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POLYPEPTIDE COMPOUNDS FOR INHIBITING ANGIOGENESIS AND TUMOR GROWTH

RELATED APPLICATIONS

This application claims the benefit of priority of U.S. Provisional Application number
60/454,300 filed March 12, 2003 and U.S. Provisional Application number 60/454,432 filed
March 12, 2003. The entire teachings of the referenced Provisional Applications are

incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

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
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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 and antibodies that bind to and affect EphB4 or EphrinB2 in particular
ways. 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 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 downregulate
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 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. 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. 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. A soluble EphB4
polypeptide may comprise a sequence as set forth in Figure 1 or 2. 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
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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.

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. A soluble
EphrinB2 polypeptide may comprise a sequence defined by Figure 3. In certain
embodiments, the soluble EphrinB2 polypeptide may inhibit the interaction between Ephrin
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 antagonist antibodies for EphB4 and
EphrinB2. An antibody may be designed to bind to an extracellular domain of an EphB4
protein and inhibit an activity of the EphB4. An antibody may be designed to bind to an
extracellular domain of an Ephrin B2 protein and inhibit an activity of the Ephrin B2. An
antibody may be designed to inhibit the interaction between Ephrin B2 and EphB4. An
antagonist antibody will generally affect Eph and/or Ephrin signaling. For example, an
antibody may inhibit clustering or phosphorylation of Ephrin B2 or EphB4. An antagonist

antibody may be essentially any polypeptide comprising a variable portion of an antibody,
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including, for example, monoclonal and polyclonal antibodies, single chain antibodies,

diabodies, minibodies, etc.

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
and antagonist antibodies. 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; (c) an antibody which binds to an extracellular domain of an
EphB4 protein and inhibits an activity of the EphB4; or (d) an antibody which binds to an
extracellular domain of an Ephrin B2 protein and inhibits an activity of the Ephrin B2.

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 fumor, wherein the polypeptide agent is 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; (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; (c) an antibody which binds
to an extracellular domain of an EphB4 protein and inhibits an activity of the EphB4; and (d)
an antibody which binds to an extracellular domain of an Ephrin B2 protein and inhibits an
activity of the Ephrin B2. 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

selected from the group consisting of: (a) a soluble polypeptide comprising an amino acid
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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; (c) an antibody which binds to an extracellular domain of an EphB4
protein and inhibits an activity of the EphB4; and (d) an antibody which binds to an
extracellular domain of an Ephrin B2 protein and inhibits an activity of the Ephrin B2.
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, wherein the polypeptide agent is selected from the group consisting of:
(2) 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) 2 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; (c) an antibody which binds
to an extracellular domain of an EphB4 protein and inhibits an activity of the EphB4; and (d)
an antibody which binds to an extracellular domain of an Ephrin B2 protein and inhibits an

activity of the Ephrin B2.

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 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; (b) a soluble

polypeptide comprising an amino acid sequence of an extracellular domain of an Ephrin B2
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protein, wherein the soluble Ephrin B2 polypeptide is a monomer and binds with high affinity
to an EphB4 polypeptide; (c) an antibody which binds to an extracellular domain of an
EphB4 protein and inhibits an activity of the EphB4; and (d) an antibody which binds to an
extracellular domain of an Ephrin B2 protein and inhibits an activity of the Ephrin B2. The
soluble polypeptide may be formulated with a pharmaceutically acceptable carrier. An
angiogenesis related disease or unwanted angiogenesis related 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, wound granulation, wound healing, telangiectasia psoriasis
scleroderma, pyogenic granuloma, cororany collaterals, ischemic limb angiogenesis,
rubeosis, arthritis, diabetic neovascularization, fractures, vasculogenesis, and hematopoiesis.
An 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,
wherein the polypeptide agent is 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; (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; (c) an antibody which binds to an
extracellular domain of an EphB4 protein and inhibits an activity of the EphB4; and (d) an
antibody which binds to an extracellular domain of an Ephrin B2 protein and inhibits an
activity of the Ephrin B2.

In certain aspects, the disclosure provides methods for 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
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; (ii) a soluble polypeptide

comprising an amino acid sequence of an extracellular domain of an Ephrin B2 protein,
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wherein the soluble Ephrin B2 polypeptide is a monomer and binds with high affinity to an
EphB4 polypeptide; (iii) an antibody which binds to an extracellular domain of an EphB4
protein and inhibits an activity of the EphB4; and (iv) an antibody which binds to an
extracellular domain of an Ephrin B2 protein and inhibits an activity of the Ephrin B2.
Optionally, a method may comprise identifying in the patient a tumor having a plurality of

cancer cells having a gene amplification of the EphB4 and/or EphrinB2 gene.

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
amplification 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.

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).

Figure 2 shows amino acid sequence of the BAECv3NT protein (predicted sequence

of the precursor including uncleaved Eph B4 leader peptide is shown).

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

precursor including uncleaved Ephrin B2 leader peptide is shown).

Figure 4 shows amino acid sequence of the BAECv3-FC protein (predicted sequence

of the precursor including uncleaved Eph B4 leader peptide is shown).

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

the precursor including uncleaved Ephrin B2 leader peptide is shown).
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.



10

15

20

25

30

WO 2004/080425 PCT/US2004/007755

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.

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 withno 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 seenin 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
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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 inhibitis neovascular 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 threee 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 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-

-9.
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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
sequentially by Western blot for the expression of EphB4 and B-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 downregulation of EphB4 in prostate cancer cells by EGFR and
IGFR-1. A) Western blot of PC3 cells treated with or without EGFR specific inhibitor
AGI1478 (1 nM) for 36 hours. Decreased EphB4 signal is observed after AG 1478 treatment.
The membrane was stripped and reprobed with B-actin, which was unaffected. B) Western
Blot of triplicate samples of PC3 cells treated with or without IGFR-1 specific neutralizing
antibody MAB391 (2 pg/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 RNAI using Lipofectamine 2000. Western blot of cell lysates 40 h post
transfection with control siRNA (green fluorescence protein; GFP siRNA) or EphB4 siRNA
472, probed with EphB4 monoclonal antibody, stripped and reprobed with p-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

-10-



10

15

20

25

30

WO 2004/080425 PCT/US2004/007755

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.é.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.

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 to reveals

-11-
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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 with EphB4
monoclonal antibody and p-actin MoAb. Chemiluminescent signal was detected on
autoradiography film. Shown is the EphB4 specific band which migrated at 120 kD and B-
actin which migrated at 40 kD. The B-actin signal was used to control for loading and transfer

of each sample.

Figure 40 shows that EphB4 is expressed in INSCC cell lines and is regulated by
EGF: A) Survey of EphB4 expression in SCC cell lines. Western blot of total cell lysates
sequentially probed with EphB4 monoclonal antibody, stripped and reprobed with B-actin
monoclonal antibody as described for Fig. 39C. B) Effect of the specific EGFR inhibitor
AG1478 on EphB4 expression: Western blot of crude cell Iysates of SCC15 treated with 0-
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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 -
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 uM AG 1478,
after which crude cell lysates were analyzed by Western blots of cell lysates sequentially
probed with for EGFR, EphB4, ephrin B2 and [B-actin antibodies. Specific signal for EGFR
was detected at 170 kD and ephrin B2 at 37 kD in addition to EphB4 and -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 pM U73122, or 5 uM SH-5, 5 uM
SP600125, 25 nM LY294002, -- uM PD098095 or 5 pM 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 RNAI 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 RINAI 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 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-
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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 pM 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.

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
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areas of tumor cells. (C) Co-expression of ephrin B2 and the HHVS latency protein LANAI.
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 LANALI 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, ¢, i), EphB4 (m, g, u), CD148 (,Vv), and
the HHV-8 proteins LANA1 (b, f, m) or ORF59 (1) 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 B-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 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 -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 ug 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
ng/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
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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 -
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 -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 B-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 + 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.
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Figure 50 shows that soluble EphB4 inhibits KS and EC cord formation and in vivo
angiogenesis. Cord formation assay of HUVEC in Matrigel TM (upper row). Cells in
exponential growth phase were treated overnight with the indicated concentrations of EphB4
extracellular domain (ECD) prior to plating on Matrigel TM. Cells were trypsinized and
plated (1 x 10° cells/well) in a 24-well plate containing 0.5 ml MatrigelTM. Shown are
representative 20X phase contrast fields of cord formation after 8 hr plating on MatrigelTM
m 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 Matrigel 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 EPHBA4 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 pM).

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.
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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 EphBA4.
Figure 62 shows a cDNA nucleotide sequence of human EphB4.
Figure 63 shows a genomic nucleotide sequence of human Ephrin VB2.
Figure 64 shows a cDNA nucleotide sequence of human Ephrin B2.
Figure 65 shows an amino acid sequence of human EphB4.

Figure 66 shows an amino acid sequence of human Ephrin B2.

DETAILED DESCRIPTION OF THE INVENTION

L Overview

The current invention is based in part on the discovery that signaling through the
ephrin/ephrin receptor 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/ephrin receptor. 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.

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 (ligands) are of
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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 a-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.

1I. 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

produced (recombinantly or by chemical synthesis) and tested to identify those peptidyl
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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 has an
amino acid sequence that is at least 90%, 95%, 97%, 99% or 100% identical to residues 1-
522, residues 1-412, or residues 1-312 of the amino acid sequence defined by Figure 65. In
other embodiments, a functional variant of an Ephrin B2 soluble polypeptide has a sequence
at least 90%, 95%, 97%, 99% or 100% identical to residues 1-225 of the amino acid sequence
defined by Figure 66.

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
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
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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 homolo gs can be generated
from a degenerate oligonucleotide sequénce. 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; Ttakura 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. 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 1:1 1-19); 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
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setting, is an atiractive 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
combinatqrial 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 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 (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.

To illustrate, by employing scanning mutagenesis to map the amino acid residues of a
soluble polypeptidewhich are involved in binding to another protein, peptidomimetic
compounds can be generated which mimic those residues involved in binding. For instance,

non-hydrolyzable peptide analogs of such residues can be generated using benzodiazepine
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(e.g., see Freidinger et al., in Peptides: Chemistry and Biology, G.R. Marshall ed., ESCOM
Publisher: Leiden, Netherlands, 1988), azepine (e.g., see Huffman et al., in Peptides:
Chemistry and Biology, G.R. Marshall ed., ESCOM Publisher: Leiden, Netherlands, 1988)
substituted gamma lactam rings (Garvey et al., in Peptides: Chemistry and Biology, G.R.
Marshall ed., ESCOM Publisher: Leiden, Netherlands, 1988), keto-methylene pseudopeptides
(Ewenson et al., (1986) J. Med. Chem. 29:295; and Ewenson et al., in Peptides: Structure and

2

Function (Proceedings of the 9th American Peptide Symposium) Pierce Chemical Co.
Rockland, IL, 1985), b-turn dipeptide cores (Nagai et al., (1985) Tetrahedron Lett 26:647;
and Sato et al., (1986) J Chem Soc Perkin Trans 1:1231), and b-aminoalcohols (Gordon et al.,
(1985) Biochem Biophys Res Commun 126:419; and Dann et al., (1986) Biochem Biophys
Res Commun 134:71). '

In certain embodiments, the soluble polypeptides of the invention may further
comprise post-translational modifications. Such modifications include, but are not limited to,
acetylation, carboxylation, glycosylation, phosphorylation, lipidation, and acylation. As a
result, the modified soluble polypeptides may contain non-amino acid elements, such as
polyethylene glycols, 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
antagozing role in EphB4 or Ephrin B2 function, e.g, it inhibitory effect on angiogenesis or
on tumor growth.

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
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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 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 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

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 usefiil
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 Figure 62 or 63. 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.
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In other embodiments, nucleic acids of the invention also include nucleotide
sequences that hybridize under highly stringent conditions to the nucleotide sequence
depicted in Figure 62 or 63, 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 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 one or more

regulatory nucleotide sequences may include, but are not limited to, promoter sequences,

- 26 -



10

15

20

25

30

WO 2004/080425 PCT/US2004/007755

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, 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 a-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.
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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. Altematively, 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.

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 pcDNALamp, pcDNAI/neo, pRc/CMV,
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
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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 8-gal containing pBlueBac I1I).

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
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).

IV. Antibodies

In certain aspects, the the present invention provides antagonist antibodies against
Ephrin B2 or EphB4. As described herein, the term “antagonist antibody” refers to an
antibody that inhibits function of Ephrin B2 or EphB4. Preferably, the antagonist antibody
binds to an extracellular domain of Ephrin B2 or EphB4. It is understood that antibodies of
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the invention may be polyclonal or monoclonal; intact or truncated, e.g., F(ab")2, Fab, Fv;

xenogeneic, allogeneic, syngeneic, or modified forms thereof, e.g., humanized, chimeric, etc.

For example, by using immunogens derived from an Ephrin B2 or EphB4
polypeptide, anti-protein/anti-peptide antisera or monoclonal antibodies can be made by
standard protocols (see, for example, Antibodies: A Laboratory Manual ed. by Harlow and
Lane (Cold Spring Harbor Press: 1988)). A mammal, such as a mouse, a hamster or rabbit
can be immunized with an immunogenic form of the peptide. (e.g., a polypeptide or an
antigenic fragment which is capable of eliciting an antibody response, or a fusion protein).
Techniques for conferring immunogenicity on a protein or peptide include conjugation to
carriers or other techniques well known in the art. An immunogenic portion of an Ephrin B2
or EphB4 polypeptide can be administered in the presence of adjuvant. The progress of
immunization can be monitored by detection of antibody titers in plasma or serum. Standard
ELISA or other immunoassays can be used with the immunogen as antigen to assess the
levels of antibodies. In one embodiment, antibodies of the invention are specific for the
extracellular portion of the Ephrin B2 or EphB4 protein. In another embodiment, antibodies
of the invention are specific for the intracellular portion or the transmembrane portion of the
Ephrin B2 or EphB4 protein. In a further embodiment, antibodies of the invention are
specific for the extracellular portion of the Ephrin B2 or EphB4 protein.

Following immunization of an animal with an antigenic preparation of an Ephrin B2
or EphB4 polypeptide, antisera can be obtained and, if desired, polyclonal antibodies can be
isolated from the serum. To produce monoclonal antibodies, antibody-producing cells
(lymphocytes) can be harvested from an immunized animal and fused by standard somatic
cell fusion procedures with immortalizing cells such as myeloma cells to yield hybridoma
cells. Such techniques are well known in the art, and include, for example, the hybridoma
technique (originally developed by Kohler and Milstein, (1975) Nature, 256: 495-497), the
human B cell hybridoma technique (Kozbar et al., (1983) Immunology Today, 4: 72), and the
EBV-hybridoma technique to produce human monoclonal antibodies (Cole et al., (1985)
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc. pp. 77-96). Hybridoma cells
can be screened immunochemically for production of antibodies specifically reactive with an
Ephrin B2 or EphB4 polypeptide and monoclonal antibodies isolated from a culture

comprising such hybridoma cells.

The term antibody as used herein is intended to include fragments thereof which are

also specifically reactive with an Ephrin B2 or EphB4 polypeptides. Antibodies can be
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fragmented using conventional techniques and the fragments screened for utility in the same
manner as described above for whole antibodies. For example, F (ab)2 fragments can be
generated by treating antibody with pepsin. The resulting F (ab)2 fragment can be treated to
reduce disulfide bridges to produce Fab fragments. The antibody of the present invention is
further intended to include bispecific, single-chain, and chimeric and humanized molecules
having affinity for an Ephrin B2 or EphB4 polypeptide conferred by at least one CDR region
of the antibody. Techniques for the production of single chain antibodies (US Patent No.
4,946,778) can also be adapted to produce single chain antibodies. Also, transgenic mice or
other organisms including other mammals, may be used to express humanized antibodies. In
preferred embodiments, the antibodies further comprise a label attached thereto and able to be
detected (e.g., the label can be a radioisotope, fluorescent compound, enzyme or enzyme co-

factor).

In certain preferred embodiments, an antibody of the invention is a monoclonal
antibody, and in certain embodiments the invention makes available methods for generating
novel antibodies. For example, a method for generating a monoclonal antibody that binds
specifically to an Ephrin B2 or EphB4 polypeptide may comprise administering to a mouse
an amount of an immunogenic composition comprising the Ephrin B2 or EphB4 polypeptide
effective to stimulate a detectable immune response, obtaining antibody-producing cells (e.g.,
cells from the spleen) from the mouse and fusing the antibody—producing cells with myeloma
cells to obtain antibody-producing hybridomas, and testing the antibody-producing
hybridomas to identify a hybridoma that produces a monocolonal antibody that binds
specifically to the Ephrin B2 or EphB4 polypeptide. Once obtained, a hybridoma can be
propagated in a cell culture, optionally in culture conditions where the hybridoma-derived
cells produce the monoclonal antibody that binds specifically to the Ephrin B2 or EphB4
polypeptide. The monoclonal antibody may be purified from the cell culture.

In addition, the techniques used to screen antibodies in order to 1dentify a desirable
antibody may influence the properties of the antibody obtained. For example, an antibody to
be used for certain therapeutic purposes will preferably be able to target a particular cell type.
Accordingly, to obtain antibodies of this type, it may be desirable to screen for antibodies that
bind to cells that express the antigen of interest (e.g., by fluorescence activated cell sorting).
Likewise, if an antibody is to be used for binding an antigen in solution, it may be desirable
to test solution binding. A variety of different techniques are available for testing

antibody:antigen interactions to identify particularly desirable antibodies. Such techniques
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include ELISAs, surface plasmon resonance binding assays (e.g. the Biacore binding assay,
Bia-core AB, Uppsala, Sweden), sandwich assays (e.g. the paramagnetic bead system of
IGEN International, Inc., Gaithersburg, Maryland), western blots, immunoprecipitation

assays and immunohistochemistry.

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 colormetric 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 which
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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.

VI. 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 rtheumatism 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; and wound granulation and wound healing;
telangiectasia psoriasis scleroderma, pyogenic granuloma, cororany collaterals, ischemic limb
angiogenesis, corneal diseases, rubeosis, arthritis, diabetic neovascularization, fractures,

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.
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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 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,
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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,
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, mitomyecin,
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,
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tamoxifen, goserelin, bicalutamide, nilutamide) 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),
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 bEGF (basic fibroblast growth factor); (2) neutralizers of angiogenic
molecules, such as an anti-PbFGF 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
oyP3, peptides derived from Saposin B, antibiotics or analogs (e.g., tetracycline, or
neomycin), dienogest-containing compositions, compounds comprising 2 MetAP-2 inhibitory

core coupled to a peptide, the compound EM-138, chalcone and its analogs, and naaladase
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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,

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.

VII. 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 lubricants, 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
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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 (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
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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,
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 isopropy! 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.
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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 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 méintained, 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
1sotonic 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
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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 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
mmmunoglobulins (IgGl 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
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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 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).

Materials and Methods

1) Mammalian expression vectors for producing recombinant soluble derivatives of

Ephrin B2 and Eph B4

Plasmids vectors for expressing recombinant soluble derivatives of Ephrin B2 and
EphB4 were based on pEF6/V5-His-TOPO vector (Invitrogen), pIG (Novagen) or pRK5.
pEF6/V5-His-TOPO contains human elongation factor 14 enhancer/promoter and blasticidin
resistance marker. pIG vector is designed for high-level expression of protein fusions with Fc
portion of human IgGlunder CMV promoter control and pRKS5 is a general purpose CMV
promoter-containing mammalian expression vector. To generate plasmid construct pEF6-
B4EC-NT, cDNA fragment of human EphB4 was amplified by PCR using oligo primers 5’-
GGATCCGCC ATGGAGCTC CGGGTGCTGCT-3’ and 5’-TGGATCCCT GCTCCCGC
CAGCCCTCG CTCTCATCCA-3’, and TOPO-cloned into pEF6/V5-His-TOPO vector.
pEF6-hB4ECv3 was derived from pEF6-BAECNT by digesting the plasmid DNA with
EcoRYV and BstB], filling-in the ends with Klenow enzyme and religating the vector.
Recombinant EphB4 derivative encoded by pEF6-B4EC-NT does not contain epitope- or
purification tags, while the similar B4ECv3 protein encoded by pEF6-hB4ECv3 contains V5

epitope tag and 6xHis tag on its C-terminus to facilitate purification from conditioned media.
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Plasmid construct pEF6-hB2EC was created by PCR amplification of Ephrin B2 ¢cDNA using
oligo primers 5’~- TGGATCCAC CATGGCTGT GAGAAGGGAC-3’ plus 5’
ATTAATGGTGATGGT GAT GATGACTAC CCACTTCGG AACCGAGGATGTTGTTC-
3” and TOPO-cloning into pEF6/V5-His-TOPO vector. Plasmid construct pIG-hB2EC-FC
was created by PCR amplification of Ephrin B2 ¢cDNA with oligo primers' 5’-
TAAAGCTTCCGCCATGG CTGTGAGAAGGGAC-3’ and 5>-TAGGATCCACTTCGGA
ACCGAGGATGTTGTT CCC-3’, followed by TOPO-cloning and sequencing the resulting
PCR fragment with consecutive subcloning in pIG higG1 Fc fusion expression vector cut
with Bam HI and Hind III. Similarly, pIG-hB2EC and pIG-hB4ECv3 were generated by PCR
amplifying portions of EphB4 ECD c¢DNA using oligo primers 5’~ATAAGCTTCC
GCCATGGAGC TCCGGGTGCTG-3’ plus 5’-TTGGATCCTGCTCCCG CCAGCCCTCGC
TCTCATC-3’ with consecutive subcloning into pIG hIgG1 Fc fusion expression vector cut
with Bam HI and Hind IIL Predicted sequences of the proteins encoded by the vectors

described above are shown in Figures 1-5.
2) Mammalian cell culture and transfections

HEK?293T (human embryonic kidney line) cells were 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% C0,/95% air. Transfections were
performed using Lipofectamine 2000 reagent (Invitrogen) accc;rding to the manufacturer’s
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 ug of
plasmid DNA was used. After 20 min, 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, filtered through 0.2 pm filter and used for purification.
3) Generating stable cell lines

To create stable cell lines producing EphB4ECv3 and EphB4ECnt HEK293 or
HEK293T cells were transfected with either pEF6-B4ECV3 or pEF6-B4EC-NT plasmid
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constructs as described above and selected using antibiotic Blasticidin. After 24 hours of
transfection, cells were seeded at low density. Next day, cells were treated with 10 pg/ml of
Blasticidin. After two weeks of drug selection, surviving cells were pooled and selected
further for single cell clone expansion. After establishing stable cells, they were maintained at
4 pg/ml Blasticidin. Conditioned media were tested to confirm expression and secretion of
the respective recombinant proteins. Specificity of expression was confirmed by Western blot
with anti-B4 mono- or polyclonal ABs and B2EC-AP reagent binding and competition

assays.
4) Protein purification

HEK?293 cells were transiently transfected with a plasmid encoding secreted form of
EphB4ectodomain (B4ECv3). Conditional media was harvested and supplemented with 10
mM imidazole, 0.3 M NaCl and centrifuged at 20,000g for 30 min to remove cell debris and
insoluble particles. 80 ml of obtained supernatant were applied onto the pre-equilibrated
column with 1 ml of Ni-NTA-agarose (Qiagen) at the flow rate of 10 ml/h. After washing the
column with 10 ml of 50 mM Tris-HCI, 0.3 M NaCl and 10 mM imidazole, pH 8, remaining
proteins were eluted with 3 ml of 0.25 M imidazole. Eluted proteins were dialyzed against 20
mM Tris-HCI, 0.15 M NaCl, pH 8 overnight. Purity and identity of BAECv3 was verified by
PAGE/Coomassie G-250 and Western blot with anti-Eph.B4 antibody. Finally, the

concentration of B4ECv3 was measured, and the protein was aliquoted and stored at -70 °C.
B4EC-FC protein and B2EC-FC protein were similarly purified.
5) Biochemical Assays

A. binding assay

10 pl of Ni-NTA-Agarose were incubated in microcentrifuge tubes with 50 pl of
indicated amount of BAECv3 diluted in binding buffer BB (20 mM Tris-HCI, 0.15 M NaCl,
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 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.
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B. Iinhibition assavy

Inhibition in solution. Different amounts of B4ECv3 diluted in 50 pl of BB were pre-
incubated with 50 pl of S 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. BAECv3 was serially diluted in 20 mM Tris-HC, 0.15 M Na(l,
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 pl of Protein A-agarose were incubated in
Eppendorf tubes with 50 pl of indicated amount of BAEC-FC diluted in binding 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 B2ZECAP 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. BAEC-FC was serially diluted in 20 mM Tris-HCL, 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 for
binding, nitrocellulose was washed twice with 20 mM Tris-HCI, 0.15 M NaCl, 50 pg/ml
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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 F igure 7.
Cell based inhibition. See above, for B4AECv3.

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 pl 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 time,
HUVECs are prepared in EGM-2 (Clonetic # CC3162) at a concentration of 2X10° cells/ml.
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The test compound is prepared at 2X the desired concentration (5 concentration levels) in the
same medium. Cells (500 pl) 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 pl of DMEM medium alone
(baseline) or medium containing chemo-attractant (bFGF, VEGF or Swiss 3T3 cell
conditioned medium). The top chambers receive 45 pl of HUVEC cell suspension (1X106
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-GCF2 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, Cys-rich and
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the first FNIII domain (GCF1) as well as the ECD version with deleted globular domain
(CF2). Our attempts to produce several versions of truncated EphB4AEC 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 ioroteins 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 EphB4 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.

B. Effects of soluble EphB4 on HUV/AEC in vitro.
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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/numice, 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, i vitro.

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

E. Soluble EphB4 inhibited corneal neovascularization
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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 cornea induced by bFGF. Hydron Pellets implanted Ainto 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 was
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 vive. 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 uniform layer of

cells adjacent to the tumor periphery with well defined nuclei) in control and soluble EphB4-
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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
1) Expression constructs

To construct expression vectors for producing soluble, 6xHis-tagged EphB4-ECD
variants, cloned full-length human EphB4 cDNA was amplified by PCR using the following
oligo primers: TACTAGTCCGCCATGGAGCTCCGGGTGCTGCT (common EphB4 N-
terminal primer) and GCGGCCGCTTAATGGTGATGGTGA TGATGAGCCGAAGGA
GGGGTGGTGCA (B4-GC), AGCGGCCGCTTAATGGTGATGGTGAT
GATGGACATTGA CAGGCTCAAATGGGA (B4-GCF1) or
TGCGGCCGCTTAATGGTGATGGTGATGAT
GCTGCTCCCGCCAGCCCTCGCTCTCAT (B4-GCF2). The resulting PCR fragments were
TA-cloned into mammalian expression vector pEF6/V5-His-TOPO (Invitrogen) under EF-1a
promoter control. The expressed recombinant proteins encode the following fragments of the
mature extracellular part of human EphB4: amino acid positions 1-522 (GCF2), 1-412
(GCF1) and 1-312 (GC). To generate the B4-CF2 deletion (6 amino acids 13-183) PCR
fragment for pEF6 cloning, EphB4 cDNA was amplified by two-step overlap PCR using
oligo primers TACTAGTCCGCCATGGAGCTCCGGGTGCTGCT,
CAGCTGAGTTTCCAATTTTGTGTTC,
GAACACAAAATTGGAAACTCAGCTGACTGTGAACCTGAC and GCGGCCGCCCTG
CTCCCGCCAGCCCTCGCT.

Vector for producing secreted human EphrinB2-alkaline phosphatase (B2-AP) reagent
was constructed by PCR amplification of human Ephrin B2 ¢cDNA using primers
TAAAGCTTCCGCCATGGCTGTGAGAAGGGAC and TAGGATCCTTCGGAACCG
AGGATGTTGTTCCC and cloning the resulting fragment, digested with Hind III and Bam
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HI, into Hind ITI-Bgl I digested pAPTag2 vector (GenHunter, Inc.). In each case, inserts in

expression vectors were verified by complete sequencing.
2) Antibodies and other reagents

Anti-Eph B4 monoclonal antibodies mAB79 and mAB23 were raised in mice against
the GCF2 protein containing amino acids 1-522 of mature human EphB4 and purified from
hybridoma supernatants by Protein A chromatography. The anti-phosphotyrosine antibody
4G10 was from UBI (Lake Placid, NY). Protein G-HRP conjugate was purchased from Bio-
Rad.

3) Expression and purification of EphB4-derived recombinant proteins

To produce the EphB4-ECD soluble proteins, cultured human embryonic kidney cells
HEK293T were transfected with the corresponding plasmid constructs using standard
calcium phosphate or Lipofectamin 2000 reagent (Invitrogen) protocols. Twelve to sixteen
hours post-transfection, the growth medium (DMEM-+10% fetal bovine serum) was aspirated,
cells washed once with serum free DMEM and replaced with serum free DMEM.
Conditioned media containing the secreted proteins were harvested 72-96 hours later,
clarified by centrifugation and used for purification of His-tagged proteins using Ni-NTA
Agarose (Qiagen). The purity and quantity of the recombinant proteins was tested by SDS-
PAAG electrophoresis with Coomassie Blue or silver staining, Western blotting and UV
spectroscopy. Purified proteins were dialyzed against 20 mM Tris-HCI, 0.15 M NaCl, pH 8
and stored at -70 °C.

To test ligand binding properties of the proteins, 10 pl of Ni-NTA-Agarose (Qiagen)
were incubated in microcentrifuge tubes with 10-500 ng sample of a B4-ECD protein diluted
in 0.5 ml of binding buffer BB (20 mM Tris-HCL, 0.15 M NaCl, 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 addition of B2-AP fusion protein at concentration of 50 nM.
Binding was performed for 30 min on a shaking platform. Tubes were centrifuged and
washed once with 1.4 m] of BB. Amount of precipitated AP was measured colorimetrically at

420 nm after application of p-nitrophenyl phosphate (PNPP) and incubation for 5-30 min.

4) Immunoprecipitation

All lysates were processed at 4 °C. Cells were lysed in 1 ml of buffer containing 20
mM Hepes at pH 7.4, 100 mM sodium chloride, 50 mM sodium fluoride, 2 mM EDTA, 2

-54.



10

15

20

25

30

WO 2004/080425 PCT/US2004/007755

mM EGTA, 1 mM sodium orthovanadate, 1%(v/v) NP-40, 0.5% (w/v) sodium deoxycholate,
1 mM phenyl methylsulphonyl fluoride (added freshly) and 100U Trasylol. Lysates were
scraped into Eppendorf tubes and 50 pl of boiled, formalin-fixed Staphylococcus aureus was
added (Calbiochem, San Diego). After 30 min of mixing, the lysates were centrifuged for 5
min at 25,000g in a minifuge and the supernatants transferred to new tubes containing the
appropriate antibody. Lysates were mixed with antibodies for 1 h, after which time 50 ul of
protein A-Sepharose beads were added and the contents of the tubes mixed for 1 h to collect
the immunoprecipitates. Protein A beads were collected by centrifugation at 25,000g for 30 s.
The supernatants were discarded and the beads washed three times with 1 ml lysis buffer

minus deoxycholate.
5) 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% CO,/95% air. Typically,
cells were grown in 60 mm dishes until confluency and were either treated with mouse
Ephrin B2-Fc fusion at 1 pg/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-Fe
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 pg/ml,
media was replaced with fresh media containing 1 pg/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-HCl, pH 7.4, 150 mM NaCl, 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 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,
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electroblotted membrane was probed with anti-pTyr specific antibody 4G10 at 1:1000
dilution followed by Protein G-HRP conjugate at 1:5000 dilutions.

6) Cell Culture

Normal HUVECs were obtained from Cambrex (BioWhittaker) and maintained in
EBM2 medium supplemented with 0.1 mg/ml endothelial growth supplement (crude extract
from bovine brain), penicillin (50 U/ml), streptomycin (50 U/ml), 2 mmol/l glutamine and 0.1
mg/ml sodium heparin. Aliquots of cells were preserved frozen between passages 1 and 3.
For all experiments, HUVECs were used at passages 4 or below and collected from a

confluent dish.
7) 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 Matrigél 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/ml. 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 (ICsp) was
assessed compared to untreated controls by measuring the length of cords formed and number

of junctions.
8) 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 pl 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

-56-



10

15

20

25

30

WO 2004/080425 PCT/US2004/007755

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.
9) 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 pul) 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). ICsq value was calculated from the plotted data.
10) 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 NTH 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

11) 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
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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 (2730 mm). A single pellet was implanted and advanced toward
the temporal corneal limbus (within 0474140 mm for bFGF pellets and 045 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 contignous 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.

12) 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. The 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).
13) 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-
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sections of resected tumors and TUNEL-positive apoptosis or necrosis, CD34
immunostaining, and BrdU proliferation rate will be performed, after dépa:rafﬁnized,
rehydrated, and quenched for endogenous peroxidase activity, and after 10 min
permeabilization with proteinase K. Quantitative assessment of vascular densities will also
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 10° 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.

14) 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.
15) 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
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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).

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. 294).

D. Retinoid X receptor (RXR a ) 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-RXRa, which constitutively expresses RXRa.

We found a modest decrease in EphB4 expression in the RXRa overexpressing cell line,
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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

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 ODNs 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-ODNs. 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
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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 control
siRNA transfected cells, siRNA 472 resulted in an accumulation of cells in the sub GO 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.

I. Materials and Methods
1) Reagents

Neutralizing IGF-1R antibody was from R&D Systems (Minneapolis MN). Anti-IGF-
1R(B), -EGFR, -EphB4(C-16) were from Santa Cruz Biotech (Santa Cruz, CA). -actin
monoclonal antibody was purchased from Sigma Chemical Co. (St Louis, MO). Media and
fetal bovine serum (FBS) were from Invitrogen (Carlsbad, CA). AG 1478(4-(3’-

Chloroanilino)-6,7-dimethoxy-quinazoline) was from Calbiochem (San Diego, CA).
2) Antisense oligodeoxynucleotides and EphB4 siRNAs

EphB4 specific antisense phosphorothioate-modified oligodeoxynucleotide (ODN)
and sense ODN were synthesized and purified by Qiagen (Alameda CA). The sequences are:
Sense, 5'-TCC-TGC-AAG-GAG-ACC-TTC-AC-3"; AS1: 5’-GTG-CAG-GGA-TAG-CAG-
GGC-CAT-3’; AS10: 5°-ATG-GAG-GCC-TCG-CTC-AGA-AA-3’. siRNAs were
synthesized at the USC/Norris Comprehensive Cancer Center Microchemical Core
laboratory. Sequences of EphB4 siRNAs are siRNA 472 5’-GGU-GAA-UGU-CAA-GAC-
GCU-GUU-3’ and siRNA 2303 5’-cuc-uuc-cga-ucc-cac-cua-cuu-3’. Negative control siRNA
to scrambled GAPDH was from Ambion (Austin, TX)

3) Cell lines and culture
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The prostate cancer cell lines, PC3, PC3M, DU145, ALVA31, LAPC-4, LNCaP,
CWR22R and adult human normal prostate epithelial cell line MLC SV40, and BPH-1 were
obtained and cultured as described previously (7). Stable cell line CWR22R-RXR, LNCaP-
FGF8 were established and cultured as described before (7, 33).

4) Generation of EphB4 monoclonal antibody

The extracellular domain (ECD) of EphB4 was cloned into pGEX-4T-1 to generate
GST-fused ECD (GST-ECD). EphB4ECD expressed as a GST fusion protein in BL21 E. coli
was purified by affinity chromatography and the GST domain was cleaved by thrombin.
Monoclonal antibody was generated and the sensitivity and specificity of the antibody was
reconfirmed by Western blot with whole cell lysate of 293 cells stably transfected with
EphB4.

5) One-Step RT-PCR and Quantitative RT-PCR

Total RNA was extracted using RNA STAT-60 (Tel-Test, Inc. Friendswood TX)
from prostate cancer specimens and adjacent normal specimens. For quantitative RT-PCR
first strand cDNA was synthesized from 5 pg of total RNA using SuperScript III (Invitrogen,
Carlsbad CA). Quantitative RT-PCR was performed on the Stratagene MX3000P system
(Stratagene, La Jolla CA) using SYBR Green I Brilliant Mastermix (Stragene) according to
the manufacture’s instructions. Optimized reactions for EphB4 and B-actin (used as the
normalizer gene) were 150 nM each of the forward primer (B-actin, 5’-GGA-CCT-GAC-
TGA-CTA-CCT-A-3’; EphB4, 5’-AAG-GAG-ACC-TTC-ACC-GTC-TT-3") and reverse
primer (B-actin 5’-TTG-AAG-GTA-GTT-TCG-TGG-AT-3’; EphB4, 5’-TCG-AGT-CAG-
GTT-CAC-AGT-CA-3’) with DNA denaturation/activation of polymerase at 95 °C for 10
min followed by 40 cycles of 95 °C for 30s, 60 °C for 1min, 72 °C for 1min. The specificity
of the gene-specific amplification was confirmed by the presence of a single dissociation

peak. All reactions were performed in triplicate with RT and no template negative controls.
6) Immunohistochemistry

OCT-embedded tissues were sectioned at 5 pm and fixed in phosphate-buffered 4%
paraformaldehyde. Sections were washed for 3 x 5 min in PBS and endogenous peroxidase
was blocked by incubation in 0.3% H,0, in PBS for 10 min at room temperature. Sections
were incubated with Eph4 (C-16) antibody (1:50) for 1 h at room temperature followed by
three washes in PBS and incubation with donkey anti-goat secondary antibody (Santa Cruz

Biotech.) for 1 h at room temperature. After three washes in PBS, peroxidase activity was
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localized by incubation in DAB substrate solution (Vector Laboratories, Inc. Burlingame CA)
for 10 min at room temperature. Sections were counterstained with Hematoxylin for 20 s,
dehydrated and mounted. Negative control for staining was substitution of normal goat serum
for primary antibody. Immunohistochemical staining on prostate array (BioMeda, Foster
City, CA) was done using goat ABC Staining System (Santa Cruz Biotech.) according to the

manufacturer’s instructions.
7) Western blot

Whole cell lysates were prepared using Cell Lysis Buffer (GeneHunter, Basgvukke
TN) supplemeflted with protease inhibitor cocktail (Pierce, Rockford IL), unless otherwise
noted. Total protein was determined using the DC reagent system (Bio-Rad, Hercules CA).
Typically, 20 pg whole cell lysate was run on 4-20% Tris-Glycine gradient gel. The samples
were electro-transferred to PVDF membrane and the non-specific binding was blocked in
TBST buffer (0.5 mM Tris-HCl, 45 mM NacCl, 0.05% Tween-20, pH 7.4) containing 5% non-
fat milk. Membranes were first probed with primary antibody overnight, stripped with
Restore™ Western Blot stripping buffer (Pierce, Rockford IL) and reprobed with B-actin to
confirm equivalent loading and transfer of protein. Signal was detected using SuperSignal

West Femto Maximum Sensitivity Substrate (Pierce).
8) Phosphorylation analysis

Cells growing in 60 mm dishes were either serum starved (1% FBS supplemented
RPMI 1640, 24 hours) or cultured in normal conditions (10% FBS) and then treated with or
without 1 pg/ml mouse ephrin B2/F; for 10 min to activate EphB4 receptor Cleared cell
lysates were incubated with EphB4 monoclonal antibody overnight at 4 °C. Antigen-antibody
complex was immunoprecipitated by the addition of 100 pl of Protein G-Sepharose in 20 mM
sodium phosphate, pH 7.0 with incubation overnight at 4 °C. Immunoprecipitates were
analyzed by Western blot with pTyr specific antibody (Upstate, clone 4G10) at 1:1000
dilution followed by incubation with protein G-HRP (Bio-Rad) at 1:5000 dilution. To
monitor immunoprecipitation efficiency, a duplicate membrane was probed with EphB4

specific monoclonal antibody.
9) Transient transfection and sorting of transfected cells

PC3 cells were cotransfected with pMACS 4.1 coding for CD4 and wild type p53
(pC53-SN3) or PTEN vector or both using Lipofectamine 2000 (Invitrogen) according to the

manufacturer’s instructions. The molar ratio of CD4 to p53 or PTEN or vector was 1:3 and
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total plasmid was 24 pg for a 10 cm” dish of 90% confluent cells using 60 pl of
Lipofectamine 2000. 24 hours after transfection, a single cell suspension was made and
sorted using truncated CD4 as a surface marker according to the manufacturer’s protocol
(Miltenyi Biotec, Germany). Sorted cells were lysed in 1 x SDS sampling buffer and
analyzed by Western blot.

10) Study of IGF and EGF signaling pathway on the expression of EphB4

PC3 cells were seeded into 6-well plates and cultured until 80% confluent and treated
with 2 pg/ml neutralizing IGF-1R monoclonal antibody, MAB391 (Hailey, et al., 2002, Mol
Cancer Ther. 1:1349-1353), or with 1 nM AG 1478, a strong EGFR inhibitor (Liu, et al.,
1999, J Cell Sci. 112 (Pt 14):2409-2417) for 24 h. Crude cell lysates were analyzed by
Western blot. Band density was quantified with the Bio-Rad QuantityOne System software.

11) Cell viability assay

PC3 cells were seeded on 48-well plates at a density of approximately 1x10*
cells/well in a total volume of 200 ml. Media was changed after the cells were attached and
the cells were treated with various concentrations (1-10 pM) of EphB4 antisense ODN or
sense ODN as control. After three days media was changed and fresh ODNs added.
Following a further 48 h incubation, cell viability was assessed by MTT as described
previously (36). EphB4 siRNAs (10-100 nM) were introduced into 2 x 10*PC3 cells/well of a
48-well plate using 2 pl of Lipofectamine™ 2000 according to the manufacturer’s
instructions. 4 h post-transfection the cells were returned to growth media (RPMI 1640

supplemented with 10 % FBS). Viability was assayed by MTT 48 h following transfection.
12) Wound healing migration assay

PC3 cells were seeded into 6-well plates and cultured until confluent. 10 uM AS-10
or sense ODN as control were introduced to the wells as described for the viability assay 12
hours before wounding the monolayer by scraping it with a sterile pipette tip. Medium was
changed to RPMI 1640 supplemented with 5% FBS and fresh ODNs. Confluent cultures
transfected with 50 nM siRNA 472 or GAPDH negative control siRNA 12 hours prior to
wounding were also examined. The healing process was examined dynamically and recorded

with a Nikon Coolpix 5000 digital camera with microscope adapter.

13) Invasion assay
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PC3 cells were transfected with siRNA 472 or control siRNA using Lipofectamine™
2000 and 6 hours later 0.5 x 105 cells were transferred into 8 um Matrigel-precoated inserts
(BD Bioscience, Palo Alto, CA). The inserts were placed in companion wells containing
RPMI supplemented with 5 % FBS and 5 pg/ml fibronectin as a chemoattractant. Following
22 h incubation the inserts were removed and the noninvading cells on the upper surface were
removed by with a cotton swab. The cells on the lower surface of the membrane were fixed in
100% methanol for 15 min, air dried and stained with Giemsa stain for 2 min. The cells were
counted in five individual high-powered fields for each membrane under a light microscope.

Assays were performed in triplicate for each treatment group.
14) Cell cycle analysis

80% confluent cultures of PC3 cells in 6-well plates were transfected with siRNA472
(100 nM) using Lipofectamine™ 2000. 24 hours after transfection, cells were trypsinized,
washed in PBS and incubated for 1 h at 40C in 1 ml of hypotonic solution containing 50
pg/ml propidium iodide, 0.1% sodium citrate, 0.1 Triton X-100 and 20 pg/ml Dnase-free
RnaseA. Cells were analyzed in linear mode at the USC Flow cytometry facility. Results
were expressed as percentages of elements detected in the different phases of the cell cycle,
namely Sub GO peak (apoptosis), GO/G1 (no DNA synthesis), S (active DNA systhesis), G2

(premitosis) and M (mitosis).
15) Apoptosis ELISA

Apoptosis was studied using the Cell Death Detection ELISAplus Kit (Roche,
Piscataway, NJ) according to the manufacturer’s instructions. Briefly, PC3 80% confluent
cultures in 24-well plates were transfected using Lipofectamine™ 2000 with various
concentrations (0-100 nM) of siRNA 472 or 100 nM control siRNA. 16 hours later, cells
were detached and 1 x 10* cells were incubated in 200 pl lysis buffer. Nuclei were pelleted by
centrifugation and 20 pl of supernatant containing the mono- or oligonucleosomes was taken
for ELISA analysis. Briefly, the supernatant was incubated with anti-histone-biotin and anti-
DNA-POD in streptavidin-coated 96-well plate for 2 hours at room temperature. The color
was developed with ABST and absorbance at 405 nm was read in a microplate reader

(Molecular Devices, Sunnyvale, CA).

Example 4. Expression of EPHB4 in Mesothelioma: a candidate target for therapy
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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.
A. EPHB4 and EphrinB2 is expressed in mesothelioma cell lines

The expression of Ephrin B2 and EphB‘4 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
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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 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. 38 A). 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
1) Cell lines and reagents

NCI H28, NCI H2052, NCI H2373, MSTO 211H mesothelioma cell lines and 293
human embryonic kidney cells were obtained from the ATCC (Manassas, VA). Cells were
maintained in RPMI 1640 media supplemented with 10 % heat-inactivated fetal bovine serum

(FBS; Life Technologies, Gaithersburg, MD) and antibiotics. Primary cells were obtained
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from pleural effusion of patients with mesothelioma. A large number of EPHB4
phosphorothioate modified antisense oligonucleotides were synthesized. Similarly a number
of EphB4 specific siRNAs were generated. Monoclonal antibody produced against EPHB4
was used for western blot. Polyclonal antibody against EphrinB2 and EPHB4 (C-16) (for

immunohistochemical staining) was from Santa Cruz.
2) RT-PCR

Total RNA was reversed transcribed by use of random hexamers (Invitrogen). Primers
for EphB4 and EphrinB2 were designed with Primer 3 software. The sequences for all
primers are as follows: EPHB4 forward primer and EPHB4 reverse primer (see, e.g., in
Example 2); EphrinB2 forward primer and EphrinB2 reverse primer (see, e.g., in Example 6);
G3PDH forward primer, 5’-GGAGCCAAAAGGGTCATCAT-3’; G3PDH reverse primer,
5’-GGCATTGCTGCAAAGAAAGAG-3’; Clonetics kit was used for PCR. PCRs were
performed with the ABI PCR System 2700 (Applied Biosystem). The PCR conditions were
95 °C for 5 min, followed by 35 cycles of 95 °C for 30 seconds, 60 °C for 30 seconds and 72

°C for 1min.
3) Preparation of digoxigenin-labeled RNA probes

Ephrin-B2 and EphB4 PCR products were cloned using the pGEM-T Easy System
(Promega, Madison WI) according to the manufacturer’s description. The primers and PCR
products were 5’-tccgtgtggaagtactgetg-3’ (forward), 5°-tetggtttggeacagttgag-3’ (reverse), for
ephrin-B2 that yielded a 296-bp product and 5’-ctttggaagagaccetgetg-3” (forward), 5°-
agacggtgaaggtctectig-3°, for EphB4 that yielded a 297-bp product. The authenticity and insert

orientation were confirmed by DNA sequencing.

The pGEM-T Easy plasmids containing the PCR product of the human ephrin-B2 or
EphB4 gene were linearized with Spe I or Nco 1. Antisense or sense digoxigenin (DIG)-
labeled RNA probes were transcribed from T7 or SP6 promoters by run-off transcription
using a DIG RNA labeling kit (Roche, Indianapolis IN). RNA probes were quantitated by
spot assay as described in the DIG RNA labeling kit instructions.

4) In situ hybridization

Cells were cultured in Labtech II 4-well chamber slides (Nalge Nunc International,
Naperville, IL). Cells were washed in PBS (37 °C), then fixed for 30 min at 25 °Cin a
solution of 4% (w/v) formaldehyde, 5% (v/v) acetic acid, and 0.9% (w/v) NaCl. After

fixation, slides were rinsed with PBS and stored in 70% ethanol at 4 °C until further use.
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Before in situ hybridization, cells were dehydrated, washed in 100% xylene to remove
residual lipid and then rehydrated, finally in PBS. Cells were permeabilized by incubating at
37 °C with 0.1% (w/v) pepsin in 0.1 N HCI for 20 min and post-fixed in 1% formaldehyde for
10 min. Prehybridization was performed for 30 min at 37 °C in a solution of 4 X SSC
containing 50%(v/v) deionized formamide. Slides were hybridized overnight at 42 °C with 25
ng antisense or sense RNA probes in 40% deionized formamide, 10% dextran sulfate, 1X
Denhardt’s solution, 4 X SSC, 10 mM DTT, 1 mg/ml yeast t-RNA and 1mg/ml denatured and
sheared salmon sperm DNA in a total volume of 40 pl. Slides were then washed at 37 °C as
follows: 2 X 15 min with 2 X SSC, 2 X 15min with 1 X SSC, 2 X 15 min with 0.5 X SSC
and 2 X 30 min with 0.2 X SSC. Hybridization signal was detected using alkaline-
phosphatase-conjugated anti-DIG antibodies (Roche) according to the manufacturer’s
instructions. Color development was stopped by two washes in 0.1 M Tris-HCI, 1mM EDTA,
pH 8.0 for 10 min. Cells were visualized by counterstaining of nucleic acids with Nuclear
Fast Red (Vector Laboratories, Burlingame, CA) and the slides were mounted with IMMU-
MOUNT (Shandon, Astmoor UK).

5) Western Blot

Crude cell lysates were prepared by incubation in cell lysis buffer (10 mM Tris, pH
7.5, 1 mM EDTA, 150 mM NaCl, 1 % Triton X-100, 1 mM DTT, 10 % glycerol). Lysates
were cleared by centrifugation at 10,000 x g for 10 min. Total protein was determined by
Bradford assay (Bio-Rad). Samples (20 pg protein) were fractionated on a 4-20 % Tris-
glycine polyacrylamide gel and transferred to polyvinylidene difluoride (PVDT) membrane
(Bio-Rad) by electroblotting. Membranes were blocked with 5 % non-fat milk prior to
incubation with antibody to EphB4 (1:5000 dilution) at 4° C, for 16 h. Secondary antibody
(1:100,000 dilution) conjugated with horseradish peroxidase was applied for 1 h at 25 °C. The
membranes were developed using the SuperSignal West Femto Maximum sensitivity
chemiluminescent substrate (Pierce, Rockford, IL) according to the manufacturer’s

instructions.
6) Immunohistochemistry

Formalin-fixed tissue sections were deparaffinized and incubated with 10% goat
serum at -70 °C for 10 minutes and incubated with the primary rabbit antibodies against
either Ephrin B2 or EphB4 (Santa Cruz Biotechnologies; 1:100) at 4 °C overnight. Isotype-

specific rabbit IgG was used as control. The immunoreactivity for these receptors was
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revealed using an avidin-biotin kit from Vector Laboratories. Peroxidase activity was
revealed by the diaminobenzidine (Sigma) cytochemical reaction. The slides were then

counterstained with H&E.
7) Immunofluorescence studies

Cells were cultured on Labtech II 4-well chamber slides and fixed in 4%
paraformaldehyde in Dulbecco’s phosphate buffered saline pH 7.4 (PBS) for 30 min. The
slides were rinsed twice in PBS and preincubated with blocking buffer (0.2% Triton-X100,
1% BSA in PBS) for 20 min. The slides were then incubated with antibodies to EphB4 or
ephrin B2 (1:100 dilution in PBS) in blocking buffer at 4 °C for 16 hr. After washing three
times, the slides were incubated with the appropriate fluorescein-conjugated secondary
antibodies (Sigma-Aldrich, St. Louis, MO). Nuclei were counterstained with 4°,6-diamidino-
2-phenylindole dihydrochloride hydrate (DAPI), washed extensively with PBS and mounted
with Vectasheild antifade mounting solution (Vector Laboratories). Images were obtained
using an Olympus AX70 fluorescence microscope and Spot v2.2.2 (Diagnostic Instruments
Inc., Sterling Heights, MI) digital imaging system.

8) Cell viability assay

Cells were seeded at a density of 5 x 10° per well in 48-well plates on day 0 in
appropriate growth media containing 2% fetal calf serum (FCS). On the following day, the
media was changed and cells were treated with various concentrations (1-10 uM) of EphB4
Antisense. On day 4, viability was assessed using 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide (MTT) at a final concentration of 0.5 mg/ml. Cells were
incubated for 2 hr, medium was aspirated, and the cells were dissolved in acidic 1sopropanol
(90% isopropanol, 0.5% SDS and 40 mM HCI). Optical density was read in an ELISA reader
at 490 nm using isopropanol as blank (Molecular Devices, CA).

9) Cell migration

In vitro wound healing assay was adopted. Briefly, cells were seeded onto 6-cm plates
in full culture media for 24 hours, and then switched to medium containing 5% FBS. EPHB4
antisense 10 (10 pM) was also added to treated well. 24 hours later, wounds were made using
the tip of'a p-200 pipette man; a line was drawn through the middle of the plates. The plate

was photographed at 0, 12, 24 hours. The experiment was repeated three times.
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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.

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
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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. 394, 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 catried 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 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,
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-12, -13 and -71 are models for regulation of EphB4 in HNSCC independent of EGFR
activity, where there may be input 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 SCC15
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 41A, (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
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 50
and 472 treatment was attributable to accumulation of cells in sub GO, 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
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viability did not produce any changes in the cell cycle when compared with the mock

Lipofectamine™2000 transfection.
Table 1: EphB4 siRNAs

Name siRNA sequence

Eph B4 50: 5’ -GAGACCCUGCUGAACACAAUU-3 '
3’ -UUCUCUGGGACGACUUGUGUU-5’

Eph B4 472: 5’ -GGUGAAUGUCAAGACGCUGUU-3
3’ -UUCCACUUACAGUUCUGCGAC-5"’

Eph B4 1562: 5’ -CAUCACAGCCAGACCCAACUU-3'
3’ ~UUGUAGUGUCGGUCUGGGUUG-5’

Eph B4 2302 5’ -CUCUUCCGAUCCCACCUACUU-3’
3’ -UUGAGAAGGCUAGGGUGGAUG-5’

Table 2: 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 niM 50 18.1 31.7 19.7 24.4
100 nM 472 80.2 10.9 5.2 2.1
16hr
Lipo alone 7.8 55.7 16.2 18.5
100 nM 2302 8.4 57.3 14.3 17.3
10 nM 50 10.4 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
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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. Figure 43A
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-ODNs that are most
effective in inhibiting EphB4 expression as shown in figure 43B. The ICso for AS-10 was
approximately 1 pM, while even 10 uM 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 LP. 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

1) Cell lines and reagents
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HNSCC-4, -9, 12, -13, -15, -25, and -71 were obtained from and 293 human
embryonic kidney cells were obtained from the ATCC (Manassas, VA). Cells were
maintained in RPMI 1640 media supplemented with 10% heat-inactivated fetal bovine serum
(FBS; Invitrogen, Carlsbad, CA) and antibiotics. EGFR, EphB4(C-16) polyclonal antibodies
were from Santa Cruz Biotech (Santa Cruz, CA). B-actin monoclonal antibody was purchased
from Sigma Chemical Co. (St Louis, MO). Ephrin B2 and EphB4 polyclonal antibodies and
their corresponding blocking peptides were obtained from Santa Cruz Biotechnology (Santa
Cruz, CA). AG 1478 (4-(3’-Chloroanilino)-6,7-dimethoxy-quinazoline) was from
Calbiochem (San Diego, CA). Kinase inhibitors SH-5 and SP 600125 were from A.G.
Scientific (San Diego, CA), PD98095, U73122, SB203580, LY294002, and Wortmannin

were obtained from Sigma.
2) Preparation of digoxigenin-labeled RNA probes
See above, e.g., Example 3.
3) In situ hybridization
See above, e.g., Example 3.
4) Immunohistochemistry

Formalin-fixed tissue sections were deparaffinized and incubated with 10% goat
serum at -70 °C for 10 minutes and incubated with the EphB4 monoclonal antibody 4 °C
overnight. Isotype specific rabbit IgG was used as control. The immunoreactivity for these
receptors was revealed using an avidin-biotin kit from Vector Laboratories. Peroxidase
activity was revealed by the diaminobenzidine (Sigma) cytochemical reaction. The slides
were then counterstained with 0.12% methylene blue or H&E. For frozen sections, OCT-
embedded tissues were sectioned at 5 um and fixed in phosphate-buffered 4%
paraformaldehyde. Sections were washed for 3 x 5 min in PBS and endogenous peroxidase
was blocked by incubation in 0.3% H,0O, in PBS for 10 min at room temperature. Sections
were incubated with Eph4 (C-16) antibody (1:50) for 1 h at room temperature followed by
three washes in PBS and incubation with donkey anti-goat secondary antibody (Santa Cruz
Biotech.) for 1 h at room temperature. After three washes in PBS, peroxidase activity was
localized by incubation in DAB substrate solution (Vector Laboratories, Inc. Burlingame CA)
for 10 min at room temperature. Sections were counterstained with Hematoxylin for 20 s,
dehydrated and mounted. Negative control for staining was substitution of normal goat serum

for primary antibody. Immunohistochemical staining on prostate array (BioMeda, Foster
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City, CA) was done using goat ABC Staining System (Santa Cruz Biotech.) according to the

manufacturer’s instructions.
5) Western Blot
See above, e.g., Example 3.
6) Synthesis of EphB4 siRNA by in vitro transcription

The Silencer™ siRNA construction kit (Ambion, Austin TX) was used to synthesize
siRNA to EphB4. Briefly, 21 bp target sequences containing 19 bp downstream of 5’-AA
dinucleotides were identified that showed no significant homology to other sequences in the
GenBank database. Sense and antisense siRNA 29-mer DNA oligonucleotide templates were
synthesized at the USC Norris Microchemical Core Facility. Antisense template
corresponded to the target sequence followed by 8 bp addition (5>-CCTGTCTC-3°) at the 3’
end complementary to the T7 promoter primer provided by the Silencer™ siRNA
construction kit. Sense template comprised 5°-AA followed by the complement of the target
19 bp, then the T7 8 bp sequence as above.

In separate reactions, the two siRNA oligonucleotide templates were hybridized to a
T7 promoter primer. The 3’ ends of the hybridized oligonucleotides were extended by the
Klenow fragment of DNA polymerase to create double-stranded siRNA transcription
templates. The sense and antisense siRNA templates were transcribed by T7 RNA
polymerase and the resulting RNA transcripts were hybridized to create dSRNA. The leader
sequences were removed by digesting the dsSRNA with a single-stranded specific
ribonuclease leaving the overhanging UU dinucleotides. The DNA template was removed at
the same time by treatment with RNase free deoxyribonuclease. The resulting siRNA was
purified by glass fiber filter binding to remove excess nucleotides, short oligomers, proteins,
and salts in the reaction. The end products (shown in Table 3) were double-stranded 21-mer
siRNAs with 3’ terminal uridine that can effectively reduce the expression of target mRNA

when transfected into cells.

A number of phosphorothioate AS-ODNs were also synthesized (Operon, Valencia
CA) to test for inhibition of EphB4 expression (Table 3).

Table 3: EphB4 Antisense ODNs

Name Position Sequence (5" > 3)
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Eph B4 AS-1 (552-572) GTG CAG GGA TAG CAG GGC CAT
Eph B4 AS-2 (952-972) AAG GAG GGG TGG TGC ACG GTG
Eph B4 AS-3 (1007-1027) TTC CAG GTG CAG GGA GGA GCC
Eph B4 AS-4 (1263-1285) GTG GTG ACATTG ACA GGC TCA
Eph B4 AS-5 (1555-1575) TCT GGC TGT GAT GTT CCT GGC
Eph B4 AS-6 (123-140) GCC GCT CAG TTC CTC CCA
Eph B4 AS-7 (316-333) TGA AGG TCT CCT TGC AGG
Eph B4 AS-8 (408-428) CGC GGC CAC CGT GTC CACCTT
Eph B4 AS-9 (1929-1949) CTT CAG GGT CTT GAT TGC CAC
Eph B4 AS-10 (1980-1999) ATG GAG GCC TCG CTC AGA AA
Eph b4 AS-11 (2138-2158) CAT GCC CAC GAG CTG GAT GAC
7) Cell viability assay

Cells were seeded at a density of 5 x 10° per well in 48-well plates on day 0 in
appropriate growth media containing 2% fetal calf serum (FCS). Cells were treated with
various concentrations (1-10 pg/ml) of ODNs on days 2 and 4. On day 5, viability was
assessed using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) as
previously described (Masood et al *03). For viability with siRNA, 2 x 10* cells/well of SCC-
4,-15, -25 or -71 in a 48-well plate were transfected with siRNAs (10-100 nM) using 2 pl of
Lipofectamine™ 2000 according to the manufacturer’s instructions. 4 h post-transfection the
cells were returned to growth media (RPMI 1640 supplemented with 10 % FBS). Viability
was assayed by MTT 48 h following transfection.

8) Cell cycle analysis

80% confluent cultures of SCC15 cells in 6-well plates were transfected with
siRNA472 (100 nM) using LipofectamineTM 2000. Either 16 or 36 hours after transfection,
cells were trypsinized, washed in PBS and incubated for 1 h at 4 °C in 1 ml of hypotonic
solution containing 50 pg/ml propidium iodide, 0.1% sodium citrate, 0.1 Triton X-100 and 20
png/ml DNase-free RNaseA. Cells were analyzed in linear mode at the USC Flow cytometry
facility. Results were expressed as percentages of elements detected in the different phases of

the cell cycle, namely Sub GO peak (apoptosis), GO/G1 (no DNA synthesis), S (active DNA

-79 -



10

15

20

25

30

WO 2004/080425 PCT/US2004/007755

systhesis), G2 (premitosis) and M (mitosis). For AS-ODN experiment the cells were exposed
to 5 uM ODN for 36 h prior to processing.

9) Wound healing migration assay

SCC15 cells were seeded into 6-well plates and cultured until confluent. 10 pM AS-1,
AS-10, or sense ODN as control were introduced to the wells as described for the viability
assay 12 hours before wounding the monolayer by scraping it with a sterile pipette tip.
Medium was changed to RPMI 1640 supplemented with 5% FBS and fresh ODNs. The
healing process was examined dynamically and recorded with a Nikon Coolpix 5000 digital

camera with microscope adapter.
10) Boyden Chamber assay of migration

Cell migration assays were performed as previously described (Masood ANUP paper
‘99) except that 1 pM AS-10 or AS-6 were added to the upper chamber. EGF (20 ng/ml) was
used as chemoattractant in the lower chamber. Taxol at 10 ng/ml was used as a negative

control.

11) In vivo studies

SCC15 (5 x 10° cells) were injected subcutaneously in the lower back of 5-week old
male Balb/C Nu*/nu" athymic mice. Treatment consisted of daily intraperitoneal injection of
ODN (20 mg/kg in a total volume of 100 pl) or diluent (PBS) begun the day following tumor
cell implantation and continued for two weeks. Tumor growth in mice was measured as
previously described (Masood CCR *01). Mice were sacrificed at the conclusion of the study.
All mice were maintained in accord with the University of Southern California Animal Care

and Use Committee guidelines governing the care of laboratory mice.

Example 6. Ephrin B2 Expression in Kaposi’s Sarcoma Is Induced by Human Herpesvirus

Type 8: Phenotype Switch from Venous to Arterial Endothelium

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
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endothelial cell (fumor 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 (Flt-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 XS 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.
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
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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, LANAL 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.

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 HHV-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, 1)). HHV-8 infected HUVEC now
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express ephrin B2 but not EphB4 (Fig. 46A(e, g, ), respectively). Expression of ephrin B2
and LANAI 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(1)). 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 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
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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 result shows
maintenance of ephrin B2 expression is integral to cell viability in this setting. HUVECs 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 HUVECs 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).
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G. Methods and Materials
1) Cell lines and reagents

Human vascular endothelial cells (HUVEC) were from Clonetics (San Diego, CA)
and were maintained in EGM-2 and EGM-2MV media respectively (Clonetics). T1 human
fibroblast line was from Dr. Peter Jones, USC. BC-1 and BC-3 human pleural effusion
lymphoma cell lines and monoclonal antibodies to LANA1 and ORF59 were the kind gift of
Dr. Dharam Ablashi (Advanced Biotechnologies Inc., Columbia, MD). KS-SLK was isolated
from a Classic Kaposi’s sarcoma patient (15). Polyclonal antibodies to EphB4, ephrin B2,
CD148, PECAM-1 were obtained from Santa Cruz Biotechnolo gy (Santa Cruz, CA). Mouse
EphB4/F and monoclonal antibodies to human vascular endothelial growth factor (VEGF),
VEGF-C, interleukin-(IL)6, IL-8 and oncostatin-M were purchased from R & D Systems
(Minneapolis, MN). Expression vectors pKSvGPCR-CEFL and pCEFL were the kind gift of
Dr. Enrique Mesri (Cornell University, New York, NY). Expression vectors for HHV-8
latency associated nuclear antigen (LANA) were kindly provided by Dr Matthew Rettig,

Veteran’s Administration Greater Los Angeles Healthcare System.
2) Collection and preparation of human tissue

Human cutaneous Kaposi’s sarcoma biopsy material was obtained under local
anesthesia with informed consent from patients at the LAC/USC Medical Center, using an
IRB approved consent form. Biopsies were processed for either total RNA, paraffin blocks or
frozen tissue blocks in OCT. Total RNA was extracted by homogenization in guanidine
isothiocyanate, (RNAzol: Tel-Test, Inc., Friendswoods, TX). cDNAs were synthesized by
reverse transcriptase using a random hexamer primer (Superscript IT; Invitrogen, Carlsbad,
CA).

3) Preparation of digoxigenin-labeled RNA probes

Ephrin B2 and EphB4 PCR products from the primers shown in Table 4 for in situ
hybridization were cloned using the pGEM-T Easy system (Promega, Madison W)
according to the manufacturer’s description using. The authenticity and insert orientation

were confirmed by DNA sequencing. The pGEM-T Easy plasmids containing the PCR

- product of the human ephrin-B2 or EphB4 gene were linearized with Spelor Neo 1.

Antisense or sense digoxigenin (DIG)-labeled RNA probes were transcribed from T7 or SP6
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promoters by run-off transcription using a DIG RNA labeling kit (Roche, Indianapolis IN).
RNA probes were quantitated by spot assay as described in the DIG RNA labeling kit

instructions.

Table 4: Primers for Ephrin B2 and EphB4.

Gene Primer sequence Product Size (bp)
ISH Probe Primers
ephrin B2 5/ -TCC GTG TGG AGT ACT GCT G-3'’ 296
5/ -TCT GGT TTG GCA CAG TTG AG-3’
EphB4 5/ -CTT TGGE AAG AGA CCC TGC TG-3' 297
5/ -AGA CGG TGA AGG TCT CCT TG-3'
RT-PCR Primers
ephrin B2 5/ -AGA CAA GAG CCA TGA AGA TC-3’ 200
5/ -GGA TCC CAC TTC GGA CCC GAG-3’
EphB4 5’ -TCA GGT CAC TGC ATT GAA CGG G-3' 400
5/ -AAC TCG CTC TCA TCC AGT T-3’'
B-actin 5/ -GTG GGG CGC CCC AGG CAC CA-3' 546
5/-CTC CTT AAT GTC ACG CAC GAT TTC-3’

4) In situ hybridization

See above, e.g., Example 3.

5) Co-culture of HUVEC and BC-1

HUVEC cells were grown to 50-70% confluence in EGM-2 on gelatin-coated Labtech

II 4-well chamber slides (Nalge Nunc International, Naperville, IL). Co-culture with BC-1 or
BC-3 was essentially as described by Sakurada and coworkers (16). Briefly, BC-1 or BC-3

cells were pretreated with TPA (20 ng/ml) to induce virus for 48 hrs and then added to the
HUVEC culture at a ratio of 10:1 for cocultivation for two days. The HUVECs were washed
extensively with PBS to remove the attached BC-1 or BC-3 cells.
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6) Preparation of cDNA and RT-PCR

The TITANIUM™ One-Step RT-PCR kit (Clontech, Palo Alto, CA) was used for
RT-PCR from 1 x 10° cells. Primer pairs for amplification of EphB4, ephrin B2 and B-actin
are shown in Table 4. Each PCR cycle consisted of denaturation at 94 °C for 30 s, primer
annealing at 60 °C for 30 s and extension at 72 °C for 30 s. The samples were amplified for
30 cycles. PCR products were separated on 1.5% agarose gels and stained with ethidium

bromide.
7) Cell viability assay

KS-SLK cells were seeded at a density of 1 x 10* per well in 48-well plates on day 0
in appropriate growth media containing 2% fetal calf serum (FCS). On the following day, the
media was changed and cells were treated with 0, 10 or 100 nM siRNA. On day 3, viability
was assessed using 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT) as
previously described (17).

8) Immunofluorescence studies

Cells cultured on Labtech II 4-well chamber slides or frozen sections of KS biopsy
material were fixed in 4% paraformaldehyde in Dulbecco’s phosphate buffered saline pH 7.4
(PBS) for 30 min. The slides were rinsed twice in PBS and preincubated with blocking buffer
(0.2% Triton-X100, 1% BSA in PBS) for 20 min, followed by incubation with antibodies to
EphB4, ephrin B2, CD148, LANA1 or ORF59 (1:100 dilution in PBS) in blocking buffer at 4
°C for 16 hr. After washing three times, the slides were incubated with the appropriate
fluorescein or rhodamine-conjugated secondary antibodies (Sigma-Aldrich, St. Louis, MO).
Nuclei were counterstained with 4°,6-diamidino-2-phenylindole dihydrochloride hydrate
(DAPI), washed extensively with PBS and mounted with Vectasheild antifade mounting
solution (Vector Laboratories, Burlingame, CA). Images were obtained using a Olympus
AX70 fluorescence microscope and Spot v2.2.2 (Diagnostic Instruments Inc., Sterling
Heights, MI) digital imaging system.

Immunofluorescence detection of EphrinB2 with EPHB4-Fc was done as follows.
Frozen sections fixed in 4% paraformaldehyde and blocked with 20% FBS were incubated
with 5 pg/ml EphB4/Fc (R&D Systems) for 1 h at RT. Sections were then incubated with 10
pg/ml rabbit anti-human IgG-FITC in PBS (Jackson ImmunoResearch Laboratories West
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Grove, PA) at RT for 1 hour. Nuclei were counterstained with DAPI and sections mounted as

above. Human Fc (Jackson ImmunoResearch) was used as the negative control.
9) Western Blot

Crude cell lysates were prepared, quantitated, fractionated and transferred to
membranes as described previously (17). Membranes were blocked with 5% non-fat milk
prior to incubation with antibody to ephrin B2 (1:5000 dilution) at 4 °C, for 16 h. Secondary
antibody (1:100,000 dilution) conjugated with horseradish peroxidase was applied for 1 h at
25 °C. The membranes were developed using the SuperSignal West Femto Maximum
sensitivity chemiluminescent substrate (Pierce, Rockford, IL) according to the manufacturer’s
instructions. Membranes were stripped using Restore ™ Western Blot Stripping Buffer

(Pierce) and reprobed with EphB4 or B-actin.
10) Cord formation assay

Matrigel™ Basement Membrane Matrix (BD Biosciences Discovery Labware,
Bedford, MA) was mixed with growth medium (3:1) on ice and 0.5 ml liquid placed in 24-
well plates. Incubation of plates at 37 °C for 15 min caused Matrigel™ polymerization.
HUVEC or KS-SLK in exponential phase growth were treated with 2 or 8 pg/ml EphB4-ECD

™, Culture on

or PBS as control for 16 h prior to trypsinizing and plating on the Matrige
Matrigel™ was continued in the presence of recombinant fusion proteins for 6 h. Cultures
were fixed in 4% paraformaldehyde for 30 min and evaluated by inverted phase-contrast

photomicroscopy.
11) Synthesis of Ephrin B2 and EphB4 siRNA by in vitro transcription

The Silencer™ siRNA construction kit (Ambion, Austin TX) was used to synthesize
siRNA to ephrin B2 and EphB4. Briefly, three 21 bp target sequences comprising 19 bp
downstream of a 5’-AA dinucleotide were identified in the ephrin B2 cDNA (Accession
number NM_004093) that showed no significant homology to other sequences in the
GenBank database. Sense and antisense siRNA 29-mer DNA oligonucleotide templates were
synthesized at the USC Norris Microchemical Core Facility. Antisense template
corresponded to the target sequence followed by 8 bp addition (5’~-CCTGTCTC-3’) at the 3’

end complementary to the T7 promoter primer provided with the Silencer SIRNA

Construction Kit. Sense template comprised 5’-AA followed by the complement of the target
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19 bp, then the T7 8 bp sequence as above. In separate reactions, the two siRNA
oligonucleotide templates were hybridized to a T7 promoter primer. The 3’ ends of the
hybridized oligonucleotides were extended by the Klenow fragment of DNA polymerase to
create double-stranded siRNA transcription templates. The sense and antisense siRNA
templates were transcribed by T7 RNA polymerase and the resulting RNA transcripts were
hybridized to create dsSRNA. The dsRNA consisted of 5° terminal single-stranded leader
sequences, a 19 nt target specific dsRNA, and 3’ terminal UUs. The leader sequences were
removed by digesting the dsRNA with a single-stranded specific ribonuclease. The DNA

template was removed at the same time by treatment with RNAse free deoxyribonuclease.

The resulting siRNAs were purified by glass fiber filter binding to remove excess
nucleotides, short oligomers, proteins, and salts in the reaction. End product double-stranded
21mer siRNAs are shown in Table 5. Similarly, an EphB4 and green fluorescence protein

(GFP) siRNAs were synthesized.

Table 5: siRNAs of ephrin B2 and EphB4.

ephrin B2 264 5’ -GCAGACAGAUGCACUAUUAUU-3’
3’ -UUCGUCUGUCUACGUGAUAAU-5'

ephrin B2 63: 5’ -CUGCGAUUUCCAAAUCGAUUU-3
3’ -UUGACGCUAAAGGUUUAGCUA-5"

ephrin B2 137: 5’ -GGACUGGUACUAUACCCACUU-3"
3’ -UUCCUGACCAUGAUAUGGGUG-5

Eph B4 50: 5’ -GAGACCCUGCUGAACACAAUU-3"
3’ -UUCUCUGGGACGACUUGUGUU-5"

GFP 5’ -CGCUGACCCUGAAGUUCAUUU-3"
3' ~UUGCGACUGGGACUUCAAGUA-5’

12) Transfection of Ephrin B2 or EphB4 siRNA

HUVEC were seeded on eight-well chamber slides coated with fibronectin and grown
overnight in EGM-2 (Cambrex, Walkersville, MD). 16 h later media was replaced either with
EBM-2 supplemented with 5% fetal calf serum (FCS) and EGM-2 BulletKit supplements
bFGF, hEGF and R*-IGF-I at the concentrations provided by the manufacturer, or EBM-2
supplemented with 5% FCS and 10 ng/ml thVEGF (R&D Systems). After 2 h incubation at
37 °C, the cells were transfected using Lipofectamine 2000 (1 pg/ml; Invitrogen) and 10 nM
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specific siRNAs in Opti-MEM-1 serum-free medium (Invitrogen). Following transfection for
2 hr in Opti-MEM-1, media supplemented as above was replaced in the appropriate wells.
After 48 hrs, the cells were stained with crystal violet and immediately photographed at 10X

magnification.
13) Construction of ephrin B2 reporter plasmids

Human ephrin B2 5’-flanking DNA from -2491 to -11 with respect to the translation
start site was amplified from BACPAC clone RP11-29716 (BacPac Resources, Children’s
Hospital, Oakland, CA) using the Advantage GC Genomic PCR kit (Clontech Palo Alto, CA)
to overcome the large tracts of CG-rich sequence in the target area. Primers were designed to
contain M/ul sites for cloning. Amplified product was digested with MIul, gel purified and
ligated into the MIul site in the multiple cloning site of pGL3Basic (Promega, Madison, WT).
Orientation of the resulting clones was confirmed by restriction digest analysis. The correct
clone was designated pEFNB2.2491/.111uc. Digestion of this clone with either Kpnl or Sacl
followed by recircularization yielded pEFNB2.1242.11luc and pEFNB2.s77.111uc, respectively.
Plasmid DNAs used for transient transfections were purified using a Mega Prep kit

(QIAGEN, Valencia, CA).
14) Transient transfection

HUVEC cells (0.8 x 10* cells/well in 24 well plates) maintained in EGM-2 media
were transiently co-transfected with 0.5 pg/well ephrin B2 promoter-luciferase constructs
together with 50 ng/well either pCEFL or pKSvGPCR-CEFL, using Superfect reagent
(QIAGEN) according to the manufacturer’s instructions. Cells were harvested 48 h post-
transfection and lysed with Luciferase cell lysis buffer (Promega). Luciferase activity was
assayed using the Luciferase Assay System (Promega) according to the manufacturer’s
instructions. Luciferase was normalized to protein, because pCEFL-vGPCR induced the

expression of B-galactosidase from pCMV-Sport-Bgal (Invitrogen).
15) Construction and purification of EphB4 extra cellular domain (ECD) protein
See above, e.g., Example 1.

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

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

robes

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
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.

Table 6. Inhibition of EphB4 Gene Expression by EphB4 antisense probes

Name Sequence 5’2 3 position Inhibition | Percent
of EphB4 reduction
Expression | in
viability
Eph B4 169 TCA GTA CTG CGG GGC CGG TCC (2944-2963) | ++ 36
Eph B4 168 TCC TGT CCC ACC CGG GGT TC (2924-2943) | +4+ 51
Eph B4 167 CCG GCT TGG CCT GGG ACT TC (2904-2923) +++ 66
Eph B4 166 ATG TGC TGG ACA CTG GCC AA (2884-2903) | ++++ 70
Eph B4 165 GAT TTT CTT CTG GTG TCC CG (2864-2883) | ++++ 75
Eph B4 164 CCA GAG TGA CTC CGA TTC GG (2844-2863) | ++ 40
Eph B4 163 AGC AGG TCC TCA GCA GAG AT (2824-2843) | ++++ 66
Eph B4 162 CTG GCT GAC CAG CTC GAA GG (2804-2823) 25
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Eph B4 161 AGC CAA AGC CAG CGG CTG CG (2784-2803) | + 33
Eph B4 160 AAA CTT TCT TCG TAT CTT CC (2763-2783) | + 25
Eph B4 159 CAT TTT GAT GGC CCG AAG CC (2743-2762) | ++ 40
Eph B4 158 ACT CGC CCA CAG AGC CAA AA (2723-2742) 30
Eph B4 157 GCT GAG TAG TGA GGC TGC CG (2703-2722) | + 25
Eph B4 156 CTG GTC CAG GAG AGG GTG TG (2683-2702) | ++ 30
Eph B4 155 AGG CCC CGC CAT TCT CCC GG (2663-2682) 25
Eph B4 154 GCC ACG ATT TTG AGG CTG GC (2643-2662) | ++ 40
Eph B4 153 GGG GTT CCG GAT CAT CTT GT (2623-2642) | ++ 35
Eph B4 152 CCA GGG CGC TGA CCA CCT GG (2603-2622) | + 30
Eph B4 151 GGG AAG CGG GGC CGG GCA TT (2583-2602) | + 25
Eph B4 150 CCG GTC TTT CTG CCA ACA GT (2563-2582) | ++ 25
Eph B4 149 CCA GCA TGA GCT GGT GGA GG (2543-2562) | ++ 20
Eph B4 148 GAG GTG GGA CAG TCT GGG GG (2523-2542) | + 30
Eph B4 147 CGG GGG CAG CCG GTA GTC CT (2503-2522) | ++ 40
Eph B4 146 GTT CAA TGG CAT TGA TCA CG (2483-2502) +++4 70
Eph B4 145 TCC TGA TTG CTC ATG TCC CA (2463-2482) | ++++ 80
Eph B4 144 GTA CGG CCT CTC CCC AAA TG (2443-2462) | +++ 60
Eph B4 143 ACA TCA CCT CCC ACA TCA CA (2423-2442) 444+ 80
Eph B4 142 ATC CCG TAA CTC CAG GCA TC (2403-2422) | ++ 40
Eph B4 141 ACT GGC GGA AGT GAA CTT CC (2383-2402) +4+ 50
Eph B4 140 GGA AGG CAA TGG CCT CCG GG (2363-2382) | ++ 45
Eph B4 139 GCA GTC CAT CGG ATG GGA AT (2343-2362) +4+4+4 70
Eph B4 138 CTT TCC TCC CAG GGA GCT CG (2323-2342) +4++ 70
Eph B4 137 TGT AGG TGG GAT CGG AAG AG (2303-2322) | ++ 40
Eph B4 136 TTC TCC TCC AGG AAT CGG GA (2283-2302) ++ 35
Eph B4 135 AAG GCC AAA GTC AGA CAC TT (2263-2282) +4++ 60
Eph B4 134 GCA GAC GAG GTT GCT GTT GA (2243-2262) | ++ 50
Eph B4 133 CTA GGA TGT TGC GAG CAG CC (2223-2242) | ++ 40
Eph B4 132 AGG TCT CGG TGG ACG TAG CT (2203-2222) ++ 40
Eph B4 131 CAT CTC GGC AAG GTA CCG CA (2183-2202) +o++ 50
Eph B4 130 TGC CCG AGG CGA TGC CCC GC (2163-2182) ++ 50
Eph B4 129 AGC ATG CCC ACG AGC TGG AT (2143-2162) ++ 50
Eph B4 128 GAC TGT GAA CTG TCC GTC GT (2123-2142) ++ 50
Eph B4 127 TTA GCC GCA GGA AGG AGT CC (2103-2122) | +++ 60
Eph B4 126 AGG GCG CCG TTC TCC ATG AA (2083-2102) ++ 50
Eph B4 125 CTC TGT GAG AAT CAT GAC GG (2063-2082) | ++++ 80
Eph B4 124 GCA TGC TGT TGG TGA CCA CG (2043-2062) | ++++ 70
Eph B4 123 CCC TCC AGG CGG ATG ATA TT (2023-2042) | ++ 50
Eph B4 122 GGG GTG CTC GAA CTG GCC CA (2003-2022) +4++ 80
Eph B4 121 TGA TGG AGG CCT CGC TCA GA (1983-2002) | ++ 50
Eph B4 120 AAC TCA CGC CGC TGC CGC TC (1963-1982) | ++ 40
Eph B4 119 CGT GTA GCC ACC CTT CAG GG (1943-1962) ++++ 75
Eph B4 118 TCT TGA TTG CCA CAC AGC TC (1923-1942) | ++++ 80
Eph B4 117 TCC TTC TTC CCT GGG GCC TT (1903-1922) | ++++ 70
Eph B4 116 GAG CCG CCC CCG GCA CAC CT (1883-1902) ++ 50
Eph B4 115 CGC CAA ACT CAC CTG CAC CA (1863-1882) 4t 60
Eph B4 114 ATC ACC TCT TCA ATC TTG AC (1843-1862) | ++++ 65
Eph B4 113 GTA GGA GAC ATC GAT CTC TT (1823-1842) ++++ 90
Eph B4 112 TTG CAA ATT CCC TCA CAG CC (1803-1822) | ++++ 70
Eph B4 111 TCA TTA GGG TCT TCA TAA GT (1783-1802) | ++++ 70
Eph B4 110 GAA GGG GTC GAT GTA GAC CT (1763-1782) | ++++ 80
Eph B4 109 TAG TAC CAT GTC CGA TGA GA (1743-1762) | ++ 50
Eph B4 108 TAC TGT CCG TGT TTG TCC GA (1723-1742) | ++ 45
Eph B4 107 ATA TTC TGC TTC TCT CCC AT (1703-1722) | ++++ 70
Eph B4 106 TGC TCT GCT TCC TGA GGC AG (1683-1702) | ++++ 70
Eph B4 105 AGA ACT GCG ACC ACA ATG AC (1663-1682) | ++ 40
Eph B4 104 CAC CAG GAC CAG GAC CAC AC (1643-1662) | ++++ 70
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Eph B4 103 CCA CGA CTG CCG TGC CCG CA (1623-1642) | ++ 40
Eph B4 102 ATC AGG GCC AGC TGC TCC CG (1603-1622) | +++ 50
Eph B4 101 CCA GCC CTC GCT CTC ATC CA (1583-1602) | ++++ 80
Eph B4 100 GTIT GGG TCT GGC TGT GAT GT (1563-1582) | ++++ 80
Eph B4 99 TCC TGG CCG AAG GGC CCG TA (1543-1562) ++ 35
Eph B4 98 GCC GGC CTC AGA GCG CGC CC (1523-1542) | ++ 50
Eph B4 97 GTA CCT GCA CCA GGT AGC TG (1503-1522) | ++++ 80
Eph B4 96 GCT CCC CGC TTC AGC CCC CG (1483-1502) | ++ 50
Eph B4 95 CAG CTC TGC CCG GTT TTC TG (1463-1482) | ++ 50
Eph B4 94 ACG TCT TCA GGA ACC GCA CG (1443-1462) +4++ 80
Eph B4 93 CTG CTG GGA CCC TCG GCG CC (1423-1442) | ++ 40
Eph B4 92 CTT CTC ATG GTA TTT GAC CT (1403-1422) | ++++ 80
Eph B4 91 CGT AGT CCA GCA CAG CCC CA (1383-1402) | ++++ 85
Eph B4 90 CTG GGT GCC CGG GGA ACA GC (1363-1382) +++ 50
Eph B4 89 CCA GGC CAG GCT CAA GCT GC (1343-1462) | ++++ 70
Eph B4 88 TGG GTG AGG ACC GCG TCA CC (1323-1342) ++ 40
Eph B4 87 CGG ATG TCA GAC ACT GCA GG (1303-1322) +44 4 60
Eph B4 86 AGG TAC CTC TCG GTC AGT GG (1283-1302) | ++ 50
Eph B4 85 TGA CAT TGA CAG GCT CAA AT (1263-1282) | ++++ 80
Eph B4 84 GGG ACG GGC CCC GTG GCT AA (1243-1262) | ++ 50
Eph B4 83 GGA GGA TAC CCC GTT CAA TG (1223-1242) | +++ 60
Eph B4 82 CAG TGA CCT CAA AGG TAT AG (1203-1222) ++++ 70
Eph B4 81 GTG AAG TCA GGA CGT AGC CC (1183-1202) ++ 4 60
Eph B4 80 TCG AAC CAC CAC CCA GGG CT (1163-1182) +++ 50
Eph B4 79 CCA CCA GGT CCC GGG GGC CG (1143-1162) ++ 40
Eph B4 78 GGG TCA AAA GTC AGG TCT CC (1123-1142) +4++ 70
Eph B4 77 CCC GCA GGG CGC ACA GGA GC (1103-1122) ++4 60
Eph B4 76 CTC CGG GTC GGC ACT CCC GG (1083-1102) 4+ 60
Eph B4 75 CAG CGG AGG GCG TAG GTG AG (1063-1082) ++ 40
Eph B4 74 GTC CTC TCG GCC ACC AGA CT (1043-1062) ++ 50
Eph B4 73 CCA GGG GGG CAC TCC ATT CC (1023-1042) ++ 50
Eph B4 72 AGG TGC AGG GAG GAG CCG TT (1003-1022) +4++ 70
Eph B4 71 CAG GCG GGA AAC CAC GCT CC (983-1002) ++ 40
Eph B4 70 GCG GAG CCG AAG GAG GGG TG (963-982) +4+4+ 50
Eph B4 69 GTG CAG GGT GCA CCC CGG GG (943-962) +4++ 50
Eph B4 68 GTC TGT GCG TGC CCG GAA GT (923-942) ++ 40
Eph B4 67 ACC CGA CGC GGC ACT GGC AG (903-922) ++ 40
Eph B4 66 ACG GCT GAT CCA ATG GTG TT (883-902) ++ 50
Eph B4 65 AGA GTG GCT ATT GGC TGG GC (863-882 ( +4+ 4+ 60
Eph B4 64 ATG GCT GGC AGG ACC CTT CT (843-862) ++++ 80
Eph B4 63 CCT GAC AGG GGC TTG AAG GT (823-842) +4+++ 80
Eph B4 62 GCC CTG GGC ACA GGC TCG GC (803-822) ++ 70
Eph B4 61 ACT TGG TGT TCC CCT CAG CT (783-802) +4++ 80
Eph B4 60 GCC TCG AAC CCC GGA GCA CA (763-782) +++ 50
Eph B4 59 GCT GCA GCC CGT GAC CGG CT (743-762) +++ 50
Eph B4 58 GTT CGG CCC ACT GGC CAT CC (723-742) ++ 45
Eph B4 57 TCA CGG CAG TAG AGG CTG GG (703-722) +++ 70
Eph B4 56 GCT GGG GCC AGG GGC GGG GA (683-702) ++ 50
Eph B4 55 CGG CAT CCA CCA CGC AGC TA (663-682) ++ 50
Eph B4 54 CCG GCC ACG GGC ACA ACC AG (643-662) ++ 50
Eph B4 53 CTC CCG AGG CAC AGT CTC CG (623-642) +++ 50
Eph B4 52 GGA ATC GAG TCA GGT TCA CA (603-622) +ob 20
Eph B4 51 GTC AGC TGG GCG CAC TTT TT (583-602) +++ 70
Eph B4 50 GTA GAA GAG GTG CAG GGA TA (563-582) b+ 80
Eph B4 49 GCA GGG CCA TGC AGG CAC CC (543-562) ++++ 80
Eph B4 48 TGG TCC TGG AAG GCC AGG TA (523-542) ok 90
Eph B4 47 GAA GCC AGC CTT GCT GAG CG (503-522) 44+ 80
Eph B4 46 GTC CCA GAC GCA GCG TCT TG (483-502) +4 40
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Eph B4 45 ACA TTC ACC TTC CCG GTG GC (463-482) +++ 50
Eph B4 44 CTC GGC CCC AGG GCG CTT ccC (443-462) +4 50
Eph B4 43 GGG TGA GAT GCT CCG CGG CcC (423-442) +4+ 60
Eph B4 42 ACC GTG TCC ACC TTG ATG TA (403-422) +4++ 80
Eph B4 41 GGG GTT CTC CAT CCA GGC TG (383-402) +4+4+ 80
Eph B4 40 GCG TGA GGG CCG TGG CCG TG (363-382) ++ 50
Eph B4 39 TCC GCA TCG CTC TCA TAG TA (343-362) +4+ 60
Eph B4 38 GAA GAC GGT GAA GGT CTC CT (323-342) ++++ 80
Eph B4 37 TGC AGG AGC GCC CAG CcC GAa (303-322) +++ 50
Eph B4 36 GGC AGG GAC AGG CAC TCG AG (283-302) +++ 45
Eph B4 35 CAT GGT GAA GCG CAG CGT GG (263-282) ++ 50
Eph B4 34 CGT ACA CGT GGA CGG CGC cCc (243-262) ++ 40
Eph B4 33 CGC CGT GGG ACC CAA CCT GT (223-242) +++ 60
Eph B4 32 GCG AAG CCA GTG GGC CTG GC (203-222) +4++ 70
Eph B4 31 CCG GGG CAC GCT GCA CGT CA (183-202) +++ 60
Eph B4 30 CAC ACT TCG TAG GTG CGC AC (163-182) +++ 70
Eph B4 29 GCT GTG CTG TTC CTC ATC CA (143-162) +4+4++ 80
Eph B4 28 GGC CGC TCA GTT CCT CCC AC (123-142) ++ 40
Eph B4 27 TGC CCG TCC ACC TGA GGG AA (103-122) ++ 50
Eph B4 26 TGT CAC CCA CTT CAG ATC AG (83-102) +4++ 70
Eph B4 25 CAG TTT CCA ATT TTG TGT TC (63-82) +4++ 70
Eph B4 24 AGC AGG GTC TCT TCC AAA GC (43-62) +4+++ 80
Eph B4 23 TGC GGC CAA CGA AGC CCA GC (23-42) +4 50
Eph B4 22 AGA GCA GCA CCC GGA GCT CC (3-22) +++ 50
Eph B4 21 AGC AGC ACC CGG AGC TCC AT (1-20) +4+ 50

Additional antisense probes described in the specification
EphB4 AS-1 GTG CAG GGA TAG CAG GGC CAT (552-572)
EphB4 AS-2 AAG GAG GGG TGG TGC ACG GTG (952-972)
EphB4 AS-3 TTC CAG GTG CAG GGA GGA GCC (1007-1027)
EphB4 AS-4 GTG GTG ACA TTG ACA GGC TCA (1263-1285)
EphB4 AS-5 TCT GGC TGT GAT GTT CCT GGC (1555-1575)
EphB4 AS-6 GCC GCT CAG TTC CTC CCA (123-140)
EphB4 AS-7 TGA AGG TCT CCT TGC AGG (316-333)
EphB4 AS-8 CGC GGC CAC CGT GTC CAC CTT (408-428)
EphB4 AS-9 CTT CAG GGT CTT GAT TGC CAC (1929-1949)
EphB4 AS-10 | ATG GAG GCC TCG CTC AGA AA (1980-1999)
Ephb4 AS-11 | CAT GCC CAC GAG CTG GAT GAC (2138-2158)
Table 7. Inhibition of EphB4 Gene Expression by EphB4 RNAI probes
RNAL EphB4 RNA1 sequence Inhibition Percent
of EphB4 reduction
Expression in
viability
1 446 aaattggaaactgctgatctg 466
2 447  aattggaaactgctgatctga 467 + 70
3 453  aaactgctgatctgaagtggg 473 o 70
4 454  aactgctgatctgaagtgggt 474 ot 80
5 854 aatgtcaagacgctgcgtctg 874 e 65
6 467 aagtgggtgacattccctcag 487 + 35
7 848 aaggtgaatgtcaagacgctg 868 +t 50
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8 698 aaggagaccttcaccgtctte 718 ot 75
9 959  aaaaagtgcgcccagctgact 979 + 40
10 1247 aatagccactctaacaccatt 1267 ++ 50
11 1259 aacaccattggatcagccgtc 1279 ++ 50
12 1652 aatgtcaccactgaccgagag 1672 + 35
13 1784 aaataccatgagaagggcgcc 1804 4+ 65
14 1832 aagacgtcagaaaaccgggca 1852 + 30
15 1938 aacatcacagccagacccaac 19 ++ 50
16 2069 aagcagagcaatgggagagaa 2089 s 75
17 2078 aatgggagagaagcagaatat 2098 +++ 65
18 2088 aagcagaatattcggacaaac 2108 ++ 70
19 2094 aatattcggacaaacacggac 2114 ++ 40
20 2105 aaacacggacagtatctcatc 2125 ++ 50
21 2106 aacacggacagtatctcatcg 2126 + 35
22 2197 aaaagagatcgatgtctccta 2217 bt 65
23 2174 aatgaggctgtgagggaattt 2194 ++ 50
24 2166 aagaccctaatgaggctgtga 2186 + 50
25 2198 aaagagatcgatgtctcctac 2218 4 55
26 2199 aagagatcgatgtctecctacg 2219 et 70
27 2229 aagaggtgattggtgcaggtg 2249 + 33
28 2222 aagattgaagaggtgattggt 2242 + 30
29 2429 aacagcatgcccgtcatgatt 2449 ++ 40
30 2291 aagaaggagagctgtgtggca 2311 Fobot 50
31 2294 aaggagagctgtgtggcaatc 2314 Akt 60
32 2311 aatcaagaccctgaagggtgg 2331 o 70
33 2497 aaacgacggacagttcacagt 2517 + 35
34 2498 aacgacggacagttcacagtce 2518 + 40
35 2609 aacatcctagtcaacagcaac 2629 ++ 50
36 2621 aacagcaacctcgtctgcaaa 2641 + 35
37 2678 aactcttccgatcccacctac 2698 o+ 50
38 2640 aagtgtctgactttggccttt 2660 oot 70
39 2627 aacctcgtctgcaaagtgtet 2647 ++ 50
40 2639 aaagtgtctgactttggectt 2659 + 25
41 2852  aatcaggacgtgatcaatgcc 2872 Hoh 75
42 2716 aaagattcccatccgatggac 2736 e 50
43 2717 aagattcccatccgatggact 2737 ++ 60
44 2762 aagttcacttccgccagtgat 2782 Fobt 70
45 3142 aagatacgaagaaagtttcgce 3162 ++ 50
46 3136 aatgggaagatacgaagaaag 3156 H 66
47 2867 aatgccattgaacaggactac 2887
48 3029 aaaatcgtggcccgggagaat 3049 + 33
49 3254 aaaatcttggccagtgtccag 3274 + 50
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50 3255 aaatcttggccagtgtccage = 3275 it 75
51 3150 aagaaagtttcgcagccgetg 3170 et 80
52 3251 aagaaaatcttggccagtgtce 3271 ++ 50
53 3256 aatcttggccagtgtccagea 3276 ++ 50

Additional RNAL probes described in the specification

Eph B4 50 gagacccugcugaacacaauu
Eph B4 472 ggugaaugucaagacgcuguu
Eph B4 1562 caucacagccagacccaacuu
siRNA 2303 cucuuccgaucccaccuacuu
Eph B4 2302 cucuuccgaucccaccuacuu

Example 9. Inhibition of Fphrin 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 (SUM). 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.

Table 8. Ephrin B2 antisense ODNs.

sequence Coding Percent Inhibition
region reduction in of Ephrin B2
viability Expression
Ephrin AS- TCA GAC CTT GTA GTA AAT GT (983-1002) 35 +4+
;;hrin AS- TCG CCG GGC TCT GCG GGG GC (963-982) 50 +44
5
Eghrin AS-~ ATC TCC TGG ACG ATG TAC AC (943-962) 45 ++
49
Ephrin AS- CGG GTG CCC GTA GTC CCC GC (923-942) 35 ++
;llghrin AS- TGA CCT TCT CGT AGT GAG GG (903-922) 40 +4+
47
Ephrin AS- CAG AAG ACG CTG TCC GCA GT (883-902) 40 +4
:!ghrin AS- CCT TAG CGG GAT GAT AAT GT (863~882) 35 ++
45
Ephrin AS- CAC TGG GCT CTG AGC CGT TG (843-862) 60 44
;}ihrin AS- TTG TTG CCG CTG CGC TTG GG (823-842) 40 +4
43
Ephrin AS- TGT GGC CAG TGT GCT GAG CG (803-822) 40 +4+
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42
Ephrin AS- ACA GCG TGG TCG TGT GCT GC (783-802) 70 +++
:I;hrin AS- GGC GAG TGC TTC CTG TGT CT (763-782) 80 +ok
40

Ephrin AS- CCT CCG GTA CTT CAG CAA GA (743-762) 50 +++
;:;hrin AS-~ GGA CCA CCA GCG TGA TGA TG (723-742) 60 4+
;ghrin AS~- ATG ACG ATG AAG ATG ATG CA (703-722) 70 +4+t
3

E;hrin AS- TCC TGA AGC AAT CCC TGC AA (683-702) 60 +++
::;hrin AS- ATA AGG CCA CTT CGG AAC CG (663-682) 45 ++
Z:;hrin AS- AGG ATG TTG TTC CCC GAA TG (643-662) 50 BRI
;:hrin AS- TCC GGC GCT GTT GCC GTC TG (623-642) 75 +++
Z;hrin AS- TGC TAG AAC CTG GAT TTG GT (603-622) 60 A+
gﬁf}hrin AS- TTT ACA AAG GGA CTT GTT GT (583-602) 66 +4+
3

E;hrin AS- CGA ACT TCT TCC ATT TGT AC (563-582) 50 ++
;ghrin AS- CAG CTT CTA GTT CTG GAC GT (543-562) 50 +++
;;hrin AS- CTT GTT GGA TCT TTA TTC CT (523-542) 70 +++
;}ihrin AS~- GGT TGA TCC AGC AGA ACT TG (503-522) 65 4+
;Z)hrin AS- CAT CTT GTC CAA CTT TCA TG (483-502) 75 +++
i!f)hrin AS- AGG ATC TTC ATG GCT CTT GT (463-482) 60 et
;;hrin AS- CTG GCA CAC CCC TCC CTC CT (443-462) 45 ++
24

Ephrin AS- GGT TAT CCA GGC CCT CCA AA (423-442) 50 ++
i_:;hrin AS~ GAC CCA TTT GAT GTA GAT AT (403-422) 50 4
2Egz)hrin AS- AAT GTA ATA ATC TTT GTIT CT (383-402) 60 +4++
;;-)hrin AS- TCT GAA ATT CTA GAC CCC AG (363-382) 60 +4++
gghrin AS- AGG TTA GGG CTG AAT TCT TG (343-362) 75 +4+
lji-;hrin AS- AAA CTT GAT GGT GAA TTT GA (323-342) 60 ++
;ghrin AS- TAT CTT GGT CTG GTT TGG CA (303-322) 50 ++
;;hrin AS- CAG TTG AGG AGA GGG GTA TT (283-302) 40 +4+
;]_ihrin AS~ TTC CTT CTT AAT AGT GCA TC (263-282) 66 ot
5

;phrin AS- TGT CTG CTT GGT CTT TAT CA (243-262) 70 A
;;hrin AS- ACC ATA TAA ACT TTA TAA TA (223-242) 50 +++
1

E;hrin AS- TTC ATA CTG GCC AAC AGT TT (203-222) 50 A+t
2

;phrin AS- TAG AGT CCA CTT TGG GGC AA (183-202) 70 bk
;:]:;hrin AS- ATA ATA TCC BAT TTG TCT CC (163-182) 70 ++4+
;!}ghrin AS- TAT CTG TGG GTA TAG TAC CA (143-162) 80 4t
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thrin AS-~ GTC CTT GTC CAG GTA GAA AT (123-142) 60 e+
gphrin AS- TTG GAG TTC GAG GAA TTC CA (103-122) 80 ++4++
]Z!phrin AS- ATA GAT AGG CTC TAA AAC TA (83-102) 70 +44
gphrin AS-~ TCG ATT TGG AAA TCG CAG TT (63-82) 50 +++
;phrin AS- CTG CAT AAA ACC ATC AAA AC (43-62) 80 F
éphrin AS- ACC CCA GCA GTA CIT CCA CA (23-42) 85 bt
;phrin AS- CGG AGT CCC TTC TCA CAG CC (3-22) 70 +++
2

Ephrin AS- GAG TCC CTT CTC ACA GCC AT (1-20) 80 ++++
1

Table 9. Ephrin B2 RNAi probes.

RNAi Sequence and homology with other Percent Inhibition RNA1L
human genes. reduction in | of Ephrin B2 no.
viability Expression
89 aactgcgatttccaaatcgat 109 80 o+ 1
141 aactccaaatttctacctgga 161 70 F4+4+ 2
148 aatttctacctggacaaggac 168 75 e+ 3
147 aaatttctacctggacaagga 167 60 RERRES 4
163 aaggactggtactatacccac 183 40 4 5
217 aagtggactctaaaactgttg 237 80 b 6
229 aaactgttggccagtatgaat 249 50 o 7
228 aaaactgttggccagtatgaa 248 80 FH++ 8
274 aagaccaagcagacagatgca 294 80 +tt 11
273  aaagaccaagcagacagatgc 293 60 e+t 12
363 aagtttcaagaattcagccct 383 66 R 13
370 aagaattcagccctaacctcet 390 50 +++ 14
373  aattcagccctaacctctggg 393 50 ot 15
324 aactgtgccaaaccagaccaa 344 20 o 16
440 aaatgggtctttggagggcct 460 80 e 17
501 aagatcctcatgaaagttgga 521 50 +++ 18
513 aaagttggacaagatgcaagt 533 50 e+ 19
491 aagagccatgaagatcctcat 511 50 + 20
514 aagttggacaagatgcaagtt 534 66 4+ 21
523 aagatgcaagttctgctggat 543 66 i 52
530 aagttctgctggatcaaccag 550 50 T+ 23
545 aaccaggaataaagatccaac 565 35 ++ 24
555 aaagatccaacaagacgtcca 575 40 ++ 25
556 aagatccaacaagacgtccag 576 60 e 26
563 aacaagacgtccagaactaga 583 60 4+ 27
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566 aagacgtccagaactagaagc 586 70 o+ 28
593 aaatggaagaagttcgacaac 613 75 4+ 29
577 aactagaagctggtacaaatg 597 66 T+ 30
594 aatggaagaagttcgacaaca 614 35 ++ 31
583 aagctggtacaaatggaagaa 603 50 F4+ 32
611 aacaagtccctttgtaaaacc 631 70 + ok 33
599 aagaagttcgacaacaagtce 619 70 ++++ 34
602  aagttcgacaacaagtccctt 622 80 PR 35
626 aaaaccaaatccaggttctag 646 50 + 36
627  aaaccaaatccaggttctage 647 25 + 37
628 aaccaaatccaggttctagea 648 30 + 38
632 aaatccaggttctagcacaga 652 60 RREIN 39
633 aatccaggttctagcacagac 653 40 ++ 40
678 aacaacatcctcggttccgaa 698 30 o a1
681  aacatcctcggttccgaagtg 701 20 + 42
697  aagtggccttatttgcaggga 717 30 o 23

Additional Ephrin B2 RNAi probes described in the specification

GCAGACAGAUGCACUAUUAUU ephrin
B2 264

CUGCGAUUUCCAAAUCGAUUU ephrin
B2 63

GGACUGGUACUAUACCCACUU ephrin
B2 137

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
SCC15 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
MCF-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 days.
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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
immunohistochemistry. 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).

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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WE CLAIM:

1.

10.

11.

12.

13.

14.
15.

16.

An isolated 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.

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

The soluble polypeptide of claim 1, comprising a sequence at least 90% identical to
residues 1-522 of the amino acid sequence defined by Figure 65.

The soluble polypeptide of claim 1, comprising a sequence at least 90% identical to
residues 1-412 of the amino acid sequence defined by Figure 65.

The soluble polypeptide of claim 1, comprising a sequence at least 90% identical to
residues 1-312 of the amino acid sequence defined by Figure 65.

The soluble polypeptide of claim 1, comprising a sequence defined by Figure 1 or 2.

The soluble polypeptide of claim 1, wherein the soluble polypeptide inhibits the
interaction between Ephrin B2 and EphB4.

The soluble polypeptide of claim 1, wherein the soluble polypeptide inhibits clustering
of Ephrin B2 or EphB4.

The soluble polypeptide of claim 1, wherein the soluble polypeptide inhibits
phosphorylation of Ephrin B2 or EphB4.

The soluble polypeptide of claim 1, wherein the soluble polypeptide is a fusion
protein.

The soluble polypeptide of claim 1, wherein the soluble polypeptide comprises one or

more modified amino acid residues.

An isolated 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 of claim 12, comprising residues 1-225 of the amino acid
sequence defined by Figure 66.

The soluble polypeptide of claim 12, comprising a sequence defined by Figure 3.

The soluble polypeptide of claim 12, wherein the soluble polypeptide inhibits the
interaction between Ephrin B2 and EphB4.

The soluble polypeptide of claim 12, wherein the soluble polypeptide inhibits
clustering of Ephrin B2 or EphB4.
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17.

18.

19.

20.

21.

22.

23.

23.

24,
25.

26.

28.

29.

30.
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_ The soluble polypeptide of claim 12, wherein the soluble polypeptide inhibits

phosphorylation of Ephrin B2 or EphB4.

The soluble polypeptide of claim 12, wherein the soluble polypeptide is a fusion
protein.

The soluble polypeptide of claim 12, wherein the soluble polypeptide comprises one
or more modified amino acid residues.

A pharmaceutical composition comprising the soluble polypeptide of claim 1, and a
pharmaceutically acceptable carrier.

A pharmaceutical composition comprising the soluble polypeptide of claim 12,and a
pharmaceutically acceptable carrier.

A cosmetic composition comprising the soluble polypeptide of claim 1, and a
pharmaceutically acceptable carrier.

A cosmetic composition comprising the soluble polypeptide of claim 12, and a
pharmaceutically acceptable carrier.

A diagnostic kit comprising the soluble polypeptide of claim 1 and a pharmaceutically
acceptable carrier.

A diagnostic kit comprising the soluble polypeptide of claim 12 and a carrier.
An antagonist antibody selected from the group consisting of:

(a) an antibody which binds to an extracellular domain of an EphB4 protein and
inhibits an activity of the EphB4; and

(b) an antibody which binds to an extracellular domain of an Ephrin B2 protein and
inhibits an activity of the Ephrin B2.

The antagonist antibody of claim 25, wherein the antagonist antibody inhibits the
interaction between Ephrin B2 and EphB4.

The antagonist antibody of claim 25, wherein the antagonist antibody inhibits
clustering of Ephrin B2 or EphB4.

The antagonist antibody of claim 25, wherein the antagonist antibody inhibits
phosphorylation of Ephrin B2 or EphB4.

The antagonist antibody of claim 25, wherein the antagonist antibody is a monoclonal
antibody.

The antagonist antibody of claim25, wherein the antagonist antibody is a polyclonal
antibody.
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31.

32.

33.
34.

35.

36.

37.

38.

39.
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A pharmaceutical composition comprising the antagonist antibody of claim 25, and a
pharmaceutically acceptable carrier.

A cosmetic compostion comprising the antagonist antibody of claim 25, and a
pharmaceutically acceptable carrier.

A diagnostic kit comprising the antagonist antibody of claim 25, and a carrier.

A method of inhibiting signaling through Ephrin B2/EphB4 pathway in a cell,
comprising contacting the cell with an effective amount of a soluble polypeptide of
claim 1.

A method of inhibiting signaling through Ephrin B2/EphB4 pathway in a cell,
comprising contacting the cell with an effective amount of a soluble polypeptide of
claim 12.

A method of inhibiting signaling through Ephrin B2/EphB4 pathway in a cell,
comprising contacting the cell with an effective amount of a soluble polypeptide of
claim 25.

A method of reducing the growth rate of a tumor, comprising administering an amount
of a polypeptide agent sufficient to reduce the growth rate of the tumor, wherein the
polypeptide agent is 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;

(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.

() an antibody which binds to an extracellular domain of an EphB4 protein and
inhibits an activity of the EphB4; and

(d) an antibody which binds to an extracellular domain of an Ephrin B2 protein and
inhibits an activity of the Ephrin B2.

The method of claim 37, wherein the tumor comprises cells expressing a higher level
of EphB4 and/or EphrinB2 than noncancerous cells of a comparable tissue.

A method for treating a patient suffering from a cancer, comprising administering to
the patient a polypeptide agent selected from the group consisting of:

(2) 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;
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45.
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48.
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(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.

() an antibody which binds to an extracellular domain of an EphB4 protein and
inhibits an activity of the EphB4; and

(d) an antibody which binds to an extracellular domain of an Ephrin B2 protein and
inhibits an activity of the Ephrin B2.

The method of claim 39, wherein the cancer comprises cancer cells expressing
EphrinB2 and/or EphB4 at a higher level than noncancerous cells of a comparable

tissue.
The method of claim 39, wherein the cancer is metastatic cancer.

The method of claim 39, wherein the tumor is selected from the group consisting of
colon carcinoma, breast tumor, mesothelioma, prostate tumor, squamous cell
carcinoma, Kaposi sarcoma, and leukemia.

The method of claim 39, wherein the cancer is an angiogenesis-dependent cancer.
The method of claim 39, wherein the cancer is an angiogenesis-independent cancer.

The method of claim 39, wherein the polypeptide agent inhibits the interaction
between Ephrin B2 and EphB4.

The method of claim 39, wherein the polypepﬁde agent inhibits clustering of Ephrin
B2 or EphB4.

The method of claim 39, wherein the polypeptide agent inhibits phosphorylation of
Ephrin B2 or EphB4.

The method of claim 39, wherein the polypeptide agent is formulated with a
pharmaceutically acceptable carrier.

The method of claim 39, further including administering at least one additional anti-
cancer chemotherapeutic agent that inhibits cancer cells in an additive or synergistic
manner with the polypeptide agent.

A method of inhibiting angiogenesis, comprising contacting a cell an amount of a
polypeptide agent sufficient to inhibit angiogenesis, wherein the polypeptide agent is
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; :

-105 -



10

15

20

25

30

51.
52.

53.

54.

55.

WO 2004/080425 PCT/US2004/007755

(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.

(c) an antibody which binds to an extracellular domain of an EphB4 protein and
inhibits an activity of the EphB4; and

(d) an antibody which binds to an extracellular domain of an Ephrin B2 protein and
inhibits an activity of the Ephrin B2.

The method of claim 50, wherein the cell expresses EphB4 or Ephrin B2.

A method for treating a patient suffering from an angiogenesis-associated disease,
comprising administering to the patient a polypeptide agent 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;

(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.

() an antibody which binds to an extracellular domain of an EphB4 protein and
inhibits an activity of the EphB4; and

(d) an antibody which binds to an extracellular domain of an Ephrin B2 protein and
inhibits an activity of the Ephrin B2.

The method of claim 52, wherein the soluble polypeptide is formulated with a
pharmaceutically acceptable carrier.

The method of claim 52, wherein the angio genesis-associated disease is selected from
the group consisting of angio genesis-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, wound granulation, wound healing,
telangiectasia psoriasis scleroderma, pyogenic granuloma, cororany collaterals,
ischemic limb angiogenesis, rubeosis, arthritis, diabetic neovascularization, fractures,
vasculogenesis, and hematopoiesis.

The method of claim 52, further including administering at least one additional anti-
angiogenesis agent that inhibits angiogenesis in an additive or synergistic manner
with the soluble polypeptide.
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Use of a polypeptide agent in the manufacture of medicament for the treatment of
cancer, wherein the polypeptide agent is 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;

(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.

(c) an antibody which binds to an extracellular domain of an EphB4 protein and
inhibits an activity of the EphB4; and

(d) an antibody which binds to an extracellular domain of an Ephrin B2 protein and
inhibits an activity of the Ephrin B2.

Use of a polypeptide agent in the manufacture of medicament for the treatment of an
angiogenesis-associated disease, wherein the polypeptide agent is 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;

(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.

(c) an antibody which binds to an extracellular domain of an EphB4 protein and
inhibits an activity of the EphB4; and

(d) an antibody which binds to an extracellular domain of an Ephrin B2 protein and
inhibits an activity of the Ephrin B2.

A method 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 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;
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(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.

(iii) an antibody which binds to an extracellular domain of an EphB4 protein
and inhibits an activity of the EphB4; and

(1v) an antibody which binds to an extracellular domain of an Ephrin B2
protein and inhibits an activity of the Ephrin B2.

A method for treating a patient suffering from a cancer, comprising:

(a) identifying in the patient a tumor having a plurality of cancer cells having a gene
amplification of the EphB4 and/or EphrinB2 gene; and

(b) administering to the patient a polypeptide agent selected from the group consisting
of:

(1) 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;

(i1) 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.

(111) an antibody which binds to an extracellular domain of an EphB4 protein
and inhibits an activity of the EphB4; and

(iv) an antibody which binds to an extracellular domain of an Ephrin B2
protein and inhibits an activity of the Ephrin B2.

A method for identifying a tumor that is suitable for treatment with an EphrinB2 or
EphB4 antagonist, the method comprising 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 amplification of the EphB4 gene; and -
(d) gene amplification of the EphrinB2 gene,

wherein a tumor cell having one or more of characteristics (a)-(d) is suitable for

treatment with an EphrinB2 or EphB4 antagonist.

61.
the group consisting of:

The method of claim 60, wherein the EphrinB2 or EphB4 antagonist is selected from

- 108 -



10

WO 2004/080425 PCT/US2004/007755
(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.

(c) an antibody which binds to an extracellular domain of an EphB4 protein and
inhibits an activity of the EphB4; and

(d) an antibody which binds to an extracellular domain of an Ephrin B2 protein and
inhibits an activity of the Ephrin B2.

- 109 -



WO 2004/080425 PCT/US2004/007755
1/88

Figure 1. Amino acid sequence of'the BAECY3 protein

MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGOWEELSG
LDEEQHSVRTYEVCEVQRAPGOAHWLRTGWVPRRGAVHVYATLRETM
LECLSLPRAGRSCKETFTVEYYESDADTATALTPAWMENPYIKVDTV
AAEHLTRKRPGAEATGKVNVKTLRLGPLSKAGFYLAFQDQGACMALL
SLHLFYKKCAQLTVNLTRFPETVPRELVVPVAGSCVVDAVPAPGPSP,
SLYCREDGQWAEQPVTGCSCAPGFEAAEGNTKCRACAQGTFKPLSGE
GSCQPCPANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAPRS
VVSRLNGSSLHLEWSAPLESGGREDLTYATLRCRECRPGGSCAPCGGD
LTFDPGPRDLVEPWVVVRGLRPDFTYTFEVTALNGVSSLATGPVPFE
PVNVTTDREVPPAVSDIRVTRSSPSSLSLAWAVPRAPSGAWLDYEVK.
YHEKGAREGPSSVRFLKTSENRAELRGLKRGASYLVQVRARSEAGYGP

FGQEHHSQLQLDESEGWREQGSKRAILQIEGKPIPNPLLGLDSTRTF
HHHHHH
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Figure 2. Amino acid sequence of thé B4ECv3NT protein

MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGQWEELSG
LDEEQHSVRTYEVCEVQRAPGQAHWLRTGWVPRRGAVHVYATLRFTM
LECLSLPRAGRSCKETFTVFYYESDADTATALTPAWMENPYIRVDTV
AAEHLTRKRPGAEATGRVNVKTLRLGPLSRAGFYLAF;DQGACMALL.
SLHLFYKKCAQLTVNLTRFPETVPRELVVPVAGSCVVDAVPAPGPS P
SLYCREDGQWAE gPVTGCSCAPGFEAAEGNTRCRACAQGTFRPLSGE'
GSCQPCPANSHSNTIGSAVCQCRVGYFRARTDPRGAPCTTPPSAPRS
VVSRLNGSSLHLEWSAPLESGGREDLTYALRCRECRPGGSCAPCGGD
LTFDPGPRDLVERWVVVRGLRPDETY TFEVTALNGVSSTLATGPVEFE
PVNVTTDREVEPAVSDIRVIRSSPSSLSLAWAVPRAPSGAWLDYEVE
1HERGAEbPSQVRFLKTDENRAELRGLBRGASYLVOVRARSPAFVCD
FGQEHHSQTQOLDESEGWREQGSKRAILQISSTVARARARY
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Figure 3. Amino acid sequence of the B2EC protein

MAVRRDSVWKYCWGVLMVLCRTAISKSIVLEPIYWNSSNSKFLP
GQGLVLYPQIGDKLDIICPKVDSKTVGQYEYYKVYMVDKDQADR,
CTIKKENTPLLNCAKPDODIKFTIKFQEFSPNLWGLEFQKNKDY
YIISTSNGSLEGLDNQEGGVCQTRAMKILMKVGQODASSAGSTRN

KDPTRRPELEAGTNGRSSTTSPFVKPNPGSSTDGNSAGHSGNNT
LGSEYGSHHHHHH'
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Figu:fe 4. Amino acid sequence of the B4ECv3-FC protein

MELRVLLCWASLAAALEETLLNTKLETADLKWVTFPQVDGQWEEL
SGLDEEQHSVRTYEVCEVQRAPGQAHWLRTGWVPRRGAVHVYATL
RFTMLECLSLPRAGRSCKETFTVEYYESDADTATALT PAWMENPY
IKVDTVAAEHLTRKRPGAEATGKVNVKTLRLGPLSKAGEYLAFQD
QGACMALLSLHLFYKKCAQLTVNLTREPETVPRELVVPVAGSCVY
DAVPAPGPSPSLYCREDGQWAEQEVTGCSCAPGFEAREGNTKCRA
CAQGTFKPLSGEGSCOQPCPANSHENTIGSAVCQCRVGYFRARTDP
RGAPCTTPPSAPRSVVSRLNGS SLHLEWSAPLESGGREDLTYALR
CRECRPGGSCAPCGGDLTFDPGPRDLVEPWVVVRGLRPDETYTEFE
VTALNGVSSLATGEVPFEPVNVITDREVPPAVSDIRVTRSSPSST,
' SLAWAVPRAPSGAWLDYEVKYHEKGAEGPSSVRFLKTSENREELR
GLERGASYLVQVRARSEAGYGEFGQEHHSQTQLDESEGWREQDPE
PKSCDKTHTCPPCPAPELLGGESVEFLEFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTL
PEPSRDELTKNQVSLTCLVKGEYPSDIAVEWESUGQPENNYKTTER

VLDSDGSFFLYSKLTVDKSRWQQGNVFICSVMHEATLHNHY TOKS L,
SLSPGK
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Figure 5. Amino acid sequence of the BZEC-FC'protein

MAVRRDSVWKYCWGVLMVLCRTAISKSIVLEPIYWNSSNSKFLPGQ
'GLVLYPQIGDKLDIICPKVDSKTVGQYEYYKVYMVDKDQADRCTIK
KENTPLLNCAKPDODIKETIKFQEFSPNLWGLEFQKNKDYYIISTS
NGSLEGLDNQEGGVCQTRAMKILMKVGQDASSAGSTRNKDPTRRPE
LEAGTNGRSSTTSPEVKPNPGSSTDGNSAGHSGNNILGSEVDPEPK
SCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVYV
DVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH
QDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPESRD
ELTKNQVSLTCLVKGEFYPSDIAVEWE SNGQPENNYKTTPPVLDSDG
SFFLYSKLTVDRSRWOOGNVESCSVMHEALHNHYTOKSLSLSEGK
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Fig. 7. B4E.C-F.C inhibition assay (Inhibition in solution)
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Fig. 8.B2EC-FC binding assay  (Protein-A-agarose based assay)
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HUAEC Chemotaxis in response to B4ECvS
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Chemotaxis of HHEC in response to B2EC.FC
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Chemotaxis of HHAEC in response to B2EC
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Figure 16. Domain structure of the recombinant soluble EphB4EC proteins.
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Figure 17A. Purification and ligand binding properties of the EphB4EC proteins
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Figure 17B. Binding of Ephrin B2-AP fusion to EphB4-derived recombinant proteins
immobilized on NTA-agarose beads.
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B4v3 inhibits chemotaxis, In Vitro Invasion Assay

HUAEC Invasion in '-responsl'e to
B4v3 in presence of growth factors

180

-
DD
o o
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> D
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# of cells migrating
through 0.8un pores
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40

20

b4 0 +GF.

Amount of

In Vitro Invasion Assay: Chemotaxis of HUAECs, measuring migration and degradation of basement -
membrane ability, was assessed using a modified Boyden chamber, transwell membrane filter inserts in 24
well plates; 6.5 mm diam, 8um pore size, 10um thick polycarbonate membranes. The upper surfaces of the
transwell were pre-coated with matrigel The cell suspensions of HUAECS in 0.25% BSA (2x 1075
cells/ml) in 200ul of EBM were seeded in the upper chamber and the B4v3 protein was added
simultaneously with stimulant (VEGF or bFGF) to the lower compartment of the chamber and their
migration across a polycarbonate filter in response t010- 20ng/ml of VEGF with or without 100nM- 1uM
test compound was investigated. After incubation for 4-24h at 37, The upper surface of the filter was
scraped with swab and filters were fixed and stained with Diff Quick. Triplicate. Ten random fields at 200x
mag were counted and the results expressed as mean # per field
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B4v3 inhibits tubule formation on Matrigel.

Fig. 19
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B4v3 inhibits tubule formation on Matrigel. :
HUAEC cultures were cultured with B4v3, at 800, 2000, and 4000 ng/ml following seeding
on STD matrigel in growth factor stimulated conditions, to analyze fubule formation. Cells
were photographed 6h and 24h after seeding, 20X magnification, and the total length of the
tubule-like network formed in the well, and # of junctions was established. -

A, displays the strong inhibition of tubule formation by B4v3 in a representative
experiment. ‘

B, shows a quantitation, with AngioSys Software, 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 thraa indanandant Avnarimanta narfarmed with diinlinate walle.
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Cell Titer 96-HUAEC w/ B4v3
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Cell viability assays:

Cell viability was determined using the (3-(4,5-dimetilthiazdl—2«y1)~5-(3-caxboxymethoxyphenyl)-
-(4-sulfophenyl)-2H-tetrazolium, inner salt (MTS) assay according to the instructions of the
manufacturer (Promega, Madison, WI, USA).
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B4v3 irnhyib'i.ts invasion and tubule ~formétidn by
endothelial cells in the Murine Matrigel assay-
A -GF  4GF

GF+B4v3
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(CF = 100ng/ml ECGD)

B4v3 inhibits invasion and tubule formation by endothelial cells in the murine Matrigel assay.
B4v3 (50nM) was added to Matrigel solution containing ECGS (150ng/ml) and injected
subcutaneously into BalbC nu/nu mice. After 6 days plugs were removed and processed in parraffin.
Individual sections were either stained with hematoxylin (4) to detect total invading cells,
photographed at 20X magnification or with Masson’s Trichrome Top left of A B displays section of
a Maltrigel plug with no GF , top right of 4 R :

displays section with B41gG containing GF and lower left section contains GF, and lower right
shows GF in the presence of B4v3. Significant invasion of endothelial cells isonlyseen -

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.
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~ Fig. 22
~ 'B4EC prot‘eins'f - B2-Fc + B4EC p.roteihs'
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- Tyrosine phosphorylation of EphB4 receptor in PC3 cells in response to stimulation with EphrinB2-F
fusion in presence or absence of BphBd-derived recombinant soluble profeins, '
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Fig. 23
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Fig. 24

B4v3 mhlbitls neovascular response in a murine
' corneal hydron mlcropocket assay
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B4v3 inhibitis neovascular re~ponse ina murine Mme'al hw!rnn micropocket

assay.

B4vi (180ng) was added. fo hvciron and sucralfate (45ug) with or without basic fibroblast

growth factor (0FGF) (100ng) and pellets formed. The pellets were selected and inserted

- into a micropocket into corneas of BalbC nu/nu mice. After3 days pellets were removed and
processed in freezing compound. Only the bFGR-sucralfate pellet; top left, induced an

intense neovascular response originating from the limbal vessels and reaching the pellet on

day 3 after implatntation. Pellets containing bFGF and sucralfate with B4v3 and B$f, top

right and bottom left respectively, did not produce an angiogenic response above
background, !ower right, on day 3 after |mplantatlon
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) 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. (4) sB4v3, 40mg per kg body weight were
subcutaneously coinjected with x10°6 célls in a matrigel preparation. The representative picture.shows
retarded tumor growth in the presence of sB4 (left flank)compared with PBS control treatment (right flank).
(B) Treatment with sB4 significantly inhibited human SCC, B16, and MCF-7 tumor growth compared with

control-treated mice (p<0.05). (C) Treatment with sB4 significantly inhibited tumor weightcompared with
. contrel-treated mice (p<0.05). Data are expressed as meantSEM. *p<0.05 o ' '



WO 2004/080425 PCT/US2004/007755

27/88

SECTS T fn TiiSfology

Soluble EphB4 causes apoptosis, necrosis and decreased angiogenesis
in threee 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 inhibition of tumor-angiogenesis in regions with viable tumor
cells, as well as tumor necrosis and apoptosis.
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Figure 29
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Figure 32
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F1g_..2:54 Expression of ephrin B2 and EphB4 by in sity
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Fig. 33. Cellular expression of EphB4 and ephrin B2 in mesothelioma culfures. Immuno

fluorescence staining of prirr
cell isolate derived from pleural effusion of & patient with malignant mescthelioma and cell lines NG| H28, NCI H22

and MCl H2052 for ephrin BZ and EphB4. Green color is positive signal for FITC labsled gsecondary antibc
Specificity of immunofluorescence staining was demonstrated by lack of signal with no primary antibody (first rc
Cell nuclei were counterstained with DAPI (blue color) o reveal location of all cells. Shown are merged image:
DAP! and FITC fluoréscence. Qriginal magnification 200X, . -
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Fig. 36. Expression of ephrin B2 and EphB4 in mesothelioma tumor. Immunohistochemistry of malignant
mesothelioma biopsy. H&E stained section to reveals tumor architecture; hottom left panel is background control
with no primary antibody. EphB4 and ephrin B2 specific staining is brown color, Original magnification 200X,
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‘Fig. 39
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Fig. 51
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Growth inhibition of bladder cancer cell line(5637) upon treatment with EPEB4 siRNA 472
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‘Apoptosis Study of 5637 cells transfected with EPHB4 siRNA 472
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Invasion study of 5637 cell transfected with éiRNA 472 or control siRNA | :
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FIGURE 61 EphB4 gene
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tgtgtgccac
gcccttetea
ctttatagga
ctccecttetet
cacctacgaa
ttgggtccca
gtgcctgtcee
tgagagcgat
caaggtacct
ccegtggect
ggaagcagga
atatacgggg
gtcacctcaa
actgcacctg
ctctetgect
gccaccttgg
tcggcactca
tctacgttac
tcctaaagtg
cttcccececagg
tcagtgtcag
ggccgggcat
gtgtgccetg
gtgagctggg
tgecteecccee
ctggggecga
aggctggett
acctcttcta
tgectceggga
ctggcccecag
cgggctgeag
agagctggag
ggacccactt
tcacccaggce
tcecectgttea
ccaccacgcca
gctggtcteg
attacaggcg
attcattaat
ccatggaaat
agatgccaag
gcaagacccce

Fig. 61(b)

tcctecagtyg
ccattcatac
tgaggccteg
ggcactcgtg
gctcecttea
agggaatgaa
gctgagacaa
ggcgcagetce
ctcecteccet
cagatgttgg
gggcagggcet
acctgeccteg
actctgtcte
tgaagtgggt
gctctggagg
tectcetecce
gaggcgcecect
ttcaccceat
gcacagtggg
gtgtgtgacg
cggcggggcy
ctgceteggyg
gcggacacgg
gggtgcccece
ggagggcagc
ggcttaggte
gctgectgge
ccaccctace
gctggtttce
ctcacacccce
ctgactcetct
ttttacttta
ccaggctggt
ctgggattat
attcattcat
taaatgtttg
atcgcaggag
gggaaggtgg
aagaacacaa
ccgcecggeag
ggccaceggg
ctacctggcec
caaaaagtgc
gctggttgtyg
cceeagecte
ctgtgectecg
cttececctge
cttaagttte
tggagtgcag
agcagttctc
cggctaattt
aactcctgac
tgcgtcacca
ttcecacttga
cacaggtatt
gtgggaggat
gtctctaaaa
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10021

10081

aaaatttttt
ggtgecgatct
gccteccgag
ttagtagaga
tctgeecegee
tacaaaaact
tctctactaa
ttgggagget
gatcatgcca
ttgcccagge
tcaggegatt
cacacccggce
gtcttgaact
aggtatttac
tcacagatgt
cccaaacttt
tatgtatttt
tcaccagact
cctttetecect
tcatcagcect
tgttgcccag
aagtgctggg
atgcttttga
tcaggagaag
gccgtetgece
tgcaccagta
aggtggaccc
ttgtcecctag
gctgetggtg
cteccetggte
gctccteect
cctacgecect
acctgacttt
tacgtcctga
ccacggggec
gggggctggg
ggcaggggct
aggcagaaag
gaggctgaga
gaagatctct
ccagctactce
tgagctatga
tcaaaataaa
agtacaggaa
agccaggggg

catggccagg
ccecatgtcta

ttgggaagca
ctgcgecact
ttttttaagt
cagtacctce
tggecetggge
atgagaaggt
ggctgggaca
ttcecectggge
aaaatagtta
gctcacgect

ttttttttte
cggcetcactg
tagctgggac
tggagtttca
ttggcctece
ttttagataa
aaatacaaaa
gaggcaggag
ctgcacteceg
tggagtgcag
ctecectgecte
tacttttgta
caagtgatct
aggccattce
taggagactt
tttecteatg
gtggagtgcet
gccgagatca
ctaagaggaa
taaaagaagc
gctggtettg
attcgaggca
tgaatgcttt
ggtectgeca
agtgcecgegt
agtgaccagc
tcacatggece
cccggaggdaa
ccteccattge
tcctgecagee
gcacctggaa
ccgetgecgg
tgaccccgge
cttcacctat
cgtcccoattt
gcggctggtg
gtgaagttgg
agggcaatgg
caggcggatc
ctacaaaaaa
aagaggctga
tcgecaceget
tgaataagaa
ggccecccagt
aaattgagac
ctgatcacaa
ctaaaaataa
accagaagaa
gcactccage
taagggacag
tgcagtgtct
tgttcecccgg
aaggccatcc
cctgggttge
agccttgggt
ctgtaatagt
gtaataccaa
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aagacagagt
caagctcege
tacaggccce
cegtgttage
aaagtgctgg
ttatctgggce
ttagccggac
aatcatttga
gtctgggagt
tggtgggatc
agcctcccaa
tttttagtag
gccctetttg
aagtgccaaa
gctgctatat
tttcattgca
tttaaaatca
gggtcgaaac
aggttttgag
tggaattttt
aacccecttgg
tgagccaccg
ctctctctea
gccatgecceca
cgggtactte
acccaggtge
ccecatcctece
catgtggage
cctetecceeca
ccteccttegg
tggagtgccc
gagtgccgac
cccegggace
acctttgagg
gagectgteca
gtctggcggg
gtaccececgga
ctgggcgeag
acttgagccc
taaaaatatt
ggcaggagga
gcatgccagc
agagagggtg
gggactgggg
aagtgtagcc
ggtcaggagt
aaaaattagc
ttgcttgaac
ctgggtgata
agctaccatg
gacatccggyg
gcacccagtg
ccecageectg
aggcacctgg
aagcccettg
taccagcagc
gcactttggg

cttgctetgt
ctcccaagtt
gccaccacgce
caggatggtc
gattacaggt
gacctgecetg
atggtggege
acccaggaag
gcactccaac
tcagctcacc
ggagtagctg
aggcaggttt
gcetecttcet
agattgtttt
gttaagaaag
tttcagctta
taagttggag
aggtgaggac
atcttttgtc
tttttttttt
ctcaagcgat
agcccaccgt
gecetgtgece
gccaatagec
cgggcacgca
agttcactgg
ctgggcttcet
ccactgtctc
ccaccgcaga
ctccecgeggag
ccctggagte
ccggaggcetce
tggtggagcce
tcactgcatt
atgtcaccac
agagatgtca
agtgtgaggg
tggctcacge
tggagttcaa
agccaggcga
ttgcttgage
ctgggtgaca
aggagctcgt
ccagagagaa
agcagaggaa
tcaagactag
caggcatggt
ccaggaggcyg
gagcacgact
cacaagggtt
tgacgcggte
gggctgtget
gggtgggtgyg
caggcatttg
geetgtetga
tggacacagt
aggctgagge
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cgcccaggcet
aacaccattc
ccggetaatt
tcgatctect
gtgagccacce
accaacatgg
atgcctgtaa
cagaggttgc
aagaaggagt
gcaacctcca
ggattatagg

‘ccaccatgtt

caggaaaaaa
tgctcatggt
aagcacaaat
attggtttcc
tagaggtctt
cccttetetg
cattttcceca
ttggagatgag
cctecagect
gcagatggat
agggcacctt
actctaacac
cagacccecceg
ggaggggtca
tccctttgte
caaggcaaga
gcaggtcgge
cgtggtttcc
tggtggccga
ctgtgcgecec
ctgggtggtyg
gaacggggta
tgaccgagag
ctgagggect
gctaaggett
ctgtaatccc
gaccagcctg
ggtggtgeat
ccaggagtcg
gagcagtgtg
aaagctgggce
tcagaaggaa
gtgttggaaa
cctggcecaac
ggtgggcacc
gaggttgeag
ccgtetegaa
cectgtgtet
ctcacccagce
ggactacgag
gcaatgggtt
aattccagcet
gcctcagact
ggctgaggtt
gggcagaatg

Fig. 61(c)

ggagtgcagt
tcctgectea
tcttgtattt
gacctcatga
acacccggat
agaaaccctg
tccecagcetac
ggtaagccga
ttegetettt
ccteecegggt
tatgcatecgt
ggccaggctyg
aaaaaatcac
gacttcagta
gttgetgtag
ctggtattcc
tctgtggget
gagagagtct
ccttageact
gatctcgata
cagcctecceca
gtttttgtge
caagccccetg
cattggatca
gggtgcaccc
cagacctetg
cctggecatge
gtccagecatg
ctctgectga
cgcctgaacyg
gaggacctca
tgcgggggag
gttcgagggce
tcctacttag
ggtgagactt
gaaggggaga
tgggggcaag
agcactttca
ggtaacatag
gcectgtggte
gaggctgcag
agatcctctc
tggagagtta
ttctcgaaac
agataaggga
gtggtgaaac
tgtaatccac
taagctgaga
aaaaaaaatt
ctgcctctea
agcttgagcce
gtcaaatacc
gtgctctcct
ctgccatgga
cttcatctat
gggtgcggtyg
cttgagecta



WO 2004/080425

10141
10201
10261
10321
10381
10441
10501
10561
10621
10681
10741
10801
10861
10921
10981
11041
11101
lilel
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
13201
13261
13321
13381
13441
13501

ggagtttgag
gggccgggceg
atcacaaggt
aaaaatacaa
ggctgaggea
gccactgeag
aaaaaaaacg
ctgtaatccce
gaccagcectg
gtgtgttgge
gaacccaagt
attccagcect
cacatggctt
atgggagtgg
gacggccacc
ctgaagacgt
gtgcaggtac
cagacccaac
caaagttcct
tttttgagat
cactgcaacc
gggattacag
gcttcaccge
cctcececgaag
atgtccttcet
aaaccaaaac
ctggagcgcea
aaccccagcea
agtctgacca
gtggtgcaca
tgggaggtgyg
agcaagactc
tgacccectga
gggctttgag
tttetttcac
gtggcgegat
atccacccge
ctaacttttt
ggcaccatca
gcctcececaag
tgttttgttg
caatcctcce
gcattggacc
gtteccectge
acagaattgt
gaccctatag
caagcactaa
cgagcagaat
tgtggtttgt
gcagtggtte
cctcagecte
ttggtatttt
agctcaggca
tggacctggce
tggaatgtaa
ctecctaccte
ttattattat

accagcctgg
cggtagetta
caggagtatc
aaaattagcc
ggagaatggc
tcecggectgg
caaaaaatac
ggcactttgg
gccaacaadgg
gggcccetgt
gattctcgac
gagaaagtga
gcatgcgtaa
agggcgaggag
ccactacctc
cagaaaaccg
gggcegegete
tggatggtga
gggaagaccc
ggagtcttge
tccgectecee
gcgectgecea
gttggccagg
tgectgggatt
tcctgtggat
caacagctga
gttgctcgat
ctttgggagyg
gcatggtgaa
cctgtaatce
aggttgcagt
tgtctcaaaa
gctccecatt
gattggaggt
attttttttt
ctcagctcac
ctecggettce
ctttttttta
tagctcattg
tagctgggge
agacagtttc
gcatcggect
agtggcttte
catacaattt
gcagtcacca
ceccttageca
cccactttet
gttttcaagg
tttttgtttg
aattacagct
ccaagcagct
ttgtaaagac
atccacccac
ctgttbttttg
tggtcectgatc
agcctecctga
tttttgatag
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gcaacatggt
cgectgtaat
gagaccatcc
aggcgeggtg
gtgaacccag
gcgaaagaac
ttaaaatgaa
gaggecgagyg
tgaaatcccce
aatcccecaget
ttgaggtcga
gaccttgtct
gttctceceaa
aaggaggcag
tececeggacag
ggcagagctg
tgaggcegge
gcectggggaa
caggtctcca
tctgtececte
ggattcaagce
cecgegectgg
ctggtetcga
acaggcatga
cacatggcat
gttttgtgaa
caaagctcac
ctgaagcagg
accgegtcte
cagctactcg
gagctgagat
aaaaaaaagc
ccecatccaa
aacaggttat
ttgagacgga
cgcaagctcc
cgaaatgctyg
agagacacgg
cagcctacaa
tataggcatg
cctatgttge
cccaaagtgce
taaaccttgt
gcetgtteaa
ccacaagtaa
tcaccccccea
gtcttgaaat
tttatgtatg
ttttggaaac
cactgcagcc
gggactgtag
agggtttcac
ctecagcecctce
tttttgttet
atagtgcatt
gtatctggga
agacggggte

gaaacttcat
cccagcactt
tggctaacac
gcaggcgect
gaggcggage
aagactctgt
aaaaattaga
tgggtagaac
gtctctacta
actcaggagg
ggctgcagtg
taaaaaaaag
aggcctcace
gaagagcaac
ggcgcecgagg
cgggggctga
tacgggeccct
gggggtgagyg
aagtcccatc
aggctggagt
cattctectg
ccgatttttt
actcectgacce
gccactgcac
gccctagaga
gtctggectg
tgcacagcca
aggatcactt
tactaaaaat
ggaggctgag
tgtgccagtyg
tcaccgcagyg
caaaatggga
ttttaatatg
gtctcactct
acctcectggt
ggactgctgg
tcttttttat
ctececegaget
tgctaccegty
ccaggctggt
tgggattaca
aattttctgt
agtgtacaat
ttttgggaca
ccecagatcett
ctteccagtgt
ttgtagtata
agggtctege
tcaacctccc
gcatgagcca
catgttteccc
caaagtgctg
gaacacacga
gcagcctcaa
ccacacgtge
ttgctatgtt
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Fig. 61(d)

ctctataaaa
tgggaggeeg
ggtgaaaccc
gtagtcccag
ttgcagtgag
ctccaaaaaa
ctgggcacag

acctggggtg
caaatagcaa
ctgagacagg
agtcgtgttt
gaatgatatt
agttgcaagg
aggaacttgg
gtceccageag
agcggggage

.tcggecagga

gtgggggttg
atcttttttt
gcagtggcac
cctcagectce
gtatttttag
ttgtgatteg
ccggtcaaag
ggagagaacg
cttcactctg
ggcacagtgg
gaggtcagga
atagaagtta
gcaggagaat
cactccagec
cttgactttt
atatcatgaa
ctaggcecagt
gttgceccagg
ctcgatctge
cgtgagccac
cacccaggct
caaccaatcc
ctcaactaaa
ctcaaattcc
ggcatgagcc
aatagcttta
cgatgacttt
ttttecageac
tctgttgect
ggtcttttgt
tatccgtggg
tctgtcaccce
aggctcaagt
ccatgccecag
aggctggtct
tgattacagg
ttttgetttg
actcctgggce
tcaccaccat
tceccaggetg

aacttaaaat
aggtgggcag
catctctact
ctactcggga
ccgagatage
aaaaaaaa’aa
tggctcatge
aagagttcga
aatcagctga
agaatcactg
gcaccattgce
atgaatacag
caggctagtg
gttcecgggt
cgtgeggtte
cagctacctg
acatcacagce
gaaagacccc
tttttttttt
catctceget
ccgagtaget
tagagacggg
ceccgectegyg
tcctatctte
taagatgtcg
tacccccagg
ctecacccectgt
gttecgagacc
gctgagegtg
cgcttgaacc
tgggcaacag
agcaacaacc
gcttecectgea
ggctttettt
ctggagtgcy
tgacctcctyg
cacgecegge
ggagtgcggt
ttccacctta
ttttttttta
tgacctcgag
gccacaccca
ctgaaataca
tgatacattc
cctcaaaaga
tagtccctgg
gactgttcac
tttttttggt
aggctggagt
gatcctececa
ctaatttttt
cgaactccectg
catgagccac
tcacccaggc
tcaagcgatc
gcttggctaa
gtecttgaaca
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cctggectcea
ccactgctce
aaatagctga
ttggataaaa
gtggactctg
aggctggttt
aaattagccg
gagaatcgca
cagcectggge
gtaagaaaag
ccecetggggg
tcecetecace
aagecgggge
ccgeagagag
gtgtggtcct
gacacccaga
aagcctttet
tecctttggtg
atcggectaca
tatctcateg
gtggtggcte
ggtcaggagt
atcagtcagc
agaagaatca
cteccaggect
accacggaga
gttaattcce
ccttcecactta
cctacgtcaa
tgggaacgaa
tecttgtttg
aaggagagcet
gagtttctga
gagggcgtay
geccctggact
ccacttacac
acctccteca
agacagagee
tgtcteccace
ataggcatgc
atgtaggcca
aaagtgctgg
ccetcectggga
gttgtcattc
ggagtttcac
ctecgectee
ggcatgtgce
gttggtcagg
agtgctggga
gacagagtct
geccttgacct
cactcatgta
taggttgcce
acagcactgg
aatatttact
tacacacggc
ctgaaaatta

cacaatcctc
tggccaatat
ttttgttttt
acctgaaaat
gtatttatac
gagactagcc
agcatggtgg
gaacccggga
gacagagtga
atttcgaaac
agagtttgaa
tgtcecectgt
tggggcctce
cgagggctgg
ggtectggtg
ggcecctgga
ggctgtcccec
tgtgtgccte
ggaagcagag
gacatggtgg
ctatctataa
tcgagaccag
caggcatggt
ttttaacccg
gggtgacaga
caggggtttg
agctgacggg
tgaagaccct
gattgaagag
gcggggatygg
aaggtgagtt
gtgtggcaat
gcgaggectce
tcaccaacag
ccttectgeg
ccagaggcca
gccttttect
tcgetetgte
teccagggttce
accaccatgc
ggctggtatc
tattacaggt
aaggctggge
cttctttett
tcttgttgee
caggttcaag
accacgcttg
ctggtctega
ttacagacgt
cactctgtcc
cctgggctcea
ccaccatgcet
aggctggtct
gattgcaggce
gagtgcttte
aaactggatt
gcaagtaaat
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ccacctcagt
ttcatttett
tattgtatct
gtttcacctt
tagaaccaaa
tgtccaacct
tacacacctg
ggcggagatt
gactgcgtcet
ttcctcectt
acccactgtt
actggggacc
tacaggacca
cgggagcagce
gtcattgtgg
agccctcagt
agcctetttt
ataaagatgt
caatgggaga
gttgccctaa
tecececagcact
cctggecaac
ggtgggcacc
ggaggcggayg
gcgagactce
gggctaaaag
gccctgecetyg
aatgaggctg
gtgattggtg
gcagggccac
tggcgaggtg
caagaccctg
catcatgggc
catgcecegte
ggtgagcacc
cttgggttaa
cttgggctaa
gcceaggetg
aagcgattct
tgactaattt
aaactcctga
gtgaggcacc
tectgggace
tttttaattt
caggccggag
cgattctcct
actaattttg
actccecgacce
gagccacecgce
tctaggctgg
agtgatccte
cagcaaattt
gaactcctgg
atgagccact
tacgcaccgg
tctectettg
agacaggctt

atctcagagt
tttatggaga
tttggtgaac
tagaacgttt
tcaaaaccac
ggtgaaagce
taatcccage
gcagtgagct
caaaaaaaca
gccectgaggt
tgttcecctga
tgttctecagg
tcagtttcte
tggcectgat
tcgeagttet
tgatggccac
tacttgaaat
gtgactcagt
gaagcagaat
tttgatggga
ttgggaggca
atgttgaaac
tgtaatccca
attgcagtga
atctcaggaa
ctatgagceeg
atttctecagg
tgagggaatt
caggtgagag
actggagcgg
tgecggggge
aagggtggct
cagttecgage

atgattcteca-

ctecectgget
gaagccagga
gcectggtce
gagtgcagtg
cctgecteag
ttgtattttt
cctcaagtga
acgcectggec
tteetttece
tgttttaatt
tgcaatggeca
gecttagect
tatttttagt
tcaggtgatc
gccecggccaa
agtgcagtgg
ccgcecteage
ttaaaatttt
cctcaagega
gtgectggeca
tcatecctece
gggagcagag
tttaaaaaag
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gctgggatta
cgtaataate
atttcaattg
cattgaatgg
tcetggecggcet
catctctact
tactcaggayg
gagattgcge
aacaaaaaat
acttcagagg
ccttgectge
agatcacagt
ctgatcagca
tgcgggcacg
ctgectcagg
ctgecectgggt
cttectecaat
ttaccttttg
attcggacaa
ataggggctt
gaggtgggca
tcecatcteta
gctactecagg
gccaagatcg
aaaaaaaaaa
agcctcececgag
tactaaggtc
tgcaaaagag
ccgaaggetg
gagagctgat
ggctcaaggc
acacggagcg
accccaatat
cagagttcat
tetgeggeca
cagacagtag
tctgectttt
gcgcgatctc
tctecccaagt
agtagacaca
tcteececace
agcectetge
actgeccccecat
gaattttttt
agatcttgge
cecccagtage
agagacgggyg
cgcctgectce
tttttttttt
tgcattcata
ctecectgagta
ttgtagagac
gcecteectcee
tgtcattcct
agtcccececagg
ggtctaatgg
taaacaaatc

6l(e)

caggcatgag
agttgtatgg
tatcgacttt
agattttttt
gggcatgcct
aaaaatacac
gctgaggcag
cactgcactc
tactctggca
agcctgetgg
ttgtgteccte
tcattgctca
gectttectt
gcagtcgtgg
taagggctet
gctacaggac
ccctgetect
ttcetttecece
acacggacag
ggggccgggt
gatcacttga
taaaaaatac
aggctgaggce
cgccactgeg
aaaaaaaaaa
tccagtggga
tacatcgacc
atcgatgtct
ccecgggeace
gacctctgcg
cccagggaag
gcagcggegt
catccgectg
ggagaacggc
cocggagttce
gtcccaggtce
ctttttttta
ggctcattgce
agctggtact
gggtttcacc
tcagcctcce
ctttaatttt
acagctgaag
tttttgagat
tcaccgcaac
tgggattata
gtttctectgt
ggcctcccaa
ttttttttaa
gectcactgta
gctggaacta
aggatctcga
tcagcctcece
tcttttgaca
aataaagcta

ggcaggggga
atttcaaatg
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tgaaaaaaag
aatttatttg
gcttttettt
cgttcttgge
cctgagtage
agtagagaca
tccacccate
taggcatctt
acagagttat
gttgttctaa
ggctttgtac
ctttecgecca
tggctcaggt
ccacacctgg
ctggtctcaa
ttacaggcgt
agcagttcct
tcttgatttc
ttcectgtaag
gagatggagt
acctececgecet
caggcgagtyg
atattggcca
cacagtgctg
gagacagggc
cectecttgg
agacagaaag
ctgaggctgg
accccgtcete
cagctactcg
gagccatcat
agatgggaag
tgggcagtgt
cagctgggea
atcacttgag
taaaaataca
gactaagaca
gccactttac
aaaagacctce
gaagcctgtt
tcttggaagce
agggggtcaa
cacaaactga
tttggagtct
cccagaatac
tctttaaagg
gcagttccte
tttgtggttg
tgcetgtaat
ggagacaagc
aattagccag
aggatcattt
caacctgggg
gttgagtatt
aatttttcaa
attgtaagca
ggaggaaggce

caaacggggt
gtcactttac

tttcttgaga
tcaccgcaac
ttggaattgc
gggtttcate
tceggececete
tttaaaaaaa
agcgattcce
agatgtcctt
ctggttatta
gtttagagtg
gatccteetg
ctaattttta
actcctggac
gagccaccac
catgatgaca
tggatttatg
agaagctceta
cctgetgteg
cctgggttea
ccaccatgce
ggatggtctc
ggattacagg
ttcgeccatgt
cctcecaaag
ggtcttaaag
tggatcactc
tacacaaaat
ggaggctgag
tgcactactg
accagcacag
gacgggaacc
cagtggctca
gtcaggagtt
aaaaccagce
ggagaatcge
tccagoctgg
tttgctgggt
gccagcatce
atcaccagca
aggaaactct
geggggagta
atgtccctgg
gggatttgtt
tcaaggttgg
actcttctet
gatcagcacce
cccagecacct
ctgggaaaca
gtgcagtggt
gagcccagga
gaaagaaaga
tcctgggtat
ctcataatcec
atgtgttgtg
tcacctgagg
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ccttcatgea
cagattttac
tggagtttcc
gtcecacctcc
atggcatgea
atgttgccca
aaagtgctgg
tcaaaacatt
tagcgtcatt
cactgctgcet
tatatatttt
cagtggtgca
ccteagecte
aattttttac
tcaagcgatce
gectgetgat
ctgacacact
aaattcttct
tctgatgtag
cccaggctgg
agagattctt
cagctaattt
gaacttctga
catgagccac
tggccaggcet
tgctgggatt
gttcagtgac
gaggccagga
acaaaaatgg
gcgggaggat
cattcecagece
gtgaaactgg
cgctggaggy
cacttgtgat
cgagaccagce
aggcatggtyg
ttgaactcag
gcagtagagc
gctagggagce
aggcegtggyg
gaacttgctg
gaggtctata
gggcaggtge
ttctgtaggg
tactgtctgt
gcttcagacc
tgcaaatcca
aatgtatctc
tgggaggcca
cagtgagacc
gtgcacctat
gtttaaggct
gaccttgtet
aaagcagtgt
gattgggaga
atactgtagc
gagttggggg

gatgtggcta
tgactttttt
atctgtcace
tgggttcaag
ccaccatacc
ggctggtcett
gattacaggc
tttctatgta
gaatacccag
ttattccaac
atttatttat
atcatagctc
ctgggtaget
ggagatgggy
ctecctectt
tattatattt
gaagggttag
tatgggatca
ggtttttttg
agtgcagtgg
ctgectecage
ttgtattttt
cctegtgatc
tatgcecegge
gatctgaaac
aaacgcgtga
acacacctgt
gttagagatc
gcagagcatg
cacttaagcc
tgggcgatce
tgaacagagg
ctttggcagg
cccagcactt
ctggccaaca
gtgcacccct
gaggcagagg
gagactccat
aagagcagga
gtgaagggaa
atggattgga
ccctgaccat
aggtctggag
ctgcagatgg
gacttgttgg
ttggtttttg
tacacagcta
cacctgtaga
aggtgggaag
ccatatctac
agtceccaget
gcggtgaacce
ctaaaaaaac
accaggttaa
gactgaatge
aagagctgag
gcttgcecta
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gagaggaaag
ttttttttta
caggctggag
tgattctcct
cagctgatgt
gaactcetgg
atgagccacc
gcaaaataac
Ltgattttca
caggatccag
tttagaaaca
actgcagcct
ggaactacag
gtctegetat
aacctctcaa
tcgagectcet
gtcecettgte
tttagettgt
gttttgtttg
cacaatctceg
ctcctgagta
agtagagaca
tgceccaccac
taatttttgt
ccctggecte
gccaccgtge
aatcccageca
accctgggca
atggtgcata
tgggagatcg
catctcettaa
agagatggta
agagtagttt
ggggaggccyg
tggtgaaacc
gtaatcccag
ttgocagtgag
ctcaaaaaaa
gctgggagag
gggtttggat
agtggctggt
ctggcaagtg
gatggattca
tctgccaaat
ttteectggt
caccgatcat
gtccaagaga
cgggttgete
attgcttgag
caaaaaaacc
actaaggagg
atgatecgtge
taaaaaacag
atggaaggaa
ttaccattga
aaaacttggg
caggtgagtt

agaactgett
actttattaa
tgcagtggtyg
gcctecagect
ttgtattttt
gctcaagtga
atgcctggee
attgecattga
cgtttctcta
ttcaagaccg
aggtcttgce
ccaaactcct
gtgcacacca
gttgcecagg
agtgctggga
ctaaatcttg
cgectgaatg
ctctctgtat
tttgtttibtt
gctcactgca
gctgggacta
gggtttcacc
ctcagectece
atttttagta
aagccatcca
ctggtcgaag
ctttgggaag
acatggtgaa
tetgtagtcce
aggctgtagt
a’aagagagag
gatgctgecat
aagaggatcce
gggcaggtgg
ctgtectgtac
ctactcagga
ccaagatcac
taaataaata
gcctgecagca
ttgggacatg
gagggagaaa
gtggtgttge
aaattcagtt
cttagcggaa
gagagcaaac
tggtcatact
gctgaacage
aggtgactca
gccaggagtt
cectttgtttt
ctgaggcaga
cactgcactc
aaaagecattt
aagttgaaat
agcaggaacc
aaaagagaaa
gtgaggtggyg
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20401
20461
20521
20581
20641
20701
20761
20821
20881
20941
21001
21061
21121
21181
21241
21301
21361
21421
21481
21541
21601
21661
21721
21781
21841
21901
21961
22021
22081
22141
22201
22261
22321
22381
22441
22501
22561
22621
22681
22741
22801
22861
22921
22981
23041
23101
23161
23221
23281
23341
23401
23461
23521
23581
23641
23701
23761

tctggaagtg
tctgtaatce
agaccagcct
gcataatggc
tgaggctgca
cctgtcetcta
caagceccccea
gtgggeatgce
caccgagacce
gactttggcecce
ctggtaatgc
ttggaaaggt
ggctgtgggt
acagttggat
agccaggcgce
ttgcttaage
ctgggcgaca
ctgtaaatcc
gaccagecetg
gtggtggtac
acccgggagy
cagagttgga
gggactgggd
tttctecttt
gcetteecgga
gtgatgtcat
tggtectacc
tcccagagag
atctttgtat
agcactttgg
gccaacatgg
gggtgeetgt
acagaggttg
actctgtectt
gcagagatgg
gggecttcag
ttggggggcet
catctttgct
atgccattga
agctecatgcet
tcagcgcect
atggcgggtg
cccagaagtg
gggttccacce
ccctagggcec
tgtgggcgag
tggctttgge
tggagtgggy
ttggggtcag
agggccccag
cagcctgecc
tcacttctag
tgtgtcaact
agatcctctt
tatccccact
atctectcte
catggtggct

acagatgcag
cagtgcetttg
gggcaacata
acatgcctat
gtgagctatg
aaaaaaaaag
ccctatctge
tgeggggeat
tggetgectceg
tttccegatt
tgggggtaat
gggaggctga
ggggggacag
aacctgggca
agtggcatgc
ccaggagttg
gagcaagacc
agcactttgg
gccaacatgg
acgcctgtaa
cggagtttca
gagtaggagg
ggcagtgtge
ttctgecaggg
agttcacttc
ttggggagag
aagctttcct
tcatcactgc
caaagagttg
gaggccaagg
tgaaaccccg
aatcccagcet
cagtgagctg
aataaataaa
agggcagggt
ccacagagag
gtggctecta
tttecectggac
acaggactac
ggactgttgg
ggacaagatg
aggactgcag
tcecgtteatt
tcectececceg
tcacacccte
tggctteggg
tccttcgage
ctgggagagc
cttegggtge
aggagcagtce
gccteaccte
ctatctttgt
cgggttctet
cagcttttat
tggcctttgt
accccaggtt
catgcctgta
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tttaggaagt
ggagacccag
gtgggaacct
tgttccaget
atggcaccac
atgtggatgg
tctccagcta
cgectecgggce
caacatccta
cctggaggag
actgggtgtg
gggtttggca
tcagctccag
acatagcaag
acctgtagtc
gaggctgeag
ctgtctcaaa
gaggctgagg
gaaaaccctg
tccgagcetac
gtgagccaag
cttggggecet
tgggtetggt
aggaaagatt
cgccagtgat
gecgtactgg
cgagtgttct
tgggttcttg
agatacaggg
tgggcagatc
tctctaaaaa
actcaggagg
agatcacgcc
taaaagagtt
tgagaggtaa
cttcaactcc
tcectaccatce
agcctcaccc
cggetgeccec
cagaaagacc
atccggaacce
agaatgggcc
ggtgttgggt
gacctgggcc
tcectggacca
ccatcaaaat
tggtcagcca
ggggcagctg
caatgctgte
acagccccat
ctectgecat
gcatectatct
ttttccaacc
gtgaaatggt
ctgctactcc
gaataacaga
atgccagcac

ggacgggagd
gcggaaggat
atctctacta
actcaggagg
tgcactccag
gagggggaac
aacgacggac
atgcggtace
gtcaacagca
aactcttccg
agcttcttag
gcecetgetee
gaagccgact
accccatcte
ccagctactt
tgagctatga
agaacagtgg
caggaggatc
tcgctactaa
tcaggaggct
atcgcaccac
gagctagggg
gagtccctcea
cccatcecegat
gcctggagtt
gacatgagca
ctcacctggg
agaccatgga
ccaggcctag
acctaaggtt
aatacaaaaa
ctgagacagg
attgcectttcec
gggtacagca
catgtctgta
ggctaggagg
ttccaagtca
agagcttcectt
cgccceecaga
ggaatgcceg
ccgecagect
ctecetteeceg
gggagggect
tggtactcag
gcggcagect
gggaagatac
gatctctgcet
gagtcaggce
ttcttgeact
ggagctgagg
cacagcectg
gcattccagg
ataaaaggag
tttatgattc
cecctttetge
aatagaagga
tttgggaggce
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F1Z.01(g)

ctgggtacgyg
cgcttcagge
aaaattaaaa
cttgectgag
cctgggegac
ggtgggtggyg
agttcacagt
ttgcecgagat
acctcgtetg
atcccaccta
ggccaggtgyg
agggagagga
tccagatgte
tacaaaaaaa
gggaggttga
atgtgceact
ccaggtgtgg
gcectgaggte
aaatacaaaa
gaggtaggag
tgcactccaa
gaaaaagcag
gtgagtccce
ggactgcccc
acgggattgt
atcaggacgt
atttggggtg
gatgacaaaa
tggctcaagce
aggagttcaa
attagcccag
ataatcgcett
agcctgggca
tatttgggtc
tcatagccca
attcectggat
ccatttcctg
ccectettte
ctgtecccace
gcececgette
caaaatcgtg
ctctctgece
ctgtecgecet
cattcctecee
cactactcag
gaagaaagtt
gagtaagcag
cacggggtcet
gcgctcatge
acccaaggac
ggccatcgceg
cceggcetcete
aagattgggce
cttgecctecc
cttecegtte
atagaaatct
cgaggtgggc

tgactcaaca
caggagttaa
aattatccag
cccaggagat
agaacaagac
ctgtectceac
catccagctce
gagctacgtce
caaagtgtct
cacgagctcc
gcagggcagd
tacaggagca
taggaaaata
ttaaaagatt
ggcaggagga
gtactgcaga
tggctcacgce
aggagttcga
ttagctgagg
aaccagttga
cctgggcaaa
aggcaggtgg
cagctcacct
ggaggccecatt
gatgtgggag
aagtgtcccg
aagggtgggt
aggagaattg
ctgtaatccc
gaccagcctg
catgatgggc
gaacccagga
actgagcgag
gcagaaggat
agagctgetg
ctgttatttt
ggcctgttag
caggtgatca
tecectcecacce
ccccaggtgg
gccegggaga
ccactecttg
ctgcaaggcet
catccttgece
cttttggecte
tegcagecege
tggcaggagc
ccaggggett
catgcctaga
tctttggggce
cttecgecete
acggtaacaa
taggttttgg
aaaggctgcg
ctcteccaag

gaaggccgdd
agatcacttg
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23821
23881
23941
24001
24061
24121
24181
24241
24301
24361
24421
24481
24541
24601
24661
24721
24781
24841
24901
24961
25021
25081
25141
25201
25261
25321
25381
25441
25501
25561
25621
25681
25741
25801
25861
25921
25981

aggttaggag
caaaaattag
caggagaatc
actccagcct
aaatgtgaag
ggaccgattg
ctctacaaaa
ctactcagga
gggcacatce
tttttececect
ttcetctece
cagcctette
cccaagccaa
ggatggctge
ccegetgget
gaggagagcg
cctgcetecga
gcacatgaag
gtactgacct
gtggggactc
ggtgaggagt
aaatcaccce
ggactgggtg
ccecteacct
ccagagtggg
attggggttt
tgtaaatgcce
gtcttaattt
tcataacttt
aggggcacat
ccegeetggg
gcggtagttg
tatttaaaaa
ggtgatgggg
tggctgacecg
ttatcagccc
gcagctgett

ttecgagacca
ctgggcatgg
gcttgaaccce
ggatgacaga
gccaggtggt
cttgagccca
caaaaacaaa
ggctagagcce
ctececctaatt
tatctecagece
acttcggect
ccccagtcecte
aggccctgece
ccagctctta
tttctgattg
gccacaggga
atcggagtca
tceccaggecea
gcaggaactc
acagaggcce
tggcaatttg
ccagccacct
tgaccagagg
tgatgggtge
ggggctgtce
gtagtcccaa
cctececcag
ttectececeegt
gtgttggagg
catcatgtct
acccccaagce
gtggtggaac
agtaactttt
gtgatggact
agaggtgtca
cagggtatgt
ctaacgtctc
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ttgtggacaa
tggtgcgtge
gggaggtgga
gtgaaattcc
ggctcacgece
ggagtttgag
aaaattagct
agagggtctc
ctteccagece
tccagececatc
tttectttectc
attttgecggg
tectggectec
aaaaaactgc
gcttacaatc
acctagggte
ctetggeggy

agccgggaac
cccaccccag

ccagccctgt
gagagacagg
cggggaactc
aaaaggaagt
gttceegeag
cagggggcaa
cttgctgetg
ctgctgecectt
tcecetttttg
gaacctgttt
gtttccagaa
tgtgtcctat
ccagaaacgg
tgtataaata
agatttctaa
gaggtctgga
ttgaggtggt

cttggtgaaa
ctgtaatacc
ggttgcagtg
atctcaaaaa
tgtaatctca
agcagcetgg
gggcatggtg
aggccagtcet
tctectetgac
agcaacctcce
acactccatt
cttttctete
agccctaccce
ccgggaactg
ctgaggctag
tcaccaagct
acaccagaag
ccegggtggg
ggacaccgec
gcceecgetgg

atttgggggt
cagaccaagg

gcccaacatce
accaaagaga
gaaggggtgt
tcaccaccaa
catattgaag
tttcttegtt
cactatggcc
cagtgcettg
gaaggggtgt
acgccggtge
aaagaaaatg
ggagagtggg
ggctgcaggg
gg9gtggggg
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ccttatgtcet
agctactgag
agccgagatce
aaaaaaaaaa
gcactttggg
ccaaaatagc
gtgcgtgect
gccectgece
ccagggggece
tettectcte
tcectectacg
ttttetttece
ccttetgegyg
ttgacatctg
gaccgtctca
ctcctttect
aaaatcttgg
acaggaggac
tecccecatttt
attgcacttt
tctgccataa
gtgagggege
tcececagectce
gtgtgactcc
cagggcccag
actcaatcat
gtttttgagt
ttgtttttcet
tcetttgecce
gtcatcccac
ggggtgaggt
ttggaggggt
ggacgtgtcc
gctgggtagg
ctgtaggggce
ccgagcgaga

Fig. 61(h)

actaaaaata
gaggctgagy
gcaccactge
aaaaaaaaag
aggctcaggt
aaaaccccat
gtggtcccag
cacggggect
teccteotecct
cacccagctce
gcaatctgtg
ttcecetggea
ttgcacagaa
ttcteecctee
ggagccaaga
tctgcaggga
ccagtgtcca
cggcceegea
ccggggcaga
gagccegtgg
taggagggga
ctttcecctea
cccaggtgeco
cttgccaget
tgacaaaatc
ttttttecct
tttgtttttg
accgtecttg
aagttgaaac
atcecccggac
agtgaaaagg
tcttaaatta
cagctcecagg
gagggctttg
tggaacttgg
tgaatcattc
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cteggeccgg
ctcagcccecce

cgtcttgetg
cgcgecgeggce
catgggcceg
cccagggaga
gagtgaggcg
ttggaagaga
cctecaggtgg
cgcacctacg
ggttgggtcc
gagtgcetgt
tatgagagcyg
atcaaggtgg
accgggaagg
ctggccttcece
aagtgcgceccce
gttgtgcecg
agcctctact
gctceggggt
ttcaagccce
accattggat
cggggtgeac
ggctectcece
acctacgcece
gacctgactt
ctacgtecctg
gecacgggge
gecagtgtctg
gtteccecggg
gccgagggtce
gggctgaage
gggcccttaey
gagcagctgyg
attgtggtcg
gacaaacacg
tatgaagacc
aagattgaag
gceccaggga
cggcagcgge
atcatccgece
atggagaacg
cagctegtgg
tacgtccacc
gtgtctgact
agctcectgg
aagttcactt
tttggggaga
gactaccggc
tgttggcaga
aagatgatcc
cacectetcee
cttcgggcca
ttcgagctgg

70/88

FIGURE 62. EphB4, mRNA.

cggecgcgagce
gccacccggyg
cgegeccgcece
acagacgcgg
cgetgagggc
gtcagacctg
gcgecatgga
ccectgetgaa
acgggcagtg
aagtgtgtga
cacggcgggyg
ccctgecteg
atgcggacac
acacggtggc
tgaatgtcaa
aggaccaggg
agctgactgt
tggccggtag
gccgtgagga
tcgaggcagc
tgtcaggaga
cagcecgtetyg
cctgecaccac
tgcacctgga
tcecgetgecg
ttgacceccgg
acttcaccta
ccgteccatt
acatccgggt
cacccagtgg
ccagcagcgt
ggggagecag
gccaggaaca
ccetgattge
cagttctetg
gacagtatct
ctaatgaggc
aggtgattgg
agaaggagag
gtgagtttct
tggagggcgt
gcgcactgga
gcatgctgcg
gagacctggce
ttggcctttce
gaggaaagat
ccgecagtga
ggcecgtactg
tgeececgec
aagaccggaa
ggaacccegce
tggaccagcyg
tcaaaatggg
tcagccagat

agagccactece
gcgggacecc
cggegeggcec
ggccacactt
ccecgacgagg
ggggggcgag
gctecggatyg
cacaaaattg
ggaggaactg
cgtgcagegt
cgcecgtcecac
ggctgggcege
ggccacggcce
cgecggageat
gacgctgegt
tgcctgeatg
gaacctgact
ctgegtggtg
tggccagtgg
tgaggggaac
agggtcctge
ccagtgcecge
cceteetteg
atggagtgcc
ggagtgccga
cccecgggac
tacctttgag
tgagcctgtce
gacgcggtec
ggetgtgetg
gcggttcectg
ctacctggtg
tcacagccag
gggcacggca
cctcaggaag
catecggacat
tgtgagggaa
tgcaggtgag
ctgtgtggca
gagcgaggcce
ggtcaccaac
ctcettectg
gggcatcgcc
tgctegcaac
ccgattectg
tccecatcecga
tgcctggagt
ggacatgagc
cccagactgt
tgcecggcecece
cagcctcaaa
gcagecctcac
aagatacgaa
ctctgetgag

cagggagggy
gaggccccgg
actgccagca
ggcgceegceeg
agtccecgege
ggccccecaa
ctgctetget
gaaactgctg
agcggectgg
gcecocegggce
gtgtacgcca
tcctgcaagg
ctcacgccag
ctcacccgga
ctgggaccge
gcectgetat
cgattcecgg
gatgccgtec
gcegaacage
accaagtgcce
cagccatgcce
gtcgggtact
gctocgegga
cccctggagt
cccggaggct
ctggtggagc
gtcactgcat
aatgtcacca
tcacccagca
gactacgagg
aagacgtcag
caggtacdag
acccaactgyg
gtcgtgagtg
cagagcaatg
ggtactaagg
tttgcaaaag
tttggcgagy
atcaagaccc
tccatcatgg
agcatgcccg
cggctaaacg
tcgggeatge
atcctagtca
gaggagaact
tggactgccce
tacgggattg
aatcaggacg
cceacctece
cgectteeceee
atcgtggcce
tactcagctt
gaaagtttcg
gacctgctce
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‘Fig. 62(a)

gggagaccgc
agggacccca
cgctecgggce
ceceggtgece
ggagtatcgg
actcagttecg
gggcttegtt
atctgaagtg
atgaggaaca
aggcccactg
cgctgegett
agaccttcac
cctggatgga
agcgecctgg
tcagcaaggc
ccetgcecacct
agactgtgcc
ccgeccetgg
cggtcacggg
gagcetgtge
cagccaatag
tccgggcacg
gcgtggtttce
ctggtggccyg
cctgtgegec
cckgggtggt
tgaacggggt
ctgaccgaga
gcttgageccet
tcaaatacca
aaaaccgggc
cgegetetga
atgagagcga
tggtecetggt
ggagagaagce
tctacatcga
agatcgatgt
tgtgccgggg
tgaagggtgg
gccagttcoga
tcatgattct
acggacagtt
ggtaccttgc
acagcaacct
ctteccgatcc
cggaggccat
tgatgtggga
tgatcaatgce
tccaccaget
aggtggtcag
gggagaatgg
ttggctectgt
cagcecgetgg
gaatcggagdt

gageggcecegg
actccageca
ccgcegeceyg
cgcacgceteg
cgtcecacecyg
gatcctaccc
ggccgcaget
ggtgacattc
gcacagcgtg
gcttcgcaca
caccatgctce
cgtecttctac
gaacccctac
ggccgaggcec
tggcttctac
cttctacaaa
tcgggagetg
¢ecccagcece
ctgcagctgt
ccagggcacc
ccactctaac
cacagacccce
ccgectgaac
agaggacctc
ctgcggggga

ggttcgaggy
atcctectta

ggtacctcct
ggcctggget
tgagaagggc
agagctgcgg
ggccggetac
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catattgaac
atcttectgee
gcatgcattt
tttaattctg
ttaaatggaa
ggttataccc
ttacaataca
taaaaattgt
gagatccatt
tttagagtct
tccagettgt
gggattctgg
tgcaagtttg
tectcttgact
cctggagacc
gaactcagag
tectecagtage
ttggtcaagg
caaagttaca
gtatggaagt
ggctgttttg
caaagccctg
tgaccctect
tgcacacagc
tcttatagea
attctttaat
gtcagaggga
agccectege
ggtgaatcat
gaaggaaagg
tagtattgtt
aggcattccc
aatgagcaaa
ctttgaattt
aggagttcca
aggtgcacac
tgaaatcctc
tttgtgagat
caaatctcca
cgtgtgtggt
aggtggttga
aagacaacaa
caaagtagat
tgacagtgaa
gaaaaaaaaa
gacttcagcc
aaggagtcag
gactcatatg

ttgatgttaa
tacatgaaac
ttecctgettt
caactgtgga
gtgagcagtt
cattttttac
tattaacagc
caaatactcc
ataccaacgyg
taataagtgg
tcctgettat
gcttaaagca
tcattatcca
cctttgaatc
aatggaaaca
taatagtcat
aacatttgat
tggtgagatg
agtcacaatt
cagagctgag
cttettgeceg
gagccatttg
ccaagtggtg
atgcagcecge
tcceccageac
tgettgtttg
taattccagg
gtggageget
caggaaccca
tagcetgett
agacgtgcag
ctgaagccca
cttgtaaact
aaagagaact
tacacagcca
gggtcccatg
tgggctgttg
ttttgtcaat
gatgggcaga
atgecttgtcea
tgtatgactt
tggatttgaa
ctttectectat
ccttecttta
aaattacagt
cttttagtaa
caccccceett
cattttttct
tttttttttg
gttttgtett
tgatatttgg
gattttttag
aatcatggca
aaaagcttaa
agcaggattt
ttttcatteca
ctaattgtag

tttattttgt
accctttgta
tggtgettte
ctgagaggag
gggttgttga
attgatatta
attttgtgta
tgaaaccttc
ggagactgtg
atttaaaccc
gcetgttgeat
gtgcatacat
ttttgattta
tttgatataa
gaataatgat
gcatatattg
tgtteccttgt
ctgagtgtgt
aaatgccatt
aagactcaaa
gtggattcat
ttgaaggaag
ccecttggtt
cggccagagg
atccteccette
aatcacttat
ctgaatgtgg
gtttctattt
gtctgatttt
tgtttttctt
gaaaatgtct
ggaaggaggt
gtgttactgg
tggagagttt
cctattgagc
gtaaacgaga
gccccaccaa
aggcaaaatt
gggttaaaac
ctgtagctga
acgtgagcct
cactcatatc
gtaaaccatt
tagactettg
tgggaaagaa
tggagctggc
ctcacttgce
tatctagcta
tttttttggt
taatttcatg
ggatcacaca
cctcagecat
cagataaaaa
actatgagaa
tgagcattac
attgtgcagce
actgacagag
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ttacctgeca
attcttttgt
taataacact
gctcectttgaa
atgaatacat
catgatattt
tagcactcac
atggtaacca
gccaaattgg
agctagtctg
ggagtagtct
gatggatcaa
tagtcacttt
taaggttatg
cagccecattt
agtagtattc
tgggagaaaa
gtcaagctaa
ttattttgga
tcaagteccag
tcagtacagc
ccaggceggtg
tgcattttca
tctccaacaa
ctecteettg
agtatttaac
tgactaagca
tcctaaggta
gcttectttt
ccttttette
cctgtcatac
atctgtgaag
gctgattata
tatcteatct
accctattta
cagactcaat
aagggaaagg
ctttgtagtt
aaaagatatyg
attccattte
ttcatcteceg
taaaacaaga
tttectttetyg
ctgaaagcat
gcctgeagtyg
gtgatcaagc
cactgtacat
caaaattcat
aaataaagac
acagagattt
cttaaagtta
ttataggtat
ttaaataaat
tactgtcttt
atcacaaata
actgtgggct
gaaaatggat

aacttctact
cctattaaat
tttaaccctyg
ttcattttgt
taattcaacc
agaaaactgc
tatgtgccag
tatgagggaa
ttaattaact
gggccagggt
ttatcatata
aaagtttgtg
cttatgatgg
tcaaatcttg
aaaggatgac
ctttggtaac
ggaggtcaga
ggagatagta
ttttgggatc
gcttatttct
ccatctggcet
aatattggtg
ccatgcttag
ccaaatctte
tccaattact
ttctagggtg
ggaaataaat
cacagttgtg
gatggtagca
cctaacttca
gcccacagea
cagcctgett
cttgattgge
tatgccttat
tgecaaggtac
cctggaggag
tttcatttta
aaaaaaaaat
ctectcectaa
tttgagtttt
cgatttttcc
gagaaccagc
gtgccectceacce
ggtttggaac
catcttgtct
cagcaggatg
agcatcccag
aggctgattt
ctgecattttt
aactagtctc
gatttctaga
gcccttetgt
acttctgtta
gagcacttta
aaaaacaaga
gtgaaattta
tgtgtttaaa
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catteccttat
taagttctcet
gactttctca
atattctagt
tggagggatg
ttaactggtg
ctgctattct
gcacttttaa
tagccaaagt
ccctetttta
actaaattaa
gtataattgg
tcgtgtagtt
ggtataataa
tggagagtta
atttteccttt
tttttgaggg
tgacatcttt
cgtgccaget
acagcaaact
tttgatgtte
gtcctggggt
catctgcetta
atgcectttta
ttcatgcagt
tttttgggtt
gggtegtect
ggggcgatcc
gtacagacct
cgggetgtgg
gacctagccc
gtaaagcaat
aaggtgaatc
taatttgttc
ctggtcgagg
caggaatggc
ataatacatg
atgatggtag
ctctagattyg
ttcaatgcca
cattcaggta
tggaaatgcc
tataaataac
aagaccgtac
ctgaaggtta
aaatttggea
ccttactctt
ttttggggtyg
attttgatat
aacttttgaa
tgattaatac
gaatttttta
ttttectgaa
aaataaaatt
ttaacatcaa
atattatttt
taaaaggata
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cacagcatca
gccctetage
agtttaatta
gaagagttge
ttctecatctt
acccccacee
tagcctgctce
tatttgtttt
acacatatac
ttggaggttt
actttttact
cgctacaccc
ttaaagtgca
tatttcttat
aaaactctta
attaaatgga
tcacatgcte
cacttcggaa
gcaggcccaa
tgcatccttt
ctcatctgca
aggctttgac
atggggtaaa
ttacatgact
atctttgaaa
tcacttattt
ttaaataggc
tcaaaagttt
gaaagatagc
caaaagcatt
accattcagt
gttgtctceeg
tattttcaac
tgaaatgaaa
tetcgecectg
cccececacac
cctgttacat
ataaatatta
gatcgaatct
gtgtctgtct
agttcctgtt
gcagtcagtt
ggtttcctte
tttegecatgt
tctteteggt
atgtttgtge
tggcegtggg
taaacttcte
atagatcagg
caatacaggt
gaatgaaaat
attaggcccg
ttcattaatt
ctaatttttt
gtgcgatcte
ctcecgagtaa
atagagacgg

cacgcagctg
tctgttattg
ctttttttca
taaactggtt
tcettttett
atctagtctt
ttagacccct
aggaaagtgt
atccaaatta
aaagccgctg
ctaagcagta
cagtatttct
aaagggggca
tactgcctgt
tgtttgggge
agacatgcaa
atgatgcaga
aggagccttg
agtacatggt
gtcaggaggt
ttcggaattyg
atttaattaa
ttcgaagtat
tttggtttge
tgtttgtaca
gagtaaacaa
cacaacttca
aagtctgtag
acaaagtttt
gactatttat
agcccaaagt
tgcagtcage
tgaaattagc
agaaaaataa
cttggcagtt
atttattctg
gagtaacatg
aatatttaaa
gatgecttttt
cgatttgggg
tgtatctttt
actaacatat
cgtggacctg
attttcagag
taatctacac
taaggtgegt
tgggagggga
cactgctgge
cgaccactge
cagcagaaaa
cacatgaggt
tgttttaaac
atgctgtgtt
tattttttgg
ggctcactgce
ctaggactac
ggttttacca

tatcaaatac
cagattcaag
aaggtatgceg
tgtgtgccga
gaaaagattt
tgctctecaga
tttettttee
gaaagaaggyg
aagcagaaaa
agaagatagt
gtatctggta
ctgatttcag
gtaaagtgct
gtectttegta
attcagagaa
gactgaagat
gtccttettt
gtetttggtg

‘ggggtgaagyg

gactggaaac
cagatgaacc
aaattaaagc
acttgataca
aactgctagg
gttcaatgat
gtttgttact
actaggataa
gcattaaata
tctgaaacta
tgcaaagaaa
ggtctcaggt
aaaataaaca
catctgctta
aataattctt
tgctctagag
ctcacacttg
gcectgatte
tagatcttta
aaatagaagc
tttacctggce
ttgttetgat
taactcatcce
tcgegtetet
actacagcag
tectttggeca
gtagtatggt
agcagggagt
ttcccacgga
ctcegtecat
gtccagactt
gacctctgaa
aagcatgtgc
ctagtctatt
agacggagtc
aacctecegece
aggegcccgce
tcttggccag
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aagttgaggt
tttgacaaat
tgatgaagag
tcagttcacc
tgcttgtcat
tttataacac
ttgaataaat
gcacctgtga
tgtcaaagec
ggtgeecteg
acctaattee
aataagtctg
atccacaaaa
ggccetgect
taccttatta
cctgectgtt
gggagtatte
‘ttaatgectct
gtcaagggtt
accagccaat
agtttgtact
cttttatgga
gaacactggc
ctgagcctct
taagcataaa
acagcttctg
ttttatttat
ttttaaatge
cattaaaaaa
acacagaaag
aaaggcggtg
gaacaacatg
caatgatcat
tgtggagagt
gtagaagagc
caccagcatc
tcaagtgcat
cgtgtgtaat
tttccecacaa
ctagttatct
ctctttatte
ttgtttggaa
caggagagcc
catcaagtgyg
accgtgagaa
cagaggaaga
gcaatttcgg
tcctectatt
ttceccaggea
gacatcccaa
ctctaagtgg
tcgtagtgta
aatattaaag
ttgctctgte
tctcggatte
caccatgccce
gctggtettg

ctttgggeca
aaaactttce
gcacaaatac
gtgtgtttga
tggtgtgaat
tttaatggtt
caggttcatg
aaacacgecaa
tccaatcact
ctggaagttt
gtataaacct
cgtagaaact
aaggaaaaac
ttatttattc
agctgttgea
tatgaagtgt
gtattcccaa
cctageteeg
tgggcttatce
tacagcagaa
cgacttctcect
aaaagtacat
ttgggaataa
ttgtaaagcet
ttgtatatat
tggactcaga
ctgcttgtta
ttatttttaa
ataatgtttt
ctaaaaatca
tgtgtgacca
ccatatatta
atacactaat

~aatgcgaatt

tttatgtgtg
catgtcagga
gataactgcce
attaggtaga
catttccaag
gtctgggtgt
tgtgtcaget
actttggcat
accaggtata
cceececcageg
aacttgtaag
aagaagcagg
gttcactaca
acactgggca
ccctgtgaga
cgtgecatgg
ctggtttatg
ggttaaaact
aatattgtgt
acccaggetg
aagcaattct
agctaagtgt
aactcctgac

PCT/US2004/007755

Fig. 63(e)

ggaactgggyg
tttagactgt
acctcacctt
atttctgtge
tgtaccccce
ccaaattgta
ttgcagacga
ttgttcecaac
accttatttc
taaggtaatt
gacaccctat
tgttctgatg
attttccaag
attttataac
gcaatctage
gccatcaaat
gtgcacagag
tatagatgtg
cagagcagcg
ctgcagactg
tcttcactgt
gttttccaaa
acctgtgata
gggatttaga
tccetttttt
gatttatgta
gggaattgca
agtcaattat
aatcttatca
ttctaagtcc
tttgtttatg
ttgatgtgta
ggtataattt
gacttatgaa
ggcctectee
ctcaccttgt
ataattacac
agtggctctg
cactgtcatc
agaaactggt
aaatattctt
atccttecat
ttgtcacaca
atttgggttt
aaggcatcag
gaaaatggag
cagctctcca
aagtgcagaa
cccgataatg
tetggtetgt
ttttecagtgt
ttectgttgte
tgcataatga
gagtgcagta
ctgtctcage
tgtattttta
ctcgtgatcce
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16981
17041
17101
17161
17221
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17341
17401
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17521
17581
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17941
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acccgectcea
taaggactat
tagagatcca
aagtatccat
aagttcaata
tcatgttaag
ctatatttga
agccactgga
ttceceaggea
tcctgaacct
tagtagagag
cctgtgtggg
cagactttat
aacagcctcc
gttacaagat
gaaagtcagt
tttcaaagtc
tagatgtgcet
aatataaacc
ggaactcaat
tcatatatat
acacaaatgce
gaagggttac
tcaggcacca
gctcacatgt
ttaggggaaa
actgasatgt
cttcacctgt
tggggetttg
ttagtggtte
ctgccaatac
cttgctctee
cctecagtgtyg
atctgcaaat
tcattcctat
ccttgggtgt
actataaatt
acataggtta
gaagtgtgag
ggccaggaga
taatttctte
aaagctgcta
cattgtttta
ctcacgtttt
tagtgagett
agcctceeca
atagattttt
ctggegtgtt
ctgaaaatat
ttctcgacct
gtcaagagga
ggaaaaaaaa
gcttagtgag
gatgtacagc
ggaaatgggt
gggcttgtaa
tgcaggctac

gcctceccaaa
tttttaaagt
gtttagatta
gtagaagtat
ggtaatccaa
tttggaagce
ttcaaaggca
gttgcctatt
ggcectecag
ggagattgtc
cctgetetga
acatgaatca
taaatgacac
cecececatgtgg
gaacattatc
ttagtaattt
agcataggag
gtgtagtttg
ccatcacttce
tgttttceat
tctgectattt
catgtagctg
acatctgagce
ctgatgtgtg
gcogtgtettg
aaaatgtgtt
gtgcagagaa
tttgtgtgtt
gacagtgctg
tggaggatggce
ttagaacttt
agaaatgcca
tcetgtacecg
agtggtattt
tttttgttca
ttaatactga
cctaatgatc
cttgagttgt
agttcceggg
getgtagttce
acttasagtg
aaccactcaa
atgagctcta
gccacagtgt
tgtcacgatt
ccacacttece
aacaaagttg
tgtaaaatga
ggcctcaaac
caccgcatca
gtgacttgca
aatcctecatg
ccaaacttga
ttgggagggyg
acatctggtt
tttaggaata
aaaaggagca

gtgctgggat
ttttacaatt
ctaaatattt
tagagtctag
gagtaaaaac
ctacttgagt
gggcatctat
tcecactcagt
tgagaatgca
ttgatggaaa
cttegetcecag
ctcttggtgg
ctctctctaa
tatgggttgt
tgaacacaca
aaacttagcc
aagtgtattg
atttgttaat
caaaatagga
taaaaaatga
gcataattgt
gtctgtttcet
cgtggtctca
cttggtgtgyg
atttccctta
tcccaatget
agggggctte
aggtccatge
agccaaaagc
tgattgecctt
ttccagagag
gtgtgcctgg
actcagtggt
aatttgactt
attaatacat
attagtcaca
agtggtctcc
tacactcaca
aggcagagtc
aggctctcag
actgtgcget
ggattggggce
gaaacaatta
gttctgaaag
tactttttac
gctttgataa
gacagtacac
attaaaaggce
acagagatcc
gcaccagcaa
tggcctggga
aaggaaacag
gacatagggt
gtgtaatgca
tggttaagga
cttccectaa
gattaaggat
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tataggcgtg
atgactgtga
atgtctaatt
attggtgaaa
agattccaat
gtttccagtt
tgtcttgcett
atgcctcact
ccaagccaca
ggaagaggca
ggatggaact
tctttgettt
ccactectcetg
aactgtggcg
gaaagaaatc
agttatcatc
ttgaatatta
gtgtctaagc
actctgttta
tactattagg
ctggagteca
tcctcaccectt
gatgactgcc
agctagactt
acttcatgge
ggagttataa
tcctgtecatg
gtcatgctga
aagtgctcaa
gcattttaag
gaagggtcag
gagggcatct
tctgtettea
caatttgtat
tatttattga
tgtgggactt
acttttetat
gtactgttgt
aataatgcag
ctcaactgca
atggectgttt
ctttegtatt
cttttgaaga
gtgaattaat
aagcgktatct
gcatccceeg
actgaatgaa
tcattaaatg
ccaaagccac
gacctgtcge
ggaaacctcc
gatcttggga
gtaatgtggg
ttttcttaaa
tcctaatcte
tagtagctaa
agaaaaggtt

agccaccacg
agttgaaatg
gagatgatta
aacttgaaaa
atcagatctt
ttttccacat
aggactgatt
cttagagtag
cgccatggee
gcctteeect
ggtctggctc
ttatttgggce
tctgggcgaa
gtttcectet
tgtatttggce
atcataattc
caaaatattt
aatcaaagca
ctgacttgat
aaactcaccc
tatgtaatat
ttggttcctg
tcggaagaag
tceectggete
ttatctatga
ttgaatgtgc
ctcattggge
aatgaagaac
aagcagctgt
tagagaggga
aaactgcatc
tcagaaatcc
gaattcctat
aaatgttagce
gcatctacte
gectgeccte
cactcataat
ttgctgccat
actacacgta
ctctgtccac
atatatacge
gatttaatta
gcecgaggatce
gcttttggaa
aatatgcata
gattgcegte
aactttacat
atttatatga
accgaaccccet
tgagacggtg
tgtgaatctt
gcattttgaa
agagttttaa
agagctgaat
tgaagcctgg
ccecttatata
tggagtgtat
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Fig. 63(f)

cctggecaaca
tctaaattat
gacttagecca
agcttggett
ttcaccatag
tatattgtgt
cactgggaaa
cttcecatgg
tgggaagcag
cccaggaaga
agttctctct
ttaaaatcag
gtttaacaag
gctgtttttg
atccataatg
tttttaacac
agggcataga
acagaattca
tataacatat
cattttcttt
taaatgtaaa
gcctcetggg
cctettecet
tccatgtgac
acagcttgat
tgcagtcaaa
accagtgtgt
atgggatgta.
gtttgtatta
ttgtagaaga
tgcagggctce
agtctctcect
catgtctgtg
ttctatttgt
tgtgtcagce
agggagctag
gtctggcaca
ggtgctttag
gtgaaaacat
tgagaagcca
ttaaaaagta
aaggaacaat
aaattcttge
tcatcaggaa
ttgaaatgtg
actgaccatt
caaggaaggc
cttacgcectt
gcgteccatg
agtgatgaga
tagttaagca
tgaagaagga
gatttgcaga
gaatggttga
gatgccceca
gtgctgtctg
gagaaaccct
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aggcaggaat
taagacagga
tttgtactta
actgtgtgtg
tgattcagtc
tctacagaga
gtgatttgca
aaatatatca
tgaatgaatg
ctettttggg
ttcttcceaa
tttgtgcectge
ataaatcata
ctttatctct
aagaaagggt
taatgagcct
tgttagcact
tccececattaa
aggctttcag
gcttctgaga
gcagggacag
cacaactaat
taataaaaaa
tcttgatgaa
aagtattagt
aaactaaagc
aggaagagtt
taaagaaatg
ctgtctttce
aagtaagaga
ggcattgcct
cttttttttc

tgactecectgg
gaaaaaggaa
ctgececggea
tgttggaggy
tgttacttga
acacattgcc
tttgtcaaaa
ttgttataaa
tcatatatcc
ggttgtacag
taaagagtgt
ttcataacca
aactattccc
tagtgaatta
tggattggaa
gcaggcttgg
tgtagaagga
gaaagatcat
ctataagcat
attaattgga
tagttgtccet
tatttectggt
cccattgttt
acttgtctgt
ggatccactg
tgccaatggt
atggtaaagt
tcagcaggta
tttttctttt
cttttgataa
ggctatettyg
ttatgectttt

tgtttgtaaa
atgtcaggaa
tecttgectga
getgggggag
gaaactgaat
attcacaagg
gttctagaga
aattcgtttt
ttgctaaagg
taacacattc
gggtttttaa
cactcatgca
ttggtatggg
tgaccctgta
ggattcagag
ctgcttacga
tgttcattag
tcaggaacat
taaggggata
gcaaatacat
tgcaagtaga
tatcttttac
gatcagtgac
taattaacat
ttceetcecaa
taaaaaataa
tacacaaagg
gcctgatcect
aaagcttaat
attaaagtgt
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ccttaaagat
gatgatcaat
ggtttttaac
ataaagaaat
tgtgttttgt
ttgaggggat
attcttcaac
gagttctgtt
agctcagtta
ccaagaaaga
tatgaatcca
cttttcagaa
tttgaaattg
gtcatcatgg
gcgattettt
acgagctgag
gaagttcttg
ggctaccaag
ttgtatcagt
ctcaagggaa
ggacacttca
gcatttgtaa
tgactaatta
caacagcaca
ttgacgagct
caaacatgtg
agtactgaaa
acagcttaga
tccaaaatac
gaatctgaaa

22501 ki

22561
22621
22681
22741
22801
22861
22921
22981
23041
23101
23161
23221
23281
23341
23401
23461
23521
23581
23641
23701
23761

»tatatgtaa

ttgtatcaat
tggaaaaatt
cctgtgcectac
cttaatagta
catttttaag
cacccatcca
cttaagggcet
taacagtcta
aaaccagatt
atacatatat
tatctgaggc
ctactatgtg
aggtgactca
tggtttaaaa
gacttcagtt
ctctaaaact
atgagccgca
ggctggegtyg
atcctceccac
caagagctac

«aggmwvaar

gtataatttt
tttttgttte
gtceccaecece
cagtattcat
ttgaaataaa
gaccattggt
tccattcatt
agggattcag
gagaagatgg
cagaagaaaa
ataatttgac
tgacttgtga
cagatctctc
gacagctgtt
ttatactcat
tattagggaa
ttaggtagga
ctttattgtt
cagtggcatg
ctcagceetcee
acttcaaagc

ctztgggate .

attcatttat
cttaasatta
cetttttttt
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