
US 20030157712A1 

(12) Patent Application Publication (10) Pub. No.: US 2003/0157712 A1 
(19) United States 

Daniel et al. (43) Pub. Date: Aug. 21, 2003 

(54) METHODS FOR DETERMINING CELL 
RESPONSES THROUGH EPHB RECEPTORS 

(76) Inventors: Thomas 0. Daniel, Nashville, TN 
(US); Elke Stein, San Francisco, CA 
(Us) 

Correspondence Address: 
NEEDLE & ROSENBERG P C 
127 PEACHTREE STREET N E 
ATLANTA, GA 30303-1811 (US) 

(21) Appl. No.: 10/420,029 

(22) Filed: Apr. 17, 2003 

Related US. Application Data 

(62) Division of application No. 09/485,653, ?led on Feb. 
14, 2000, noW Pat. No. 6,555,321, ?led as 371 of 
international application No. PCT/US98/ 17157, ?led 
on Aug. 19, 1998. 

(60) Provisional application No. 60/056,164, ?led on Aug. 
19, 1997. 

Publication Classi?cation 

(51) Int. Cl? ..................................................... .. C12N 5/08 

(52) Us. 01. .......................................... .. 435/366; 435/368 

(57) ABSTRACT 

The present invention provides a method for initiating, 
promoting and/or directing cell attachment to a matrix or to 
another cell, comprising contacting an EphB receptor-ex 
pressing cell With a tetrameric EphB receptor-binding 
ligand, Whereby binding of the tetrameric ligand promotes 
multimeriZation of the EphB receptor, thereby initiating, 
promoting and directing cell attachment to a matrix or to 
another cell. Also provided is a method for promoting 
angiogenesis, comprising contacting EphB receptor-ex 
pressing cells Which are associated With angiogenesis With a 
multimeric EphB receptor-binding ligand, Whereby binding 
of the tetrameric ligand promotes multimeriZation of the 
EphB receptor, thereby promoting angiogenesis. 
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METHODS FOR DETERMINING CELL 
RESPONSES THROUGH EPHB RECEPTORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional application of and 
claims bene?t of priority from US. Ser. No. 09/485,653, 
?led Feb. 14, 2000 (noW alloWed), Which is a 35 U.S.C. § 
371 national phase application ?led from and claiming 
bene?t of priority from international application PCT/US98/ 
17157, ?led Aug. 19, 1998, Which claims bene?t of priority 
from US. provisional application 60/056,164, ?led Aug. 19, 
1997, all of Which applications are herein incorporated by 
reference in their entireties. 

[0002] The present invention Was funded in part by Public 
Health Service aWards DK8517 and DK47-48 and National 
Cancer Institute aWard CA 68485. The government has 
certain rights in this invention. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The present invention relates to methods and com 
positions for initiating, promoting and directing cell attach 
ment, migration and cell to cell assembly in response to 
multimeriZation of ligands and/or receptors. In particular, 
the present invention provides multimeric ligands Which 
bind receptors of the Eph receptor tyrosine kinase family to 
selectively modulate speci?c cell activities such as cell 
attachment and cell to cell assembly by promoting the 
formation of multimeric receptors of speci?c composition. 

[0005] 2. Background Art 

[0006] Developmental organiZation and subsequent 
remodeling of vasculature obligates vascular endothelial 
cells and their progenitors to use cell-cell recognition and 
targeting machinery, both in the initial stages of vasculo 
genesis and in the angiogenic remodeling required for 
organogenesis, Wound healing and tumor groWth. Similar to 
the developing neural system, vascular cells must migrate, 
discriminate and assemble With appropriate partner cells to 
establish and remodel highly integrated and interconnected 
cellular netWorks. Early developmental “vasculogenic” 
assembly of blood vessels requires that endothelial progeni 
tor cells migrate in response to yet unidenti?ed cues, then 
discriminate among cells they contact to assemble vascular 
structures With similarly programmed endothelial progeni 
tors (32). During the vascular remodeling occurring during 
organogenesis, Wound healing and tumor groWth, endothe 
lial cells in existing vessels receive angiogenic cues to 
invade their basement membrane and sprout long migrating 
cellular processes that resemble axons (33,34). Cultured 
microvascular endothelial cells extend similar processes that 
track along ?brillar strands of connective tissue matrix to 
contact and engage appropriate partner cells to form cord 
and tube structures during in vitro capillary-like morpho 
genesis. In vivo (and in vitro), these processes encounter and 
discriminate among cells until appropriate partners for 
assembly are identi?ed. On engagement of processes 
extended from existing, efferent limb vessels, specialiZed 
interendothelial cellular connections are established to ulti 
mately interconnect lumen (35). This entire scenario is quite 
similar to the axonal extension, migration, discrimination 
and targeting processes that direct correct assembly of 
neural netWorks. 
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[0007] An enlarging body of evidence has assigned mem 
bers of the Eph family of receptor tyrosine kinases crucial 
roles in neural targeting, and early data also support their 
function in the assembly of vascular structures (1, 2, 3, 7, 
25). As a class, the Eph family of receptors and their ligands 
are tissue restricted in their distribution and are highly 
diverse, With over 13 distinct receptors interacting With 
distinct ligands. During development, speci?c Eph family 
receptors are expressed in distinct tissue sites that are 
bounded by adjacent tissues expressing their membrane 
bound ligands in a reciprocal compartmentation pattern (26). 
Atopographically de?ned gradient of one ligand, ephrin-A2 
(ELF-1), on membranes in the tectum directs the correct 
targeting of retinal axons that express differential levels of 
its receptor, EphA3 (Mek 4) (36). Interestingly, regional 
overexpression of ephrin-A2 (ELF-1) misdirects these pro 
jections (37). These and other experiments emphasiZe the 
important role these Eph family receptors and ligands play 
in directing neuronal cell-cell interactions in developing 
nervous tissue. 

[0008] Eph family receptors are subdivided into tWo func 
tional classes by their af?nities for membrane-bound ligands 
of tWo different structural types. Receptors of the EphA 
subfamily, including EphA3 (Mek 4), EphA5 (Ehk-1) and 
others, bind ligands that are membrane-associated through 
glycerophosphatidylinositol (GPI) linkages, and may be 
released by phospholipases C and D (41). The GPI-linked 
ligands characteriZed to date are ephrin-A1, ephrin-A3, 
ephrin-A4, ephrin-A2 and ephrin-A5 (formerly called 
LERKs 1, 3, 4, 6, & 7) (2, 7, 36, 38). The EphB receptor 
subfamily members shoW overlapping high af?nities for 
ligands that are transmembrane proteins, including ephrin 
B1, ephrin-B2 and ephrin-B3 (formerly called LERKs 2, 5 
& 8) (9, 10, 30, 39). The transmembrane spanning ligands 
shoW remarkable amino acid conservation on the carboxy 
terminus, implying conservation of structure important in 
their function, and clouding the distinction betWeen recep 
tors and ligands. 

[0009] Recent evidence suggests the capacity of these 
“ligands” to signal through engagement of “receptor” extra 
cellular domains. Engagement of ephrin-B1(“ligand”) by 
recombinant EphB2 (Nuk) (“receptor”) ectodomain initiates 
tyrosine phosphorylation of ephrin-B1 (28). Moreover, guid 
ance of hippocampal neurons appears directed by their 
expression of “ligands” for EphB2 (Nuk), a “receptor” 
ectodomain they engage during the course of decussation 
through the anterior commissure during development (23). 
Thus, bidirectional signaling may be initiated by juxtacrine 
ligand-receptor engagement on cell-cell contact. Such bidi 
rectional signaling is attractive as an intermediate step in 
cell-cell recognition and commitment to assemble multicel 
lular structures. 

[0010] Both EphA2 (Eck) and EphB1 (ELK) have been 
implicated as important intermediaries during angiogenesis. 
The primary ligand for EphA2 (Eck) Was ?rst cloned as a 
TNFot-induced product of cultured human umbilical vein 
endothelial cells (ephrin-A1, previously called B-61 or 
LERK-l) (39, 40). Ephrin-A1 is a GPI-linked membrane 
protein that is also released into a soluble fraction Where it 
may promote migration of bovine endothelial cells through 
its interaction With EphA2 (Eck) Antibodies against 
ephrin-A1 interrupt TNFot-induced angiogenic responses in 
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the rat cornea assay, consistent With their interruption of 
ephrin-A1 to promote angiogenesis through EphA2 (Eck) 
(7) 
[0011] EphBl (ELK) and ephrin-Bl (LERK-2) are both 
expressed on rnesenchyrnal progenitors of vascular cells, on 
glornerular capillary endothelial cells in mature kidney and 
on human umbilical vein endothelial cells The early 
expression of ephrin-B1 and EphBl in renal glornerular 
rnicrovascular progenitor cells has suggested their partici 
pation in targeting and capillary assembly in this specialiZed 
rnicrocirculation Ephrin-Bl prornotes assembly of 
human renal rnicrovascular endothelial cells (HRMEC) into 
capillary-like structures (8), yet human umbilical vein 
endothelial cells (HUVEC) are not responsive, despite their 
expression of EphBl, and its tyrosine phosphorylation in 
response to ephrin-Bl. In contrast, ephrin-Al (LERK-l) has 
no capillary-assernbly activity for HRMEC, yet prornotes 
capillary-like assembly of HUVEC Thus, the down 
stream signaling responses in vascular endothelial cells from 
different rnicrocirculations distinguish among Eph receptor 
ligands to determine different cellular responses. 

[0012] The present invention provides methods for selec 
tively rnodulating cell attachment, cell migration, cell to cell 
assembly and other activities regulated by Eph receptor 
activation through the promotion or inhibition of rnultirner 
iZation of the receptors Which regulate these functions by 
signal transduction. 

SUMMARY OF THE INVENTION 

[0013] The present invention provides a method for initi 
ating, prornoting and/or directing cell attachment to a matrix 
or to another cell, comprising contacting an EphB receptor 
expressing cell With a tetrarneric EphB receptor-binding 
ligand, Whereby binding of the tetrarneric ligand prornotes 
rnultirneriZation of the EphB receptor, thereby initiating, 
prornoting and/or directing cell attachment to a matrix or to 
another cell. 

[0014] Also provided is a method for initiating and/or 
prornoting cell migration, comprising contacting an EphB 
receptor-expressing cell With a tetrarneric EphB receptor 
binding ligand, Whereby binding of the tetrarneric ligand 
prornotes rnultirneriZation of the EphB receptor, thereby 
initiating and/or prornoting cell migration. 

[0015] A method for promoting endothelialiZation of a 
prosthesis is also provided, comprising contacting the pros 
thesis With EphB receptor-expressing endothelial cells With 
a tetrarneric EphB receptor-binding ligand Whereby binding 
of the tetrarneric ligand prornotes rnultirneriZation of the 
EphB receptor, thereby promoting endothelialiZation of the 
prosthesis. 
[0016] In addition, the present invention provides a 
method for promoting expression of a molecule on the 
surface of an ephB receptor-expressing cell, Wherein the 
expressed rnolecule affects leukocyte or platelet attachment 
and migration, comprising contacting the cell With a tet 
rarneric Eph receptor-binding ligand, Whereby binding of 
the tetrarneric ligand prornotes rnultirneriZation of the EphB 
receptor, thereby promoting expression of a molecule on the 
surface of the cell Which affects leukocyte or platelet attach 
rnent and migration. 

[0017] Further provided is a method for promoting func 
tion of a molecule on the surface of an ephB receptor 
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expressing cell, Wherein the expressed rnolecule affects 
leukocyte or platelet attachment and migration, comprising 
contacting the cell With a tetrarneric EphB receptor-binding 
ligand Whereby binding of the tetrarneric ligand prornotes 
rnultirneriZation of the EphB receptor, thereby promoting 
function of a molecule on the surface of the cell Which 
affects leukocyte or platelet attachment and migration. 

[0018] The present invention also provides a method for 
promoting rnigration, survival and/or targeting of an EphB 
receptor-expressing neural cell, comprising contacting the 
cell With a tetrarneric EphB receptor-binding ligand, 
Whereby binding of the tetrarneric ligand prornotes rnulti 
rneriZation of the EphB receptor, thereby promoting migra 
tion, survival and/or targeting of the neural cell. 

[0019] The present invention additionally provides a 
method for targeting and/or prornoting endothelial cell 
incorporation at a site of endothelial cell injury or neW blood 
vessel formation in a subject, comprising contacting an 
EphB receptor-expressing endothelial cell at the site of 
endothelial cell injury or neW blood vessel formation in the 
subject With a tetrarneric EphB receptor-binding ligand, 
Whereby binding of the tetrarneric ligand prornotes rnulti 
rneriZation of the receptor, thereby targeting and/or prornot 
ing endothelial cell incorporation at the site of endothelial 
cell injury or neW blood vessel formation in the subject. 

[0020] Furthermore, the present invention provides a 
method for inhibiting cell attachment to a matrix or to 
another cell, comprising contacting an EphB receptor-ex 
pressing cell, Which is stimulated to attach to a matrix or to 
another cell upon binding a tetrameric Eph receptor-binding 
ligand, With a substance Which prevents binding of the 
tetrarneric ligand to the EphB receptor, thereby inhibiting 
cell attachment to a matrix or to another cell. 

[0021] A method for inhibiting cell migration is addition 
ally provided, cornprising contacting an EphB receptor 
expressing cell, Which is stimulated to migrate upon binding 
a tetrarneric EphB receptor-binding ligand, With a substance 
Which prevents binding of the tetrarneric ligand to the EphB 
receptor, thereby inhibiting cell migration. 
[0022] Additionally provided is a method for inhibiting 
expression of a molecule on the surface of an EphB receptor 
expressing cell, Wherein the expressed rnolecule affects 
leukocyte or platelet attachment and migration, comprising 
contacting an EphB receptor-expressing cell, Which is 
stimulated to express a surface molecule which affects 
leukocyte or platelet attachment and migration upon binding 
a tetrarneric EPhB receptor-binding ligand, With a substance 
Which prevents binding of the tetrarneric ligand, thereby 
inhibiting expression of a molecule on the surface of the cell 
Which affects leukocyte or platelet attachment and migra 
tion. 

[0023] The present invention also provides a method for 
inhibiting function of a molecule on the surface of an EphB 
receptor-expressing cell, Wherein the molecule affects leu 
kocyte or platelet attachment and migration, comprising 
contacting an EphB receptor-expressing cell, Which is 
stimulated to promote function of a surface molecule which 
affects leukocyte or platelet attachment and migration upon 
binding a tetrarneric EphB receptor-binding ligand, With a 
substance Which prevents binding of the tetrarneric ligand, 
thereby inhibiting function of a molecule on the surface of 
the cell Which affects leukocyte or platelet attachment and 
migration. 
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[0024] The present invention additionally provides a 
method for inhibiting migration, survival and/or targeting of 
a neural cell Which expresses an EphB receptor, comprising 
contacting an EphB receptor-expressing neural cell, Which is 
stimulated to promote migration, survival or targeting of the 
neural cell upon binding a tetrameric EphB receptor-binding 
ligand, With a substance Which prevents binding of the 
tetrameric ligand, thereby inhibiting migration, survival 
and/or targeting of the neural cell. 

[0025] The present invention also provides a composition 
comprising an isolated tetrameric EphB receptor ligand, a 
composition comprising an isolated tetrameric EphB recep 
tor and a composition comprising an isolated tetrameric 
EphB receptor ligand/tetrameric EphB receptor complex. 

[0026] Furthermore, the present invention provides a 
method for screening an EphB receptor-binding ligand for 
the ability to initiate, promote and/or direct cell attachment 
to a matrix or to another cell When in multimeric form, 
comprising: 

[0027] a) contacting a multimeric EphB receptor 
binding ligand With an EphB receptor-expressing 
cell under conditions Whereby the ligand can bind 
the receptor; and 

[0028] b) detecting attachment of cells Which have 
bound multimeric ligand as compared to attachment 
of cells Which have not bound multimeric ligand, 
Whereby attachment of cells Which have bound mul 
timeric ligand and no attachment of cells Which have 
not bound multimeric ligand identi?es an EphB 
receptor-binding ligand With the ability to initiate, 
promote and/or direct cell attachment to a matrix or 
to another cell When in multimeric form. 

[0029] A method for screening an EphB receptor-binding 
ligand for the ability to promote cell migration When in 
multimeric form is additionally provided, comprising: 

[0030] a) contacting a multimeric EphB receptor 
binding ligand With an EphB receptor-expressing 
cell under conditions Whereby the ligand can bind 
the receptor; and 

[0031] b) detecting migration of cells Which have 
bound multimeric ligand as compared to migration 
of cells Which have not bound multimeric ligand, 
Whereby migration of cells Which have bound mul 
timeric ligand and no migration of cells Which have 
not bound multimeric ligand identi?es an EphB 
receptor-binding ligand With the ability to promote 
cell migration When in multimeric form. 

[0032] Also provided is a method for screening an EphB 
receptor-binding ligand for the ability to promote expression 
of a molecule on the surface of an EphB receptor-expressing 
cell, Wherein the expressed molecule affects leukocyte or 
platelet attachment and migration, When in multimeric form, 
comprising: 

[0033] a) contacting a multimeric EphB receptor 
binding ligand With a cell Which expresses an EphB 
receptor under conditions Whereby the ligand can 
bind the receptor; and 

[0034] b) detecting expression of a molecule Which 
affects leukocyte or platelet attachment and migra 
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tion on the surface of cells Which have bound mul 
timeric ligand as compared to expression of a mol 
ecule Which affects leukocyte or platelet attachment 
and migration on the surface of cells Which have not 
bound multimeric ligand, Whereby expression of a 
molecule Which affects leukocyte or platelet attach 
ment and migration on the surface of cells Which 
have bound multimeric ligand and no expression of 
a molecule Which affects leukocyte or platelet attach 
ment and migration on the surface of cells Which 
have not bound multimeric ligand identi?es a ligand 
With the ability to promote the expression of a 
molecule Which affects leukocyte or platelet attach 
ment and migration on the surface of cells, When the 
ligand is in multimeric form. 

[0035] The present invention further provides a method 
for screening an EphB receptor-binding ligand for the ability 
to promote function of a molecule on the surface of an EphB 
receptor-expressing cell, Wherein the function of the mol 
ecule affects leukocyte or platelet attachment and migration, 
When in multimeric form, comprising: 

[0036] a) contacting a multimeric EphB receptor 
binding ligand With an EphB receptor-expressing 
cell under conditions Whereby the ligand can bind 
the receptor; and 

[0037] b) detecting function of a molecule Which 
affects leukocyte or platelet attachment and migra 
tion on the surface of cells Which have bound mul 
timeric ligand as compared to function of a molecule 
Which affects leukocyte or platelet attachment and 
migration on the surface of cells Which have not 
bound multimeric ligand, Whereby function of a 
molecule Which affects leukocyte or platelet attach 
ment and migration on the surface of cells Which 
have bound multimeric ligand and no function of a 
molecule Which affects leukocyte or platelet attach 
ment and migration on the surface of cells Which 
have not bound multimeric ligand identi?es a ligand 
With the ability to promote function of a molecule 
Which affects leukocyte or platelet attachment and 
migration on the surface of cells, When the ligand is 
in multimeric form. 

[0038] The present invention also provides a method for 
screening an EphB receptor-binding ligand for the ability to 
promote migration, survival and/or targeting of a neural cell 
When in multimeric form, comprising: 

[0039] a) contacting a multimeric EphB receptor 
binding ligand With an EphB receptor-expressing 
neural cell under conditions Whereby the ligand can 
bind the receptor; and 

[0040] b) determining migration, survival and/or tar 
geting of a neural cell Which has bound multimeric 
ligand as compared to migration, survival or target 
ing of a neural cell Which has not bound multimeric 
ligand, Whereby migration, survival or targeting of a 
neural cell Which has bound multimeric ligand and 
no migration, survival, or targeting of a neural cell 
Which has not bound multimeric ligand identi?es a 
ligand With the ability to promote migration, survival 
or targeting of a neural cell When in multimeric form. 

[0041] Additionally provided is a method for screening an 
EphB receptor for the ability to initiate, promote and/or 
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direct cell attachment to a matrix or to another cell When the 
receptor is in rnultirneric forrn, comprising: 

[0042] a) producing a rnultirneric EphB receptor on 
the surface of a cell Which expresses an EphB 
receptor; and 

[0043] b) detecting attachment of cells With a rnulti 
rneric EphB receptor as compared to attachment of 
cells Without a rnultirneric EphB receptor, Whereby 
attachment of cells With a rnultirneric EphB receptor 
and no attachment of cells Without a rnultirneric 
EphB receptor identi?es an EphB receptor With the 
ability to initiate, prornote and/or direct cell attach 
rnent to a matrix or to another cell When in rnulti 
rneric form. 

[0044] Further provided is a method for screening an 
EphB receptor for the ability to promote cell migration When 
the receptor is in rnultirneric forrn, cornprising: 

[0045] a) producing a rnultirneric EphB receptor on 
the surface of a cell Which expresses an EphB 
receptor; and 

[0046] b) detecting migration of cells With a rnulti 
rneric EphB receptor as compared to migration of 
cells Without a rnultirneric EphB receptor, Whereby 
migration of cells With a rnultirneric EphB receptor 
and no migration of cells Without a rnultirneric EphB 
receptor identi?es an EphB receptor With the ability 
to promote cell migration When in rnultirneric form. 

[0047] The present invention also provides a method for 
screening an EphB receptor for the ability to promote 
expression of a molecule on the surface of an EphB receptor 
expressing, Wherein the expressed rnolecule affects leuko 
cyte or platelet attachment and migration, When the receptor 
is in rnultirneric forrn, cornprising: 

[0048] a) producing a rnultirneric EphB receptor on 
the surface of a cell Which expresses an EphB 
receptor; and 

[0049] b) detecting expression of a molecule Which 
affects leukocyte or platelet attachment and migra 
tion on the surface of cells With a rnultirneric EphB 
receptor as compared to expression of a molecule 
Which affects leukocyte or platelet attachment and 
migration on the surface of cells Without a multim 
eric EphB receptor, Whereby expression of a rnol 
ecule Which affects leukocyte or platelet attachment 
and migration on the surface of cells With a rnulti 
rneric EphB receptor and no expression of a rnol 
ecule Which affects leukocyte or platelet attachment 
and migration on the surface of cells Without a 
rnultirneric EphB receptor identi?es an EphB recep 
tor With the ability to promote expression of a 
molecule on the surface of a cell Which expresses an 
EphB receptor, Wherein the expressed rnolecule 
affects leukocyte or platelet attachment and migra 
tion, When the EphB receptor is in rnultirneric form. 

[0050] The present invention additionally provides a 
method for screening an Eph receptor for the ability to 
promote function of a molecule on the surface of an EphB 
receptor-expressing cell, Wherein the function of the rnol 
ecule affects leukocyte or platelet attachment and migration, 
When the receptor is in rnultirneric forrn, cornprising: 
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[0051] a) producing a rnultirneric EphB receptor on 
the surface of a cell Which expresses an EphB 
receptor; and 

[0052] b) detecting function of a molecule Which 
affects leukocyte or platelet attachment and migra 
tion on the surface of cells With a rnultirneric EphB 
receptor as compared to function of a molecule 
Which affects leukocyte or platelet attachment and 
migration on the surface of cells Without a multim 
eric EphB receptor, Whereby function of a molecule 
Which affects leukocyte or platelet attachment and 
migration on the surface of cells With a rnultirneric 
EphB receptor and no function of a molecule Which 
affects leukocyte or platelet attachment and migra 
tion on the surface of cells Without a rnultirneric 
EphB receptor identi?es an EphB receptor With the 
ability to promote function of a molecule on the 
surface of a cell Which expresses an EphB receptor, 
Wherein the expressed rnolecule affects leukocyte or 
platelet attachment and migration, When the EphB 
receptor is in rnultirneric form. 

[0053] A method for screening an EphB receptor for the 
ability to promote rnigration, survival and/or targeting of a 
neural cell When the receptor is in rnultirneric form is also 
provided, comprising: 

[0054] a) producing a rnultirneric EphB receptor on 
the surface of a neural cell Which expresses an EphB 
receptor; and 

[0055] b) detecting rnigration, survival or targeting of 
neural cells With a rnultirneric EphB receptor as 
compared to migration, survival or targeting of neu 
ral cells Without a rnultirneric EphB receptor, 
Whereby rnigration, survival and/or targeting of neu 
ral cells With a rnultirneric EphB receptor and no 
rnigration, survival or targeting of neural cells With 
out a rnultirneric EphB receptor identi?es an EphB 
receptor With the ability to promote rnigration, sur 
vival and/or targeting of neural cells When in rnul 
tirneric form. 

[0056] In addition, the present invention provides a 
method for screening a substance for the ability to inhibit the 
binding of a rnultirneric EphB receptor-binding ligand to an 
EphB receptor cornprising: 

[0057] a) contacting the substance With a cell 
expressing an EphB receptor; 

[0058] b) contacting the cell of step (a) With a rnul 
tirneric EphB receptor-binding ligand under condi 
tions Whereby the rnultirneric ligand can bind the 
receptor; and 

[0059] c) detecting the binding of the rnultirneric 
ligand to the receptor, Whereby no binding of the 
rnultirneric ligand to the receptor identi?es a sub 
stance With the ability to inhibit the binding of a 
rnultirneric EphB receptor-binding ligand to an 
EphB receptor. 

[0060] Also provided herein is a method for promoting 
angiogenesis, comprising contacting EphB receptor-ex 
pressing cells Which are associated With angiogenesis With a 
rnultirneric EphB receptor-binding ligand, Whereby binding 
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of the tetrameric ligand promotes multimeriZation of the 
EphB receptor, thereby promoting angiogenesis. 

[0061] A method for disrupting angiogenesis is addition 
ally provided, comprising contacting an EphB receptor 
expressing cell Which promotes angiogenesis upon binding 
a multimeric EphB receptor-binding ligand With a substance 
Which prevents formation of a multimeric EphB receptor 
binding ligand or inhibits binding of the multimeric EphB 
receptor-binding ligand to the receptor, thereby disrupting 
angiogenesis. 
[0062] Further provided is a method for treating a disease 
associated With pathological angiogenesis in a subject, com 
prising contacting an EphB receptor-expressing cell of the 
subject Which promotes angiogenesis upon binding a tet 
rameric EphB receptor-binding ligand With a substance 
Which prevents binding of the tetrameric ligand, thereby 
disrupting angiogenesis and treating a disease associated 
With pathological angiogenesis. 

[0063] The present invention also provides a method for 
treating a condition associated With interruption of angio 
genic processes in a subject, comprising contacting an EphB 
receptor-expressing cell of the subject With a tetrameric 
EphB receptor-binding ligand, Whereby binding of the tet 
rameric ligand promotes multimeriZation of the EphB recep 
tor, thereby promoting angiogenesis and treating a condition 
associated With interruption of angiogenic processes. 

[0064] The present invention additionally provides a 
method for screening a substance for the ability to inhibit 
angiogenesis, comprising: 

[0065] a) contacting the substance With a cell 
expressing an EphB receptor; 

[0066] b) contacting the cell of step (a) With a mul 
timeric EphB receptor-binding ligand, Which pro 
motes angiogenesis, under conditions Whereby the 
multimeric ligand can bind the receptor; and 

[0067] c) detecting angiogenesis in cells contacted 
With the substance, as compared to angiogenesis in 
cells not contacted With the substance, Whereby no 
angiogenesis in cells contacted With the substance 
and angiogenesis in cells not contacted With the 
substance identi?es a substance having the ability to 
inhibit angiogenesis. 

[0068] Finally, the present invention provides a method 
for screening an EphB-receptor binding ligand for the ability 
to promote angiogenesis When in multimeric form, compris 
ing: 

[0069] a) contacting a multimeric EphB receptor 
binding ligand With a cell Which expresses an EphB 
receptor under conditions Whereby the ligand can 
bind the receptor; and 

[0070] b) detecting angiogenesis of cells Which have 
bound multimeric ligand as compared to angiogen 
esis of cells Which have not bound multimeric 
ligand, Whereby angiogenesis of cells Which have 
bound multimeric ligand and no angiogenesis of 
cells Which have not bound multimeric ligand iden 
ti?es an EphB receptor-binding ligand With the abil 
ity to promote angiogenesis When in multimeric 
form. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0071] FIGS. 1A, 1B and 1C. Ligand multimers elicit 
different responses. FIG. 1A: In an in vitro angiogenesis 
assay, HRMEC (12) Were plated on Matrigel-coated dishes 
in de?ned medium in the absence (NA), or presence of 
indicated agonists, including phorbol myristate acetate 
(PMA, 20 ng ml_1). Ephrin-Bl/Fc (at indicated concentra 
tions) or a control Fc fusion protein, ORF/Fc (9) (500 ng 
ml_1), Were presented as either dimers, or preclustered 
multimers (+anti-Fc). Cells Were photographed 8 h after 
plating. Insert: Phosphotyrosine immunoblots of EphBl 
immunoprecipitates from HRMEC plated on Matrigel 
coated dishes. FIG. 1B: Attachment of HRMEC to either 
Matrigel- or ?bronectin-coated dishes 90 min after plating in 
medium supplemented With dimeric or multimeric (+anti 
Fc) Fc fusion proteins. (Mean+/—SEM of three independent 
determinations are displayed (*p<0.05, **p<0.001, 
***p<0.0001)). FIG. 1C: Attachment of P19 cells to 
?bronectin coated dishes and phosphotyrosine immunoblots 
of EphBl (insert) after plating in medium supplemented 
With dimeric, or multimeric (+anti-Fc), ORF/Fc or ephrin 
Bl/Fc. 

[0072] FIGS. 2A, 2B and 2C. Ephrin-Bl/Fc tetramers 
recruit LMW-PTP to EphBl and promote attachment. FIG. 
2A: Ephrin-Bl/Fc dimers (ephrin-Bl/Fc, 50 pg) or preclus 
tered multimers (ephrin-Bl/Fc, 50 pg+anti-Fc, 5 pg) Were 
separated by exclusion chromatography in PBS on a 
Sepharose 6 column (Pharmacia) calibrated With standards 
of 445 kDa (ferritin), 272 kDa (urease) and 150 kDa (IgG). 
FIGS. 2B and 2C: Fractions containing 500 ng ml'1 protein 
from the indicated A278 peaks (Fxn “A,” Fxn “B,” Fxn “C”) 
Were analyZed for activity to promote tyrosine phosphory 
lation of EphBl and recruitment of LMW-PTP to EphBl 
complexes (FIG. 2B) and to promote attachment of 
HRMEC and P19 cells (FIG. 2C). Complex stoichiometry 
Was con?rmed by comparison of each fraction to mixed 
standards of Ephrin-Bl/Fc and anti-Fc separated by SDS 
PAGE, transferred to Immobilon-P and stained With amido 
black. Tetramers (one anti-Fc molecule complexing tWo 
ephrin-Bl/Fc dimers) shoWed activity in both assays. 

[0073] FIGS. 3A, 3B and 3C. Ephrin-Bl/Fc adsorbed to 
nitrocellulose-coated surfaces stimulates otv[33 integrin-me 
diated endothelial attachment at de?ned densities. FIG. 3A: 
Microvascular endothelial attachment to ?brinogen is stimu 
lated by precoating of surfaces With nitrocellulose-bound 
ephrin-Bl/Fc. EphrinBl/Fc (300 ng/cm2 surface area) Was 
adsorbed overnight at 4° C. to 48-well plates precoated With 
either nitrocellulose, ?brinogen, or both, in combination 
With ephrin-Bl/Fc (300 ng/cm2) or an Fc control, human 
IgG1 (300 ng/cm2), as indicated. Wells Were Washed, blocked 
With 5solution containing 1% bovine albumin, plated With 
7x10 endothelial cells for 1 h, then assayed for cell attach 
ment, as described herein. FIG. 3B: Effect of adsorbed 
?brinogen density on endothelial attachment. Indicated 
amounts of ?brinogen Were adsorbed to surfaces coated With 
no additive (Fbg alone) or ephrinBl/Fc (300 ng/cm2), and 
endothelial attachment Was assayed, as described herein. 
FIG. 3C: Adsorbed ephrin-Bl/Fc density effect on endot 
helial attachment. Indicated amounts of ephrin-Bl/Fc Were 
adsorbed to surfaces coated With ?brinogen (2 mg/cm2), and 
endothelial attachment Was assayed, as described herein. 
EphBl receptor activation Was determined by phosphoty 
rosine immunoblot of immunoprecipitated EphBl receptors. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0074] The present invention provides the surprising dis 
covery that distinctions among ligand multimers are critical 
determinants of biological response such as cell attachment, 
cell migration and cell to cell assembly. Thus, the methods 
of this invention provide for the formation of ligand multi 
mers Which promote the formation of receptor multimers on 
the surface of cells for inducing speci?c biological 
responses. It is understood that in these methods, multimeric 
receptors can be produced by binding multimeric ligands as 
Well as by any other mechanism or With any other substance 
Which can produce multimeric receptors. 

[0075] Thus, the present invention provides a method for 
initiating, promoting and/or directing cell attachment, com 
prising contacting cells With a substance Which promotes 
multimeriZation of receptors associated With initiating, pro 
moting and/or directing cell attachment. Thus, it is under 
stood that the method of this invention provides for one or 
more of the processes of initiation, promotion and direction 
as these processes pertain to cell attachment. The substance 
can be a multimeric ligand and in a preferred embodiment 
can be a tetrameric ligand and the multimeriZation of the 
receptor can result in the formation of tetrameric receptors. 
The multimeric ligand can also be a multimer of ligands 
greater than four Which promotes multimeriZation of recep 
tors. 

[0076] Further provided is a method for initiating and 
promoting cell migration comprising contacting cells With a 
substance Which promotes multimeriZation of receptors 
associated With initiating and promoting cell migration. The 
substance can be a multimeric ligand such as a tetrameric 
ligand Which promotes the formation of tetrameric recep 
tors. The cells can be contacted With the substance in vivo 
or ex vivo as described above. 

[0077] In addition, the present invention provides a 
method for promoting cell to cell assembly, comprising 
contacting cells With a substance Which promotes multim 
eriZation of receptors associated With cell to cell assembly. 
The substance can be a multimeric ligand such as a tet 
rameric ligand Which promotes the formation of tetrameric 
receptors. The cells can be contacted With the substance in 
vivo or ex vivo as described above. 

[0078] Further provided is a method for producing multi 
meric receptors comprising contacting receptors With a 
substance Which promotes multimeriZation. The receptors 
can be isolated according to methods standard in the art or 
the receptors can be on the surface of cells. The substance 
Which promotes multimeriZation of receptors can be a 
multimeric ligand, such as a tetrameric ligand Which pro 
duces tetrameric receptors. In addition, the multimeric 
receptors can be produced in vivo, ex vivo or in vitro. 

[0079] The receptor associated With cell migration, cell 
attachment and cell to cell assembly can be a member of the 
ELK receptor family, Which can be, but is not limited to 
member of the Eph receptor subclass, such as EphA1, 
EphA2, EphA3, EphA4, EphA5, EphA6, EphA7, EphA8, 
EphBl, EphB2, EphB3, EphB4 and EphBS. 

[0080] The ligand Which can be used to promote multim 
eriZation of receptors can be, but is not limited to, ephrin 
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A1, ephrin-A2, ephrin-A3, ephrin-A4, ephrin-AS, ephrin 
Bl, ephrin-B2 and ephrin-B3. 

[0081] Thus, the present invention also provides a method 
for initiating, promoting and/or directing the attachment and 
differentiation of cells, comprising contacting cells With a 
ligand Which initiates, promotes and/or directs the attach 
ment and differentiation of cells When in multimeric form. 
The ligand multimers can initiate, promote and/or direct 
these activities by producing multimeric receptors Which are 
activated When in multimeric form to trigger these activities 
in the cell. The ligand multimers of the present invention are 
preferably tetramers, but can be multimers of greater num 
bers, such as octamers, etc., Which initiate, promote and/or 
direct the attachment and differentiation of cells. Alterna 
tively, the ligand multimers of this invention can block the 
initiation, promotion and/or direction of cell attachment and 
differentiation of cells. 

[0082] Furthermore, the present invention provides a 
method for initiating and/or promoting cell migration, com 
prising contacting cells With a ligand Which initiates and/or 
promotes cell migration When in multimeric form. The 
ligand multimers can initiate and/or promote cell migration 
by producing multimeric receptors Which are activated When 
in multimeric form to trigger cell migration. The ligand 
multimers of the present invention are preferably tetramers, 
but can be multimers of greater numbers Which initiate 
and/or promote cell migration. Alternatively, the ligand 
multimers of this invention can block the initiation and/or 
promotion of cell migration. 

[0083] Also provided is a method for promoting cell to 
cell assembly, comprising contacting cells With a ligand 
Which promotes cell to cell assembly When in multimeric 
form. The multimeric ligand can promote cell to cell assem 
bly by promoting the formation of multimeric receptors 
Which activate cell to cell assembly upon formation into 
multimeric receptors. As stated above, the ligand multimers 
can be tetramers or larger multimers Which promote cell-cell 
assembly. Alternatively, the ligand multimers of this inven 
tion can block the promotion of cell to cell assembly. 

[0084] In particular, the present invention provides a 
method for initiating, promoting and/or directing cell attach 
ment to a matrix or to another cell, comprising contacting an 
EphB receptor-expressing cell With a tetrameric EphB 
receptor-binding ligand Which promotes multimeriZation of 
the receptor, Whereby binding of the tetrameric ligand 
promotes multimeriZation of the EphB receptor, thereby 
initiating, promoting and/or directing cell attachment to a 
matrix or to another cell. 

[0085] As used herein, “matrix” can mean any solid or 
semi-solid surface or substrate, Which can be either biologi 
cal or non-biological, to Which a cell can attach, as Would be 
Well knoWn in the art. Examples of a matrix of this invention 
can include, but is not limited to, peptides containing an 
RGD sequence], vitronectin, ?brinogen, ?bronectin and like 
compounds, as Would be knoWn to one of skill in the art. 

[0086] The present invention also provides a method for 
initiating and promoting cell migration, comprising contact 
ing an EphB receptor-expressing cell With a tetrameric EphB 
receptor-binding Which promotes multimeriZation of the 
receptor, Whereby binding of the tetrameric ligand promotes 
multimeriZation of the EphB receptor, thereby initiating and 
promoting cell migration. 
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[0087] The EphB receptor of these methods can be EphBl 
or EphB2 and the ligand of this method can be ephrinBl or 
ephrinB2. In addition, the cells of these methods can be, but 
are not limited to, epithelial cells, endothelial cells, neuron 
progenitor cells, ?broblasts, embryonic kidney cells and 
teratocarcinoma cells. 

[0088] For the purposes of the present invention, cell to 
cell assembly, cell attachment and cell migration are distinct 
from cell proliferation and tyrosine phosphorylation. Also, 
as used herein, the term “binding” describes the interaction 
betWeen a receptor and a ligand speci?c for that receptor; 
“signaling” describes cellular events or processes Which are 
mediated by binding of ligand to receptor; and “attachment” 
describes the interaction betWeen a cell and a matrix or 
betWeen a cell and another cell. 

[0089] The cells of the present invention can include, but 
are not limited to, mature and progenitor forms of cells With 
differentiated characteristics of neurons of all types, endot 
helial, pericyte, smooth muscle and vascular cells, osteo 
clasts and osteoblasts, epithelial cell types including kera 
tinocytes, intestinal and other alimentary epithelial cells and 
corneal epithelial cells. 

[0090] Furthermore, the cells can be contacted With the 
substance Which promotes these activities by producing 
multimeric ligands and receptors either in vivo or ex vivo. 
For in vivo administration, the substance can be adminis 
tered to any subject having cells Which express the receptors 
of this invention. The subject can be an animal and is 
preferably a human. The substance can be administered to 
the subject in a pharmaceutically acceptable carrier and can 
be orally or parenterally administered to the subject. By 
“pharmaceutically acceptable” is meant a material that is not 
biologically or otherWise undesirable, i.e., the material may 
be administered to a subject along With the selected sub 
stance Without causing any undesirable biological effects or 
interacting in a deleterious manner With any of the other 
components of the pharmaceutical composition in Which it 
is contained. 

[0091] Suitable carriers for parenteral administration of 
the substance in a sterile solution or suspension can include 
sterile saline that may contain additives, such as ethyl oleate 
or isopropyl myristate, and can be injected, for example, 
intravenously, as Well as into subcutaneous or intramuscular 
tissues. 

[0092] Suitable carriers for oral administration include 
one or more substances Which may also act as ?avoring 

agents, lubricants, suspending agents, or as protectants. 
Suitable solid carriers include calcium phosphate, calcium 
carbonate, magnesium stearate, sugars, starch, gelatin, cel 
lulose, carboxypolymethylene, or cyclodextrans. Suitable 
liquid carriers may be Water, pyrogen free saline, pharma 
ceutically accepted oils, or a mixture of any of these. The 
liquid can also contain other suitable pharmaceutical addi 
tions such as buffers, preservatives, ?avoring agents, vis 
cosity or osmo-regulators, stabiliZers or suspending agents. 
Examples of suitable liquid carriers include Water With or 
Without various additives, including carboxypolymethylene 
as a pH-regulated gel. 

[0093] The substance Which promotes these activities by 
producing multimeric receptors and ligands can be admin 
istered to the subject in amounts suf?cient to modulate the 
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activity of the receptor in the subject as desired. Optimal 
dosages used Will vary according to the individual, on the 
basis of age, siZe, Weight, condition, etc, as Well as the 
particular modulating effect being induced. One skilled in 
the art Will realiZe that dosages are best optimiZed by the 
practicing physician and methods for determining dosage 
are described, for example, in Remington ’s Pharmaceutical 
Sciences (31). Treatment can be continued for an inde?nite 
period of time, as indicated by monitoring of the signs, 
symptoms and clinical parameters associated With a particu 
lar activity of the receptor. 

[0094] The ligands of this invention Which initiate, pro 
mote and/or direct cell attachment and/or initiate and pro 
mote cell migration, cell differentiation and/or cell-cell 
assembly can be, but are not limited to, ephrin-Al, ephrin 
A2, ephrin-A3, ephrin-A4, ephrin-A5, ephrin-Bl, ephrin-B2 
and ephrin-B3, as Well as any other ligand noW knoWn or 
identi?ed in the future to initiate, promote and direct the 
attachment, migration and differentiation of cells and/or 
promote cell-cell assembly, particularly by promoting mul 
timeriZation of the receptors Which trigger these activities. 

[0095] It is also understood that the receptors and ligands 
of the present invention can be ad?xed to solid surfaces to 
carry out the methods of this invention. For example, the 
receptors and ligands can be engineered With adapters Which 
alloW them to be ad?xed to a solid surface as multimers, 
such as a prosthetic vascular graft and endothelial cells can 
be added to the graft, alloWing for the biological processes 
of cell attachment, cell migration and cell to cell assembly 
to proceed on the solid surface as facilitated by the presence 
of the multimeric ligands and receptors. The differential 
activity of tetrameric and dimeric ligands on a solid surface 
is described in the Examples section provided herein. 

[0096] Thus, the present invention also provides a method 
for promoting endothelialiZation of a prosthesis, comprising 
contacting the prosthesis With endothelial cells and a ligand 
Which promotes endothelialiZation of cells When in multi 
meric form under conditions Whereby binding of the ligand 
to the cells can occur and endothelialiZation is promoted. 
Speci?cally, the present invention provides a method for 
promoting endothelialiZation of a prosthesis, comprising 
contacting the prosthesis With EphB receptor-expressing 
endothelial cells With a tetrameric EphB receptor-binding 
ligand Which promotes multimeriZation of the EphB recep 
tor, Whereby binding of the tetrameric ligand promotes 
multimeriZation of the EphB receptor, thereby promoting 
endothelialiZation of the prosthesis. 

[0097] As used herein, “endothelialiZation” means the 
process by Which a con?uent and continuous endothelial 
monolayer assembles, either de novo or in repair of in?icted 
damage. EndothelialiZation also means the spreading and 
attachment of endothelial cells to a prosthetic surface to 
promote spreading and covering the surface With an endot 
helial monolayer. The multimeric ligands can promote 
endothelialiZation of a prosthesis by promoting multimer 
iZation of receptors Which promote endothelialiZation When 
in multimeric receptor form. Also as used herein, “prosthe 
sis” means any biologically acceptable material Which can 
be used to replace, restore or facilitate a biological function. 
For example, the prosthesis of this invention can be a 
GORTEX endovascular graft, or other similar materials as 
Would be Well knoWn in the art. 
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[0098] Furthermore, the present invention provides meth 
ods for promoting migration and attachment of cells, as Well 
as methods for promoting expression of surface molecules 
affecting leukocyte or platelet attachment and migration. All 
of these methods comprise contacting cells of the subject 
With a ligand Which promotes migration and attachment of 
cells and/or promotes expression of surface molecules 
affecting leukocyte or platelet attachment and migration 
When in multimeric (e.g., tetrameric) form. The multimeric 
ligands can promote these activities in cells by promoting 
multimeriZation of receptors Which promote these activities 
When in multimeric receptor form. 

[0099] Speci?cally, provided herein is a method for pro 
moting expression of a molecule on the surface of an ephB 
receptor-expressing cell, Wherein the expressed molecule 
affects leukocyte or platelet attachment and migration, com 
prising contacting the cell With a tetrameric EphB receptor 
binding ligand Which promotes multimeriZation of the EphB 
receptor, Whereby binding of the tetrameric ligand promotes 
multimeriZation of the EphB receptor, thereby promoting 
expression of a molecule on the surface of the cell Which 
affects leukocyte or platelet attachment and migration. The 
receptor of this method can be EphBl and the ligand of this 
method can be ephrin-Bl. 

[0100] The present invention also provides a method for 
promoting function of a molecule on the surface of an ephB 
receptor-expressing cell, Wherein the expressed molecule 
affects leukocyte or platelet attachment and migration, com 
prising contacting the cell With a tetrameric ligand Which 
binds an EphB receptor and promotes multimeriZation of the 
EphB receptor, Whereby multimeriZation of the EphB recep 
tor promotes function of a molecule on the surface of the cell 
Which affects leukocyte or platelet attachment and migra 
tion, under conditions Whereby the tetrameric ligand can 
bind the EphB receptor and promote multimeriZation of the 
EphB receptor, thereby promoting function of a molecule on 
the surface of the cell Which affects leukocyte or platelet 
attachment and migration. The receptor of this method can 
be EphBl and the ligand of this method can be ephrin-Bl. 

[0101] As used herein, a molecule Which affects leukocyte 
or platelet attachment or migration is a molecule Which can 
initiate, promote and/or direct leukocyte or platelet attach 
ment or migration, as Well as a molecule Which can inhibit 

and/or disrupt leukocyte or platelet attachment. Such mol 
ecules are Well knoWn in the art. For example, the molecule 
on the surface of a cell Which affects leukocyte or platelet 
attachment and migration as set forth in this invention can 
be, but is not limited to, OM33, (x5[31,ICAM-1 and E-selectin. 

[0102] The methods described above for promoting these 
various activities can be directed to speci?c locations in a 
subject. For example, the above-listed activities can be 
promoted according to the methods of the present invention 
in any tissues Which include vascular and neural cells. In 
particular, the speci?c location could be tumor beds, renal 
glomeruli, central nervous system capillaries, or any loca 
tion at Which the promotion of these activities Would be 
desirable. 

[0103] A method is also provided herein for stimulating 
endothelial cell attachment, migration and/or cell to cell 
assembly, comprising contacting endothelial cells With a 
ligand Which stimulates endothelial cell attachment and 
migration When in multimeric (e.g., tetrameric) form. The 
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ligand can be any of the ligands of the present invention 
Which have been shoWn to stimulate endothelial cell attach 
ment and migration When in multimeric form. The endot 
helial cells can be any of the endothelial cells of the present 
invention Which can be stimulated to attach and migrate 
upon contact With the multimeric ligands of this invention. 
The mechanism by Which the multimeric ligands stimulate 
endothelial cell attachment and migration can be by pro 
moting multimeriZation of receptors Which promote endot 
helial cell attachment and migration When in multimeric 
receptor form. 

[0104] The present invention further provides a method 
for initiating, promoting and directing the attachment, 
migration, differentiation and repair of neural cells, com 
prising contacting neural cells With a ligand With initiates, 
promotes and directs the attachment, migration, differentia 
tion and repair of neural cells When in multimeric form. As 
used herein, “repair of neural cells” means integration to the 
extent that normal function of a damaged neural cell is 
recovered. The multimeric ligands can initiate, promote and 
direct these activities in cells by promoting multimeriZation 
of receptors associated With these activities and Which are 
activated to promote these activities in cells When in mul 
timeric receptor form. 

[0105] Thus, the present invention further provides a 
method for promoting migration, survival and/or targeting 
of an EphB receptor-expressing neural cell, comprising 
contacting the cell With a tetrameric EphB receptor-binding 
ligand Which promotes multimeriZation of the EphB recep 
tor, Whereby binding of the tetrameric ligand promotes 
multimeriZation of the EphB receptor, thereby promoting 
migration, survival or targeting of the neural cell. The 
receptor of any of these methods can be EphBl and the 
ligand of this method can be ephrin-Bl. 

[0106] Also provided in the present invention is a method 
for treating endothelial cell injury in a subject, comprising 
contacting a site of endothelial cell injury in the subject With 
a ligand Which stimulates endothelial cell attachment and 
migration When present in multimeric form. As used herein, 
“endothelial cell injury” is damage or injury to an endothe 
lial cell Which causes disruption of normal function and 
viability. 

[0107] The endothelial cell injury can be in any of the 
endothelial cells of the present invention and can be the 
result of a variety of conditions including, but not limited to, 
hypoxic insult, thermal insult, immunological insult and 
toxic insult. Such injury can also be the result of an 
interruption of angiogenic processes due to a variety of 
conditions, such as, for example, cancer, in?ammatory 
arthritis, thrombotic microangiopathies, diabetes, hyperten 
sion, viral and rickettsial diseases, peripheral vascular dis 
ease, atherosclerotic vascular disease and the like. The 
treatment of endothelial cell injury by multimeric ligand 
contact at the site of injury can be via a mechanism of 
promoting multimeriZation of receptors associated With 
repair of endothelial cell injury Which are activated to 
initiate the repair response When in multimeric receptor 
form. 

[0108] Thus, the present invention further provides a 
method for targeting and promoting endothelial cell incor 
poration at a site of endothelial cell injury or neW blood 
vessel formation in a subject, comprising contacting an 
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EphB receptor-expressing endothelial cell at the site of 
endothelial cell injury or neW blood vessel formation in the 
subject With a tetrameric EphB receptor-binding ligand 
Which promotes multimeriZation of the EphB receptor, 
Whereby binding of the tetrameric ligand promotes multi 
meriZation of the receptor, thereby targeting and promoting 
endothelial cell incorporation at the site of endothelial cell 
injury or neW blood vessel formation in the subject. The 
receptor of this method can be EphBl and the ligand of this 
method can be ephrin-Bl. 

[0109] In a further embodiment, the present invention also 
provides methods for inhibiting the above-listed activities 
promoted by the multimeric ligands of this invention, com 
prising contacting multimeric ligands With a substance 
Which disrupts the ligand (e.g., antibodies, modi?ed Eph 
receptor ectodomains or other substances Which can disrupt 
the multimer or inhibit multimer formation), thereby inhib 
iting the formation of multimeric receptors and thus, the 
multimeric receptor-promoted activity. The mechanism by 
Which these activities can be inhibited can be by disrupting 
multimeric receptors or preventing the formation of multi 
meric receptors, thereby inhibiting multimeric receptor 
promoted activity. It is also contemplated that the multimeric 
ligands and receptors themselves may inhibit these activi 
ties. 

[0110] The present invention also provides a method for 
inhibiting cell attachment, comprising contacting cells 
Which are stimulated to attach upon binding a ligand Which 
promotes cell attachment When in multimeric form, With a 
substance Which prevents binding of the ligand. Such a 
substance can be an antibody Which binds the receptor or 
Which binds the ligand, having the net effect of preventing 
binding of the ligand and receptor. Other substances can 
include proteins, peptides, or other molecules Which inter 
fere With the binding of ligand and receptor, either directly 
or indirectly. For example, the substance can be a dimeric 
ligand Which has antagonistic activity, as Well as other small 
molecules Which interrupt the receptor interfaces that 
engage in multimer binding to activate Eph receptor in 
oligomeric forms that do not permit the signals evoked by 
ligand multimers to be generated (i.e., a pseudo-agonist 
effect). Additionally, the substance can be a ligand or recep 
tor ectodomain Which binds its respective target and occu 
pies the necessary binding site, thereby inhibiting the bind 
ing of ligand and receptor. 

[0111] In addition, the inhibition of cell attachment can be 
by disrupting multimeric receptors Which promote or main 
tain cell attachment, as Well as by inhibiting the formation 
of multimeric receptors associated With cell attachment. 
Such inhibition can be induced by contacting the receptors 
With a substance that disrupts or inhibits formation of 
multimeric receptors. The substance can be, for example, a 
substance, as described above, Which disrupts or inhibits the 
formation of multimeric ligands or Which disrupts or inhibits 
receptor/ligand binding. 
[0112] Further provided is a method for inhibiting cell-cell 
assembly, comprising contacting cells Which are stimulated 
to assemble upon binding a ligand Which promotes cell-cell 
assembly When in multimeric form, With a substance Which 
prevents binding of the ligand. The inhibition of cell to cell 
assembly may be by inhibiting the formation of multimeric 
receptors Which promote cell to cell assembly When in 
multimeric receptor form. 
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[0113] The present invention also provides a method for 
inhibiting cell migration, comprising contacting cells Which 
are stimulated to migrate upon binding a ligand Which 
promotes cell migration When in multimeric form, With a 
substance Which prevents binding of the ligand. The inhi 
bition of cell migration may be by inhibiting the formation 
of multimeric receptors Which promote cell migration When 
in multimeric receptor form. 

[0114] In the same context, the present invention also 
contemplates methods for inhibiting migration of cells and/ 
or expression of surface molecules affecting leukocyte 
attachment and migration in a subject comprising contacting 
cells of the subject With a substance Which prevents binding 
of a ligand Which promotes migration and/or expression of 
surface molecules affecting leukocyte attachment and 
migration in a subject When in multimeric form. 

[0115] Also provided is a method for inhibiting endothe 
lial cell attachment, migration and/or cell to cell assembly, 
comprising contacting endothelial cells With a substance 
Which prevents binding of a ligand Which promotes endot 
helial cell attachment, migration and/or cell to cell assembly 
When in multimeric form. 

[0116] In addition, a method is provided for inhibiting or 
interrupting neural cell migration and repair, comprising 
contacting neural cells With a substance Which prevents 
binding of a ligand Which promotes neural cell migration 
and repair When in multimeric form. 

[0117] In a particular embodiment, the present invention 
provides a method for inhibiting cell attachment to a matrix 
or to another cell, comprising contacting an EphB receptor 
expressing cell, Which is stimulated to attach to a matrix or 
to another cell upon binding a tetrameric Eph receptor 
binding ligand, With a substance Which prevents formation 
of a tetrameric ligand or prevents formation of a tetrameric 
receptor or prevents binding of a tetrameric ligand to the 
EphB receptor, thereby inhibiting cell attachment to a matrix 
or to another cell. 

[0118] Also provided is a method for inhibiting cell migra 
tion, comprising contacting an EphB receptor-expressing 
cell, Which is stimulated to migrate upon binding a tet 
rameric EphB receptor-binding ligand, With a substance 
Which prevents formation of a tetrameric ligand, formation 
of a tetrameric receptor or binding of a tetrameric ligand to 
the EphB receptor, thereby inhibiting cell migration. 
[0119] Furthermore, the present invention provides a 
method for inhibiting expression and/or function of a mol 
ecule on the surface of an EphB receptor-expressing cell, 
Wherein the expression and/or promotion of function of the 
molecule affects leukocyte or platelet attachment and migra 
tion, comprising contacting an EphB receptor-expressing 
cell, Which is stimulated to express or promote function a 
surface molecule Which affects leukocyte or platelet attach 
ment and migration upon binding a tetrameric EphB recep 
tor-binding ligand, With a substance Which prevents forma 
tion of a tetrameric ligand or prevents formation of a 
tetrameric receptor or prevents binding of a tetrameric 
ligand to the EphB receptor, thereby inhibiting expression 
and/or function of a molecule on the surface of the cell 
Which affects leukocyte or platelet attachment and migra 
tion. 

[0120] A method for inhibiting migration, survival or 
targeting of a neural cell Which expresses an EphB receptor 
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is also provided herein, comprising contacting an EphB 
receptor-expressing neural cell, Which is stimulated to pro 
mote migration, survival or targeting of the neural cell upon 
binding a tetrameric EphB receptor-binding ligand, With a 
substance Which prevents formation of a tetrameric ligand or 
prevents formation of a tetrameric receptor or prevents 
binding of a tetrameric ligand to the EphB receptor, thereby 
inhibiting migration, survival or targeting of the neural cell. 

[0121] The above described methods for inhibiting vari 
ous cell activities can be by disrupting or inhibiting the 
formation of multimeric receptors Which promote or main 
tain these activities When present in the cells in multimeric 
receptor form. The inhibition can be caused by a substance 
Which can be an antibody Which binds the receptor or Which 
binds the ligand, having the net effect of preventing binding 
of the ligand and receptor. Other substances can include 
proteins, peptides, or other molecules Which interfere With 
the binding of ligand and receptor, either directly or indi 
rectly. For example, the substance can be a dimeric ligand 
Which has antagonistic activity, as Well as other small 
molecules Which interrupt the receptor interfaces that 
engage in multimer binding to activate Eph receptor in 
oligomeric forms that do not permit the signals evoked by 
ligand multimers to be generated (i.e., a pseudo-agonist 
effect). Additionally, the substance can be a ligand or recep 
tor ectodomain Which binds its respective target and occu 
pies the necessary binding site, thereby inhibiting the bind 
ing of ligand and receptor. 

[0122] In addition, the present invention provides an iso 
lated multimeric Eph receptor binding ligand having more 
than tWo ligand subunits. For example, the multimeric Eph 
receptor ligand can have four ligand subunits, six ligand 
subunits, eight ligand subunits, etc. It is further contem 
plated that the multimeric Eph receptor ligand can be bound 
to a receptor protein, thus providing a multimeric Eph 
receptor ligand/receptor complex, Which can be an isolated 
complex. Thus, the present invention speci?cally provides a 
composition comprising an isolated tetrameric EphB recep 
tor ligand, a composition comprising an isolated tetrameric 
EphB receptor and a composition comprising an isolated 
tetrameric EphB receptor ligand/tetrameric EphB receptor 
complex. The composition of this invention can be a tet 
rameric EphBl receptor or a tetrameric EphB2 receptor or a 
tetrameric EphB3 receptor. The composition of this inven 
tion can also be a tetrameric ephrin-B1 ligand, a tetrameric 
ephrin-B2 ligand or a tetrameric ephrin-B3 ligand. Further 
more, the composition of this invention can be a tetrameric 
EphBl receptor/tetrameric ephrin-B1 ligand complex, a 
tetrameric EphB2 receptor/ephrin-B2 ligand complex, a 
tetrameric EphB3 receptor/ephrin-B3 ligand complex, or a 
tetrameric EphB receptor/ephrin-B ligand complex having 
any combination of EphB receptor and ephrin-B ligand. 

[0123] The production of such multimeric Eph receptor 
ligands or multimeric Eph receptors can be carried out by 
methods knoWn in the art and as provided herein for 
producing a multimeric Eph receptor binding ligand having 
more than tWo ligand subunits or a multimeric Eph receptor 
having more than tWo receptor subunits. For example, for 
the production of multimeric Eph receptor ligands, proteins 
are engineered in a tWo step approach to permit de?ned 
oligomeriZation. A number of natural examples exist for 
interaction “cassettes” to be incorporate in tandem arrange 
ments in multidomain proteins. For the most part, these 
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serve as adapter molecules that serve as scaffolds to asso 

ciate different proteins to accomplish complex sequential 
reactions. This tandem adapter function is exploited to 
generate a series of adapter proteins that serve as binding 
scaffolds. Protein ligands are expressed as recombinant 
proteins containing the ectodomain linked to a high affinity 
epitope recognition binding site for the adapter domain to 
create a fusion protein ligand monomer. Adapter proteins are 
engineered to contain, in tandem, multiple de?ned copies (1, 
2, 4, 6) of a selected interaction motif (e.g., SH2, SH3, PDB, 
PDZ, etc.). Adapter proteins and epitope tagged ligand 
recombinant proteins are expressed independently, in bac 
terial expression systems (adapter) or eukaryotic cell (CHO 
or sf9 insect cells) expression systems (ephrin ectodomain 
tag). The epitope tagged ephrin ectodomains are expressed 
as secreted fusion proteins containing the recognition motif 
for the adapter cassette on the C-terminus, analogous to the 
position of the current ectodomain fusions. In cases Where 
SH2 or PDB domains have been used, the recombinant 
ligand-epitope fusion Will require tyrosine phosphorylation 
of the epitope to create the high affinity binding site. 

[0124] These recombinant proteins are mixed in de?ned 
ratios and subsequently characteriZed as described in the 
Examples provided herein to determine the oligomeric state 
of the respective ligands. This approach permits strict de? 
nition of the ligand oligomers and provides a method for 
rigorously evaluating biological functions, as agonists and 
antagonists for speci?c receptor and their associated activi 
ties. Additional motifs may be engineered on either N or C 
termini to facilitate attachment of these adapter proteins to 
solid phase surfaces, for both puri?cation and for solid phase 
attachment (e.g., for endothelialiZation of a prosthesis). 

[0125] The multimeric ligands of this invention can be 
multimers of ephrin-A1, ephrin-A2, ephrin-A3, ephrin-A4, 
ephrin-A5, ephrin-B1, ephrin-B2 and ephrin-B3, as Well as 
any other ligand noW knoWn or identi?ed in the future to 
promote the activities of this invention When in multimeric 
(e.g., tetrameric) form. Thus, the present invention provides 
tetrameric ephrin-A1, tetrameric ephrin-A2, tetrameric eph 
rin-A3, tetrameric ephrin-A4, tetrameric ephrin-A5, tet 
rameric ephrin-B1, tetrameric ephrin-B2 and tetrameric eph 
rin-B3. 

[0126] Further provided in the present invention is an 
isolated multimeric Eph receptor. The receptor can be iso 
lated and puri?ed, if desired, according to standard protein 
isolation and/or puri?cation protocols Well knoWn in the art. 
The multimeric receptor of this invention can be, but is not 
limited to multimers of EphAl, EphA2, EphA3, EphA4, 
EphAS, EphA6, EphA7, EphA8, EphBl, EphB2, EphB3, 
EphB4 and EphBS, as Well as any other receptor noW knoWn 
or identi?ed in the future to promote the activities of this 
invention When in multimeric (e.g. tetrameric) form. Thus, 
the present invention provides tetrameric EphAl, tetrameric 
EphA2, tetrameric EphA3, tetrameric EphA4, tetrameric 
EphAS, tetrameric EphA6, tetrameric EphA7, tetrameric 
EphA8, tetrameric EphBl, tetrameric EphB2, tetrameric 
EphB3, tetrameric EphB4 and tetrameric EphBS. 

[0127] The present invention also provides a method for 
screening Eph receptor binding ligands for the ability to 
promote cell attachment When in multimeric form, compris 
ing: producing a multimeric Eph receptor binding ligand; 
contacting the multimeric ligand With cells Which express 
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Eph receptors; and determining an amount of cell attach 
ment and migration in the presence of the multimeric ligand 
as compared to the amount of cell attachment and migration 
Without the multimeric ligand, Whereby an increase in cell 
attachment and migration in cells contacted With the multi 
meric ligand as compared With the amount of cell attach 
ment and migration in cells not contacted With the multim 
eric ligand identi?es an Eph receptor binding ligand having 
the ability to promote cell attachment and migration When in 
multimeric form. 

[0128] Additionally provided is a method for screening 
Eph receptor binding ligands for the ability to promote 
cell-cell assembly When in multimeric form, comprising: 
producing a multimeric Eph receptor binding ligand; con 
tacting the multimeric ligand With cells Which express Eph 
receptors; and determining an amount of cell-cell assembly 
in the presence of the multimeric ligand as compared to the 
amount of cell-cell assembly Without the multimeric ligand, 
Whereby an increase in cell to cell assembly of cells con 
tacted With the multimeric ligand as compared With the 
amount of cell to cell assembly in cells not contacted With 
the multimeric ligand identi?es a ligand having the ability to 
promote cell to cell assembly When in multimeric form. 

[0129] Amethod is also provided herein for screening Eph 
receptor binding ligands for the ability to promote cell 
migration and/or expression of surface molecules affecting 
leukocyte attachment and migration When in multimeric 
form, comprising: producing a multimeric Eph receptor 
binding ligand; contacting the multimeric ligand With cells 
Which express Eph receptors; and determining an amount of 
migration and/or expression of surface molecules affecting 
leukocyte attachment and migration in the presence of the 
multimeric ligand as compared to the amount of migration 
and/or expression of surface molecules affecting leukocyte 
attachment and migration Without the multimeric ligand, 
Whereby an increase in the amount of migration and/or 
expression of surface molecules affecting leukocyte attach 
ment and migration in the presence of the multimeric ligand 
as compared to the amount in the absence of the multimeric 
ligand indicates an Eph receptor binding ligand having the 
ability to promote migration and/or expression of surface 
molecules affecting leukocyte attachment and migration 
When in multimeric form. 

[0130] Further provided is a method for screening Eph 
receptor binding ligands for the ability to initiate, promote 
and direct neural cell migration and repair When in multi 
meric form, comprising: producing a multimeric Eph recep 
tor binding ligand; contacting the multimeric ligand With 
neural cells Which express Eph receptors; and determining 
an amount of neural cell migration and repair in the presence 
of the multimeric ligand as compared to the amount of 
neural cell migration and repair Without the multimeric 
ligand, Whereby an increase in the amount of neural cell 
migration and repair in the presence of the multimeric ligand 
as compared to the amount in the absence of the multimeric 
ligand indicates an Eph receptor binding ligand Which can 
initiate, promote and direct neural cell migration and repair. 

[0131] The present invention also provides a method for 
screening Eph receptors for the ability to promote cell 
attachment and/or When in multimeric form, comprising: 
producing a multimeric Eph receptor on the surface of cells 
Which express Eph receptors; and determining an amount of 

Aug. 21, 2003 

cell attachment and/or migration in the presence of the 
multimeric receptor as compared to the amount of cell 
attachment and/or migration in cells Without the multimeric 
receptor, Whereby an increase in cell attachment and/or 
migration in cells With the multimeric receptor as compared 
With the amount of cell attachment and/or migration in cells 
not contacted With the multimeric receptor identi?es an Eph 
receptor having the ability to promote cell attachment and/or 
migration When in multimeric form. 

[0132] Additionally provided is a method for screening 
Eph receptors for the ability to promote cell-cell assembly 
When in multimeric form, comprising: producing a multim 
eric Eph receptor of the surface of cells Which express Eph 
receptors; and determining an amount of cell-cell assembly 
in the presence of the multimeric receptor as compared to the 
amount of cell-cell assembly in cells Without the multimeric 
receptor, Whereby an increase in cell to cell assembly of cells 
With the multimeric receptor as compared With the amount 
of cell to cell assembly in cells Without the multimeric 
receptor identi?es a receptor having the ability to promote 
cell to cell assembly When in multimeric form. 

[0133] Amethod is also provided herein for screening Eph 
receptors for the ability to promote migration and/or expres 
sion of surface molecules affecting leukocyte attachment 
and migration When in multimeric form, comprising: pro 
ducing a multimeric Eph receptor on the surface of cells 
Which express Eph receptors; and determining an amount of 
migration and/or expression of surface molecules affecting 
leukocyte attachment and migration in the presence of the 
multimeric receptor as compared to the amount of migration 
and/or expression of surface molecules affecting leukocyte 
attachment and migration Without the multimeric receptor, 
Whereby an increase in the amount of migration and/or 
expression of surface molecules affecting leukocyte attach 
ment and migration in the presence of the multimeric 
receptor as compared to the amount in the absence of the 
multimeric receptor identi?es an Eph receptor having the 
ability to promote migration and/or expression of surface 
molecules affecting leukocyte attachment and migration 
When in multimeric form. 

[0134] Further provided is a method for screening Eph 
receptors for the ability to initiate, promote and direct neural 
cell migration and repair When in multimeric form, com 
prising: producing a multimeric Eph receptor on neural cells 
Which express Eph receptors; and determining an amount of 
neural cell migration and repair in the presence of the 
multimeric receptor as compared to the amount of neural 
cell migration and repair Without the multimeric receptor, 
Whereby an increase in the amount of neural cell migration 
and repair in the presence of the multimeric receptor as 
compared to the amount in the absence of the multimeric 
receptor indicating an Eph receptor Which can initiate, 
promote and direct neural cell migration and repair. The 
multimeric Eph receptor can be produced on the neural cells 
by inducing the formation of de?ned multimeric receptors 
according to the methods provided herein. 

[0135] In another embodiment, the present invention pro 
vides a method for screening substances for the ability to 
inhibit the binding of a multimeric Eph receptor binding 
ligand to an Eph receptor comprising: contacting the sub 
stance With cells expressing an Eph receptor; contacting the 
cells With a multimeric Eph receptor binding ligand under 
































