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(57) ABSTRACT 

A method of modulating the biological activity of a trans 
membrane ligand for an Elk-related receptor tyrosine kinase 
in a cell expressing the transmembrane ligand, comprising 
forming a complex betWeen a puri?ed and isolated oligo 
meriZed Elk-related receptor tyrosine kinase, or an isoform 
or an extracellular domain of the kinase, and a transmem 
brane ligand expressed on the cell, thereby affecting a 
pathway in the cell Which is regulated by the transmembrane 
ligand. 
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FIG. 2B 
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OLIGOMERIZED RECEPTORS WHICH AFFECT 
PATHWAYS REGULATED BY TRANSMEMBRANE 

LIGANDS FOR ELK-RELATED RECEPTOR 
TYROSINE KINASES 

FIELD OF THE INVENTION 

[0001] The invention relates to a method of affecting or 
modulating a pathway in a cell Which is regulated by the 
binding of a transmembrane ligand for an Elk-related recep 
tor tyrosine kinase and an oligomeriZed Elk-related receptor 
tyrosine kinase; a method of identifying substances Which 
affect the binding of a transmembrane ligand for an Elk 
related receptor tyrosine kinase and an oligomeriZed Elk 
related receptor tyrosine kinase; and to methods and phar 
maceutical compositions using oligomeriZed Elk-related 
receptor tyrosine kinases, and substances identi?ed using a 
method of the invention. 

BACKGROUND OF THE INVENTION 

[0002] Receptor tyrosine kinases play essential roles in 
cellular signalling events. The largest knoWn family of 
receptor tyrosine kinases is the Eph subfamily of receptor 
tyrosine kinases. Eph subfamily tyrosine kinases have been 
implicated in the control of axon guidance and fascicula 
tion1'7, in regulating cell migrations, and in de?ning com 
partments in the developing embryog'll. Efficient activation 
of Eph receptors generally requires that their ligands be 
anchored to the cell surface, either through a transmembrane 
(TM) region or a glycosyl phosphatidylinositol (GPI) 
group12. These observations have suggested that Eph recep 
tors can transduce signals initiated by direct cell-cell inter 
actions. Genetic analysis of Nuk, a mouse Eph receptor that 
binds TM-ligands, has suggested that these ligands have a 
signalling function6. 

SUMMARY OF THE INVENTION 

[0003] Challenging cells expressing the transmembrane 
(TM)-ligands, Elk-L or Htk-L, With the clustered extracel 
lular domain of Nuk Was found to induce phosphorylation of 
the ligands on tyrosine, a process Which is mimicked both in 
vitro and in vivo by an activated Src tyrosine kinase. 
Co-culturing of cells expressing a TM-ligand With cells 
expressing Nuk also Was shoWn to lead to tyrosine phos 
phorylation of both the ligand and Nuk. Therefore TM 
ligands are associated With a tyrosine kinase, and are induc 
ibly phosphorylated upon binding the Nuk receptor, in a 
fashion reminiscent of cytokine receptors. Furthermore, it 
Was shoWn that TM-ligands, as Well as Nuk, are phospho 
rylated on tyrosine in mouse embryos, indicating that this is 
a physiological process. These experimental results con?rm 
that Eph receptors and their TM-ligands mediate bi-direc 
tional cell signalling. 

[0004] Therefore, the present invention provides a method 
of modulating the biological activity of a transmembrane 
ligand for an Elk-related receptor tyrosine kinase in a cell 
expressing the transmembrane ligand comprising forming a 
complex betWeen a puri?ed and isolated oligomeriZed Elk 
related receptor tyrosine kinase, or an isoform or an extra 
cellular domain of the Elk-related receptor tyrosine kinase, 
and the transmembrane ligand expressed on the cell, thereby 
modulating the biological activity of the transmembrane 
ligand. 
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[0005] The present invention also provides a method of 
affecting or modulating a pathWay regulated by a transmem 
brane ligand for an Elk-related receptor tyrosine kinase in a 
cell expressing the transmembrane ligand, comprising form 
ing a complex betWeen a puri?ed and isolated oligomeriZed 
Elk-related receptor tyrosine kinase, or an isoform or an 
extracellular domain of the Elk-related receptor tyrosine 
kinase, and a transmembrane ligand expressed on the cell, 
thereby affecting or modulating a pathWay in the cell Which 
is regulated by the transmembrane ligand. 

[0006] The invention also provides a method for evaluat 
ing a substance for its ability to modulate the biological 
activity of a transmembrane ligand for an Elk-related recep 
tor tyrosine kinase in a cell expressing the transmembrane 
ligand comprising the steps of: 

[0007] (a) contacting an oligomeriZed Elk-related 
receptor tyrosine kinase, or an isoform or an extra 
cellular domain of the Elk-related receptor tyrosine 
kinase; a transmembrane ligand Which binds to the 
Elk-related receptor tyrosine kinase to form a recep 
tor-ligand complex, Wherein the transmembrane 
ligand is a transmembrane ligand for an Elk-related 
receptor tyrosine kinase expressed on a cell; and, a 
test substance, under conditions Which permit the 
formation of receptor-ligand complexes; 

[0008] (b) assaying for receptor-ligand complexes, 
free Elk-related receptor tyrosine kinase, or non 
complexed transmembrane ligand, or for activation 
of the transmembrane ligand; and 

[0009] (c) comparing to a control to determine if the 
substance inhibits or enhances the binding of the 
Elk-related receptor tyrosine kinase and transmem 
brane ligand, and thereby modulates the biological 
activity of the transmembrane ligand. 

[0010] The invention also provides a method for identi 
fying a substance Which affects or modulates a pathWay 
regulated by a transmembrane ligand for an Elk-related 
receptor tyrosine kinase in a cell expressing the transmem 
brane ligand, comprising the steps of: 

[0011] (a) contacting an oligomeriZed Elk-related 
receptor tyrosine kinase, or an isoform or an extra 
cellular domain of the Elk-related receptor tyrosine 
kinase; a transmembrane ligand Which binds to the 
Elk-related receptor tyrosine kinase to form receptor 
ligand complexes Which activate a pathWay regu 
lated by a transmembrane ligand for an Elk-related 
receptor tyrosine kinase in a cell expressing the 
transmembrane ligand: and a test substance under 
conditions Which permit the formation of receptor 
ligand complexes; 

[0012] (b) assaying for receptor-ligand complexes, 
free Elk-related receptor tyrosine kinase, or non 
complexed transmembrane ligand, or for activation 
of the transmembrane ligand; and 

[0013] (c) comparing to a control to determine if the 
substance inhibits or enhances the binding of the 
Elk-related receptor tyrosine kinase and transmem 
brane ligand, and thereby affects or modulates the 
pathWay. 
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[0014] The ability of a substance to inhibit or enhance the 
binding of an oligorneriZed Elk-related receptor tyrosine 
kinase and transrnernbrane ligand correlates With the ability 
of the substance to inhibit or enhance the biological activity 
of the transrnernbrane ligand, including the signal transduc 
tion activities of the ligand, and in particular the activation 
of a pathWay regulated by the ligand. 

[0015] The invention also contemplates a method for 
evaluating a substance for its ability to inhibit or enhance the 
interaction of an oligorneriZed Elk-related receptor tyrosine 
kinase, or an isoforrn, or an extracellular domain of the 
Elk-related receptor tyrosine kinase, and a transrnernbrane 
ligand for an Elk-related receptor tyrosine kinase expressed 
on a cell comprising the steps of: 

[0016] (a) providing a reporter gene operably linked 
to a DNA binding site for a transcriptional activator; 

[0017] (b) providing a ?rst hybrid protein comprising 
the transrnernbrane ligand in polypeptide linkage to 
a DNA binding domain of the transcriptional acti 
vator; 

[0018] (c) providing a second hybrid protein corn 
prising an oligorneriZed Elk-related receptor tyrosine 
kinase or an isoforrn or an extracellular domain of 

the Elk-related receptor tyrosine kinase in polypep 
tide linkage to an activation domain of the transcrip 
tional activator; under conditions Where the trans 
rnernbrane ligand and oligorneriZed Elk-related 
receptor tyrosine kinase can bind and thereby recon 
stitute the transcriptional activator Which induces 
transcription of the reporter gene; 

[0019] (d) administering a test substance; and 

[0020] (e) rnonitoring expression of the reporter 
gene, Wherein a decrease in expression is an indica 
tion that the substance inhibits the interaction of the 
transrnernbrane ligand and oligorneriZed Elk-related 
receptor tyrosine kinase, and an increase in expres 
sion is an indication that the substance enhances the 
interaction of the transrnernbrane ligand and oligo 
rneriZed Elk-related receptor tyrosine kinase. In an 
alternate method, the oligorneriZed Elk-related 
receptor tyrosine kinase is linked to the DNAbinding 
domain, and the transrnernbrane ligand is linked to 
the activation domain. 

[0021] In another aspect, the invention features an anti 
body preparation Which speci?cally binds to a receptor 
ligand cornplex comprising an oligorneriZed Elk-related 
receptor tyrosine kinase, or an isoforrn or an extracellular 
domain of the kinase, and a transrnernbrane ligand for an 
Elk-related receptor tyrosine kinase. 

[0022] In another aspect, the invention features a method 
of purifying a compound Which inhibits or enhances the 
binding of an oligorneriZed Elk-related receptor tyrosine 
kinase, or an isoforrn or an extracellular domain of the 
kinase, and a transrnernbrane ligand for an Elk-related 
receptor tyrosine kinase comprising contacting the corn 
pound With one of the ligand or receptor; and, isolating the 
compound by its binding af?nity for the ligand or receptor. 

[0023] The substances, and compounds obtained using the 
methods of the invention and the antibodies speci?c for 
receptor-ligand cornplexes may be used to modulate the 
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biological activity of a transrnernbrane ligand for an Elk 
related receptor tyrosine kinase in a cell expressing the 
transrnernbrane ligand, including inhibiting or enhancing 
signal transduction activities of the transrnernbrane ligand, 
and in particular rnodulating a pathWay regulated by the 
transrnernbrane ligand. 

[0024] The invention still further provides a method for 
affecting or rnodulating neuronal development or regenera 
tion in a subject comprising administering to a subject an 
effective amount of a puri?ed and isolated oligorneriZed 
Elk-related receptor tyrosine kinase, or an isoforrn or an 
extracellular domain thereof, a substance or cornpound 
identi?ed using a method of the invention, or an antibody 
speci?c for a receptor-ligand complex of the invention. 

[0025] In yet another aspect, the invention provides a 
method for affecting or rnodulating axonogenesis in a sub 
ject comprising administering to a subject an effective 
amount of a puri?ed and isolated oligorneriZed Elk-related 
receptor tyrosine kinase, or an isoforrn or an extracellular 
domain thereof, a substance or cornpound identi?ed using a 
method of the invention, or an antibody speci?c for a 
receptor-ligand complex of the invention. 

[0026] The invention also relates to a pharmaceutical 
composition which comprises a puri?ed and isolated oligo 
rneriZed Elk-related receptor tyrosine kinase, or an isoforrn 
or an extracellular domain thereof, a substance or cornpound 
identi?ed using a method of the invention, or an antibody 
speci?c for a receptor-ligand complex of the invention, in an 
amount effective to stimulate or inhibit neuronal develop 
rnent or regeneration and a pharrnaceutically acceptable 
carrier, diluent or excipient. 

[0027] Other objects, features and advantages of the 
present invention will become apparent from the folloWing 
detailed description. It should be understood, hoWever, that 
the detailed description and the speci?c exarnples While 
indicating preferred embodiments of the invention are given 
by Way of illustration only, since various changes and 
rnodi?cations Within the spirit and scope of the invention 
will become apparent to those skilled in the art from this 
detailed description. 

DESCRIPTION OF THE DRAWINGS 

[0028] The invention Will be better understood With ref 
erence to the draWings in Which: 

[0029] FIG. 1A is an alignment of human Elk-L, Htk-L 
and Elk-L3 cytoplasrnic dornains; 

[0030] FIG. 1B is an irnrnunoblot shoWing phosphoryla 
tion of GST-hElk-L cytoplasmic domain fusion protein 
(GST-Elk-L cyt) in vitro by v-Src; 
[0031] FIG. 1C is an irnrnunoblot shoWing expression of 
Elk-L and Htk-L either alone or With v-Src in Cos-1 cells; 

[0032] FIG. 1D is an irnrnunoblot shoWing expression of 
TM-ligands either alone or With v-Src in Cos-1cells; 

[0033] FIG. 2A are irnrnunoblots shoWing induction of 
tyrosine phosphorylation of TM-ligands, expressed in Cos-1 
cells, upon stimulation with clustered Nuk-Fc; 

[0034] FIG. 2B is an irnrnunoblot shoWing stimulation of 
Elk-L tyrosine phosphorylation by Nuk-Fc in CHP-lOO 
cells, Which express endogenous Elk-L; 
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[0035] FIG. 2C are immunoblots showing bi-directional 
signalling between Nuk-expressing NG 108 cells and TM 
ligand-expressing cells in co-culture; 

[0036] FIG. 3 is an anti-phosphotyrosine immunoblot of 
TM-ligands and Nuk receptor immunoprecipitated from 
E10.5 mouse body tissue; 

[0037] FIG. 4 is a schematic diagram shoWing bidirec 
tional signalling by Nuk and its TM-ligands; 

[0038] FIG. 5A is a composite sequence of cDNAs encod 
ing full length human Elk-L3 and a segment of rat Elk-L3; 

[0039] FIG. 5B shoWs amino acid sequences of all the 
knoWn Eph family ligands aligned With each other, using the 
human versions With the exception of mouse ELF-1; and 

[0040] FIG. 5C shoWs in matrix form the percent simi 
larity betWeen ligands in FIG. 5B. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] As hereinbefore mentioned, the present invention 
provides a method of modulating the biological activity of a 
transmembrane ligand for an Elk-related receptor tyrosine 
kinase in a cell expressing the transmembrane ligand com 
prising forming a complex betWeen a puri?ed and isolated 
oligomeriZed Elk-related receptor tyrosine kinase, or an 
isoform or an extracellular domain of the kinase, and a 
transmembrane ligand expressed on the cell. The biological 
activity of a transmembrane ligand may be modulated by 
inhibiting or enhancing the signal transduction activities of 
the ligand including affecting or modulating a pathWay 
regulated by a transmembrane ligand for an Elk-related 
receptor tyrosine kinase in a cell expressing the transmem 
brane ligand. 

[0042] ApathWay Which is regulated by a transmembrane 
ligand for an Elk-related receptor tyrosine kinase in a cell 
expressing the transmembrane ligand refers to a regulatory 
pathWay in the cell that affects, for example gene expression, 
cell division, cytoskeletal architecture, cell metabolism, 
migration, cell-cell interactions, and spatial positioning, and 
Which is activated by the binding of transmembane ligands 
With an oligomeriZed Elk-related receptor tyrosine kinase, or 
an isoform, or an extracellular domain thereof. Examples of 
such pathWays are the GAP/Ras pathWay, the pathWay that 
regulates the breakdoWn of the polyphosphoinositides 
through phospholipase C (PLC) and the Src/tyrosine kinase 
and Ras pathWays. 

[0043] “Transmembrane ligand or transmembrane 
ligands” refers to a class of ligands Which are anchored to 
the cell membrane through a transmembrane domain, and 
bind to the extracellular domain of an Eph subfamily recep 
tor tyrosine kinase, facilitating dimeriZation and autophos 
phorylation of the receptor. The transmembrane ligands 
Which are targeted or used in accordance With the methods 
of the invention are those that bind to and preferably activate 
(i.e. phosphorylate) an Elk-related receptor tyrosine kinase 
(see discussion of the Elk-related receptor tyrosine kinases 
beloW). Preferably the transmembrane ligands used in the 
methods of the invention are Elk-L/LERK2/E?-3/Cek5-L; 
hHtk-L/ELF-2/Lerk5 (Tessier-Lavigne, M., 1995, Cell 
82:345-348) and hElk-L3/E?-6 (Gale et al.). These trans 
membrane ligands have a highly conserved cytoplasmic 
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region With multiple potential sites for tyrosine phosphory 
lation12'17. The amino acid sequences for the transmem 
brane ligands hElk-L3, hHtk-L, and hElk-L, and the cyto 
plasmic, transmembrane, and extracellular domains of the 
ligands are shoWn in FIG. 5, Which is FIG. 1 in Gale, N. W. 
et al., 1996. 

[0044] Transmembrane ligands Which may be selected or 
targeted in accordance With the present invention also 
include proteins having sequence identity With knoWn 
transmembrane ligands such as hElk-L3. hHtk-L, and hElk 
L, and their homologs; (ii) proteins Which can bind With the 
extracellular domain of an Elk-related receptor tyrosine 
kinase; and (iii) chimeric proteins of transmembrane 
ligands, eg a protein containing a cytoplasmic domain of 
one transmembrane ligand and an extracellular domain from 
a different transmembrane ligand. 

[0045] The term “Elk-related receptor tyrosine kinase” 
refers to a particular subclass of the Eph subfamily of 
receptor tyrosine kinases. The Eph subfamily receptor 
tyrosine kinases are a closely related group of transmem 
brane receptor tyrosine kinases Which contain cell adhesion 
like domains on their extracellular surface. The Eph sub 
family receptor tyrosine kinases are more speci?cally 
characterised as encoding a structurally related cysteine rich 
extracellular domain containing a single immunoglobulin 
(Ig)-like loop near the N-terminus and tWo ?bronectin III 
(EN III) repeats adjacent to the plasma membrane. For 
example, Nuk contains 20 cysteine residues Whose position 
is conserved in the extracellular domain of Eph family 
members, an immunoglobulin-like domain near the amino 
terminus (Ig-like), and tWo ?bronectin type III repeats (FN 
III: betWeen Nuk amino acids residues 330-420 and 444 
534). The Ig-like domain of Nuk contains speci?c residues 
(Cys7o, Trpso, Cyslls) knoWn to be conserved in the Ig 
superfamily (Williams and Barclay, Ann. Rev. Immunol. 
6:381-405, 1988). 
[0046] The Elk-related receptor tyrosine kinases bind to, 
and are phosphorylated by transmembrane ligands, and 
include mouse Nuk and its homologs namely, HekS and Erk 
in humans, Sek3 in mice, and Cek5 in chickens; rat Elk and 
its homologs including Cek6a in chickens and xEK, human 
Hek2 and its homologs including Sek4 in mice and Cek10 
in chickens; and human Htk and its homologs including 
Myk1 in mice. The amino acid sequences for representative 
Elk-related receptor tyrosine kinases can be found in Gen 
Bank, for example Accession Nos. L25890 (Nuk), X13411 
(rat Elk), U07695 (human Htk), M83941 (Hek), and the 
publications referred to therein. 

[0047] Homologs of Elk-related receptor tyrosine kinases 
are identi?ed by aligning a sequence of a putative homolog 
With a knoWn Elk-related receptor tyrosine kinase and 
comparing the positions in each sequence. When a position 
in the compared sequence is occupied by the same nucle 
otide base or amino acid, then the molecules are matching or 
have identical positions shared by the sequences. Kinase 
proteins Which may be used in the methods and composi 
tions of the invention may have over 60%, preferably over 
70%, most preferably over 80% identity With an Elk-related 
receptor tyrosine kinase. 

[0048] Isoforms of an Elk-related receptor tyrosine kinase 
may be used in the methods and compositions of the 
invention. Generally, an isoform contains the same number 
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and kinds of amino acids and it binds to a transmembrane 
ligand as described herein, but the isoform has a different 
molecular structure. 

[0049] An extracellular domain of an Elk-related receptor 
tyrosine kinase may also be used in the methods and 
compositions of the invention. The extracellular domain of 
an Elk-related receptor tyrosine kinase is generally de?ned 
as the region extracellular to the transmembrane domain. 
Speci?cally it is characterised by a cysteine rich region, 
Whose position is conserved in the extracellular domain of 
Eph receptor family members, an immunoglobulin-like 
domain near the amino terminus (Ig-like), and tWo ?bronec 
tin type III repeats (FN III). An extracellular domain of an 
Elk-related receptor tyrosine kinases may be selected based 
on these characteristic features and by comparing the amino 
acid sequences of the extracellular domains of knoWn Elk 
related receptor tyrosine kinases. 

[0050] An Elk-related receptor tyrosine kinase may be 
selected for use in a method or composition of the invention 
based on the nature of the transmembrane ligand Which is 
targeted or selected. The selection of a speci?c complemen 
tary ligand and Elk-related receptor tyrosine kinase (e.g. 
Elk-L and Elk or Nuk; and Htk-L and Elk or Nuk) in a 
method of the invention may alloW for the identi?cation of 
a speci?c substance that affects a pathWay regulated by a 
speci?c transmembrane ligand. 

[0051] An Elk-related receptor tyrosine kinase or extra 
cellular domain thereof, or a transmembrane ligand may be 
isolated from cells Which are knoWn to express the proteins. 
Alternatively the protein or part of the protein may be 
prepared using conventional recombinant DNA methods 
(eg baculovirus expression in insect cells). The proteins or 
parts thereof may also be prepared by chemical synthesis 
using standard techniques such as solid phase synthesis 
(Merri?eld, 1964, J. Am. Chem. Assoc. 85:2149-2154) or 
synthesis in homogenous solution (HoubenWeyl, 1987, 
Methods of Organic Chemistry, ed. E. Wansch, Vol. 15 I and 
II, Thieme, Stuttgart). 

[0052] The Elk-related receptor tyrosine kinase protein or 
extracellular domain thereof, or transmembrane ligands may 
also be expressed on the surface of a cell (e.g. Cos- 1 cell) 
using conventional methods. 

[0053] An Elk-related receptor tyrosine kinase or extra 
cellular domain thereof, or transmembrane ligand may be 
conjugated With other molecules, such as proteins or 
polypeptides. For example, N-terminal fusion proteins may 
be synthesiZed by fusing, through recombinant techniques, 
the N-terminal of an Elk-related receptor tyrosine kinase or 
extracellular domain thereof, and the sequence of a selected 
protein or marker protein With a desired biological function, 
such as an oligomeriZation motif Which facilitates oligomer 
iZation of the receptor or ligand. Examples of oligomeriZa 
tion motifs include immunoglobulins, and parts thereof such 
as the constant region of an immunoglobulin; and motifs 
Which introduce reactive groups Which provide for hydro 
phobic interactions betWeen receptors or ligands, for 
example, amphoteric (X-hClICGS. 

[0054] The transmembrane ligands and Elk-related recep 
tor tyrosine kinase or extracellular domain thereof, or 
fusions thereof, used in the methods and compositions of the 
invention are oligomeriZed. An Elk-related receptor tyrosine 
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kinase or extracellular domain thereof, or transmembrane 
ligands may be dimeriZed by preparing fusion proteins as 
discussed above containing an oligomeriZation motif such as 
a constant region of an immunoglobulin. Clusters of recep 
tors or ligands may then optionally be prepared by adding 
antibodies speci?c for the constant region of the immuno 
globulin. For example, a Nuk extracellular domain-IgG 
constant chain fusion protein may be clustered using anti 
human IgG. If the receptor tyrosine kinase or transmem 
brane ligand is associated With a cell, interaction of the 
receptor or extracellular domain thereof With a transmem 
brane ligand Will result in dimeriZation of the receptor or 
ligand. 

[0055] The invention provides a method for evaluating a 
substance for its ability to modulate the biological activity of 
a transmembrane ligand for an Elk-related receptor tyrosine 
kinase in a cell expressing the transmembrane ligand. The 
method involves contacting an oligomeriZed Elk-related 
receptor tyrosine kinase, or an isoform or an extracellular 
domain of the Elk-related receptor tyrosine kinase; a trans 
membrane ligand for an Elk-related receptor tyrosine kinase 
expressed on a cell that binds to the Elk-related receptor 
tyrosine kinase to form a receptor-ligand complex; and, a 
test substance, under conditions Which permit the formation 
of receptor-ligand complexes. Receptor-ligand complexes, 
free Elk-related receptor tyrosine kinase, or non-complexed 
transmembrane ligand, or activation of the transmembrane 
ligand are assayed. The results are compared to a control to 
determine if the substance inhibits or enhances the binding 
of the Elk-related receptor tyrosine kinase and transmem 
brane ligand, and thereby modulates the biological activity 
of the transmembrane ligand. 

[0056] In an embodiment, the invention provides a method 
for identifying a substance Which affects or modulates a 
pathWay regulated by a transmembrane ligand for an Elk 
related receptor tyrosine kinase in a cell expressing the 
transmembrane ligand. An oligomeriZed Elk-related recep 
tor tyrosine kinase, or an isoform or an extracellular domain 
of the Elk-related receptor tyrosine kinase, is contacted With 
a test substance, and a transmembrane ligand Which binds to 
the receptor to form receptor-ligand complexes Which acti 
vate the pathWay, under conditions Which permit the forma 
tion of receptor-ligand complexes. Receptor-ligand com 
plexes, free Elk-related receptor tyrosine kinase. or non 
complexed transmembrane ligands, or activation of the 
ligand are assayed and the results are compared to a control 
to determine the effect of the substance. 

[0057] Asubstance identi?ed using a method of the inven 
tion may stimulate or inhibit the binding of an oligomeriZed 
Elk-related receptor tyrosine kinase, or an isoform or an 
extracellular domain thereof, and transmembrane ligands, or 
compete for a site on the oligomeriZed Elk-related receptor 
tyrosine kinase Which binds the transmembrane ligands or a 
site on the transmembrane ligands Which binds to the 
oligomeriZed Elk-related receptor tyrosine kinase. The sub 
stance may be an endogenous physiological substance, or it 
may be a natural or synthetic drug. 

[0058] OligomeriZed Elk-related receptor tyrosine kinases 
that may be used in the methods of the invention are 
described herein. In particular, an oligomeriZed extracellular 
domain of an Elk-related receptor tyrosine kinase, prefer 
ably Nuk, can be employed in the method. The oligomeriZed 



US 2002/0172984 A1 

extracellular domain may also be prepared as a fusion 
protein as described herein. The Elk-related receptor 
tyrosine kinase may be associated With a cell Which either 
exogenously expresses the kinase (e.g. transformed Cos-1 
cells Which express the kinase) or a cell Which endogenously 
expresses the kinase (e. g. Cos-1 monkey kidney cells endog 
enously expressing Nuk). 
[0059] The transmembrane ligand used in the methods of 
the invention may be a ligand Which is native to the selected 
oligomeriZed Elk-related receptor tyrosine kinase, or it may 
be a ligand Which is not native to the selected receptor 
tyrosine kinase. The transmembrane ligand is preferably 
associated With a cell Which either exogenously expresses 
the ligand (e.g. transformed Cos-1 cells) or a cell Which 
endogenously expresses the ligand (e.g. CHP-100 cells 
Which express the transmembrane ligand Elk-L).Where the 
transmembrane ligand used in a method of the invention is 
not cell associated, it should be oligomeriZed using the 
methods described herein. 

[0060] Conditions Which permit the formation of receptor 
ligand complexes may be selected having regard to factors 
such as the nature and amounts of the receptor and the 
ligand. 
[0061] The receptor-ligand complex, free oligomeriZed 
receptor or non-complexed transmembrane ligand may be 
isolated by conventional isolation techniques, for example, 
salting out, chromatography, electrophoresis, gel ?ltration, 
fractionation, absorption, polyacrylamide gel electrophore 
sis, agglutination, or combinations thereof. 

[0062] Antibody against the ligand or the receptor, or a 
labelled ligand, or a labelled oligomeriZed receptor may be 
utiliZed in the methods of the invention to facilitate isolation 
of the complexes etc. The antibodies, the oligomeriZed 
receptor, or substance may be labelled With a detectable 
substance. 

[0063] The receptor or ligand used in the method of the 
invention may be insolubiliZed. For example, the receptor or 
ligand may be bound to a suitable carrier including agarose, 
cellulose, dextran, Sephadex, Sepharose, carboxymethyl 
cellulose polystyrene, ?lter paper, ion-exchange resin, plas 
tic ?lm, plastic tube, glass beads, polyamine-methyl vinyl 
ether-maleic acid copolymer, amino acid copolymer, ethyl 
ene-maleic acid copolymer, nylon, silk, etc. The carrier may 
be in the shape of, for example, a tube, test plate, beads, disc, 
sphere etc. The insolubiliZed receptor or ligand may be 
prepared by reacting the material With a suitable insoluble 
carrier using knoWn chemical or physical methods, for 
example, cyanogen bromide coupling. 

[0064] Where the ligand is expressed on the surface of a 
cell the affect of a test substance may be determined by 
assaying for activation of the ligand, or by assaying for a 
biological affect on the cell. Activation of the ligand may be 
determined by assaying for phosphorylation of the ligand. 

[0065] The interaction of the receptor and ligand may be 
identi?ed using a tWo-hybrid expression system Wherein the 
activity of a transcriptional activator is reconstituted.(See for 
example, Chien et al. 1991, Proc. Natl. Acad. Sci. (USA) 
88:9578 re tWo-hybrid systems). The system may comprise 
a reporter gene (e.g. genes encoding gene products such as 
[3-galactosidase (e.g. lacZ), luciferase, alkaline phosphatase, 
horseradish peroxidase), operably linked to a DNA binding 
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site for a transcriptional activator; a ?rst hybrid protein 
comprising a transmembrane ligand for an Elk-related 
receptor tyrosine kinase in polypeptide linkage to a DNA 
binding domain of a transcriptional activator; and a second 
hybrid protein comprising an oligomeriZed Elk-related 
receptor tyrosine kinase or an isoform or an extracellular 
domain of the Elk-related receptor tyrosine kinase, in 
polypeptide linkage to an activation domain of the transcrip 
tional activator. The system is carried out employing con 
ditions that alloW binding of the transmembrane ligand and 
oligomeriZed Elk-related receptor tyrosine kinase thereby 
reconstituting the transcriptional activator Which induces 
transcription of the reporter gene. A test substance is added, 
and the expression of the reporter gene is monitored. A 
decrease in expression is an indication that the substance 
inhibits the interaction of the transmembrane ligand and 
oligomeriZed Elk-related receptor tyrosine kinase, and an 
increase in expression is an indication that the substance 
enhances the interaction of the transmembrane ligand and 
oligomeriZed Elk-related receptor tyrosine kinase. In an 
alternate method, the oligomeriZed Elk-related receptor 
tyrosine kinase is linked to the DNA binding domain, and 
the transmembrane ligand is linked to the activation domain. 

[0066] The invention also provides host organisms (typi 
cally unicellular organisms) Which harbor a tWo-hybrid 
system as described herein. Usually the host organism is a 
yeast cell such as Saccharomyces cervisiae. 

[0067] In a particular system, the yeast GAL4 protein 
Which has a domain responsible for DNA-binding and 
another domain for transcriptional activation is employed. In 
the expression system, plasmids encoding tWo hybrid pro 
teins one containing the GAL4 DNA binding domain fused 
to a ?rst protein (a transmembrane ligand or an oligomeriZed 
Elk-related receptor tyrosine kinase), and a second plasmid 
containing the GAL4 activation domain fused to a second 
protein (a transmembrane ligand or an oligomeriZed Elk 
related receptor tyrosine kinase Which forms a complex With 
the ?rst protein) are introduced into the yeast. If the ?rst and 
second proteins interact With one another, the ability to 
activate transcription from promoters containing GAL4 
binding sites is reconstituted leading to the expression of a 
reporter gene e.g. lacZ. 

[0068] The invention also features an antibody preparation 
Which speci?cally binds to a receptor-ligand complex com 
prising an oligomeriZed Elk-related receptor tyrosine kinase, 
or an isoform or an extracellular domain of the kinase, and 
a transmembrane ligand for an Elk-related receptor tyrosine 
kinase. Antibodies (e. g. monoclonal and polyclonal antibod 
ies) may be prepared against oligomeriZed receptor-ligand 
complexes. The invention can employ not only intact mono 
clonal or polyclonal antibodies, but also immunologically 
active fragments (eg a Fab or (Fab)2, fragment), an anti 
body heavy chain, and antibody light chain, a genetically 
engineered single chain FV molecule (Ladner et al, US. Pat. 
No. 4,946,778), or a chimeric antibody, for example, an 
antibody Which contains the binding speci?city of a murine 
antibody, but in Which the remaining portions are of human 
origin. Antibodies including monoclonal and polyclonal 
antibodies, fragments and chimeras, may be prepared using 
methods knoWn to those skilled in the art. 

[0069] The invention also features a method of purifying 
a compound Which inhibits or enhances the binding of an 
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oligomeriZed Elk-related receptor tyrosine kinase, or an 
isoform or an extracellular domain of the kinase, and a 
transmembrane ligand for an Elk-related receptor tyrosine 
kinase comprising contacting the compound With one of the 
ligand or receptor, and, isolating the compound by its 
binding af?nity for the ligand or receptor. Conventional 
af?nity binding methods can be used to isolate a compound. 

[0070] The substances and compounds obtained using the 
methods of the invention, and the antibodies speci?c for 
receptor-ligand complexes may be used to modulate the 
biological activity of a transmembrane ligand for an Elk 
related receptor tyrosine kinase in a cell expressing the 
transmembrane ligand, including inhibiting or enhancing 
signal transduction activities of the transmembrane ligand, 
and in particular modulating a pathWay in a cell regulated by 
a transmembrane ligand for an Elk-related receptor tyrosine 
kinase, particularly those pathWays involved in neuronal 
development, axonal migration, path?nding and regenera 
tion. The identi?cation and isolation of substances and 
compounds Will permit studies of the role of the substances 
and compounds in the developmental regulation of axono 
genesis and neural regeneration, and permit the development 
of substances Which affect these roles, such as functional or 
non-functional analogues of the oligomeriZed extracellular 
domain of an Elk-related receptor tyrosine kinase. The 
substances, compounds, and substances derived therefrom, 
and antibodies, Will be useful as pharmaceuticals to modu 
late axonogenesis, nerve cell interactions and regeneration, 
to treat conditions such as neurodegenerative diseases and 
conditions involving trauma and injury to the nervous sys 
tem, for example AlZheimer’s disease, Parkinson’s disease, 
Huntington’s disease, demylinating diseases, such as mul 
tiple sclerosis, amyotrophic lateral sclerosis, bacterial and 
viral infections of the nervous system, de?ciency diseases, 
such as Wernicke’s disease and nutritional polyneuropathy, 
progressive supranuclear palsy, Shy Drager’s syndrome, 
multistem degeneration and olivo ponto cerebellar atrophy, 
peripheral nerve damage, trauma and ischemia resulting 
from stroke. 

[0071] The present invention thus provides a method for 
affecting neuronal development or regeneration in a subject 
comprising administering to a subject an effective amount of 
a puri?ed and isolated oligomeriZed Elk-related receptor 
tyrosine kinase, or an isoform or an extracellular domain 
thereof, a substance or compound identi?ed using a method 
of the invention, or antibodies speci?c for oligomeriZed 
receptor-ligand complexes. The invention also contemplates 
a method for stimulating or inhibiting axonogenesis in a 
subject comprising administering to a subject an effective 
amount of a puri?ed and isolated oligomeriZed Elk-related 
receptor tyrosine kinase protein, or an isoform or an extra 
cellular domain thereof, a substance or compound identi?ed 
using a method of the invention, or antibodies speci?c for 
oligomeriZed receptor-ligand complexes. 

[0072] The invention still further relates to a pharmaceu 
tical composition Which comprises a puri?ed and isolated 
oligomeriZed Elk-related receptor tyrosine kinase protein or 
an isoform or an extracellular domain thereof, a substance or 

compound identi?ed using a method of the invention, or 
antibodies speci?c for oligomeriZed receptor-ligand com 
plexes, in an amount effective to regulate neuronal devel 
opment or regeneration and a pharmaceutically acceptable 
carrier, diluent or excipient. The pharmaceutical composi 
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tions may be used to stimulate or inhibit neuronal develop 
ment. regeneration and axonal migration associated With 
neurodegenerative conditions and conditions involving 
trauma and injury to the nervous system as described above. 

[0073] The compositions of the invention are administered 
to subjects in a biologically compatible form suitable for 
pharmaceutical administration in vivo. By “biologically 
compatible form suitable for administration in vivo” is 
meant a form of the protein to be administered in Which any 
toxic effects are outWeighed by the therapeutic effects of the 
protein. The term subject is intended to include mammals 
and includes humans, dogs, cats, mice, rats, and transgenic 
species thereof. Administration of a therapeutically active 
amount of the pharmaceutical compositions of the present 
invention is de?ned as an amount effective, at dosages and 
for periods of time necessary to achieve the desired result. 
For example, a therapeutically active amount of an oligo 
meriZed Elk-related receptor tyrosine kinase protein may 
vary according to factors such as the condition, age, sex, and 
Weight of the individual. Dosage regimes may be adjusted to 
provide the optimum therapeutic response. For example, 
several divided doses may be administered daily or the dose 
may be proportionally reduced as indicated by the exigen 
cies of the therapeutic situation. 

[0074] The active compound (e.g., protein) may be admin 
istered in a convenient manner such as by injection (subcu 
taneous, intravenous, etc.), oral administration, inhalation, 
transdermal application, or intracerebral administration. 
Preferably, the pharmaceutical compositions of the inven 
tion are administered directly to the peripheral or central 
nervous system, for example by administration intracere 
brally. 

[0075] Apharmaceutical composition of the invention can 
be administered to a subject in an appropriate carrier or 
diluent, co-administered With enZyme inhibitors or in an 
appropriate carrier such as microporous or solid beads or 
liposomes. The term “pharmaceutically acceptable carrier” 
as used herein is intended to include diluents such as saline 
and aqueous buffer solutions. Liposomes include Water-in 
oil-in-Water emulsions as Well as conventional liposomes 
(Strejan et al., (1984) J. Neuroimmunol 7:27). The active 
compound may also be administered parenterally or intra 
peritoneally. Dispersions can also be prepared in glycerol, 
liquid polyethylene glycols, and mixtures thereof and in oils. 
Under ordinary conditions of storage and use, these prepa 
rations may contain a preservative to prevent the groWth of 
microorganisms. Depending on the route of administration, 
the active compound may be coated to protect the compound 
from the action of enZymes, acids and other natural condi 
tions Which may inactivate the compound. 

[0076] The pharmaceutical compositions may be admin 
istered locally to stimulate axonogenesis and path?nding, 
for example the compositions may be administered in areas 
of local nerve injury or in areas Where normal nerve pathWay 
development has not occurred. The pharmaceutical compo 
sitions may also be placed in a speci?c orientation or 
alignment along a presumptive pathWay to stimulate axon 
path?nding along that line, for example the pharmaceutical 
compositions may be incorporated on microcarriers laid 
doWn along the pathWay. In particular, the pharmaceutical 
compositions of the invention may be used to stimulate 
formation of connections betWeen areas of the brain, such as 
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between the tWo hemispheres or between the thalamus and 
ventral midbrain. The pharmaceutical compositions may be 
used to stimulate formation of the medial tract of the anterior 
commissure or the habenular interpeduncle. 

[0077] Therapeutic administration of polypeptides may 
also be accomplished using gene therapy, A nucleic acid 
including a promoter operatively linked to a heterologous 
polypeptide may be used to produce high-level expression of 
the polypeptide in cells transfected With the nucleic acid. 
DNA or isolated nucleic acids may be introduced into cells 
of a subject by conventional nucleic acid delivery systems. 
Suitable delivery systems include liposomes, naked DNA, 
and receptor-mediated delivery systems, and viral vectors 
such as retroviruses, herpes viruses, and adenoviruses. 

[0078] The folloWing non-limiting example is illustrative 
of the present invention: 

EXAMPLE 

[0079] The folloWing is a detailed description of FIGS. 1 
to 4 including a detailed description of the methods utiliZed 
in the experiments illustrated in the Figures and outlined in 
the Example: 

[0080] Phosphorylation of Transmembrane Ligands by 
vSrc 

[0081] FIG. 1A 

[0082] Alignment of human Elk-L, Htk-L and Elk-L3 
cytoplasmic domains. 

[0083] Black boxes indicate residues conserved in all 
TM-ligands; grey boxes indicate residues conserved in tWo 
ligands. Conserved tyrosines are marked by an asterisk. 
Mouse Htk-L cytoplasmic domain is identical to human 
Htk-L except for a serine to glycine substitution at position 
278. El k-L is also referred to as I?I'k-213 and Cek5-L14, 
Htk-L as Lerk-S25 and Elf-215. (FIG. 1B) Phosphorylation of 
GST-hElk-L cytoplasmic domain fusion protein (GST-Elk-L 
cyt) in vitro by v-Src. v-Src Was immunoprecipitated from 
v-Src transformed Rat-2 cells and incubated With GST 
fusion proteins or enolase as exogenous substrates in the 
presence of 32PYATP. (FIG. 1C) and (FIG. 1D) Tyrosine 
phosphorylation of TM-ligands upon coexpression With 
v-Src. (FIG. 1C) Elk-L and Htk-L Were expressed either 
alone or With v-Src in Cos-1 cells and immunoprecipitated 
With anti-ligand antibody. Upper panel: anti-phosphoty 
rosine blot; loWer panel: anti-ligand blot (reprobe). (FIG. 
1D) TM-ligands Were expressed as in (FIG. 1C), precipi 
tated using a Nuk extracellular domain IgG fusion protein 
(Nuk-Fc) as an af?nity reagent, and immunoblotted With 
anti-phosphotyrosine serum. The band observed at ~100 
kDa represents cross-reaction of Nuk-Fc With the protein 
A-HRP. Methods: (FIG. 1B) v-Src Was immunoprecipitated 
from v-Src transformed Rat-2 cells using an anti-Src mono 
clonal antibody (Oncogene Science) and immune complexes 
Were incubated for 15 minutes at RT With 5 pCi of 32PYATP 
in Src-KRB26 alone or in buffer containing enolase, 10 pg 
puri?ed GST or GST-Elk-L cyt (residues 262-343 of hElk 
L12) as exogenous substrates. Proteins Were separated on a 
10% SDS-PAGE gel and 32P labelled proteins Were detected 
by autoradiography. (FIG. 1C) and (FIG. 1D) Cos-1 cells 
Were transiently transfected as indicated With 5 pg of hElk 
L, mHtk-L or v-Src cDNA expression vectors, either alone 
or in combination, or With empty control vector. Cells Were 
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serum starved for approximately 20 hours in medium con 
taining 0.5% foetal bovine serum (FBS) and lysed in PLC 
Iysis buffer2 at approximately 60 hours post transfection. 
TM-ligands Were precipitated using (FIG. 1C) anti-ligand 
serum (raised against residues 326-343 of hElk-L, Which 
also recognises Htk-L; Santa Cruz) or (FIG. 1D) 10 pg of 
Nuk-Fc fusion protein11 plus protein A sepharose. Precipi 
tated proteins Were Washed three times in HNTG2, separated 
on a 10% SDS-PAGE gel, transferred to PVDF membrane 
(Millipore) and immunoblotted With (FIG. 1C) monoclonal 
(4G10) or (FIG. 1D) polyclonal anti-phosphotyrosine anti 
bodies. Detection Was by Enhanced Chemiluminescence 
(Pierce). In (FIG. 1C) the ?lter Was stripped using 0.1 M 
glycine pH 2.5 and reprobed With anti-ligand serum. 

[0084] Stimulation of Tyrosine Phosphorylation of TM 
Ligands by Nuk Extracellular Domain and Nuk-Expressing 
Cells 

[0085] FIG. 2A 

[0086] Induction of Tyrosine Phosphorylation of 
TM-Ligands, Expressed in Cos-1 Cells, upon Stimulation 
With clustered Nuk-Fc. 

[0087] Cos-1 cells Were transiently transfected With Elk-L, 
Htk-L. or control expression vectors and treated With 2 
pig/ml clustered Nuk-Fc fusion protein or Fc tag alone (c) for 
the indicated periods of time. Cells Were lysed, immuno 
precipitated With anti-ligand serum and blotted With anti 
bodies to phosphotyrosine (upper panels). Filters Were 
stripped and reprobed With anti-ligand serum (loWer panels). 
As a control, excess immuniZing peptide Was included as 
indicated (+pep). Elk-L and Htk-L phosphorylated by 
cotransfection With v-Src Were included on these gels to 
indicate the mobility of tyrosine phosphorylated ligands; as 
less protein Was loaded in these lanes than the Nuk-Fc 
stimulated lanes, no bands Were detected upon reprobing 
With anti-ligand serum. 

[0088] FIG. 2B 

[0089] Stimulation of Elk-L Tyrosine Phosphorylation by 
Nuk-Fc in CHP-100Cells, Which Express Endogenous Elk-L 

[0090] Cells Were stimulated With 2 pig/ml clustered Nuk 
Fc or Fc alone (c) for the indicated periods of time, lysed and 
immunoblotted as in FIG. 2A. Upper panel: anti-phospho 
tyrosine blot; loWer panel: anti-ligand blot (reprobe).+Pep=+ 
competing immuniZing peptide. 

[0091] FIG. 2c 

[0092] Bi-Directional Signalling betWeen Nuk-Expressing 
and TM-Ligand-Expressing Cells in Co-Culture. 

[0093] Cos-1 cells transiently transfected With Elk-L or 
Htk-L Were co-cultured With parental or Nuk-expressing 
NG108 cells for the indicated times. Left panels: anti-ligand 
IP; right panels: anti-Nuk IP from pooled, cocultured cells. 
Upper panels: anti-phosphotyrosine blots; loWer panels: 
anti-ligand blots (reprobe). Methods: In FIG. 2A and FIG. 
2B, Cos- 1 cells Were transiently transfected and serum 
starved as in FIG. 1. Human neuroepithelial CHP-100 cells 
Were serum starved for 8 hours in medium containing 0.5% 
FBS. Nuk-Fc11 or Fc tag (c) Was clustered using anti-human 
IgG (Jackson Immunoresearch) for 1-2 hours at 4° C., 
diluted to a ?nal concentration of 2 pig/ml in serum free 
medium, and applied to cells for the indicated periods of 




























