as methyl-3- [ (p-azidophenyl)dithiol propicimidate
yield photoactivatable intermediates which are capable of forming cross-
linke in the presence of light. Alternatively, reactive water inscluble
matrices such as cyanogen bromide activated carbohydrates and the systems
reactive substrates described in U.S. Patent Nos. 3,959,642; 3,969,287;
3,691,016; 4,195,128; 4,247,642; 4,225,537; 4,055,635; and 4,330,440 are
employed for protein immobilization and cross-linking.

Certain post-tranglational medifications are the result of the action
¢of recambinant host cells on the expressed polypeptide. Glutaminyl and
aspariginyl residues are frequently poBt-translationally deamidated to the
corresponding glutamyl and aspartyl residues. Alternatively, these
residues are deamidated under mildly acidic conditions. Either form of
these residues falls within the scope of this invention.

Other post-translational modifications include hydroxylation of
proline and lysine, phosphorylatien of hydroxyl groups of seryl, threonyl
or tyrosyl residues, methylation of the g-amino groups of lysine, arginine,
and histidine side chains [T.E. Creighton, Proteins: Structure and
Molecular Properties, W.H. Freeman & Co., San Francisco, pp. 79-86 (1982)].

Other derivatives comprise the novel peptides of this inventiom
covalently bonded to a nonproteinaceous polymer. The nonproteinaceous
polymer ordinarily is a hydrophilic synthetic polymer, i.e. a polymer not
otherwise found in mature. However, polymers which exist in mature and are
produced by recombinant or in vitro methods are useful, as are polymers
which are igolated from nature. Hydrophilic polyvinyl polymers fall within
the Bscope of this inventien, e.g. polyvinylalcohol and
polyvinylpyrrolidone. Particularly useful are polyvinylalkylene ethers
such a polyethylene glycol, polypropylene glycol.

The trk receptor may be linked to various nonproteinaceous polymers,
such as polyethylene giycol, polypropylene glycol or polyoxyalkylenes, in
the manner set forth in U.S. Patent Nos. 4,640,835; 4,496,689, 4,301,144;
4,670,417; 4,791,192 or 4,179,337.

The trk receptor may be entrapped in microcapsules prepared, for
example, by coacervation techniques or by interfacial polymerization, in
colloidal drug delivery systems (e.g. liposomes, albumin microspheres,
microemulsions, nanc-particles and nanocapsules), or in macroemulsions.

Such techniques are disclesed in Remington’s Pharmaceutical Scienceg, 16th

Edition, Osol, A., Ed. (1980).

J. Glycosylation variants of the trk receptor

The native trk receptors are glycoproteins. Variants having a
glycoslation pattern which differs from that of any native amino acid
sequence which might be present in the molecules of the present invention
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are within the scope herein. For ease, changes in the glycosylation
pattern of a native polypeptide are usually made at the DNA level,
essentially uping the techniques discussed hereinabove with regpect to the
amine acid sequence variantg,

Chemical or enzymatic coupling of glycosydes to the trk receptor of
the molecules of the present invention may also be used to modify or
increase the number or profile of carbohydrate subgtituents. Thesge
procedures are advantagecus in that they do not require production of the
polypeptide that is capable of O-linked (or N-linked) glycosylation.
Depending on the coupling mode used, the sugar(s) may be attached to (a)
arginine and histidine, (b) free carboxyl groups, (c) free hydroxyl groups
such as those of cysteine, (d) fres sulthydryl groups such as those of
serine, threonine, or hydroxyproline, {e} arcmatic residues such as those
of phenylalanine, tyrosine, or tryptophan or (f) the amide group of
glutamine. These methods are described in WO 87/05330 (published 11
September 1987), and in Aplin and Wriston, CRC Crit. Rev. Biochem., pp.-
255-306.

Carhohydrate moieties present on a polypeptide may also be removed
chemically or enzymatically. Chemical deglycosylation requires exposure
to trifluorcmethanesulfonic acid or an equivalent compound. This treatment
results in the cleavage of most or all sugars, except the linking sugar,
while leaving the polypeptide intact. Chemical deglycosylation is
described by Hakimuddin et al., Arch. Biochem, Biophys, 259, 52 (1987) and
by Bdge et al., Anal. Biochem. 118, 131 (1%81). Carbohydrate moieties can
be removed by a variety of endo- and exoglycosidases as described by

Thotakura et al., Meth. Engymel. 138, 350 (1987). Glycosylation is
suppressed by tunicamycin as described by Duskin et al., J. Biol. Chem.
257, 3105 (1982). Tunicamycin blocks the formation of protein-N-

glycosydaee linkages.

Glycoaylation variants can also be produced by selecting appropriate
host cells of recombinant production. Yeast, for example, introduce
glycosylation which varies significantly from that of mammalian EyStems.
Similarly, mammalian cells having a different species (e.g. hamster,
murine, insect, porcine, bovine or ovine) or tissue (e.g. lung, liver,
lymphoid, mesenchymal or epidermal) origin than the scurce of the native
trk receptor, are routinely screened for the ability to introduce variant
glycosylation.

K. trk receptor-immunoglobulin chimeras (immuncadhesins

Immuncadhesing are chimeric antibody-like moleculee that combine the
functional domain{s) of a binding protein (usually a receptor, a cell-
adhesion molecule or a ligand) with the an immuneglobulin sequence. The
immunoglcbulin sequence preferably (but not necessarily) is an
immunoglobulin constant domain.

Immunoglebuling (Ig) and certain variantg thereof are known and many
have been prepared in recombinant cell culture. For example, see U,§.
Patent 4,745,055; EP 256,654; Faulkner et al., Nature 298:286 {1982); EP
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120,694; EP 125,023; Morrison, J. Immun, 123:793 (1979); Kohler et al.,
Prog. Nat'l, Acad. Seci. TUSA 77:2197 (1980); Rasc et al., Cancer Res.
£1:2073 {1981); Morrison et al., Ann. Rev, Immunol. 2:23% (1984); Morrison,
Science 229:1202 (1985); Morrison et al., Proc, Nat’'l. Acad. Sci. USA
81:6851 (1984); EP 255,654; EP 266,663; and WO 88/03559. Reassorted
immunoglobulin chains also are known. See for example U.S8. patent
4,444,878; WO 88/03565; and EP 68,763 and references cited therein. The
immunoglobulin moiety in the chimeras of the present invention may be
obtained from IgG-1, IgG-2, IgG-3 or IgG-4 subtypes, IgA, IgE, IgD or IgM,
but preferably IgG-1 or IgG-3.

Chimeras constructed from a receptor sequence linked to an
appropriate immunoglcbulin constant domain sequence (immunoadhesing) are
known in the art. Immunoadhesins reported in the literature include
fugions of the T cell receptor” [Gascoigne et al., Proc. Natl.Acad. Sci. USA
84, 2936-2940 (1987)); CD4" [Capon et al., Nature 337, 525-531 (1989) ;
Traunecker et al., Nature 339, 68-7C (1989); Zettmeissl er al., DNA Cell
Bicl, USA 9, 347-353 (1990}; Byrn et al., Nature 344, 667-670 (1990)); L-
selectin (homing receptor) [Watsem et al,, J. Cell. Bicl. 110, 2221-2229
(1990) ; Watson et al., Nature 349, 164-167 {1991)]; CD44" [Aruffo et al.,
Cell &1, 1303-1313 (1950}); CD28" and BT" [Lingley et al., J. Exp. Med, 173,
721-730 (19%1)]; CTLA-4" [Lisley et al., J, Exp. Med. 174, 561-569 (19921}1;
€D22" (Stamenkovic et al., Cell g6. 1133-1144 (1991)]; TNF receptor
[Ashkenazi et al., Proc, Watl. Acad. Sci, USA 88, 10535-10539 (18%1);
Lesslaver et al., Eur. J. Tmmunol. 27, 2883-2886 (1991); Peppel et al.,
. Exp, Med. 174, 1483-1489 (1991)]; NP receptors [Bemnett et al., J. Biol.
Chem. 266, 23060-23067 (1991)]; IgE receptor o [Ridgway and Gorman, J.
Cell, Biol. 115, abstr. 1448 (1991)]; HGF receptor [Mark, M.R. et al.,
1992, J. Biol. Chem. submitted], where the asterisk (*) indicates that the
receptor is member of the immunoglobulin superfamily.

The simplest and most straightferward immunocadhesin design combined
the binding region(s) of the ‘adhesin’ protein with the hinge and Fc
regiong of an immuncglobulin heavy chain. Ordinarily, when preparing the
trk receptor-immunoglobulin chimeras of the present invention, nucleic acid
encoding the extracellular domain or a fragment thereof of a desired trk
receptor will be fused C-terminally to nucleic acid encoding the N-terminus
of an immunoglcbulin constant domain sequence, however N-terminal fusions
are also possible.

Typically, in such fusions the encoded chimeric polypeptide will
retain at least functionally active hings, CH2 and CH3 domains of the
constant region of an immunoglobulin heavy chain. Fusions are also made
to the C-terminus of the Fc portion of a constant domain, or immediately
N-terminal to the CH1 of the heavy chain or the corresponding region of the
light chain.

The precise site at which the fusion is made is not critical:
particular sites are well known and may be selected in order to optimize
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the biological activity, secretion or binding characteristics of the trk
regeptor-immuncglobulin chimeras.

In some embpdiments, the trk receptor-immunoglobulin chimeras are
assembled as monomers, or hetero- or homo-multimers, and particularly as
dimers or tetramers, esgentially as illustrated in WO 91,/08298,

In a preferred embodiment, the trk receptor extracellular dcmain
sequence, which preferably includes the second immunoglobulin-like domain,
is fused to the N-terminus of the C-terminal portion of an antibody {in
particular the Fe domain), containing the effector functions of an
immmoglobulin, e.g. immunoglobulin G, {IgG-1). It is possible to fuse the
entire heavy chain constant region to the trk receptor extracellular domain
sequence. However, more preferably, a sequence beginning in the hinge
region just upstream of the papain cleavage site (which defines IgG Fc¢
chemically; residue 216, taking the first residue of heavy chain constant
region to be 114 [Kobet et al., Bupra], or analogous sites of other
immunoglobulins) is used in the fusion. In a particularly preferred
embodiment, the trk receptor aminc acid sequence is fused to the hinge
region and CH2 and CH3 or CH1, hinge, CH2 and CH3 domains of an IgG-1, IgG-
2, or 1gG-3 heavy chain., The precise site at which the fusion is made is
not critical, and the optimal site can be determined by routine
experimentation.

In some embodimente, the trk receptor-immunoglcbulin chimeras are
assembled as multimers, and particularly as homo-dimers or -tetramers.
Generally, these assembled imminoglobulins will have known unit structures.
A basic four chain structural unit is the form in which IgG, IgD, and IgE
exist. A four unit is repeated in the higher molecular weight
immunoglobulins; IgM generally exigts as a pentamer of basic four units
held together by disulfide bonds. IgA glcbulin, and occasionally IgG
globulin, may also exist in multimeric form in serum. In the case of
multimer, each four unit may be the same or different.

Variocus exemplary assembled trk receptor-immunoglobulin chimeras
within the scope herein are schematically diagrammed below:

(a} AC, -AC, ;.

(b) ACy- [AC,, AC -ACy, AC -V\C,, or V,C -AC,];

{c) AC -ACy- [AC -ACy, AC -V,Cy, V,C -AC,, or V¢ -V,C,];
(d) ACL-VHCH—[ACH, or AC -V,C,, or VLCL-ACH];

(e) VLCL~ACH~[ACL-V“CH, or V\C -AC)l; and

(£) [A-Y] - [V, C -V,C1,,

wherein

each A represents identical or different trk receptor amino acid
sequences;

V, is an immunoglobulin light chain variable domain;

Vy is an immunoglobulin heavy chain variable domain;

C, is an immunoglobulin light chain constant domain;

€y is an immunoglobulin heavy chain constant domain;

n is an integer greater than 1;
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Y designates the residue of a covalent cross-linking agent,

In the interests of brevity, the foregoing structures only show key
features; they do not indicate joining (J) or other domaing of the
immunoglobuling, nor are disulfide bonds shown. Howsver, where such
domains are required for binding activity, they shall be constructed as
being present in the ordinary locations which they occupy in the
immunoglobulin molecules.

Alternatively, the trk receptor extracellular domain sequences can
be inserted between immunoglobulin heavy chain and light chain sequences
such that an immuneoglobulin comprising a chimeric heavy chain is obtained.
In this embodiment, the trk receptor sequences are fused to the 3’ end of
an immuncglobulin heavy chain in each arm of an immunoglobulin, either
between the hinge and the CH? domain, or between the CH2 and CH3 domaing.
Similar constructs have been reported by Hoogenboom, H. R. et al., Mol.
Immunol, 28, 1027-1037 (1991) .,

Although the presence of an immuoglobulin light chain is not
required in the immuncadhesing of the present invention, an immunoglobulin
light chain might be present either covalently associated to an trk
receptor-immuncglobulin heavy chain fusien polypeptide, or directly fused
to the trk receptor extracellular domain. In the former case, DNA encoding
an immunoglobulin light chain isg typically coexpressed with the DNA
enceding the trk receptor-immunoglobulin heavy chain fusien protein. Upon
secretion, the hybrid heavy chain and the light chain will be covalently
associated to provide an immunoglobulin-like structure comprising two
disulfide-linked immunoglobulin heavy chain-light chain pairs. Method
suitable for the preparation of such structures are, for example, disclosed
in U.8. Patent No. 4,816,567 issued 28 March 1989 .

In a preferred embodiment, the immunoglobulin seguences used in the
construction of the immunoadhesing of the present invention are from an IgG
immnoglobulin heavy chain constant domain. For human immunoadhesine, the
use of human IgGl and IgG3 immunoglobulin sequences is preferred. A major
advantage of using IgB1 is that IgG1 immuncadhesing can be purified
efficiently on immcbilized protein A. In contrast, purification of IgG3
requires protein G, a significantly less versatile medium. However, other
structural and functional properties of immunoglobuling should be
considered when choosing the Ig fusion partner for a particular
immuncadhesin construction. For example, the IgG3 hinge is longer and more
flexible, so it can accommodate larger ‘adhesin’ domains that may not fold
or function properly when fused to IgGl. Another consideration may be
valency; IgG immuncadhesins are bivalent homodimers, whereas Ig subtypes
like IgA and IgM may give rise to dimeric or pentameric structures,
respectively, of the basic Ig homodimer unit. For trk-Ig immunoadhesing
designed for im vivo application, the pharmacokinetic properties and the
effector functions gpecified by the Fc region are important as well.
Although IgGl, IgG2 and IgG4 all have finm vivo half-lives of 21 days, their
relative potencies at activating the camplement system are different. IgGd
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does not activate complement, and IgG2 is significantly weaker at
complement activation than IgGl. Moreover, unlike IgGl, IgG2 does not bind
to Fc receptore on moncnuclear cells or neutrophils. While Ig@3 is optimal
for complement activation, its in vivo half-1life 1 approximately one third
of the other 1IgG isotypes. Another important consideration for
immunocadhesins designed to be used as human therapeutics is the number of
allotypic variants cf the particular isotype. 1In general, IgG isotypes
with fewer serologically-defined allotypes are preferred. For example,
IgGLl has only four serclogically-defined allotypic sites, two of which (G1m
and 2) are located in the Fc region; and one of these Eites Glml, is non-
immunogenic. In contrast, there are 12 serologically-defined allotypes in
IgG2, all of which are in the Fc region; only three of these sites (G3m5,
11 and 21) have cne allotype which is nonimmuncgenic. Thus, the potential
immunogenicity of a y3 immunocadhesin is greater than that of a vi
immunoadhesin.

In designing the trk-Ig immunoadhesins of the present invention
domain that are not required for neurotrophin binding and/or biological
activity may be deleted. In such structures, it is important to place the
fusion junction at residues that are located between domains, to avoid
misfolding. With respect to the parental immunoglobulin, a ugeful joining
point is just upstream of the cysteines of the hinge that form the
disulfide bonds between the two heavy chaing. In a frequently used design,
the codon for the C-terminal residue of the ’adhesin’ (trk) part of the
molecule is placed directly upstream of the codons for the sequence
DKTHTCPPCP of the IgGl hinge regicn.

The general methods suitable for the constructicn and expression of
immuncadhesins are the same those disclosed hereinabove with regard to
(native or variant) trk receptors. trk-Ig immunoadhesins are most
conveniently constructed by fusing the cDNA sequence encoding the trk
portion in-frame to an Ig cDNA sequence. However, fusicn to geneomic Ig
fragments can also be used [gee, e.g. Gascoigne et al., Proc. Natl. Acad.
Sci. USA 84, 2936-2940 (1987); Aruffo et al,, Cell 61, 1303-1313 (1920);
Stamenkovic et al., Cell 66, 1133-1144 (1991)]. The latter type of fusion
requires the presence of Ig regulatory sequences for expresgion. cDNAs
encoding IgG heavy-chain constant regions can be isolated based on
published sequence from cDNA libraries derived from spleen or peripheral
blood lymphocytes, by hybridization or by polymerase chain reaction (PCR)
technigques. The cDNAs encoding the ‘adhesin’ and the 1g parts of the
immunoadhesin are ingerted in tandem inte a plasmid vector that directs
efficient expression in the chosen host cells. For expression in mammalian
cells pRKS-based vectors [Schall et al., Cell &1, 361-370 (19%0)] and CDMS-
based vectors [Seed, Nature 329, 840 (1989)]. The exact junction can be
created by removing the extra sequences between the designed junction
codons using oligonucleotide-directed deletional mutagenesis [Zoller and
Smith, Nuclejc Acids Res. 10, 6487 {1982); Capon et al., Nature 337, 525-
531 (1989)]. Synthetic oligenucleotideg can be used, in which each half
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is complementary to the sequence on either side of the desired junction;
ideally, these are 36 to 4B-mers. Alternatively, PCR techniques can be
used toc join the two parts of the molecule in-frame with an appropriate
vector.

The choice of host cell 1line for the expressicn of trk-Ig
immuncadhesins depends mainly on the expression vector. Another
consideration is the amount of protein that is required, Milligram
quantities often can be preduced by transient transfections. For example,
the adenovirus EIA-transformed 293 human embryonic kidney cell line can be
transfected transiently with pRKS5-based vectora by a modification of the
calcium phosphate method to allow efficient immunoadhesin expression.
CCM8-based vectors can be used to transfect COS cells by the DEAE-dextran
method (Aruffo et al., Cell 61, 1303-1313 (1990); Zettmeissl et al., DNa
Cell Biol. (US) 9, 347-353 (1990)]. If larger amounts of protein are
degired, the immuncadhesin can be expressed after stable transfection of
a host cell line. For example, a PRKS5-based vector can be introduced into
Chinese hamster ovary (CHO) cells in the presence of an additional plasmid
encoding dihydrofolate reductass (DHFR) and conferring resistance to G418.
Clones resistant to G418 can be selected in culture; these clones are grown
in the presence of increasing levels of DHFR inhibitor methotrexate; clones
are selected, in which the number of gene copies encoding the DHFR and
immmnoadhesin sequences ig co-amplified. If the immuncadhesin contains a
hydrcphcbic leader sequence at its N-terminug, it is likely to be processged
and gecreted by the transfected cells. The expression of immunocadhesins
with more complex structures may require uniquely suited host cells; for
example, components such ag light chain or J chain may be provided by
certain myeloma or hybridoma ceil hogts [Gascoigne et al., 1987, gupra;
Martin et al., J. Virol. 67, 3561-3568 (1993)1.

Immunoadhesins can be conveniently purified by affinity
chromatography. The suitability of protein A as an affinity ligand depends
on the species and isotype of the immunoglobulin Fe domain that is used in
the chimera. Protein A can be used to purify immuncadhesins that are baged
on human y1, v2, or v4 heavy chains [Lindmark et al., J. Immunol. Meth. g2,
1-13 (1983)]. Protein G ie recommended for all mouse isotypes and for
human v3 [Guss et al., EMBO J. 5, 15671575 (1986)]1. The matrix to which
the affinity ligand is attached is most often agarose, but other matrices
are available. Mechanically stable matrices such as controlied pore glass
or poly(styrenedivinyl)benzene allow for faster flow rates and shorter
processing times than can be achieved with agarose. The conditions for
binding an immunocadhegin to the protein A or G affinity column are dictated
entirely by the characteristics of the Fe domain; that is, its species and
igotype. Generally, when the proper ligand is chesen, efficient binding
occurs directly from unconditioned culture fluid. One distinguishing
feature of immunoadhesins is that, for human vl molecules, the binding
capacity for protein A is somewhat diminished relative to an antibody of
the same Fc type. Bound immuncadhegin can be efficiently eluted either at
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acidic pH (at or above 3.0), or in a neutral pH buffer containing a mildly
chaotropic malt. This affinity chromatography step can result in an
immunoadhesin preparation that is »>95% pure.

Other methods known in the art can be used in place of, or in
addition to, affinity chromatography on protein A or G to purify
immunoadhesins. Immunoadhesins behave similarly to antibodies in
thiophilic gel chromatography [Hutchens and Porath, Anal, Biochem, 2159,
217-226 (1986)] and immobilized metal chelate chromatography [Al-Mashikhi
and Makai, J. Dairy Sei. 71, 1756-1763 (1988)]. -In contrast to antibodies,
however, their behavior on ion exchange columns is dictated not only by
their isoelectric peints, but alsc by a charge dipole that may exist in the
molecules due to their chimeric nature.

If desired, the immunoadhesins can be made bispecific, that is,
directed against two distinct ligands. Thug, the immuncadhesings of the
Present invention may have binding specificities for two digtinet
neurotrophins, or may specifically bind to a neurotrophin and to an other
determinant specifically expressed on the cells expressing the neurotrophin
to which the trk pertion of the immunoadhesin structure binds. For
bispecific molecules, trimeric molecules, composed of a chimeric antibody
heavy chain in one arm and a chimeric antibody heavy chain-light chain paix
in the other arm of their antibody-iike structure are advantageous, due to
ease of purification. In contrast to antibody-producing quadromas
traditionally used for the production of bispecific immuncadhesins, which
produce a mixture of ten tetramers, cells transfected with nucleic acid
encoding the three chains of a trimeric immunocadnesin structure produce a
mixture of only three mclecules, and purification of the desired product
from this mixture is correspondingly easier.

L. trk receptor antibody preparation

(i) Polyclonal antibodies

Polyclonal antibodies to the trk receptor generally are raiged in
animals by multiple subcutaneous (sc) or intraperitoneal (ip) injections
of the trk receptor and an adjuvant. It may be useful to conjugate the trk
receptor or a fragment containing the target amino acid sequence to a
protein that is immuncgenic in the species to be immunized, e.g. keyhole
limpet hemocyanin, serum albumin, bovine thyroglobulin, or soybean trypsin
inhibitor using a bifunctional! or derivatizing agent, for example
maleimidobenzoyl sulfcosuccinimide ester (conjugation through cyeteine
residues), N-hydroxysuccinimide (through lysine residues), glytaraldehyde,
succinic anhydride, soc12, or R1N=C=NR, where R and R1 are different alkyl
groups.

Animals are immunized against the immunogenic conjugates or
derivatives by combining 1 mg of 1 ug of conjugate (for rabbits or mice,
respectively) with 3 volumes of Freud’'s carplete adjuvant and injecting the
solution intradermally at multiple sites. One month later the animals are
boosted with 1/5 tc 1/10 the original amount of conjugate in Freud’s
complete adjuvant by subcutaneous injection at multiple sites., 7 to 14
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days later the animals are bled and the serum is aspayed for anti-trk
receptor antibody titer. Animals are boosted until the titer plateaus.
Preferably, the animal boosted with the conjugate of the same trk receptor,
but conjugated to a different protein and/or through a different cross-
linking reagent. Conjugates also can be made in recombinant cell culture
as protein fusions. Algo, aggregating agents such as alum are used to
enhance the immune response.

(ii) Monoclonal antibodies

Memoclonal antibodies are obtained from a population of substantially
homogeneous antibodies, ji.e., the individual antibodies comprising the
populaticn are identical except for possible naturally-occurring mutations
that may be present in minor amounts. Thus, the modifier "monoclonal"
indicates the character of the antibody as not being a mixture of discrete
antibodies.

For example, the anti-trk receptor mcnoclonal antibodies of the
inventicn may be made using the hybridoma method first described by Kohler
& Milstein, Nature 256:495 (1375), or may be made by recombinant DNA
methods [Cabilly, et al., U.S. Pat. No. 4,816,567] .

In the hybridoma method, a mouss or other appropriate host animal,
such as hamster is immunized as hereinabove described to elicit lymphocytes
that produce or ares capable of produeing antibodies that will specifically
bind to the protein used for immunization. Alternatively, lymphocytes may
be immmized in vitro. Lymphocytes then are fused with myeloma cells using
a suitable fusing agent, such as polyethylene glycol, to form a hybridoma
cell [Goding, Monoclonal Antibodies: Principles and Practice, pp.59-103
(Bcademic Press, 1986)].

The hybridoma cells thus prepared are seeded and grown in a suitable
culture medium that preferably contaings cne or more substances that inhibit
the growth or survival of the unfused, parental myeloma cells. For
example, if the parental myeloma cells lack the enzyme hypoxanthine guanine
phesphoribosyl transferase (HGPRT or HPRT), the culture medium for the
hybridomas typically will include hypoxanthine, aminopterin, and thymidine
(HAT medium}, which substances prevent the growth of HGPRT-deficient cells.

Preferred myeloma cells are those that fuse efficiently, support
stable high level expression of antibody by the selected antibody-producing
cells, and are sensitive to a medium such as HAT medium. Amcng these,
preferred myeloma cell lines are murine myeloma lines, such as those
derived from MOPC-21 and MPC-11 mouge tumors available from the Salk
Institute Cell Distribution Center, San Diego, California USA, and 8P-2
cells available from the American Type Culture Collection, Rockville,
Maryland USA.

Culture medium in which hybridoma cellg are growing is assayed for
production of monoclonal antibodies directed against trk receptor.
Preferably, the binding specificity of mcmeclonal antibodies produced by
hybridoma cells is determined by immunoprecipitation or by an in vitro
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binding assay, such as radicimmmoassay (RIA) or enzyme - linked
immunoabscrbent assay (ELISA) .

The binding affinity of the monoclonal antibedy can, for example, be
determined by the Scatchard analysis of Munson & Pollard, Anal. Biochem.
107:220 (1980).

After hybridoma cells are identified that produce antibodies of the
desired specificity, affinity, and/or activity, the clones may be subcloned
by limiting dilution procedures and grown by standard methods. Goding,
Monoclonal Antibodies: Principles and Practjce, pp.59-104 (Academic Press,
1386). Suitable culture media for this purpogse include, for example,
Dulbecco’s Modified Eagle's Medium or RPMI-1640 medium, In addition, the
hybridoma cells may be grown in vive as ascites tumors in an animal.

The monocleonal antibodies secreted by the subclones are suitably
separated from the culture medium, ascites fluid, or serum by conventional
immunoglobulin purification procedures such as, for example, protein A-
Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis,
or affinity chromatography.

DNA enceding the monoclonal antibodies of the invention ig readily
isclated and sequenced using conventional procedures ({(e.g., by using
oligonucleotide probes that are capable of bhinding specifically to genes
encoding the heavy and light chains of murine antibodies). The hybridoma
cells of the invention serve as a preferred source of guch DNA. Once
isolated, the DNA may be placed into expression vectors, which are then
transfected into host cells such as simian C0S cells, Chinese hamster ovary
(CHO) cells, or myeloma cells that do not otherwise produce immunoglobulin
protein, to obtain the synthesis of menoclonal antibodies in the
recombinant host cells. The DNR also may be modified, for example, by
substituting the coding sequence for human heavy and light chain constant
domaine in place of the homologous murine sequences, Morrigon, et al.,
Proc. Nat . Acad. Sci. 81, 6851 (1984}, or by covalently joining to the
immunoglobulin coding sequence all or part of the coding sequence for a
non - immunoglebul in polypeptide. In that manner, "chimeric" or "hybrid"
antibodies are prepared that have the binding specificity of an anti-trk
monoclonal antibody herein.

Typically such non-immunoglobulin polypeptides are substituted for
the constant demains of an antibody of the invention, or they are
gubstituted for the variable domains of one antigen-combining site of an
antibody of the invention to create a chimeric bivalent antibody comprising
cne antigen-combining site having specificity for an trk receptor and
another antigen-combining site having specificity for a different antigen.

Chimeric or hybrid antibodies also may be prepared in witro using
known metheds in synthetic protein chemistry, including those invalving

crosslinking agents. For example, immunotoxins may be censtructed using
a disulfide exchange reaction or by forming a thioether bond. Examples of
Buitable reagents for this purpose include imincthiolate and methyl-4-
mercaptobutyrimidate .
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For diagnostic applications, the antibodies of the invention
typically will be labeled with a detectable moiety. The detectable moiety
can be any one which is capable of producing, either directly or
indirectly, a detectable signal. For example, the detectable moiety may
be a radioisotope, such as sH, “C, SEP, Z'SS, or 1251, a fluorescent or
chemiluminescent compound, such as flucrescein isothiocyanate, rhodamine,
or luciferin; biotin; radiocactive igotopic labels, such ag, e.g., 1251, 32?,
“C, or 3H, Or an enzyme, such as alkaline phosphatase, beta-galactosidase
or horseradish peroxidase.

Any method known in the art for separately conjugating the antibody
to the detectable moiety may be employed, including those methods described
by Hunter, et al., Nature 144:945 (1262} ; David, gt al., Bigochemistry
43:1014 (1974); Pain, gt al., J. Immunol. Meth 40:219 (1981); and
Nygren, J. Histochem. and Cviochem. 30:407 (1982} .

The antibodies of the present invention may be employed in any known
assay method, such as competitive binding assays, direct and indirect
sandwich assays, ang imnunoprecipitation assays. Zola, Monoclonal
Antibodies: A Manual of Techniques, pp.147-158 (CRC Prees, Inc., 1987).

Competitive binding assays rely on the ability of a labeled standard
(which may be an trk receptor or an immunologically reactive portion
thereof) to compete with the test sample analyte (trk receptor) for binding
with a limited amount of antibody. fThe amount of trk receptor in the test
sample is inversely proportiocnal to the amcunt of standard that becomes
bound to the antibodies. To facilitate determining the amount of standard
that becomes bound, the antibodies generally are insolubilized before or
after the competition, so that the standard and analyte that are bound to
the antibodies may conveniently be separated from the standard and analyte
which remain unbound.

Sandwich assays invalve the uge of two antibodies, each capable of
binding to a different immunogenic portion, or epitope, of the protein to
be detected. In a sandwich assay, the test sample analyre is bound by a
first antibody which is immobilized on a s0lid support, and thereafter a
second antibody binds to the analyte, thus forming an inscliuble three part
complex. David & Greene, U.8. Pat No. 4,376,110, The second antibody may
itself be labelad with a detectable moiety (direct sandwich assays) or may
be measured using an anti-immuncglobulin antibody that is labeled with a
detectable moiety (indirect sandwich assay) . For example, cne typs of
sandwich assay is an ELISA assay, in which case the detectable moiety ig
an enzyme,

(iii) Humanized antibodies

Methods for humanizing non-human antibodies are well known in the
art. Generally, a humanized antibody has ene or more amino acid residues
introduced into it from a source which is non-human. These non-human amino
acid residues are often referred to as "import" residues, which are
typically taken from an "import" variable domain. Humanization can be
esasentially performed following the method of Winter and co-workers [Jones
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et al., Nature 321, 522-525 (1986); Riechmann et al., Nature 332, 323-327
(1988) ; Verhoeven et al., Science 239, 1534-1536 (1988)]1, by substituting
rodent CDRs or CDR sequences for the corresponding sequences of a human
antibody. Accordingly, such "mmanized’ antibodies are chimeric antibodies
(Cabilly, supra), wherein substantially lege than an intact human variable
domain has been substituted by the corregponding seguence from a non-human
species. In practice, humanized antibodies are typically human antibodies
in which some CDR residues and posaibly some FR residues are substituted
by residues from analogous siteg in rodent antibodies.

It is important that antibodies be humanized with retenticn of high
affinity for the antigen and other favorable biological properties. To
achieve this goal, according to a preferred method, humanized antibodies
are prepared by a process of analysis of the parental sequences and varioug
conceptual humanized products using three dimensional models of the
parental and humanized sequences. Three dimensional immunogleobulin models
are commenly available and are familiar to those skilled in the art.
Computer programs are available which illustrate and display probable
three-dimensional conformational structures of selected candidate
immuneglcobulin sequences. Inspection cof these displays permits analysis
of the likely role of the residuss in the functioning of the candidate
immunoglcbulin sequence, i.e. the analysig of residues that influence the
ability of the candidate immunoglobulin to bind its antigen. 1In this way,
FR residues can be selected and combined from the consensus and import
sequence so that the desired antibody characteristic, such as increased
affinity for the target antigen(g), is achieved. In general, the CDR
regidues are directly and mogt substantially involved in influencing
antigen binding. For further details see PCT Patent Publication No. WO
94 /04679,

{iv) Human antibodies .

Human monoclonal antibodies can be made by the hybridoma method.
Human myeloma and mouse-human heteromyeloma cell lines for the production
of human monoclonal antibodies have been described, for example, by Kozbor,
J. Immunol. 133, 3001 (1984), and Brodeur, et al., Monoclonal Antibody

Proguction Technigues and Applications, pp.51-63 (Marcel Dekker, Inc., New

York, 1987).

It is now possible to produce transgenic animals (e.g. mice) that are
capable, upen immunization, of producing a repertoire of human antibodies
in the absence of endogenous immnoglobulin production. For example, it
has been described that the hemozygous deletion of the antibody heavy chain
joining region (Jy) gene in chimeric and germ-line mutant mice results in
complete inhibition of endogencus antibedy production. Transfer of the

human germ-line immunoglobulin gene array in such germ-line mutant mice
will result in the production of human antibodies upen antigen challenge.

See, e.g. Jakcbovits et al., Proc. Natl. Bcad. Sci. USA %0, 2551-255

(1993) ; Jakobovits et al., Nature 362, 255-258 (19913) ,
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Alternatively, the phage display technology (McCafferty et al,,
Rature 348, 552-553 [1990]) can be used to produce human antibodies and
antibody fragments in vitro, from immunoglobulin variable (V) domain gene
repertoires from unimmunized donors. According to this technique, antibody
V domain genes are cloned in-frame into either a major or minocr coat
protein gene of a filamentous bacteriophage, such as M13 or £d, and
displayed as functional antibody fragments on the surface of the phage
particle. Because the filamentous particle contains a single-stranded DNA
copy of the phage genome, selections based on the functicnal properties of
the antibody alse result in selection of the gene encoding the antibody
exhibiting those properties. Thus, the phage mimicks some of the
properties of the B-cell. phage display can be performed in a variety of
formats; for their review gee, e.g. Johnson, Kevin §. and Chiswell, David
J., Current Opinion in Structural Biology 3, 564-571 (1993). Several
sources of V-gene segments can be used for phage display. Clackson et al.,
Nature 352, 624-628 (1991) isolated a diverse array of anti-oxazolone
antibodies from a small random combinatorial library of V genes derived
from the spleens of immunized mice. A repertoire of V genes from
unimmunized human donore can be constructed and antibodies to a diverse
array of antigens (including self-antigens) canm be igolated esgentially
fellowing the techniques described by Marks et al., J, Mocl, Biol. 222, 581-
597 (1991), or Griffith et al., EMBO J. 12, 725-734 {19%93). 1In a natural
immune response, antibody genes accumulate mutations at a high rate
(somatic hypermutation). Some of the changes introduced will confer higher
affinity, and B cells displaying high-affinity surface immunoglcbulin are
preferentially replicated and differentiated during subsequent antigen

challenge, This natural process can be mimicked by employing the technigque
known as "chain shuffiing" (Marks et al., Bio/Technol, 10, 779-783 [1992]).
In this method, the affinity of "primary" human antibodies obtained by
phage digplay can be improved by sequentially replacing the heavy and light
chain V region genes with repertoires of naturally occurring variants
(repertoires) of V domain genes obtained from unimmunized donors. This
techniques allows the production of antibodies and antibody fragments with
affinities in the nM range. A strategy for making very large phage
antibody repertoires (also known as "the mother-of-all libraries') has been
described by Waterhouse et al., Nucl. Acids Res. 21, 2265-2266 (1883), and
the isolation of a high affinity human antibody directly from such large
phage library is reported by Griffith et al., EMBQ _J. (1994), in press.
Gene shuffling can also be used to derive human antibodies from rodent

antibodies, where the human antibody has similar affinities and
specificities to the starting rodent antibody. According to this method,
which is alsc referred to as "epitcope imprinting", the heavy or light chain
V domain gene of rodent antibodies obtained by phage display technique is
replaced with a repertoire of human V domain genes, c¢reating rodent-human
chimeras. Selection on antigen results in igolation of human variable
capable of restoring a functional antigen-binding site, i.e. the epitape
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governs (imprincs) the choice of partner. When the procese is repeated in
order to replace the remaining rodent V domain, & human antibody is
cbtained (see PCT patent application WO 93706213, published 1 April 1993).
Unlike traditional humanization of rodent antibodies by CDR grafting, this
technique provides campletely human antibodies, which have no framework or
CDR residues of rodent origin.

{v) Bispecific antibodies

Bigpecific antibodies are monoclonal, preferably human or humanized,
antibodies that have binding specificities for at least two different
antigens. In the present case, one of the binding specificities is for a
trk receptor, the other one is for any other antigen, and preferably for
ancther receptor or receptor subunit. For example, bispecific antibodies
specifically binding a trk receptor and neurotrophic factor, or two
different trk receptors are within the scope of the present invention.

Methods for making bispecific antibodies are known in the art.
Traditienally, the recombinant production of bispecific antibodies is based
on the coexpression of two immunoglobulin heavy chain-light chain pairs,
where the two heavy chains have different specificities {Millstein and
Cuelle, Nature 305, 537-539 {1983)). Because of the random assortment of
immunoglobulin heavy and light chains, these hybridomas (quadromas) produce
& potential mixture of 10 different antibody molecules, of which only one
hae the correct bispecific structure. The purification of the correct
molecule, which is usually done by affinity chromatography steps, is rather
cumbersome, and the product yields are low. Similar procedures are
disclosed in PCT application publication No. WO 93/088295 (published 13 May
1993), and in Traunecker et al., EMBO 10, 3655-36592 (1991).

According to a different and more preferred approach, antibody
variable domains with the desired binding specificities (antibedy-antigen
combining sites) are fused to immuncgleobulin constant domain sequences.
The fusion preferably is with an immunogichbulin heavy chain constant
domain, comprising at least part of the hinge, CH2 and CH3 regions. It is
preferred to have the first heavy chain constant region (CH1) containing
the site necessary for light chain binding, present in at least one of the
fusions. DNAs encoding the immunoglobulin heavy chain fusions and, if
desired, the immunoglobulin light chain, are inserted into separate
expression vectors, and are cotransfected into a suitable host organism.
This provides for great flexibility in adjusting the mutual proportions of
the three pelypeptide fragments in embodiments when unequal ratios of the
three polypeptide chains used in the construction provide the optimum
yields. It is, however, possible to insert the coding sequences for two
or all three polypeptide chains in ome expression vector when the
expresgion of at least two polypeptide chaing in equal ratios results in
high yields or when the ratios are of no particular significance. In a
preferred embodiment of this approach, the bigpecific antibodies are
composed of a hybrid immunoglobulin heavy chain with a first binding
specificity in one amm, and a hybrid immmoglcobulin heavy chain-light chain
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pair (providing a esecond binding specificity) in the other arm. It was
found that this asymmetric structure facilitates the separation of the
desired bispecific compound from unwanted immunoglobulin  chain
combinations, as the presence of an immunoglobulin light chain in only ome
half of the bispecific molecule provides for a facile way of separation.
This approach ig disclosed in PCT application publication No. WO 94/04690
published 03 March 1994,

For further details of generating bhispecific antibodies see, for
example, Suresh et al,, Methods in Enzymology 121, 210 (1986).

(v) Heteroconjugate antibodies
Heteroconjugate antibodies are also within the scope of the present
invention. Heteroconjugate antibodies are composed of two covalently

joined antibodies. Such antibodieg have, for example, been proposed to
target immune system cells to unwanted cells (U.S. patent No. 4,676,980),
and for treatment of HIV infection (BCT application publication Nos. WO
91/00360 and WC 92/200373; EP 03089} . Heteroconjugate antibodies may bhe
made using any convenient cross-linking methods. Suitable cross-linking
agents are well known in the art, and are disclosed in U.S. Patent No.
4,676,980, along with a number of cross-linking techniques.

M. Use of the trk-Ta immungadhesing

(i) Ligand binding

As in antibodies, the Fc region of immuncadhesing provides a
convenient handle not only for purification, but aleo for capture andg
detection. This is useful for quantitation of the immunoadhesin (e.g., in
transfected cell supernatants) using a sandwich ELISA with two Qifferent
anti-Fo antibodies. In addition, the Fe handle facilitates investigating
the interaction of the trk portion with the corresponding neurotrophin{s).
For example, a microtiter plate binding assay format can be used, in which
the immuncadhesin is immobilized ento wells that have been pre-coated with
anti-Fc antibody. This positions the immunoadhesin in an orientation which
leaves the trk portion accessible for binding by a ¢ognate neurotrophin
ligand. The ligand is then added and incubated with the immobilized
immnoadhesin. After removal of the unbound ligand by washing, binding is
quantitated by counting radicactivity if the neurotrophin ligand is
radiolabeled, or by anti-neurctrophin antibodies. Nonspecific binding can
be determined by omitting the immunocadhesin or by including an isotype-
matched immunoadhesin with an irrelevant ‘adhesin’ portion. This assay
format can be used for the diagnosis of pathological conditiens
characterized by the under- or overexpression of certain neurctrophins, and
is also useful in camparing the binding of various neurotrophic factors to
a trkhA, trkB or trkC receptor, and in efforts aimed at finding new ligands
for trk receptors, e.g., in screening libraries of synthetic or natural
organic compounds,

(ii) Ligand identification/isolation

Ancther area in which trk-Ig immunoadhesing can be used is search for
further neurotrophins in the human or in various animal species, and for
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purifying such ligands. ligands identified 80 far py this approach include
two L-gelectin ligands, GlyCaAM-1 and CD34, whicn were identified and
purified using an L-gelectin-IgG affinity column {(Imai et al., J. Cell,
Bigl. 113, 1213-1221 (1991) ; Watson et al., J. Cell. Biol 110, 22321-2229
(1990} ; Watson et al., J, Cell, Biol. 345, 164-167 (19%1)].

{iii) Production of large quantities of purified soluble trk
receptors

The structural similarity between immunoadhesins and antibodies
suggested that it might be possible to cleave immunoadhesins by proteclytic
enzymeg such ag papain, to generate Fd-like fragments containing the
‘adhesin’ portion. In order to provide a more generic approach for
cleavage of immunoadhesins, proteases which are highly specific for their
target sequence are to be used. A protease suitable for this purpose is
an engineered mutant of subtilisin BPN, which recognizes and cleaves the
sequence AAHYTL. Introducticn of this target sequence into the support
hinge region of a trk-IgGl immuncadhesin facilitates highly specific
cleavage between the F¢ and trk domains. The immunoadhesin is purified by
protein A chromatography and cleaved with an immobilized for of the enzyme .
Cleavage results in two products; the Fc region and the trk region. These
fragments can be separated easily by a second passage over a protein A
column to retain the Fc and obtain the purified trk fragmente in the flow-
through fractions, A similar approach can be used to generate a dimeric
trk portion, by placing the cleavable sequence at the lower hinge.

N. Use of trk receptors

{1i) Kinase receptor activation assay

The trk receptors can be used in the kinase receptor activation
(KIRA} assay described in PCT Patent Publication No. WO 94/03198, This
ELISA-type assay is gsuitable for qualitative or guantitative measurement
of kinase activation by measuring the autophosphorylation of the kinase
domain of a receptor protein tyrosine kinase (rPTK, e.g. trk receptor}, as
well as for identification and characterization of potential agonist or
antagoniste of a selected rPTK. The first stage of the assay involves
phosphorylation of the kinase domain of a kinase receptor, e.g. a trk
receptor, wherein the receptor is present in the cell membrane of a
eukaryotic cell. The receptor may pbe an endogenous receptor or micleic
acid encoding the receptor, or a receptor congtruct, may be transformed
into the cell. Typically, a first golid phase (e.g., a well of a first
agsay plate) is coated with a substantially homogeneous population of such
cells (uspually a mammalian cell line) so that the cells adhere to the solid
phase. Often, the cells are adherent and thereby adhere naturally to the
first golid phase. If a "receptor vontruct" is uged, it usually comprises
a fusion of a kinase receptor and a flag polypeptide. The flag polypeptide
is recognized by the capture agent, often a capture antibody, in the ELISA
part of the assay. An apalyte is then added to the wells having the
acdhering cells, such that the tyrosine kinase receptor (e.g. trk receptor)
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is exposed to (or contacted with) the analyte. This assay enables
identification of agonist and antagonist ligands for the tyrosine kinase
receptor of intersst (e.g. trk &, trk B or trk C). 1In order to detect the
presence of an antagonist ligand which blocks binding of an agonist to the
receptor, the adhering cells are exposed to the suspected antagonist ligand
firast, and then to the agonist ligand, 50 that competitive inhibition of
receptor binding and activation can be meagured. Alsc, the assay can
identify an antagonist which binds to the agonist ligand and thereby
reduces or eliminates its ability to bind Lo, and activate, the rPTK. To
detect such an antagonist, the suspected antagonist and the agonist for the
rPTK are incubated together and the adhering cells are then exposed to this
mixture of ligands. Following expogure to the analyte, the adhering cells
are solubilized using a lysis buffer (which has a solubilizing detergent
therein) and gentle agitation, thereby releasing cell lysate which can be
Bubjected to the ELISA part of the assay directly, without the need for
concentration or clarification of the ecell lysate. The cell lysate thus
prepared is then ready to be subjected to the ELISA stage of the assay.
As a first step in the ELISA stage, a second solid phase {usually a well
of an ELISA microtiter plate) is coated with a capture agent (often a
capture antibody) which binds specifically to the tyrosine kinase receptor,
or, in the case of a receptor construct, to the flag polypeptide, Coating
of the second solid phase is carried out so that the capture agent adheres
to the second solid phase. The capture agent ig generally a monoclonal
antibody, but, as is described in the examples herein, polyclonal
antibodies may also be used. The cell lysate obtained is then exposed to,
or contacted with, the adhering capture agent so that the receptor or
receptor congtruct adheres to (or is captured in) the second sclid phasge.
A washing step is then carried out, so as to remove unbound cell lysate,
leaving the captured reCceptor or receptor ceongtruct. The adhering or
captured receptor Or receptor construct is then exposed to, or contacted
with, an anti-phosphotyrosine antibody which identifies phosphorylated
tyrosine residues in the tyroeine kinase receptor. In the preferred
embodiment, the anti-phosphotyrosine antibody is conjugated (directly or
indirectly) to an enzyme which catalyses a color change of a non-
radioactive color reagent. Accordingly, phosphorylation of the receptor
can be measured by a subsequent color change of the reagent. The enzyme
can be bound to the anti-phosphotyrosine antibody directly, or a
conjugating molecule (e.g,, biotin) can be conjugated to the anti-
phosphotyrosine antibody and the enzyme can be subsequently bound to the
anti-phosphotyrosine antibody wvia the conjugating molecule. Finally,
binding of the anti-phosphotyrosine antibedy to the captured receptor or
receptor construct ig measured, e.g., by a color change in the color
reagent.

{i1) Therapeutic use

The trkB and trkC receptor polypeptides of the present invention ae
well as the antibodies specifically binding such receptors, either in
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monospecific or bispecific or heteroconjugate form, are useful in
signaling, enhancing or blocking the biological activity of neurotrophins
capable of binding at least one of these receptors, The trk-Ig
immunoadhesins of the present invention have been found to block the
interaction of the trk receptors with their neurotrophic ligands, and
thereby inhibit neurotrophin biological activity. This antagonist activity
is believed to be useful in the treatment of Pathological conditions
associated with endogenous neurcotrophin production, such as inflammatory
pain (trkA-immunoadhesin; see Example 5), pancreas (trkB-immuncadhesin) ,
kidney disorders, lung disorders, cardiovascular digorders (trkC-

immunoadhesins), wvarious types of tumors (trkA-, trkB- and trkC-
immunoacdhesins), aberrant sprouting in epilepsy, psychiatric disorders
{trkB- and trkC-immunoadhesins). Human immuncadhesing can be based on

hunan seqguences of both the trk and Ig portions of the molecule, such that
the ocnly novel seqguence which may be recognized as 'foreign’ by the human
immune system is the junction. Therefore, human immunoadhesing, in
contrast to chimeric (humanized) antibodies, are minimally immunogenic in
humans. This reduced immunogenicity is an important advantage especially
for indications that require multiple administrations.

Therapeutic formulations of the present invention are prepared for
storage by mixing the active ingredient having the desired degree of purity
with optiomal physiologically acceptable carriers, exCipients or
stabilizers {Reminqgton’s Pharmaceutical Sciences 16th edition, Osol, A. Ed.
(1980)}, in the form of lyophilized formulations or aqueous solutions.
Acceptable carriers, excipients or stabilizers are nontoxic to recipients
at the dosages and concentrations employed, and include buffers such as
phosphate, citrate and other organic acids; antioxidants including ascorbic
acid; low molecularA weight (less than about 10 residues) polypeptides;
proteins, such as serum albumin, gelatin or immunoglobulins; hydrephilic
polymers such as polyvinylpyrrolidone, amino acids such as glycine,
glutamine, asparagine, arginine or lysine; monosaccharides, disaccharides
and other carbohydrates including glucose, mannose, or dextrins; chelating
agents such as EDTR; sugar alcchols guch as mamnitol or sorbitol; salt-
forming counterions such as sodium; and/or nonisonic surfactants such as
Tween, Pluronics or PEG.

The active ingredients may also be entrapped in microcapsules
prepared, for example, by coacervation techniques or by interfacial
polymerization, for example, hydroxymethylesllulose or gelatin-
microcapsules and poly- {methylmethacylate) microcapsules, respectively),
in collojdal drug delivery systems ({for example, liposcmes, albumin
microspheres, microemulsions, nano-particles and nanocapsules}) or in
macroemulsions. Such techniques are disclesed in Remington's
Pharmaceutical Sciencep, supra.

The formulations to be used for in vivo administration must be
sterile. This ip readily accomplighed by filtration through sterile
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fileration membranes, prior to or following 1yophilization and
reconstitution.

Therapeutic compositions herein generally are placed into a container
having a sterile access port, for example, an intravenous solution bag or
vial having a stopper pierceable by a hypodermic injection needle.

The route of administration is in accord with known methods, e.g.
injection or infusicn by intravenous, intraperitoneal, intracerebral,
intramuscular, intraocular, intraarterial or intralesional routes, topical
administration, or by sustained release systems.

Suitable examples of sustained release preparations include
semipermeable polymer matrices in the form of shaped articles, e.g. films,
or microcapsules. Sustained release matrices inelude polyesters,
hydrogelis, polylactides (U.§. Patent 3,773,919, EP 58,481), copolymers of
L-glutamic acid and gamma ethyl-L-glutamate (U. Sidman et al., 1983,
"Biopolymers" 22 (1): 547-556), poly (2-hydroxyethyl-methacrylate) (R.
Langer, gt al., 1981, "J. Bicmed. Mater. Reg." 15: 167-277 and R. Langer,
1982, Chem. Tech." 12: 28-105), ethylene vinyl acetate (R. Langer et al.,
Id.) or poly-D- (-} -3-hydroxybutyric acid (EpP 133,988A). Sustained release
compositions also include liposomes. Lipcsomes containing a molecule
within the scope of the present invention are prepared by methods known per
Be: DE 3,218,121A; Epstein et gl., 1985, “Proc. Natl. Acad. Sci. USA" 82:
36B8-3692; Hwang et al., 1980, "Proc. Natl. Acad. Sci. USA™ 77: 4030-4034;
EP 52322A; EP 36676A; EP 88046A; EP 143949A4; EP 142641A; Japanese patent
application 83-118008; TU.S. patents 4,485,045 and 4,544,545; and EP
102, 324A. Ordinarily the liposomes are of the small (about 200-800
Angstroms) unilamelar type in which the 1ipid content is greater than about
30 mol. % cholesterol, the gselected propertion being adjusted for the
optimal NT-4 therapy.

An effective amount of a molecule of the present invention to be
employed therapeutically will depend, for example, upon the therapeutic
objectives, the route of administration, and the condition of the patient.
Accordingly, it will be necessary for the therapist to titer the dosage and
modify the route of administration as required to obtain the optimal
therapeutic effect. A typical daily dosage might range from about 1 ug/kg
to up to 100 mg/kg or more, depending on the factors menticned above.
Typically, the clinician will administer a molecule of the present
inventiom until a dosage is reached that provides the reguired biological
effect. The progress of this therapy is easily monitored by conventional
assays.

The invention will be further illustrated by the following non-
limiting examples. For the experiments described in the Examples, human
brain cDNA, poly o+ RNA, genomic and cDNA libraries were obtained from
Clontech (Palo Alto, CA). pGEM was obtained from Promega (Madison, WI),
restriction enzymes from New England Biclabs (Beverly, MA). Taq polymerase
was from Perkin-Elmer (Norwalk, CT), while all other enzymes, frozen
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competent E. coli and tissue culture media were purchased from Gibco-BRL
(Raithersburg, MD) .

Example 1

Cleoning of human trkB and trkC receptors
A, Generation of Human trkB and trkC Probes

Human brain cDNA, polyA+ RNA, genomic and CDNA libraries were
obtained from Clontech (Palo Alto).

In order to amplify fragments of the human trkE and trkC sequences
for use in probing cDNA libraries, the PCR with degenerate primers baged
on known sequences of rat trkB or pig trkC (see Table 1), wae employed.
PCR reaction buffer consisted of 10 mM Tris PH 8.4 at room temperature, 2.0
mM MgClz and 50 mM KC1, A "hot start" procedure was used for all
reactions, samples without enzyme were incubated for ten minutes at 94eC,
equilibrated to 65°C and enzyme added. They were then cycled thirty-five
times through 94°C for &5 seconds; 60° for 45 seconds; and 72°C for 60
seconds and a final extension at 72°C for ten minutes.

Fragments amplified by this procedure were subcloned into pGEM vector
(Promega, Madison, WI) and sequenced. Inserts from clones with secquences
similar to known trkB and C sequences were then excised, gel-purified and
labeled by randem priming with 32P JCTP. These were used to probe 10° cpwa
clones which had been plated at 5)(10"‘ plaques per 15cm dish, transferred to
nitrocellulose (Schleicher and Schuell, Keene, NH) in duplicate, denatured
with alkali, neutralized and baked at 80°C for twe hours. Filters were
prehybridized at 42°C for at least four hours in 50% formamide, 5X SSC, 5X
Denhardt’s, 20mM NaPO4, PH 7.0, ©.1% SDS, and 100 micrograms/ml galmon
sperm DNA and hybridized overnight in the same conditions with Denhardt’s
reduced to 1X. Filters were then washed four times in 2X S§8C, 0.1%SDS and
twice with 0.1X S8C, 0.1%SDS at room temperature and twice with 0.1X SSC,
0.1% SDS at 42°C. Clones which were positive on both sets of filters were
plaque purified and the inserts subcloned either by helper mediated
excision (lambda DR2 libraries) or by standard subcloning into pGEM.
Oligonuclectide probes were either end labeled using polynucleotide kinase
or labeled by "fill-in" reactions using Klenow fragment of DNA polymerase
and hybridized to filters under the same conditions but with formamide
reduced to 35%. Genomic clones hybridizing to the 5' prcbe for trkB were
digested with Sau3a and resulting fragments were subclcmned into BamHI cut
M3 mpl8. These clones were rescreened as for the lambda libraries (with
no denaturation step) and positive clones were plaque purified and
sequenced. DNA encoding the full coding region of trkB and trkC were
reconstructed using standard techniques.

B. Characterization of human trkB ¢lones

Six clones were cbtained using the probe for human trkB. These were
mapped using the PCR and primers degigned from the sequence obtained in the
initial probe and the clones with the greatest 3' and 5’ extent were
sequenced. Sequence analysis revealed that these clones encoded a protein
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highly homologoug to rodent trkB which contained an entire tyrosine kinase
domain and were intact to the 3' poly A+ tail, but were apparently
incomplete at the 5’ end, 2n oligonucleotide prcobe designed from the 5’
end of the rat trkB seguence was used to rescreen the initial library and
subsequently four other dT primed human brain libraries with no positive
clones found. Four pogitive clones were obtained when a random primed
human brain library was screened with thig pProbe. Sequence analysis of
these clones indicated that they overlapped with the previous human clones,
but, by comparison with the rat, were still missing seventeen bases of
coding region at the 5' end. A human genomic library was then probed with
the 5¢ oligonucleotide probe and genomic clones isolated. Sau3a fragments
of these clones were then pubcloned into M13, rescreened, and positive
subclones were sequenced to obtain the last of the coding sequence. The
final nucleotide and deduced amine acid sequence of human trkB obtained
from the overlapping regions of the cDNA clones is shown in Figure 1.

C. Characterization of human trk( clones

A gimilar strateqy was used to generate probes specific for the
extracellular domain of human trkC, and two initial clones were cbtained.
Both of these were found to contain sequences corresponding to the
truncated form of trkC described in the pig and rat (Lamballe et al.,
[2991] supra; Tsoulfas, [1993] gupra; Valenzuela et al., [1993], gupral,
since the sequence encoded the complete extracellular domain of trkC, a
transmembrane domain and a short cytoplasmic domain which contained no TK-
like sequences. In order to isolate clones enceding the tyrosine kinase
domain of trkC, libraries were reprobed in duplicate with oligonucleotides
corresponding to the C-terminal tail of pig trkC and the juxtamembrane
region of the intraceliular domain of human trkC. Double positive clones
were analyzed and found to contain Bequence overlapping with the truncated
trkC cleones and also containing a tyroeine kinase coding sequence. The
nucleotide and deduced amino acid sequence obtained from the overlapping
regions of these clones is ghown in Figure 2.

D, Cloning of human trka

In- addition, trk A was recloned from human brain with the DCR by
using exact match primers and human brain cDNA as a template. A resulting
clone was sequenced, and five digcrepancies with the previously published
Bequence were seen. Each of these areas were examined by direct sequencing
of several different amplification reactions and true errors in the clone
Bequenced were corrected by site specific mutagenesis. There remained one
difference with the previcusly determined sequence, a GC for (G
trangposition leading to a switch from serine to cysteine at residue 300
in the deduced amino acid sequence. Due to the sequencing of multiple
reactions, and the conservation of this cysteine in rat trkA (Meakin et
al., [1992], gupra) and all other known trks (see below), it seems likely
that the original sequence is in error.
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E. Results

Examination of the gequences obtained from the human ¢lones and
comparigon to the kmown structure of rat and mouse trkB and rat and pig
trkC indicates that there ig a very high degree of overall sequence
gimilarity across these mammalian species. The overall gtructural motifs
identified by Schneider and Schweiger (1991), are maintained, namely,
a signal sequence, predicted to be clipped at residues 31 for both trkB and
C (later confirmed by N-terminal sequence analyeig, see expression of trk
immnoadhesins), two cysteine rich demains flanking a leucine rich domain,
two Ig like domaing of the C2 type, a transmembrane domain, and a tyrosine
kinase domain showing high similarity to other known tyrosine kinases.
There are 11 and 13 potential N-linked glycosylation sites in the
extracellular domains of tykB and C, respectively. The similarity of
different regions of the known trks within and across species is shown in
Figure 3.

During sequence analysis of several of the different clones obtained
for trkB and C, multiple forms apparently arising from alternate splicing
were pgeen. Variant forms were observed as a possible insert in the
extracellular domain of trkC, truncated, non TK forms of trkB and C, and
a possible insert within the TK domain of trkc. Using library screening
with specific oligonucleotide probes, and the PCR, a more systematic search
was then undertaken to search for potential other variants at these sites
in the different human trks. A diagram of the different forms found in the
different human trks and comparison to those found in other known trkg ig
shown in Figure 4.

In the extracellular domain of human trkl, there was a possible
deletion of nine amino acids compared to rat and pig trkC at a site near
to that where the extracellular ingert was described in rat and human trkA
{Barker et al., J. Biol. Chem, 268, 1510-15157 [1993]; Figure 2). PCR
enalysis of this region in human trkC showed enly two bands, corresponding
in length to that expected for the insert-containing and insert-deleted
forms, ©PCR analysis of this region in human trkB showed no detectable
length polymorphisms, but amplification using trkA specific primers did
Bhow two distinct bands which were cloned and sequenced, The potential
nuciectide ingert was TCTCCTTCTCGCCGGTOR (SEQ. ID. ND: S5) at position 1297
coding for the identical peptide ingert previocusly described in rat and
human trkR (Barker, et al., pupra).

From the human brain libraries, both trkB and C clones were obtained
which did not encode a TK demain but instead showed an alternate, truncated
intracellular domain. 1In trkB, this consisted of eleven new amino acids
added after position 435 which are identical to those previously identified
in the rat as t1 (Middlemas, et al., [19¢1], supra) and in the mouse as the
truncated form (Klein et al., EMBO J. 8, 3701-3709 [1583]). All attempts
using cDNA libraries probed with oligonucleotides or using PCR, failed to
vield seguences from the human similar to those identified in the rat as
t2 (Middlemas, et al. [1991), supra). The PCR readily vielded sequences
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similar to t2 when either mouse ©r rat brain cDNA wag used as a template,
showing that t2 is not unigue to the rat and that the technigques uged were
capable of detecting t2 like sequences at least from the redent (data not
shown) .

The truncated form of trkC was longer than that ip trkB, and similar
to that previously described in pig trkC {Lamballe, et al. [1951], Eupra)
and in the rat (Tsoulfas er al., [2393], pupra) or as the ic158 form of
rat trkC (Valenzuela et al., [1293], supra). This form congisted of 83
additional amino acids starting at position 498, which were highly
conserved across species. In this span, there were only two differences,
an aspartate to glutamate and a serine to proline substitution, seen across
all three ppecies.

The TK domain of trkC ocbtained in the ¢DNA clones contained an
apparent insert of fourteen amino acids between subdomains VII and VIIT
{Hanks et al., Science 241: 42-52 [1988] and Hanks et al., Methods in
Enzymol. 200: 38-62 [1991]. This Bequence is ingerted in the same site
as the observed potential ingerts seen in the rat trkC TK domain and is
identical in Bequence to the fourteen amino acid insert geen there ({(Hanks
et al., [1%88], Bupra; Valenzuela et al., [1993] ., Bupra). In addition to
the fourteen amine acid ingert seen in rat trkC, longer inserts of twenty-
five (Tsoulfas et al., [1993], supra) or thirty-nine (Valenzuela et al.,
[1993]1, supra) amino acids have been geen. In an attempt to determine if
these longer inserts were expressed in the human, brain cDNA was uged as
& template for PCR amplification across this region. These experiments
consistently showed two bands of lengths corresponding to the two already
cbserved splice forms, i.e., with and without the fourteen amino acid
ingert. Cloning and sequencing of these two bands verified that they
correspond to the two forms with and without the previcusly seen fourteen

residue ingert. Interestingly, thig eplicing was tissue Specific as only
the band corresponding to the insert-free form was seen in amplifications
using cDNA from a non-neural tigsue expressing high levels of trkC, the
testiz (data not shown). PCR of human brain cOMA using oligos specific for
the same region of trkR TK domain showed no evidence for length
polymorphisme in this region.

F. Discussion

By examining the degrees of similarity between the different trks in
a single species and the same trk in different species, certain
generalizations may be drawn. The comparison of the three human trks to
each other and the equivalent trk from the rat is shown for the different
domains as defined by Schneider and Schweiger (1%91), gupra in Fig, 3.
Each of the trks is quite conserved between human and rat, with trkB and
trkC being almost identical across these two mammalian species. Each
individual domain of trk B and tzkC ig at least 85% similar between rat and
human. On the other hand, trkd, although its overall degree of similarity
between human and rat is quite high, shows regions of significant sequence
divergence. In particular, in the extracellular domain, it is only the
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leucine rich and second Ig-like demain which are at least 85% gimilar.
This may have implicaticns for the localization of the neurctreophin binding
domain{s) of the trks. The transmembrane and intracellular domains of trka
are highly conserved between rat and human, similar to trkB and trkC. When
similarity comparisons of different trks in the human are examined, it ig
readily apparent that the TK domain is the most highly conserved across the
different trks. Of the extracellular domains, it is again the second Ig-
like domain, along with the second cysteine rich domain which are most
similar between the different human trks.

In contrast to the conservation of sequence, were the observed
differences bstween the human and previously known trks in the form of
differently procesged transcripts. In the rodent, trkB containg at least
two different truncated forms and northern blots probed for trkB exhibit
a8 complex pattern with many transcript sizes. We failed to find evidence
for the existence of the t2 form in the human despite considerable effort
and observed a much simpler transcript pattern. for trkB. While we cannot
rule out the existence of a hemolog of this form in the human, a t2
equivalent seems unlikely to be expressed as abundantly as in the rodent.

Cne of the proposed roles for the truncated forms of the trks is to
act as a dominant negative influence on signal transduction by neurotrophin
in the expressing cell (Jing et al., Meuron g, 1067-1079 [1992]}. This is
congistent with the relative lack of efficacy of neurotrophin signalling
seen in tigsue from the adult brain when stimulated by neurctrophins
(Knusel et al., J. Neurosei . [1934]), as the ratic of truncated to non
truncated forms of the trks is quite high in the adult. If this is the
main role for truncated trks, then the apparent absence of t2 in the human
is all the more interesting, as it has been shown that, in the rodent, t2
ig primarily expressed in neurons, while the other truncated form of trkg,
tl, is primarily in non-neurcnal cells. TIf this localization were alsc
true in humans, then human neurcns, without t2, would express a much lower

level of truncated form of trkB relative to rodents. Thugs, the proposed
dominant negative effect might not be as important in human neurons as in
the rodent.

There are also differences between human and previously described
transcripts of trk . In the extracellular domain, there is apparent
alternate splicing giving rise to two forms, with and without an ingert of
nine amino acids. This apparent insertion site aligns with the previously
characterized imsertion site in rat trkA, Ag yet, no functicnal
differences in binding or signal transduction have been detected between
the two eplice forms in the rat trkA where the ingert is six aminoc acids
(Barker et ai., J. Biol. Chem, 268, 1510-15157 [1893)), but perhaps the
there will be greater differences in the human trke forms with a nine amino
acid insert. Whatever the biclogical role for the differently spliced
forms, they are quite species specifie, since no evidence of an insert in
this location was seen in human trkB in this study, and previous work has
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not detected the insert in trkC outside the human (Valenzuela et al.
[1993], supra; Tsoulfas, [19%3], Bupra; Lamballe, et al. [1991], gupra).

We also found examples of various forms of human txkC presumably due
to alternate spicing in the intracellular part of the molecule. We
observed the presence of a truncated form of trkC, which does not contain
any of the consensus tyrosine kinase domain. Unlike trkB, where the
truncated forms have a very short cytoplasmic tail, the cytoplasmic porticn
of truncated human trkC is 83 residues long. 1In addition, there ig a very
high degree of conservation among species in this region, suggesting that
it may have an important function, perhaps serving as a signal to specify
subcellular localization,

As has been described for rat trkC, there are forms of human trkcC
which contain an insert in the TK domain. Unlike the rat, where there are
possible inserts of fourteen and twenty-five or thirty-nine amino acids,
there appears to be only a fourteen amino acid insert possible at this site
in the human. It is likely that these inserts play an important role in
modulating the signalling cascade induced by ligand binding to trkC.
Using PC12 cells expressing various forms of trkC as the assay syetem for
signal transduction, it has been shown that expression of trkC with no
insert in the TK domain confers on the expresging cells the ability to
respond to NT3 with neurite ocutgrowth as well ag NT3-induced
autophosphorylation. Cells expressing trkC containing a TK insert are
capable of ligand induced autophosphorylation, but do not respond to NT3
with neurite cutgrowth. There are nc differences yet described between the
various inserts in this regard, but there are many downstream sequelae to
neurctrophin binding and very few have been examined to date. This
processing is tissue specific, as no evidence of the fourteen residue
ineert containing form was observed in human testis.

Example 2

Expression pattern of trk receptors in human tissues
A. Northern Analygis
Probes used for Northern analysis were labeled using the PCR and the

primers indicated in Table 1 on appropriate cloned template DNA. PCR
reactions were run as described for initial cloning except that unlabeled
dCTP was replaced in the reaction with gamma 32P ACTP at a concentration
of 8 mCi/ml (3,000 Ci/mmole) and the reaction was only run for twenty
¢ycles. Probes were separated from unincerporated nucleotides and boiled
for five minutes before being added to Nytran blotsg containing 2 micrograms
of poly a* RNa per lane (Clontech, Pale BAlto, CA) which had been
prehybridized in 5X SSPE, 10X Denhardt‘s, 100ug/ml salmon sperm DNA, 50%
formamide, and 2% SDS. Hybridization was carried out at 50°C in the same
sSolution overnight and then blets were washed as for library filters but
with the final wash at 50°C. Autoradiograms were obtained using a Fuji
BAS2000 image analyzer after exposing the imaging plate for ten to twenty
hours.
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Resulte

The expression pattern and transcript size of the trks in human tisaues
was examined by using Northern analysis. Hybridization with probes for
trkB yielded an apparently simple pattern, with a transcript of 6.9 kb
hybridizing to both an extracellular and TK specific probes, and a
transcript of 8.1 kb hybridizing only to the TK specific probe. On the
basis of this simple result, the 8.1 kb transcript Presumably corresponds
to the full length, TK-containing message, while the 6.9 kb transcript
corresponds to message encoding the single truncated form seen in human.
As might be expected from the greater number of potential splice variants
detected while cloning trkC, probing Northerng for this molecule led to a
more complex pattern of hybridization. Transcripts of 11.7, 7.9 and 4.9
kb were detected with a probe sppecific for the TK domain, while an
additicnal transcript of 4.4 kb wapg detected with the extracellular domain
prche.

Of the human tissues examined, both trkB and trkC were expressed in
greatest abundance in the brain. However, there was expression in a
variety of locations outside the nervous system in both adult and fetal
tissues. The 8.1 kb transcript of trkB containing the TK domain wag
expressed in kidney, skeletal muscle and pangreas, while in heart, spleen
and ovary expressicn of only the truncated form was detected. 1In fetal
tigsues, TK containing trk B was found not only in brain, but alse in
kidney and lung, while truncated trkB was found in brain, kidney, lung and
heart. It was apparent that the ratio of TK-containing to truncated trkB
transcripts was much higher in fetal than adult brain.

Although the highest expression level of trkC was in brain, there was
widespread expression of trkC cutside the nervous system. In the adult,
TK ceontaining trkC was expressed in kidney, gkeletal muscle, lung, heart,
small inteptine, ovary, testis, and prostate, while in the fetus, the
greatest expressicn was in brain, kidney, lung, and heart. The 4.4 kb
transcript corresponding to the truncated form of trkC was detected in all
tissues examined except peripheral blood leukocytes. Similar to the case
for trkB, the ratio of TK containing to truncated trke was higher in fetal
compared to adult brain.

Discussion

Analysis of the transcripte for trkB using Northern blots showed a
relatively simple pattern compared to that seen in the rodent. This is
consistent with the idea that there is only a single main truncated form
of trkB in the human. Analysis of the trk C showed a more complete pattern
of transcript sizes, in keeping with the greater number of forms detected
during sequence amalysis of the clones. No evidence was peen for a
trangcript hybridizing with the kinase probe but not with the extracellular
probe as has been described in rat trke [Valenzuela et al., [1993], supra} .
In analyzing different tissues, the primary location of trkB and trke
expression was in the nervous system and specifically in the regions of the
CNS. Unexpected was the finding that there is low lavel expression of trks
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and trkC in a wide variety of tissues outside the nervous system. The
levele of expression were qQuite low compared to those found in various
regions of the brain, but still quite detectable abowve background. Some
of the expreseion seen in certain tissues may be due to expression on
elements of the nervous system sparsely scattered through the tissue, Fox
example, expression of trkC in the emall intestine may turn out to be due
in whole or in part to expression by the neurons of the enteric nervous
system. Final elucidation of this will have to await a detailed in situ
hybridization analysis of tissues outside the nervous system.

B, In Sity Hybridization

In situ hybridization was carried cut by a modification of a previously
published procedure (Phillips et al., Sgience 250, 290-294 {1990]). Tissue
wag prepared for hybridization by a variety of techniques. Autelysis times
on all samples were under 24 hours. Whele, unfixed embryos were embedded
in OCT, frozen by floating the blocks in petri dishes on liguid nitrogen,
and sectioned with the aid of a cryostat. Sections were thaw-mounted onto
slides (superfrost plus, Fisher), air-dried, baked at 55°¢C for 10", and
stored in sealed boxes with desiccant at -70°C until use. Adult dorsal
root ganglia were fixed by immersicn in 4% formaldehyde and either
processed for paraffin sectioning or for crysosectioning. Brain specimens
were fixed by immersion for 24 hours in 4% formaldehyde, cryoprotected for
24 hours in buffered sucrose, frozen on dry ice, and cut on a freezing
sliding microtome. Sections were stored (less than 48 hours) in phosphate
buffered saline at 4°C, mounted onto gelatin-subbed slides, air-dried, and
stored at 4°C. Care was taken to avoid any condengation of moisture on all
tigsue sections during storage of the tissue.

On the day of hybridization, tissue sections were differentially
pretreated according to the fixation and sectioning protocol employed to
generate the sectioms. Unfixed tissue secticns were fixed by immersion in
4% formaldehyde, 1% glutaraldehyde in 0.1M sodium phosphate for 30" at 4<°C,
ringed in 0.5X SSC (20X 88C ig 3M NaCl and 0.3M sodium citrate) , and placed
directly into prehybridization solution. Cryosections of immersion-fixed
tissue were fixed in 4% formaldehyde in 0.1M sodium phosphate for 5
minutes, rinsed 0.5X SSC, digested for 30 minutes at room temperature with
proteinase-K (Boehringer-Manheim; 25 4g/ml in 0.5M NaCl and 10mM Tris, pH
8.0}, rinsed, refixed for 10 minutes in 4% formaldehyde, dehydrated in a
series of alcochols (50% ethanol containing 0.3% ammonium acetate; 70%
ethanol containing ammonium acetate; 100% ethanol; 2 minutes per
incubation), rehydrated through the same series of ethanols, and rinsed
again in 0.5X SSC prier to prehybridization. For paraffin-embedded tissue,
deparaffinzation was performed by 2 rinses in xylene (2 " each), after
which tissue was rehydrated through a series of aleohol solutions ( 100%
athanol twice, 95% ethanocl, 70% ethanol; 2" .each). Tissue mecticns were
then fixed in 4% formaldehyde for 10", digested for 30" with proteinase k
(25 or 50 ug/ml ; room temperature or 37°¢), rinsed, refixed for 10", and
ringed again in 0.5X S8C prior to prehybridization,
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Prehybridization, hybridization, and posthybridizatior RNAage treatment
and stringency washes were identical for all tissues carried out as
previously deseribed (Phillips et al, 1990).

In gitu hybridization with probes to human trka, and the TK-containing
forms of trkB, and trkC was conducted on a limited geries of embryonic and
adult human tissue prepared by a variety of protocels. In two embryos of
6 & 8 weeks gestation (fresh-frozen), trka expresgion was restricted to
dorsal root and cranjal sensory ganglia, including the trigeminal
ganglion. In contrast, trkB and trkC were not only expressed in 8enEory
ganglia, but prominent expression was also peen within the developing brain

and spinal cord. In addition, trkC expressicn was observed in the
developing vasculature.
Re ts

Within developing dorsal root ganglia, trkC was strongly expressed in
ganglia from both the 6 and & week embryos. Curiously, in both embryos,
there was a marked tendency for trkC-expressing cells to localize in the
ventral end of the ganglia. In contrast, trkA positive cells were largely
restricted to dorsal portions of the ganglia. 1In adult dorsal root ganglia
(paraffin-embedded or cryosectioned fixed tissue), a subpopulation of DRG
neurons was labelled with each of the three trk probes. Cells labelled
with probes to each of the three trks appeared to be randomly distributed
throughout tha ganglia. No labelling of non-neuronal cells was observed
with any of the probes.

In the adult human forebrain {fixed, cryosectioned tissue), cells
strongly labelled for trka expression were observed in the nucleus bagalis
of Meynert and acattered throughout the head of the caudate nucleus.
Labelled cells were of large diameter and conform te the expected
appearance of cholinergic cells. trkC was widely expressed throughout the
human forebrain, including prominent expression in hippocampus and
neoccortex and labelled cellg appeared to be exclusively of neuronal
morphology.

Digcussion

The in gitu hybridizatien analysis of the expression of the members of
the trk family in the human nervous system confirmed that the overall
expression pattern is similar to that seen in other mammals. Thig should
provide a foundation for further studies designed to examine the expression
of the differently spliced forms of the human trke in detail in certain
areas of normal and pathological tissues. In this regard, given the
difficulty of obtaining human tissue, it is enccouraging that the in situ
hybridizatien was performed on tissues handled in a variety of ways pogt
mortem. Sections were cut unfixed, fixed and frozen, and fixed and
paraffin-embedded, and all of thege methods yielded ugeful results. One
unexpected finding was the apparent polarizatiocn of the developing human
DRG, with trka cells predominant in the dorgal and trkC expressing cells
predominant in the ventral area of the develeping ganglia. This
polarization of trk expression was not apparent in sections from the adult
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human DRG or in rat embryos hybridized with vat trkA and
trkC probes (data not shown).

Example 3

5 Expression of trk immunoadhesins

A. Construction of trk-Ig immunoadhesins

Using protein engineering techniques, the human trks
were expressed as chimeras of trk extracellular domain with
the Fc domain of human Igg heavy chain. DNA constructs

10  encoding the chimeras of trk extracellular domain and IgG-1
Fc domains were made with the Fe region clones of human
IgG-1 (Ashkenazi et al., Immunocadhesins Intern. Rev.
Tmmunol. 10, 219-227 [1993]). More specifically, the
source of the IgG-1 encoding sequence was the CD4-TgG-1

15 expression plasmid PRKCDE,Fc; (Capon et al., Nature 334,
525 [1989]; Byrn et al., Nature 344, 525 [1989]; Byrn et
al., Nature 344, 667 [1990]) containing a ¢DNA seguence
encoding a hybrid polypeptide consisting of residues 1-180
cf the mature human CcD4 protein fused to human IgG-1

20 sequences beginning at aspartic acid 21§ {taking amino acid
114 as the first residue of the heavy chain constant region
(Kabat et al., Secuences of Proteins of Immunological
Interest 4™ ed. [1987]), which is the first residue of the

IgG-1 hinge after the cysteine residue involved in heavy-
to 25 light chain bending, and ending with residues 441 to
include the CH2 and CH3 Fc domains of IgG-1.

The CD4-encoding sequence was deleted from the
expression plasmid PRECD4;Fe; and the vector was fused to

S DNA encoding the trk recpetors, with the splice between

30 aspartate 216 of the TgG-1 and valine 402 of the trka
threonine 423 numbering from the translation start
methionine of trk®, or threonine 413 of insert-deleted trkC
variant, numbering from the translation start methionine,
DNAs encoding whole receptor or IgG chimeras were subcloned

35 into pRX for transient expression in 293 cells using
calcium pheosphate (Suva et al., Science 237, 893-896
[15871). For purification of trk-IgG chimeras, cells were

H:\anna\Keep\Retypes\12456.95.doc 1E/05/99




10

15

20

- 64a -

changed to serum free medium the day after transfection and
media collection after a further two to three days. Medium
was filtered, bound to a protein A column (Hi-Trap ,
Pharmacia}, the column washed with PBS, bound protein
eluted with 0.1M glycine, PH 3.0, and imrediately
neutralized with Tris buffer. Concentration was estimated
by absorbance at 280 nm using an extinction coefficient of
1.5.

a single detectable band.

SDS-PAGE analysis showed the resulting protein to be

Cells transiently transfected with these DNA
constructs secreted protein which bound tro protein A and
migrated with an approximate molecular weight of 125 kD on
Purified trk-Igg

chimeras could be easily isolated from conditioned medium

reducing SDS-polyacrylamide gels.

in a single round of affinity chromatography on a protein A
column. Seguence analysis of these purified proteins
verified the predicted signal sequence cleavage site, and
resulting N-termini (data not shown} .

B. Binding assays

In order to test whether these chimeric proteins
retained the binding specificity expected of the trk
extracellular domain in a cellular environment, competitive

displacement assays were done with iodinated
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neurotrophing. As can be seen from the results shown in Figure S, the trk-
IgG chimeras did show gpecific binding to the expected neurotrophin (g) .
Chimeras containing trka extracellular domain bound NGF well and NT3I and
NT5 with much lower affinity. Chimeras containing trkB bound BDNF and NTS
well but only slightly better thap NT3, and showed almost no detectable
binding to NGF. Chimeras eontaining trkC were highly specific for NT3 over
the other neurotrophins. The apparent affinity of the chimeras for their
preferred ligand as determined in these competitive digplacement assays is
in the range of that determined for the majority of the binding sites on
cells transfected with and expressing the various trk proteins. In cne
experiment, the IC50s obtained for trka were 62pM for NGF and 20 nM for
NT3, for trkB were 81 PM for BDNF, 200pM for NT4/5 and i8nM for NT3 and for
trkC was 95 pM for NT3. The ratioc of specific to nonspecific binding are
quite high in assays done with these reagents, usually at least ten to one
(see Figure 5},

To check whether the trk-IgG chimeras might be capable of blocking the
biclogical activity of their cognate ligands, the neurctrophin induced
survival of peripheral neurons was assayed in the preeence of the
appropriate trk-IgG chimera. As can be seen in Figure 6, trkA-IgG is a
potent inhibitor of NGF biclogical activity, trkB-IgG of BDNF, and trkC-IgG
of NT2. 1In all cases, addition of excess neurotrophin is capable of
overcoming this blockade, indicating that the trk-IgG chimeras are not
generally toxic to the neurons.

The binding data presented here demonstrates that the trk-IgG fusions
bind neurotrephins with a Belectivity and affinity similar to thar geen by
expression of the whole receptor in cells. The binding assays as reported
here are very simple to do in large numbers, have excellent reproducibility
and low background, and retain the spevificity of the native trks. These
qualities have proven quite wvaluable in analyzing the binding
characteristics of mutant neurotrophins (Laramee et ai,, High resolutien
mapping of NGF-trkA and p7s Teceptor interactions by mutagenesis.

In addition te their utility in analyzing the binding of neurotrophins,
the trk-Ig@ chimeras are useful inhibitors of the biological activity of
their cognate neurotrophin. a1l of the experiments shown here have been
performed in in vitro systems, but preliminary experiments indicate that
trkA-IgG is capable of inhibiting NGF activity in vivo as well {data not
shown) . This will £ill an unmet need for the trkR and trk( chimeras, as
it has been difficult to raise good blocking antisera to BDNF, NTZ and
NT4/5.

With the information in hand about the forms of trk present in human,
it is possible to begin to investigate the expressiom of these forme in the
normal and diseased state. Knowledge of the expression levels of the
entire spectrum of forms of each trk will be crucial, as the diffarent
forms can display different and scmetimes counteracting signal transduction
properties in response to neurctrophins. In addition, the availability of
soluble forms of the human trks should, by allowing the blocking of
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endogenous bicactivity, accelerate the investigation of the biology of
neurotrophins in vivo.

Example 4

Mutggenesis of human trkC

Mutagenegpis studies were performed in order to determine which amino
acids of the extracellular domain of the trkC protein determine affinity
and specificity to the neurotrephin NT-3. The three-dimensional structure
of trkC is unknown, however, a putative demain organization was proposed.
According to this model, the extracellular domains of the trk family of
proteins are built up by five domains. Proceeded by a signal sequence, the
domains are: a first cysteine-rich domain, a leucine-rich demain, a second
cystein-rich domain, and two immunoglobulin-like domains.

In order to investigate the funecticn of the trkC receptor domains, five
trkC wvariants were conetructed, lacking each of the five domaing
individually (al-45) and one variant where all domains except the second
immunoglobulin-like domain are deleted (.6). The structures are
illustrated in Figure 7. 1In addition to these variants, also all five
domaing were exchanged individually by the corresponding trkB sequence (gl-
85) in order to determine the remaining affinity to NT-2 and to test for
recruitment of BDNF binding. 211 trke variantg, including the trkC, trkB
chimeras, were studied in the form of immuncadhesins., The immunoadhesins
were constructed on the analogy of the pbrocess described in Example 3, and
expressed in the human embryonic kidney cell line 293, uging a pRKS (EP
307,247) or pRK? vector. PRK7 is identical to PRK5 except that the order
of the endonuclease restriction sites in the polylinker region between Clal
and HindIII is reversed. (See U.S. Patent Noc. 5,108,901 issued 28 April
19%2) . The proteins were Bacreted into serum free medium, 20x concentrated
and quantified with an anti-Fe ELISA agsay. The results of a typical
expression are presented in Figure 8. Variantg of particular interest,
trkC, 46, a5, 85 and trkB were purified to homogeneity over Protein &
using standard protocols. The N-terminal sequences of these variants were
determined and were as predicted.

All receptor variants were tested for their ability to bind labeled NT-3
in  competitive displacement assays using standard immunoadhesion
technology. All the fusions and 5waps were still able to bind NT-3 with
similar affinity as trkC with the exception of s5. Although the total
bound labeled NT-3 for geveral variants was low {i.e. &1, 24, s2), the IC-
50 values were all close to the trkC wvalue (Figures 9A and 9B). Most
impertantly, the variant 26, which lacks all but the serond immuncglobulin-
like domain, retained most of the binding capability of the trkC full
length receptor. In additionm, deletion of this domain in &5 leads to a
melecule that is not able to bind NT-3 at all (Fiqure SC).

All receptor variants were tested for theiz ability to bind labeled BDNF
in competitive diplacement assays using the same type of asgay as for the
NT-3 binding. Note that trkC is not able to bind BDNF. 2ll variants but
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one failed to bind BDNF (Figures 10A-C). The only variant which bound BDNF
wasg swap5 where the second immunoglobulin-like domain of trkC is exchanged
by the one of trks (Figure 10C). This variant bound BDNF as well as the
trkB full length receptor.

The paramcunt importance of the second immunoglobulin-like demain for
the function of trkC and trkB ig apparent from the foregoing results.
Deletion of all but this domain retained essentially the full binding
capacity of trkC. Deletion of thisg domain removed the ability of trkC to
bind NT-3. Exchanging this domain created a trkC variant that was able to
bind BDNF with gimilar affinity as trka,

Example 5 '
Use of trkA-IgG immuncadhesin in the treatment of inflammatory
ain

- W Blocking of carageean-induced hyperalgesia in ratg

50 pl of a 2% aqueous solution of carageenan (Sigma, Lot ¢ 21H0322)
alone or in combination with 15 ug of the trkA-IgG chimera prepared in
Example 3 was injected into one hind paw of four adult male Wistar rate at
time zero. The latency of withdrawal te a neoxiocus heat stimulus was
measured for each hind paw in triplicate every two hours thereafter. The
paw injected with carageenan alone showed distinct inflammation and
hyperalgesia (decreased latency to withdrawal compared to contralateral
control paw) within two hours. Rats injected with carageenan plus trka-IgG
showed distinct inflammation, but showed no evidence of hyperalgesia
compared to the contralateral control paw. Pooled data from carageenan
alone vs. carageenan plus trkA-IgG at four, six and eight hour time points
is pignificantly different at P > 0.02 {see Figure 12).

B, ErkA-I9G_immunoadhegin leads to hypoalgesia

The trkA-IgG immunoadhesin was infused continuously under the skin of
the dorsolateral surface of one hind paw of four adult male Wistar rats at
a rate of 0.5 pg/hr. Latency of withdrawal of control and infused paws wasg
determined in triplicate at various times thereafter. After five days of
infusion, there was a pbronounced hypoalgesia onm the infused side when
compared to the control side, Withdrawal time difference of all time
points five days and after significantly differed from the pooled
preinfusicn time differsnce at p > 0.05 (see Figure 13).

Example &

Mutagenesis of trk¢ and trka

To further confirm the importance of the second immunoglobulin-like
damain for specific neurotrcphin binding, several additional trk receptor
variants were constructed. These additional variants were studied in the
form of immunocadhesins, ag described in Example 4. In the following
descriptiong of the variants, amino acid residues of each of the trk
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receptors are designated by numbering sequentially from the first amino
acid residue of the signal sequence as shown in Figure 11.

A mature trkC variant ({s5a) was constructed in which the amino acid
sequence from Val,g; to Thr,, (comprising the second immuneglobulin-like
domain) of trkC was replaced with the amino acid sequence from Ser,; to
Val,;, (comprising the second immunoglobulin-like domain) of trka. 1In
competitive digplacement assaye. trkA, but not trkC, binds NGF with high
affinity, and the s5A chimera binds to NGF (IC5p 39.3 + 1.7 pM) with an
affinity comparable to trka (ICs 73.9 + 8.1 pm). Saturation binding
experiments with '2°I-way resulted in Ky values of 47.1 + 12.4 and 38.6 ¢
8.6 pM for trka and 854, respectively (the general relationship between
inhibition constant {ICy) and binding constant {Ky) has been described
previously by Cheng and Prusoff, Bigchem., Pharmacol. 22:3099 (1873)).
These results demonstrate that the second immunoglobulin-like domain of
trkA is important for the NGF binding Bpecificity of trka,

Next, four mature trkA variantg were constructed: one variant (A4A)
having a deletion of the aming acid sequence from Valye, to Valyg, of trka,
another variant (a5a) having a deletion of the amino acid sequence from
Proys to Val,,, of trkA, another variant (86A) having a deletion of the
amino acid sequence fram Pr°3$ to SerZ,33 of trka, and another variant {ATA)
having a deletion of the amino acid sequence from Prozs to Valygy of trkA.
Analogous to the resulcs obtained with the trke receptor variants as
described in Example 4, deletion of the second immunoglobuiin-like domain
of trkA in variant ASA resulted in no detectable NGF binding while thig
domain alene fvaria.nt 46R) showed a binding affinity for NGF comparable to
native trkaA. 1In addition, deletion of the first immunoglobulin-like domain
of trkA (A4A} reduced the affinity for NGF only about twe-fold and deletion
of the first three domains {A7A) had no influence on affinity for NGF,
relative to native trkA. When the NGF binding affinities of trkA and A6A
were determined in saturation experiments, the Ky values were 47.1 + 12.4
and 155.3 + 33 pM (about 3.3-fold difference} verifying that in the trka
recepror most of the binding interaction with NGF is accounted for by the
second immunoglobulin-like domain. However, in saturation binding
experiments, the ASA variant showed detectable specific binding with an
estimated Ky value of > 3500 pM, indicating the possible pregence of
additional elements in trka domains 1-4 that may interact with NGF,
although their contribution to binding seems to be minor as evidenced by
the similar K, values of the AgA variant and trka.

The entire disclosures of all citations cited throughout the
specification, and the references ¢ited therein, are hereby expressly
incorporated by reference.

Although the foregoing refers to particular preferred embodiments,
it will be understcod that the pPresent invention is not so limited. It
will occur to those ordinarily gkilled in the art that wvarious
medifications may be made to the disclosed embodiments without diverting
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from the overall concept of the invention. All such modifications are
intended to be within the scope of the present inventien.
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TGGATGCARYTNTGGCARCARCA
SEQ. ID. NO: @

CCYTCYTGRTARTAYTCNACGTG
SEQ. ID. No: 11

CATCAATGGCCACTTCCTCAAGG
SEQ. ID. ND: 14

CACAGTGATAGGAGG TGTGGGA
SEQ. ID. NO: 17

ACGCCAGGCCAAGEBTGAG
SEQ. ID. NO: 20

AATTCATGACCACCAGCCACCA
SEQ. ID. NO. 23

AAGCTCAACAGCCAGAACCTC
26

ATGATCTTGEACTCCCGCAGAGS
29

ATGTGCAGCACATTAAGAGGA
k!

WO 95/25795
TABLE 1
USE trkA trkB trkC
degenerate
Sense TGYGAYATHATGTGEYTNAARAC
SEQ. JD. NO: 8
degenerate
anti YTCRTCYTTNCCRTAYTCRTT
SEQ. ID. NO: 10
ECD insert
sense CACGTCAACAACGGCAACTACA  GGAAGGATGAGAAACAGATTTCTGC
SEQ. ID. WO: 12 SEQ. ID. NO: 13
ECD insert
anti AGGTGTTTCETCCTTCTTCTICE GAGATGTGCLCGACCEGT TGTATC
SEQ. ID. NO: 15 SEQ. ID. NO: 16
TK insert
sense GGATGTGGCTCCAGECCEL GGGCAACCCGCCCACGGAA
SEQ. ID. NO: 1B SEQ. 1D, NO: 19
TK insert
anti TAACCACTCCCAGCCCCTGG TTGGTGGLCTCCAGCGGCAG
SEQ. ID. NO: 21 SEQ. ID. NO; 22
Probes
ECD sense SCTCLTCGGBACTGCRATRE ATGTCGCCCTGGCCGAGGT GGCAT
24 25
ECD anti CAGCTCTGTGAGGATCCAGLC CCGACCGGTTTTATCAGTGAL
27 28
TK specific
sense CTTGGCCAAGGCATCTCCGGT
0
TK specific
anti

TTATACACAGGETTAAGCCATCCA
32

-70-
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SEQUENCE LISTING
(1) GENERAL INFORMATION:
(i) APPLICANT: Genentech, Inc.

{(ii) TITLE OF INVENTION: Human trk receptors and neurotrophic factor
5 inhibitors

(iii) NUMBER OF SEQUENCES: 33

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Genentech, Inc.
(B) STREET: 460 Point San Bruno Blvd
10 (C} CITY: South San Francisco
(D) STATE: California
(E) COUNTRY: USA
(F} ZIP: 94080

(v} COMPUTER READABLE FORM:
15 {A) MEDIUM TYPE: 5.25 inch, 360 Kb floppy disk
(B} COMPUTER: IBM PC compatible
(C} OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: patin (Genentech)

{vi) CURRENT APPLICATION DATA:
20 (A) APPLICATION NUMBER:
{B) FILING DATE:
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: 0B/215118
25 (B} FILING DATE: 18-MAR-1994

(vii} PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: 08/286846
(B) FILING DATE: 05-AUG-1994

(vii) PRIOR APPLICATION DATA:
30 (A} APPLICATION NUMBER: 08/359705
(B) FILING DATE: 20-DEC-1994

(viii) ATTORNEY/AGENT INFORMATION:
(A) NRAME: Johnston, Sean A.
(B) REGISTRATION NUMBER: 35,910
as (C) REFERENCE/DOCKET NUMBER: 873P2PCT

{ix} TELECOMMUNICATION INFORMATION :
‘ {A) TELEPHONE: 415/225-3562
(B) TELEFAX: 415/952-9881
(C) TELEX: 910/371-7168
40  (2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 3194 bases
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
45 (D) TOPCLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
GGAAGGTTTA ARGAAGARGC CGCARAGCGC AGGGAAGGCC TCCCGGCACE 50

GGETGEGGEAA AGCEECCEGT GCAGCGCGGE GACAGGCACT CGGGUTGGCA 100
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CTGGCTGCTA

CGCGRCTCTG

TTCGCCTGTC

CGACCCTTCT

TAGATCCTGA

GRAATCATCA

GACAATTGTG

AAAACAGCAA

TTGTCTAGGA

GGGCARTCCA

ARGAGGCTAA

AGCAGCAAGA

GCCATCTGCA

CTATCACATT

TGGGATGTTG

ACAGGGCTCC

AGATCTCTTG

AACCTCACTG

CTCRGACCAC

CAGCGCTTCA

ATCTGTLLTA

CCAGCTGGAT

CCRAGAATGA

GGGATGTCET

GGGCTTCTGEC

CCACGTCCTG

CCTGGCATCG

GAACATCACC

ACGAAGATGA

GATTCTGGEAT

CCTGCAGCAC

AACATTTCCG

TTTACATGCT

ATCCAGTCCA

ATATTCCCCT

ARTCTGGCCG

ATCCTGTAGT

GTAACCTGGT

TTAAGGATAR

TGTGGCGGAR

TGCATTTTGC

CACTGGTGCA

GTGGTTCTAT

ARATACATGT

ARTCCCACTC

GTATGGGAAG

CCTGGATAAG

TGGCTGGTTG

CAARTGCAGT

TGGCATTTCC

GRAATTTTCA

TGTTGAAGCT

TAAARTTTGT

ATCARTTITA

TCACCTTGAC

CCTGTGACAT

GACACTCAGG

GGCARACCTG

CACCTAACCT

GTGGCAGGTG

TTCCAAACAT

CTARCATTTC

ARTCTTGIAG

ACCAACTATC

TTCCATTCAL

AACGGEGCAR

TACCAATCAC

ACATGAACAR

GATGAGRAAC

GTGGCATGEA

TGEGGCTTCTG

GCCTCTCGGA

GAGATTGGAG

TCGCRAAACCA

TATGTGEGGAC

GGCTCATAAA

CCCGAAACAR

TTGTCTGAAC

TATETGGATC

ATTTGTACTG

CAGATACCCA

CRCTGTGGAG

ATCCGGTTCC

ATGAATGAAA

ATCCGATGAL

GAGARGATCAH

ACATTTCTCG

TGTGARAGGC

TATTGAATGA

ACGGAGTACC

TGGEGACTAC

AGATTTCTGC

-72-

CCCGCCATGG

GAGGGCCECT

TCTGETGCAG

CCTAACAGTG

GAAARGGTTA

TGAGAAATCT

GCATTTCTGA

ACTGACGAGT

TGATCCTGGT

AAGACTCTCC

CCTGAATGAA

ATTGTGETTT

GAAGGAAAGT

TARTATGTAT

CAAGCCACAC

AGTGGGAAGC

AGATTCTGTC

ARTCTCCAARC

AACCCAAARC

GTCCRARTAC

ACGGCTGCCT

ACTCTAATAG

TCACTTCATG

PCT/USY503426
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GGCTGGCCTG

TTATGAAGAT

GAAGTAATGA

CATCTCTCGG

CCTTTTGGTA

GCATGARAGG

CCACTCCATC

TGGCCCAGAT

ATCCCCAGTA

GTTCAGCACA

AGGAGCCTTT

AGCAGGACAA

ARTGCACGCA

GCATGAGCAC

TCATCATGGT

AGGGCACACG

GGRACTGACG

GCATGGTCTA

AGGAACTGECC

GATGTCCCGG

CARTGCTGCC

TTCACGACGG

TTTCACCTAT

GAARTTGACGA

TATGGAACTG

AATCCCTTCC

TCTATGCTGT

ATGCTGTTTC

CCCAGCCTCC

ACATCTCCAA

GCTGTCATTA

CTTTGGCATC

TCAAGCGACA

GGAAARGTGT

GATCTTGGTG

AGGACTTCCR

ATCGTCAAGT

CTTTGAGTAC

GCCCTGATGC

CAGTCGCAGA

CCTGGCETCC

TGETCGGGGA

GACGTGTACA

CATTCGCTGG

AAAGCGACGT

GGUAAACAGC

TGGTGCAAAC

CAGCGAATGA

ACAGACGTCA

GGTGGTGATT

TGCTTAAGTT

GTTATCAGCA

TGEGAGTAAC

TTGGAATGAC

ACCAACRGTC

TAACATTGTT

TCCTAGCTGA

GCAGTGAAGA

CCGTGAGGCC

TCTATEGCGT

ATGAAGCATG

CGTGCTGATG

TGCTGCATAT

CAGCACTTCG

GAACTTGCTG

GCACTGACTA

ATGCCTCCAG

CTGGAGCCTG

CCTGGTACCA

CCAAATTATC
CATCGGGGAC
CTGATAAAAC
GCETCTGTES
GGCARAGACTAC
ATGATGATGA
ACTCCATCTT
CARAGATCCCT
AGCTCARGCC
CTGARAAGGG
ATGCTATAAC
CCCTGAAGGA
GAGCTCCT&A
CIGCGTEGAG
GGGACCTCAA
GCTGAGGGCA
AGCCCAGCAG
TGCACCGCGA
GTGAAAATCG
CTACAGGGETC
AGAGCATCAT
GGGGTCGTGT

GCTGTCAAAC

-73-

CTGATGETZAT
ACCACGAACA
CGGTCGGEAR
TGGGATTTTG
TCCRAGTTTG
CTCTGCCANC
CTTCGGAAGG
GTCATTGARA
AGACACATTT
AGCTAGGCEA
CTCTGTCCTE
TGCCAGTGAC
CeAACCTCCA
GGCGACCCCC
CABRGTTCCTC
ACCCGCCCAC
ATCGCCGOGE
TTTGGCCACT
GBGACTTTES
GGTGGCCACA
GTACAGGARA
TGTGGGAGAT

AATGAGGTGA

PCT/US95/03426
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TAGAGTGTAT

CAGBGAGGTGT

GAGGAAGAAC

CATCTCCGET

GATCCTTCCC

AACTGCCGCT

ACATCAAAGA

TCCATAGACA

CCATCTCCCT

TTTTTTTTCG

ATCTGGCTTC

ACGTAATITG

ARTGCCTTGT

AANTATTTCA

TCTATGGATT

TTGGATGGCT

CRCTCAGGGC
ATGAGCTGAT
ATCARGGGCA
CTACCTGGAC
ARCGTACTCC
GGAGGECCACC
CTCCGAGRAG
CAGTATTGAC
TGGTTGTICC
TCTTCCCTGC
TGCATTACTA
TTATATCAGC
TGTATTCCTG
CTTAAACT?T
CACTTCTATT

TAAGCCTGTG

CGRGTCCTGC

GCTGEEGTGC

TCCATACCCT

ATTCTAGGCT

TCRGACGGEC

AAGCTGCTCT

CICTCGRAGGE

TTCTTTTTGG

TTTTTCTTTT

TTCACGATTC

TTAACTCTGC

AGACACTCCA

CCTTTGATGT

GTCACTTCTG

TATTTATTAT

TATARAAARR

(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2715 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

AGCGACCCCS

TGGCAGCGAG

CCTTCAGAAC

AGGGCCCTTT

TGAGRAGGATC

CCTTCACTCT

AAGCAGTGTG

CATTATCTCT

TTTAARTTTT

TTACCCTTITC

ATAGACAARG

GTTTGCCCAC

GGATGAARAL

CTGTACAGAT

TATTACTGTT

ARARAARATC

(xi} SEQUENCE DESCRIPTION: SEQ ID NO:2:

CACGTGCCCC

AGCCCCACAT

TTGGECCARGG

TCCCCAGACC

AACATCTTTT

GACAGTATTA

TACTTCTTCA

TTCTCTCTTT

CTTTTTCTTC

TTTTGARTCA

GCCTTAACAR

CACARCTARC

ARGGGRRARC

ATCGAGAGTT

CTTATTGTTT

TAGA 3194

PCT/US95/03426

2450

2500

2550

2600

2650

2700

2750

2800

2850

2500

2950

3000

3050

3100

3150

GGATCCGCGT CGGAGATGGA TGTCTCTCTT TGCCCAGCCA AGTGTAGTTT 50

CTGGCGGATT TICTTGCTGG GAAGCGTCTG GCTGGACTAT GTGGGCTCCG 100

TGCTGGCTTG CCCTGCAAAT TGTGTCTGCA GCAAGACTGA GATCAATTGC 150
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CGGCGECCGs

AGGGAACAGT

ATATCACTTC

GCCGTGGACA

CTCAGGACTT

TGCGTTATAT

CTCTTCCAGA

CARCTGCAGC

AGGCCAAGCT

CAGCTTCCTC

CAGCGTGAGC

TCACTTGCAR

ACTGGEGECTGC

TGTTCATGCC

GCTTCACCCT

AGTGTTECCC

GCCTGAGCTG

CCCCRCCAAC

ARGATCATCC

CCTGCTCTTC

TTGCCAARAR

CTCAAGGAGC

AGTGAGTCCC

ACGATGGGAA

AATGGGRACG

CATACACATA

TGGAGCTCTA

CGGAGCATTC

ARACCTGTCA

CGCTGACTCT

TGTGACATCC

CAACAGCCAG

TCTTCCACAT

CACGTCAACC

TGGCTCTGGA

AGTCCATCAA

ATCAACTTGA

GACGTGCATT

TCACTGTCTA

CGCCTGGAGC

GCTGCACTGG

ATGTGGAATA

ARCARGCCCA

CCCACTGGGC

CCTTTCCAGA

ACACCTCCTA

CCTCTTCCCC

CCAATATCAR

GAGAACTGGC

CACCGGACTT

AGCCCAGAGC

AGTAACCGGC

TCGGGARTTG

GCTGEATGCA

RACCTCTACT

GAACATCAGT

TGACCETACG

TCACCCCTTC

CACTCACCAG

CGCTGGTGAA

GCAGAGALCE

CTATCCCCCA

ACTGCATCGA

CTGCRCRAATG

CTACCRAGAG

CCCACTACAR

ACAGCCAACC

GAGCACGGAT

TCACTGTGAC

CTCCTGGAAG

CATCACGGAC

GCAGTCTTCA

CARRRGCTGA

CTTTGCCAAG

TCACCACACT

CAGTTGGAGC

GCTCTGGCAG

GCATCAATGEC

CAGTGTGACC

AGAGGGTGAC

CTGATGTGGA

ACCAATCTGA

TETGACGAGT

TGGTGGGCAT

CGTGTGGTGA

GTTTGTGGTG

GGCAGCCTCT

GGAGAGATTT

CARTGGCAAC

AGACCATCAA

AACTTTATCT

CCACARACCA

-75-

GGCAGGATTC

ATCTCAAGGA

CACGCTCAAC

CCATCAAGAA

AACCCCCATT

CTCGTGECAG

AGAACTTTTT

GAGCAGGGGEG

TGATGGCTCC

TTCCTGAGAT

ALTGCTGTTA

CTGGATAGTC

ACTGGACCAR

GAGGACAATG

GAGCAATGCC

GCCTGGAGGA

CGTGGCARCC

GCGGGEAGTCC

CCGAGGGCTG

TATACCCTCA

TGGECCACTTC

TGTTTGACGA

GARGARGACH

PCTUS95/03426
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CTTTTGGGGT

TIGETGGTTC

TGUGAATGAAG

GCCCACTGCA

GCCGGGECLCaE

GARCCCCCRG

ATGTGCAGCA

GAGAEGAGCCT

GACCRAGGAC

TGGCTGCCCG

CAGCATGAGC

CCTCATCATG

TCAGGGCCCA

CAGGCCARGE

GATCGCCTCG

ACCTGGCCAC

GGGGACTTCE

CTTTARTCCA

ACACCATGCT

ARGTTCACTA

GATCTTCACC

TCATTGAGTG

CCCARAGAGE

ATCCATRGCR

TCTTCGTCAT

GGTCCCATGG

CCACATCAAC

ACACTGTGGT

TACTTCCGTC

CATTAAGAGG

TTGGARAGGT

AAGATGCTTG

GARGGATTTC

ACKTTGTCAA

GTCTTTGRAT

TGGRCCASAT

GTGAGCTGGG

GGTATGGTGT

CAGGARCTGC

GCATGTCCAG

TCTGGAAATG

CCCCATTCGC

CAGAGAGTGA

TATGGAAAGC

CATTACCCRAA

TGTACGATGT

GTTGGACTTG

GATCAACARR

CTGTCATCAG

CACGGCATCA

CATTGGCATG

AGGGACACAA

AGAGACATCG

CTTCCTGGCC

TGGCTGTGAA

CAGAGGGAGG

GTTCTATGGA

ACATGARGCA

GCAATGATCC

GCTCTCCCAA

ACCTGGCCTC

CTGGTTGGAG

AGRTGTCTAC

CTGCTTTTGC

TATGGTCGAC

TGGIGAGGAG

CCACGCCCTC

ACTCGCATCC

CTGCCACARG

TGCTGAAGCG

GAGTGCTACA

GGCCCTGAAG

CCGAGCTGCT

GTGETECGECGE

TGGAGACCTG

TTGTGGATGE

ATGCTCCACA

CCAGCACTTT

CGAATCTGCT

RAGCACGGATT

ATTTTTGTAT

TGGATGCCTC

TGTATEGAGT

AGCCATGGTT

GGTCGTGTTT

CATGCTGGGE

ATGGTGETGAG

CTGARAGCAT

TICCEGETGA

CCAACTCTCA

TGEAGCGGCC

TGCTGGCAGA

-76-

CTGTGTCCTS

GGTCCARATT

GACTCAGCCA

GTCACTGGAT

CTGTCATTGA

CCGGACACET

AGARCTGGGET

ACCTCAGCCC

GATCCCACCC

CACCAACCTG

ATGEGEACCC

ARTARGTTCC

ACAGCCACGC

TTGCCAGTCA

GTGCACCGAG

AGTGAAGATT

ATTACAGGCT

GTGGGAGGAC

CATGTACCGG

TCCTCTGGGA

AACACGGAGG

CCGAGTCTGC

GGGARCCACA

PCT/US9S/03426

1350

1400

1450

1500

1550

1600

1650

1700

1750

1800

1850

1200

1950

2000

2050

2100

2150

2200

2250

2300

2350

2400

2450




' ‘WO 95/25795

10

15

20

25

PCT/US95/03426

GCAGCGGTTG AACATCAAGG AGATCTACAA AATCCTCCAT GCTTTGGGGA 2500

AGGCCACCCC AATCTACCTG GACATTCTTG GCTAGTGGTG GCTGETGGTC 2550

ATGARTTCAT ACTCTGTTGC CTCCTCTCTC COTECCTCAC ATCTCCCTTC 2600

CACCTCACAA CTCCTTCCAT CCTTGACTGA AGCGAACATC TTCATATADA 2650

CTCAAGTGCC TGCTACACAT ACAACACTGA ARAAAGGAAN AMAAAAGAAL 2700

ARARRAAADNDL

ACCGC 2718

{2) INFORMATION FOR SEQ ID NO:3:

(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2715 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: eingle
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

GGATCCGCGT CGGAGATGGA TGTCTCTCTT TGCCCAGCCA AGTGTAGTTT 50

CTGGCGGATT

TGCTGGCTTIG

CGGCGECCGE

AGGGAACAGC

ATATCACTIC

GCCETGGACA

CTCAGGACTT

TGCGTTATAT

CTCTTCCAGA

CAACTGCAGC

AGGCCARGCT

CAGCTTCCTC

TTCTTGCTES
CCCTGCARAT
ACG.ATGGGAA
ARTGGGARCG
CATACACATA
TGERGCTCTA
CGGAGCATTC
AAARCCTGTCA
CGCTGAGTCT
TGTGACATCC
CARCAGCCRG

TCTTCCGCAT

GAAGCGTCTG

TGTGTCTGCA

CCTCTTCCCC

CCAATATCAA

GAGAACTGGC

CACCGGACTT

AGCCCAGAGC

AGTAACCGGC

TCGGGAATTG

GCTGGATGCA

AACCTCTACT

GRACATCAGT

GCTGGACTAT

GCAAGACTGA

CTCCTGGAAG

CATCACGGAC

GCAGTCTTCA

CAARAGCTGA

CTTTGCCAAG

TCACCACACT

CAGTTGGAGC

GCTCTGGCAG

GCATCAATAC

CAGTGTGACC

-77-

GTGGGECTCCG

GATCAATTGC

GGCAGGATTC

ATCTCRAGAA

CACGCTCAAC

CCATCAAGAR

AACCCCCATT

CTCGTGGCAG

AGAACTTTTT

GRECAGGGGE

TGATGGCTCC

TTCCTGAGAT

100

150

200

250

300

350

400

450

500

550

600

650
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CAGCGTGAGC CACGTCARCC TGACCGTACG AGAGGGTGAC AATGCTGTTA 700

TCACTTGCAA TGGCTCTGGA TCACCCCTTC CTGATGTGGA CTGGATAGTC 750

ACTGEGCTGC AGTCCATCAR CACTCACCAG ACCAATCTGA ACTGGACCAA 800

TGTTCATGCC ATCAACTTGA CGCTGETGAA TGTGACGAGT GAGGACAATG 850

5 GCTTCACCCT GACGTGCATT GCAGAGAACG TGGTGGGCAT GAGCRATGCC 900

AGTETTGCCC TCACTGTCTA CTATCCCCCA CGTCTGGTGA GCCTGGAGGA 950

GCCTGAGCTG CGCCTGGAGC ACTGCATCGA GTTTGTGGTE CGTGGCAACT 10C0

CCCCACCAAC GCTGCACTGG CTGCACAATG GGCAGCCTCT GCGGGAGTCC 1050

AAGATCATCC ATGTGGAATA CTACCAAGAG GGAGRAGATTT CCGAGGGCTE 1100

10 CCTGCTCTTC AACAAGCCCA CCCACTACAA CAATGGCAAC TATACCCTCA 1150

TTGCCAAAMA CCCACTGGGC ACAGCCAACC AGACCATCAA TGGCCACTTC 1200

CTCAAGGAGC CCTTTCCAGR GAGCACGGAT AACTTTATCT TGTTTGACGA 12590

AGTGAGTCCC ACACCTCCTA TCACTGTGAC CCACABACCA GAAGAAGACA 1300

CTTTTGGGGT ATCCATAGCA GTTGEACTTG CTGCTTTTEC CTETCTCCTE 1350

15 TTGGTGGTTC TCTTCGTCAT GATCAACAAA TATGGTCGAC GGTCCAAATT 1400

TGGRATGAAG GGTCCCGTGE CTGTCATCAG TGGTGAGGAG GACTCAGECA 1450

GCCCACTGCA CCACATCAAC CACGGCATCA CCACGCCCTC GTCACTCGAT 1500

GCCGGGCCCG ACACTGTGGT CATTGGCATG ACTCGCATCC CTGTCATTGR 1550

GAACCCCCAG TACTTCCGTC AGGGACACAR CTGCCACAAG CCGGACACGT 1800

20 ATGTGCAGCR CATTARGAGG AGAGACATCG TGCTGRAGCG AGARCTGGGT 1650

GAGGGAGCCT TTGGARAGGT CTTCCTGGCC GAGTGCTACA ACCTCAGCCC 1700

GACCAAGGAC AAGATGCTTG TGGCTGTGAL GGCCCTGAAG GATCCCACCC 1750

TGECTGCCCE GAAGGATTTC CAGAGGGAGE CCGAGCTECT CACCAACCTG 1800
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CAGCATGAGC
CCTCATCATG
TCAGGGCCCA
CAGGCCAAGG
GATCGCCTCG
ACCTGGCCAC
GGGGACTTCG
CTTTAATCCA
ACACCATGCT
AAGTTCACTA
GATCTTCACC
TCATTGAGTG
CCCRARGAGG
GCAGCGGTTG
AGGCCACCCr
ATGAATTCAT
CACCTCACAR

CTCARGTGCC

ACATTGTCAA

GTCTTTGART

TGGGCCAGAT

GTGAGCTGGG

GGTATGETGT

CAGGAACTGC

GCATGTCCAG

TCTGGARATG

CCCCATTCGC

CAGAGAGTGA

TATGGRALGC

CATTACCCAAL

TGTACGATGT

ARCATCAAGG

AATCTACCIG

GTTCTATGGA

ACATGAAGCA

GCAATGATCC

GCTCTCCCAA

ACCTGGCCTC

CTGGTTGGAG

AGATGTCTAC

GTGTGCGECG

TGGRAGACCTG

TTGTGGATGG

ATGCTCCACA

CCAGCACTTT

CGAATCTGCT

AGCACGGATT

ATTTTTGTAT

TGGATGCCTC

TGTATGGAGC

AGCCATGGTT

GGTCGTGTTT

CATGCTEGEE

AGATCTACAA

GACATTCTTG

ACTCTGTTGC

CTCCTTCCAT

TGCTACACAT

ARAARARDAL ACCGC 2715

CTCCTCTCTC

CCTTGACTGA

ACARCACTGA

(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:

(A} LENGTH:

84 aminc acids

(B) TYPE: aminc acid
(D) TCPCLOGY: linear

ATGGTGTGAG

CTGRARGCAT

TTCGEEETGA

CCAACTCTCA

TGGAGCGGCC

TGCTGGCAGA

AATCCTCCAT

GCTAGTGGTG

CCTGCCTCAC

AGCGAACATC

AARARGGARA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4-:

Trp Val Phe Ser Asn Ile Asp Asn Hiz G
1 5

10

-79-

ATGGGEGACCC

AATAAGTTCC

ACAGCCACGC

TTGCCAGTCA

GTGCACCEAG

AGTGAAGATT

ATTACAGGCT

GTGGGAGGAC

CATGTACCGG

TCCTCTGGEA

ARCACGGAGG

CCGAGTCTGC

GGGARCCACA

GCTTTGGGGA

GCTGGTGGTC

ATCTCCCTTC

TTCATATAAR
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2300
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2600

2650

2700
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Rep Asn Arg Asp His Leu Val Pro
20

Glu Pro Glu Val Gln Ser Gly Glu
35
Gly Phe Arg Glu Ile Met Leu Asn
50
Ser Lys Pro Leu Asn His Gly Ile
65
Tyr Phe Ser Lys Gly Arg His Gly
80
(2) INFORMATION FOR SEQ ID NO:5S:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 560 bages
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ
TGGGTCTTTT CAAACATAGA CAATCATGGE
TAGAGATCAT CTAGTCCCAT CAACTCACTA
TCCAGAGTGG GGRAGTGTCT TACCCAAGGT

ATGTTGAATC CAATAAGCCT TCCCGGACAT

CATCTATGTT GAGGATGTCA ATGTTTATTT

Ser Thr His
25

PCT/US95/03426

Tyr Ile Tyr Glu

30

Val Ser Tyr Pro Arg Ser His

40

45

Pro Ile Ser Leu Pro Gly His

55

Tyr Val Glu
70

Phe
84

Ib NO:5:

ATATTAARCT

TATATATGAG

CACATGGTTT

TCCARGCCTC

CAGCRAAGGA

TTTARARACT CCTTTTAAGG CCTCCTTGTT

TGGGECCCTCT GAGAGGTIGG AAGCTCTAGGE

GGGATGCTAA GTAGAARCTG CATGAGCCAC

CACCACCAGA TGGGTGTTTT CCCCCATCCA

TCCCTCCAAT CATCACTGTS CTCCTTTTTT

CTGCCACTAT CTTTAGAGCC ARTAAAGAGA

ARARAARARA 560

(2) INFORMATION FOR SEQ ID NO:6:

(1) SEQUENCE CHARACTERISTICS:

TTGATGTCAC

CATTGTTCTC

CAGTGCCCCG

CCACTGGCAG

CCCGGCCTAC

ATTAAMANCC

(A) LENGTH: 116 amino acids

{B) TYPE: amino acid
(D) TOPCLOGY: linear

-80-

60

Asp Val Asn Val

TGAAGGACAA

GAACCTGAGG

CAGAGAARTT

TTAACCATGG

CGTCATGECT

CTTGGTAGGC

TTTGGATCCA

GACCCTTTAA

GGTTGCCCCT

GAGGCAGCTC

TGTAAAARLR

75

50

100

150

200

250

300

350

400

450

500

550
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10
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20
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Ala Lys Asn Glu Tyr Gly Lys Aep

1

5

Phe Met Gly Trp Pro Gly Ile Asp

Pro Asp Val Ile

Gly Asp Thr Thr

Thr Asp Lys Thr

Val Ile Ala Ser

Leu Leu Lys Leu

Val Leu Phe Hig

20

Tyr
35

Asn
50

Gly
65
Val
80

Ala
95

Lys
110

Glu Asp Tyr

Arg Ser hsn

Arg Glu Hig

Val Gly Phe

Arg His Ser

Ile Pro Leu

(2) INFORMATION FOR SEQ ID NO:7:

(i} SEQUENCE CHARACTERISTICS:

(A} LENGTH:

672 bases

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

Glu Lys Gln
10

Agp Gly Ala
25

Gly Thr Ala
40

Glu Ile Pro
55

Leu Ser Val
70

Cys Leu Leu
85

Lys Phe Gly
100

Asp Gly Xaa
115 116

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

GCCARGRATG AGTATGGGAA GGATGAGARR CAGATTTCTG

GGGCTGGCCT GGAATTGACG ATGGTGCAAA CCCAAATTAT

TTTATGAAGA TTATGGAACT GCAGCGAATG ACATCGGEGA

AGAAGTAATG AAATCCCTTC CACAGACGTC ACTGATARAL

ACATCTCTCG GTCTATGCTG TGGETGGTGAT TGCGTCTGTG

GUCTTTTGGT BATGCTGTTT CTGOTTAAGT TGGCAAGACH

GGCGTGAAAG GTTTIGTTTT GTTTCATAAG ATCCCACTER

GRAATARAGG ABRARGACAGA GARAGGGGCT GTGGTGCTTG

CTGCCATGTA AGCTGGACTC CTGGGACTGC TETTGGCTTA

TGCTGCTTAT CTGGGGTTTT CTGGTAGATG TGGGCGETCT

TACTATATGA AGCCTGCATA TACTGTGAGC TGTGATTGGG

-81-
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Ile Ser Ala His
15

Asn Pro Asn Tyr
30

Ala Asn Asp Ile
45
Ser Thr Rsp val
60
Tyr Ala Val Val
75

Val Met Leu Phe
90

Val Lys Gly Phe
105

CTCACTTCAT 50

CCTGATGTAR 100
CACCACGRAC 150
CCGGTCGEGA 200
GTGGGATTTT 250
CTCCAAGTTT 300
ATGGETAGCT 350
TTGGTTGATG 400
TCCCGGGARG 450
TTGGAGGCTG 500

GARCACCAAT 550
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GCAGAGGTAR CTCTCAGGCA GCTAAGCAGC ACCTCAAGAR AACATGTTAA 600
ATTRAATGCTT CTCTTCTTAC AGTAGTTCAAR ATACARAACT GAAATGARAT £50

CCCATTGGAT TGTACTTCTC TT 672

(2) INFORMATION FOR SEQ ID NO:§:
5 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 amino acids
(B} TYPE: amino acid
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
10 Thr Gly Tyr Gly Ala Tyr Ala Thr His Ala Thr Gly Thr Gly Gly
1 5 10 15
Tyr Thy Asn Ala Ala Arg Ala Cys
20 23
(2} INFORMATION FOR SEQ ID NO:9:
15 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 aminc acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

20 Thr Gly Gly Ala Thr Gly Cys Ala Arg Tyr Thr Asn Thr Gly Gly
1 5 10 15

Cys Ala Arg Cys Ala Arg Cys Ala
20 23

(2) INFORMATION FOR SEQ ID NO:10:
25 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2} amino acids
{B) TYPE: amino acid
{D) TOPOLOGY: linear
(%1} SEQUENCE DESCRIPTION: SEQ ID NO:10:

30 Tyr Thr Cye Aryg Thr Cys Tyr Thr Thr Asn Cys Cys Arg Thr Ala
1 5 10 15

Tyr Thr Cys Arg Thr Thr
20 21

(2) INFORMATION FOR SEQ ID NO:11:
35 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

40 Cys Cys Tyr Thr Cys Tyr Thr Gly Arg Thr Ala Arg Thr Ala Tyr
1 5 10 15

Thr Cys Asn Ala Cys Gly Thr Gly
20 23

-82-
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(2) INFORMATION FOR SEQ ID NO:12:

{i)}) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 bases
(B) TYPE: nucleic acid
5 {C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi} SEQUENCE DESCRIPTION: SEQ ID NO:12:

CACGTCAACA ACGGCARCTA CA 22

(2) INFORMATION FOR SEQ ID NO:13:

10 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

GGAAGGATGA GAARCAGATT TCTGC 25

{2) INFORMATION FOR SEQ ID NO:id:

(i} SEQUENCE CHARACTERISTICS:
(R) LENGTH: 23 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

20

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:

CATCAATGGC CACTTCCTCA AGG 23

25 {2) INFORMATION FOR SEQ ID NO:15;:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 22 bases
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
30 (D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

AGGTGTTTCG TCCTTCTTCT CC 22

{2) INFORMATION FOR SEQ ID NO:16:

(i} SEQUENCE CHARACTERISTICS:
35 (A) LENGTH: 24 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: gingle
(D} TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:

-82-
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GAGATGTGCC CGACCGGTTG TATC 24

{2) INFORMATION FOR SEQ ID NO:17:

(1) SEQUENCE CHARACTERISTICS:
() LENGTH: 22 bages
5 {(B) TYPE: nucleic acgid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

CACAGTGATA GBAGGTGTGE GA 22

10 (2) INFORMATION FOR SEQ ID NO:18:

(i) SEQUENCE CHARKCTERISTICS:
(B) LENGTH: 20 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: gingle
15 (D)} TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:

TAARCCRACTCC CAGCCCCTGG 20

(2) INFORMATION FOR SEQ ID NO:19:

(i) SEQUENCE CHARACTERISTICS :
20 (A) LENGTH: 19 bases
(B) TYPE: nuclsic acid
(C) STRANDEDNESS: ringle
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:

25 GGGCAACCCG CCCACGGAA 19

{2) INFORMATION FOR SEQ ID NO:20:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 19 bases
(B) TYPE: nucleic acid
30 (C) STRANDEDNESS: single
(D} TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:20-

ACGCCAGGCC AAGGGTGAG 19

(2) INFORMATION FOR SEQ ID NO:21:

35 (1) SEQUENCE CHARACTERISTICS:

(B) LENGTH: 20 bases

-84 -
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(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:

5 TARCCACTCC CAGCCCCTGG 20

(2) INFORMATION FOR SEQ ID NO:22:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTE: 20 bases
(B} TYPE: nucleic acid

10 (C} STRANDEDNESS: single
(D} TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:
TTGGTGGCCT CCAGCGGCAS 20
(2) INFORMATION FOR SEQ ID NO:23:
15 {i) SEQUENCE CHARACTERISTICS:
(B) LENGTH: 22 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:
AATTCATGAC CACCAGCCAC CA 22
(2) INFORMATION FOR SEQ ID NO:24:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20 bases
25

{B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTICON: SEQ ID NO:24:

GCTCCTCGSG ACTGCGATGC 20

30 (2) INFORMATION FOR SEQ ID NO:25:
. {i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 bases
- (B) TYPE: nucleic acid
(C} STRANDEDNESS: single
- 35

(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID ND:25:

ATGTCGCCCT GGUCGAGGTG GCAT 24

-85-




. WO 95/25795 PCT/US95/03426

(2) INFORMATION FOR SEQ ID NO:26:

(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 21 bases
(B} TYPE: nucleic acid
5 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENRCE DESCRIPTION: SEQ ID NO:26:

AAGCTCAACA GCCAGARACCT C 21

(2) INFORMATION FOR SEQ ID NO:27:
10 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

15 (xi} SEQUENCE DESCRIPTION: SEQ ID NO:27:

CAGCTCTGTG AGGATCCAGC C 21

(2) INFORMATION FOR SEQ ID NO:28:

{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 21 bases
20 (B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:

CCGACCGGTT TTATCAGTGA C 21

25 (2} INFORMATION FOR SEQ ID NO:2%:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:; 23 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
30 (D) TOPCLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:

ATGATCTTGG ACTCCCGCAG AGG 23

(2) INFORMATION FOR SEQ ID NO:30:

(i) SEQUENCE CHARACTERISTICS:
35 (A) LENGTH: 21 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

-86-
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:

CTTGGCCAAG GCATCTCCGG T 21

(2} INFORMATION FOR SEQ ID NO:31:
(1) SEQUENCE CHARACTERISTICS:
5 (A) LENGTH: 21 bagpes
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{(xi) SEQUENCE DESCRIPTTON: SEQ ID NO:31:

1¢ ATGTGCAGCA CATTAAGAGG A 21
(2) INFORMATION FOR SEQ ID NQ:32:
(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 bases
(B) TYPE: nucleic acid
15

{C} STRANDEDNESS: single
{D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32:

TTATACACAG GCTTAAGCCA TCCA 24

(2) INFORMATION FOR SEQ ID NO:33:

20 (i) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 19 bases
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

25

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:

AGGAGGCATC CAGCGAATG 19
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THE CLAIMS DEFINING THE INVENTION ARE AS FQLLOWS:

1. A polypeptide comprising the second
immunoglobulin-like domain of a trk receptor-selected from
the group consisting of trkA, trkB or trkC, covalently

5 Jjoined to an immunoglobulin amine acid sequence.

2. A polypeptide according to Claim 1, wherein the
immunoglobulin amino acid sequence encodes an
immunoglobulin constant domain.

3. A polypeptide according te Claim 1 or Claim 2,

10 wherein the trk receptor is trka.

4. An isolated nucleic acid molecule comprising a
nucleotide sequence encoding a polypeptide according to any
one of Claims 1 to 3.

5. An expression vector comprising the nucleic

15 acid molecule of Claim 4, operably linked to control
sequences recognized by a host cell transformed with the

vector.
6. A host cell transformed with the vector of
Claim 5.
20 7. A pharmaceutical composition according to any

one of Claims 1 to 3, comprising a polypeptide in admixture
with a pharmaceutically acceptable excipient.

8. A chimeric polypeptide comprising a mature
trkA, trkB or trkC receptor amino acid sequence fused to an

25 immunoglobulin sequence.

Ry 9. The chimeric polypeptide of Claim 8, comprising
E;;' a fusion of a trka, trkB or trkC receptor extracellular
i-i: domain sequence to an immunoglobulin constant domain
i seguence.

30 10. A chimeric polypeptide according to Claim 8,

wherein said constant domain sequence is that of an
immunoglobulin heavy chain.
11. 2An isolated nucleic acid molecule, comprising a
nucleotide seqguence encoding a chimeric polypeptide
35 according to Claim §.
12. An expression vector comprising the nucleic

acid molecule aceording to Claim 11, operably linked to
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control sequences recognized by a host cell transformed

with the vector.

13. A host cell transformed with the vector of
Claim 12.
i4. A bispecific molecule comprising a mature trka,

trkB or trkC receptor amino acid sequence capable of
binding a neurotrophic factor and a different binding
sequence.

15. A bispecific molecule according to Claim 14,
which is a bispecific immuncadhesin.

16. A method for purifying a neurotrophic factor,
comprising the step of adsorbing said neurotrophic factor
on a immuncadhesin comprising the fusion of a mature trka,
trkB or trkC receptor amino acid sequence capable of
binding said neurotrophic factor to an immunogleobulin
sequence,

17. A method for the diagnosis of a pathological
condition characterized by the over- or underexpression of
a neurotrophic factor, comprising the step of contacting a
biclogical sample comprising said neurotrophic factor with
a detectably labeled chimeric polypeptide according to any
one of Claims 8 to 10, which is capable of binding said
neurotrephic factor, and detecting the label so bound.

18. A pharmaceutical composition comprising a
therapeutically or preventatively effective amount of a
chimeric polypeptide according to any one of Claims 8 to
10, in admixture with a pharmaceutically acceptable
excipient.

19. A pharmaceutical composition comprising a
therapeutically or preventatively effective amount of a
bispecific molecule according to Claim 14 or Claim 15, in
admixture with a pharmaceutically acceptable excipient.

20. A chimeric polypeptide comprising a mature
trkA, trkB or trkC receptor amino acid sequence fused to an
immunoglobulin sequence, wherein the trk receptor amino
aclid sequence comprises a portion of an extracellular
domain of a native sequence human trk polypeptide having
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the amino acid sequence set out in Figure 1, Figure 2 or
Figure 11, and includes a second immunoglebulin-like domain
of the trk polypeptide.

21, The chimeric polypeptide of Claim 20, wherein
the trk receptor amino acid sequence is devoid of one or
more other native sequence human trk receptor amino acid
domains.

22. The chimeric polypeptide of Claim 20 or
Claim 21, wherein the trk receptor amino acid sequence
comprises:

(a) the second immunoglobulin-like domain of a
native sequence mature human trk polypeptide having the
amino acid seqguence set out in Figure 1, Figure 2 or
Figure 11;

(b) a polypeptide encoded by DNA capable of
hybridizing, under stringent conditions, to the complement
of DNA encoding the second immunoglobulin-like domain of he
native sequence mature human trk polypeptide having the
amino acid sequence set out in Figure 1, Figure 2 or
Figure 11; ox

(c) a polypeptide having at least 98% amino acid
sequence identity with the second immunoglobulin-like
domain of the native sequence mature trk polypeptide having
the sequence set out in Figure 1, Figure 2 or Figure 11,
exhibiting a biological property of the native sequence
human trk polypeptide, and being nen-immuneogenic in the
human;

and wherein the chimeric polypeptide is devoid of
other native sequence human trk amino acid domains.

23. A chimeric polypeptide of according te any one
of Claims 20 to 22 wherein the trk receptor aminc acid
sequence is a trkA amino acid sequence.

24. A chimeric polypeptide according to any cne of
Claims 20 to 22, wherein the trk receptor amino acid

sequence is a trkB or trkC amino acid seguence.
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25, A& chimeric polypeptide according to any one of
Claims 8 te 24, wherein the immunoglobulin sequence is an
immunoglobulin constant domain segquence.

26. A chimeric polypeptide according to Claim 25,
wherein the immunoglobulin constant domain sequence is an
immuinoglobulin heavy chain.

27. A chimeric polypeptide according to any one of
Claims 20 to 26, wherein the trk receptor amino acid
sequence is a glycosylation variant.

28. A chimeric polypeptide according to Claim 27
which is unglycosylated.

29. A chimeric molecule which is bispecific and
comprises a mature trkA, trkB or trk( receptor amino acid
sequence and a different binding sequence, wherein the trk
receptor amino acid sequence comprises a portion of an
extracellular domain of a native sequence mature human trk
polypeptide having the amine acid sequence set out in
Figure 1, Figure 2 or Figure 11 and includes a second
immunoglobulin-like domain of the trk polypeptide.

30. A polypeptide comprising a first mature trka,
trkB or trkC receptor amino acid seqguence comprising a
portion of a first trk extracellular domain having a
substitution of its second-immunocglobulin-like domain with
a second-immunoglobulin -like domain of a second trkA, trkB
or trkC sequence.

31. A polypeptide according to Claim 30, wherein
the second trk receptor is trkA receptor.

32. A polypeptide according to Claim 30 or
Claim 31, wherein the first trk receptor extracellular
domain is a full-length extracellular domain sequence.

33. A polypeptide according to any one of Claims 30
to 32, wherein either trk aminc acid sequence comprises:

(a) a mature trk receptor amino acid seguence from
Figure 1, Figure 2 or Figure 11;

(b) an amino acid sequence encoded by DNA capable
of hybridizing under stringent conditions to the complement

of DNA encoding either mature trk receptor sequence; or
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{c) an aminc acid sequence having at least 98%
identity with either mature trk sequence.

34. A chimeric polypeptide comprising a polypeptide
accerding to any one of Claims 30 to 33 fused to a

5 different binding sequence.

35. A chimeric polypeptide according te Claim 34,
wherein the different binding sequence iz an
immuneglobulin-like domain.

36. A chimeric polypeptide comprising a mature

10 trka, trkB or trkC receptor amino acid sequence fused tec an
immunoglobulin seguence, wherein the trk amino acid
sequence comprises:

(a) a2 native sequence mature human trk polypeptide
having the seguence set out in Figure 1, Figure 2 or

15 Figure 11;

{b) a polypeptide having at least 98% amino acid
sequence identity with a native sequence human trk,
exhibiting a biological property of a native mature human
trkB or trkC polypeptide, and being non-immunogenic in the

20 human: or

(¢) a fragment of a polypeptide of (a) or (b)
exhibiting a biclogical property of a native human trk
polypeptide, and being non-immunogenic in a human;

wherein (a), (b) or (c) includes a second

25  immunoglobulin-like domain of the trk polypeptide.

37. A chimeric polypeptide according to any cne of
Claims 8, 20, or 36, wherein the trka, trkB or trkC
polypeptide is selected from an amino acid sequence
St comprising:

g e 30 (a) mature human trkB having a sequence set out in
: Figure 1 or Figure 11;

(b} mature human trkC having a sequence set out in

Figure 2 or Figure 11;

(c) mature human trka having a sequence set out in
35S Figure 11;

{d) a human naturally-occurring allelic variant or
splice, variant of (a) or (b);
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(e) an extracellular domain sequence of (a}, {b) or
(e);
(f) a polypeptide having at least 98% amino acid
sequence identity with (a), (b), or (c), exhibiting

neurotrophin binding, and being non-immunogenic in the
human; and

{g) a second immunoglobulin-like domain of (a),
(b), (), (d) or (f), wherein the chimeric polypeptide
binds a neurotrophin that binds human trkaA, trkB or human
trkC.

38. A chimeric polypeptide according te Claim 37,
wherein the second immunoglobulin-like domain sequence is
that in human trkB SEQ ID NO: 2 (Figure 1), e¢r in human
trkC SEQ ID NO: 6 (Figure 2).

39. A chimeric polypeptide according to Claim 37,
wherein the neurotrophin-binding pelypeptide sequence
comprises an extracellular domain of human trkB or human
trkC.

40. A chimeric polypeptide according teo Claim 39,
wherein the extracellular domain has amino acids 32 to 430
of the amino acid sequence SEQ ID NO: 2 (Figure 1}, or
amino acids 32 to 429 of the amino acid sequence SEQ ID
NO: 6 (Figure 2) with a deletion of amino acids ESTDNFILF
at amino acid positions 402 to 410.

41. A chimeric polypeptide according to Claim 40,
wherein the extracellular demain has amino acids 32 to 429,
inclusive, of the amino acid sequence SEQ ID NO: 6
(Figure 2).

42, A polypeptide according to Claim 37, wherein
the extracellular domain has aminc acids 36 to 402,
inclusive, of mature human trkA in Figure 11.

43. A chimeric polypeptide according to any one of
Claims 37 to 42, wherein the immunoglobulin constant domain
sequence is an immunoglobulin Fc domain sequence.

44, A chimeric polypeptide according to Claim 43,
wherein the Fc domain sequence is that of an human I1gG

heavy chain.
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45, An isclated nucleic acid molecule comprising a
nucleotide sequence encoding a chimeric polypeptide
according Lo any ohe of Claims 8 to 44.

46. An expression vecter comprising a nucleic acid
molecule according to Claim 45, operably linked to control
sequences recognized by a host cell transformed with the
vector.

47 . A host cell transformed with the vector of
Claim 48§.

48. A method of producing a chimeric polypeptide
according to any one of Claims 20 to 44, comprising the
steps of culturing the host cell of Claim 47 so that the
nucleic acid encoding the chimeric polypeptide is expressed
and recovering the polypeptide.

49. A pharmaceutical composition comprising a
chimeric polypeptide according to any one of Claims 20 to
44, in admixture with a pharmaceutically acceptable
carrier.

50, A method of treatment of a pathological
condition associated with endogenous production of a
neurotrophin that binds to the chimeric polypeptide,
comprising the step of administering an effective amount of
a chimeric polypeptide according to any one of Claims 20 to
44 to a subject in need of such treatment.

51. A method of treatment of hyperalgesia,
comprising the step of administering an effective amount of
a chimeric polypeptide according to Claim 23 to a subject
in need of such treatment,

52. A method according te Claim 46, wherein the
chimeric polypeptide, wherein the trkA amino acid seguence
comprises all or a portion of an extracellular domain of a
native sequence human trka polypeptide having the amino
acid sequence set out in Figure 11, and includes a second
immunoglobulin-like domain of the trka polypeptide.

53. A chimeric polypeptide according to any one of

Claims 8 to 10 for use in a method of medical treatment.
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54. Use of a chimeric polypeptide according to any
one of Claims 8 to 10 in the preparation of a medicament
for the treatment of a pathological condition associated
with endogencus production of a neurctrophin that binds to
the chimeric polypeptide.

55, The use of a chimeric polypeptide according to
Claim 1 or Claim 2 in the preparation of a medicament for
the treatment of hyperalgesia.

56. The use of a chimeric polypeptide comprising a
trkA receptor amino acid seguence fused to an
immunoglobulin sequence in the preparation of a medicament
for the treatment of hyperalgesia, wherein the trkA amino
acid sequence comprises all or a portion of an
extracellular domain of a native sequence human trkA
polypeptide having the amino acid seqguence set out in
Figure 1, Figure 2 or Figure 11, and includes a second
immunogloublin-like domain of the trka polypeptide.

Dated this 18th day of May 1999

GENENTECH, INC.
By their Patent Attorneys

GRIFFITH HACK
Fellows Institute of Patent
Attorneys of Australia
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