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POLYPEPTIDE COMPOUNDS FOR INHIBITING ANGIOGENESIS AND
TUMOR GROWTH

RELATED APPLICATIONS
This application claims the benefit of the filing date of U.S. Provisional
Application No. 60/612,488, filed September 23, 2004, the specification of which is

incorporated by reference herein in its entirety.

BACKGROUND OF THE INVENTION

Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common
general knowledge in the field.

Angiogenesis, the development of new blood vessels from the endothelium of a
preexisting vasculature, is a critical process in the growth, progression, and metastasis of
solid tumors within the host. During physiologically normal angiogenesis, the autocrine,
paracrine, and amphicrine interactions of the vascular endothelium with its surrounding
stromal components are tightly regulated both spatially and temporally. Additionally,
the levels and activities of proangiogenic and angiostatic cytokines and growth factors
are maintained in balance. In contrast, the pathological angiogenesis necessary for
active tumor growth is sustained and persistent, representing a dysregulation of the
normal angiogenic system. Solid and hematopoietic tumor types are particularly
associated with a high level of abnormal angiogenesis.

It is generally thought that the development of tumor consists of sequential, and
interrelated steps that lead to the generation of an autonomous clone with aggressive
growth potential. These steps include sustained growth and unlimited self-renewal. Cell
populations in a tumor are generally characterized by growth signal self-sufficiency,
decreased sensitivity to growth suppressive signals, and resistance to apoptosis. Genetic
or cytogenetic events that initiate aberrant growth sustain cells in a prolonged "ready"
state by preventing apoptosis. It is a goal of the present disclosure to provide agents and

therapeutic treatments for inhibiting angiogenesis and tumor growth.

SUMMARY OF THE INVENTION
According to a first aspect, the present invention provides an isolated soluble

polypeptide comprising an amino acid sequence of an extracellular domain of an EphB4
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protein fused to an albumin protein or a fragment thereof, wherein the polypeptide is a
monomer and binds specifically to an Ephrin B2 polypeptide, and has an in vivo serum
half-life at least 50% greater than that of the extracellular domain of the EphB4 alone,
and wherein the polypeptide inhibits signaling that results from the interaction between
EphB4 and EphrinB2.

According to a second aspect, the present invention provides a pharmaceutical
composition comprising a polypeptide of the first aspect, and a pharmaceutically
acceptable carrier.

According to a third aspect, the present invention provides use of a polypeptide
of the first aspect for preparing a medicament for inhibiting signaling through Ephrin
B2/EphB4 pathway.

According to a fourth aspect, the present invention provides use of a polypeptide
of the first aspect for preparing a medicament for reducing the growth rate of the tumor.

According to a fifth aspect, the present invention provides use of a polypeptide of
the first aspect for preparing a medicament for treating cancer in a patient.

According to a sixth aspect, the present invention provides use of a polypeptide
of the first aspect for preparing a medicament for inhibiting angiogenesis in a patient.

According to a seventh aspect, the present invention provides use of a
polypeptide of the first aspect for preparing a medicament for treating a patient suffering
from an angiogenesis-associated disease.

According to an eighth aspect, the present invention provides a cosmetic
composition comprising the polypeptide of the first aspect, and a pharmaceutically
acceptable carrier

According to a ninth aspect, the present invention provides a method of
inhibiting signaling through Ephrin B2/EphB4 pathway comprising administering a
polypeptide of the first aspect.

According to a tenth aspect, the present invention provides a method of reducing
the growth rate of a tumor comprising administering a polypeptide of the first aspect

According to an eleventh aspect, the present invention provides a method of
treating cancer in a patient comprising administering a polypeptide the first aspect.

According to a twelfth aspect, the present invention provides a method of
inhibiting angiogenesis in a patient comprising administering a polypeptide of the first

aspect.

-la-
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According to a twelfth aspect, the present invention provides a method of
inhibiting angiogenesis in a patient comprising administering a polypeptide of the first
aspect.

According to a thirteenth aspect, the present invention provides a method of
treating a patient suffering from an angiogenesis-associated disease comprising
administering a polypeptide of the first aspect.

Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the
sense of “including, but not limited to”.

In certain aspects, the disclosure provides polypeptide agents that inhibit EphB4 or
EphrinB2 mediated functions, including monomeric ligand binding portions of the
EphB4 and EphrinB2 proteins. As demonstrated herein, EphB4 and EphrinB2
participate in various disease states, including cancers and diseases related to unwanted
or excessive angiogenesis. Accordingly, certain polypeptide agents disclosed herein

may be used to
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treat such diseases. In further aspects, the disclosure relates to the discovery that EphB4
and/or EphrinB2 are expressed, often at high levels, in a variety of tumors. Therefore,
polypeptide agents that down-regulate EphB4 or EphrinB2 function may affect tumors by a
direct effect on the tumor cells as well as an indirect effect on the angiogenic processes
recruited by the tumor. In certain embodiments, the disclosure provides the identity of
tumor types particularly suited to treatment with an agent that downregulates EphB4 or
EphrinB2 function. In preferred embodiments, polypeptides disclosed herein are modified

so as to have increased serum half-life in vivo.

In certain aspects, the disclosure provides soluble EphB4 polypeptides comprising
an amino acid sequence of an extracellular domain of an EphB4 protein. The soluble
EphB4 polypeptides bind specifically to an EphrinB2 polypeptide. The term “soluble” is
used merely to indicate that these polypeptides do not contain a transmembrane domain or a
portion of a transmembrane domain sufficient to compromise the solubility of the
polypeptide in a physiological salt solution. Soluble polypeptides are preferably prepared
as monomers that compete with EphB4 for binding to ligand such as EphrinB2 and inhibit
the signaling that results from EphB4 activation. Optionally, a soluble polypeptide may be
prepared in a multimeric form, by, for example, expressing as an Fc fusion protein or fusion
with another multimerization domain. Such multimeric forms may have complex activities,
having agonistic or antagonistic effects depending on the context. In certain embodiments
the soluble EphB4 polypeptide comprises a globular domain of an EphB4 protein. A
soluble EphB4 polypeptide may comprise a sequence at least 90% identical to residues 1-
522 of the amino acid sequence defined by Figure 65 (SEQ ID NO:10). A soluble EphB4
polypeptide may comprise a sequence at least 90% identical to residues 1-412 of the amino
acid sequence defined by Figure 65 (SEQ ID NO:10). A soluble EphB4 polypeptide may
comprise a sequence at least 90% identical to residues 1-312 of the amino acid sequence
defined by Figure 65 (SEQ ID NO:10). A soluble EphB4 polypeptide may comprise a
sequence encompassing the globular (G) domain (amino acids 29-197 of Figure 65, SEQ ID
NO:10), and optionally additional domains, such as the cysteine-rich domain (amino acids
239-321 of Figure 65, SEQ ID NO:10), the first fibronectin type 3 domain (amino acids
324-429 of Figure 65, SEQ ID NO:10) and the second fibronectin type 3 domain (amino
acids 434-526 of Figure 65, SEQ ID NO:10). Preferred polypeptides described herein and
demonstrated as having ligand binding activity include polypeptides corresponding to 1-
537, 1-427 and 1-326, respectively, of the amino acid sequence shown in Figure 65 (SEQ
ID NO:10). A soluble EphB4 polypeptide may comprise a sequence as set forth in Figure 1
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or 2 (SEQ ID Nos. 1 or 2). As is well known in the art, expression of such EphB4
polypeptides in a suitable cell, such as HEK293T cell line, will result in cleavage of a
leader peptide. Although such cleavage is not always complete or perfectly consistent at a
single site, it is known that EphB4 tends to be cleaved so as to remove the first 15 amino
acids of the sequence shown in Figure 65 (SEQ ID NO:10). Accordingly, as specific
examples, the disclosure provides unprocessed soluble EphB4 polypeptides that bind to
EphrinB2 and comprise an amino acid sequence selected from the following group
(numbering is with respect to the sequence of Figure 65, SEQ ID NO:10): 1-197, 29-197, 1-
312,29-132, 1-321, 29-321, 1-326, 29-326, 1-412, 29-412, 1-427, 29-427, 1-429, 29-429,
1-526,29-526, 1-537 and 29-537. Additionally, heterologous leader peptides may be
substituted for the endogeneous leader sequences. Polypeptides may be used in a processed
form, such forms having a predicted amino acid sequence selected from the following
group (numbering is with respect to the sequence of Figure 65, SEQ ID NO:10): 16-197,
16-312, 16-321, 16-326, 16-412, 16-427, 16-429, 16-526 and 16-537. Additionally, a
soluble EphB4 polypeptide may be one that comprises an amino acid sequence at least
90%, and optionally 95% or 99% identical to any of the preceding amino acid sequences
while retaining EphrinB2 binding activity. Preferably, any variations in the amino acid
sequence from the sequence shown in Figure 65 (SEQ ID NO:10) are conservative changes
or deletions of no more than 1, 2, 3, 4 or 5 amino acids, particularly in a surface loop
region. In certain embodiments, the soluble EphB4 polypeptide may inhibit the interaction
between Ephrin B2 and EphB4. The soluble EphB4 polypeptide may inhibit clustering of
or phosphorylation of Ephrin B2 or EphB4. Phosphorylation of EphrinB2 or EphB4 is
generally considered to be one of the initial events in triggering intracellular signaling
pathways regulated by these proteins. As noted above, the soluble EphB4 polypeptide may
be prepared as a monomeric or multimeric fusion protein. The soluble polypeptide may
include one or more modified amino acids. Such amino acids may contribute to desirable

properties, such as increased resistance to protease digestion.

The present disclosure provides soluble EphB4 polypeptides having an additional
component that confers increased serum half-life while still retaining EphrinB2 binding
activity. In certain embodiments soluble EphB4 polypeptides are monomeric and are
covalently linked to one or more polyoxyaklylene groups (e.g., polyethylene,
polypropylene), and preferably polyethylene glycol (PEG) groups. Accordingly, one aspect
of the invention provides modified EphB4 polypeptides, wherein the modification
comprises a single polyethylene glycol group covalently bonded to the polypeptide. Other
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aspects provide modified EphB4 polypeptides covalently bonded to one, two, three, or more
polyethylene glycol groups.

The one or more PEG may have a molecular weight ranging from about 1 kDa to
about 100 kDa, and will preferably have a molecular weight ranging from about 10 to about
60 kDa or about 10 to about 40 kDa. The PEG group may be a linear PEG or a branched
PEG. In a preferred embodiment, the soluble, monomeric EphB4 conjugate comprises an
EphB4 polypeptide covalently linked to one PEG group of from about 10 to about 40 kDa
(monoPEGylated EphB4), or from about 15 to 30 kDa, preferably via an e-amino group of
EphB4 lysine or the N-terminal amino group. Most preferably, EphB4 is randomly
PEGylated at one amino group out of the group consisting of the e-amino groups of EphB4

lysine and the N-terminal amino group.

In one embodiment, the pegylated polypeptides provided by the invention have a
serum half-life in vivo at least 50%, 75%, 100%, 150% or 200% greater than that of an
unmodified EphB4 polypeptide. In another embodiment, the pegylated EphB4
polypeptides provided by the invention inhibit EphrinB2 activity. In a specific
embodiment, they inhibit EphrinB2 receptor clustering, EphrinB2 phosphorylation, and/or
EphrinB2 kinase activity.

Surprisingly, it has been found that monoPEGylated EphB4 according to the
invention has superior properties in regard to the therapeutic applicability of unmodified
soluble EphB4 polypeptides and poly-PEGylated EphB4. Nonetheless, the disclosure also
provides poly-PEGylated EphB4 having PEG at more than one position. Such

polyPEGylated forms provide improved serum-half life relative to the unmodified form.

In certain embodiments, a soluble EphB4 polypeptide is stably associated with a
second stabilizing polypeptide that confers improved half-life without substantially
diminishing EphrinB2 binding. A stabilizing polypeptide will preferably be
immunocompatible with human patients (or animal patients, where veterinary uses are

contemplated) and have little or no significant biological activity.

In a preferred embodiment, the stabilizing polypeptide is a human serum albumin,
or a portion thereof. A human serum albumin may be stably associated with the EphB4
polypeptide covalently or non-covalently. Covalent attachment may be achieved by
expression of the EphB4 polypeptide as a co-translational fusion with human serum
albumin. The albumin sequence may be fused at the N-terminus, the C-terminus or at a

non-disruptive internal position in the soluble EphB4 polypeptide. Exposed loops of the
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EphB4 would be appropriate positions for insertion of an albumin sequence. Albumin may
also be post-translationally attached to the EphB4 polypeptide by, for example, chemical
cross-linking. An EphB4 polypeptide may also be stably associated with more than one
albumin polypeptide. In some embodiments, the albumin is selected from the group
consisting of a human serum albumin (HSA) and bovine serum albumin (BSA). In other
embodiments, the albumin is a naturally occurring variant. In one preferred embodiment,
the EphB4-HSA fusion inhibits the interaction between Ephrin B2 and EphB4, the
clustering of Ephrin B2 or EphB4, the phosphorylation of Ephrin B2 or EphB4, or
combinations thereof. In other embodiments, the EphB4-HSA fusion has enhanced in vivo

stability relative to the unmodified wildtype polypeptide.

In certain aspects, the disclosure provides soluble EphrinB2 polypeptides
comprising an amino acid sequence of an extracellular domain of an EphrinB2 protein. The
soluble EphrinB2 polypeptides bind specifically to an EphB4 polypeptide. The term
“soluble” is used merely to indicate that these polypeptides do not contain a transmembrane
domain or a portion of a transmembrane domain sufficient to compromise the solubility of
the polypeptide in a physiological salt solution. Soluble polypeptides are preferably
prepared as monomers that compete with EphrinB2 for binding to ligand such as EphB4
and inhibit the signaling that results from EphrinB2 activation. Optionally, a soluble
polypeptide may be prepared in a multimeric form, by, for example, expressing as an Fc
fusion protein or fusion with another multimerization domain. Such multimeric forms may
have complex activities, having agonistic or antagonistic effects depending on the context.
A soluble EphrinB2 polypeptide may comprise residues 1-225 of the amino acid sequence
defined by Figure 66 (SEQ ID NO:11). A soluble EphrinB2 polypeptide may comprise a
sequence defined by Figure 3. As is well known in the art, expression of such EphrinB2
polypeptides in a suitable cell, such as HEK293T cell line, will result in cleavage of a
leader peptide. Although such cleavage is not always complete or perfectly consistent at a
single site, it is known that EphrinB2 tends to be cleaved so as to remove the first 26 amino
acids of the sequence shown in Figure 66 (SEQ ID NO:11). Accordingly, as specific
examples, the disclosure provides unprocessed soluble EphrinB2 polypeptides that bind to
EphB4 and comprise an amino acid sequence corresponding to amino acids 1-225 of Figure
66 (SEQ ID NO:11). Such polypeptides may be used in a processed form, such forms
having a predicted amino acid sequence selected from the following group (numbering is
with respect to the sequence of Figure 66, SEQ ID NO:11): 26-225. In certain
embodiments, the soluble EphrinB2 polypeptide may inhibit the interaction between Ephrin
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B2 and EphB4. The soluble EphrinB2 polypeptide may inhibit clustering of or
phosphorylation of EphrinB2 or EphB4. As noted above, the soluble EphrinB2 polypeptide
may be prepared as a monomeric or multimeric fusion protein. The soluble polypeptide
may include one or more modified amino acids. Such amino acids may contribute to

desirable properties, such as increased resistance to protease digestion.

In certain aspects, the disclosure provides pharmaceutical formulations comprising a
polypeptide reagent and a pharmaceutically acceptable carrier. The polypeptide reagent
may be any disclosed herein, including, for example, soluble EphB4 or EphrinB2

polypeptides. Additional formulations include cosmetic compositions and diagnostic kits.

In certain aspects the disclosure provides methods of inhibiting signaling through
Ephrin B2/EphB4 pathway in a cell. A method may comprise contacting the cell with an
effective amount of a polypeptide agent, such as (a) a soluble polypeptide comprising an
amino acid sequence of an extracellular domain of an EphB4 protein, wherein the EphB4
polypeptide is a monomer and binds specifically to an Ephrin B2 polypeptide; (b) a soluble
polypeptide comprising an amino acid sequence of an extracellular domain of an Ephrin B2
protein, wherein the soluble Ephrin B2 polypeptide is a monomer and binds with high
affinity to an EphB4 polypeptide.

In certain aspects the disclosure provides methods for reducing the growth rate of a
tumor, comprising administering an amount of a polypeptide agent sufficient to reduce the
growth rate of the tumor. The polypeptide agent may be selected from the group consisting
of: (a) a soluble polypeptide comprising an amino acid sequence of an extracellular domain
of an EphB4 protein, wherein the EphB4 polypeptide is a monomer and binds specifically
to an Ephrin B2 polypeptide, and optionally comprises an additional modification to
increase serum half-life, such as a PEGylation or serum albumin or both; (b) a soluble
polypeptide comprising an amino acid sequence of an extracellular domain of an Ephrin B2
protein, wherein the soluble Ephrin B2 polypeptide is a monomer and binds with high
affinity to an EphB4 polypeptide Optionally, the tumor comprises cells expressing a higher

level of EphB4 and/or EphrinB2 than noncancerous cells of a comparable tissue.

In certain aspects, the disclosure provides methods for treating a patient suffering
from a cancer. A method may comprise administering to the patient a polypeptide agent.
The polypeptide agent may be selected from the group consisting of: (a) a soluble
polypeptide comprising an amino acid sequence of an extracellular domain of an EphB4

protein, wherein the EphB4 polypeptide is a monomer and binds specifically to an Ephrin
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B2 polypeptide, and optionally comprises an additional modification to increase serum half-
life, such as a PEGylation or serum albumin or both; (b) a soluble polypeptide comprising
an amino acid sequence of an extracellular domain of an Ephrin B2 protein, wherein the
soluble Ephrin B2 polypeptide is a monomer and binds with high affinity to an EphB4
polypeptide. Optionally, the cancer comprises cancer cells expressing EphrinB2 and/or
EphB4 at a higher level than noncancerous cells of a comparable tissue. The cancer may be
a metastatic cancer. The cancer may be selected from the group consisting of colon
carcinoma, breast tumor, mesothelioma, prostate tumor, squamous cell carcinoma, Kaposi
sarcoma, and leukemia. Optionally, the cancer is an angiogenesis-dependent cancer or an
angiogenesis independent cancer. The polypeptide agent employed may inhibit clustering
or phosphorylation of Ephrin B2 or EphB4. A polypeptide agent may be co-administered
with one or more additional anti-cancer chemotherapeutic agents that inhibit cancer cells in

an additive or synergistic manner with the polypeptide agent.

In certain aspects, the disclosure provides methods of inhibiting angiogenesis. A
method may comprise contacting a cell with an amount of a polypeptide agent sufficient to
inhibit angiogenesis. The polypeptide agent may be selected from the group consisting of:
(a) a soluble polypeptide comprising an amino acid sequence of an extracellular domain of
an EphB4 protein, wherein the EphB4 polypeptide is a monomer and binds specifically to
an Ephrin B2 polypeptide, and optionally comprises an additional modification to increase
serum half-life, such as a PEGylation or serum albumin or both; (b) a soluble polypeptide
comprising an amino acid sequence of an extracellular domain of an Ephrin B2 protein,
wherein the soluble Ephrin B2 polypeptide is a monomer and binds with high affinity to an
EphB4 polypeptide.

In certain aspects, the disclosure provides methods for treating a patient suffering
from an angiogenesis-associated disease, comprising administering to the patient a
polypeptide agent. The polypeptide agent may be selected from the group consisting of: (a)
a soluble polypeptide comprising an amino acid sequence of an extracellular domain of an
EphB4 protein, wherein the EphB4 polypeptide is a monomer and binds specifically to an
Ephrin B2 polypeptide, and optionally comprises an additional modification to increase
serum half-life, such as a PEGylation or serum albumin or both; (b) a soluble polypeptide
comprising an amino acid sequence of an extracellular domain of an Ephrin B2 protein,
wherein the soluble Ephrin B2 polypeptide is a monomer and binds with high affinity to an
EphB4 polypeptide. The soluble polypeptide may be formulated with a pharmaceutically

acceptable carrier. An angiogenesis related disease or unwanted angiogenesis related

-7-
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process may be selected from the group consisting of angiogenesis-dependent cancer,
benign tumors, inflammatory disorders, chronic articular rheumatism and psoriasis, ocular
angiogenic diseases, Osler-Webber Syndrome, myocardial angiogenesis, plaque
neovascularization, telangiectasia, hemophiliac joints, angiofibroma, telangiectasia
psoriasis scleroderma, pyogenic granuloma, rubeosis, arthritis, diabetic neovascularization,
vasculogenesis. A polypeptide agent may be co-administered with at least one additional
anti-angiogenesis agent that inhibits angiogenesis in an additive or synergistic manner with

the soluble polypeptide.

In certain aspects, the disclosure provides for the use of a polypeptide agent in the
manufacture of medicament for the treatment of cancer or an angiogenesis related disorder.
The polypeptide agent may be selected from the group consisting of: (a) a soluble
polypeptide comprising an amino acid sequence of an extracellular domain of an EphB4
protein, wherein the EphB4 polypeptide is a monomer and binds specifically to an Ephrin
B2 polypeptide, and optionally comprises an additional modification to increase serum half-
life, such as a PEGylation or serum albumin or both; (b) a soluble polypeptide comprising
an amino acid sequence of an extracellular domain of an Ephrin B2 protein, wherein the
soluble Ephrin B2 polypeptide is a monomer and binds with high affinity to an EphB4
polypeptide. '

In certain aspects, the disclosure provides methods for treating a patient suffering
from a cancer, comprising: (a) identifying in the patient a tumor having a plurality of cancer
cells that express EphB4 and/or EphrinB2; and (b) administering to the patient a
polypeptide agent. The polypeptide agent may be selected from the group consisting of: (i)
a soluble polypeptide comprising an amino acid sequence of an extracellular domain of an
EphB4 protein, wherein the EphB4 polypeptide is a monomer and binds specifically to an
Ephrin B2 polypeptide, and optionally comprises an additional modification to increase
serum half-life, such as a PEGylation or serum albumin or both; (ii) a soluble polypeptide
comprising an amino acid sequence of an extracellular domain of an Ephrin B2 protein,
wherein the soluble Ephrin B2 polypeptide is a monomer and binds with high affinity to an

EphB4 polypeptide.

In certain aspects, the disclosure provides methods for identifying a tumor that is
suitable for treatment with an EphrinB2 or EphB4 antagonist. A method may comprise
detecting in the tumor cell one or more of the following characteristics: (a) expression of

EphB4 protein and/or mRNA; (b) expression of EphrinB2 protein and/or mRNA; (c) gene
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amplification (e.g., increased gene copy number) of the EphB4 gene; or (d) gene
amplification of the EphrinB2 gene. A tumor cell having one or more of characteristics (a)-
(d) may be suitable for treatment with an EphrinB2 or EphB4 antagonist, such as a
polypeptide agent described herein.

Surprisingly, applicants have found that an EphB4 polypeptide lacking the globular
domain can in fact inhibit tumor growth in a xenograft model, inhibit angiogenic tube
formation of vascular endothelial cells and inhibit EphrinB2-activated autokinase activity of
EphB4. While not wishing to be bound to any mechanism of action, it is expected that the
polypeptide either prevents EphB4 aggregation or stimulates the elimination (e.g. by
endocytosis) of EphB4 from the plasma membrane. Accordingly, the disclosure provides
isolated soluble polypeptides comprising an amino acid sequence of a fibronectin type 3
domain of an EphB4 protein. Such polypeptides will preferably have a biological effect,
such as inhibiting an activity (e.g. aggregation or kinase activity) of an EphB4 or EphrinB2
protein, and particularly the inhibition of tumor growth in a human or in a mouse xenograft
model of cancer. Such polypeptides may also inhibit angiogenesis in vivo or in an cell-
based assay system. Such polypeptides may not bind to EphrinB2 and may specifically
exclude all of or the functional (e.g., EphrinB2 binding-) portions of the globular domain of
an EphB4 protein. Such a polypeptide will preferably comprise amino acids corresponding
to amino acids 324-429 and/or 434-526 of the sequence of Figure 65 (SEQ ID NO:10), or
sequences at least 90%, 95%, 98%, 99% identical thereto. An example of such a
polypeptide is shown in SEQ ID NO: 15. Such a polypeptide may be modified in any of the
ways described herein, and may be produced as a monomer or as a dimer or multimer
comprising two or more such polypeptides, such as an Fc fusion construct. Dimers or
multimers may be desirable to enhance the effectiveness of such polypeptides. All of the
methods for producing and using such polypeptides are similar to those described herein

with respect to other EphB4 polypeptides.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows amino acid sequence of the B4ECv3 protein (predicted sequence of

the precursor including uncleaved Eph B4 leader peptide is shown; SEQ ID NO:1).

Figure 2 shows amino acid sequence of the BAECV3NT protein (predicted sequence

of the precursor including uncleaved Eph B4 leader peptide is shown; SEQ ID NO:2).

Figure 3 shows amino acid sequence of the B2EC protein (predicted sequence of the

precursor including uncleaved Ephrin B2 leader peptide is shown; SEQ ID NO:3).
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Figure 4 shows amino acid sequence of the B4ECv3-FC protein (predicted sequence

of the precursor including uncleaved Eph B4 leader peptide is shown; SEQ ID NO:4).

Figure 5 shows amino acid sequence of the B2EC-FC protein (predicted sequence of

the precursor including uncleaved Ephrin B2 leader peptide is shown; SEQ ID NO:5).
Figure 6 shows B4EC-FC binding assay (Protein A-agarose based).
Figure 7 shows B4EC-FC inhibition assay (Inhibition in solution).
Figure 8 shows B2EC-FC binding assay (Protein-A-agarose based assay).
Figure 9 shows chemotaxis of HUAEC in response to B4Ecv3.
Figure 10 shows chemotaxis of HHEC in response to B2EC-FC.
Figure 11 shows chemotaxis of HHAEC in response to B2EC.
Figure 12 shows effect of B4Ecv3 on HUAEC tubule formation.
Figure 13 shows effect of B2EC-FC on HUAEC tubule formation.
Figure 14 is a schematic representation of human Ephrin B2 constructs.
Figure 15 is a schematic representation of human EphB4 constructs.

Figure 16 shows the domain structure of the recombinant soluble EphB4EC
proteins. Designation of the domains are as follows: L - leader peptide, G — globular
(ligand-binding domain), C — Cys-rich domain, F1, F2 — fibronectin type III repeats, H — 6
x His-tag.

Figure 17 shows purification and ligand binding properties of the EphB4EC proteins.
A. SDS-PAAG gel electrophoresis of purified EphB4-derived recombinant soluble proteins
(Coomassie-stained). B. Binding of Ephrin B2-AP fusion to EphB4-derived recombinant
proteins immobilized on Ni-NTA-agarose beads. Results of three independent experiments

are shown for each protein. Vertical axis — optical density at 420 nm.
Figure 18 shows that EphB4v3 inhibits chemotaxis.

Figure 19 shows that EphB4v3 inhibits tubule formation on Matrigel. A displays
the strong inhibition of tubule formation by B4v3 in a representative experiment. B shows a
quantitation of the reduction of tube-length obtained with B4v3 at increasing concentrations
as well as a reduction in the number of junctions, in comparison to cells with no protein,
Results are displayed as mean values + S.D. obtained from three independent experiments

performed with duplicate wells.
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Figure 20 shows that soluble EphB4 has no detectable cytotoxic effect as assessed
by MTS assay.

Figure 21 shows that B4v3 inhibits invasion and tubule formation by endothelial
cells in the Matrigel assay. (4) to detect total invading cells, photographed at 20X
magnification or with Masson’s Trichrome Top left of A B displays section of a Matrigel
plug with no GF , top right of A displays section with B4IgG containing GF and lower left
section contains GF, and lower right shows GF in the presence of B4v3. Significant
invasion of endothelial cells is only seen in GF containing Matrigel. Top right displays an
area with a high number of invaded cells induced by B4IgG, which signifies the dimeric
form of B4v3. The left upper parts of the pictures correspond to the cell layers formed
around the Matrigel plug from which cells invade toward the center of the plug located in
the direction of the right lower corner. Total cells in sections of the Matrigel plugs were
quantitated with Scion Image software. Results obtained from two experiments with

duplicate plugs are displayed as mean values + S.D.

Figure 22 shows tyrosine phosphorylation of EphB4 receptor in PC3 cells in
response to stimulation with EphrinB2-Fc fusion in presence or absence of EphB4-derived

recombinant soluble proteins.

Figure 23 shows effects of soluble EphB4ECD on viability and cell cycle. A) 3-day
cell viability assay of two HNSCC cell lines. B) FACS analysis of cell cycle in HNSCC-15
cells treated as in A. Treatment of these cells resulted in accumulation in subG0/G1 and

S/G2 phases as indicated by the arrows.

Figure 24 shows that B4v3 inhibits endovascular response in a murine corneal

hydron micropocket assay.

Figure 25 shows that that SCC15, B16, and MCF-7 co-injected with sB4v3 in the

presence of matrigel and growth factors, inhibits the in vivo tumor growth of these cells.

Figure 26 shows that soluble EphB4 causes apoptosis, necrosis and decreased
angiogenesis in three tumor types, B16 (melanoma), SCC15 (head and neck carcinoma),
and MCF-7 (breast carcinoma). Tumors were injected premixed with Matrigel plus growth
factors and soluble EphB4 subcutaneously. After 10 to 14 days, the mice were injected
intravenously with FITC-lectin (green) to assess blood vessel perfusion. Tumors treated
with control PBS displayed abundant tumor density and a robust angiogenic response.

Tumors treated with sEphB4 displayed a decrease in tumor cell density and a marked
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inhibition of tumor angiogenesis in regions with viable tumor cells, as well as tumor

necrosis and apoptosis.

Figure 27 shows expression of EphB4 in prostate cell lines. A) Western blot of total
cell lysates of various prostate cancer cell lines, normal prostate gland derived cell line
(MLC) and acute myeloblastic lymphoma cells (AML) probed with EphB4 monoclonal
antibody. B) Phosphorylation of EphB4 in PC-3 cells determined by Western blot.

Figure 28 shows expression of EphB4 in prostate cancer tissue. Representative
prostate cancer frozen section stained with EphB4 monoclonal antibody (top left) or isotype
specific control (bottom left). Adjacent BPH tissue stained with EphB4 monoclonal
antibody (top right). Positive signal is brown color in the tumor cells. Stroma and the
normal epithelia are negative. Note membrane localization of stain in the tumor tissue,
consistent with trans-membrane localization of EphB4. Representative QRT-PCR of RNA

extracted from cancer specimens and adjacent BPH tissues (lower right).

Figure 29 shows downregulation of EphB4 in prostate cancer cells by tumor
suppressors and RXR expression. A) PC3 cells were co-transfected with truncated CD4 and
p53 or PTEN or vector only. 24 h later CD4-sorted cells were collected, lysed and analyzed
sequentiallly by Western blot for the expression of EphB4 and (-actin, as a normalizer
protein. B) Western blot as in (A) of various stable cell lines. LNCaP-FGF is a stable
transfection clone of FGF-8, while CWR22R-RXR stably expresses the RXR receptor.
BPH-1 was established from benign hypertrophic prostatic epithelium.

Figure 30 shows regulation of EphB4 in prostate cancer cells by EGFR and IGFR-1.
A) Western blot of PC3 cells treated with or without EGFR specific inhibitor AG1478 (1
nM) for 36 hours. Decreased EphB4 signal is observed after AG 1478 treatment. The
membrane was stripped and reprobed with $-actin, which was unaffected. B) Western Blot
of triplicate samples of PC3 cells treated with or without IGFR-1 specific neuiralizing
antibody MAB391 (2 ug/ml; overnight). The membrane was sequentially probed with
EphB4, IGFR-1 and B-actin antibodies. IGFR-1 signal shows the expected repression of
signal with MAB391 treatment.

Figure 31 shows effect of specific EphB4 AS-ODNs and siRNA on expression and
prostate cell functions. A) 293 cells stably expressing full-length construct of EphB4 was
used to evaluate the ability of siRNA 472 to inhibit EphB4 expression. Cells were
transfected with 50 nM RNA1 using Lipofectamine 2000. Western blot of cell lysates 40 h
post transfection with control siRNA (green fluorescence protein; GFP siRNA) or EphB4
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siRNA 472, probed with EphB4 monoclonal antibody, stripped and reprobed with 3-actin
monoclonal antibody. B) Effect of EphB4 AS-10 on expression in 293 transiently
expressing full-length EphB4. Cells were exposed to AS-10 or sense ODN for 6 hours and
analyzed by Western blot as in (A). C) 48 h viability assay of PC3 cells treated with siRNA
as described in the Methods section. Shown is mean + s.e.m. of triplicate samples. D) 5-day
viability assay of PC3 cells treated with ODNs as described in the Methods. Shown is mean
+ s.e.m. of triplicate samples. E) Scrape assay of migration of PC3 cells in the presence of
50 nM siRNAs transfected as in (A). Shown are photomicrographs of representative 20x
fields taken immediately after the scrape was made in the monolayer (0 h) and after 20h
continued culture. A large number of cells have filled in the scrape after 20 h with control
siRNA, but not with EphB4 siRNA 472. F) Shown is a similar assay for cells treated with
AS-10 or sense ODN (both 10 uM). G) Matrigel invasion assay of PC3 cells transfected
with siRNA or control siRNA as described in the methods. Cells migrating to the underside
of the Matrigel coated insert in response to 5 mg/ml fibronectin in the lower chamber were
fixed and stained with Giemsa. Shown are representative photomicrographs of control
siRNA and siRNA 472 treated cells. Cell numbers were counted in 5 individual high-

powered fields and the average + s.e.m. is shown in the graph (bottom right).

Figure 32 shows effect of EphB4 siRNA 472 on cell cycle and apoptosis. A) PC3
cells transfected with siRNAs as indicated were analyzed 24 h post transfection for cell
cycle status by flow cytometry as described in the Methods. Shown are the plots of cell
number vs. propidium iodide fluorescence intensity. 7.9% of the cell population is apoptotic
(in the Sub GO peak) when treated with siRNA 472 compared to 1% with control siRNA.
B) Apoptosis of PC3 cells detected by Cell Death Detection ELISAP" kit as described in
the Methods. Absorbance at 405 nm increases in proportion to the amount of histone and
DNA-POD in the nuclei-free cell fraction. Shown is the mean + s.e.m. of triplicate samples
at the indicated concentrations of siRNA 472 and GFP siRNA (control).

Figure 33 shows that EphB4 and EphrinB2 are expressed in mesothelioma cell lines
as shown by RT-PCR (A) and Western Blot (B).

Figure 34 shows expression of ephrin B2 and EphB4 by in situ hybridization in
mesothelioma cells. NCI H28 mesothelioma cell lines cultured in chamber slides hybridized
with antisense probe to ephrin B2 or EphB4 (top row). Control for each hybridization was

sense (bottom row). Positive reaction is dark blue cytoplasmic stain.
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Figure 35 shows cellular expression of EphB4 and ephrin B2 in mesothelioma
cultures. Immunofluorescence staining of primary cell isolate derived from pleural effusion
of a patient with malignant mesothelioma and cell lines NCI H28, NCI H2373, and NCI
H2052 for ephrin B2 and EphB4. Green color is positive signal for FITC labeled secondary
antibody. Specificity of immunofluorescence staining was demonstrated by lack of signal
with no primary antibody (first row). Cell nuclei were counterstained with DAPI (blue
color) to reveal location of all cells. Shown are merged images of DAPI and FITC

fluorescence. Original magnification 200X.

Figure 36 shows expression of ephrin B2 and EphB4 in mesothelioma tumor.
Immunohistochemistry of malignant mesothelioma biopsy. H&E stained section reveals
tumor architecture; bottom left panel is background control with no primary antibody.

EphB4 and ephrin B2 specific staining is brown color. Original magnification 200X.

Figure 37 shows effects of EPHB4 antisense probes (A) and EPHB4 siRNAs (B) on
the growth of H28 cells.

Figure 38 shows effects of EPHB4 antisense probes (A) and EPHB4 siRNAs (B) on

cell migration.

Figure 39 shows that EphB4 is expressed in HNSCC primary tissues and
metastases. A) Top: Immunohistochemistry of a representative archival section stained with
EphB4 monoclonal antibody as described in the methods and visualized with DAB (brown
color) localized to tumor cells. Bottom: Hematoxylin and Eosin (H&E) stain of an adjacent
section. Dense purple staining indicates the presence of tumor cells. The right hand column
are frozen sections of lymph node metastasis stained with EphB4 polyclonal antibody (top
right) and visualized with DAB. Control (middle) was incubation with goat serum and H&E
(bottom) reveals the location of the metastatic foci surrounded by stroma which does not
stain. B) In situ hybridization of serial frozen sections of a HNSCC case probed with
EphB4 (left column) and ephrin B2 (right column) DIG labeled antisense or sense probes
generated by run-off transcription. Hybridization signal (dark blue) was detected using
alkaline-phosphatase-conjugated anti-DIG antibodies and sections were counterstained with
Nuclear Fast Red. A serial section stained with H&E is shown (bottom left) to illustrate
tumor architecture. C) Western blot of protein extract of patient samples consisting of
tumor (T), uninvolved normal tissue (N) and lymph node biopsies (LN). Samples were
fractionated by polyacrylamide gel electrophoresis in 4-20% Tris-glycine gels and

subsequently electroblotted onto nylon membranes. Membranes were sequentially probed
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with EphB4 monoclonal antibody and $-actin MoAb. Chemiluminescent signal was
detected on autoradiography film. Shown is the EphB4 specific band which migrated at 120
kD and -actin which migrated at 40 kD. The (-actin signal was used to control for loading

and transfer of each sample.

Figure 40 shows that EphB4 is expressed in HNSCC cell lines and is regulated by
EGF: A) Survey of EphB4 expression in SCC cell lines. Westem blot of total cell lysates
sequentially probed with EphB4 monoclonal antibody, stripped and reprobed with $-actin
monoclonal antibody as described for Fig. 39C. B) Effect of the specific EGFR inhibitor
AG1478 on EphB4 expression: Western blot of crude cell lysates of SCC15 treated with 0-
1000 nM AG 1478 for 24 h in media supplemented with 10% FCS (left) or with 1 mM AG
1478 for 4, 8, 12 or 24 h (right). Shown are membranes sequentially probed for EphB4 and
B-actin. C) Effect of inhibition of EGFR signaling on EphB4 expression in SCC cell lines:
Cells maintained in growth media containing 10% FCS were treated for 24 hr with 1 pM
AG 1478, after which crude cell lysates were analyzed by Western blots of cell lysates
sequentially probed with for EGFR, EphB4, ephrin B2 and -actin antibodies. Specific
signal for EGFR was detected at 170 kD and ephrin B2 at 37 kD in addition to EphB4 and

B-actin as described in Fig. 1C. B-actin serves as loading and transfer control.

Figure 41 shows mechanism of regulation of EphB4 by EGF: A) Schematic of the
EGFR signaling pathways, showing in red the sites of action and names of specific kinase
inhibitors used. B) SCC15 cells were serum-starved for 24 h prior to an additional 24
incubation as indicated with or without EGF (10 ng/ml), 3 uM U73122, or 5 uM SH-5, S
UM SP600125, 25 nM LY294002, -- pM PD098095 or 5 uM SB203580. N/A indicates
cultures that received equal volume of diluent (DMSO) only. Cell lysates were subjected to
Western Blot with EphB4 monoclonal antibody. $-actin signal serves as control of protein

loading and transfer.

Figure 42 shows that specific EphB4 siRNAs inhibit EphB4 expression, cell
viability and cause cell cycle arrest. A) 293 cells stably expressing full length EphB4 were
transfected with 50 nM RN A using LipofectamineTM2000. 40 h post-transfection cells
were harvested, lysed and processed for Western blot. Membranes were probed with EphB4
monoclonal antibody, stripped and reprobed with B-actin monoclonal antibody as control
for protein loading and transfer. Negative reagent control was RNAI to scrambled green
fluorescence protein (GFP) sequence and control is transfection with

LipofectamineTM2000 alone. B) MTT cell viability assays of SCC cell lines treated with
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siRNAs for 48 h as described in the Methods section. Shown is mean + s.e.m. of triplicate
samples. C) SCC15 cells transfected with siRNAs as indicated were analyzed 24 h post
transfection for cell cycle status by flow cytometry as described in the Methods. Shown are
the plots of cell number vs. propidium iodide fluorescence intensity. Top and middle row
show plots for cells 16 h after siRNA transfection, bottom row shows plots for cells 36 h
post transfection. Specific siRNA and concentration are indicated for each plot. Lipo =

LipofectamineTM200 mock transfection.

Figure 43 shows in vitro effects of specific EphB4 AS-ODNs on SCC cells. A) 293
cells transiently transfected with EphB4 full-length expression plasmid were treated 6 h
post transfection with antisense ODNs as indicated. Cell lysates were collected 24 h after
AS-ODN treatment and subjected to Western Blot. B) SCC25 cells were seeded on 48 well
plates at equal densities and treated with EphB4 AS-ODNs at 1, 5, and 10 pM on days 2
and 4. Cell viability was measured by MTT assay on day 5. Shown is the mean + s.e.m. of
triplicate samples. Note that AS-ODNs that were active in inhibiting EphB4 protein levels
were also effective inhibitors of SCC15 cell viability. C) Cell cycle analysis of SCC15 cells
treated for 36 h with AS-10 (bottom) compared to cells that were not treated (top). D)
Confluent cultures of SCC15 cells scraped with a plastic Pasteur pipette to produce 3 mm
wide breaks in the monolayer. The ability of the cells to migrate and close the wound in the
presence of inhibiting EphB4 AS-ODN (AS-10) and non-inhibiting AS-ODN (AS-1) was
assessed after 48 h. Scrambled ODN is included as a negative control ODN. Culture labeled
no treatment was not exposed to ODN. At initiation of the experiment, all cultures showed
scrapes of equal width and similar to that seen in 1 uM EphB4 AS-10 after 48 h. The red
brackets indicate the width of the original scrape. E) Migration of SCC15 cells in response
to 20 mg/ml EGF in two-chamber assay as described in the Methods. Shown are
representative photomicrographs of non-treated (NT), AS-6 and AS-10 treated cells and 10
ng/ml Taxol as positive control of migration inhibition. F) Cell numbers were counted in 5

individual high-powered fields and the average + s.e.m. is shown in the graph.

Figure 44 shows that EphB4 AS-ODN inhibits tumor growth in vivo. Growth curves
for SCC15 subcutaneous tumor xenografts in Balb/C nude mice treated with EphB4 AS-10
or scrambled ODN at 20 mg/kg/day starting the day following implantation of 5 x 106 cells.
Control mice received and equal volume of diluent (PBS). Shown are the mean + s.e.m. of

6 mice/group. * P =0.0001 by Student’s t-test compared to scrambled ODN treated group.

-16-



10

15

20

25

30

WO 2006/034455 PCT/US2005/034176

Figure 45 shows that Ephrin B2, but not EphB4 is expressed in KS biopsy tissue.

* (A) In situ hybridization with antisense probes for ephrin B2 and EphB4 with

corresponding H&E stained section to show tumor architecture. Dark blue color in the ISH
indicates positive reaction for ephrin B2. No signal for EphB4 was detected in the Kaposi’s
sarcoma biopsy. For contrast, ISH signal for EphB4 is strong in squamous cell carcinoma
tumor cells. Ephrin B2 was also detected in KS using EphB4-AP fusion protein (bottom
left). (B) Detection of ephrin B2 with EphB4/Fc fusion protein. Adjacent sections were
stained with H&E (left) to show tumor architecture, black rectangle indicates the area
shown in the EphB4/Fc treated section (middle) detected with FITC-labeled anti-human Fc
antibody as described in the methods section. As a control an adjacent section was treated
with human Fc fragment (right). Specific signal arising from EphB4/Fc binding to the
section is seen only in areas of tumor cells. (C) Co-expression of ephrin B2 and the HHV?8
latency protein LANA1. Double-label confocal immunofluorescence microscopy with
antibodies to ephrin B2 (red) LANAI (green), or EphB4 (red) of frozen KS biopsy material
directly demonstrates co-expression of LANA1 and ephrin B2 in KS biopsy. Coexpression
is seen as yellow color. Double label confocal image of biopsy with antibodies to PECAM-
1 (green) in cells with nuclear propidium iodide stain (red), demonstrating the vascular

nature of the tumor.

. Figure 46 shows that HHV-8 induces arterial marker expression in venous
endothelial cells. (A) Immunofluorescence of cultures of HUVEC and HUVEC/BC-1 for
artery/vein markers and viral proteins. Cultures were grown on chamber slides and
processed for immunofluorescence detection of ephrin B2 (a, e, i), EphB4 (m, g, u), CD148
(, v), and the HHV-8 proteins LANA1 (b, f, m) or ORF59 (r) as described in the Materials
and Methods. Yellow color in the merged images of the same field demonstrate co-
expression of ephrin B2 and LANA or ephrin B2 and CD148. The positions of viable cells
were revealed by nuclear staining with DAPI (blue) in the third column (c, g, k, o, s, w).
Photomicrographs are of representative fields. (B) RT-PCR of HUVEC and two HHV-8
infected cultures (HUVEC/BC-1 and HUVEC/BC-3) for ephrin B2 and EphB4. Ephrin B2
product (200 bp) is seen in HUVEC/BC-1, HUVEC/BC-3 and EphB4 product (400 bp) is
seen in HUVEC. Shown also is $-actin RT-PCR as a control for amount and integrity of
input RNA.

Figure 47 shows that HHV-8 induces arterial marker expression in Kaposi’s
sarcoma cells. (A) Western blot for ephrin B2 on various cell lysates. SLK-vGPCR is a
stable clone of SLK expressing the HHV-8 vGPCR, and SLK-pCEFL is control stable
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clone transfected with empty expression vector. SLK cells transfected with LANA or
LANAA440 are SLK-LANA and SLK-A440 respectively. Quantity of protein loading and
transfer was determined by reprobing the membranes with 3-actin monoclonal antibody.

(B) Transient transfection of KS-SLK cells with expression vector pvGPCR-CEFL resulted
in the expression of ephrin B2 as shown by immunofluorescence staining with FITC
(green), whereas the control vector pCEFL had no effect. KS-SLK cells (0.8 x 105/well)
were transfected with 0.8 pg DNA using Lipofectamine 2000. 24 hr later cells were fixed
and stained with ephrin B2 polyclonal antibody and FITC conjugated secondary antibody as
described in the methods. (C) Transient transfection of HUVEC with vGPCR induces
transcription from ephrin B2 luciferase constructs. 8 x 103 HUVEC in 24 well plates were
transfected using Superfect with 0.8 pg/well ephrin B2 promoter constructs containing
sequences from -2941 to -11 with respect to the translation start site, or two 5’-deletions as
indicated, together with 80 ng/well pCEFL or pvGPCR-CEFL. Luciferase was determined
48 h post transfection and induction ratios are shown to the right of the graph. pGL3Basic is
promoterless luciferase control vector. Luciferase was normalized to protein since GPCR
induced expression of the cotransfected 3-galactosidase. Graphed is mean + SEM of 6

replicates. Shown is one of three similar experiments.

Figure 48 shows that VEGF and VEGF-C regulate ephrin B2 expression. A)
Inhibition of ephrin B2 by neutralizing antibodies. Cells were cultured in full growth
medium and exposed to antibody (100 ng/ml) for 36 hr before collection and lysis for
Western blot. B) For induction of ephrin B2 expression cells were cultured in EBM growth
medium containing 5% serum lacking growth factors. Individual growth factors were added
as indicated and the cells harvested after 36 h. Quantity of protein loading and transfer was

determined by reprobing the membranes 3-actin monoclonal antibody.

Figure 49 shows that Ephrin B2 knock-down with specific siRNA inhibits viability
in KS cells and HUVEC grown in the presence of VEGF but not IGF, EGF or bFGF. A)
KS-SLK cells were transfected with various siRNA to ephrin B2 and controls. After 48 hr
the cells were harvested and crude cell lysates fractionated on 4-20% SDS-PAGE. Western
blot was performed with monoclonal antibody to ephrin B2 generated in-house. The
membrane was stripped and reprobed with $-actin monoclonal antibody (Sigma) to
illustrate equivalent loading and transfer. B) 3 day cell viability assay of KS-SLK cultures
in the presence of ephrin B2 and EphB4 siRNAs. 1 x 10° cells/well in 24-well plates were
treated with 0, 10 and 100 ng/ml siRNAs as indicated on the graph. Viability of cultures

was determined by MTT assay as described in the methods section. Shown are the mean +
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standard deviation of duplicate samples. C) HUVE cells were seeded on eight wells
chamber slides coated with fibronectin. The HUVE cells were grown overnight in EGM-2
media, which contains all growth supplements. On the following day, the media was
replaced with media containing VEGF (10ng/ml) or EGF, FGF and IGF as indicated. After
2 hrs of incubation at 37 °C, the cells were transfected using Lipofectamine 2000
(Invitrogen) in Opti-MEM medium containing 10 nM of siRNA to ephrin B2, Eph B4 or
green fluorescence protein (GFP) as control. The cells were incubated for 2 hr and then the
fresh media containing growth factors or VEGF alone was added to their respective wells.
After 48 hrs, the cells were stained with crystal violet and the pictures were taken

immediately by digital camera at 10X magnification.

Figure 50 shows that soluble EphB4 inhibits KS and EC cord formation and in vivo
angiogenesis. Cord formation assay of HUVEC in MatrigelTM (upper row). Cells in
exponential growth phase were treated overnight with the indicated concentrations of
EphB4 extracellular domain (ECD) prior to plating on Matrige]TM. Cells were trypsinized
and plated (1 x 10° cells/well) in a 24-well plate containing 0.5 m] Matrigel TM. Shown are
representative 20X phase contrast fields of cord formation after 8 hr plating on MatrigelTM
in the continued presence of the test compounds as shown. Original magnification 200 X.
KS-SLK cells treated in a similar manner (middle row) in a cord formation assay on
Matrigel TM. Bottom row shows in vivo Matrige]TM assay: Matrigel TM plugs containing
growth factors and EphB4 ECD or PBS were implanted subcutaneously in the mid-ventral
region of mice. After 7 days the plugs were removed, sectioned and stained with H&E to
visualize cells migrating into the matrix. Intact vessels with large lumens are observed in
the control, whereas EphB4 ECD almost completely inhibited migration of cells into the
Matrigel.

Figure 51 shows expression of EPHB4 in bladder cancer cell lines (A), and

regulation of EPHB4 expression by EGFR signaling pathway (B).

Figure 52 shows that transfection of p53 inhibit the expression of EPHB4 in 5637

cell. |

Figure 53 shows growth inhibition of bladder cancer cell line (5637) upon treatment
with EPHB4 siRNA 472.

Figure 54 shows results on apoptosis study of 5637 cells transfected with EPHB4
siRNA 472.
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Figure 55 shows effects of EPHB4 antisense probes on cell migration. 5637 cells
were treated with EPHB4AS10 (10 uM) (bottom panels). Upper panels show control cells.

Figure 56 shows effects of EPHB4 siRNA on cell invasion. 5637 cells were
transfected with siRNA 472 or control siRNA.

Figure 57 shows comparison of EphB4 monoclonal antibodies by G250 and in pull-

down assay.

Figure 58 shows that EphB4 antibodies inhibit the growth of SCC15 xenograft

tumors.

Figure 59 shows that EphB4 antibodies cause apoptosis, necrosis and decreased

angiogenesis in SCC15, head and neck carcinoma tumor type.

Figure 60 shows that systemic administration of EphB4 antibodies leads to tumor

regression.
Figure 61 shows a genomic nucleotide sequence of human EphB4 (SEQ ID NO:6).
Figure 62 shows a cDNA nucleotide sequence of human EphB4 (SEQ ID NO:7).

Figure 63 shows a genomic nucleotide sequence of human Ephrin B2 (SEQ ID
NO:8).

Figure 64 shows a cDNA nucleotide sequence of human Ephrin B2 (SEQ ID NO:9).
Figure 65 shows an amino acid sequence of human EphB4 (SEQ ID NO:10).
Figure 66 shows an amino acid sequence of human Ephrin B2 (SEQ ID NO:11).

Figure 67 shows a comparison of the EphrinB2 binding properties of the HSA-
EphB4 fusion protein and other EphB4 polypeptides.

Figure 68 shows a comparison between the in vivo stability of an EphB4-HSA
fusion protein and an EphB4 polypeptide in mice.

Figure 69 shows the EphrinB2 binding activity of soluble EphB4 polypeptides
pegylated under specific pH conditions.

Figure 70 shows the chromatographic separation of PEG derivatives of EphB4
protein on SP-Sepharose columns. Purity of the PEG-modified EphB4 protein was andlyzed
by PAGE. The EphrinB2 binding of the pegylation reaction products is also shown.

Figure 71 shows the purity, as determined by SDS-PAGE, of chromatography-
separated unpegylated, monopegylated and poly-pegylated EphB4 fractions.
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Figure 72 shows the EphrinB2-binding activity of the chromatography fractions
from the EphB4 pegylation reaction.

Figure 73 shows the retention of EphrinB2-binding activity of the chromatography
fractions from the EphB4 pegylation reaction after incubation in mouse serum at 37°C for

three days.

Figure 74 shows the in vivo stability of unpegylated, monopegylated and
polypegylated EphB4 in mice over time.

DETAILED DESCRIPTION OF THE INVENTION

I Overview

The current invention is based in part on the discovery that signaling through the
ephrin/ephrin receptor (ephrin/eph) pathway contributes to tumorigenesis. Applicants
detected expression of ephrin B2 and EphB4 in tumor tissues and developed anti-tumor
therapeutic agents for blocking signaling through the ephrin/eph. In addition, the disclosure
provides polypeptide therapeutic agents and methods for polypeptide-based inhibition of
the function of EphB4 and/or Ephrin B2. Accordingly, in certain aspects, the disclosure
provides numerous polypeptide compounds (agents) that may be used to treat cancer as well
as angiogenesis related disorders and unwanted angiogenesis related processes. Applicants
have generated modified forms of EphrinB2 and EphB4 polypeptides and have
demonstrated that such modified forms have markedly improved pharmacokinetic
properties. Accordingly, in certain aspects, the disclosure provides numerous polypeptide
compounds (agents) that may be used to treat cancer as well as angiogenesis related

disorders and unwanted angiogenesis related processes.

As used herein, the terms Ephrin and Eph are used to refer, respectively, to ligands
and receptors. They can be from any of a variety of animals (e.g., mammals/non-mammals,
vertebrates/non-vertebrates, including humans). The nomenclature in this area has changed
rapidly and the terminology used herein is that proposed as a result of work by the Eph
Nomenclature Committee, which can be accessed, along with previously-used names at

web site http://www.eph-nomenclature.com.

The work described herein, particularly in the examples, refers to Ephrin B2 and
EphB4. However, the present invention contemplates any ephrin ligand and/or Eph

receptor within their respective family, which is expressed in a tumor. The ephrins
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(ligands) are of two structural types, which can be further subdivided on the basis of
sequence relationships and, functionally, on the basis of the preferential binding they
exhibit for two corresponding receptor subgroups. Structurally, there are two types of
ephrins: those which are membrane-anchored by a glycerophosphatidylinositol (GPI)
linkage and those anchored through a transmembrane domain. Conventionally, the ligands
are divided into the Ephrin-A subclass, which are GPI-linked proteins which bind
preferentially to EphA receptors, and the Ephrin-B subclass, which are transmembrane

proteins which generally bind preferentially to EphB receptors.

The Eph family receptors are a family of receptor protein-tyrosine kinases which are
related to Eph, a receptor named for its expression in an erythropoietin-producing human
hepatocellular carcinoma cell line. They are divided into two subgroups on the basis of the
relatedness of their extracellular domain sequences and their ability to bind preferentially to
Ephrin-A proteins or Ephrin-B proteins. Receptors which interact preferentially with
Ephrin-A proteins are EphA receptors and those which interact preferentially with Ephrin-B

proteins are EphB receptors.

Eph receptors have an extracellular domain composed of the ligand-binding
globular domain, a cysteine rich region followed by a pair of fibronectin type III repeats
(e.g., see Figure 16). The cytoplasmic domain consists of a juxtamembrane region
containing two conserved tyrosine residues; a protein tyrosine kinase domain; a sterile o-
motif (SAM) and a PDZ-domain binding motif. EphB4 is specific for the membrane-bound
ligand Ephrin B2 (Sakano, S. et al 1996; Brambilla R. et al 1995). Ephrin B2 belongs to the
class of Eph ligands that have a transmembrane domain and cytoplasmic region with five
conserved tyrosine residues and PDZ domain. Eph receptors are activated by binding of
clustered, membrane attached ephrins (Davis S et al, 1994), indicating that contact between

cells expressing the receptors and cells expressing the ligands is required for Eph activation.

Upon ligand binding, an Eph receptor dimerizes and autophosphorylate the
juxtamembrane tyrosine residues to acquire full activation (Kalo MS et al, 1999, Binns KS,
2000). In addition to forward signaling through the Eph receptor, reverse signaling can
occur through the ephrin Bs. Eph engagement of ephrins results in rapid phosphorylation of
the conserved intracellular tyrosines (Bruckner K, 1997) and somewhat slower recruitment
of PDZ binding proteins (Palmer A 2002). Recently, several studies have shown that high

expression of Eph/ephrins may be associated with increased potentials for tumor growth,
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tumorigenicity, and metastasis (Easty DJ, 1999; Kiyokawa E, 1994; Tang XX, 1999; Vogt
T, 1998; Liu W, 2002; Stephenson SA, 2001; Steube KG 1999; Berclaz G, 1996).

In certain embodiments, the present invention provides polypeptide therapeutic
agents that inhibit activity of Ephrin B2, EphB4, or both. As used herein, the term
“polypeptide therapeutic agent” or “polypeptide agent” is a generic term which includes
any polypeptide that blocks signaling through the Ephrin B2/EphB4 pathway. A preferred
polypeptide therapeutic agent of the invention is a soluble polypeptide of Ephrin B2 or
EphB4. Another preferred polypeptide therapeutic agent of the invention is an antagonist
antibody that binds to Ephrin B2 or EphB4. For example, such polypeptide therapeutic
agent can inhibit function of Ephrin B2 or EphB4, inhibit the interaction between Ephrin B2
and EphB4, inhibit the phosphorylation of Ephrin B2 or EphB4, or inhibit any of the
downstream signaling events upon binding of Ephrin B2 to EphB4. Such polypeptides may
include EphB4 or EphrinB2 that are modified so as to improve serum half-life, such as by

PEGylation or stable association with a serum albumin protein.
II. Soluble Polypeptides

In certain aspects, the invention relates to a soluble polypeptide comprising an
extracellular domain of an Ephrin B2 protein (referred to herein as an Ephrin B2 soluble
polypeptide) or comprising an extracellular domain of an EphB4 protein (referred to herein
as an EphB4 soluble polypeptide). Preferably, the subject soluble polypeptide is a
monomer and is capable of binding with high affinity to Ephrin B2 or EphB4. In a specific
embodiment, the EphB4 soluble polypeptide of the invention comprises a globular domain
of an EphB4 protein. Specific examples EphB4 soluble polypeptides are provided in
Figures 1, 2, and 15. Specific examples of Ephrin B2 soluble polypeptides are provided in
Figures 3 and 14.

As used herein, the subject soluble polypeptides include fragments, functional
variants, and modified forms of EphB4 soluble polypeptide or an Ephrin B2 soluble
polypeptide. These fragments, functional variants, and modified forms of the subject
soluble polypeptides antagonize function of EphB4, Ephrin B2 or both.

In certain embodiments, isolated fragments of the subject soluble polypeptides can
be obtained by screening polypeptides recombinantly produced from the corresponding
fragment of the nucleic acid encoding an EphB4 or Ephrin B2 soluble polypeptides. In
addition, fragments can be chemically synthesized using techniques known in the art such
as conventional Merrifield solid phase f-Moc or t-Boc chemistry. The fragments can be
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produced (recombinantly or by chemical synthesis) and tested to identify those peptidyl
fragments that can function to inhibit function of EphB4 or Ephrin B2, for example, by
testing the ability of the fragments to inhibit angiogenesis or tumor growth.

In certain embodiments, a functional variant of an EphB4 soluble polypeptide
comprises an amino acid sequence that is at least 90%, 95%, 97%, 99% or 100% identical
to residues 1-197, 29-197, 1-312, 29-132, 1-321, 29-321, 1-326, 29-326, 1-412, 29-412, 1-
427,29-427, 1-429, 29-429, 1-526, 29-526, 1-537 and 29-537 of the amino acid sequence
defined by Figure 65 (SEQ ID NO: 10). Such polypeptides may be used in a processed
form, and accordingly, in certain embodiments, an EphB4 soluble polypeptide comprises an
amino acid sequence that is at least 90%, 95%, 97%, 99% or 100% identical to residues 16-
197, 16-312, 16-321, 16-326, 16-412, 16-427, 16-429, 16-526 and 16-537 of the amino acid
sequence defined by Figure 65 (SEQ ID NO:10).

In other embodiments, a functional variant of an Ephrin B2 soluble polypeptide
comprises a sequence at least 90%, 95%, 97%, 99% or 100% identical to residues 1-225 of
the amino acid sequence defined by Figure 66 (SEQ ID NO: 11) or a processed form, such
as one comprising a sequence at least 90%, 95%, 97%, 99% or 100% identical to residues
26-225 of the amino acid sequence defined by Figure 66 (SEQ ID NO: 11).

In certain embodiments, the present invention contemplates making functional
variants by modifying the structure of the subject soluble polypeptide for such purposes as
enhancing therapeutic or prophylactic efficacy, or stability (e.g., ex vivo shelf life and
resistance to proteolytic degradation in vivo). Such modified soluble polypeptide are
considered functional equivalents of the naturally-occurring EphB4 or Ephrin B2 soluble
polypeptide. Modified soluble polypeptides can be produced, for instance, by amino acid
substitution, deletion, or addition. For instance, it is reasonable to expect, for example, that
an isolated replacement of a leucine with an isoleucine or valine, an aspartate with a
glutamate, a threonine with a serine, or a similar replacement of an amino acid with a
structurally related amino acid (e.g., conservative mutations) will not have a major effect on
the biological activity of the resulting molecule. Conservative replacements are those that

take place within a family of amino acids that are related in their side chains.

This invention further contemplates a method of generating sets of combinatorial
mutants of the EphB4 or Ephrin B2 soluble polypeptides, as well as truncation mutants, and
is especially useful for identifying functional variant sequences. The purpose of screening

such combinatorial libraries may be to generate, for example, soluble polypeptide variants

24—



10

15

20

25

30

WO 2006/034455 PCT/US2005/034176

which can act as antagonists of EphB4, EphB2, or both. Combinatorially-derived variants
can be generated which have a selective potency relative to a naturally occurring soluble
polypeptide. Such variant proteins, when expressed from recombinant DNA constructs, can
be used in gene therapy protocols. Likewise, mutagenesis can give rise to variants which
have intracellular half-lives dramatically different than the corresponding wild-type soluble
polypeptide. For example, the altered protein can be rendered either more stable or less
stable to proteolytic degradation or other cellular process which result in destruction of, or
otherwise inactivation of the protein of interest (e.g., a soluble polypeptide). Such variants,
and the genes which encode them, can be utilized to alter the subject soluble polypeptide
levels by modulating their half-life. For instance, a short half-life can give rise to more
transient biological effects and, when part of an inducible expression system, can allow
tighter control of recombinant soluble polypeptide levels within the cell. As above, such
proteins, and particularly their recombinant nucleic acid constructs, can be used in gene

therapy protocols.

There are many ways by which the library of potential homologs can be generated
from a degenerate oligonucleotide sequence. Chemical synthesis of a degenerate gene
sequence can be carried out in an automatic DNA synthesizer, and the synthetic genes then
be ligated into an appropriate gene for expression. The purpose of a degenerate set of genes
is to provide, in one mixture, all of the sequences encoding the desired set of potential
soluble polypeptide sequences. The synthesis of degenerate oligonucleotides is well known
in the art (see for example, Narang, SA (1983) Tetrahedron 39:3; Itakura et al., (1981)
Recombinant DNA, Proc. 3rd Cleveland Sympos. Macromolecules, ed. AG Walton,
Amsterdam: Elsevier pp273-289; Itakura et al., (1984) Annu. Rev. Biochem. 53:323;
Itakura et al., (1984) Science 198:1056; Ike et al., (1983) Nucleic Acid Res. 11:477). Such
techniques have been employed in the directed evolution of other proteins (see, for
example, Scott et al., (1990) Science 249:386-390; Roberts et al., (1992) PNAS USA
89:2429-2433; Devlin et al., (1990) Science 249: 404-406; Cwirla et al., (1990) PNAS USA
87: 6378-6382; as well as U.S. Patent Nos: 5,223,409, 5,198,346, and 5,096,815).

Alternatively, other forms of mutagenesis can be utilized to generate a
combinatorial library. For example, soluble polypeptide variants (e.g., the antagonist
forms) can be generated and isolated from a library by screening using, for example,
alanine scanning mutagenesis and the like (Ruf et al., (1994) Biochemistry 33:1565-1572;
Wang et al., (1994) J. Biol. Chem. 269:3095-3099; Balint et al., (1993) Gene 137:109-118;
Grodberg et al., (1993) Eur. J. Biochem. 218:597-601; Nagashima et al., (1993) J. Biol.
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Chem. 268:2888-2892; Lowman et al., (1991) Biochemistry 30:10832-10838; and
Cunningham et al., (1989) Science 244:1081-1085), by linker scanning mutagenesis (Gustin
et al., (1993) Virology 193:653-660; Brown et al., (1992) Mol. Cell Biol. 12:2644-2652;
McKnight et al., (1982) Science 232:316); by saturation mutagenesis (Meyers et al., (1986)
Science 232:613); by PCR mutagenesis (Leung et al., (1989) Method Cell Mol Biol 1:11-
19); or by random mutagenesis, including chemical mutagenesis, etc. (Miller et al., (1992)
A Short Course in Bacterial Genetics, CSHL Press, Cold Spring Harbor, NY; and Greener
et al., (1994) Strategies in Mol Biol 7:32-34). Linker scanning mutagenesis, particularly in
a combinatorial setting, is an attractive method for identifying truncated (bioactive) forms

of the subject soluble polypeptide.

A wide range of techniques are known in the art for screening gene products of
combinatorial libraries made by point mutations and truncations, and, for that matter, for
screening cDNA libraries for gene products having a certain property. Such techniques will
be generally adaptable for rapid screening of the gene libraries generated by the
combinatorial mutagenesis of the subject soluble polypeptides. The most widely used
techniques for screening large gene libraries typically comprises cloning the gene library
into replicable expression vectors, transforming appropriate cells with the resulting library
of vectors, and expressing the combinatorial genes under conditions in which detection of a
desired activity facilitates relatively easy isolation of the vector encoding the gene whose
product was detected. Each of the illustrative assays described below are amenable to high
through-put analysis as necessary to screen large numbers of degenerate sequences created

by combinatorial mutagenesis techniques.

In certain embodiments, the subject soluble polypeptides of the invention include a
small molecule such as a peptide and a peptidomimetic. As used herein, the term
“peptidomimetic” includes chemically modified peptides and peptide-like molecules that
contain non-naturally occurring amino acids, peptoids, and the like. Peptidomimetics
provide various advantages over a peptide, including enhanced stability when administered
to a subject. Methods for identifying a peptidomimetic are well known in the art and
include the screening of databases that contain libraries of potential peptidomimetics. For
example, the Cambridge Structural Database contains a collection of greater than 300,000
compounds that have known crystal structures (Allen et al., Acta Crystallogr. Section B,
35:2331 (1979)). Where no crystal structure of a target molecule is available, a structure
can be generated using, for example, the program CONCORD (Rusinko et al., J. Chem. Inf.
Comput. Sci. 29:251 (1989)). Another database, the Available Chemicals Directory
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(Molecular Design Limited, Informations Systems; San Leandro Calif.), contains about
100,000 compounds that are commercially available and also can be searched to identify

potential peptidomimetics of the EphB4 or Ephrin B2 soluble polypeptides.

In certain embodiments, the soluble polypeptides of the invention may further
comprise post-translational modifications. Exemplary post-translational protein
modification include phosphorylation, acetylation, methylation, ADP-ribosylation,
ubiquitination, glycosylation, carbonylation, sumoylation, biotinylation or addition of a
polypeptide side chain or of a hydrophobic group. As a result, the modified soluble
polypeptides may contain non-amino acid elements, such as lipids, poly- or mono-
saccharide, and phosphates. Effects of such non-amino acid elements on the functionality
of a soluble polypeptide may be tested for its antagonizing role in EphB4 or Ephrin B2

function, e.g, it inhibitory effect on angiogenesis or on tumor growth.

In one specific embodiment of the present invention, modified forms of the subject
soluble polypeptides comprise linking the subject soluble polypeptides to nonproteinaceous
polymers. In one specific embodiment, the polymer is polyethylene glycol (“PEG”),
polypropylene glycol, or polyoxyalkylenes, in the manner as set forth in U.S. Pat. Nos.
4,640,835; 4,496,689; 4,301,144, 4,670,417, 4,791,192 or 4,179,337. Examples of the
modified polypeptide of the invention include PEGylated soluble Ephrin B2 and PEGylated
soluble EphB4.

PEG is a well-known, water soluble polymer that is commercially available or can
be prepared by ring-opening polymerization of ethylene glycol according to methods well
known in the art (Sandler and Karo, Polymer Synthesis, Academic Press, New York, Vol.
3, pages 138-161). The term "PEG" is used broadly to encompass any polyethylene glycol
molecule, without regard to size or to modification at an end of the PEG, and can be
represented by the formula:

X—O(CH;CH;0),-1CH>CH,0H (1), where n is 20 to 2300 and X is H or a terminal
modification, e.g., a C;4 alkyl. In one embodiment, the PEG of the invention terminates on
one end with hydroxy or methoxy, i.e., X is H or CH; ("methoxy PEG"). A PEG can
contain further chemical groups which are necessary for binding reactions; which results
from the chemical synthesis of the molecule; or which is a spacer for optimal distance of
parts of the molecule. In addition, such a PEG can consist of one or more PEG side-chains
which are linked together. PEGs with more than one PEG chain are called multiarmed or

branched PEGs. Branched PEGs can be prepared, for example, by the addition of
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polyethylene oxide to various polyols, including glycerol, pentaerythriol, and sorbitol. For
example, a four-armed branched PEG can be prepared from pentaerythriol and ethylene
oxide. Branched PEG are described in, for example, EP-A 0 473 084 and U.S. Pat. No.
5,932,462. One form of PEGs includes two PEG side-chains (PEG2) linked via the primary
amino groups of a lysine (Monfardini, C., et al., Bioconjugate Chem. 6 (1995) 62-69).

PEG conjugation to peptides or proteins generally involves the activation of PEG
and coupling of the activated PEG-intermediates directly to target proteins/peptides or to a
linker, which is subsequently activated and coupled to target proteins/peptides (see
Abuchowski, A. etal, J. Biol. Chem., 252,3571 (1977) and J. Biol. Chem.,252,3582
(1977), Zalipsky, et al., and Harris et. al., in: Poly(ethylene glycol) Chemistry: Biotechnical
and Biomedical Applications; (J. M. Harris ed.) Plenum Press: New York, 1992; Chap.21
and 22). It is noted that an EphB4containing a PEG molecule is also known as a
conjugated protein, whereas the protein lacking an attached PEG molecule can be referred

to as unconjugated.

Any molecular mass for a PEG can be used as practically desired, e.g., from about
1,000 Daltons (Da) to 100,000 Da (n is 20 to 2300), for conjugating to Eph4 or EphrinB2
soluble peptides. The number of repeating units "n" in the PEG is approximated for the
molecular mass described in Daltons. It is preferred that the combined molecular mass of
PEG on an activated linker is suitable for pharmaceutical use. Thus, in one embodiment, the
molecular mass of the PEG molecules does not exceed 100,000 Da. For example, if three
PEG molecules are attached to a linker, where each PEG molecule has the same molecular
mass of 12,000 Da (each n is about 270), then the total molecular mass of PEG on the linker
is about 36,000 Da (total n is about 820). The molecular masses of the PEG attached to the
linker can also be different, e.g., of three molecules on a linker two PEG molecules can be
5,000 Da each (each n is about 110) and one PEG molecule can be 12,000 Da (n is about
270).

In a specific embodiment of the invention, an EphB4 polypeptide is covalently
linked to one poly(ethylene glycol) group of the formula: —CO— (CHz)x—
(OCH,CH,;)—OR , with the —CO (i.e. carbonyl) of the poly(ethylene glycol) group
forming an amide bond with one of the amino groups of EphB4; R being lower alkyl; x
being 2 or 3; m being from about 450 to about 950; and n and m being chosen so that the
molecular weight of the conjugate minus the EphB4 protein is from about 10 to 40 kDa. In

one embodiment, an EphB4 e-amino group of a lysine is the available (free) amino group.
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The above conjugates may be more specifically presented by formula (II): P—
NHCO— (CHz)x— (OCH,CH,)—OR (II) , wherein P is the group of an EphB4 protein as
described herein, (i.e. without the amino group or amino groups which form an amide
linkage with the carbonyl shown in formula (II); and wherein R is lower alkyl; x is 2 or 3;
m is from about 450 to about 950 and is chosen so that the molecular weight of the
conjugate minus the EphB4 protein is from about 10 to about 40 kDa. As used herein, the
given ranges of "m" have an orientational meaning. The ranges of "m" are determined in
any case, and exactly, by the molecular weight of the PEG group.

One skilled in the art can select a suitable molecular mass for PEG, e.g., based on
how the pegylated EphB4 will be used therapeutically, the desired dosage, circulation time,
resistance to proteolysis, immunogenicity, and other considerations. For a discussion of
PEG and its use to enhance the properties of proteins, see N. V. Katre, Advanced Drug
Delivery Reviews 10: 91-114 (1993).

In one embodiment of the invention, PEG molecules may be activated to react with
amino groups on EphB4, such as with lysines (Bencham C. O. et al., Anal. Biochem., 131,
25 (1983); Veronese, F. M. et al., Appl. Biochem., 11, 141 (1985).; Zalipsky, S. et al.,
Polymeric Drugs and Drug Delivery Systems, adrs 9-110 ACS Symposium Series 469
(1999); Zalipsky, S. et al., Europ. Polym. J., 19, 1177-1183 (1983); Delgado, C. et al.,
Biotechnology and Applied Biochemistry, 12, 119-128 (1990)).

In one specific embodiment, carbonate esters of PEG are used to form the PEG-
EphB4 conjugates. N,N'-disuccinimidylcarbonate (DSC) may be used in the reaction with
PEG to form active mixed PEG-succinimidy] carbonate that may be subsequently reacted
with a nucleophilic group of a linker or an amino group of EphB4 (see U.S. Pat. No.
5,281,698 and U.S. Pat. No. 5,932,462). In a similar type of reaction, 1,1'-
(dibenzotriazolyl)carbonate and di-(2-pyridyl)carbonate may be reacted with PEG to form
PEG-benzotriazolyl and PEG-pyridyl mixed carbonate (U.S. Pat. No. 5,382,657),

respectively.

In one embodiment, additional sites for PEGylation are introduced by site-directed
mutagenesis by introducing one or more lysine residues. For instance, one or more arginine
residues may be mutated to a lysine residue. In another embodiment, additional
PEGylation sites are chemically introduced by modifying amino acids on EphB4. In one

specific embodiment, carboxyl groups in EphB4 are conjugated with diaminobutane,
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resulting in carboxyl amidation (see Li et al., Anal Biochem. 2004;330(2):264-71). This
reaction may be catalyzed by 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide, a water-

soluble carbodiimide. The resulting amides can then conjugated to PEG.

PEGylation of EphB4 can be performed according to the methods of the state of the
art, for example by reaction of EphB4 with electrophilically active PEGs (supplier:
Shearwater Corp., USA, www.shearwatercorp.com). Preferred PEG reagents of the present
invention are, e.g., N-hydroxysuccinimidyl propionates (PEG-SPA), butanoates (PEG-
SBA), PEG-succinimidy] propionate or branched N-hydroxysuccinimides such as mPEG2-
NHS (Monfardini, C., et al., Bioconjugate Chem. 6 (1995) 62-69). Such methods may used
to PEGylated at an e-amino group of an EphB4 lysine or the N-terminal amino group of
EphB4.

In another embodiment, PEG molecules may be coupled to sulfhydryl groups on
EphB4 (Sartore, L., et al., Appl. Biochem. Biotechnol., 27, 45 (1991); Morpurgo et al.,
Biocon. Chem., 7, 363-368 (1996); Goodson et al., Bio/Technology (1990) 8, 343; U.S.
Patent No. 5,766,897). U.S. Patent Nos. 6,610,281 and 5,766,897 describes exemplary
reactive PEG species that may be coupled to sulfhydryl groups.

In some embodiments where PEG molecules are conjugated to cysteine residues on
EphB4, the cysteine residues are native to Eph4, whereas in other embodiments, one or
more cysteine residues are engineered into EphB4. Mutations may be introduced into an
EphB4 coding sequence to generate cysteine residues. This might be achieved, for
example, by mutating one or more amino acid residues to cysteine. Preferred amino acids
for mutating to a cysteine residue include serine, threonine, alanine and other hydrophilic
residues. Preferably, the residue to be mutated to cysteine is a surface-exposed residue.
Algorithms are well-known in the art for predicting surface accessibility of residues based
on primary sequence or a protein. Alternatively, surface residues may be predicted by
comparing the amino acid sequences of EphB4 an EphB2, given that the crystal structure of
EphB2 has been solved (see Himanen et al., Nature. (2001) 20-27;414(6866):933-8) and
thus the surface-exposed residues identified. In one embodiment, cysteine residues are
introduced into EphB4 at or near the N- and/or C-terminus, or within loop regions. Loop

regions may be identified by comparing the EphB4 sequence to that of EphB2.

In some embodiments, the pegylated EphB4 comprises a PEG molecule covalently
attached to the alpha amino group of the N-terminal amino acid. Site specific N-terminal

reductive amination is described in Pepinsky et al., (2001) JPET, 297,1059, and U.S. Pat.
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No. 5,824,784. The use of a PEG-aldehyde for the reductive amination of a protein
utilizing other available nucleophilic amino groups is described in U.S. Pat. No. 4,002,531,
in Wieder et al., (1979) J. Biol. Chem. 254,12579, and in Chamow et al., (1994)
Bioconjugate Chem. 5, 133.

In another embodiment, pegylated EphB4 comprises one or more PEG molecules
covalently attached to a linker, which in turn is attached to the alpha amino group of the
amino acid residue at the N-terminus of EphB4. Such an approach is disclosed in U.S.
Patent Publication No. 2002/0044921 and in W094/01451.

In one embodiment, EphB4 is pegylated at the C-terminus. In a specific
embodiment, a protein is pegylated at the C-terminus by the introduction of C-terminal
azido-methionine and the subsequent conjugation of a methyl-PEG-triarylphosphine
compound via the Staudinger reaction. This C-terminal conjugation method is described in
Cazalis et al., C-Terminal Site-Specific PEGylation of a Truncated Thrombomodulin
Mutant with Retention of Full Bioactivity, Bioconjug Chem. 2004;15(5):1005-1009.

Monopegylation of EphB4 can also be produced according to the general methods
described in WO 94/01451. WO 94/01451 describes a method for preparing a recombinant
polypeptide with a modified terminal amino acid alpha-carbon reactive group. The steps of
the method involve forming the recombinant polypeptide and protecting it with one or more
biologically added protecting groups at the N-terminal alpha-amine and C-terminal alpha-
carboxyl. The polypeptide can then be reacted with chemical protecting agents to
selectively protect reactive side chain groups and thereby prevent side chain groups from
being modified. The polypeptide is then cleaved with a cleavage reagent specific for the
biological protecting group to form an unprotected terminal amino acid alpha-carbon
reactive group. The unprotected terminal amino acid alpha-carbon reactive group is
modified with a chemical modifying agent. The side chain protected terminally modified
single copy polypeptide is then deprotected at the side chain groups to form a terminally
modified recombinant single copy polypeptide. The number and sequence of steps in the
method can be varied to achieve selective modification at the N- and/or C-terminal amino
acid of the polypeptide.

The ratio of EphB4 (or EphrinB2) to activated PEG in the conjugation reaction can
be from about 1:0.5 to 1:50, between from about 1:1 to 1:30, or from about 1:5 to 1:15.

Various aqueous buffers can be used in the present method to catalyze the covalent addition

of PEG to EphB4. In one embodiment, the pH of a buffer used is from about 7.0 to 9.0. In
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another embodiment, the pH is in a slightly basic range, e.g., from about 7.5 to 8.5. Buffers
having a pKa close to neutral pH range may be used, e.g., phosphate buffer.

In one embodiment, the temperature range for preparing a mono-PEG-EphB4 is
from about 4°C. to 40°C, or from about 18°C. to 25°C. In another embodiment, the

temperature is room temperature.

The pegylation reaction can proceed from 3 to 48 hours, or from 10 to 24 hours. The
reaction can be monitored using SE-HPLC to distinguish EphB4, mono-PEG-EphB4 and
poly-PEG-EphB4. It is noted that mono-PEG-EphB4 forms before di-PEG-EphB4. When
the mono-PEG-EphB4 concentration reaches a plateau, the reaction can be terminated by
adding a quenching agent to react with unreacted PEG. In some embodiments, the

quenching agent is a free amino acid, such as glycine, cysteine or lysine.

Conventional separation and purification techniques known in the art can be used to
purify pegylated EphB4 or EphrinB2 products, such as size exclusion (e.g. gel filtration)
and ion exchange chromatography. Products may also be separated using SDS-PAGE.
Products that may be separated include mono-, di-, tri- poly- and un- pegylated EphB4, as
well as free PEG. The percentage of mono-PEG conjugates can be controlled by pooling
broader fractions around the elution peak to increase the percentage of mono-PEG in the
composition. About ninety percent mono-PEG conjugates represents a good balance of
yield and activity. Compositions in which, for example, at least ninety-two percent or at
least ninety-six percent of the conjugates are mono-PEG species may be desired. In an
embodiment of this invention the percentage of mono-PEG conjugates is from ninety

percent to ninety-six percent.

In one embodiment, pegylated EphB4 proteins of the invention contain one, two or
more PEG moieties. In one embodiment, the PEG moiety(ies) are bound to an amino acid
residue which is on the surface of the protein and/or away from the surface that contacts
EphrinB2. In one embodiment, the combined or total molecular mass of PEG in PEG-
EphB4 is from about 3,000 Da to 60,000 Da, optionally from about 10,000 Da to 36,000
Da. In a one embodiment, the PEG in pegylated EphB4 is a substantially linear, straight-
chain PEG.

In one embodiment of the invention, the PEG in pegylated EphB4 or EphrinB2 is
not hydrolyzed from the pegylated amino acid residue using a hydroxylamine assay, e.g.,
450 mM hydroxylamine (pH 6.5) over 8 to 16 hours at room temperature, and is thus stable.

In one embodiment, greater than 80% of the composition is stable mono-PEG-EphB4, more
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preferably at least 90%, and most preferably at least 95%.

In another embodiment, the pegylated EphB4 proteins of the invention will
preferably retain at least 25%, 50%, 60%, 70%]least 80%, 85%, 90%, 95% or 100% of the
biological activity associated with the unmodified protein. In one embodiment, biological
activity refers to its ability to bind to EphrinB2. In one specific embodiment, the pegylated
EphB4 protein shows an increase in binding to EphrinB2 relative to unpegylated EphB4.

In a preferred embodiment, the PEG-EphB4 has a half-life (t;/;) which is enhanced
relative to the half-life of the unmodified protein. Preferably, the half-life of PEG-EphB4 is
enhanced by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 125%,
150%, 175%, 200%, 250%, 300%, 400% or 500%, or even by 1000% relative to the half-
life of the unmodified EphB4 protein. In some embodiments, the protein half-life is
determined in vitro, such as in a buffered saline solution or in serum. In other
embodiments, the protein half-life is an in vivo half life, such as the half-life of the protein

in the serum or other bodily fluid of an animal.

In certain aspects, functional variants or modified forms of the subject soluble
polypeptides include fusion proteins having at least a portion of the soluble polypeptide and
one or more fusion domains. Well known examples of such fusion domains include, but are
not limited to, polyhistidine, Glu-Glu, glutathione S transferase (GST), thioredoxin, protein
A, protein G, and an immunoglobulin heavy chain constant region (Fc), maltose binding
protein (MBP), which are particularly useful for isolation of the fusion proteins by affinity
chromatography. For the purpose of affinity purification, relevant matrices for affinity
chromatography, such as glutathione-, amylase-, and nickel- or cobalt- conjugated resins
are used. Another fusion domain well known in the art is green fluorescent protein (GFP).
Fusion domains also include “epitope tags,” which are usually short peptide sequences for
which a specific antibody is available. Well known epitope tags for which specific
monoclonal antibodies are readily available include FLAG, influenza virus haemagglutinin
(HA), and c-myc tags. In some cases, the fusion domains have a protease cleavage site,
such as for Factor Xa or Thrombin, which allows the relevant protease to partially digest
the fusion proteins and thereby liberate the recombinant proteins therefrom. The liberated
proteins can then be isolated from the fusion domain by subsequent chromatographic

separation.

In certain embodiments, the soluble polypeptides of the present invention contain

one or more modifications that are capable of stabilizing the soluble polypeptides. For
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example, such modifications enhance the in vitro half life of the soluble polypeptides,
enhance circulatory half life of the soluble polypeptides or reducing proteolytic degradation
of the soluble polypeptides.

In a further embodiment, a soluble polypeptide of the present invention is fused to
a cytotoxic agent. In this method, the fusion acts to target the cytotoxic agent to a specific
tissue or cell (e.g., a tumor tissue or cell), resulting in a reduction in the number of afflicted
cells. Such an approach can thereby reduce symptoms associated with cancer and
angiogenesis-associated disorders. Cytotoxic agents include, but are not limited to,
diphtheria A chain, exotoxin A chain, ricin A chain, abrin A chain, curcin, crotin,

phenomycin, enomycin and the like, as well as radiochemicals.

In certain embodiments, the soluble polypeptides of the present invention may be
fused to other therapeutic proteins or to other proteins such as Fc or serum albumin for
pharmacokinetic purposes. See for example U.S. Pat. Nos. 5,766,883 and 5,876,969, both
of which are incorporated by reference. In some embodiments, soluble peptides of the
present invention are fused to Fc variants. In a specific embodiment, the soluble
polypeptide is fused to an Fc variant which does not homodimerize, such as one lacking the

cysteine residues which form cysteine bonds with other Fc chains.

In some embodiments, the modified proteins of the invention comprise fusion
proteins with an Fc region of an immunoglobulin. As is known, each immunoglobulin
heavy chain constant region comprises four or five domains. The domains are named
sequentially as follows: CH1-hinge-CH2-CH3(-CH4). The DNA sequences of the heavy
chain domains have cross-homology among the immunoglobulin classes, e.g., the CH2
domain of IgG is homologous to the CH2 domain of IgA and IgD, and to the CH3 domain
of IgM and IgE. As used herein, the term, "immunoglobulin Fc region" is understood to
mean the carboxyl-terminal portion of an immunoglobulin chain constant region, preferably
an immunoglobulin heavy chain constant region, or a portion thereof. For example, an
immunoglobulin Fc region may comprise 1) a CH1 domain, a CH2 domain, and a CH3
domain, 2) a CH1 domain and a CH2 domain, 3) a CH1 domain and a CH3 domain, 4) a
CH2 domain and a CH3 domain, or 5) a combination of two or more domains and an
immunoglobulin hinge region. In a preferred embodiment the immunoglobulin Fc region
comprises at least an immunoglobulin hinge region a CH2 domain and a CH3 domain, and

preferably lacks the CH1 domain.
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In one embodiment, the class of immunoglobulin from which the heavy chain
constant region is derived is IgG (Igy) (y subclasses 1, 2, 3, or 4). The nucleotide and amino
acid sequences of human Fc .gamma.-1 are set forth in SEQ ID NOS: 5 and 6. The
nucleotide and amino acid sequences of murine Fcy-2a are set forth in SEQ ID NOS: 7 and
8. Other classes of immunoglobulin, IgA (Iga), IgD (Igé), IgE (Ige) and IgM (Igu), may be
used. The choice of appropriate immunoglobulin heavy chain constant regions is discussed
in detail in U.S. Pat. Nos. 5,541,087, and 5,726,044. The choice of particular
immunoglobulin heavy chain constant region sequences from certain immunoglobulin
classes and subclasses to achieve a particular result is considered to be within the level of
skill in the art. The portion of the DNA construct encoding the immunoglobulin Fc region
preferably comprises at least a portion of a hinge domain, and preferably at least a portion

of a CH3z domain of Fc vy or the homologous domains in any of IgA, IgD, IgE, or IgM.

Furthermore, it is contemplated that substitution or deletion of amino acids within
the immunoglobulin heavy chain constant regions may be useful in the practice of the
invention. One example would be to introduce amino acid substitutions in the upper CH2
region to create a Fc variant with reduced affinity for Fc receptors (Cole et al. (1997) J.
IMMUNOL. 159:3613). One of ordinary skill in the art can prepare such constructs using

well known molecular biology techniques.

In a specific embodiment of the present invention, the modified forms of the subject
soluble polypeptides are fusion proteins having at least a portion of the soluble polypeptide
(e.g., an ectodomain of Ephrin B2 or EphB4) and a stabilizing domain such as albumin. As
used herein, "albumin" refers collectively to albumin protein or amino acid sequence, or an
albumin fragment or variant, having one or more functional activities (e.g., biological
activities) of albumin. In particular, "albumin" refers to human albumin or fragments
thereof (see EP 201 239, EP 322 094 WO 97/24445, W095/23857) especially the mature
form of human albumin, or albumin from other vertebrates or fragments thereof, or analogs

or variants of these molecules or fragments thereof.

The present invention describes that such fusion proteins are more stable relative to
the corresponding wildtype soluble protein. For example, the subject soluble polypeptide
(e.g., an ectodomain of Ephrin B2 or EphB4) can be fused with human serum albumin
(HSA), bovine serum albumin (BSA), or any fragment of an albumin protein which has
stabilization activity. Such stabilizing domains include human serum albumin (HSA) and

bovine serum albumin (BSA).
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In particular, the albumin fusion proteins of the invention may include naturally
occurring polymorphic variants of human albumin and fragments of human albumin (See
W095/23857), for example those fragments disclosed in EP 322 094 (namely HA (Pn),
where n is 369 to 419). The albumin may be derived from any vertebrate, especially any
mammal, for example human, cow, sheep, or pig. Non-mammalian albumins include, but
are not limited to, hen and salmon. The albumin portion of the albumin fusion protein may

be from a different animal than the EphB4.

In some embodiments, the albumin protein portion of an albumin fusion protein
corresponds to a fragment of serum albumin. Fragments of serum albumin polypeptides
include polypeptides having one or more residues deleted from the amino terminus or from
the C-terminus. Generally speaking, an HA fragment or variant will be at least 100 amino
acids long, preferably at least 150 amino acids long. The HA variant may consist of or
alternatively comprise at least one whole domain of HA. Domains, with reference to SEQ
ID NO:18 in U.S. Patent Publication No. 2004/0171123, are as follows: domains 1 (amino
acids 1-194), 2 (amino acids 195-387), 3 (amino acids 388-585), 1+2 (1-387), 2+3 (195-
585) or 143 (amino acids 1-194 +amino acids 388-585). Each domain is itself made up of
two homologous subdomains namely 1-105, 120-194, 195-291, 316-387, 388-491 and 512-
585, with flexible inter-subdomain linker regions comprising residues Lys106 to Glu119,
Glu292 to Val315 and Glu492 to Ala511.

In one embodiment, the EphB4-HSA fusion has one EphB4 soluble polypeptide
linked to one HSA molecule, but other conformations are within the invention. For
example, EphB4-HSA fusion proteins can have any of the following formula: R;-L-Ry; R;-
L-Ry; Ri-L-Ry-L-R;y; or Rp-L-R1-L-Ry; Ri-Ry; Ro-Ry; Ri-Ra-Ry; or Ry-Ri-Ry; wherein R is
a soluble EphB4 sequence, R, is HSA, and L is a peptide linker sequence.

In a specific embodiment, the EphB4 and HSA domains are linked to each other,
preferably via a linker sequence, which separates the EphB4 and HSA domains by a
distance sufficient to ensure that each domain properly folds into its secondary and tertiary
structures. Preferred linker sequences (1) should adopt a flexible extended conformation,
(2) should not exhibit a propensity for developing an ordered secondary structure which
could interact with the functional EphB4 and HSA domains, and (3) should have minimal
hydrophobic or charged character, which could promote interaction with the functional
protein domains. Typical surface amino acids in flexible protein regions include Gly, Asn

and Ser. Permutations of amino acid sequences containing Gly, Asn and Ser would be
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expected to satisfy the above criteria for a linker sequence. Other near neutral amino acids,

such as Thr and Ala, can also be used in the linker sequence.

In a specific embodiment, a linker sequence length of about 20 amino acids can be
used to provide a suitable separation of functional protein domains, although longer or
shorter linker sequences may also be used. The length of the linker sequence separating
EphB4 and HSA can be from 5 to 500 amino acids in length, or more preferably from 5 to
100 amino acids in length. Preferably, the linker sequence is from about 5-30 amino acids
in length. In preferred embodiments, the linker sequence is from about 5 to about 20 amino
acids, and is advantageously from about 10 to about 20 amino acids. Amino acid sequences
useful as linkers of EphB4 and HSA include, but are not limited to, (SerGly.)y wherein y is
greater than or equal to 8, or GlysSerGlysSer. A preferred linker sequence has the formula

(SerGlys)s. Another preferred linker has the sequence ((Ser-Ser-Ser-Ser-Gly)3-Ser-Pro).

In one embodiment, the polypeptides of the present invention and HSA proteins are
directly fused without a linker sequence. In preferred embodiments, the C-terminus of a
soluble EphB4 polypeptide can be directly fused to the N-terminus of HSA or the C-
terminus of HSA can be directly fused to the N-terminus of soluble EphB4.

In some embodiments, the immunogenicity of the fusion junction between HSA and
EphB4 may be reduced the by identifying a candidate T-cell epitope within a junction
region spanning a fusion protein and changing an amino acid within the junction region as

described in U.S. Patent Publication No. 2003/0166877.

In certain embodiments, soluble polypeptides (unmodified or modified) of the
invention can be produced by a variety of art-known techniques. For example, such soluble
polypeptides can be synthesized using standard protein chemistry techniques such as those
described in Bodansky, M. Principles of Peptide Synthesis, Springer Verlag, Berlin (1993)
and Grant G. A. (ed.), Synthetic Peptides: A User's Guide, W. H. Freeman and Company,
New York (1992). In addition, automated peptide synthesizers are commercially available
(e.g., Advanced ChemTech Model 396; Milligen/Biosearch 9600). Alternatively, the
soluble polypeptides, fragments or variants thereof may be recombinantly produced using

various expression systems as is well known in the art (also see below).

III. Nucleic acids encoding soluble polypeptides
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In certain aspects, the invention relates to isolated and/or recombinant nucleic acids
encoding an EphB4 or Ephrin B2 soluble polypeptide. The subject nucleic acids may be
single-stranded or double-stranded, DNA or RNA molecules. These nucleic acids are
useful as therapeutic agents. For example, these nucleic acids are useful in making
recombinant soluble polypeptides which are administered to a cell or an individual as
therapeutics. Alternative, these nucleic acids can be directly administered to a cell or an

individual as therapeutics such as in gene therapy.

In certain embodiments, the invention provides isolated or recombinant nucleic acid
sequences that are at least 80%, 85%, 90%, 95%, 97%, 98%, 99% or 100% identical to a
region of the nucleotide sequence depicted in SEQ ID Nos. 6-9. One of ordinary skill in the
art will appreciate that nucleic acid sequences complementary to the subject nucleic acids,
and variants of the subject nucleic acids are also within the scope of this invention. In
further embodiments, the nucleic acid sequences of the invention can be isolated,

recombinant, and/or fused with a heterologous nucleotide sequence, or in a DNA library.

In other embodiments, nucleic acids of the invention also include nucleotide
sequences that hybridize under highly stringent conditions to the nucleotide sequence
depicted in SEQ ID Nos. 6-9, or complement sequences thereof. As discussed above, one
of ordinary skill in the art will understand readily that appropriate stringency conditions
which promote DNA hybridization can be varied. One of ordinary skill in the art will
understand readily that appropriate stringency conditions which promote DNA
hybridization can be varied. For example, one could perform the hybridization at 6.0 x
sodium chloride/sodium citrate (SSC) at about 45 °C, followed by a wash of 2.0 x SSC at
50 °C. For example, the salt concentration in the wash step can be selected from a low
stringency of about 2.0 x SSC at 50 °C to a high stringency of about 0.2 x SSC at 50 °C. In
addition, the temperature in the wash step can be increased from low stringency conditions
at room temperature, about 22 °C, to high stringency conditions at about 65 °C. Both
temperature and salt may be varied, or temperature or salt concentration may be held
constant while the other variable is changed. In one embodiment, the invention provides
nucleic acids which hybridize under low stringency conditions of 6 x SSC at room

temperature followed by a wash at 2 x SSC at room temperature.

Isolated nucleic acids which differ from the subject nucleic acids due to degeneracy
in the genetic code are also within the scope of the invention. For example, a number of

amino acids are designated by more than one triplet. Codons that specify the same amino
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acid, or synonyms (for example, CAU and CAC are synonyms for histidine) may result in
“silent” mutations which do not affect the amino acid sequence of the protein. However, it
is expected that DNA sequence polymorphisms that do lead to changes in the amino acid
sequences of the subject proteins will exist among mammalian cells. One skilled in the art
will appreciate that these variations in one or more nucleotides (up to about 3-5% of the
nucleotides) of the nucleic acids encoding a particular protein may exist among individuals
of a given species due to natural allelic variation. Any and all such nucleotide variations

and resulting amino acid polymorphisms are within the scope of this invention.

In certain embodiments, the recombinant nucleic acids of the invention may be
operably linked to one or more regulatory nucleotide sequences in an expression construct.
Regulatory nucleotide sequences will generally be appropriate for a host cell used for
expression. Numerous types of appropriate expression vectors and suitable regulatory
sequences are known in the art for a variety of host cells. Typically, said 6ne or more
regulatory nucleotide sequences may include, but are not limited to, promoter sequences,
leader or signal sequences, ribosomal binding sites, transcriptional start and termination
sequences, translational start and termination sequences, and enhancer or activator
sequences. Constitutive or inducible promoters as known in the art are contemplated by the
invention. The promoters may be either naturally occurring promoters, or hybrid promoters
that combine elements of more than one promoter. An expression construct may be present
in a cell on an episome, such as a plasmid, or the expression construct may be inserted in a
chromosome. In a preferred embodiment, the expression vector contains a selectable
marker gene to allow the selection of transformed host cells. Selectable marker genes are

well known in the art and will vary with the host cell used.

In certain aspect of the invention, the subject nucleic acid is provided in an
expression vector comprising a nucleotide sequence encoding an EphB4 or Ephrin B2
soluble polypeptide and operably linked to at least one regulatory sequence. Regulatory
sequences are art-recognized and are selected to direct expression of the soluble
polypeptide. Accordingly, the term regulatory sequence includes promoters, enhancers, and
other expression control elements. Exemplary regulatory sequences are described in
Goeddel; Gene Expression Technology: Methods in Enzymology, Academic Press, San
Diego, CA (1990). For instance, any of a wide variety of expression control sequences that
control the expression of a DNA sequence when operatively linked to it may be used in
these vectors to express DNA sequences encoding a soluble polypeptide. Such useful

expression control sequences, include, for example, the early and late promoters of SV40,
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tet promoter, adenovirus or cytomegalovirus immediate early promoter, the lac system, the
trp system, the TAC or TRC system, T7 promoter whose expression is directed by T7 RNA
polymerase, the major operator and promoter regions of phage lambda , the control regions
for fd coat protein, the promoter for 3-phosphoglycerate kinase or other glycolytic enzymes,
the promoters of acid phosphatase, e.g., Pho5, the promoters of the yeast o-mating factors,
the polyhedron promoter of the baculovirus system and other sequences known to control
the expression of genes of prokaryotic or eukaryotic cells or their viruses, and various
combinations thereof. It should be understood that the design of the expression vector may
depend on such factors as the choice of the host cell to be transformed and/or the type of
protein desired to be expressed. Moreover, the vector's copy number, the ability to control
that copy number and the expression of any other protein encoded by the vector, such as

antibiotic markers, should also be considered.

This invention also pertains to a host cell transfected with a recombinant gene
including a coding sequence for one or more of the subject soluble polypeptide. The host
cell may be any prokaryotic or eukaryotic cell. For example, a soluble polypeptide of the
invention may be expressed in bacterial cells such as E. coli, insect cells (e.g., using a
baculovirus expression system), yeast, or mammalian cells. Other suitable host cells are

known to those skilled in the art.

Accordingly, the present invention further pertains to methods of producing the
subject soluble polypeptides. For example, a host cell transfected with an expression vector
encoding an EphB4 soluble polypeptide can be cultured under appropriate conditions to
allow expression of the EphB4 soluble polypeptide to occur. The EphB4 soluble
polypeptide may be secreted and isolated from a mixture of cells and medium containing
the soluble polypeptides. Alternatively, the soluble polypeptides may be retained
cytoplasmically or in a membrane fraction and the cells harvested, lysed and the protein
isolated. A cell culture includes host cells, media and other byproducts. Suitable media for
cell culture are well known in the art. The soluble polypeptides can be isolated from cell
culture medium, host cells, or both using techniques known in the art for purifying proteins,
including ion-exchange chromatography, gel filtration chromatography, ultrafiltration,
electrophoresis, and immunoaffinity purification with antibodies specific for particular
epitopes of the soluble polypeptides. In a preferred embodiment, the soluble polypeptide is

a fusion protein containing a domain which facilitates its purification.
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A recombinant nucleic acid of the invention can be produced by ligating the cloned
gene, or a portion thereof, into a vector suitable for expression in either prokaryotic cells,
eukaryotic cells (yeast, avian, insect or mammalian), or both. Expression vehicles for
production of a recombinant soluble polypeptide include plasmids and other vectors. For
instance, suitable vectors include plasmids of the types: pBR322-derived plasmids,
pEMBL-derived plasmids, pEX-derived plasmids, pBTac-derived plasmids and pUC-

derived plasmids for expression in prokaryotic cells, such as E. coli.

The preferred mammalian expression vectors contain both prokaryotic sequences to
facilitate the propagation of the vector in bacteria, and one or more eukaryotic transcription
units that are expressed in eukaryotic cells. The pcDNAT/amp, pcDNAI/neo, pRc/CMYV,
pSV2gpt, pSV2neo, pSV2-dhfr, pTk2, pRSVneo, pMSG, pSVT7, pko-neo and pHyg
derived vectors are examples of mammalian expression vectors suitable for transfection of
eukaryotic cells. Some of these vectors are modified with sequences from bacterial
plasmids, such as pBR322, to facilitate replication and drug resistance selection in both
prokaryotic and eukaryotic cells. Alternatively, derivatives of viruses such as the bovine
papilloma virus (BPV-1), or Epstein-Barr virus (pHEBo, pREP-derived and p205) can be
used for transient expression of proteins in eukaryotic cells. Examples of other viral
(including retroviral) expression systems can be found below in the description of gene
therapy delivery systems. The various methods employed in the preparation of the
plasmids and transformation of host organisms are well known in the art. For other suitable
expression systems for both prokaryotic and eukaryotic cells, as well as general
recombinant procedures, see Molecular Cloning A Laboratory Manual, 2nd Ed., ed. by
Sambrook, Fritsch and Maniatis (Cold Spring Harbor Laboratory Press, 1989) Chapters 16
and 17. In some instances, it may be desirable to express the recombinant SLC5A8
polypeptide by the use of a baculovirus expression system. Examples of such baculovirus
expression systems include pVL-derived vectors (such as pVL1392, pVL1393 and
pVL941), pAcUW-derived vectors (such as pAcUW1), and pBlueBac-derived vectors (such
as the $3-gal containing pBlueBac III).

Techniques for making fusion genes are well known. Essentially, the joining of
various DNA fragments coding for different polypeptide sequences is performed in
accordance with conventional techniques, employing blunt-ended or stagger-ended termini
for ligation, restriction enzyme digestion to provide for appropriate termini, filling-in of
cohesive ends as appropriate, alkaline phosphatase treatment to avoid undesirable joining,

and enzymatic ligation. In another embodiment, the fusion gene can be synthesized by
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conventional techniques including automated DNA synthesizers. Alternatively, PCR
amplification of gene fragments can be carried out using anchor primers which give rise to
complementary overhangs between two consecutive gene fragments which can
subsequently be annealed to generate a chimeric gene sequence (see, for example, Current

Protocols in Molecular Biology, eds. Ausubel et al., John Wiley & Sons: 1992).

V. Drug Screening Assays

There are numerous approaches to screening for polypeptide therapeutic agents as
antagonists of EphB4, Ephrin B2 or both. For example, high-throughput screening of
compounds or molecules can be carried out to identify agents or drugs which inhibit
angiogenesis or inhibit tumor growth. Test agents can be any chemical (element, molecule,
compound, drug), made synthetically, made by recombinant techniques or isolated from a
natural source. For example, test agents can be peptides, polypeptides, peptoids, sugars,
hormones, or nucleic acid molecules. In addition, test agents can be small molecules or
molecules of greater complexity made by combinatorial chemistry, for example, and
compiled into libraries. These libraries can comprise, for example, alcohols, alkyl halides,
amines, amides, esters, aldehydes, ethers and other classes of organic compounds. Test
agents can also be natural or genetically engineered products isolated from lysates or
growth media of cells -- bacterial, animal or plant -- or can be the cell lysates or growth
media themselves. Presentation of test compounds to the test system can be in either an

isolated form or as mixtures of compounds, especially in initial screening steps.

For example, an assay can be carried out to screen for compounds that specifically
inhibit binding of Ephrin B2 (ligand) to EphB4 (receptor), or vice-versa, e.g., by inhibition
of binding of labeled ligand- or receptor-Fc fusion proteins to immortalized cells.
Compounds identified through this screening can then be tested in animals to assess their

anti-angiogenesis or anti-tumor activity in vivo.

In one embodiment of an assay to identify a substance that interferes with
interaction of two cell surface molecules (e.g., Ephrin B2 and EphB4), samples of cells ‘
expressing one type of cell surface molecule (e.g., EphB4) are contacted with either labeled
ligand (e.g., Ephrin B2, or a soluble portion thereof, or a fusion protein such as a fusion of
the extracellular domain and the Fc domain of IgG) or labeled ligand plus a test compound
(or group of test compounds). The amount of labeled ligand which has bound to the cells is

determined. A lesser amount of label (where the label can be, for example, a radioactive
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isotope, a fluorescent or colorimetric label) in the sample contacted with the test
compound(s) is an indication that the test compound(s) interferes with binding. The
reciprocal assay using cells expressing a ligand (e.g., an Ephrin B2 ligand or a soluble form
thereof) can be used to test for a substance that interferes with the binding of an Eph

receptor or soluble portion thereof.

An assay to identify a substance which interferes with interaction between an Eph
receptor and an ephrin can be performed with the component (e.g., cells, purified protein,
including fusion proteins and portions having binding activity) which is not to be in
competition with a test compound, linked to a solid support. The solid support can be any
suitable solid phase or matrix, such as a bead, the wall of a plate or other suitable surface
(e.g., a well of a microtiter plate), column pore glass (CPG) or a pin that can be submerged
into a solution, such as in a well. Linkage of cells or purified protein to the solid support

can be either direct or through one or more linker molecules.

In one embodiment, an isolated or purified protein (e.g., an Eph receptor or an
ephrin) can be immobilized on a suitable affinity matrix by standard techniques, such as
chemical cross-linking, or via an antibody raised against the isolated or purified protein, and
bound to a solid support. The matrix can be packed in a column or other suitable container
and is contacted with one or more compounds (e.g., a mixture) to be tested under conditions
suitable for binding of the compound to the protein. For example, a solution containing
compounds can be made to flow through the matrix. The matrix can be washed with a
suitable wash buffer to remove unbound compounds and non-specifically bound
compounds. Compounds which remain bound can be released by a suitable elution buffer.
For example, a change in the ionic strength or pH of the elution buffer can lead to a release
of compounds. Alternatively, the elution buffer can comprise a release component or
components designed to disrupt binding of compounds (e.g., one or more ligands or
receptors, as appropriate, or analogs thereof which can disrupt binding or competitively

inhibit binding of test compound to the protein).

Fusion proteins comprising all, or a portion of, a protein (e.g., an Eph receptor or an
ephrin) linked to a second moiety not occurring in that protein as found in nature can be
prepared for use in another embodiment of the method. Suitable fusion proteins for this
purpose include those in which the second moiety comprises an affinity ligand (e.g., an
enzyme, antigen, epitope). The fusion proteins can be produced by inserting the protein

(e.g., an Eph receptor or an ephrin) or a portion thereof into a suitable expression vector
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which encodes an affinity ligand. The expression vector can be introduced into a suitable
host cell for expression. Host cells are disrupted and the cell material, containing fusion
protein, can be bound to a suitable affinity matrix by contacting the cell material with an
affinity matrix under conditions sufficient for binding of the affinity ligand portion of the

fusion protein to the affinity matrix.

In one aspect of this embodiment, a fusion protein can be immobilized on a suitable
affinity matrix under conditions sufficient to bind the affinity ligand portion of the fusion
protein to the matrix, and is contacted with one or more compounds (e.g., a mixture) to be
tested, under conditions suitable for binding of compounds to the receptor or ligand protein
portion of the bound fusion protein. Next, the affinity matrix with bound fusion protein can
be washed with a suitable wash buffer to remove unbound compounds and non-specifically
bound compounds without significantly disrupting binding of specifically bound
compounds. Compounds which remain bound can be released by contacting the affinity
matrix having fusion protein bound thereto with a suitable elution buffer (a compound
elution buffer). In this aspect, compound elution buffer can be formulated to permit
retention of the fusion protein by the affinity matrix, but can be formulated to interfere with
binding of the compound(s) tested to the receptor or ligand protein portion of the fusion
protein. For example, a change in the ionic strength or pH of the elution buffer can lead to
release of compounds, or the elution buffer can comprise a release component or
components designed to disrupt binding of compounds to the receptor or ligand protein
portion of the fusion protein (e.g., one or more ligands or receptors or analogs thereof
which can disrupt binding of compounds to the receptor or ligand protein portion of the
fusion protein). Immobilization can be performed prior to, simultaneous with, or after
contacting the fusion protein with compound, as appropriate. Various permutations of the
method are possible, depending upon factors such as the compounds tested, the affinity
matrix selected, and elution buffer formulation. For example, after the wash step, fusion
protein with compound bound thereto can be eluted from the affinity matrix with a suitable
elution buffer (a matrix elution buffer). Where the fusion protein comprises a cleavable
linker, such as a thrombin cleavage site, cleavage from the affinity ligand can release a
portion of the fusion with compound bound thereto. Bound compound can then be released
from the fusion protein or its cleavage product by an appropriate method, such as

extraction.

V. Methods of Treatment
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In certain embodiments, the present invention provides methods of inhibiting
angiogenesis and methods of treating angiogenesis-associated diseases. In other
embodiments, the present invention provides methods of inhibiting or reducing tumor
growth and methods of treating an individual suffering from cancer. These methods
involve administering to the individual a therapeutically effective amount of one or more
polypeptide therapeutic agents as described above. These methods are particularly aimed at

therapeutic and prophylactic treatments of animals, and more particularly, humans.

As described herein, angiogenesis-associated diseases include, but are not limited to,
angiogenesis-dependent cancer, including, for example, solid tumors, blood born tumors
such as leukemias, and tumor metastases; benign tumors, for example hemangiomas,
acoustic neuromas, neurofibromas, trachomas, and pyogenic granulomas; inflammatory
disorders such as immune and non-immune inflammation; chronic articular rheumatism and
psoriasis; ocular angiogenic diseases, for example, diabetic retinopathy, retinopathy of
prematurity, macular degeneration, corneal graft rejection, neovascular glaucoma,
retrolental fibroplasia, rubeosis; Osler-Webber Syndrome; myocardial angiogenesis; plaque
neovascularization; telangiectasia; hemophiliac joints; angiofibroma; telangiectasia
psoriasis scleroderma, pyogenic granuloma, rubeosis, arthritis, diabetic neovascularization,

vasculogenesis, hematopoiesis.

It is understood that methods and compositions of the invention are also useful for
treating any angiogenesis-independent cancers (tumors). As used herein, the term
“angiogenesis-independent cancer” refers to a cancer (tumor) where there is no or little

neovascularization in the tumor tissue.

In particular, polypeptide therapeutic agents of the present invention are useful for
treating or preventing a cancer (tumor), including, but not limited to, colon carcinoma,
breast cancer, mesothelioma, prostate cancer, bladder cancer, squamous cell carcinoma of

the head and neck (HNSCC), Kaposi sarcoma, and leukemia.

In certain embodiments of such methods, one or more polypeptide therapeutic
agents can be administered, together (simultaneously) or at different times (sequentially).
In addition, polypeptide therapeutic agents can be administered with another type of

compounds for treating cancer or for inhibiting angiogenesis.

In certain embodiments, the subject methods of the invention can be used alone.
Alternatively, the subject methods may be used in combination with other conventional

anti-cancer therapeutic approaches directed to treatment or prevention of proliferative
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disorders (e.g., tumor). For example, such methods can be used in prophylactic cancer
prevention, prevention of cancer recurrence and metastases after surgery, and as an
adjuvant of other conventional cancer therapy. The present invention recognizes that the
effectiveness of conventional cancer therapies (e.g., chemotherapy, radiation therapy,
phototherapy, immunotherapy, and surgery) can be enhanced through the use of a subject
polypeptide therapeutic agent.

A wide array of conventional compounds have been shown to have anti-neoplastic
activities. These compounds have been used as pharmaceutical agents in chemotherapy to
shrink solid tumors, prevent metastases and further growth, or decrease the number of
malignant cells in leukemic or bone marrow malignancies. Although chemotherapy has
been effective in treating various types of malignancies, many anti-neoplastic compounds
induce undesirable side effects. It has been shown that when two or more different
treatments are combined, the treatments may work synergistically and allow reduction of
dosage of each of the treatments, thereby reducing the detrimental side effects exerted by
each compound at higher dosages. In other instances, malignancies that are refractory to a

treatment may respond to a combination therapy of two or more different treatments.

‘When a polypeptide therapeutic agent of the present invention is administered in
combination with another conventional anti-neoplastic agent, either concomitantly or
sequentially, such therapeutic agent is shown to enhance the therapeutic effect of the anti-
neoplastic agent or overcome cellular resistance to such anti-neoplastic agent. This allows
decrease of dosage of an anti-neoplastic agent, thereby reducing the undesirable side

effects, or restores the effectiveness of an anti-neoplastic agent in resistant cells.

Pharmaceutical compounds that may be used for combinatory anti-tumor therapy
include, merely to illustrate: aminoglutethimide, amsacrine, anastrozole, asparaginase, bcg,
bicalutamide, bleomycin, buserelin, busulfan, campothecin, capecitabine, carboplatin,
carmustine, chlorambucil, cisplatin, cladribine, clodronate, colchicine, cyclophosphamide,
cyproterone, cytarabine, dacarbazine, dactinomycin, daunorubicin, dienestrol,
diethylstilbestrol, docetaxel, doxorubicin, epirubicin, estradiol, estramustine, etoposide,
exemestane, filgrastim, fludarabine, fludrocortisone, fluorouracil, fluoxymesterone,
flutamide, gemcitabine, genistein, goserelin, hydroxyurea, idarubicin, ifosfamide, imatinib,
interferon, irinotecan, ironotecan, letrozole, leucovorin, leuprolide, levamisole, lomustine,
mechlorethamine, medroxyprogesterone, megestrol, melphalan, mercaptopurine, mesna,

methotrexate, mitomycin, mitotane, mitoxantrone, nilutamide, nocodazole, octreotide,
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oxaliplatin, paclitaxel, pamidronate, pentostatin, plicamycin, porfimer, procarbazine,
raltitrexed, rituximab, streptozocin, suramin, tamoxifen, temozolomide, teniposide,
testosterone, thioguanine, thiotepa, titanocene dichloride, topotecan, trastuzumab, tretinoin,

vinblastine, vincristine, vindesine, and vinorelbine.

These chemotherapeutic anti-tumor compounds may be categorized by their
mechanism of action into, for example, following groups: anti-metabolites/anti-cancer
agents, such as pyrimidine analogs (5-fluorouracil, floxuridine, capecitabine, gemcitabine
and cytarabine) and purine analogs, folate antagonists and related inhibitors
(mercaptopurine, thioguanine, pentostatin and 2-chlorodeoxyadenosine (cladribine));
antiproliferative/antimitotic agents including natural products such as vinca alkaloids
(vinblastine, vincristine, and vinorelbine), microtubule disruptors such as taxane (paclitaxel,
docetaxel), vincristin, vinblastin, nocodazole, epothilones and navelbine,
epidipodophyllotoxins (etoposide, teniposide), DNA damaging agents (actinomycin,
amsacrine, anthracyclines, bleomycin, busulfan, camptothecin, carboplatin, chlorambucil,
cisplatin, cyclophosphamide, cytoxan, dactinomycin, daunorubicin, doxorubicin, epirubicin,
hexamethylmelamineoxaliplatin, iphosphamide, melphalan, merchlorehtamine, mitomycin,
mitoxantrone, nitrosourea, plicamycin, procarbazine, taxol, taxotere, teniposide,
triethylenethiophosphoramide and etoposide (VP16)); antibiotics such as dactinomycin
(actinomycin D), daunorubicin, doxorubicin (adriamycin), idarubicin, anthracyclines,
mitoxantrone, bleomycins, plicamycin (mithramycin) and mitomycin; enzymes (L-
asparaginase which systemically metabolizes L-asparagine and deprives cells which do not
have the capacity to synthesize their own asparagine); antiplatelet agents;
antiproliferative/antimitotic alkylating agents such as nitrogen mustards (mechlorethamine,
cyclophosphamide and analogs, melphalan, chlorambucil), ethylenimines and
methylmelamines (hexamethylmelamine and thiotepa), alkyl sulfonates-busulfan,
nitrosoureas (carmustine (BCNU) and analogs, streptozocin), trazenes - dacarbazinine
(DTIC); antiproliferative/antimitotic antimetabolites such as folic acid analogs
(methotrexate); platinum coordination complexes (cisplatin, carboplatin), procarbazine,
hydroxyurea, mitotane, aminoglutethimide; hormones, hormone analogs (estrogen,
tamoxifen, goserelin, bicalutamide, nihlltamide) and aromatase inhibitors (letrozole,
anastrozole); anticoagulants (heparin, synthetic heparin salts and other inhibitors of
thrombin); fibrinolytic agents (such as tissue plasminogen activator, streptokinase and
urokinase), aspirin, dipyridamole, ticlopidine, clopidogrel, abciximab; antimigratory agents;

antisecretory agents (breveldin); immunosuppressives (cyclosporine, tacrolimus (FK-506),
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sirolimus (rapamycin), azathioprine, mycophenolate mofetil); anti-angiogenic compounds
(TNP-470, genistein) and growth factor inhibitors (vascular endothelial growth factor
(VEGF) inhibitors, fibroblast growth factor (FGF) inhibitors); angiotensin receptor blocker;
nitric oxide donors; anti-sense oligonucleotides; antibodies (trastuzumab); cell cycle
inhibitors and differentiation inducers (tretinoin); mTOR inhibitors, topoisomerase
inhibitors (doxorubicin (adriamycin), amsacrine, camptothecin, daunorubicin,
dactinomycin, eniposide, epirubicin, etoposide, idarubicin and mitoxantrone, topotecan,
irinotecan), corticosteroids (cortisone, dexamethasone, hydrocortisone, methylpednisolone,
prednisone, and prenisolone); growth factor signal transduction kinase inhibitors;

mitochondrial dysfunction inducers and caspase activators; and chromatin disruptors.

In certain embodiments, pharmaceutical compounds that may be used for
combinatory anti-angiogenesis therapy include: (1) inhibitors of release of “angiogenic
molecules,” such as bFGF (basic fibroblast growth factor); (2) neutralizers of angiogenic
molecules, such as an anti-BbFGF antibodies; and (3) inhibitors of endothelial cell response
to angiogenic stimuli, including collagenase inhibitor, basement membrane turnover
inhibitors, angiostatic steroids, fungal-derived angiogenesis inhibitors, platelet factor 4,
thrombospondin, arthritis drugs such as D-penicillamine and gold thiomalate, vitamin D;
analogs, alpha-interferon, and the like. For additional proposed inhibitors of angiogenesis,
see Blood et al., Bioch. Biophys. Acta., 1032:89-118 (1990), Moses et al., Science,
248:1408-1410 (1990), Ingber et al., Lab. Invest., 59:44-51 (1988), and U.S. Pat. Nos.
5,092,885, 5,112,946, 5,192,744, 5,202,352, and 6573256. In addition, there are a wide
variety of compounds that can be used to inhibit angiogenesis, for example, peptides or
agents that block the VEGF-mediated angiogenesis pathway, endostatin protein or
derivatives, lysine binding fragments of angiostatin, melanin or melanin-promoting
compounds, plasminogen fragments (e.g., Kringles 1-3 of plasminogen), tropoin subunits,
antagonists of vitronectin o403, peptides derived from Saposin B, antibiotics or analogs
(e.g., tetracycline, or neomycin), dienogest-containing compositions, compounds
comprising a MetAP-2 inhibitory core coupled to a peptide, the compound EM-138,
chalcone and its analogs, and naaladase inhibitors. See, for example, U.S. Pat. Nos.
6,395,718, 6,462,075, 6,465,431, 6,475,784, 6,482,802, 6,482,810, 6,500,431, 6,500,924,
6,518,298, 6,521,439, 6,525,019, 6,538,103, 6,544,758, 6,544,947, 6,548,477, 6,559,126,
and 6,569,845.
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Depending on the nature of the combinatory therapy, administration of the
polypeptide therapeutic agents of the invention may be continued while the other therapy is
being administered and/or thereafter. Administration of the polypeptide therapeutic agents
may be made in a single dose, or in multiple doses. In some instances, administration of the
polypeptide therapeutic agents is commenced at least several days prior to the conventional
therapy, while in other instances, administration is begun either immediately before or at

the time of the administration of the conventional therapy.

VI. Methods of Administration and Pharmaceutical Compositions

In certain embodiments, the subject polypeptide therapeutic agents (e.g., soluble
polypeptides or antibodies) of the present invention are formulated with a pharmaceutically
acceptable carrier. Such therapeutic agents can be administered alone or as a component of
a pharmaceutical formulation (composition). The compounds may be formulated for
administration in any convenient way for use in human or veterinary medicine. Wetting
agents, emulsifiers and Iubricants, such as sodium lauryl sulfate and magnesium stearate, as
well as coloring agents, release agents, coating agents, sweetening, flavoring and perfuming

agents, preservatives and antioxidants can also be present in the compositions.

Formulations of the subject polypeptide therapeutic agents include those suitable for
oral/ nasal, topical, parenteral, rectal, and/or intravaginal administration. The formulations
may conveniently be presented in unit dosage form and may be prepared by any methods
well known in the art of pharmacy. The amount of active ingredient which can be
combined with a carrier material to produce a single dosage form will vary depending upon
the host being treated, the particular mode of administration. The amount of active
ingredient which can be combined with a carrier material to produce a single dosage form

will generally be that amount of the compound which produces a therapeutic effect.

In certain embodiments, methods of preparing these formulations or compositions
include combining another type of anti-tumor or anti-angiogenesis therapeutic agent and a
carrier and, optionally, one or more accessory ingredients. In general, the formulations can
be prepared with a liquid carrier, or a finely divided solid carrier, or both, and then, if

necessary, shaping the product.

Formulations for oral administration may be in the form of capsules, cachets, pills,
tablets, lozenges (using a flavored basis, usually sucrose and acacia or tragacanth),
powders, granules, or as a solution or a suspension in an aqueous or non-aqueous liquid, or

as an oil-in-water or water-in-oil liquid emulsion, or as an elixir or syrup, or as pastilles
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(using an inert base, such as gelatin and glycerin, or sucrose and acacia) and/or as mouth
washes and the like, each containing a predetermined amount of a subject polypeptide

therapeutic agent as an active ingredient.

In solid dosage forms for oral administration (capsules, tablets, pills, dragees,
powders, granules, and the like), one or more polypeptide therapeutic agents of the present
invention may be mixed with one or more pharmaceutically acceptable carriers, such as
sodium citrate or dicalcium phosphate, and/or any of the following: (1) fillers or extenders,
such as starches, lactose, sucrose, glucose, mannitol, and/or silicic acid; (2) binders, such
as, for example, carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose,
and/or acacia; (3) humectants, such as glycerol; (4) disintegrating agents, such as agar-agar,
calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium
carbonate; (5) solution retarding agents, such as paraffin; (6) absorption accelerators, such
as quaternary ammonium compounds; (7) wetting agents, such as, for example, cetyl
alcohol and glycerol monostearate; (8) absorbents, such as kaolin and bentonite clay; (9)
lubricants, such a talc, calcium stearate, magnesium stearate, solid polyethylene glycols,
sodium lauryl sulfate, and mixtures thereof; and (10) coloring agents. In the case of
capsules, tablets and pills, the pharmaceutical compositions may also comprise buffering
agents. Solid compositions of a similar type may also be employed as fillers in soft and
hard-filled gelatin capsules using such excipients as lactose or milk sugars, as well as high

molecular weight polyethylene glycols and the like.

Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups, and elixirs. In addition to the
active ingredient, the liquid dosage forms may contain inert diluents commonly used in the
art, such as water or other solvents, solubilizing agents and emulsifiers, such as ethyl
alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
propylene glycol, 1,3-butylene glycol, oils (in particular, cottonseed, groundnut, corn, germ,
olive, castor, and sesame oils), glycerol, tetrahydrofuryl alcohol, polyethylene glycols and
fatty acid esters of sorbitan, and mixtures thereof. Besides inert diluents, the oral
compositions can also include adjuvants such as wetting agents, emulsifying and

suspending agents, sweetening, flavoring, coloring, perfuming, and preservative agents.

Suspensions, in addition to the active compounds, may contain suspending agents

such as ethoxylated isostearyl alcohols, polyoxyethylene sorbitol, and sorbitan esters,
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microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth,

and mixtures thereof.

In particular, methods of the invention can be administered topically, either to skin
or to mucosal membranes such as those on the cervix and vagina. This offers the greatest
opportunity for direct delivery to tumor with the lowest chance of inducing side effects.

The topical formulations may further include one or more of the wide variety of agents
known to be effective as skin or stratum corneum penetration enhancers. Examples of these
are 2-pyrrolidone, N-methyl-2-pyrrolidone, dimethylacetamide, dimethylformamide,
propylene glycol, methyl or isopropyl alcohol, dimethyl sulfoxide, and azone. Additional
agents may further be included to make the formulation cosmetically acceptable. Examples
of these are fats, waxes, oils, dyes, fragrances, preservatives, stabilizers, and surface active
agents. Keratolytic agents such as those known in the art may also be included. Examples

are salicylic acid and sulfur.

Dosage forms for the topical or transdermal administration include powders, sprays,
ointments, pastes, creams, lotions, gels, solutions, patches, and inhalants. The subject
polypeptide therapeutic agents may be mixed under sterile conditions with a
pharmaceutically acceptable carrier, and with any preservatives, buffers, or propellants
which may be required. The ointments, pastes, creams and gels may contain, in addition to
a subject polypeptide agent, excipients, such as animal and vegetable fats, oils, waxes,
paraffins, starch, tragacanth, cellulose derivatives, polyethylene glycols, silicones,

bentonites, silicic acid, talc and zinc oxide, or mixtures thereof.

Powders and sprays can contain, in addition to a subject polypeptide therapeutic
agent, excipients such as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates,
and polyamide powder, or mixtures of these substances. Sprays can additionally contain
customary propellants, such as chlorofluorohydrocarbons and volatile unsubstituted

hydrocarbons, such as butane and propane.

Pharmaceutical compositions suitable for parenteral administration may comprise
one or more polypeptide therapeutic agents in combination with one or more
pharmaceutically acceptable sterile isotonic aqueous or nonaqueous solutions, dispersions,
suspensions or emulsions, or sterile powders which may be reconstituted into sterile
injectable solutions or dispersions just prior to use, which may contain antioxidants, buffers,
bacteriostats, solutes which render the formulation isotonic with the blood of the intended

recipient or suspending or thickening agents. Examples of suitable aqueous and
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nonaqueous carriers which may be employed in the pharmaceutical compositions of the
invention include water, ethanol, polyols (such as glycerol, propylene glycol, polyethylene
glycol, and the like), and suitable mixtures thereof, vegetable oils, such as olive oil, and
injectable organic esters, such as ethyl oleate. Proper fluidity can be maintained, for
example, by the use of coating materials, such as lecithin, by the maintenance of the

required particle size in the case of dispersions, and by the use of surfactants.

These compositions may also contain adjuvants, such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention of the action of
microorganisms may be ensured by the inclusion of various antibacterial and antifungal
agents, for example, paraben, chlorobutanol, phenol sorbic acid, and the like. It may also
be desirable to include isotonic agents, such as sugars, sodium chloride, and the like into the
compositions. In addition, prolonged absorption of the injectable pharmaceutical form may
be brought about by the inclusion of agents which delay absorption, such as aluminum

monostearate and gelatin.

Injectable depot forms are made by forming microencapsule matrices of one or
more polypeptide therapeutic agents in biodegradable polymers such as polylactide-
polyglycolide. Depending on the ratio of drug to polymer, and the nature of the particular
polymer employed, the rate of drug release can be controlled. Examples of other
biodegradable polymers include poly(orthoesters) and poly(anhydrides). Depot injectable
formulations are also prepared by entrapping the drug in liposomes or microemulsions

which are compatible with body tissue.

Formulations for intravaginal or rectally administration may be presented as a
suppository, which may be prepared by mixing one or more compounds of the invention
with one or more suitable nonirritating excipients or carriers comprising, for example,
cocoa butter, polyethylene glycol, a suppository wax or a salicylate, and which is solid at
room temperature, but liquid at body temperature and, therefore, will melt in the rectum or

vaginal cavity and release the active compound.

In other embodiments, the polypeptide therapeutic agents of the instant invention
can be expressed within cells from eukaryotic promoters. For example, a soluble
polypeptide of EphB4 or Ephrin B2 can be expressed in eukaryotic cells from an
appropriate vector. The vectors are preferably DNA plasmids or viral vectors. Viral
vectors can be constructed based on, but not limited to, adeno-associated virus, retrovirus,

adenovirus, or alphavirus. Preferably, the vectors stably introduced in and persist in target
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cells. Alternatively, viral vectors can be used that provide for transient expression. Such
vectors can be repeatedly administered as necessary. Delivery of vectors encoding the
subject polypeptide therapeutic agent can be systemic, such as by intravenous or
intramuscular administration, by administration to target cells ex-planted from the patient
followed by reintroduction into the patient, or by any other means that would allow for
introduction into the desired target cell (for a review see Couture et al., 1996, TIG., 12,
510).

EXEMPLIFICATION

The invention now being generally described, it will be more readily understood by
reference to the following examples, which are included merely for purposes of illustration
of certain aspects and embodiments of the present invention, and are not intended to limit

the invention.

Example 1. Soluble derivatives of the extracellular domains of human Ephrin B2 and
EphB4 proteins

Soluble derivatives of the extracellular domains of human Ephrin B2 and EphB4
proteins represent either truncated full-length predicted extracellular domains of Ephrin B2
(B4ECv3, B2EC) or translational fusions of the domains with constant region of human
immunoglobulins (IgG1 Fc fragment), such as B2EC-FC, B4ECv2-FC and B4ECv3-FC.
Representative human Ephrin B2 constructs and human EphB4 constructs are shown
Figures 14 and 15.

The cDNA fragments encoding these recombinant proteins were subcloned into
mammalian expression vectors, expressed in transiently or stably transfected mammalian
cell lines and purified to homogeneity as described in detail in Materials and Methods
section (see below). Predicted amino acid sequences of the proteins are shown in Figures 1-
5. High purity of the isolated proteins and their recognition by the corresponding anti-
Ephrin B2 and anti-EphB4 monoclonal or polyclonal antibodies were confirmed. The
recombinant proteins exhibit the expected high-affinity binding, binding competition and
specificity properties with their corresponding binding partners as corroborated by the

biochemical assays (see e.g., Figures 6-8).

Such soluble derivative proteins human Ephrin B2 and EphB4 exhibit potent
biological activity in several cell-based assays and in vivo assays which measure

angiogenesis or anti-cancer activities, and are therefore perspective drug candidates for
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anti-angiogenic and anti-cancer therapy. B4ECv3 as well as B2EC and B2EC-FC proteins
blocked chemotaxis of human endothelial cells (as tested with umbilical cord and hepatic
AECs or VECs), with a decrease in degradation of the extracellular matrix, Matrigel, and a
decrease in migration in response to growth factor stimuli (Figures 9-11). B4ECv3 and
B2EC-FC proteins have potent anti-angiogenic effect as demonstrated by their inhibition of
endothelial cell tube formation (Figures 12-13).

A detailed description of the materials and methods for this example may be found

in U.S. Patent Publication No. 20050084873.

The sequence of the Globular domain + Cys-rich domain (B4EC-GC), precursor
protein is (SEQ ID NO:12):

MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGQWEELSGLDE
EQHSVRTYEVCEVQRAPGQAHWLRTGWVPRRGAVHVYATLRFTMLECLSLPRAG
RSCKETFTVFYYESDADTATALTPAWMENPYIKVDTVAAEHLTRKRPGAEATGKYV
NVKTLRLGPLSKAGFYLAFQDQGACMALLSLHLFYKKCAQLTVNLTRFPETVPRE
LVVPVAGSCVVDAVPAPGPSPSLYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCR
ACAQGTFKPLSGEGSCQPCPANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPS
AHHHHHH

For many uses, including therapeutic use, the leader sequence (first 15 amino acids,

so that the processed form begins Leu-Glu-Glu...) and the c-terminal hexahistidine tag may

"be removed or omitted.

Sequence of the GCF precursor protein (SEQ ID NO:13):

MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGQWEELSGLDE
EQHSVRTYEVCEVQRAPGQAHWLRTGWVPRRGAVHVYATLRFTMLECLSLPRAG
RSCKETFTVFYYESDADTATALTPAWMENPYIKVDTVAAEHLTRKRPGAEATGKYV
NVKTLRLGPLSKAGFYLAFQDQGACMALLSLHLFYKKCAQLTVNLTRFPETVPRE
LVVPVAGSCVVDAVPAPGPSPSLYCREDGQWAEQPVTGCSCAPGFAEGNTKCRAC
AQGTFKPLSGEGSCQPCPANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAPR
SVVSRLNGSSLHLEWSAPLESGGREDLTYALRCRECRPGGSCAPCGGDLTFDPGPR
DLVEPWVVVRGLRPDFTYTFEVTALNGVSSLATGPVPFEPVNVHHHHHH
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For many uses, including therapeutic use, the leader sequence (first 15 amino acids,
so that the processed form begins Leu-Glu-Glu...) and the c-terminal hexahistidine tag may

be removed or omitted.

Amino acid sequence of encoded FL-hB4EC precursor (His-tagged) (SEQ ID
NO:14):

MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGQWEELSGLDE
EQHSVRTYEVCEVQRAPGQAHWLRTGWVPRRGAVHVYATLRFTMLECLSLPRAG
RSCKETFTVFYYESDADTATALTPAWMENPYIKVDTVAAEHLTRKRPGAEATGKV
NVKTLRLGPLSKAGFYLAFQDQGACMALLSLHLFYKKCAQLTVNLTRFPETVPRE
LVVPVAGSCVVDAVPAPGPSPSLYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCR
ACAQGTFKPLSGEGSCQPCPANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPS
APRSVVSRLNGSSLHLEWSAPLESGGREDLTYALRCRECRPGGSCAPCGGDLTFDP
GPRDLVEPWVVVRGLRPDFTYTFEVTALNGVSSLATGPVPFEPVNVTTDREVPPAV
SDIRVTRSSPSSLSLAWAVPRAPSGAWLDYEVKYHEKGAEGPSSVRFLKTSENRAE
LRGLKRGASYLVQVRARSEAGYGPFGQEHHSQTQLDESEGWREQGSKRAILQIEG
KPIPNPLLGLDSTRTGHHHHHH

For many uses, including therapeutic use, the leader sequence (first 15 amino acids,
so that the processed form begins Leu-Glu-Glu...) and the c-terminal hexahistidine tag may

be removed or omitted.
EphB4 CF2 protein, precursor (SEQ ID NO:15):

MELRVLLCWASLAAALEETLLNTKLETQLTVNLTRFPETVPRELVVPVAGS
CVVDAVPAPGPSPSLYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCRACAQGTFK
PLSGEGSCQPCPANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAPRSVVSRL
NGSSLHLEWSAPLESGGREDLTYALRCRECRPGGSCAPCGGDLTFDPGPRDLVEPW
VVVRGLRPDFTYTFEVTALNGVSSLATGPVPFEPVNVTTDREVPPAVSDIRVTRSSP
SSLSLAWAVPRAPSGAWLDYEVKYHEKGAEGPSSVRFLKTSENRAELRGLKRGAS
YLVQVRARSEAGYGPFGQEHHSQTQLDESEGWREQGGRSSLEGPRFEGKPIPNPLL
GLDSTRTGHHHHHH
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The precursor sequence of the preferred GCF2 protein (also referred to herein as

GCF2F) is (SEQ ID NO:16):

MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGQWEELSGLDEEQHS
VRTYEVCEVQRAPGQAHWLRTGWVPRRGAVHVYATLRFTMLECLSLPRAGRSCK
ETFTVFYYESDADTATALTPAWMENPYIKVDTVAAEHLTRKRPGAEATGKVNVKT
LRLGPLSKAGFYLAFQDQGACMALLSLHLFYKKCAQLTVNLTRFPETVPRELVVPV
AGSCVVDAVPAPGPSPSLYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCRACAQG
TFKPLSGEGSCQPCPANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAPRSVV
SRLNGSSLHLEW SAPLESGGREDLTYALRCRECRPGGSCAPCGGDLTFDPGPRDLV
EPWVVVRGLRPDFTYTFEVTALNGVSSLATGPVPFEPVNVTTDREVPPAVSDIRVT
RSSPSSLSLAWAVPRAPSGAWLDYEVKYHEKGAEGPSSVRFLKTSENRAELRGLKR
GASYLVQVRARSEAGYGPFGQEHHSQTQLDESEGWREQ

The processed sequence is (SEQ ID NO:17):

LEETLLNTKLETADLKWVTFPQVDGQWEELSGLDEEQHSVRTYEVCEVQR
APGQAHWLRTGWVPRRGAVHVYATLRFTMLECLSLPRAGRSCKETFTVFYYESD
ADTATALTPAWMENPYIKVDTVAAEHLTRKRPGAEATGKVNVKTLRLGPLSKAGF
YLAFQDQGACMALLSLHLFYKKCAQLTVNLTRFPETVPRELVVPVAGSCVVDAVP
APGPSPSLYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCRACAQGTFKPLSGEGS
CQPCPANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAPRSVVSRLNGSSLHL
EWSAPLESGGREDLTYALRCRECRPGGSCAPCGGDLTFDPGPRDLVEPWVVVRGL
RPDFTYTFEVTALNGVSSLATGPVPFEPVNVTTDREVPPAVSDIRVTRSSPSSLSLA
WAVPRAPSGAWLDYEVKYHEKGAEGPSSVRFLKTSENRAELRGLKRGASYLVQV
RARSEAGYGPFGQEHHSQTQLDESEGWREQ

Biochemical Assays

A. Binding assay

10 pl of Ni-NTA-Agarose were incubated in microcentrifuge tubes with 50 pl of
indicated amount of B4ECv3 diluted in binding buffer BB (20 mM Tris-HCI, 0.15 M NacCl,
0.1% bovine serum albumin pH 8) After incubation for 30 min on shaking platform, Ni-
NTA beads were washed twice with 1.4 ml of BB, followed by application of 50 pl of B2-

AP in the final concentration of 50 nM. Binding was performed for 30 min on shaking
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platform, and then tubes were centrifuged and washed one time with 1.4 ml of BB. Amount

of precipitated AP was measured colorimetrically after application of PNPP.

B. Inhibition assay

Inhibition in solution. Different amounts of B4ECv3 diluted in 50 pul of BB were
pre-incubated with 50 pl of 5 nM B2EC-AP reagent (protein fusion of Ephrin B2
ectodomain with placental alkaline phosphatase). After incubation for 1 h, unbound B2EC-
AP was precipitated with 5,000 HEK293 cells expressing membrane-associated full-length
EphB4 for 20 min. Binding reaction was stopped by dilution with 1.2 ml of BB, followed
by centrifugation for 10 min. Supernatants were discarded and alkaline phosphatase
activities associated with collected cells were measured by adding para-nitrophenyl

phosphate (PNPP) substrate.

Cell based inhibition. B4ECv3 was serially diluted in 20 mM Tris-HCI, 0.15 M
NaCl, 0.1% BSA, pH 8 and mixed with 5,000 HEK293 cells expressing membrane-
associated full-length Ephrin B2. After incubation for 1 h, 50 pl of 5 nM B4EC-AP reagent
(protein fusion of EphB4 ectodomain with placental alkaline phosphatase were added into
each tube for 30 min to detect unoccupied Ephrin B2 binding sites. Binding reactions were
stopped by dilution with 1.2 ml of BB and centrifugation. Colorimetric reaction of cell-
precipitated AP was developed with PNPP substrate.

C. B4EC-FC binding assay

Protein A-agarose based assay. 10 ul of Protein A-agarose were incubated in
Eppendorf tubes with 50 pl of indicated amount of B4EC-FC diluted in biﬁding buffer BB
(20 mM Tris-HCI, 0.15 M NaCl, 0.1% BSA pH 8). After incubation for 30 min on shaking
platform, Protein AAagarose beads were washed twice with 1.4 ml of BB, followed by
application of 50 pl of B2ECAP reagent at the final concentration of 50 nM. Binding was
performed for 30 min on shaking platform, and then tubes were centrifuged and washed
once with 1.4 ml of BB. Colorimetric reaction of precipitated AP was measured after

application of PNPP (Fig. 6).

Nitrocellulose based assay. B4EC-FC was serially diluted in 20 mM Tris-HCI, 0.15
M NaCl, 50 pg/ml BSA, pH 8. 2 pl of each fraction were applied onto nitrocellulose strip
and spots were dried out for 3 min. Nitrocellulose strip was blocked with 5% non-fat milk

for 30 min, followed by incubation with 5 nM B2EC-AP reagent. After 45 min incubation
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for binding, nitrocellulose was washed twice with 20 mM Tris-HCl, 0.15 M NaCl, 50 pg/ml
BSA, pH 8 and color was developed by application of alkaline phosphatase substrate Sigma
Fast (Sigma).

D. B4EC-FC inhibition assay

Inhibition in solution. See above, for B4ECv3. The results were shown in Figure 7.
Cell based inhibition. See above, for B4ECv3.

E. B2EC-FC binding assay

Protein-A-agarose based assay. See above, for BAEC-FC. The results were shown

in Figure 8.
Nitrocellulose based assay. See above, for B4EC-FC.
6) Cell-Based Assays

A. Growth Inhibition Assay

Human umbilical cord vein endothelial cells (HUVEC) (1.5x103) are plated in a 96-
well plate in 100 ul of EBM-2 (Clonetic # CC3162). After 24 hours (day 0), the test
recombinant protein (100 pl) is added to each well at 2X the desired concentration (5-7
concentration levels) in EBM-2 medium. On day 0, one plate is stained with 0.5% crystal
violet in 20% methanol for 10 minutes, rinsed with water, and air-dried. The remaining
plates are incubated for 72 h at 37 °C. After 72 h, plates are stained with 0.5% crystal
violet in 20% methanol, rinsed with water and airdried. The stain is eluted with 1:1
solution of ethanol: 0.1 M sodium citrate (including day 0 plate), and absorbance is
measured at 540 nm with an ELISA reader (Dynatech Laboratories). Day 0 absorbance is
subtracted from the 72 h plates and data is plotted as percentage of control proliferation
(vehicle treated cells). IC50 (drug concentration causing 50% inhibition) is calculated from
the plotted data.

B. Cord Formation Assay (Endothelial Cell Tube Formation Assay)

Matrigel (60 pl of 10 mg/ml; Collaborative Lab # 35423) is placed in each well of
an ice-cold 96-well plate. The plate is allowed to sit at room temperature for 15 minutes

then incubated at 37 °C for 30 minutes to permit the matrigel to polymerize. In the mean
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time, HUVEC:s are prepared in EGM-2 (Clonetic # CC3162) at a concentration of 2X10°
cells/ml. The test compound is prepared at 2X the desired concentration (5 concentration
levels) in the same medium. Cells (500 ul) and 2X drug (500 pl) is mixed and 200 pl of this
suspension are placed in duplicate on the polymerized matrigel. After 24 h incubation,
triplicate pictures are taken for each concentration using a Bioquant Image Analysis system.
Drug effect (IC50) is assessed compared to untreated controls by measuring the length of

cords formed and number of junctions.

C. Cell Migration Assay

Migration is assessed using the 48-well Boyden chamber and 8 pm pore size
collagen-coated (10 pg/ml rat tail collagen; Collaborative Laboratories) polycarbonate
filters (Osmonics, Inc.). The bottom chamber wells receive 27-29 ul of DMEM medium
alone (baseline) or medium containing chemo-attractant (bFGF, VEGF or Swiss 37T3 cell
conditioned medium). The top chambers receive 45 pl of HUVEC cell suspension (1X10°
cells/ml) prepared in DMEM+1% BSA with or without test compound. After 5 h incubation
at 37 °C, the membrane is rinsed in PBS, fixed and stained in Diff-Quick solutions. The
filter is placed on a glass slide with the migrated cells facing down and cells on top are
removed using a Kimwipe. The testing is performed in 4-6 replicates and five fields are
counted from each well. Negative unstimulated control values are subtracted from
stimulated control and drug treated values and data is plotted as mean migrated cell & S.D.

IC50 is calculated from the plotted data.

Example 2. Extracellular domain fragments of EphB4 receptor inhibit angiogenesis and

tumor growth,

A. Globular domain of EphB4 is required for EphrinB2 binding and for the activity of

EphB4-derived soluble proteins in endothelial tube formation assay.

To identify subdomain(s) of the ectopic part of EphB4 necessary and sufficient for
the anti-angiogenic activity of the soluble recombinant derivatives of the receptor, four
recombinant deletion variants of EphB4EC were produced and tested (Fig. 16).
Extracellular part of EphB4, similarly to the other members of EphB and EphA receptor
family, contains N-terminal ligand-binding globular domain followed by cysteine-rich
domain and two fibronectin type III repeats (FNIII). In addition to the recombinant B4-
GCF?2 protein containing the complete ectopic part of EphB4, we constructed three deletion
variants of EphB4EC containing globular domain and Cys-rich domain (B4-GC); globular,
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Cys-rich and the first FNIII domain (GCF1) as well as the ECD version with deleted
globular domain (CF2). Our attempts to produce several versions of truncated EphB4EC
protein containing the globular domain alone were not successful due to the lack of
secretion of proteins expressed from all these constructs and absence of ligand binding by
the intracellularly expressed recombinant proteins. In addition, a non-tagged version of B4-
GCF2, called GCF2-F, containing complete extracellular domain of EphB4 with no
additional fused amino acids was expressed, purified and used in some of the experiments

described here.

All four C-terminally 6xHis tagged recombinant proteins were preparatively
expressed in transiently transfected cultured mammalian cells and affinity purified to
homogeneity from the conditioned growth media using chromatography on Ni**-chelate
resin (Fig. 17). Apparently due to their glycosylation, the proteins migrate on SDS-PAAG
somewhat higher than suggested by their predicted molecular weights of 34.7 kDa (GC),
41.5 (CF2), 45.6 kDa (GCF1) and 57.8 kDa (GCF2). Sequence of the extracellular domain
of human EphB4 contains three predicted N-glycosylation sites (NXS/T) which are located
in the Cys-rich domain, within the first fibronectin type III repeat and between the first and

the second fibronectin repeats.

To confirm ability of the purified recombinant proteins to bind Ephrin B2, they were
tested in an in vitro binding assay. As expected, GC, GCF1 and GCF2, but not CF2 are
binding the cognate ligand Ephrin B2 as confirmed by interaction between Ephrin B2 —
alkaline phosphatase (Ephrin B2-AP) fusion protein with the B4 proteins immobilized on

Ni**resin or on nitrocellulose membrane (Fig. 17).

All four proteins were also tested for their ability to block ligand-dependent
dimerization and activation of Eph B4 receptor kinase in PC3 cells. The PC3 human
prostate cancer cell line is known to express elevated levels of human Eph B4. Stimulation
of PC3 cells with Ephrin B2 IgG Fc fusion protein leads to a rapid induction of tyrosine
phosphorylation of the receptor. However, preincubation of the ligand with GCF2, GCF1
or GC, but not CF2 proteins suppresses subsequent EphB4 autophosphorylation. Addition
of the proteins alone to the PC3 cells or preincubation of the cells with the proteins
followed by changing media and adding the ligand does not affect Eth4 phosphorylation
status.

Further, we found that globular domain of EphB4 is required for the activity of

EphB4-derived soluble proteins in endothelial tube formation assay.
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B. Effects of soluble EphB4 on HUV/AEC in vitro.

Initial experiments were performed to determine whether soluble EphB4 affected
the three main stages in the angiogenesis pathway. These were carried out by establishing
the effects of soluble EphB4 on migration / invasion, proliferation and tubule formation by
HUV/AEC in vitro. Exposure to soluble EphB4 significantly inhibited both bFGF and
VEGF-induced migration in the Boyden chamber assay in a dose-dependent manner,
achieving significance at nM (Fig. 18). Tubule formation by HUV/AECS on wells coated
with Matrigel was significantly inhibited by soluble EphB4 in a dose-dependent manner in
both the absence and presence of bFGF and VEGF (Fig. 19). We also assessed in vitro,
whether nM of soluble EphB4 was cytotoxic for HUVECS. Soluble EphB4 was found to
have no detectable cytotoxic effect at these doses, as assessed by MTS assay (Fig. 20).

C. Soluble EphB4 receptor Inhibits Vascularization of Matrigel Plugs, in vivo

To demonstrate that soluble EphB4 can directly inhibit angiogenesis in vivo, we
performed a murine matrigel plug experiment. Matrigel supplemented with bFGF and
VEGF with and without soluble EphB4 was injected s.c. into Balb/C nu/nu mice, forming
semi-solid plugs, for six days. Plugs without growth factors had virtually no vascularization
or vessel structures after 6 days (Fig. 21). In contrast, plugs supplemented with bFGF and
VEGF had extensive vascularization and vessels throughout the plug. Plugs taken from mice
treated with pg of soluble EphB4 had markedly reduced vascularization of plugs,
comparable to plugs without growth factor (Fig. 21). Furthermore, histological examination
of plugs showed decreased vessel staining (Fig. 21). Treatment at 0 pg/dose significantly
inhibited the amount of infiltration in Matrigel plugs compared to control (Fig. 21).

We examined EphB4 receptor phosphorylation in HUVECs by performing Western
blot analyses with lysates from soluble EphB4-treated cells and antibodies against
phosphor-tyrosine. We found that soluble EphB4 treatment of serum-starved HUVECs
stimulated a rapid and transient decrease in the level of phosphorylated EphB4, in the
presence of EphrinB2Fc, EphB4 ligand dimer. Ephrin B2Fc without the soluble EphB4
protein induced phosphorylation of EphB4 receptor (Fig. 22).

D. Effects of soluble EphB4 on tumor growth, in vitro.

We found that soluble EphB4 inhibits the growth of SCC15 tumors grown in
Balb/C Nu/Nu mice (Fig. 23).
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E. Soluble EphB4 inhibited comeal neovascularization

To further investigate the antiangiogenic activity of soluble EphB4 in vivo, we
studied the inhibitory effect of administration of soluble EphB4 on neovascularization in
the mouse comnea induced by bFGF. Hydron Pellets implanted into corneal micropocket
could induce angiogenesis, in the presence of growth factors, in a typically avascular area.
The angiogenesis response in mice cornea was moderate, the appearance of vascular buds
\;vas delayed and the new capillaries were sparse and grew slowly. Compared with the
control group, on day 7 of implantation, the neovascularization induced by bFGF in mice

cornea was markedly inhibited in soluble EphB4-treated group (Fig. 24).

F. Effects of soluble EphB4 on tumor growth, in vivo.

The same model was used to determine the effects of soluble EphB4 in vivo. SCC15
tumors implanted subcutaneously, pre-incubated with matrigel and with or w/o growth
factors, as well as implanted sc alone, and mice treated sc or ip daily with 1-5ug of soluble

EphB4 were carried out.

Tumors in the control group continued to grow steadily over the treatment period,
reaching a final tumor volume of mm3. However, animals injected with soluble EphB4
exhibited a significantly (p<0.0/) reduced growth rate, reaching a final tumor volume of
only mm3 (Fig. 25). Similar results were obtained in two further cohorts of such tumor-
bearing mice. Soluble EphB4 administration appeared to be well tolerated in vivo, with no
significant effect on body weight or the general well-being of the animals (as determined by

the absence of lethargy, intermittent hunching, tremors or disturbed breathing patterns).
G. Effects of soluble EphB4 on tumor histology.

Histological analysis revealed the presence of a central area of necrosis in all SCC15
tumors, which was usually surrounded by a viable rim of tumor cells um in width. The
central necrotic areas were frequently large and confluent and showed loss of cellular detail.
Necrosis, assessed as a percentage of tumor section area, was significantly (p<0.02) more
extensive in the soluble EphB4-treated group (% necrosis in treated vs. control). To
determine whether the reduced volume of soluble EphB4 treated tumors was due to an
effect of this protein on the tumor vascular supply, endothelial cells in blood vessels were
identified in tumor sections using immunostaining with an anti-platelet cell adhesion
molecule (PECAM-1; CD31) antibody (Fig. 26) and the density of microvessels was

assessed. Microvessel density was similar in the outer viable rim of tumor cells (the
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uniform layer of cells adjacent to the tumor periphery with well defined nuclei) in control
and soluble EphB4-treated tumors. Microvessel density was significantly in the inner, less
viable region of tumor cells abutting the necrotic central areas in soluble EphB4-treated
than control tumors. Fibrin deposition, as identified by Masson’s Trichrome staining, was
increased in and around blood vessels in the inner viable rim and the central necrotic core
of soluble EphB4 treated than control tumors. In the outer viable rim of soluble EphB4
treated tumors, although the vessel lumen remained patent and contained red blood cells,
fibrin deposition was evident around many vessels. Soluble EphB4 was found to have no

such effects on the endothelium in the normal tissues examined (lungs, liver and kidneys).

H. Materials and Methods

A detailed description of the materials and methods for this example may be found

in U.S. Patent Publication No. 20050084873.

Cell-based EphB4 tyrosine kinase assay

The human prostate carcinoma cell line PC3 cells were maintained in RPMI
medium with 10% dialyzed fetal calf serum and 1% penicillin/streptomycin/neomycin
antibiotics mix. Cells were maintained at 37 °C in a humidified atmosphere of 5%

. C0O2/95% air. Typically, cells were grown in 60 mm dishes until confluency and were
either treated with mouse Ephrin B2-Fc fusion at 1 ug/ml in RPMI for 10 min to activate
EphB4 receptor or plain medium as a control. To study the effect of different derivatives of
soluble EphB4 ECD proteins on EphB4 receptor activation, three sets of cells were used. In
the first set, cells were treated with various proteins (5 proteins; GC, GCF1, GCF2, GCF2-
F, CF2) at 5 pg/ml for 20 min. In the second set of cells, prior to application, proteins were
premixed with ephrinB2-Fc at 1:5 (EphB4 protein: B2-Fc) molar ratio, incubated for 20
min and applied on cells for 10 min. In the third set of cells, cells were first treated with the
proteins for 20 min at 5 ug/ml, media was replaced with fresh media containing 1 ug/ml of

EphrinB2-Fc and incubated for another 10 min.

After the stimulation, cells were immediately harvested with protein extraction
buffer containing 20 mM Tris-HCI, pH 7.4, 150 mM NacCl, 1% (v/v) Triton X100, 1 mM
EDTA, 1 mM PMSF, 1 mM Sodium vanadate. Protein extracts were clarified by
centrifugation at 14,000 rpm for 20 min at 4 °C. Clarified protein samples were incubated
overnight with protein A/G coupled agarose beads pre-coated with anti-EphB4 monoclonal

antibodies. The IP complexes were washed twice with the same extraction buffer containing
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0.1% Triton X100. The immunoprecipitated proteins were solubilized in 1X SDS-PAGE
sample loading buffer and separated on 10% SDS-PAGE. For EphB4 receptor activation
studies, electroblotted membrane was probed with anti-pTyr specific antibody 4G10 at
1:1000 dilution followed by Protein G-HRP conjugate at 1:5000 dilutions.

Endothelial Cell Tube Formation Assay

Matrigel (60 pl of 10mg/ml; Collaborative Lab, Cat. No. 35423) was placed in each
well of an ice-cold 96-well plate. The plate was allowed to sit at room temperature for 15
minutes then incubated at 37 °C for 30 minutes to permit Matrigel to polymerize. In the
mean time, human umbilical vein endothelial cells were prepared in EGM-2 (Clonetic, Cat.
No. CC3162) at a concentration of 2x10° cells/m]. The test protein was prepared at 2x the
desired concentration (5 concentration levels) in the same medium. Cells (500 pl) and 2x
protein (500 pl) were mixed and 200 pl of this suspension were placed in duplicate on the
polymerized Matrigel. After 24 h incubation, triplicate pictures were taken for each
concentration using a Bioquant Image Analysis system. Protein addition effect (ICso) was
assessed compared to untreated controls by measuring the length of cords formed and

number of junctions.
Cell Migration Assay

Chemotaxis of HUVECs to VEGF was assessed using a modified Boyden chamber,
transwell membrane filter inserts in 24 well plates, 6.5 mm diam, 8 pm pore size, 10 pm
thick matrigel coated, polycarbonate membranes (BD Biosciences). The cell suspensions of
HUVECs (2x 10° cells/ml) in 200 ul of EBM were seeded in the upper chamber and the
soluble EphB4 protein were added simultaneously with stimulant (VEGF or bFGF) to the
lower compartment of the chamber and their migration across a polycarbonate filter in
response to10- 20 ng/ml of VEGF with or without 100 nM-1 uM test compound was
investigated. After incubation for 4-24 h at 37 °C, the upper surface of the filter was
scraped with swab and filters were fixed and stained with Diff Quick. Ten random fields at
200x mag were counted and the results expressed as mean # per field. Negative
unstimulated control values were subtracted from stimulated control and protein treated
sample values and the data was plotted as mean migrated cell + S.D. ICsq was calculated

from the plotted data.

Growth Inhibition Assay

HUVEC (1.5x10° cells) were plated in a 96-well plate in 100 pl of EBM-2
(Clonetic, Cat. No. CC3162). After 24 hours (day 0), the test recombinant protein (100 pl)
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is added to each well at 2x the desired concentration (5-7 concentration levels) in EBM-2
medium. On day 0, one plate was stained with 0.5% crystal violet in 20% methanol for 10
minutes, rinsed with water, and air-dried. The remaining plates were incubated for 72 h at
37 °C. After 72 h, plates were stained with 0.5% crystal violet in 20% methanol, rinsed with
water and air-dried. The stain was eluted with 1:1 solution of ethanol: 0.1M sodium citrate
(including day 0 plate), and absorbance measured at 540 nm with an ELISA reader
(Dynatech Laboratories). Day 0 absorbance was subtracted from the 72 h plates and data is
plotted as percentage of control proliferation (vehicle treated cells). ICso value was

calculated from the plotted data.
Murine Matrigel Plug Angiogenesis Assay

In vivo angiogenesis was assayed in mice as growth of blood vessels from
subcutaneous tissue into a Matrigel plug containing the test sample. Matrigel rapidly forms
a solid gel at body temperature, trapping the factors to allow slow release and prolonged
exposure to surrounding tissues. Matrigel (8.13 mg/ml, 0.5 ml) in liquid form at 4 °C was
mixed with Endothelial Cell Growth Supplement (ECGS), test proteins plus ECGS or
Matrigel plus vehicle alone (PBS containing 0.25% BSA). Matrigel (0.5ml) was injected
into the abdominal subcutaneous tissue of female nu/nu mice (6 wks old) along the
peritoneal mid line. There were 3 mice in each group. The animals were cared for in
accordance with institutional and NIH guidelines. At day 6, mice were sacrificed and plugs
were recovered and processed for histology. Typically the overlying skin was removed,
and gels were cut out by retaining the peritoneal lining for support, fixed in 10% buffered
formalin in PBS and embedded in paraffin. Sections of 3 um were cut and stained with

H&E or Masson's trichrome stain and examined under light microscope

Mouse Corneal Micropocket assay

Mouse corneal micropocket assay was performed according to that detailed by
Kenyon et al., 1996. Briefly, hydron pellets (polyhydroxyethylmethacrylate [polyHEMA],
Interferon Sciences, New Brunswick, NJ, U.S.A.) containing either 90 ng of bFGF (R&D)
or 180 ng of VEGF (R&D Systems, Minneapolis, MN, U.S.A.) and 40 pg of sucrose
aluminium sulfate (Sigma) were prepared. Using an operating microscope, a stromal linear
keratotomy was made with a surgical blade (Bard-Parker no. 15) parallel to the insertion of
the lateral rectus muscle in an anesthetized animal. An intrastromal micropocket was
dissected using a modified von Graefe knife (2°30 mm). A single pellet was implanted and

advanced toward the temporal corneal limbus (within 0£7+1+0 mm for bFGF pellets and
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0+5 mm for VEGF pellets). The difference in pellet location for each growth factor was
determined to be necessary given the relatively weaker angiogenic stimulation of VEGF in
this model. Antibiotic ointment (erythromycin.) was then applied to the operated eye to
prevent infection and to decrease surface irregularities. The subsequent vascular response
was measured extending from the limbal vasculature toward the pellet and the contiguous
circumferential zone of neovascularization Data and clinical photos presented here were
obtained on day 6 after pellet implantation, which was found to be the day of maximal

angiogenic response.

In vitro invasion assay

“Matrigel” matrix-coated 9-mm cell culture inserts (pore size, 8 pm; Becton
Dickinson, Franklin Lakes, NJ) were set in a 24-well plate. The HUVEC cells were seeded
at a density of 5x10° cells per well into the upper layer of the culture insert and cultured
with serum-free EBM in the presence of EphB4 ECD for 24 h. The control group was
cultured in the same media without EphB4. Then 0.5 ml of the human SCC15 cell line,
conditioned medium was filled into the lower layer of the culture insert as a chemo-
attractant. The cells were incubated for 24 h, then the remaining cells in the upper layer
were swabbed with cotton and penetrating cells in the lower layer were fixed with 5%
glutaraldehyde and stained with Diff Quick. Thé total number of cells passing through the
Matrigel matrix and each 8 pm pore of the culture insert wascounted using optical

microscopy and designated as an invasion index (cell number/area).
SCC15 tumor growth in mice

Subcutaneously inject logarithmically growing SCC15, head and neck squamous
cell carcinoma cell line, at 5X10°cell density; with or without EphB4 ECD in the presence
or absence of human bFGF, into athymic Balb/c nude mice, along with Matrigel (BD
Bioscience) synthetic basement membrane (1:1 v/v), and examine tumors within 2 weeks.
Tumor volumes in the EphB4 ECD group, in the presence and absence of growth factor
after implantation were three-fold smaller than those in the vehicle groups. There was no
difference in body weight between the groups. Immunohistochemical examination of cross-
sections of resected tumors and TUNEL-positive apoptosis or necrosis, CD34
immunostaining, and BrdU proliferation rate will be performed, after deparaffinized,
rehydrated, and quenched for endogenous peroxidase activity, and after 10 min

permeabilization with proteinase K. Quantitative assessment of vascular densities will also
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be performed. Local intratumoral delivery or IV delivery of EphB4 ECD will also be

performed twice a week.

30 athymic nude mice, BALB/c (nu/nu), were each injected with 1 x 10°B16
melanoma cells with 0.1 ml PBS mixed with 0.1 ml matrigel or 1.5 x 106 SCC15 cells
resuspended in 200 pl of DMEM serum-free medium and injected subcutaneously on day 0
on the right shoulder region of mice. Proteins were injected intravenously or
subcutaneously, around the tumor beginning on day 1 at a loading dose of 4 pg/mg, with
weekly injections of 2ug/mg. (10 pg/g, 50 pg/kg/day), and at 2 weeks post-inoculation.
Mice are sacrificed on Day 14. Control mice received PBS 50 pl each day.

Tumor formation in nude mice

All animals were treated under protocols approved by the institutional animal care
committees. Cancer cells (5x10°) were subcutaneously inoculated into the dorsal skin of
nude mice. When the tumor had grown to a size of about 100 mm? (usually it took 12 days),
sEphB4 was either intraperitoneally or subcutaneously injected once/day, and
tumorigenesis was monitored for 2 weeks. Tumor volume was calculated according to the
formula a’xb, where a and b are the smallest and largest diameters, respectively. A
Student's ¢ test was used to compare tumor volumes, with P<.05 being considered

significant.
Quantification of microvessel density

Tumors were fixed in 4% formaldehyde, embedded in paraffin, sectioned by 5 pm,
and stained with hematoxylineosin. Vessel density was semi-quantitated using a computer-
based image analyzer (five fields per section from three mice in each group).

Example 3. EphB4 Is Upregulated and Imparts Growth Advantage in Prostate Cancer

A. Expression of EphB4 in prostate cancer cell lines

We first examined the expression of EphB4 protein in a variety of prostate cancer
cell lines by Western blot. We found that prostate cancer cell lines show marked variation
in the abundance of the 120 kD EphB4. The levels were relatively high in PC3 and even
higher in PC3M, a metastatic clone of PC3, while normal prostate gland derived cell lines
(MLC) showed low or no expression of EphB4 (Fig. 27A). We next checked the activation
status of EphB4 in PC3 cells by phosphorylation study. We found that even under normal
culture conditions, EphB4 is phosphorylated though it can be further induced by its ligand,
ephrin B2 (Fig. 27B).
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B. Expression of EphB4 in clinical prostate cancer samples

To determine whether EphB4 is expressed in clinical prostate samples, tumor
tissues and adjacent normal tissue from prostate cancer surgical specimens were examined.
The histological distribution of EphB4 in the prostate specimens was determined by
immunohistochemistry. Clearly, EphB4 expression is confined to the neoplastic epithelium
(Fig. 28, top left), and is absent in stromal and normal prostate epithelium (Fig. 28, top
right). In prostate tissue array, 24 of the 32 prostate cancers examined were positive. We
found EphB4 mRNA is expressed both in the normal and tumor tissues of clinical samples
by quantitative RT-PCR. However, tumor EphB4 mRNA levels were at least 3 times higher

than in the normal in this case (Fig. 28, lower right).
C. p53 and PTEN inhibited the expression of EphB4 in PC3 cells

PC3 cells are known to lack PTEN expression (Davis, et al., 1994, Science.
266:816-819) and wild-type p53 function (Gale, et al., 1997, Cell Tissue Res. 290:227-
241). We investigated whether the relatively high expression of EphB4 is related to p53
and/or PTEN by re-introducing wild-type p53 and/or PTEN into PC3 cells. To compensate
for the transfection efficiency and the dilution effect, transfected cells were sorted for the
cotransfected truncated CD4 marker. We found that the expression of EphB4 in PC3 cells
was reduced by the re-introduction of either wild-type p53 or PTEN. The co-transfection of
p53 and PTEN did not further inhibit the expression of EphB4 (Fig. 29A).

D. Retinoid X receptor (RXR o) regulates the expression of EphB4

We previously found that RXRa was down-regulated in prostate cancer cell lines
(Zhong, et al., 2003, Cancer Biol Ther. 2:179-184) and here we found EphB4 expression
has the reverse expression pattern when we looked at “normal” prostate (MLC), prostate
cancer (PC3), and metastatic prostate cancer (PC3M) (Fig. 27A), we considered whether
RXRa regulates the expression of EphB4. To confirm the relationship, the expression of
EphB4 was compared between CWR22R and CWR22R-RXR¢, which constitutively
expresses RXRa. We found a modest decrease in EphB4 expression in the RXRa
overexpressing cell line, while FGF8 has no effect on EphB4 expression. Consistent with
initial results, EphB4 was not found in “normal” benign prostate hypertrophic cell line
BPH-1 (Fig. 29B).

E. Growth factor signaling pathway of EGFR and IGF-1R regulates EphB4 expression
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EGFR and IGF-1R have both been shown to have autocrine and paracrine action on
PC3 cell growth. Because we found that EphB4 expression is higher in the more aggressive
cell lines, we postulated that EphB4 expression might correlate with these pro-survival
growth factors. We tested the relationship by independently blocking EGFR and IGF-1R
signaling. EphB4 was down-regulated after blocking the EGFR signaling using EGFR
kinase inhibitor AG 1478 (Fig. 30A) or upon blockade of the IGF-1R signaling pathway
using IGF-1R neutralizing antibody (Fig. 30B).

F. EphB4 siRNA and antisense ODNSs inhibit PC3 cell viability

To define the significance of this EphB4 overexpression in our prostate cancer
model, we concentrated our study on PC3 cells, which have a relatively high expression of
EphB4. The two approaches to decreasing EphB4 expression were siRNA and AS-ODN.
A number of different phosphorothioate-modified AS-ODNs complementary to different
segments of the EphB4 coding region were tested for specificity and efficacy of EphB4
inhibition. Using 293 cells transiently transfected with full-length EphB4 expression vector
AS-10 was found to be the most effective (Fig. 31B). A Similar approach was applied to the
selection of specific siRNA. EphB4 siRNA 472 effectively knocks down EphB4 protein
expression (Fig. 31A). Both siRNA 472 and antisense AS-10 ODN reduced the viability of
PC3 cells in a dose dependent manner (Fig. 31C, D). Unrelated siRNA or sense

oligonucleotide had no effect on viability.
G. EphB4 siRNA and antisense ODNs inhibit the mobility of PC3 Cells

PC3 cells can grow aggressively locally and can form lymph node metastases when
injected orthotopically into mice. In an effort to study the role of EphB4 on migration of
PC3 cells in vitro, we performed a wound-healing assay. When a wound was introduced
into a monolayer of PC3 cells, over the course of the next 20 hours cells progressively
migrated into the cleared area. However, when cells were transfected with siRNA 472 and
the wound was introduced, this migration was significantly inhibited (Fig. 31E).
Pretreatment of PC3 cells with 10 pM EphB4 AS-10 for 12 hours generated the same effect
(Fig. 31F). In addition, knock-down of EphB4 expression in PC3 cells with siRNA 472
severely reduced the ability of these cells to invade Matrigel as assessed by a double-

chamber invasion assay (Fig. 31G), compared to the control siRNA.
H. EphB4 siRNA induces cell cycle arrest and apoptosis in PC3 cells
Since knock-down of EphB4 resulted in decreased cell viability (Fig. 31C) we

sought to determine whether this was due to effects on the cell cycle. In comparison to
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control siRNA transfected cells, siRNA 472 resulted in an accumulation of cells in the sub

- GO0 and S phase fractions compared to cells treated with control siRNA. The sub GO

fraction increased from 1 % to 7.9%, and the S phase fraction from 14.9 % to 20.8 % in
siRNA 472 treated cells compared to control siRNA treated cells (Fig. 32A). Cell cycle
arrest at sub GO and G2 is indicative of apoptosis. Apoptosis as a result of EphB4 knock-
down was confirmed by ELISA assay. A dose-dependent increase in apoptosis was
observed when PC3 cells were transfected with siRNA 472, but not with control siRNA
(Fig. 32B). At 100 nM there was 15 times more apoptosis in siRNA 472 transfected than
control siRNA transfected PC3 cells.

1. Materials and Methods

A detailed description of the materials and methods for this example may be found

in U.S. Patent Publication No. 20050084873.

Example 4. Expression of EPHB4 in Mesothelioma: a candidate target for therapy

Malignant mesothelioma (MM) is a rare neoplasm that most often arises from the
pleural and peritoneal cavity serous surface. The pleural cavity is by far the most frequent
site affected (> 90%), followed by the peritoneum (6-10%) (Carbone et al., 2002, Semin
Oncol. 29:2-17). There is a strong association with asbestos exposure, about 80% of
malignant mesothelioma cases occur in individuals who have ingested or inhaled asbestos.
This tumor is particularly resistant to the current therapies and, up to now, the prognosis of

these patients is dramatically poor (Lee et al., 2000, Curr Opin Pulm Med. 6:267-74).

Several clinical problems regarding the diagnosis and treatment of malignant
mesothelioma remain unsolved. Making a diagnosis of mesothelioma from pleural or
abdominal fluid is notoriously difficult and often requires a thoracoscopic or laproscopic or
open biopsy and Immunohistochemical staining for certain markers such as meosthelin
expressed preferentially in this tumor. Until now, no intervention has proven to be curative,
despite aggressive chemotherapeutic regimens and prolonged radiotherapy. The median

survival in most cases is only 12—~18 months after diagnosis.

In order to identify new diagnostic markers and targets to be used for novel
diagnostic and therapeutic approaches, we assessed the expression of EPHB4 and its ligand

EphrinB2 in mesothelioma cell lines and clinical samples.
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A. EPHB4 and EphrinB2 is expressed in mesothelioma cell lines

The expression of Ephrin B2 and EphB4 in malignant mesothelioma cell lines was
determined at the RNA and protein level by a variety of methods. RT-PCR showed that all
of the four cell lines express EphrinB2 and EPHB4 (fig. 33A). Protein expression was
determined by Western blot in these cell lines. Specific bands for EphB4 were seen at 120
kD. In addition, Ephrin B2 was detected in all cell lines tested as a 37 kD band on Western
blot (fig. 33B). No specific band for Ephrin B2 was observed in 293 human embryonic

kidney cells, which were included as a negative control.

To confirm the presence of EphB4 transcription in mesothelioma cells, in situ
hybridization was carried out on NCI H28 cell lines cultured on chamber slides. Specific
signal for EphB4 was detected using antisense probe Ephrin B2 transcripts were also
detected in the same cell line. Sense probes for both EphB4 and Ephrin B2 served as
negative controls and did not hybridize to the cells (figure 34). Expression of EphB4 and
Ephrin B2 proteins was confirmed in the cell lines by immunofluorescence analysis (fig.
35). Three cell lines showed strong expression of EphB4, whereas expression of Ephrin B2
was present in H28 and H2052, and weakly detectable in H2373.

B. Evidence of Expression of EPHB4 and EphrinB2 in clinical samples

Tumor cells cultured from the pleural effusion of a patient diagnosed with pleural
malignant mesothelioma were isolated and showed positive staining for both EphB4 and
Ephrin B2 at passage 1 (figure 35, bottom row). These results confirm co-expression of
EphB4 and Ephrin B2 in mesothelioma cell lines. To determine whether these results seen
in tumor cell lines were a real reflection of expression in the disease state, tumor biopsy
samples were subjected to immunohistochemical staining for EphB4 and Ephrin B2.

Antibodies to both proteins revealed positive stain in the tumor cells. Representative data is

shown in figure 36.
C. EPHB4 is involved in the cell growth and migration of mesothelioma

The role of EphB4 in cell proliferation was tested using EPHB4 specific antisepses
oligonucleotides and siRNA. The treatment of cultured H28 with EPHB4 antisense reduced
cell viability. One of the most active inhibitor of EphB4 expression is EPHB4AS-10 (fig.
37A). Transfection of EPHB4 siRNA 472 generated the same effect (fig. 37B).

MM is a locally advancing disease with frequent extension and growth into adjacent

vital structures such as the chest wall, heart, and esophagus. In an effort to study this
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process in vitro, we perform wound healing assay using previously described techniques
(3:36). When a wound was introduced into sub confluent H28 cells, over the course of the
next 28 hours cells would progressively migrate into the area of the wound. However, when
cells were pretreated with EPHB4AS-10 for 24 hours, and the wound was introduced, this
migration was virtually completely prevented (fig. 38A). The migration study with Boyden
Chamber assay with EPHB4 siRNA showed that cell migration was greatly inhibited with
the inhibition of EPHB4 expression (Fig. 38B).

D. Materials and Methods

A detailed description of the materials and methods for this example may be found

in U.S. Patent Publication No. 20050084873.

Example 5. EphB4 Is Expressed in Squamous Cell Carcinoma of The Head and Neck:
Regulation by Epidermal Growth Factor Signaling Pathway and Growth Advantage.

Squamous cell carcinoma of the head and neck (HNSCC) is the sixth most frequent

cancer worldwide, with estimated 900,000 cases diagnosed each year. It comprises almost
50% of all malignancies in some developing nations. In the United States, 50,000 new cases
and 8,000 deaths are reported each year. Tobacco carcinogens are believed to be the
primary etiologic agents of the disease, with alcohol consumption, age, gender, and ethnic

background as contributing factors.

The differences between normal epithelium of the upper aerodigestive tract and
cancer cells arising from that tissue are the result of mutations in specific genes and
alteration of their expression. These genes control DNA repair, proliferation,
immortalization, apoptosis, invasion, and angiogenesis. For head and neck cancer,
alterations of three signaling pathways occur with sufficient frequency and produce such
dramatic phenotypic changes as to be considered the critical transforming events of the
disease. These changes include mutation of the p53 tumor suppressor, overexpression of
epidermal growth factor receptor (EGFR), and inactivation of the cyclin dependent kinase
inhibitor p16. Other changes such as Rb mutation, ras activation, cyclin D amplification,

and myc overexpression are less frequent in HNSCC.

Although high expression of EphB4 has been reported in hematologic malignancies,
breast carcinoma, endometrial carcinoma, and colon carcinoma, there is limited data on the
protein levels of EphB4, and complete lack of data on the biological significance of this
protein in tumor biology such as HNSCC.
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A. HNSCC tumors express EphB4

We studied the expression of EphB4 in human tumor tissues by
immunohistochemistry, in situ hybridization, and Western blot. Twenty prospectively
collected tumor tissues following IRB approval have been evaluated with specific EphB4
monoclonal antibody that does not react with other members of the EphB and EphA family.
EphB4 expression is observed in all cases, with varying intensity of staining. Figure 39A
(top left) illustrates a representative case, showing that EphB4 is expressed in the tumor
regions only, as revealed by the H&E tumor architecture (Fig. 39A Bottom left). Note the
absence of staining for EphB4 in the stroma. Secondly, a metastatic tumor site in the lymph
node shows positive staining while the remainder of the lymph node is negative (Fig. 39A,

top right).

In situ hybridization was carried out to determine the presence and location of
EphB4 transcripts in the tumor tissue. Strong signal for EphB4 specific antisense probe was
detected indicating the presence of transcripts (Figure 39 B, top left). Comparison with the
H&E stain (Fig. 39B, bottom left) to illustrate tumor architecture reveals that the signal was
localized to the tumor cells, and was absent from the stromal areas. Ephrin B2 transcripts
were also detected in tumor sample, and as with EphB4, the signal was localized to the
tumor cells (Fig. 39B, top right). Neither EphB4 nor ephrin B2 sense probes hybridized to

the sections, proving specificity of the signals.
B. High expression of EphB4 in primary and metastatic sites of HNSCC

Western blots of tissue from primary tumor, lymph node metastases and uninvolved
tissue were carried out to determine the relative levels of EphB4 expression in these sites.
Tumor and normal adjacent tissues were collected on 20 cases, while lymph nodes positive
for tumor were harvested in 9 of these 20 cases. Representative cases are shown in figure
39C. EphB4 expression is observed in each of the tumor samples. Similarly, all tumor
positive lymph nodes show EphB4 expression that was equal to or greater than the primary

tumor. No or minimal expression is observed in the normal adjacent tissue.
C. EphB4 expression and regulation by EGFR activity in HNSCC cell lines

Having demonstrated the expression of EphB4 limited to tumor cells, we next
sought to determine whether there was an in vitro model of EphB4 expression in HNSCC.
Six HN SCC cell lines were surveyed for EphB4 protein expression by Western Blot (Fig.
40A). A majority of these showed strong EphB4 expression and thus established the basis
for subsequent studies. Since EGFR is strongly implicated in HNSCC we asked whether
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EphB4 expression is associated with the activation of EGFR. Pilot experiments in SCC-15,
which is an EGFR positive cell line, established an optimal time of 24 h and concentration
of 1 mM of the specific EGFR kinase inhibitor AG 1478 (Figure 40B) to inhibit expression
of EphB4. When all the cell lines were studied, we noted robust EGFR expression in all but
SCC-4, where it is detectable but not strong (Fig. 40C, top row). In response to EGFR
inhibitor AG1478 marked loss in the total amount of EphB4 was observed in certain cell
lines (SCC-15, and SCC-25) while no effect was observed in others (SCC-9, -12, -13 and -
71). Thus SCC-15 and -25 serve as models for EphB4 being regulated by EGFR activity,
while SCC-9, -12, -13 and -71 are models for regulation of EphB4 in HNSCC independent
of EGFR activity, where there may be ini)ut from other factors such as p53, PTEN, IL-6 etc.
We also noted expression of the ligand of EphB4, namely ephrin B2, in all of the cell lines
tested. As with EphB4 in some lines ephrin B2 expression appears regulated by EGFR

activity, while it is independent in other cell lines.

Clearly, inhibition of constitutive EGFR signaling repressed EphB4 levels in
SCCI15 cells. We next studied whether EGF could induce EphB4. We found that EphB4
levels were induced in SCC15 cells that had been serum starved for 24 h prior to 24 h
treatment with 10 ng/ml EGF as shown in figure 41B (lanes 1 and 2). The downstream
signaling pathways known for EGFR activation shown in figure 41 A, (for review see
Yarden & Slikowski 2001) were then investigated for their input into EGF mediated
induction of EphB4. Blocking PLCg, AKT and JNK phosphorylation with the specific
kinase inhibitors U73122, SH-5 and SP600125 respectively reduced basal levels and
blocked EGF stimulated induction of EphB4 (Fig. 41B, lanes 3-8). In contrast, inhibition of
ERK1/2 with PD098095 and PI3-K with LY294002 or Wortmannin had no discernible
effect on EGF induction of EphB4 levels. However, basal levels of EphB4 were reduced
when ERK1/2 phosphorylation was inhibited. Interestingly, inhibition of p38 MAPK
activation with SB203580 increased basal, but not EGF induced EphB4 levels. Similar

results were seen in the SCC25 cell line (data not shown).

D. Inhibition of EphB4 in high expressing cell lines results in reduced viability and causes

cell-cycle arrest

We next turned to the role of EphB4 expression in HNSCC by investigating the
effect of ablating expression using siRNA or AS-ODN methods. Several siRNAs to EphB4
sequence were developed (Table 1) which knocked-down EphB4 expression to varying

degrees as seen in figure 42A. Viability was reduced in SCC-15, -25 and -71 cell lines
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transfected with siRNAs 50 and 472, which were most effective in blocking EphB4
expression (Figure 42B). Little effect on viability was seen with EphB4 siRNA 1562 and
2302 or ephrin B2 siRNA 254. Note that in SCC-4, which does not express EphB4 (see Fig.
40A) there was no reduction in cell viability. The decreased cell viability seen with siRNA
5 50 and 472 treatment was attributable to accumulation of cells in sub G0, indicative of
apoptosis. This effect was both time and dose-dependant (Figure 42C and Table 2). In
contrast, siRNA2302 that was not effective in reducing EphB4 levels and had only minor
effects on viability did not produce any changes in the cell cycle when compared with the

mock Lipofectamine™?2000 transfection.

10 A detailed description of the siRNA constructs for this example may be found in
U.S. Patent Publication No. 20050084873.

Table: Effect of different EphB4 siRNA on Cell Cycle

Treatment Sub GO G1 S G2
36hr
Lipo alone 1.9 39.7 21.3 31.8
100 nM 2302 2.0 39.3 21.2 31.2
100 nM 50 18.1 317 19.7 244
100 nM 472 80.2 10.9 5.2 2.1
16hr
Lipo alone 7.8 55.7 15.2 18.5
100 nM 2302 8.4 57.3 14.3 17.3
10 nM 50 104 53.2 15.7 17.7
100 nM 50 27.7 31.3 18.1 19.6
10 nM 472 13.3 50.2 15.8 17.5
100 nM 472 30.7 31.9 16.4 18.0
15 In addition, over 50 phosphorothioate AS-ODNs complementary to the human

EphB4 coding sequences were synthesized and tested for their ability to inhibit EphB4
expression in 293 cells transiently transfected with full length EphB4 expression plasmid.
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Figure 43 A shows a representative sample of the effect of some of these AS-ODNs on
EphB4 expression. Note that expression is totally abrogated with AS-10, while AS-11 has
only a minor effect. The effect on cell viability in SCC15 cells was most marked with AS-
ODNes that are most effective in inhibiting EphB4 expression as shown in figure 43B. The
ICs for AS-10 was approximately 1 uM, while even 10 pM AS-11 was not sufficient to
attain 50 % reduction of viability. When the effect that AS-10 had on the cell cycle was
investigated, it was found that the sub GO fraction increased from 1.9 % to 10.5 %

compared to non-treated cells, indicative of apoptosis (Fig. 43C).
E. EphB4 regulates Cell migration

We next wished to determine if EphB4 participates in the migration of HNSCC.
Involvement in migration may have implications for growth and metastasis. Migration was
assessed using the wound-healing/scrape assay. Confluent SCC15 and SCC25 cultures were
wounded by a single scrape with a sterile plastic Pasteur pipette, which left a 3 mm band
with clearly defined borders. Migration of cells into the cleared area in the presence of test
compounds was evaluated and quantitated after 24, 48 and 72 hr. Cell migration was
markedly diminished in response to AS-10 that block EphB4 expression while the inactive
compounds, AS-1 and scrambled ODN had little to no effect as shown in figure 43D.
Inhibition of migration with AS-10 was also shown using the Boyden double chamber assay

(Fig. 43E).
F. EphB4 AS-10 in vivo anti-tumor activity

The effect of EphB4 AS-10, which reduces cell viability and motility, was
determined in SCC15 tumor xenografts in Balb/C nude mice. Daily treatment of mice with
20 mg/kg AS-10, sense ODN or equal volume of PBS by I.P. injection was started the day
following tumor cell implantation. Growth of tumors in mice receiving AS-10 was
significantly retarded compared to mice receiving either sense ODN or PBS diluent alone
(Figure 44). Non-specific effects attributable to ODN were not observed, as there was no

difference between the sense ODN treated and PBS treated groups.
G. Materials and Methods

A detailed description of the materials and methods for this example may be found
in U.S. Patent Publication No. 20050084873.

Example 6. Ephrin B2 Expression in Kaposi’s Sarcoma Is Induced by Human Herpesvirus
Type 8: Phenotype Switch from Venous to Arterial Endothelium
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Kaposi’s Sarcoma (KS) manifests as a multifocal angioproliferative disease, most
commonly of the skin and mucus membranes, with subsequent spread to visceral organs (1)
Hallmarks of the disease are angiogenesis, edema, infiltration of lymphomononuclear cells
and growth of spindle-shaped tumor cells. Pathologically, established lesions exhibit an
extensive vascular network of slit-like spaces. The KS vascular network is distinct from
normal vessels in the lack of basement membranes and the abnormal spindle shaped
endothelial cell (tumor cell) lining these vessels. Defective vasculature results in an
accumulation of the blood components including albumin, red and mononuclear cells in the
lesions (1). The KS tumor is endothelial in origin; the tumor cells express many endothelial
markers, including lectin binding sites for Ulex europeaus agglutinin-1 (UEA-1), CD34,
EN-4, PAL-E (2) and the endothelial cell specific tyrosine kinase receptors, VEGFR-1 (Flt-
1), VEGFR-2 (Flk-1/KDR), VEGFR-3 (F1t-4), Tie-1 and Tie-2 (3, RM & PSG unpublished
data). KS cells co-express lymphatic endothelial cell related proteins including LYVE and
podoplanin (4).

The herpesvirus HHV-8 is considered the etiologic agent for the disease. In 1994
sequences of this new herpes virus were identified in KS tumor tissue (5), and subsequent
molecular-epidemiology studies have shown that nearly all KS tumors contain viral
genome. Sero-epidemiology studies show that HIV infected patients with KS have the
highest prevalence of HHV-8 and secondly that those with HIV infection but no KS have
increased risk of developement of KS over the ensuing years if they are also seropositive
for HHV-8 (6). Direct evidence for the role of HHV-8 in KS is the transformation of bone
marrow endothelial cells after infection with HHV-8 (7). A number of HHV-8 encoded
genes could contribute to cellular transformation (reviewed in 8). However, the most

evidence has accumulated for the G-protein coupled receptor (vGPCR) in this role (9).

We investigated whether KS tumor cells are derived from arterial or venous
endothelium. In addition, we investigated whether HHV-8 has an effect on expression of
arterial or venous markers in a model of KS. KS tumor cells were found to express the
ephrin B2 arterial marker. Further, ephrin B2 expression was induced by HHV-8 vGPCR in
KS and endothelial cell lines. Ephrin B2 is a potential target for treatment of KS because
inhibition of ephrin B2 expression or signaling was detrimental to KS cell viability and

function.
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A. KS tumors express Ephrin B2, but not EphB4

The highly vascular nature of KS lesions and the probable endothelial cell origin of
the tumor cells prompted investigation of expression of EphB4 and ephrin B2 which are
markers for venous and arterial endothelial cells, respectively. Ephrin B2, but not EphB4
transcripts were detected in tumor cells of KS Biopsies by in situ hybridization (figure 45A).
Comparison of the positive signal with ephrin B2 antisense probe and tumor cells as shown
by H&E staining shows that ephrin B2 expression is limited to the areas of the biopsy that
contain tumor cells. The lack of signal in KS with EphB4 antisense probe is not due to a
defect in the probe, as it detected transcripts in squamous cell carcinoma, which we have
shown expresses this protein (18). Additional evidence for the expression of ephrin B2 in
KS tumor tissue is afforded by the localization of EphB4/Fc signal to tumor cells, detected
by FITC conjugated anti human Fc antibody. Because ephrin B2 is the only ligand for
EphB4 this reagent is specific for the expression of ephrin B2 (figure 45B, left). An
adjacent section treated only with the secondary reagent shows no specific signal. Two-
color confocal microscopy demonstrated the presence of the HHV-8 latency protein,
LANALI in the ephrin B2 positive cells (Fig. 45C, left), indicating that it is the tumor cells,
not tumor vessels, which are expressing this arterial marker. Staining of tumor biopsy with
PECAM-1 antibody revealed the highly vascular nature of this tumor (Fig. 45C, right). A
pilot study of the prevalence of this pattern of ephrin B2 and EphB4 expression on KS
biopsies was conducted by RT-PCR analysis. All six samples were positive for ephrin B2,

while only 2 were weakly positive for EphB4 (data not shown).

B. Infection of venous endothelial cells with HHV-8 causes a phenotype switch to arterial

markers

We next asked whether HHV-8, the presumed etiologic agent for KS, could itself
induce expression of ephrin B2 and repress EphB4 expression in endothelial cells. Co-
culture of HUVEC and BC-1 lymphoma cells, which are productively infected with HHV-
8, results in effective infection of the endothelial cells (16). The attached monolayers of
endothelial cells remaining after extensive washing were examined for ephrin B2 and
EphB4 by RT-PCR and immunofluorescence. HUVEC express EphB4 venous marker
strongly at the RNA level, but not ephrin B2 (figure 46B). In contrast, HHV-8 infected
cultures (HUVEC/BC-1 and HUVEC/BC-3) express ephrin B2, while EphB4 transcripts are

almost absent.
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Immunofluorescence analysis of cultures of HUVEC and HUVEC/HHV-8 for
artery/vein markers and viral proteins was undertaken to determine whether changes in
protein expression mirrored that seen in the RNA. In addition, cellular localization of the
proteins could be determined. Consistent with the RT-PCR data HUVEC are ephrin B2
negative and EphB4 positive (Fig. 46A(a & m)). As expected they do not express any
HHYV-8 latency associated nuclear antigen (LANA1) (Fig. 46A(b, n)). Co-culture of BC-1
cells, which are productively infected with HHV-8, resulted in infection of HUVEC as
shown by presence of viral proteins LANA1 and ORF59 (Fig. 46A(f, r)). HHV-8 infected
HUVEC now express ephrin B2 but not EphB4 (Fig. 46A(e, g, u), respectively). Expression
of ephrin B2 and LANAI1 co-cluster as shown by yellow signal in the merged image (Fig.
46A(h)). HHV-8 infected HUVEC positive for ephrin B2 and negative for Eph B4 also
express the arterial marker CD148 (19) (Fig. 46A (j, v)). Expression of ephrin B2 and
CD148 co-cluster as shown by yellow signal in the merged image (Fig. 46A(l)). Uninfected
HUVEC expressing Eph B4 were negative for CD148 (not shown).

C. HHV-8 vGPCR induces ephrin B2 expression

To test whether individual viral proteins could induce the expression of ephrin B2
seen with the whole virus KS-SLK cells were stably transfected with HHV-8 LANA, or
LANAA440 or vGPCR. Western Blot of stable clones revealed a five-fold induction of
ephrin B2 in KS-SLK transfected with vGPCR compared to SLK-LANA or SLK-
LANAA440 (Fig. 47A). SLK transfected with vector alone (pCEFL) was used as a control.
SLK-vGPCR and SLK-pCEFL cells were also examined for ephrin B2 and Eph B4
expression by immunofluorescence in transiently transfected KS-SLK cells. Figure 47B
shows higher expression of ephrin B2 in the SLK-vGPCR cells compared to SLK-pCEFL.
No changes in Eph B4 were observed in SLK-vGPCR compared to SLK-pCEFL. This
clearly demonstrates that SLK-vGPCR cells expressed high levels of ephrin B2 compared
to SLK-pCEFL cells. This suggests that vGPCR of HHV-8 is directly involved in the
induction of Ephrin B2 and the arterial phenotype switch in KS. Since we had shown that
HHV-8 induced expression of ephrin B2 in HUVEC, we next asked if this could be
mediated by a transcriptional effect. Ephrin B2 5’-flanking DNA-luciferase reporter
plasmids were constructed as described in the Materials and Methods and transiently
transfected into HUVECs. Ephrin B2 5’-flanking DNA sequences -2491/-11 have minimal
activity in HUVEC cells (figure 47C). This is consistent with ephrin B2 being an arterial,

not venous marker. However, we have noted that HUVEC in culture do express some
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ephrin B2 at the RNA level. Cotransfection of HHV-8 vGPCR induces ephrin B2
transcription approximately 10-fold compared to the control expression vector pCEFL.
Roughly equal induction was seen with ephrin B2 sequences -2491/-11, -1242/-11, or -
577/-11, which indicates that elements between -577 and -11 are sufficient to mediate the
response to vGPCR, although maximal activity is seen with the -1242/-11 luciferase

construct.
D. Expression of Ephrin B2 is regulated by VEGF and VEGF-C

We next asked whether known KS growth factors could be involved in the vGPCR-
mediated induction of ephrin B2 expression. SLK-vGPCR cells were treated with
neutralizing antibodies to oncostatin-M, IL-6, IL-8, VEGF or VEGF-C for 36 hr. Figure
48A shows that neutralization of VEGF completely blocked expression of ephrin B2 in
SLK-vGPCR cells. A lesser, but significant decrease in ephrin B2 was seen neutralization
of VEGF-C and IL-8. No appreciable effect was seen with neutralization of oncostatin-M or
IL-6. To verify that VEGF and VEGF-C are integral to the induction of ephrin B2
expression we treated HUVEC with VEGF, VEGF-C or EGF. HUVECs were grown in
EBM-2 media containing 5 % FBS with two different concentration of individual growth
factor (10 ng, 100 ng/ml) for 48 h. Only VEGF-A or VEGF-C induced ephrin B2
expression in a dose dependent manner (Figure 48B). In contrast, EGF had no effect on

expression of ephrin B2.
E. Ephrin B2 siRNA inhibits the expression of Ephrin B2 in KS

Three ephrin B2 siRNA were synthesized as described in the methods section. KS-
SLK cells were transfected with siRNA and 48 h later ephrin B2 expression was determined
by Western Blot. Ephrin B2 siRNAs 137 or 254 inhibited about 70% of ephrin B2
expression compared to control siRNA such as siRNA Eph B4 50 or siRNA GFP. Ephrin
B2 63 siRNA was less effective than the above two siRNA Ephrin B2 (Figure 49A).

F. Ephrin B2 is necessary for full KS and EC viability, cord formation and in vivo

angiogenesis activities

The most effective ephrin B2 siRNA (254) was then used to determine whether
inhibiting expression of ephrin B2 has any effect on the growth of KS-SLK or HUVEC
cells. The viability of KS-SLK cells was decreased by the same siRNAs that inhibited
ephrin B2 protein levels (figure 49B). KS-SLK express high levels of ephrin B2 and this
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result shows maintenance of ephrin B2 expression is integral to cell viability in this setting.
HUVEC:s do not express ephrin B2, except when stimulated by VEGF as shown in Fig.
48B. Ephrin B2 siRNA 264 dramatically reduced growth of HUVECs cultured with VEGF
as the sole growth factor. In contrast, no significant effect was seen when HUVECs were
cultured with IGF, EGF and bFGF. As a control, EphB4 siRNA 50 had no detrimental
effect on HUVECSs in either culture condition (figure 49C).In addition to inhibition of
viability of KS and primary endothelial cells, EphB4-ECD inhibits cord formation in
HUVEC and KS-SLK and in vivo angiogenesis in the Matrigel™ plug assay (Figure 50).

G. Methods and Materials

A detailed description of the materials and methods for this example may be found

in U.S. Patent Publication No. 20050084873.

Example 7. Expression of EphB4 in Bladder cancer: a candidate target for therapy

Figure 51 shows expression of EPHB4 in bladder cancer cell lines (A), and
regulation of EPHB4 expression by EGFR signaling pathway (B).

Figure 52 shows that transfection of p53 inhibit the expression of EPHB4 in 5637

cell.

Figure 53 shows growth inhibition of bladder cancer cell line (5637) upon treatment
with EPHB4 siRNA 472.

Figure 54 shows results on apoptosis study of 5637 cells transfected with EPHB4
siRNA 472.

Figure 55 shows effects of EPHB4 antisense probes on cell migration. 5637 cells
were treated with EPHB4AS10 (10 uM).

Figure 56 shows effects of EPHB4 siRNA on cell invasion. 5637 cells were
transfected with siRNA 472 or control siRNA.

Example 8. Inhibition of EphB4 Gene Expression by EphB4 antisense probes and RNAi
probes

Cell lines expressing EphB4 were treated with the synthetic phosphorothioate
modified oligonucleotides and harvested after 24 hr. Cell lysates were prepared and probed
by western blot analysis for relative amounts of EphB4 compared to untreated control cells.

Studies on inhibition of cell proliferation were done in HNSCC cell lines
characterized to express EphB4. Loss of cell viability was shown upon knock-down of
EphB4 expression. Cells were treated in vitro and cultured in 48-well plates, seeded with 10
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thousand cells per well. Test compounds were added and the cell viability was tested on day
3. The results on EphB4 antisense probes were summarized below in Table 6. The results

on EphB4 RNAI probes were summarized below in Table 7.
A detailed description of the antisense and siRNA constructs for this example may
be found in U.S. Patent Publication No. 20050084873,

Example 9. Inhibition of Ephrin B2 Gene Expression by Ephrin B2 antisense probes and
RNAI probes
KS SLK, a cell line expressing endogenous high level of ephrin B2. Cell viability

was tested using fixed dose of each oligonuceotide (5uM). Gene expression downregulation
was done using cell line 293 engineered to stably express full-length ephrin B2. KS SLK
expressing EphrinB2 were also used to test the viability in response to RNAi probes tested
at the fixed dose of 50 nM. Protein expression levels were measured using 293 cells stably
expressing full-length EphrinB2, in cell lysates after 24 hr treatment with fixed 50 nM of
RNAI probes.

The results on Ephrin B2 antisense probes were summarized below in Table 8. The

results on Ephrin B2 RNAI probes were summarized below in Table 9.

A detailed description of the antisense and siRNA constructs for this example may

be found in U.S. Patent Publication No. 20050084873.

Example 10. EphB4 antibodies inhibit tumor growth

Figure 57 shows results on comparison of EphB4 monoclonal antibodies by G250

and in Pull-down assay.

Figure 58 shows that EphB4 antibodies, in the presence of matrigel and growth
factors, inhibit the in vivo tumor growth of SCC15 cells.

BalbC nude mice were injected subcutaneously with 2.5 x 10° viable tumor cells
SCCI15 is a head and neck squamous cell carcinoma line. Tumors were initiated in nu/nu
mice by injecting 2.5-5x10° cells premixed with matrigel and Growth factors, and Ab’s
subcutaneously to initiate tumor xenografts. Mice were opened 14 days after injections.
SCC15 is a head and neck squamous cell carcinoma line, B16 is a melanoma cell line, and
MCEF-7 is a breast carcinoma line. The responses of tumors to these treatments were
compared to control treated mice, which receive PBS injections. Animals were observed

daily for tumor growth and subcutaneous tumors were measured using a caliper every 2
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days. Antibodies #1 and #23 showed significant regression of SCC15 tumor size compared
to control, especially with no additional growth factor added.

Figure 59 shows that EphB4 antibodies cause apoptosis, necrosis and decreased

angiogenesis in SCC15, head and neck carcinoma tumor type.

Angiogenesis was assessed by CD-31 immunohistochemistry. Tumor tissue sections
from treated and untreated mice were stained for CD31. Apoptosis was assessed by
immunohistochemical TUNNEL, and proliferation by BrdU assay. Following surgical
removal, tumors were immediately sliced into 2 mm serial sections and embedded in
paraffin using standard procedures. Paraffin embedded tissue were sectioned at 5 um, the
wax removed and the tissue rehydrated. The rehydrated tissues were microwave irradiated
in antigen retreival solution. . Slides were rinsed in PBS, and TUNNEL reaction mixture
(Terminal deoxynucleotidyl transferase and flourescein labeled nucleotide solution), and
BrdU were added in a humidity chamber completely shielded from light. The TUNNEL and
BrdU reaction mixture were then removed, slides were rinsed and anti-flourescein antibody
conjugated with horseradish peroxidase was added. After incubation and rinsing, 3,
3’diaminobenzidine was added. Masson’s Trichrome and Hematoxylin and Eosin were
also used to stain the slides to visualize morphology. Masson’s Trichrome allows to
visualize necrosis and fibrosis. The tumor gets blood support from tumor/skin, muscle
boundary. As tumor grows, inner regions get depleted of nutrients. This leads to necrosis
(cell death), preferably at the tumor center. After cells die, (tumor) tissue gets replaced
with fibroblastic tissue. Slides were visualized under 20-fold magnification with digital
images acquired. A different morphology was obtained on SCC tumors with each antibody
administered. Ab #1 showed an increase in necrosis and fibrosis but not apoptosis. Ab
#23 showed an increase in apoptosis, necrosis and fibrosis and a decrease in vessel
infiltration. Ab #35 showed an increase in necrosis and fibrosis, and a small increase in
apoptosis and a decrease in vessel infiltration. Ab #79 showed a large increase in apoptosis,
and necrossis and fibrosis. Ab #91 showed no change in apoptosis but an increase in
proliferation. And Ab #138 showed an increase in apoptosis, necrosis, fibrosis and a
decrease in proliferation and vessel infiltration. Tumors treated with control PBS displayed
abundant tumor density and a robust angiogenic response. Tumors treated with EphB4
antibodies displayed a decrease in tumor cell density and a marked inhibition of tumor

angiogenesis in regions with viable tumor cells, as well as tumor necrosis and apoptosis.
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Figure 60 shows that systemic administration of antibodies on xenografts leads to

tumor regression in SCC15 tumor xenografts.

Alternate day treatment with EphB4 monoclonal antibody or an equal volume of
PBS as control were initiated on day 4, after the tumors have established, and continued for
14 days. Systemic administration was administered either IP or SC with no significant
difference. All the experiments were carried out in a double-blind manner to eliminate
investigator bias. Mice were sacrificed at the conclusion of the two week treatment period.
Tumors were harvested immediately postmortem and fixed and processed for
immunohistochemisiry. EphB4 antibodies 40 mg per kg body weight were administered.
Treatment with EphB4 antibody significantly inhibited human SCC tumor growth
compared with control-treated mice (p<0.05). Treatment with EphB4 antibody significantly
inhibited tumor weight compared with control-treated mice (p<0.05).

Example 11. HSA-EphB4 ectodomain fusion and PEG-modified EphB4 Ectodomain
A. Generation of HSA-EphB4 ectodomain fusion

Human serum albumin fragment in Xbal-NotI form was PCR-amplified out for
creating a fusion with GCF2, and TA-cloned into pEF6. In the next step, the resulting
vector was cut with Xba I (partial digestion) and the HSA fragment (1.8 kb) was cloned into
Xba I site of pEF6-GCF2-Xba to create fusion expression vector. The resulting vector had a
point mutation C to T leading to Thr to Ile substitution in position 4 of the mature protein. It
was called pEF6-GCF2-HSAmut. In the next cloning step, the mutation was removed by
substituting wild type Kpnl fragment from pEF6-GCF2-IF (containing piece of the vector
and N-terminal part of GCF2) for the mutated one, this final vector was called pEF6-GCF2.
The DNA sequence of pEF6-GCF2 was confirmed.

The predicted amino acid of the HSA-EphB4 precursor protein was as follows (SEQ
ID NO:18):

MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGQWEELSGLDEEQHS
VRTYEVCDVQRAPGQAHWLRTGWVPRRGAVHVYATLRFTMLECLSLPRAGRSCK
ETFTVFYYESDADTATALTPAWMENPYIKVDTVAAEHLTRKRPGAEATGKVNVKT
LRLGPLSKAGFYLAFQDQGACMALLSLHLFYKKCAQLTVNLTRFPETVPRELVVPV
AGSCVVDAVPAPGPSPSLYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCRACAQG
TFKPLSGEGSCQPCPANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAPRSVV
SRLNGSSLHLEWSAPLESGGREDLTYALRCRECRPGGSCAPCGGDLTFDPGPRDLV
EPWVVVRGLRPDFTYTFEVTALNGVSSLATGPVPFEPVNVTTDREVPPAVSDIRVT
RSSPSSLSLAWAVPRAPSGAVLDYEVKYHEKGABGPSSVRFLKTSENRAELRGLKR
GASYLVQVRARSEAGYGPFGQEHHSQTQLDESEGWREQSRDAHKSEVAHRFKDL
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GEENFKALVLIAFAQYLQQCPFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLF
GDKLCTVATLRETYGEMADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMC
TAFHDNEETFLKKYLYEIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLP
KLDELRDEGKASSAKQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFAEVSKLV
TDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKPLLEKSHCIAE
VENDEMPADLPSLAADFVESKDVCKNYAEAKDVFLGMFLYEYARRHPDYSVVLL
LRLAKTYETTLEKCCAAADPHECYAKVFDEFKPLVEEPQNLIKQNCELFKQLGEYK
FQNALLVRYTKKVPQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSVVL
NQLCVLHEKTPVSDRVTKCCTESLVNRRPCFSALEVDETY VPKEFNAETFTFHADIC
TLSEKERQIKKQTALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFA
EEGKKLVAASQAALGL

The predicted amino acid sequence of the mature form of the HSA~EphB4 protein
was as follows (SEQ ID NO:19):

LEETLLNTKLETADLKWVTFPQVDGQWEELSGLDEEQHSVRTYEVCDVQRAPGQ
AHWLRTGWVPRRGAVHVYATLRFTMLECLSLPRAGRSCKETFTVFYYESDADTAT
ALTPAWMENPYIKVDTVAAEHLTRKRPGAEATGKVNVKTLRLGPLSKAGFYLAFQ
DQGACMALLSLHLFYKKCAQLTVNLTRFPETVPRELVVPVAGSCVVDAVPAPGPS
PSLYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCRACAQGTFKPLSGEGSCQPCP
ANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAPRSVVSRLNGSSLHLEWSA
PLESGGREDLTYALRCRECRPGGSCAPCGGDLTFDPGPRDLVEPWVVVRGLRPDFT
YTFEVTALNGVSSLATGPVPFEPVNVTTDREVPPAVSDIRVTRSSPSSLSLAWAVPR
APSGAVLDYEVKYHEKGAEGPSSVRFLKTSENRAELRGLKRGASYLVQVRARSEA
GYGPFGQEHHSQTQLDESEGWREQSRDAHKSEVAHRFKDLGEENFKALVLIAFAQ
YLQQCPFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLFGDKLCTVATLRETY
GEMADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLKKY
LYEIARRHPYFYAPELLFFAKRYKAAFTECCQAADKAACLLPKLDELRDEGKASSA
KQRLKCASLQKFGERAFKAWAVARLSQRFPKAEFAEVSKLVTDLTKVHTECCHGD
LLECADDRADLAKYICENQDSISSKLKECCEKPLLEKSHCIAEVENDEMPADLPSLA
ADFVESKDVCKNYAEAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLEKCC
AAADPHECYAKVFDEFKPLVEEPQNLIKQNCELFKQLGEYKFQNALLVRYTKKVP
QVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSD
RVTKCCTESLVNRRPCFSALEVDETY VPKEFNAETFTFHADICTLSEKERQIKKQTA
LVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAA
LGL

The nucleic acid sequence of the pEF6-GCF2 plasmid was as follows (SEQ ID NO: 20):

aatattattgaagcatttatcagggttatigtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgeg

cacatttccccgaaaagtgccacctgacgtcgacggatcgggagatctccegatecectatggtegactctcagtacaatetgetetg
atgccgcatagttaagccagtatctgetccctgcettgtgtgtiggaggtcgetgagtagtgegegageaaaatttaagetacaacaag
gcaaggcttgaccgacaattgcatgaagaatctgettagggttaggegtittgegetgeticgegatgtacgggecagatatacgegt
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tgacattgattattgactaggcttttgcaaaaagctttgcaaagatggataaagttttaaacagagaggaatctttgcagctaatggacct
tctaggtcttgaaaggagtgcctegtgaggetceggtgeecegtcagtgggeagagegeacatcgeccacagtecccgagaagttg
geggggaggggteggeaattgaaccggtgectagagaaggtggegeggggtaaactgggaaagtgatgtegtgtactggeteege
ctttttcccgagggtgggggagaaccgtatataagtgeagtagtcgecgtgaacgttetttttcgcaacgggtttgecgecagaacac
aggtaagtgcegtgtgtggticcecgegggectggcectctttacgggttatggeecttgegtgecttgaattacttccacetggetgeag
tacgtgattcttgatcccgagcticgggttggaagtgggtgggagagticgaggecttgegettaaggagecccttcgectegtgett
gagttgaggcctggectgggegetggggecgecgegtgegaatetggtggeaccttcgegectgtetegetgctticgataagicte
tagccatttaaaatttttgatgacctgetgegacgctttittictggcaagatagtctigtaaatgegggecaagatetgeacactggtatt
teggttitiggggecgegggeggegacggggeccgtgegteccagegeacatgticggegaggeggggectgegagegegge
caccgagaatcggacgggggtagtctcaagetggecggecetgetetggtgectggectecgegecgeegtgtatcgeccegecectg
ggeggceaaggetggeccggteggeaccagttgegtgageggaaagatggeegettceceggecctgetgecagggagetcaaaat
ggaggacgeggegcetecgggagagegggegggtgagtcacccacacaaaggaaaagggcctttccgtectcagecgtegettca
tgtgactccacggagtaccgggegecgtccaggeacctegattagtictcgagettitggagtacgtegtctitaggttggggggag
gggtittatgcgatggagtttccccacactgagtgggtggagactgaagttaggecagettggeacttgatgtaattctecttggaattt
gecctttttgagtitggatettggttcattctcaagectcagacagtggticaaagtitttttcticcatttcaggtgtegtgaggaattagett
ggtactaatacgactcactatagggagacccaagctggcetaggtaagettggtaccgageteggatccactagtccagtgtggtge
aattgcccttCAAGCTTGCCGCCACCATGGAGCTCCGGGTGCTGCTCTGCTGGGCTTC
GTITGGCCGCAGCTTITGGAAGAGACCCTGCTGAACACAAAATTGGAAACTGCTG
ATCTGAAGTGGGTGACATTCCCTCAGGTGGACGGGCAGTGGGAGGAACTGAGC
GGCCTGGATGAGGAACAGCACAGCGTGCGCACCTACGAAGTGTGTGACGTGCA
GCGTGCCCCGGGCCAGGCCCACTGGCTTCGCACAGGTTGGGTCCCACGGCGGG
GCGCCGTCCACGTGTACGCCACGCTGCGCTTCACCATGCTCGAGTGCCTGTCCC
TGCCTCGGGCTGGGCGCTCCTGCAAGGAGACCTTCACCGTCTTCTACTATGAGA
GCGATGCGGACACGGCCACGGCCCTCACGCCAGCCTGGATGGAGAACCCCTAC
ATCAAGGTGGACACGGTGGCCGCGGAGCATCTCACCCGGAAGCGCCCTGGGGC
CGAGGCCACCGGGAAGGTGAATGTCAAGACGCTGCGCCTGGGACCGCTCAGCA
AGGCTGGCTTCTACCTGGCCTTCCAGGACCAGGGTGCCTGCATGGCCCTGCTAT
CCCTGCACCTCTTCTACAAAAAGTGCGCCCAGCTGACTGTGAACCTGACTCGAT
TCCCGGAGACTGTGCCTCGGGAGCTGGTTGTGCCCGTGGCCGGTAGCTGCGTGG
TGGATGCCGTCCCCGCCCCTGGCCCCAGCCCCAGCCTCTACTGCCGTGAGGATG
GCCAGTGGGCCGAACAGCCGGTCACGGGCTGCAGCTGTGCTCCGGGGTTCGAG
GCAGCTGAGGGGAACACCAAGTGCCGAGCCTGTGCCCAGGGCACCTTCAAGCC
CCTGTCAGGAGAAGGGTCCTGCCAGCCATGCCCAGCCAATAGCCACTCTAACA
CCATTGGATCAGCCGTCTGCCAGTGCCGCGTCGGGTACTTCCGGGCACGCACAG
ACCCCCGGGGTGCACCCTGCACCACCCCTCCTTCGGCTCCGCGGAGCGTGGTTT
CCCGCCTGAACGGCTCCTCCCTGCACCTGGAATGGAGTGCCCCCCTGGAGTCTG
GTGGCCGAGAGGACCTCACCTACGCCCTCCGCTGCCGGGAGTGTCGACCCGGA
GGCTCCTGTGCGCCCTGCGGGGGAGACCTGACTTTTGACCCCGGCCCCCGGGAC
CTGGTGGAGCCCTGGGTGGTGGTTCGAGGGCTACGTCCTGACTTCACCTATACC
TTTGAGGTCACTGCATTGAACGGGGTATCCTCCTTAGCCACGGGGCCCGTCCCA
TTTGAGCCTGTCAATGTCACCACTGACCGAGAGGTACCTCCTGCAGTGTCTGAC
ATCCGGGTGACGCGGTCCTCACCCAGCAGCTTGAGCCTGGCCTGGGCTGTTCCC
CGGGCACCCAGTGGGGCTGTGCTGGACTACGAGGTCAAATACCATGAGAAGGG
CGCCGAGGGTCCCAGCAGCGTGCGGTTCCTGAAGACGTCAGAAAACCGGGCAG
AGCTGCGGGGGCTGAAGCGGGGAGCCAGCTACCTGGTGCAGGTACGGGCGCGC
TCTGAGGCCGGCTACGGGCCCTTCGGCCAGGAACATCACAGCCAGACCCAACT
GGATGAGAGCGAGGGCTGGCGGGAGCAGtctagaGATGCACACAAGAGTGAGGTT
GCTCATCGGTTTAAAGATTTGGGAGAAGAAAATTTCAAAGCCTTGGTGTTGATT
GCCTTTGCTCAGTATCTTCAGCAGTGTCCATTTGAAGATCATGTAAAATTAGTG
AATGAAGTAACTGAATTTGCAAAAACATGTGTAGCTGATGAGTCAGCTGAAAA
TTGTGACAAATCACTTCATACCCTTTTTGGAGACAAATTATGCACAGTTGCAAC
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TCTTCGTGAAACCTATGGTGAAATGGCTGACTGCTGTGCAAAACAAGAACCTG
AGAGAAATGAATGCTTCTTGCAACACAAAGATGACAACCCAAACCTCCCCCGA
TTGGTGAGACCAGAGGTTGATGTGATGTGCACTGCTTTTCATGACAATGAAGAG
ACATTTTTGAAAAAATACTTATATGAAATTGCCAGAAGACATCCTTACTTTTAT
GCCCCGGAACTCCTTTTCTTTGCTAAAAGGTATAAAGCTGCTTTTACAGAATGT
TGCCAAGCTGCTGATAAAGCTGCCTGCCTGTTGCCAAAGCTCGATGAACTTCGG
GATGAAGGGAAGGCTTCGTCTGCCAAACAGAGACTCAAATGTGCCAGTCTCCA
AAAATTTGGAGAAAGAGCTTTCAAAGCATGGGCAGTGGCTCGCCTGAGCCAGA
GATTTCCCAAAGCTGAGTTTGCAGAAGTTTCCAAGTTAGTGACAGATCTTACCA
AAGTCCACACGGAATGCTGCCATGGAGATCTGCTTGAATGTGCTGATGACAGG
GCGGACCTTGCCAAGTATATCTGTGAAAATCAGGATTCGATCTCCAGTAAACTG
AAGGAATGCTGTGAAAAACCTCTGTTGGAAAAATCCCACTGCATTGCCGAAGT
GGAAAATGATGAGATGCCTGCTGACTTGCCTTCATTAGCTGCTGATTTTGTTGA
AAGTAAGGATGTTTGCAAAAACTATGCTGAGGCAAAGGATGTCTTCCTGGGCA
TGTTTTTGTATGAATATGCAAGAAGGCATCCTGATTACTCTGTCGTGCTGCTGCT
GAGACTTGCCAAGACATATGAAACCACTCTAGAGAAGTGCTGTGCCGCTGCAG
ATCCTCATGAATGCTATGCCAAAGTGTTCGATGAATTTAAACCTCTTGTGGAAG
AGCCTCAGAATTTAATCAAACAAAACTGTGAGCTTTTITAAGCAGCTTGGAGAGT
ACAAATTCCAGAATGCGCTATTAGTTCGTTACACCAAGAAAGTACCCCAAGTGT
CAACTCCAACTCTTGTAGAGGTCTCAAGAAACCTAGGAAAAGTGGGCAGCAAA
TGTTGTAAACATCCTGAAGCAAAAAGAATGCCCTGTGCAGAAGACTATCTATCC
GTGGTCCTGAACCAGTTATGTGTGTTGCATGAGAAAACGCCAGTAAGTGACAG
AGTCACAAAATGCTGCACAGAGTCCTTGGTGAACAGGCGACCATGCTTTTCAGC
TCTGGAAGTCGATGAAACATACGTTCCCAAAGAGTTTAATGCTGAAACATTCAC
CTTCCATGCAGATATATGCACACTTTCTGAGAAGGAGAGACAAATCAAGAAAC
AAACTGCACTTGTTGAGCTTGTGAAACACAAGCCCAAGGCAACAAAAGAGCAA
CTGAAAGCTGTTATGGATGATTTCGCAGCTTTTGTAGAGAAGTGCTGCAAGGCT
GACGATAAGGAGACCTGCTTTGCCGAGGAGGGTAAAAAACTTGTTGCTGCAAG
TCAAGCTGCCTTAGGCTTATAAtagcggecgcttaagggcaattctgeagatatccageacagtggeggecge
tcgagtctagagggcccgeggticgaaggtaagcectatcectaacectetectecggtctegatictacgegtaceggteatcatcace
atcaccattgagtttaaacccgctgatcagectcgactgtgecttetagttgccagcecatetgttgtttgecceteceeegtgecttecett
gaccctggaaggtgccactcccactgtcectttcctaataaaatgaggaaattgcatcgeattgtctgagtaggtgteattctattctggg
gegtggggtgggscaggacageaagggggagpattgggaagacaatageaggeatgetggggatgeggtgggetetatggett
ctgaggcggaaagaaccagetggggctctagggggtatccccacgegecctgtageggegceattaagegeggegggtgtggtg
gttacgcgcagegtgaccgetacacttgccagegecctagegecegcetectitegetticttcecttectttetcgecacgttcgeecgg
ctttcccecgtcaagetctaaatcggggcatcectttagggticcgatttagtgetttacggeacctcgaccccaaaaaacttgattaggg
tgatggttcacgtagtgggccatcgecctgatagacggtttticgecctttgacgtiggagtccacgtictttaatagtggactettgtice
aaactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttggggatttcggectattggttaaaaaatgagetg
atttaacaaaaatttaacgcgaattaattctgtggaatgtgtgtcagttagggtgtggaaagtccccaggetccccaggeaggeagaa
gtatgcaaagcatgcatctcaattagtcagcaaccaggtgtggaaagtccccaggetccccagecaggeagaagtatgecaaageat
gcatctcaattagtcagcaaccatagtccegeccectaactccgeccateececgeccctaactcecgeccagticegeccattetcegecee
catggctgactaattttttitatitatgcagaggccgaggecgectctgectetgagetatticcagaagtagtgaggaggcttttttggag
gectaggcettttgcaaaaagetccegggagcttgtatatccattttcggatctgatcageacgtgttgacaattaatcatcggeatagtat
atcggcatagtataatacgacaaggtgaggaactaaaccatggccaagccttigtctcaagaagaatccaccctcattgaaagagea
acggctacaatcaacagcatccccatctctgaagactacagegtcgecagegeagcetcetetctagcgacggecgceatcttcactggt
gtcaatgtatatcattttactgggggaccttgtgcagaactegtggtgetgggeactgetgetgetgeggeagetggeaacctgactt
gtatcgtcgcgatcggaaatgagaacaggggceatcttgageccctgeggacggtgtcgacaggtgettetcgatetgeateetggg
atcaaagcgatagtgaaggacagtgatggacagccgacggeagttgggaticgtgaatigetgeectetggttatgtgtgggaggg
ctaagcacticgtggccgaggagcaggactgacacgtgetacgagatttcgattccaccgecgecttctatgaaaggitgggcticg
gaatcgttttccgggacgecggetggatgatectccagegeggggatetecatgetggagticttcgeccacccecaacttgtttattgea
gcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgeattctagtigtggtttgtccaaacte

-87—



10

15

20

25

30

35

40

WO 2006/034455 PCT/US2005/034176

atcaatgtatcttatcatgtctgtataccgtcgacctctagetagagettggegtaatcatggtcatagetgtticetgtgtgaaattgttat
ccgetcacaaticcacacaacatacgagecggaagceataaagtgtaaagectggggtgectaatgagtgagetaactcacattaatt
gegttgegcetcactgeecgctticcagtcgggaaacctgtegtgecagetgeattaatgaatcggecaacgegeggggagagecg
gtttgegtattgggegcteticcgeticetegetcactgactegetgegeteggtegttcggetgeggegageggtatcageteactca
aaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggecageaaaaggecaggaa
ccgtaaaaaggccegcegttgetggegtttttccataggetcegeeceecctgacgageatcacaaaaatcgacgetcaagtcagaggt
ggcgaaacccgacaggactataaagataccaggegtticccectggaagetecectegtgegetetectgticcgacectgeegetta
ccggatacctgtccgecttictcccticgggaagegtggegetttctcaatgetcacgetgtaggtatcteagttcggtgtaggtegttc
getccaagetgggcetgtgtgecacgaaccececcegticageccgaccgetgegecttatccggtaactategtettgagtccaaccegg
taagacacgacttatcgccactggcagcagccactggtaacaggattagcagagegaggtatgtaggeggtgctacagagttcttg
aagtggtggcctaactacggcetacactagaaggacagtatttggtatctgegetctgetgaagecagttaccticggaaaaagagttg
gtagetcttgatccggcaaacaaaccaccgetggtageggtggttittigttigcaagcageagattacgcgcagaaaaaaaggate
tcaagaagatcctttgatcttttctacggggtctgacgetcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaa
aaggatcttcacctagatcctittaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatg
cttaatcagtgaggcacctatctcagcgatctgtctatticgticatccatagttgectgactcceegtegtgtagataactacgatacgg
gagggcttaccatctggecccagtgetgeaatgataccgegagacccacgetcaccggetcecagatttatcageaataaaccagee
agccggaagggecgagegeagaagiggtectgecaactttatccgecteccatccagtetattaattgtigecgggaagetagagtaag
tagttcgccagttaatagtitgegcaacgttgtigecattgctacaggeategtggtgtcacgetegtegtttggtatggeticattcaget
ccggttcccaacgatcaaggegagttacatgatcccccatgtigtgcaaaaaageggttagetectteggtectecgategttgtcag
aagtaagttggccgcagtgttatcactcatggttatggcageactgeataattctcttactgtcatgecatccgtaagatgettttotgtga
ctggtgagtactcaaccaagtcattctgagaatagtgtatgcggegaccgagttgetcttgeccggegtcaatacgggataataceg
cgccacatagcagaactttaaaagtgctcatcattggaaaacgticticggggcgaaaactctcaaggatcttaccgetgtigagate
cagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactitcaccagegttictgggtgagcaaaaacaggaagge
aaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatacteticctttttc

B. Cell culture and transfections:

The human embryonic kidney cell line, 293T cells, was maintained in DMEM with 10%
dialyzed fetal calf serum and 1% penicillin/streptomycin/neomycin antibiotics. Cells were

maintained at 37 °C in a humidified atmosphere of 5% C02/95% air.

Transfections of plasmids encoding EphB4 ectodomain, fragments thereof, and EphB4-
HSA fusions were performed using Lipofectamine 2000 reagent (Invitrogen) according to
suggested protocol. One day before transfections, 293T cells were seeded at a high density
to reach 80% confluence at the time of transfection. Plasmid DNA and Lipofectamine
reagent at 1:3 ratio were diluted in Opti-MEM I reduced serum medium (Invitrogen) for 5
min and mixed together to form DNA-Lipofectamine complex. For each 10 cm culture dish,
10 pg of plasmid DNA was used. After 20 min, the above complex was added directly to
cells in culture medium. After 16 hours of transfection, medium was aspirated, washed once
with serum free DMEM and replaced with serum free DMEM. Secreted proteins were
harvested after 48 hours by collecting conditional medium. Conditional medium was
clarified by centrifugation at 10,000 g for 20 min and filtered through 0.2 p filter and used

for purification.
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C. Chromatographic separation of EphB4 ectodomain and EphB4 ectodomain-HSA fusion
protein

The EphB4 ectodomain fused to HSA was purified as follows: 700 ml of media
was harvested from transiently transfected 293 cells grown in serum free media and
concentrated up to final volume of 120 ml. Membrane: (Omega, 76 mm), 50 kDa C/O.
After concentration, pH of the sample was adjusted by adding 6 ml of 1M NaAc, pH 5.5.
Then sample was dialyzed against starting buffer (SB): 20 mM NaAc, 20 mM NaCl, pH 5.5
for O/N. 5 ml of SP-Sepharose was equilibrated with SB and sample was loaded. Washing:
100 m! of SB. Elution by NaCl: 12 ml/fraction and increment of 20 mM. Most of the
EphrinB2 binding activity eluted in the 100mM and 120mM fractions.

Fractions, active in EphrinB2 binding assay (See SP chromatography, fractions #
100-120 mM) were used in second step of purification on Q-column. Pulled fractions were
dialyzed against starting buffer#2 (SB2): 20 mM Tris-HCI, 20 mM NaCl, pH 8 for O/N and
loaded onto 2 ml of Q-Sepharose. After washing with 20 ml of SB2, absorbed protein was
eluted by NaCl: 3 ml/fraction with a concentration increment of 25 mM. Obtained fractions

were analyzed by PAGE and in Ephrin-B2 binding assay. The 200mM and 225mM

fractions were found to contain the most protein and the most B2 binding activity.

Soluble EphB4 ectodomain protein was purified as follows: 300 ml of conditional
medium (see: Cell culture and transfections) were concentrated up to final volume of 100
ml, using ultrafiltration membrane with 30 kDa C/O. After concentration, pH of the sample
was adjusted by adding 5 ml of 1 M Na-Acetate, pH 5.5. Then sample was dialyzed against
starting buffer (StB): 20 mM Na-Acetate, 20 mM NaCl, pH 5.5 for O/N. 5 ml of SP-
Sepharose was equilibrated with StB and sample was loaded. After washing the column
with 20 ml of StB, absorbed proteins were eluted by linear gradient of concentration of
NaCl (20-250 mM and total elution volume of 20 column’s volumes). Purity of the proteins
was analyzed by PAGE.

D. Biotinylation of sB4 and sB4-HSA fusion protein.

Both soluble EphB4 ectodomain protein (sB4) and EphB4 ectodomain fused to
HSA (HSA-sB4) were biotin labeled through carbohydrate chains using sodium meta-
periodate as an oxidant and EZ-Link Biotin Hydrazide (PIERCE, Cat. # 21339) according

to manufacture’s protocol. The in vitro stability of the biotinylated sB4 protein was tested
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by incubating 2.0x10” with 40 ML of mouse serum at 37°C for 0, 0.5, 1, 2 and 3 days. Two
pL of magnetic beads and B2-AP was added for an extra hour at room temperature. After
washing twice with buffer, pnPP was added for 1 hour. Biotinylated sB4 protein was found
to very stable over three days, with less than 10% of the B2 binding activity being lost over
that time.

E. Ephrin-B2 Binding Properties of B4-HSA

To test whether the B4-HSA fusion property retained the ability of the EphB4
extracellular domain to bind to EphrinB2, the ability of the purified B4-HSA fusion was
compared to that of GCF2F, GCF2, GC, CF and B4-Fc fusion, which comprises the
extracellular domain of B4 fused to hIgG1 Fc as described in Example 1. Biotinylated or
His-tag protein samples were inoculated with the corresponding affinity magnetic beads
and B2-AP for an hour at room temperature, before addition of PnPP. Results of binding
assays are shown on Figure 67. B4-HSA was found to retain most of its binding activity
towards EphrinB2. Surprisingly, the B4-HSA protein was superior to the B4-Fc fusion in
binding to EphrinB2.

An EphB4 ectodomain fusion to the C-terminus of HSA was also generated, and
found to retain the ability to bind to EphrinB2 and was found to have enhanced stability in

vivo over the EphB4 ectodomain.

F. Stability of B4-HSA vs. sB4 in Mice

The stability of the purified biotinylated sB4 and sB4-HSA were assayed in vivo.
Each of the proteins were intravenously injected into the tail of mice in the amount of 0.5
nmoles per mouse. Blood from the eye of each mouse was taken in time frames of 15 min
(0 days), 1, 2, 3 and 6 days. 10 ml of obtained serum was used in binding assay with
Ephrin-B2-Alkaline Phosphatase fusion protein and Streptavidin-coated magnetic beads as
a solid phase. The stability of the two proteins is shown on Figure 68. sB4-HSA was found
to have superior stability relative to sB4. For example, one day after injection, the levels of

sB4-HSA in the blood of the mice were 5-fold greater than those of sB4.

G. PEGylation of biotinylated sB4

Prior to PEGylation, biotinylated sB4 protein generated as described above was

concentrated up to final concentration of 2 mg/ml using a 30kDa MWCQ ultra membrane.
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Sample was dialyzed O/N against coupling buffer: 30mM phosphate, 75mM NaCl, pH
8.00. Coupling to PEG was performed at 4°C for 18 hours in 10 fold molar excess of
reactive linear PEG unless otherwise indicated. The reactive PEG used was PEG-
succinimidyl propionate, having a molecular weight of about 20kda. Coupling to PEG may
be similarly performed using branches PEGs, such as of 10kDa, 20kDa or 40kDa. Other

linear PEG molecules of 10 or 40 kDa may also be used.

After PEGylation, the protein sample containing EphB4 ectodomain was dialyzed
against StB O/N. Three ml of SP-Sepharose was equilibrated with StB and sample was
loaded. Washing and elution of absorbed proteins was performed as above (see:
Purification of soluble EphB4 ectodomain and its fusion to HSA) with just one
modification: total elution volume was 40 volumes of column. Figure 69 shows
chromatographic separation of PEG derivatives of EphB4 protein on SP-Sepharose
columns. Purity of the PEG-modified EphB4 protein was analyzed by SDS-PAGE.

Double modified (PEGylated Biotinylated) sB4 was used on ion-exchange
chromatography to separate non-PEGylated, mono-PEGylated and poly-PEGylated proteins
from each other. Pegylated sample was dialyzed O/N against 20 mM Na-acetate, 20 mM
NaCl, pH 5.5 and loaded onto 2 ml of SP-Sepharose. After washing with 10 ml of buffer,
absorbed proteins were separated by gradual elution of NaCl: 3 ml/fraction and increment
of 25 mM NaCl. Obtained fractions were analyzed by PAGE and in Ephrin-B2 binding

assay.

H. Effect of PEGylation conditions on sB4 binding to EphrinB2

The effects of pegylating biotinylated sB4 under different pH conditions was
determined. sB4 was pegylated at pH 6, 7 or 8, and the pegylated products were tested for
binding to EphrinB2 as shown in Figure 69. Ephrin2B binding activity was retained when
PEGylation was performed at pH 6 and pH 7, but was partially lost at pH 8.

Additional combinations of parameters were tested, including temperature, pH and
molar ratio of pegylation agent to sB4 protein, and the ability of the products of the
pegylation reaction to bind to Ephrin-B2. The results of the optimization experiment are
shown in Figure 70. These results confirm the gradual decrease in B2 binding activity at

basic pH.
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1. Purification of Pegylated sB4 Species

Biotinylated sB4 protein was concentrated up to final concentration of 2 mg/ml
using a 30kDa MWCO ultra membrane. Sample was dialyzed O/N against coupling buffer:
30mM phosphate, 75SmM NaCl, pH 8.00. Coupling to PEG was performed at 4°C for 18
hours in 10 fold molar excess of reactive PEG. Double modified (PEGylated Biotinylated)
sB4 was used on ion-exchange chromatography to separate non-PEGylated, mono-
PEGylated and poly-PEGylated proteins from each other. Sample was dialyzed for O/N
against 20 mM Na-Acetate, 20 mM NaCl, pH 5.5 and loaded onto 2 ml of SP-Sepharose.
After washing with 10 ml of buffer, absorbed proteins were separated by gradual elution of
NaCl: 3 ml/fraction and increment of 25 mM NaCl. Obtained fractions were analyzed by
PAGE as shown in Figure 71. Fractions 1, 2 and 3 were found to correspond to

polypegylated, monopegylated and unpegylated biotinylated sB4.

J. In vitro properties of PEGylated EphB4 derivatives

Fractions 1, 2 and 3 of biotinylated and PEGylated sB4 from the SP column
purification, corresponding to polypegylated, monopegylated and unpegylated biotinylated
sB4, were tested for their ability to bind EphrinB2 using the standard assay. Results of this
experiment are shown on Figure 72. The order of binding activity was found to be

Unpegylated > monopegylated > polypegylated.

The fractions were also tested for their stability in vitro. The fractions were tested
for retention of EphrinB2 binding activity after incubation in mouse serum at 37°C for three
days. The results of this experiment are shown in Figure 73. The order of in vitro stability

was found to be monopegylated > unpegylated > polypegylated.

K. In vivo stability analysis of PEGylated derivatives of EphB4 ectodomain in mice

Fractions 1, 2 and 3 of biotinylated and PEGylated sB4 from the SP column
purification, corresponding to polypegylated, monopegylated and unpegylated biotinylated
sB4, were introduced by intravenous injection into mice in the amount of 0.5
nMoles/mouse. Blood from each mouse was taken in time frame of 10 min, 1, 2 and 3 days.
10 ml of obtained serum was used in binding assay with Ephrin-B2-Alkaline Phosphatase
fusion protein and Streptavidin-coated magnetic beads as a solid phase. Signals, obtained at

10 min were taken as 100%. The two mice for each protein were of a different strain.
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Results are shown in Figure 74. Pegylation was found to increase the stability of EphB4 in
vivo relative to unpegylated EphB4.

INCORPORATION BY REFERENCE

All publications and patents mentioned herein are hereby incorporated by reference
in their entirety as if each individual publication or patent was specifically and individually

indicated to be incorporated by reference.

While specific embodiments of the subject invention have been discussed, the above
specification is illustrative and not restrictive. Many variations of the invention will become
apparent to those skilled in the art upon review of this specification and the claims below.
The full scope of the invention should be determined by reference to the claims, along with

their full scope of equivalents, and the specification, along with such variations.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. An isolated soluble polypeptide comprising an amino acid sequence of an
extracellular domain of an EphB4 protein fused to an albumin protein or a fragment
thereof, wherein the polypeptide is a monomer and binds specifically to an Ephrin B2
polypeptide, and has an in vivo serum half-life at least S0% greater than that of the
extracellular domain of the EphB4 alone, and wherein the polypeptide inhibits signaling

that results from the interaction between EphB4 and EphrinB2.

2. The polypeptide of claim 1, comprising a globular domain of an EphB4 protein

or a sequence that is at least 90% identical to a globular domain of EphB4.

3. The polypeptide of claim 1, comprising a sequence at least 90% identical to

residues 29-197 of the amino acid sequence defined by Figure 65 (SEQ ID NO:10).

4, The polypeptide of claim 1, comprising a sequence at least 90% identical to

residues 29-526 of the amino acid sequence defined by Figure 65 (SEQ ID NO:10).

5. The polypeptide of claim 1, wherein said polypeptide has a serum half-life in
vivo at least 100% greater than that of an unmodified EphB4 polypeptide.

6. The polypeptide of claim 1, wherein said albumin protein is selected from a

human serum albumin (HSA) and bovine serum albumin (BSA).

7. The polypeptide of claim 1 or claim 6, wherein the albumin is a naturally

occurring variant.

8. The polypeptide of any one of claims 1 to 7, wherein the polypeptide has one or
more activities selected from:

(a) inhibition of EphrinB2 activity;

(b) inhibition of EphrinB2 kinase activity;

(c) inhibition of EphB4 kinase activity;

(d) inhibition of clustering of Ephrin B2; and

(e) inhibition of clustering of EphB4.
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9. A pharmaceutical composition comprising a polypeptide of any one of claims 1

to 8, and a pharmaceutically acceptable carrier.

10.  Use of a polypeptide of any one of claims 1 to 8 for preparing a medicament for

inhibiting signaling through Ephrin B2/EphB4 pathway.

1. Use of a polypeptide of any one of claims 1 to 8 for preparing a medicament for

reducing the growth rate of the tumor.

12. Use of a polypeptide of any one of claims 1 to 8 for preparing a medicament for

treating cancer in a patient.

13. Use of a polypeptide of any one of claims 1 to 8 for preparing a medicament for

inhibiting angiogenesis in a patient.

14.  Use of a polypeptide of any one of claims 1 to 8 for preparing a medicament for

treating a patient suffering from an angiogenesis-associated disease.

15.  The polypeptide of any one of claims 1 to 8, wherein the polypeptide comprises

one or more modified amino acid residues.

16. A cosmetic composition comprising the polypeptide of any of claims 1 to 8 or

15, and a pharmaceutically acceptable carrier.

17. The use of claim 12, wherein the cancer comprises cancer cells expressing

EphrinB2 and/or EphB4 at a higher level than noncancerous cells of a comparable tissue.
18. The use of claim 12 or claim 17, wherein the cancer is metastatic cancer.

19.  The use of any one of claims 12, 17 or 18, wherein the cancer is selected from
the group consisting of colon carcinoma, breast tumor, mesothelioma, prostate tumor,

squamous cell carcinoma, Kaposi sarcoma, and leukemia.

20.  The use of any one of claims 12 or 17 to 19, wherein the cancer is an

angiogenesis-dependent cancer.
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21.  The use of any one of claims 12 or 17 to 19, wherein the cancer is an

angiogenesis-independent cancer.

22. A method of inhibiting signaling through Ephrin B2/EphB4 pathway comprising

administering a polypeptide of any one of claims 1 to 8.

23. A method of reducing the growth rate of a tumor comprising administering a

polypeptide of any one of claims 1 to 8.

24. A method of treating cancer in a patient comprising administering a polypeptide

of any one of claims 1 to 8.

25. A method of inhibiting angiogenesis in a patient comprising administering a

polypeptide of any one of claims 1 to 8.

26. A method of treating a patient suffering from an angiogenesis-associated disease

comprising administering a polypeptide of any one of claims 1 to 8.

27.  Anisolated soluble polypeptide according to claim 1; a pharmaceutical
composition according to claim 9; use according to any one of claims 10-14; a cosmetic
composition according to claim 16; or a method according to any one of claims 22-26,
substantially as herein described with reference to any one or more of the examples but

excluding comparative examples.
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1/113

Amino acid sequence of the B4ECv3 protein

MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGQWEELSG
LDEEQHSVRTYEVCEVQRAPGQAHWLRTGWVPRRGAVHVYATLRFTM
LECLSLPRAGRSCKETFTVFYYESDADTATALTPAWMENPYIKVDTV
AAEHLTRKRPGAEATGKVNVKTLRLGPLSKAGFYLAFQDQGACMALL
SLHLFYKKCAQLTVNLTRFPETVPRELVVPVAGSCVVDAVPAPGPSP
SLYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCRACAQGTFKPLSGE
- GSCQPCPANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAPRS
VVSRLNGSSLHLEWSAPLESGGREDLTYALRCRECRPGGSCAPCGGD
LTFDPGPRDLVEPWVVVRGLRPDFTYTFEVTALNGVSSLATGPVPFE
PVNVTTDREVPPAVSDIRVTRSSPSSLSLAWAVPRAPSGAWLDYEVK
YHEKGAEGPSSVRFLKTSENRAELRGLKRGASYLVQVRARSEAGYGP
FGQEHHSQTQLDESEGWREQGSKRAILQIEGKPIPNPLLGLDSTRTG
HHHHHH

Fig. 1
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2/113

Amino acid sequence of the B4ECV3NT protein

MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGQWEELSGL
DEEQHSVRTYEVCEVQRAPGQAHWLRTGWVPRRGAVHVYATLRFTMLE
CLSLPRAGRSCKETFTVFYYESDADTATALTPAWMENPYIKVDTVAAE
HLTRKRPGAEATGKVNVKTLRLGPLSKAGFYLAFQDQGACMALLSLHL
FYKKCAQLTVNLTRFPETVPRELVVPVAGSCVVDAVPAPGPSPSLYCR
EDGOWAEQPVTGCSCAPGFEAAEGNTKCRACAQGTFKPLSGEGSCQPC
PANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAPRSVVSRLNG
SSLHLEWSAPLESGGREDLTYALRCRECRPGGSCAPCGGDLTFDPGPR
DLVEPWVVVRGLRPDFTYTFEVTALNGVSSLATGPVPFEPVNVTTDRE
VPPAVSDIRVTRSSPSSLSLAWAVPRAPSGAWLDYEVKYHEKGAEGPS
SVRFLKTSENRAELRGLKRGASYLVQVRARSEAGYGPFGQEHHSQTQL
DESEGWREQGSKRAILQISSTVAAARYV

Fig. 2
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3/113

Amino acid sequence of the B2EC protein

MAVRRDSVWKYCWGVLMVLCRTAISKSIVLEPIYWNSSNSKFLPGQGL
VLYPQIGDKLDIICPKVDSKTVGQYEYYKVYMVDKDQADRCTIKKENT
PLLNCAKPDQDIKFTIKFQEFSPNLWGLEFQKNKDYYIISTSNGSLEG
LDNQEGGVCQTRAMKILMKVGQDASSAGSTRNKDPTRRPELEAGTNGR
SSTTSPFVKPNPGSSTDGNSAGHSGNNILGSEVGSHHHHHH

Fig. 3
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4/113

Amino acid sequence of the B4ECv3-FC protein

MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGQWEEL
SGLDEEQHSVRTYEVCEVQRAPGQAHWLRTGWVPRRGAVHVYATL
RFTMLECLSLPRAGRSCKETFTVFYYESDADTATALTPAWMENPY
IKVDTVAAEHLTRKRPGAEATGKVNVKTLRLGPLSKAGFYLAFQD
QGACMALLSLHLFYKKCAQLTVNLTRFPETVPRELVVPVAGSCVV
DAVPAPGPSPSLYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCRA
CAQGTFKPLSGEGSCQPCPANSHSNTIGSAVCQCRVGYFRARTDP
RGAPCTTPPSAPRSVVSRLNGSSLHLEWSAPLESGGREDLTYALR
CRECRPGGSCAPCGGDLTFDPGPRDLVEPWVVVRGLRPDFTYTFE
VTALNGVSSLATGPVPFEPVNVTTDREVPPAVSDIRVTRSSPSSL
SLAWAVPRAPSGAWLDYEVKYHEKGAEGPSSVRFLKTSENRAELR
GLKRGASYLVQVRARSEAGYGPFGQEHHSQTQLDESEGWREQDPE
PKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTL
PPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPP
VLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSL
SLSPGK

Fig. 4
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5/113

Amino acid sequence of the B2EC-FC protein

MAVRRDSVWKYCWGVLMVLCRTAISKSIVLEPIYWNSSNSKFLPGQ
GLVLYPQIGDKLDIICPKVDSKTVGQYEYYKVYMVDKDQADRCTIK
KENTPLLNCAKPDQDIKFTIKFQEFSPNLWGLEFQKNKDYYIISTS
NGSLEGLDNQEGGVCQTRAMKILMKVGQDASSAGSTRNKDPTRRPE
LEAGTNGRSSTTSPFVKPNPGSSTDGNSAGHSGNNILGSEVDPEPK
SCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVV
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH
ODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRD
ELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG
. SFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

"Fig. 5
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6/113

B4EC-FC binding assay (Protein—A—agarose based)
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7/113

B4EC-FC inhibition assay (inhibition in solution)
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B2EC-FC binding assay (Protein-A-agarose based assay)
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9/113

HUAEC Chemotaxis in response to B4ECv3
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Effect of B2EC-FC on HUAEC Tubule Formation
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Purification and ligand binding properties of the EphB4EC proteins
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B4v3 inhibits tubule formation on Matrigel
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B4v3 inhibitis neovascular response in a murine
corneal hydron micropocket assay




WO 2006/034455

27/113

PCT/US2005/034176

Fig. 25

Effect of S-B4on B16 Effect of S-B4 on Effect of.B4V_3fon
in vivo (nude mice) MCF-7 in vivo : Scc15inVivo
™ ~ 700 300 -
2 7000 0 700 @
5 2000 5 2001 5 2001 7
S 3000 5 £ ool .
% 2000 & 2001 £
@ 1000 @ 100 g 50-
n 0 T T T — n 0 T T T T 1T 1 »n -+ -+ T —
1 6 8 1 13 146 811131518 1 4 6 8 13
Days after implant Days after implant Days after implant
e e ot o of S-B4
Effect of S-B4 Effect of S-B4 Effect of S-B
onB16 in vivo on MCF-7 in vivo on Scc15 invivo
D42 5 025 5 02
o) ] T = 0.2 = 0,161
e 3.% T I g _ g - I
223+ ( = 0> 5012
5 .21 [T & o1y 5 0,08
e 2] e = I
i 0.05 ]
0774~ sBar = opa  spa = O
+ SB4-  SB4+
- J
Y



WO 2006/034455 PCT/US2005/034176

28/113

Fitc-
Lectin

BrdU

H&E




WO 2006/034455 PCT/US2005/034176

29/113
g
< N
N
S 6 0u&5%Y £
= adad JdJd0o <35 U<

U v
& &
N N
— (aa)] — o0
° = ° =
E = £ E
S & 8 £

= |P: EphB4

! 1B: p-Tyr

: |P: EphB4

G : | IB: Ephb4
10% FBS Serum-
starved

~— Y]

Fig. 27B



76
WO 2006/034455 PCT/US2005/0341

30/113

(‘
EphB4 : -
<C
3.51
. pd
Isotype & y Y -
specific "5 T 5
lg > & 1.5
- q'_ 1_
2 0.5 I ‘
Q. 0 T 1
L Normal Tumor
EPHB4 staining in prostate tissues array
negative positive
Normal (n = 20) 17 3
Tumor (n =32) 8 24
P =3.8x 10" %2 analysis
NS )

'
Fig. 28



WO 2006/034455 PCT/US2005/034176

31/113
(
PTEN -  + - +
p33 - - + +
|
.
oc
& &
T o= £
— (a [a
N
oo 5 5 O O
o EphB4




WO 2006/034455 PCT/US2005/034176

32/113

- 4+ AG1478
s ==« EphB4

""""" -mmmn  [(-actin

J

—
Fig. 30A

(MAB391 - - - + + +

i iy i s W% (3-actin

O  0.37
]
© 0.251 T
% 0.2- L
® 0.151
g" 0.1 T
-& 0.05-
- 0
MAB391 - +
_ J

~—
Fig. 30B



WO 2006/034455 PCT/US2005/034176

33/113

GFP siRNA
siRNA 472

EphB4

I (3-actin

— J

Fig. 31A

AS-10




WO 2006/034455

Viability (% control)

120

100

80—

60

40

Viability (% control)

20—

3

4/113

PCT/US2005/034176

[] siRNA 472
siRNA 2303

120

100

(o]
o
]

(o))
o
|

Y
o
]

N
o
[

10

100

siRNA (nM)
Fig. 31C
[] Sense AS-1 AS-10

—

1

’:I:

7/

o

ODN (uM)

5

Fig. 31D



PCT/US2005/034176

WO 2006/034455

35/113

20 hours

Control
siRNA

siRNA 472

31E

Fig

20 hours

0 hour

AS-10

Fig.31F



WO 2006/034455 PCT/US2005/034176

36/113

-

w

et
=

0 [ 1

Control siRNA ~ siRNA472 Cs?gml siRNA 472

_ J

Fig.31G

Invasion (cell number)
)
ot




WO 2006/034455

PCT/US2005/034176

37/113

(
107+ 1 control siRNA
_ |SubGo
0,
_8 1.0%
£
| Go/G
3 45.5% G2/M
V) 27.5%
0 1020
Fluorescence intensity
66 ; siRNA472
+{Sub GO
]
-Q -
€
3 -
c
= G2/M
o 23.1%
A S Ra8adeon 2.
0 1020
Fluorescence intensit
. y
—
Fig.32A
™ 2.59 OsiRNA472
g: 5 & control siRNA T
o
S 15-
K%
g M
a.
o 0.57 l
o
<C O_ - 285 B
0 10 50 10

SiRNA (nM)

Fig.32B



WO 2006/034455 PCT/US2005/034176

38/113

~ . ~
(] o<
= o
= £
Q. N m ©
O I ;v N =
o - O m [o0] c
S = 8 o o 5§
— N I I I O

Fands i

EphrinB2

o ™M <
T 38 B o i3
- 8 &8 8 & &
~N T I I N ~N

J




WO 2006/034455

Antisense
probe

probe

Sense - -

PCT/US2005/034176

39/113

Ephrin B2

fo W




~

Ephrin B2

No primary

[ EphB4

WO 2006/034455

40/113

PCT/US2005/034176




WO 2006/034455

PCT/US2005/034176

41/113

No primary

st
\




PCT/US2005/034176

WO 2006/034455
42/113
Effect of EPHB4 antisense ODN
on the growth of H28 cells
1201
= AS1
£ 1007 AS10
S 80
X
> 60
= 40
S
> 20+
0 T
5
Concentration (uM)
Fig. 37A
Effect of EPHB4 siRNA 472
on the growth of H28 cells
120 - Control iRNA
_ Eph B4 iRNA
'© 100 - ‘§ %
g 809 % §
S 60 \
Py
= 40
QO
T (@©
S 20
0

0 0.05 0.1 0.2
Concentration (uM)

Fig. 37B



WO 2006/034455 PCT/US2005/034176

43/113

i %

4 0 hour 28 hours

e
S,

AS 10-treated

Control

E

~
Fig. 38B



WO 2006/034455 PCT/US2005/034176

44/113

Control

PRI o,
con -




WO 2006/034455

45/113

EphB4 AS Ephrin B2 AS

Eor s
e

Ephrin B2 S

PCT/US2005/034176



WO 2006/034455 PCT/US2005/034176

46/113
1 .2 3 4 5 6 CASE #
A v A Ve e N ——N NN

INT NINT N INTNINTNLILNTT N
- — o - e e = Eph B4

g osangge  [-actin




WO 2006/034455 PCT/US2005/034176

47/113

AN 0NN N 1N —
ST T AN
U LU U ULV U UV
U LU LU LV U U U
A B i K K B N

. s sve oW we s Eph B4

Ay S v e we 3-actin
Fig. 40A
AG 1478 (nM) AG 1478 (1uM)
e A N\ r —A\ )

0 10 100 1000 4hr 8hr 12hr 24 hr
NSNS - EDh BY e vt i -

Fig. 40B
(Scca SCCO SCC12 SCCI3 SCCI5 SCC25  SCCT1
-+ -+ -+ -+ -+ - 4+ - + AG1478
s ems EGFR
Eph B4

smne e Ephrin B2




WO 2006/034455 PCT/US2005/034176

48/113

EGFRI-—AG1478

Ras—GDP \
Shp2/GAP TlSos/GrbZ/Shc

ch Vav/Rac PLCy F—u73122

LY294002 Ras GTP
PI3K RAF p38 P AK
PKC
l MEK SB203580) JNKK

A_*|<_T ERK1/2 |—PD098095 JNKI'— [SP600125]

SH-5

Fig. 41A

Inhibitorof: N/A PLCy AKT  JNK PI3-K ERK1/2 p38
—

r—k—\r—&ﬂr—"Hr—L——\f—L—\r——’_ﬂ
EGF(10ng/ml) - + - + + + + - + - +
o AR A e e

Eph B4 # : -

B-actin e




PCT/US2005/034176

WO 2006/034455
49/113
4 <  EphB4-RNAi #
— = A
[e) e 7 —
] )
S 8 2 8 & o

f 120 120
.‘?100 :§~100
T 80 S 80]
2 S
= 607 = 601
D o
U 40 U 40-
X X
207 scc2s 201 sCC-15
0 s 0 ——
0 20 40 60 80 100 0O 20 40 60 80 100
Concentration (nM) Concentration (nM)
120, 120,
.‘?100‘ _é\‘loozN;
5 80 S 80 e
S £ iRNA EphB4 50
> 60 s ——5sij
] = ©0 -o—siRNA EphB4 472
U 40- Y 10 ——siRNA EphB4 1562
# 2 o] e,
1 Sl rin
201 scen 201 scca P
0 T T T T 1 B T T T 1
0O 20 40 60 80 100 0o 20 40 60 80 100
Concentration (nM) Concentration (nM)
\_

F

-
ig. 42B



PCT/US2005/034176

WO 2006/034455

50/113

N
020l 0 020l 0 ozol 0
%L’ :
W I W/zo %L8L | W™ W gl |
%CS 09 gns %e 1z b 09.anS
PSS gogor V| %L LE SSUdS H onr6e
19/09 15/09 { 19/00
L8l Yo9g zLyIs WU 001 ¥LT yog0sis WU 00L ¢Sl yogodn gAY
0zol 0 0zol 0
%S'LL
W2 ¥ geel
%g8'sL [ 099ns
OUAS Hopzos |
19/09
Yol zZpIs WU 0L vSl
020l 0 020l 0 o0z0l 0 ozo0l 0

%ELL
(174> —

%E VL
aseyqd s

Y91 ZOETIS WU 001

%8
0949ns

%¢E'LS

i 19/09

%961
Wzo

L %LLL

W
%LS1

- 3seyd's

09 Y9L0SIsWuoL

%¥ 0l
094ns
%CES |
_o\ou gyl

%S'8L

W/

4ol odi

U ey
%z'sL & 09gnS
958Ud Siop/'5S
19/09




WO 2006/034455 PCT/US2005/034176

51/113
q.
o EphB4-AS-ODNs
N A
o =
am) o —
A ® o - Y
o wn w wy w)
~ < << <C <

1207 <©-AS-1 -©-AS-6 ->-AS-8 =+ AS-10
-5--AS-2 -0-AS-7 -&-AS-9 =+ AS-11

Viability (% control)

o T T T T T T T
012345678910
Concentration (ULM)

Fig.43B



WO 2006/034455 PCT/US2005/034176

52/113




WO 2006/034455 PCT/US2005/034176

53/113

5uM TuM TuM
No treatment Scrambled  Eph B4 AS-1 Eph B4 AS-10

Scrape area-

i 1l
E - -
ph B4 AS-6 Eph B4 AS 0
g
Fig. 43E

400
350
300-
250
200-
150
1001

501
0 |

T

NT Taxol AS-6 AS-10

Fig. 43F

Migration (cell number)




WO 2006/034455 PCT/US2005/034176

54/113

2504 —O—Control

—/—B4-AS10 .

o 200 ---m---Scrambled ’
£
£
o 150
=
=
©°
2 100-
o
=
S

50

o 2 4 6 8 10 12 14



WO 2006/034455 PCT/US2005/034176

55/113

r

vl

Ephrin B2 AS

AR
B4 A

=g :




WO 2006/034455 PCT/US2005/034176

56/113

H&E EphB4/Fc

~
Fig. 45B

Ephrin B2 + LANA

N

"\

EphB4 + LANA Pl + PECAM1




HUVEC HUVEC/HHV-8 ~ HUVEC/HHV-8 HUVEC

HUVEC/HHV-8

(" HUVEC/HHV-8

WO 2006/034455

Ephrin B2

57/113

PCT/US2005/034176




WO 2006/034455

Ephrin B2

EphB4

B-actin

58/113

Marker

HUVEC
HUVEC/BC-1
HUVEC/BC-3

Fig.46B

PCT/US2005/034176



WO 2006/034455 PCT/US2005/034176

59/113

s Fig.47A

Ephrin B2

B-actin

N
DAPI Ephrin B2 4+ DAPI

pCEFL
vector
r Fig.47B
vGPCR
N ')
Fold
HUVEC Induction
pEFNB2-2491/-11luc 9.8
PEFNB2-1242/-11luc & 11.9
pEFNB2-577/-11luc 125
N
pGL3Basic g CEFL GPCR 25
0 50 100 150

RLU

Fig.47C



PCT/US2005/034176

WO 2006/034455

60/113

ygydl/s6z

-

K-vGPCR
A

SL

zg uuyda/eet

Ephrin B2

€67

V-453A
J-453A
8-l

o1l
W-0ouQ -
IN |

€6C °

ig.48A

F

bupol 493
buol 493
Buool D-493A
buol >-493A
BuooL Y-493A
bugl v-493A
IN

7g uuydi/eee
€6¢

o
[aa]
c
=
<
Q.
(S8}

Fig.48B



WO 2006/034455 PCT/US2005/034176

61/113

Lipo + si RNA Ephrin B2 63
Lipo + si RNA Ephrin B2 137
Lipo + si RNA Ephrin B2 254

Lipo + si RNA Eph B4
Lipo + si RNA GFP

>
c
)
()]
£
S
(4]
=
9]
Q
o
2
-1

Ephrin B2

B-actin

-o- siRNA EphB4 50
-e-siRNA Ephrin B2 63
—A~siRNA Ephrin B2 163
—- SiRNA Ephrin B2 254

Viability (% Control)

O T T T T 1
0 20 40 60 80 100

Concentration (nM)

Fig. 49B



PCT/US2005/034176

WO 2006/034455

62/113

VEGF

FGF + EGF + IGF

o 5 E

FE et

)

<

~ P

-ce

L0 4 st

KA w s
. EY A

do YNy Is

zg uny




PCT/US2005/034176

WO 2006/034455

63/113

0o
)
w
4
(o)
<
Q.
L
£
S

N

OAIA U]

Fig.50



WO 2006/034455 PCT/US2005/034176

64/113

/
Expression of EPHB4 in bladder cancer cell lines

a M O
DU ‘_mm
¢8§ vc'v\wg"-'\%
o
-
a -~ 25K ERSES
182.9

113.7 e S e mosiy sy Wy o W, SO EPHB4

638 R T P ==t beta—actin

Regulation of EPHB4 expression by EGFR signaling pathway

Control
AG1478

s wews FPHB4




WO 2006/034455 PCT/US2005/034176

65/113

Transfection of p53 inhibit the expression of EPHB4 in 5637 cell

P53/PTEN(2ug)
P53/PTEN(4uq)

EPHB4

1
|
i
|

— a——— =, Peta-actin

Fig.52



WO 2006/034455

66/113

PCT/US2005/034176

Growth inhibition of bladder cancer cell line(5637)
upon treatment with EPHB4 siRNA 472

viability (% of control)

1201
1001
801
60 1
40+
201

N\

control
10um
] 100um

N\

siRNA 472

siRNA 2303

Fig. 53



WO 2006/034455 PCT/US2005/034176

67/113

/‘

Apoptosis Study of 5637 cells transfected
with EPHB4 siRNA 472

1.5 1

Hi

0.5 ]
ol 1 . . .
onM 10nM  50nM 100nM

absorbance at 405nm

(

J

-
Fig. 54



WO 2006/034455 PCT/US2005/034176

68/113

( Cell migration study of 5637 cell upon
treatment with AS10(10uM)

Ohour . 6 hours 9 hours

g
Fig. 55



WO 2006/034455 PCT/US2005/034176

69/113

Invasion study of 5637 cell transfected
with siRNA 472 or control siRNA

e v o




WO 2006/034455 PCT/US2005/034176

70/113

a Comparison of moABs by G250 and in Pull Down Assay

il

NoAb 001 023 035 047 057 079 85L 85H 091 098 121 131 138

L ‘ Clone # Y.

.V
Fig.57



WO 2006/034455

Size of Matrigel plug (mm3)

PCT/US2005/034176

71/113

SCC15/MG xenograft Tumor regression

B4 Ab's with VEGF - or + in matrigel on Scc15 in nu/nu mice

2400 -
2000 -
1600
1200 -

800 -

400

0]

VEGF -

VEGF +

control




WO 2006/034455 PCT/US2005/034176

72/113

Effect of B4 antibodies on SCC15 Tumor histology
Proliferation Vessels

&

5 Rk BT
SRR




WO 2006/034455 PCT/US2005/034176

Size of tumor (mm3)

Tumor size (mm3)

73/113

SCC15/IR,SC B4 Ab treated xenograf Tumor regréssion

Effect of Ab-47 and 138 on Scc15 in Vivo (hu/nu mice)

300}

--== Ab-47
250 I
200 p

- —o— Ab-138
150+ s e 3

-

Via
100 P T e control

50+

¢
o

4 6 8 ' 13 ' 15

Days after implant

Effect of Ab-47 and Ab-138 on Scc15 in Vivo (Nude mice)

300

2501

200/

150- |

100 | -
50/

Ab-47 ' Ab-138 ' control

N
Fig.60



WO 2006/034455

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581

ggggtttcat
ctctgectee
tttctttace
cctctggaca
atggggtgac
ccecectggge
aaacgcagtc
ccgcagcaag
ggccctcecegt
ggcctgtcee
ccgccacgge
ccaaactttc
gaattattca
cgttgggaga
gcccagttce
tctececeteee
cactcggccc
ggctcagceccce
cacgtcttge
cgcgegegeg
cgcatgggce
cgcccaggga
ccgagtgagg
ctttggaagg
cccaacatct
cagtcccaaa
cgacgggtag
acattcccct
tttecctttee
ccteccegeceg
tcgtgctagg
ccagttccac
ccgctectecee
tgcaccccat
ttgagaccta
acagccccceca
atttctttgg
agaaactctc
tctggtatga
agcggcgtta
aaggctaggt
gggaacaaaa
acgaggtgtg
tgagtgttte

catgttggcec
caaaatgctg
gttgtttect
tttttcaggg
tgtgtgaacg
ggccgtcaat
cctgegecca
gtcagagcgg
gttgctgcectg
gggggtccct
gcacatctgg
tctcaactte
gtagcgtgag
gctgceceeg
agcgcagctce
tcecegeteeg
ggcggegega
ccgccacceg
tgecgegeeceg
gcacagacgce
cgcgectgagg
gagtcagacc
cggcgccatg
tgagtttcect
gggcctegga
cacttcggac
tggagttttce
gcccgggcete
tcectaccece
tacatgaggg
ccctaaaacg
actcctgcaa
gcccactget
ccctttaaat
ggagcgggta
catcgcceccta
ccatggatcg
ctgtgtccct
aagtggttat
gaaaaaccct
gtggggttgg
accatgaacg
gtgagaagga
caagcaccag
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EphB4 gene

aggctggtct
ggactacagg
cgatttttet
cttggttgeg
ttcgctgcaa
tctccaaage
ctagagggtg
gctttgtgtg
ggtgtgtgtt
gggccccage
gcggtececegg
ccgacctgct
ctccaatcag
ccceecgege
agcccctgee
tcceegeteg
gcagagccac
gggcgggacc
ccecggegegg
ggggccacac
gcceccgacga
tgggggggcg
gagctccggg
tgcgggggag
gtggaggggc
cgatagtgct
ttttgtttgg
cccgaactet
actattcaaa
aaggtttctg
acccccageg
caggatggcc
cctgeccectg
gcggtctaga
gaaactgacc
actaacccag
ctgtccctee
aatgtccttt
ggggcggtag
ctceceecetgg
gagtgagggg -
aggggaagag
aagacgcaaa
gcctgégctg

Fig.61

tgaactcctg
cgtgagccac
ctactcccta
cgcacagtag
ggctatccaa
ttctactcce
gtgggcgcat
cgcggtgaac
ttctctgcete
cccgacatge
ggttcctcac

.ccactcggtg

cgcgcccggg
gccccteect
cggeccecggcec
ggctcccacce
tccagggagg
ccgaggceccece
ccactgccag
ttggcgecge
ggagtcccecge
agggcccccec
tgctgctetg
ggcgcacccc
cggcctectga
ggaacgggag
gaaagagatg
cactgctgat
actatctgca
gagaagcaac
ccaattcctt
tcetttgeat
gtatagggtg
cceceggececece
tacacagcce
tctatctcece
tggtccccta
cagtgagctg
gctatgaggg

ctgggcagga
aggcttgcce

gaaggccaaa

gaggaaatgg
agcgccttac

A
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acctcaaatg
cgecgeecgece
gcgcagctta
gtccccaaca
actgggattg
ttttecttce
ccaagagcgg
atttacgtgce
cctggtgcca
tcggtcctgg
ccgeecgecce
cccctcteceg
gctcactege
ccegggeceg
cgcecggcete
atceccecgece

gggggagacc
ggagggaccc
cacgcteccgg
cgeccecggtge
gcggagtatc
aaactcagtt
ctgggcetteg
gtcactcctg
ctacccctac
g9999cg999
gagtctggct
tacatacgcce
aagtttctgt
agcagacaag
agcgatcaca
tcacacagca
gctecttggt
aggtgagtcc
ccaggtagaa
acctcctggt
aagggggagc
ccaacaccce
actcccaaag
ctgeccctggg
agctcagaga
ggggtggaaa
tgattgtgac
aaatattaat

atccgecctge
acacccacct
gtgegegecet
ctgaatgttt
ctccttgagg
ttttceccca
catctagagt
acgcctgggce
gcegggtteg
acagcgcgca
tceceecttet
cttcecctcecat
ggagcccccg
gcgcegeceg
cgcgecgcag
gcgaggagag
gcgagcggcec
caactccagce
gcecegecgcee
cccgecacget
ggcgtccacc
cggatcctac
ttggcecgecag
ggacctcccce
ccgggcactg
aagaggcgcc
acgacccggg
cctggetgee
cccagtccca
gcacaacttt
ccttgatcct
aacccccaaa
ttctacaggce
cgggcttecce
actgacctac
ctctccaage
caagagccct
cctttctetg
ggaaggatte
ctggggatca
acggagaagg
aaccacgagg
acctattacc
ttcacccatc
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cagcaacgct
tagttaaggt
gccgaaagcg
gaggagagat
gggacgcaga
tgtgtaaatt
agcctctatce
tcttgccacce
ccctagetgg
cttctectect
tcecagegee
ctccactcte
cctgtceccecect
cgeccecccag
gcgggagcect
gggagggagg
aggagggaag
attgtggggt
gaggttccce
tcattttaac
cctccaggga
gggtggggtt
tgctcececte
gttcccaggg
tctgtctgte
gacattceceot
gaaactgagg
tgtcceecca
cctcgcagta
gcagccctct
aggaactgag
tgcagcgtge
ccgteccacgt
ctgggcgcete
ccacggccct
agggctcage
cgatgtagtt
tggggaggga
ccggeccceca
ccactgtgcet
agctcaagac
tacttgtctt
cctcectaca
tttattttte

aagggtggtg
taagtagttt
aaggagagat
aggtgagaga
aagggagcct
ggagacagga
caccccctte
catggggacc
aggacatcat
gcagctccca
caatgccccc
cactgcecagg
cccecgatga
aatctcctce
gggaacccta
tactgggatg
gacggggtgt
agagaggctg
tcccacacca
cctttetgag
ggcctagate
ggcacttagce
ttggccccce
atctggtctt
tcagagaccc
caggtggacg
gaggagaggg
gatgacagca
ccagcagccec
ccetggegge
cggcctggat
ccegggecag
gtacgccacg
ctgcaaggag
cacgccagcece
cacagccaag
gcgaggcctce
agggggtgat
gggaggccca
ccagccacac

tttgcagecgg
cggagttcca
atcctgcata
ttttatatct
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ctattattgce
atccaaggcc
agtgactgte
catgcgaact
gcgecttgcete
aaacactatc
ccagaacccg
ttgcgcetcet
ttggtcccca
tggggtggga
cacattgececg
ggctgtgcag
tccgageccaa
cctectgectt
gcatcccgac
ggggccaggg
ttggtctgaa
attctgggac
gcagcctctg
ctgcecgececcece
tggggtatcc
agaagaggcc
aactcctcta
cctgacctee
tgctgaacac
ggecaggtgag
cgcctgtgee
gccccagéag
ccectttcteca
tccecagece
gaggaacagc
gcccactgge
ctgegcttea
accttcaccg
tggatggaga
gtgggattcc
tggccegege
cttetgggcg
agggtcagge
tgagtttcte
tgatgtctce
gctceccgaga
cctctgteca
atatttttaa

ccccattttt
ctgtgcegeg
agaaagagaa
gacagatcaa
tgggctgegg
ccggetggaa
ggcatcctgt
cacctcaggce
ggaagaggct
gccaggtgtt
gcccecgagg
tttttecctaa
gccaggtgtg
cccataacca
ctccagtgcet
ctatgcccca
agcagagagg
ttaggggagg
ctegtggggg
ttcteceegt
caagggagcc
agaaatcagg
gctcagagct
ctccececace
aaaattggaa
agctgcaccc
gcctgettte
tgtcgtcetga
gtcecctcectea
ccttgctgac
acagcgtgeg
ttcgcacagg
ccatgctega
tcttctacta
acccctacat
agccagcagg
gctgggggcet
gaggagcaga
ttctecteca
ccattccetg
acctggggge
tcttgecetgt
cctgectgte

agcggggtct

Fig.61B
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cagatgagga
aggaacagcg
acggaggtgg
agegtggcetg
acagcccgag
caatggaggg
ccccagtgag
tggctggcett
gcctcaccca
ctggctcece
ggattcctgt
tcececcecect
ttcaccecte
aatccagatg
tcctgatcag
ggcacggagc
ggtcttggac
aaacgtggag
tcaggaccag
acattttgat
ccatgcecctac
cgggtgcaga
aagaggatcc
ccaggcactg
actgctgatc
aggagctgga
tgtgtgccac
gcccttctea
ctttatagga
ctccttetet
cacctacgaa
ttgggtccca
gtgcctgtcee
tgagagcgat
caaggtacct
ccecgtggect
ggaagcagga
atatacgggg
gtcacctcaa
actgcacctg
ctctcetgecet
gccaccttgg
tcggcactca
tctacgttac

ggctggggcet
agaagtggag
acagagagtg
cagctgagct
géagagacag
tggagacgge
cagggctgte
cccatctgac
ccctetttet
tcteccacccet
accctcecte
tcctecagtg
ccattcatac
tgaggcctcg
ggcactcgtg
gctceccttca
agggaatgaa
gctgagacaa
ggcgcagcetce
ctcecctecet
cagatgttgg
gggcaggget
acctgeccteg
actctgtcte
tgaagtgggt
gctetggagyg
tcctctecce
gaggcgccct
ttcaccccat
gcacagtggg
gtgtgtgacg
cggcggggcyg
ctgeccteggg
gcggacacgg
gggtgccccecce
ggagggcagc
ggcttaggtc
gctgcectgge
ccaccctace
gctggtttcc
ctcacacccc
ctgactctct
ttttacttta
ccaggctggt
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ctctaactcce
aggcatgagg
cgctgtctee
tagaacgagt
ctttgcaagg
agggaagatt
cagtccgcectg
gtggacacgg
aaggtgaatg
ttccaggacc
gcccagctga
cccgtggecg
tactgecegtg
gggttcgagg
gactgctgcet
cattttgtat
tggcacaatc
ctgcctcage
ttgtatttta
ctgaagtgat
cacccagctg
aattccacct
gcctgacaca
cacttgagcc
aaaatttttt
ggtgcgatct
gecctecegag
ttagtagaga
tctgceegece
tacaaaaact
tctctactaa
ttgggaggct
gatcatgcca
ttgceccagge
tcaggcgatt
cacacccggce
gtcttgaact
aggtatttac
tcacagatgt
cccaaacttt
tatgtatttt
tcaccagact
cctttectect
tcatcagecct

tgggctcaag
cactacgccecc
ttgactctga
gaataaaaag
ctgaatggac
ctggaacggg
ggtcctcagg
tggccgegga
tcaagacgct
agggtgcctg
ctgtgaacct
gtagctgegt
aggatggcca
cagctgaggg
catccggggg
agttagatgt
tctgctcaac
ctcgtgagta
gtagagacgg
ttgceccegecet
gaaaaaaaaa
gcagttgtag
gtggttcatg
caggagttcg
ttttttttte
cggctcactg
tagectgggac
tggagtttca
ttggecctcece
ttttagataa
aaatacaaaa
gaggcaggag
ctgcactccg
tggagtgcag
ctcectgecte
tacttttgta
caagtgatct
aggccattcc
taggagactt
tttecctecatg
gtggagtgct
gccgagatca
ctaagaggaa
taaaagaagc
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agatttctce

ggcctcatgg
ggtcaaggcc
ggggagaggt
agtgtggggg
aaccaaggag
gagtggggac
gcatctcacc
gcgtctggga
catggccctg
gactcgattc
ggtggatgce
gtgggccgaa
gaacaccaag
agagtcctga
tgaaatggag
tgcaaccttt
gctgggacta
ggtttcgeca
cggcctcececa
agactttatt
caggacctga
cccatagtge
agatcagecct
aagacagagt
caagctecgce
tacaggcccc
ccgtgttage
aaagtgctgg
ttatetgggc
ttagcecggac
aatcatttga
gtctgggagt
tggtgggatc
agcctcccaa
tttttagtag
gccctetttg
aagtgccaaa
gctgctatat
tttcattgca
tttaaaatca
gggtcgaaac
aggttttgag
tggaattttt

caccteggcce
tactttataa
tggcatggeg
gcaggccaga
cctgcagaaa
gtcegggagg
agcagcggtg
cggaagcgcee
ccgectcagea
ctatccctge
ccggagactg
gtcceccegece
cagccggtca
tgccgaggtg
actccactca
gcttgctctg
gcctecceggg
caggcacacg
tgttggccag
aagtgctggg
ttcacctgaa
cacttgggcc
cagcactttg
gggtgacaga
cttgctctgt
ctcccaagtt
gccaccacgce
caggatggtc
gattacaggt
gacctgcctg
atggtggecgce
acccaggaag
gcactccaac
tcagctcacc
ggagtagctg
aggcaggttt
gcctecettet
agattgtttt
gttaagaaag
tttcagctta
taagttggag
aggtgaggac
atcttttgtce
tttttttttt

Fig.61C
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tcctaaagtg
cttcececcagg
tcagtgtcag
ggccgggcat
gtgtgcecctg
gtgagctggg
tgccteeccee
ctggggccga
aggctggett
acctcttcta
tgccteggga
ctggccccag
cgggctgcag
agagctggag
ggacccactt
tcacccagge
tcecectgttea
ccaccacgce
gctggtcteg
attacaggcg
attcattaat
ccatggaaat
agatgccaag
gcaagacccce
cgcccaggcet
aacaccatte
ccggctaatt
tcgatctcct
gtgagccacc
accaacatgg
atgcctgtaa
cagaggttgc
aagaaggagt
gcaacctcca
ggattatagg
ccaccatgtt
caggaaaaaa
tgctcatggt
aagcacaaat
attggtttcc
tagaggtctt
cccttetetg
cattttcceca

ttggagatgg

ctgggattat
attcattcat
taaatgtttg
atcgcaggag
gggaaggtgg
aagaacacaa
ccgecggcag
ggccaccggg
ctacctggec
caaaaagtgc
gctggttgtg
ccccagecte
ctgtgctceg
cttcececetge
cttaagtttc
tggagtgcag
agcagttctc
cggctaattt
aactcctgac
tgcgtcacca
ttccacttga
cacaggtatt
gtgggaggat
gtctctaaaa
ggagtgcagt
tcetgectea
tcttgtattt
gacctcatga
acacccggat
agaaaccctg
tcccagetac
ggtaagccga
ttcgctettt
cctceegggt
tatgcatcgt
ggccaggctg
aaaaaatcac
gacttcagta
gttgctgtag
ctggtattcc
tctgtgggct
gagagagtct
ccttagcact
gatctcgata
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tgttgcccag
aagtgctggg
atgcttttga
tcaggagaag
gccgtetgece
tgcaccagta
aggtggaccc
ttgtcecctag

gctgetggtg

cteceetggte’

gctectececet
cctacgccct
acctgacttt
tacgtcctga
ccacggggcece
gggggctggg
ggcaggggct
aggcagaaag
gaggctgaga
gaagatctct
ccagctactce
tgagctatga
tcaaaataaa
agtacaggaa
agccaggggg
catggccagg
cccatgtcta
ttgggaagca
ctgecgccact
ttttttaagt
cagtacctcc
tggcctggge
atgagaaggt
ggctgggaca
ttececetggge
aaaatagtta
gctcacgcct
ggagtttgag
gggccgggcg
atcacaaggt
aaaaatacaa
ggctgaggca
gccactgcag
aaaaaaaacg

gctggtettg
attcgaggca
tgaatgcttt
ggtcctgéca
agtgccgegt
agtgaccagce
tcacatggcece
cccggaggaa
cctececattge
tcectgecagece
gcacctggaa
ccgetgeegg
tgaccccgge
cttcacctat
cgtceccattt
gcggetggtg
gtgaagttgg
agggcaatgg
caggcggate
ctacaaaaaa
aagaggctga
tcgcaccgcet
tgaataagaa
ggcccccagt
aaattgagac
ctgatcacaa
ctaaaaataa
accagaagaa
gcactccage
taagggacag
tgcagtgtct
tgttceceegg
aaggccatcc
cctgggttge
agccttgggt
ctgtaatagt
gtaataccaa
accagcctgg
cggtagctta
caggagtatc
aaaattagcc
ggagaatggc
tceggectgg
caaaaaatac
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aaccccttgg
tgagccaccg
ctctctctea
gccatgeccca
cgggtacttce
acccaggtgce
cccatectece
catgtggagc
cctctececcea
ccteecttegg
tggagtgccce
gagtgccgac
cccegggacce
acctttgagg
gagcctgtca
gtctggeggg
gtacccecgga
ctgggcgecag
acttgagcce
taaaaatatt
ggcaggagga
gcatgccagce
agagagggtg
gggactgggg
aagtgtagce
ggtcaggagt
aaaaattagc
ttgcttgaac
ctgggtgata
agctaccatg
gacatceggg
gcacccagtg
cccagccectg
aggcacctgg
aagcccecttg
taccagcagc
gcactttggg
gcaacatggt
cgcctgtaat
gagaccatcc
aggcgcggtg
gtgaacccag
gcgaaagaac
ttaaaatgaa

ctcaagcgat
agcccaccgt
gcctgtgcece
gccaatagcce
cgggcacgca
agttcactgg
ctgggcttcet
ccactgtcte
ccaccgcaga
ctcecgeggag
ccctggagte
ccggaggctce
tggtggagcc
tcactgcatt
atgtcaccac
agagatgtca
agtgtgaggg
tggctcacge
tggagttcaa
agccaggcga
ttgcttgage
ctgggtgaca
aggagctcgt
ccagagagaa
agcagaggaa
tcaagactag
caggcatggt
ccaggaggcg
gagcacgact
cacaagggtt
tgacgcggte
gggctgtgcet
gggtgggtgg
caggcatttg
gcctgtctga
tggacacagt
aggctgaggce
gaaacttcat

cccagcactt

tggctaacac
gcaggcgcct
gaggcggagce
aagactctgt
aaaaattaga

Fig.61D
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cctccagect
gcagatggat
agggcacctt
actctaacac
cagacccceg
ggaggggtca
tcectttgte
caaggcaaga
gcaggtcgge
cgtggtttce
tggtggccga
ctgtgecgecce
ctgggtggtg
gaacggggta
tgaccgagag
ctgagggcct
gctaaggctt
ctgtaatccc
gaccagcctg
ggtggtgcat
ccaggagtcg
gagcagtgtg
aaagctgggce
tcagaaggaa
gtgttggaaa
cctggecaac
ggtgggcacc
gaggttgcag
ccgtctcgaa
ccectgtgtet
ctcacccage
ggactacgag
gcaatgggtt
aattccagcet
gcctcagact

ggctgaggtt

'gggcagaatg

ctctataaaa
tgggaggcceg
ggtgaaaccc
gtagtcccag
ttgcagtgag
ctccaaaaaa
ctgggcacag

cagcctccecca
gtttttgtge
caagccccetg
cattggatca
gggtgcaccce
cagacctctg
cctggcatge
gtccagcatg
ctctgeetga
cgcctgaacg
gaggacctca
tgcgggggag
gttcgaggge
tcctecttag
ggtgagactt
gaaggggaga
tgggggcaag
agcactttca
ggtaacatag
gcctgtggtce
gaggctgcag
agatcctcte
tggagagtta
ttctcgaaac
agataaggga
gtggtgaaac
tgtaatccac
taagctgaga
aaaaaaaatt
ctgcctctceca
agcttgagcc
gtcaaatacc
gtgctctecct
ctgccatgga
cttcatctat
gggtgcggtg
cttgagccta
aacttaaaat
aggtgggcgg
catctctact
ctactcggga
ccgagatage
aaaaaaaaaa
tggctcatge



WO 2006/034455

10561
10621
10681
10741
10801
10861
10921
10981
11041
11101
11161
11221
11281
11341
11401
11461
11521
11581
11641
11701
11761
11821
11881
11941
12001
12061
12121
12181
12241
12301
12361
12421
12481
12541
12601
12661
12721
12781
12841
12901
12961
13021
13081
13141

ctgtaatccc
gaccagcctg
gtgtgttgge
gaacccaagt
attccagcct
cacatggctt
atgggagtgg
gacggccacce
ctgaagacgt
gtgcaggtac
cagacccaac
caaagttcct
tttttgagat
cactgcaacc
gggattacag
gcttcaccge
cctcccgaag
atgtccttcet
aaaccaaaac
ctggagcgca
aaccccagca
agtctgacca
gtggtgcaca
tgggaggtgg
agcaagactc
tgacccectga
gggctttgag
tttectttecac
gtggegegat
atccacccge
ctaacttttt
ggcaccatca
gcctcccaag
tgttttgttg
caatcctcce
gcattggace
gttceccctge
acagaattgt
gaccctatag
caagcactaa
cgagcagaat
tgtggtttgt
gcagtggttc
cctcagcecte

ggcactttgg
gccaacaagg
gggcccctgt
gattctcgac
gagaaagtga
gcatgcgtaa
agggcgaggg
ccactacctc
cagaaaaccg
gggcgegetce
tggatggtga
gggaagaccce
ggagtcttge
tcegectece
gcgecctgeca
gttggccagg
tgctgggatt
tcctgtggat
caacagctga
gttgctecgat
ctttgggagg
gcatggtgaa
cctgtaatcc
aggttgcagt
tgtctcaaaa
gctccccatt
gattggaggt
attttttttt
ctcagctcac
ctecggettee
ctttttttta
tagctcattg
tagctgggge
agacagtttc
gcatcggect
agtggcttte
catacaattt
gcagtcacca
cccttagcca
cccactttet
gttttcaagg
tttttgtttg
aattacagct
ccaagcagct
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gaggccgagg
tgaaatcccc
aatcccaget
ttgaggtcga
gaccttgtct
gttctecccaa
aaggaggcag
tccecggacag
ggcagagctg
tgaggcegge
gcctggggaa
caggtctcca
tctgtcecte
ggattcaagc
ccgegectgg
ctggtctcga
acaggcatga
cacatggcat
gttttgtgaa
caaagctcac
ctgaagcagg
accgcegtcte
cagctactcg
gagctgagat
aaaaaaaagc
ccccatccaa
aacaggttat
ttgagacgga
cgcaagctcce
cgaaatgctg
agagacacgg
cagcctacaa
tataggcatg
cctatgttge
cccaaagtge
taaaccttgt
gcctgttcaa
ccacaagtaa
tcacccecccca
gtcttgaaat
tttatgtatg
ttttggaaac
cactgcagcce

gggactgtag

tgggtagaac
gtctctacta
actcaggagg
ggctgcagtg
taaaaaaaag
aggcctcacc
gaagagcaac
ggcgccgagg
cgggggectga
tacgggccct

gggggtgagg
aagtcccatc
aggctggagt
cattctcctg
ccgatttttt
actcctgacc
gccactgcac
gccctagaga
gtctggcectg
tgcacagcca
aggatcactt
tactaaaaat
ggaggctgag
tgtgccagtg
tcaccgecagg
caaaatggga
ttttaatatg
gtctcactct
acctcctggt
ggactgctgg
tcttttttat
ctcccgaget
tgctaccegtg
ccaggctggt
tgggattaca
aattttetgt
agtgtacaat
ttttgggaca
cccagatctt
cttccagtgt
ttgtagtata
agggtctcge
tcaacctcce
gcatgagcca
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acctggggtg
caaatagcaa
ctgagacagg
agtcgtgttt
gaatgatatt
agttgcaagg
aggaacttgg
gtcccagcag
agcggggage
tcggccagga

gtgggggttg
atcttttttt

gcagtggcac
cctcagectce
gtatttttag
ttgtgattcg
ccggtcaaag
ggagagaacg
cttcactctg
ggcacagtgg
gaggtcagga
atagaagtta
gcaggagaat
cactccagcecce
cttgactttt
atatcatgaa
ctaggccagt
gttgecccagg
ctcgatctge
cgtgagccac
cacccaggct
caaccaatcc
ctcaactaaa
ctcaaattcc
ggcatgagcc
aatagcttta
cgatgacttt
ttttcagcac
tctgttgecet
ggtcttttgt
tatccgtggg
tctgtcaccc
aggctcaagt
ccatgcccag

aagagttcga
aatcagctga
agaatcactg
gcaccattgce
atgaatacag
caggctagtg
gttcccgggt
cgtgeggtte
cagctacctg
acatcacagce
gaaagacccce
tttttttttt
catctceget
ccgagtagcet
tagagacggg
ccegectegg
tcctatctte
taagatgtcg
taccceccagg
ctcaccctgt
gttcgagacce
gctgagcgtg
cgcttgaacc
tgggcaacag
agcaacaacc
gcttecectgea
ggctttcttt
ctggagtgcg
tgacctcctg
cacgccecgge
ggagtgcggt
ttccacctta
ttttttttta
tgacctcgag
gccacaccca
ctgaaataca
tgatacattc
cctcaaaaga
tagtccctgg
gactgttcac
tttttttggt
aggctggagt
gatcctceca
ctaatttttt
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ttggtatttt
agctcaggca
tggacctggce
tggaatgtaa
ctcctaccte
ttattattat
cctggectceca
ccactgctcc
aaatagctga
ttggataaaa
gtggactctg
aggctggttt
aaattagccg
gagaatcgca
cagcctgggce
gtaagaaaag

cccetggggg
tccctecace
aagccggggc
ccgcagagag
gtgtggtcct
gacacccaga
aagcctttct
tcctttggtg
atcggctaca
tatetcateg
gtggtggcte
ggtcaggagt
atcagtcagc
agaagaatca
ctccaggcect
accacggaga
gttaattcce
ccttcactta
cctacgtcaa
tgggaacgaa
tccttgtttg
aaggagagct
gagtttctga
gagggcgtgg
gccctggact
ccacttacac
acctcctcca
agacagagcc

ttgtaaagac
atccacccac
ctgttttttg
tggtctgatc
agcctcctga
tttttgatag
cacaatcctc
tggccaatat
ttttgttttt
acctgaaaat
gtatttatac
gagactagcc
agcatggtgg
gaacccggga
gacagagtga
atttcgaaac
agagtttgaa
tgtccectgt
tggggcctce
cgagggctgg
ggtcctggtg
ggccectgga
ggctgtccce
tgtgtgccte
ggaagcagag
gacatggtgg
ctatctataa
tcgagaccag
caggcatggt
ttttaacccg
gggtgacaga
caggggtttg
agctgacggg
tgaagaccct
gattgaagag
gcgggggtag
aaggtgagtt
gtgtggcaat
gcgaggcecte
tcaccaacag
ccttecetgeg
ccagaggcca
gcettttect
tcgetetgte
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agggtttcac
ctcagcctcee
tttttgtttt
atagtgcatt
gtatctggga
agacggggtc
ccacctcagt
ttcatttctt
tattgtatct
gtttcacctt
tagaaccaaa
tgtccaacct
tacacacctg
ggcggagatt
gactgcgtct
ttcctecectt
acccactgtt
actggggacc
tacaggacca
cgggagcagce
gtcattgtgg
agccctcagt
agcctctttt
ataaagatgt
caatgggaga
gttgccctaa
tcccagecact
cctggccaac
ggtgggcacc
ggaggcggag
gcgagactcce
gggctaaaag
gccctgectg
aatgaggctg
gtgattggtg
gcagggccac
tggcgaggtg
caagaccctg
catcatgggce
catgcccecgte
ggtgagcacc
cttgggttaa
cttgggctaa
gcccaggetg

catgtttccce
caaagtgctg
gaacacacga
gcagcctcaa
ccacacgtge
ttgctatgtt
atctcagagt
tttatggaga
tttggtgaac
tagaacgttt
tcaaaaccac
ggtgaaagcc
taatcccage
gcagtgagcet
caaaaaaaca
gccctgaggt
tgttcecctga
tgttctcagg
tcagtttcte
tggcecctgat
tcgcagttct
tgatggccac
tacttgaaat
gtgactcagt
gaagcagaat
tttgatggga
ttgggaggca
atgttgaaac
tgtaatccca
attgcagtga
atctcaggaa
ctatgagccg
atttctcagg
tgagggaatt
caggtgagag
actggagcgg
tgcecggggge
aagggtggct
cagttcgagce
atgattctca
ctcectgget
gaagccagga
gccectggtece
gagtgcagtg
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aggctggtct

tgattacagg

ttttgetttg
actcectgggce
tcaccaccat
tcccaggcetg
gctgggatta
cgtaataatc
atttcaattg
cattgaatgg
tctggecgget
catctctact
tactcaggag
gagattgcgce
aacaaaaaat
acttcagagg
ccttgeetge
agatcacagt
ctgatcagca
tgcgggcacg
ctgcctcagg
ctgecectgggt
cttctccaat
ttaccttttg
attcggacaa
ataggggctt
gaggtgggca
tccatctcta
gctactcagg
gccaagatcg

aaaaaaaaaa

agccteccgag
tactaaggtc
tgcaaaagag
ccgaaggctg
gagagctgat
ggctcaaggce
acacggagcg
accccaatat
cagagttcat
tctgecggeca
cagacagtgg
tctgcetttt
gcgecgatete

cgaactcctg
catgagccac
tcacccaggce
tcaagcgatce
gcttggctaa
gtcttgaaca
caggcatgag
agttgtatgg
tatcgacttt
agattttttt
gggcatgcecct
aaaaatacac
gctgaggcag
cactgcactc
tactctggca
agcctgectgg
ttgtgteccte
tcattgctca
gcctttectt
gcagtcgtgg
taagggctct
gctacaggac
ccctgectecet
ttcctttecee
acacggacag
ggggcegggt
gatcacttga
taaaaaatac
aggctgaggc
cgccactgeg
aaaaaaaaaa
tccagtggga
tacatcgacc
atcgatgtct
cccgggeace
gacctctgceg
cccagggaag
gcagcggegt
catccgecectg
ggagaacggc
cccggagtte
gtcccaggtce
ctttttttta
ggctcattgce
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tgtcteccacce
ataggcatge
atgtaggcca
aaagtgctgg
ccctetggga
gttgtcattce
ggagtttcac
ctcegectee
ggcatgtgcce
gttggtcagg
agtgctggga
gacagagtct
gccttgacct
cactcatgta
taggttgccc
acagcactgg
aatatttact
tacacacggce
ctgaaaatta
tgaaaaaaag
aatttatttg
gcttttettt
cgttcttggce
cctgagtage
agtagagaca
tccacccate
taggcatctt
acagagttat
gttgttctaa
ggctttgtac
ctttcgecca
tggctcaggt
ccacacctgg
ctggtctcaa
ttacaggcgt
agcagttcct
tcttgattte
ttcctgtaag
gagatggagt
acctccgect
caggcgagtg
atattggcca
cacagtgctg

tccagggttce
accaccatgc
ggctggtate
tattacaggt
aaggctgggce
cttetttttt
tcttgttgcee
caggttcaag
accacgcttg
ctggtctcga
ttacagacgt
cactctgtce
cctgggctca
ccaccatgct
aggctggtct
gattgcagge
gagtgctttce
aaactggatt
gcaagtaaat
caaacggggt
gtcactttac
tttcttgaga
tcaccgcaac
ttggaattgc
gggtttcatc
tcggececte
tttaaaaaaa
agcgattccc
agatgtcctt
ctggttatta
gtttagagtg
gatcctcctg
ctaattttta
actcctggac
gagccaccac
catgatgaca
tggatttatg
agaagctcta
cctgetgtcg
cctgggttca
ccaccatgce
ggatggtcte
ggattacagg
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aagcgattct
tgactaattt
aaactcctga
gtgaggcacc
tcctgggacc
tttttaattt
caggccggag
cgattctcct
actaattttg
actcccgacce
gagccaccgce
tctaggctgg
agtgatcctc
cagcaaattt
gaactcctgg
atgagccact
tacgcaccgg
tctectettg
agacaggctt
ccttcatgca
cagattttac
tggagtttce
gtccacctcece
atggcatgca
atgttgccca
aaagtgctgg
tcaaaacatt
tagcgtcatt
cactgctget
tatatatttt
cagtggtgca
cctcagcecte
aattttttac
tcaagcgatc
gcctgetgat
ctgacacact
aaattcttct
tctgatgtgg
cccaggctgg
agagattctt
cagctaattt
gaacttctga
catgagccac

cctgcctcag
ttgtattttt
cctcaagtga
acgcctggec
ttcectttece
tgttttaatt
tgcaatggca
gccttagecet
tatttttagt
tcaggtgatc
gcccggcecaa
agtgcagtgg
ccgectcage
ttaaaatttt
cctcaagcga
gtgcectggece
tcatcctece
gggagcagag
tttaaaaaag
gatgtggcta
tgactttttt
atctgtcacc
tgggttcaag
ccaccatacc
ggctggtctt
gattacaggc
tttctatgta
gaatacccag
ttattccaac
atttatttat
atcatagctc
ctgggtagcect
ggagatgggg
ctccectecett
tattatattt
gaagggttag
tatgggatca
ggtttttttg
agtgcagtgg
ctgecctcage
ttgtattttt
cctegtgatce
tatgcecgge

Fig.61G

PCT/US2005/034176

tctcccaagt
agtagacaca
tctccecace
agccctcectge
actgccccat
gaattttttt
agatcttggce
ccccagtage
agagacgggg
cgectgecte
tttttttttt
tgcattcata
ctecctgagta
ttgtagagac
gccteectee
tgtcattcct
agtccccagg
ggtctaatgg
taaacaaatc
gagaggaaag
ttttttttta
caggctggag
tgattctecct
cagctgatgt
gaactcctgg
atgagccacc
gcaaaataac
ttgattttca
caggatccag
tttagaaaca
actgcagcect
ggaactacag
gtctcgcectat
aacctctcaa
tcgagectcet
gtceccettgte
tttagecttgt
gttttgtttg
cacaatctcg
ctcctgagta
agtagagaca
tgcccaccac
-taatttttgt

agctggtact
gggtttcacc
tcagcctcece
ctttaatttt
acagctgaag
tttttgagat
tcaccgcaac
tgggattata
gtttctetgt
ggcctcccaa
ttttttttaa
gctcactgta
gctggaacta
aggatctcga
tcagcctccecce
tcttttgaca
aataaagcta
ggcaggggga
atttcaaatg
agaactgctt
actttattaa
tgcagtggtg
gcctcagect
ttgtattttt
gctcaagtga
atgcctggce
attgcattga
cgtttctcta
ttcaagaccg
aggtcttgcece
ccaaactcct
gtgcacacca
gttgcccagg
agtgctggga
ctaaatcttg
cgcctgaatg
ctctctgtat
tttgtttttt
gctcactgca
gctgggacta
gggtttcacc
ctcagcctcec
atttttagta
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gagacagggc
cccteettgg
agacagaaag
ctgaggctgg
accccgtcecte
cagctactcg
gagccatcat
agatgggaag
tgggcagtgt
cagctgggca
atcacttgag
taaaaataca
gactaagaca
gccactttac
aaaagacctc
gaagcctgtt
tcttggaagce
agggggtcaa
cacaaactga
tttggagtct
cccagaatac
tctttaaagg
gcagttcctc
tttgtggttg
tgcctgtaat
ggagacaagc
aattagccag
aggatcattt
caacctgggg
gttgagtatt
aatttttcaa
attgtaagca
ggaggaaggc
tctggaagtg
tctgtaatce
agaccagcct
gcataatggce
tgaggctgca
cctgtctcta
caagccccca
gtgggcatge
caccgagacce
gactttggcc
ctggtaatgce

ttcgccatgt
cctcccaaag
ggtcttaaag
tggatcactc
tacacaaaat
ggaggctgag
tgcactactg
accagcacag
gacgggaacc
cagtggctca
gtcaggagtt
aaaaccagcc
ggagaatcgce
tccagectgg
tttgctgggt
gccagcatcce
atcaccagca
aggaaactct
gcggggagta
atgtcecctgg
gggatttgtt
tcaaggttgg
actcttctet
gatcagcacc
cccagcacct
ctgggaaaca
gtgcagtggt
gagcccagga
gaaagaaaga
tcctgggtat
ctcataatcc
atgtgttgtg
tcacctgagg
acagatgcag
cagtgctttg
gggcaacata
acatgcctat
gtgagctatg
aaaaaaaaag
ccctatctge
tgeggggcat
tggctgcteg
tttcecegatt
tgggggtaat
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tggccaggcet
tgectgggatt
gttcagtgac
gaggccagga
acaaaaatgg
gcgggaggat
cattccagcee
gtgaaactgg
cgctggaggg
cacttgtgat

cgagaccagc

aggcatggtg
ttgaactcag
gcagtagagc
gctagggage
aggccgtggg
gaacttgctg
gaggtctata
gggcaggtge
ttctgtaggg
tactgtctgt
gcttcagacc
tgcaaatcca
aatgtatcte
tgggaggcca
cagtgagacc
gtgcacctat
gtttaaggct
gaccttgtct
aaagcagtgt
gattgggaga
atactgtage
gagttggggg
tttaggaagt

ggagacccag
gtgggaacct
tgttccaget
atggcaccac
atgtggatgg
tctccagceta
cgecteggge
caacatccta
cctggaggag
actgggtgtg

gétctgaaac
aaacgcgtga
acacacctgt
gttagagatc
gcagagcatg
cacttaagcc
tgggcgatcc
tgaacagagg
ctttggcagg
cccagcactt
ctggccaaca
gtgcacccecct
gaggcagagg
gagactccat
aagagcagga
gtgaagggaa
atggattgga
ccctgaccat
aggtctggag
ctgcagatgg
gacttgttgg
ttggtttttg
tacacagcta
cacctgtaga
aggtgggaag
ccatatctac
agtcccagcect
gcggtgaacce
ctaaaaaaac
accaggttaa
gactgaatgc
aagagctgag
gcttgcecta
ggacgggagg
gcggaaggat
atctctacta

-actcaggagg

tgcactccag
gagggggaac
aacgacggac
atgcggtace
gtcaacagca
aactcttccg
agcttcttag
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ccctggecte
gccaccgtge
aatcccagca
accctgggcea
atggtgcata
tgggagatcg
catctcttaa
agagatggta
agagtagttt
ggggaggccg
tggtgaaacc
gtaatcccag
ttgcagtgag
ctcaaaaaaa
gctgggagag
gggtttggat
agtggctggt
ctggcaagtg
gatggattca
tctgccaaat
tttcecectggt
caccgatcat
gtccaagaga
cgggttgcte
attgcttgag
caaaaaaacc
actaaggagg
atgatcgtge
taaaaaacag
atggaaggaa
ttaccattga
aaaacttggg
caggtgagtt
ctgggtacgg
cgcttcagge
aaaattaaaa
cttgecectgag
cctgggcgac

ggtgggtgag
agttcacagt

ttgccgagat
acctegtctg
atcccaccta

ggccaggtgg

aagccatcca
ctggtcgaag
ctttgggaag
acatggtgaa
tctgtagtce
aggctgtagt
aaagagagag
gatgctgcat
aagaggatcc
gggcaggtgg
ctgtctgtac

ctactcagga
ccaagatcac
taaataaata
gcctgcagca
ttgggacatg
gagggagaaa
gtggtgttge
aaattcagtt
cttagcggaa
gagagcaaac
tggtcatact
gctgaacagce
aggtgactca
gccaggagtt
cctttgtttt
ctgaggcaga
cactgcactc
aaaagcattt
aagttgaaat
agcaggaacc
aaaagagaaa
gtgaggtggag
tgactcaaca
caggagttaa
aattatccag
cccaggaggt
agaacaagac
ctgtectcac
catccagctc
gagctacgte
caaagtgtct
cacgagctcc

gcagggcagg
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ttggaaaggt
ggctgtgggt
acagttggat
agccaggcge
ttgcttaage
ctgggcgaca
ctgtaaatcc
gaccagcctg
gtggtggtac
acccgggagg
cagagttgga
gggactgggg
tttctecttt
gccttececgga
gtgatgtcat
tggtcctacc
tcccagagag
atctttgtat
agcactttgg
gccaacatgg
gggtgcctgt
acagaggttg
actctgtett
gcagagatgg
gggccttcag
ttgggggget
catctttgct
atgccattga
agctcatgct
tcagcgccect
atggcgggtg
cccagaagtg
gggttccacc
ccctagggec
tgtgggcgag
tggctttgge
tggagtgggg
ttggggtcag
agggccccag

cagcctgcce

tcacttctag
tgtgtcaact
agatcctctt
tatccccecact
atctcctcte
catggtggct

gggaggctga
ggggggacag
aacctgggca
agtggcatge
ccaggagttg
gagcaagacc
agcactttgg
gccaacatgg
acgcctgtaa
cggagtttca
gagtaggagg
ggcagtgtgce
ttctgcaggg
agttcactte
ttggggagag
aagctttcct
tcatcactgce
caaagagttg
gaggccaagg
tgaaaccccg
aatcccagct
cagtgagctg
aataaataaa
agggcagggt
ccacagagag
gtggctecta
acaggactac
ggactgttgg
ggacaagatg
aggactgcag
tcegttecatt
tcctececeeg
tcacacccte
tggcttcggg
tcecttegage
ctgggagagce
cttegggtge
aggagcagtc
gcctcacctce
ctatectttgt
cgggttctcet
cagcttttat
tggecctttgt
accccaggtt
catgcctgta
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gggtttggeca
tcagctccag

acatagcaag
acctgtagtce
gaggctgcag
ctgtctcaaa
gaggctgagg
gaaaaccctg
tcecgagcetac
gtgagccaag
cttggggect
tgggtctggt
aggaaagatt
cgccagtgat
gccgtactgg
cgagtgttct
tgggttcttg
agatacaggg
tgggcagatc
tctctaaaaa
actcaggagg
agatcacgcce

taaaagagtt-

tgagaggtaa
cttcaactcc
tcctaccatce
agcctcacca
cggctgccecce
cagaaagacc
atccggaacc
agaatgggcc
ggtgttgggt
gacctgggcce
tcctggacca
ccatcaaaat
tggtcagcca
ggggcagctg
caatgctgtc
acagccccat
ctcctgeccat
gcatctatct
ttttccaacc
gtgaaatggt
ctgctactce
gaataacaga
atgccagcac

gcectgetece
gaagccgact
accccatcte
ccagctactt
tgagctatga
agaacagtgg
caggaggatc
tcgctactaa
tcaggaggct
atcgcaccac
gagctagggg
gagtcecctca
cccatccgat
gcctggagtt
gacatgagca
ctcacctggg
agaccatgga
ccaggcctag
acctaaggtt
aatacaaaaa
ctgagacagg
attgetttce

gggtacagca
catgtectgta
ggctaggagg
ttccaagtca
agagcttctt
cgccecccaga
ggaatgcccg
ccgeccagecet
ctcectteeceg
gggagggcct
tggtactcag
gcggcagect
gggaagatac
gatctectget
gagtcaggcc
ttcttgcact
ggagctgagg
cacagccctg
gcattccagg
ataaaaggag
tttatgattc
ccctttetge
aatagaagga
tttgggaggc
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agggagagga
tccagatgtc
tacaaaaaaa
gggaggttga
atgtgccact
ccaggtgtgg
gcctgaggte
aaatacaaaa
gaggtaggag
tgcactccaa
gaaaaagcag
gtgagtcccc
ggactgcccc
acgggattgt
atcaggacgt
atttggggtg
gatgacaaaa
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EphB4, mRNA
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Fig. 62B
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EphrinB2 Gene
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