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(57) Abréegée/Abstract:

In certain embodiments, this application provides humanized antibodies that bind to the EphB4 protein as well as uses of the
antibodies for therapeutic purposes. The Invention optionally relates to a deimmunized antibody or antigen binding fragment
thereof that binds the extracellular domain of EphB4, comprising a heavy chain variable region and a light chain variable region.
The heavy chain variable region comprises the sequence selected from SEQ ID NO: 13 and SEQ ID NO: 14. The light chain
variable region comprises the sequence selected from SEQ ID NO: 17 and SEQ ID NO: 18.
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ABSTRACT

In certain embodiments, this application provides humanized
antibodies that bind to the EphB4 protein as well as uses of the antibodies for
therapeutic purposes. The invention optionally relates to a deimmunized
antibody or antigen binding fragment thereof that binds the extracellular
domain of EphB4, comprising a heavy chain variable region and a light chain
variable region. The heavy chain variable region comprises the sequence
selected from SEQ ID NO: 13 and SEQ ID NO: 14. The light chain variable
region comprises the sequence selected from SEQ ID NO: 17 and SEQ ID

NQO: 18.
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Cancer Treatment Using Humanized Antibodies that Bind to EphB4

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 1ts 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.

SUMMARY OF THE INVENTION

This application provides, inter alia, antibodies, e.g., modified antibodies, or antigen-
binding fragments thereof that bind to the extracellular domain of EphB4. The modified anti-
EphB4 antibodies, or antigen-binding fragments thereof are less immunogenic compared to
their unmodified parent antibodies in a given species, €.g., a human. The antibodies and
antigen binding fragments are useful in therapeutic treatments for affecting EphB4 function

in order to inhibit angiogenesis and tumor growth.
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In one embodiment, the application provides a desmmunized antibody or antigen
binding fragment thereof that binds the extracellular domain ot EphB4, including a heavy
chain varnable region and a light chain vaniable region, wherein each variable region has
between 2 to 20 amino acid substitutions in the framework region in comparison to a
nonhuman or parent antibody that binds the extracellular domain of EphB4.

In one embodiment, the deimmunized antibody or antigen binding fragment thereof
has one or more complementanty determining regions (CDRs) from a nonhuman or parent
antibody that binds the extracellular domain of EphB4. In one embodiment, between 1-5
substitutions are present in the complementarity determining regions (CDRs).

In one embodiment, one or more substitutions reduces the number of T-cell epitopes
in the detmmunized antibody or antigen binding fragment thereof as compared to the
nonhuman or parent antibody. In one embodiment, one or more substitutions reduces the
number of B-cell epitopes in the detmmunized antibody or antigen binding fragment thereof
as compared to the nonhuman or parent antibody. In one embodiment, one or more
substitutions introduces one or more regulatory T-cell epitopes in the deimmunized antibody
or antigen binding fragment thereof as compared to the nonhuman or parent antibody.

In one embodiment, the heavy chain vanable region of the detmmunized antibody or
antigen binding fragment thereof has 20 or fewer amino acid substitutions in comparison to a
nonhuman or parent antibody that binds the extracellular domain of EphB4. In another
embodiment, the heavy chain variable region of the detmmunized antibody or antigen
binding fragment thereof has 19 or fewer, 18 or fewer, 17 or fewer, 16 or fewer, 15 or fewer,
14 or tewer, 13 or fewer, 12 or fewer, 11 or fewer, 10 or fewer, 9 or fewer, 8 or fewer, or 7 or
fewer amino acid substitutions in comparison to a nonhuman or parent antibody that binds the
extracellular domain of EphB4. In one embodiment, the heavy chain vanable region has at
least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at
least 11, at least 12, or at least 13 amino acid substitutions in comparison to a nonhuman or
parent antibody.

In one embodiment, the light chain variable region of the deitmmunized antibody or
antigen binding fragment thereof has 20 or fewer amino acid substitutions in comparison to a
nonhuman or parent antibody that binds the extracellular domain of EphB4. In another
embodiment, the light chain variable region of the deitmmunized antibody or antigen binding

fragment thereof has 19 or fewer, 18 or fewer, 17 or fewer, 16 or fewer, 15 or fewer, 14 or
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fewer, 13 or fewer, 12 or fewer, 11 or fewer, 10 or fewer, 9 or fewer, 8 or fewer, or 7 or
fewer amino acid substitutions in comparison to a nonhuman or parent antibody that binds the
extracellular domain of EphB4. In one embodiment, the light chain variable region has at
least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at
least 11, at least 12, or at least 13 amino acid substitutions in comparison to a nonhuman or
parent antibody..

In one embodiment, the deimmunized antibody or antigen binding fragment thereof
binds to the extracellular domain of EphB4 with a similar or greater binding affinity than
mouse monoclonal antibody #131, ATCC deposit number PTA-6214.

In one embodiment, the substitutions in the deimmunized antibody or antigen binding
fragment thereof result in an increase in the sequence identity between the framework region
of the antibody or antigen binding fragment and a human germline gene sequence that is
homologous to said framework re‘gion.

In one embodiment, the detmmunized antibody or antigen binding fragment thereof
inhibits the formation of tubes by cultured endothelial cells. In another embodiment, the.
detmmunized antibody or antigen binding fragment thereof inhibits the vascularization of a
tissue 1n vivo. In another embodiment, the deimmunized antibody or antigen binding
fragment thereof decreases the growth of a human tumor xenograft in a mouse. In a further
embodiment, the deimmunized antibody or antigen binding fragment thereof inhibits the
vasculanization of tissue implanted in the cornea of an animal or the vascularization of a
Matrigel™ tissue plug implanted in an animal. In one embodiment, the deimmunized
antibody or antigen binding fragment thereof promotes apoptosis.

In some embodiments, the effector function of the deimmunized antibody or antigen
binding fragment thereof is altered. In another embodiment, the effector function of the
deimmunized antibody or antigen binding fragment thereof is increased. In another
embodiment, the effector function of the deimmunized antibody or antigen binding fragment
thereof is decreased. In some embodiments, the deimmunized antibody or antigen binding
fragment comprises a heavy chain constant region. In some embodiments, the N-
glycosylation in the Fc region is removed. In some embodiments, the Fc region comprises a
mutation within the N-glycosylation recognition sequence, whereby the Fc region of the
antibody or polypeptide is not N-glycosylated. In some embodiments, the Fc region is

PEGylated. In some embodiments, the heavy chain constant region is a human heavy chain
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[gG2a constant region containing the following residues: serine at positions 330 and 331. In
some embodiments, the heavy chain constant region 1s a human heavy chain IgG4 comprising
the following mutations: proline at position 233, valine at position 234, and alanince at
position 235. These amino acid positions are based on Kabat numbering

In one embodiment, the detmmunized antibody or antigen binding fragment thereof
inhibits EphB4 dimerization or multimenization. In one embodiment, the deimmunized
antibody or antigen binding fragment thereof inhibits the EphrinB2 stimulated
autophosphorylation of EphB4. In one embodiment, the detmmunized antibody or antigen
binding fragment thereof stimulates EphB4 kinase activity.

In one embodiment, the deimmunized antibody or énti gen binding fragment thereof
binds to the first fibronectin-like domain of EphB4. In one embodiment, the deimmunized
antibody or antigen binding fragment thereot binds to the second fibronectin-like domain of
EphB4.

In one embodiment, the detmmunized antibody or antigen binding fragment thereof 1s
conjugated to a cytotoxic agent. In one embodiment, the cytotoxic agent 1s selected from the
group consisting of a radioactive agent: a molecule of plant, fungal or bactenal origin, such as
for example saporn , a biological protein, vinblastine, 4-desacetylvinblastine, vincristine,
leurosidine, and vindesine. In certain embodiments, the antibody or antigen binding fragment
thereot 1s conjugated to a cytotoxic agent through a stable linker which releases the cytotoxic
agent 1nside cancer cells.

In one embodiment, the variable region of the antibody or antigen binding fragment
has between 2 to 20 amino acid substitutions in comparison to a nonhuman or parent
antibody that binds the extracellular domain, wherein said nonhuman or parent antibody also
provides one or more CDRs 1n the deimmunized antibody or antigen binding fragment
thereof. In a further embodiment, the deitmmunized antibody or antigen binding fragment
thereof includes a heavy chain variable region and a light chain variable region, wherein each
variable region has between 2 to 20 amino acid substitutions in comparison to a nonhuman or
parent antibody that binds the extracellular domain of EphB4, and the deimmunized antibody
or antigen binding fragment thereof has one or more complementarity determining regions
(CDRs) trom said nonhuman or parent antibody. In a further embodiment, the deimmunized

antibody or antigen binding fragment thereof is less immunogenic in a human subject than

said nonhuman or parent antibody.
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In one embodiment, the nonhuman or parent antibody is mouse monoclonal #47 or
mouse monoclonal #131; and PTA-6214,
respectively. In a further embodiment, one or more of the substitutions in the heavy chain
variable region occurs at an amino acid position selected from the group consisting of
positions 5, 12, 40, 66, 75, and 83 according to the Kabat numbering system. In a further
embodiment, one or more substitutions in the heavy chain variable region is selected from the
group cdnsisting of valine at position 5, lysine at position 12, alanine at position 40, arginine
at position 66, threonine at position 75, and arginine at position 83, said positions according
to the Kabat numbering system. In a further embodiment, one or more substitutions in the
light chain vanable region occurs at an amino acid position selected from the group
consisting of positions 45, 74, and 100, according to the Kabat numbering system. In another
embodiment, one or more substitutions in the light chain variable region is selected from the
group consisting of lysine at position 45, threonine at position 74, and glutamine at position
100, according to the Kabat numbering system. '

In one embodiment, the heavy chain variable region includes a) an FR1 selected from
the group consisting of amino acids 1-30 of SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:4,
SEQ ID NO:10, SEQ ID NO:11, and SEQ ID NO:13, b) an FR2 selected from the group
consisting of amino acids 36-49 of SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:5, SEQID
NO:10, and SEQ ID NO:13; ¢) an FR3 selected from the group consisting of amino acids 67-
98 of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:10, SEQ ID NO:11, SEQ ID NO:12, and SEQ ID NO:14; and d) an FR4 selected from
the group consisting of amino acids 113-123 of SEQ ID NO:1 and SEQ ID NO:10.

In one embodiment, the light chain variable region includes a) an FR1 selected from

the group consisting of amino acids 1-23 of SEQ ID NO:6, SEQ ID NO:15, and SEQ ID
NO:16, b) an FR2 selected from the group consisting of amino acids 35-49 of SEQ ID NO:6,
SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:15, and SEQ ID NO:18; c) an FR3 selected from
the group consisting of amino acids 57-88 of SEQ 1D NO:6, SEQ ID NO:7, SEQ ID NO:8,
SEQ ID NO:15, and SEQ ID NO:17; and d) an FR4 selected from the group consisting of
amino acids 98-107 of SEQ ID NO:6 and SEQ ID NO:15.

In one embodiment, the heavy chain variable region of the deimmunized antibody or
antigen binding fragment thereof includes a CDR1 including SEQ ID NO:19, a CDR2
including SEQ ID NO:20, and a CDR3 including SEQ 1D NO:21; and wherein the light chain
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includes a CDR1 including SEQ ID NO:22, a CDR2 including SEQ ID NO:23, and a CDR3
including SEQ ID NO:24. In a further embodiment, the detmmunized antibody or antigen
binding fragment thereof is less immunogenic in a human subject than mouse monoclonal
antibody #47. In a further embodiment, the desmmunized antibody or antigen binding
fragment thereot binds the extracellular domain of EphB4 with a binding affinity which is at
least 80%, at least 90%, or at least 100% of the binding atfinity of mouse monoclonal
antibody #47 binding to the extracellular domain of EphB4.

In a further embodiment, the detmmunized antibody or antigen binding fragment
thereot inhibits binding of EphB4 to the extracellular portion of EphrinB2. In a further
embodiment, the detmmunized antibody or antigen binding fragment thereof inhibits EphB4
dimerization or multimenzation. In a further embodiment, the deitmmunized antibody or
antigen binding fragment thereof inhibits the EphrinB2 stimulated autophosphorylation of
EphB4. In a further embodiment, the deimmunized antibody or antigen binding fragment
thereof stimulates EphB4 kinase activity. In a further embodiment, the deimmunized
antibody or antigen binding fragment thereot binds to the first fibronectin-like domain of
EphB4. In a further embodiment, the binds to the second fibronectin-like domain of EphB4.

In a further embodiment, the deimmunized antibody or antigen binding fragment
thereof 1s conjugated to a cytotoxic agent. In a further embodiment, the cytotoxic agent is
selected trom the group consisting of a radioactive agent, a molecule of plant, fungal or
bacterial origin such as saporin, a biological protein, vinblastine, 4-desacetylvinblastine,
vincristine, leurosidine, and vindesine. In certain embodiments, the antibody or antigen
binding fragment thereof 1s conjugated to a cytotoxic agent through a stable linker which
releases the cytotoxic agent inside cancer cells.

In a further embodiment, the detmmunized antibody or antigen binding fragment
thereot inhibits the formation of tubes by cultured endothelial cells. In a further embodiment,
the deitmmunized antibody or antigen binding fragment thereof inhibits the vascularization of
a tissue 1n vivo. In a tfurther embodiment, the deimmunized antibody or antigen binding
fragment thereot decreases the growth of a human tumor xenograft in a mouse. In a further
embodiment, the detmmunized antibody or antigen binding fragment thereof inhibits the
vascularization of tissue implanted in the cornea of an animal or the vascularization of a
Matrigel tissue plug implanted in an animal. In a further embodiment, the deismmunized

antibody or antigen binding fragment thereof promotes apoptosis.
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In some embodiments, the effector function of the deimmunized antibody or antigen
binding fragment thereof is altered. In another embodiment, the effector function of the
deimmunized antibody or antigen binding fragment thereot 1s increased. In another
embodiment, the effector function of the deitmmunized antibody or antigen binding fragment

5 thereof is decreased. In some embodiments, the deitmmunized antibody or antigen binding
fragment comprises a heavy chain constant region. In some embodiments, the N-
glycosylation in the Fc region 1s removed.

In a further embodiment, the heavy chain variable region of antibody or antigen
binding fragment thereof includes a) an FR1 selected from the group consisting of amino

10 acids 1-30 of SEQ ID NO:1, SEQ ID NO:3, and SEQ ID NO:4, b) an FR2 selected from the
group consisting of amino acids 36-49 ot SEQ ID NO:1, SEQ ID NO:3, and SEQ ID NO:5;
c) an FR3 selected from the group consisting of amino acids 67-98 of SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, and SEQ ID NO:35; and d) an FR4 consisting of amino
acids 113-123 of SEQ ID NO:1; and the light chain varniable region includes a) an FR1

15  consisting of amino acids 1-23 of SEQ ID NO.:6, b) an FR2 selected from the group
consisting of amino acids 35-49 of SEQ ID NO:6, SEQ ID NO:7, and SEQ ID NO:9; ¢) an
FR3 selected from the group consisting of amino acids 57-88 of SEQ ID NO:6, SEQ ID
NO:7, and SEQ ID NO:8; and d) an FR4 consisting of amino acids 98-107 ot SEQ ID NO:6.

In a further embodiment, the heavy chain variable region of the antibody or antigen

20  binding fragment includes an amino acid sequence selected from the group consisting of: a)
SEQ ID NO: 1; b) SEQ ID NO:2; ¢) SEQ ID NO: 3,d) SEQ ID NO: 4, and €) SEQ ID NO:5.

In a further embodiment, the light chain vaniable region of the antibody or antigen
binding fragment includes an amino acid sequence selected from the group consisting of: a)
SEQ ID NO: 6; b) SEQ ID NO:7; ¢) SEQ ID NO: 8, and d) SEQ ID NO: 9.

25 In a further embodiment, the heavy chain vanable region of the antibody or antigen
binding fragment includes an amino acid sequence selected from the group consisting of: a)
SEQ ID NO: 1; b) SEQ ID NO:2; ¢) SEQ ID NO: 3, d) SEQ ID NO: 4, and ¢) SEQ ID NO:5;
and the light chain variable region ot the antibody or antigen binding fragment includes an
amino acid sequence selected from the group consisting of: a) SEQ ID NO: 6; b) SEQ ID
30 NO:7;¢)SEQ ID NO: 8§, and d) SEQ ID NO: 9..
In a further embodiment, the heavy chain variable region of the antibody or antigen

binding fragment includes the amino acid sequence of SEQ 1D NO: 3, and the light chain
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variable region includes an amino acid sequence selected from the group consisting of: a)
SEQ ID NO: 7 and b) SEQ ID NO:8.

In a further embodiment, the heavy chain variable region includes the amino acid
sequence of SEQ ID NO: 4, and the light chain variable region includes an amino acid
sequence selected from the group consisting of: a) SEQ ID NO: 7 and b) SEQ ID NO:8.

In a further embodiment, the heavy chain variable region includes the amino acid
sequence of SEQ ID NO: 3, and the light chain variable region includes the amino acid
sequence of SEQ ID NO:8.

In one embodiment, the heavy chain variable region of the antibody or antigen
binding fragment includes a CDR1 including SEQ ID NO:25, a CDR2 including SEQ ID
NO:26, and a CDR3 including SEQ ID NO:27; and the light chain variable region includes a
CDRI1 including SEQ ID NO:28, a CDR2 including SEQ ID NO:29, and a CDR3 including
SEQ ID NO:30. In a further embodiment, the detmmunized antibody or antigen binding
fragment thereof 1s less immunogenic in a human subject than mouse monoclonal antibody

#131.

In a further embodiment, the detmmunized antibody or antigen binding tfragment

thereof binds the extracellular domain of EphB4 with a binding atfinity which 1s at least 80%,

at least 90%, or at least 100% of the binding affinity of mouse monoclonal antibody #131
binding to the extracellular domain of EphB4.

In a further embodiment, the deimmunized antibody or antigen binding fragment
thereot inhibits binding of EphB4 to the extracellular portion of EphrinB2. In a further
embodiment, the detmmunized antibody or antigen binding fragment thereof inhibits EphB4
dimerization or multimerization. In a further embodiment, the deitmmunized antibody or
antigen binding fragment thereof inhibits the EphrinB2 stimulated autophosphorylation of
EphB4. In a further embodiment, the deitmmunized antibody or antigen binding fragment
thereot stimulates EphB4 kinase activity. In a further embodiment, the detmmunized
antibody or antigen binding fragment thereof binds to the first fibronectin-like domain of
EphB4. In a further embodiment, the detmmunized antibody or antigen binding fragment
thereof binds to the second fibronectin-like domain of EphB4.

In a further embodiment, the deimmunized antibody or antigen binding fragment
thereof 1s conjugated to a cytotoxic agent. In a turther embodiment, the cytotoxic agent 1s

selected from the group consisting of a compound that emits radiation, a molecule of plant,
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fungal or bacterial origin, such as saporin, a biological protein, vinblastine, 4-
desacetylvinblastine, vincristine, leurosidine, and vindesine. In certain embodiments, the
antibody or antigen binding fragment thereot 1s conjugated to a cytotoxic agent through a
stable hinker which releases the cytotoxic agent inside cancer cells.

In a further embodiment, the antibody or antigen binding fragment inhibits the
formation of tubes by cultured endothelial cells. In a further embodiment, the deimmunized
antibody or antigen binding fragment thereof inhibits the vascularization of a tissue in vivo.
In a further embodiment, the detmmunized antibody or antigen binding fragment thereof
decreases the growth of a human tumor xenograft in a mouse. In a further embodiment, the
deimmunized antibody or antigen binding fragment thereot inhibits the vascularization of
tissue implanted 1n the cornea of an animal or the vascularization of a Matrigel tissue plug
implanted 1n an animal. In a further embodiment, the deitmmunized antibody or antigen
binding fragment thereof promotes apoptosis.

In some embodiments, the etfector function of the deitmmunized antibody or antigen
binding fragment thereof is altered. In another embodiment, the effector function of the
deimmunized antibody or antigen binding fragment thereof 1s increased. In another
embodiment, the effector function of the deimmunized antibody or antigen binding fragment
thereot 1s decreased. In some embodiments, the detmmunized antibody or antigen binding
fragment comprises a heavy chain constant region. In some embodiments, the N-
glycosylation 1n the Fc region 1s removed.

In a further embodiment, the heavy chain variable region of the deimmunized
antibody or antigen binding fragment thereof includes a) an FR1 selected from the group
consisting of amino acids 1-30 of SEQ ID NO:10, SEQ ID NO:11, and SEQ ID NO:13, b) an
FR2 selected from the group consisting of amino acids 36-49 of SEQ ID NO:10, and SEQ ID
NO:13; ¢) an FR3 selected from the group consisting of amino acids 67-98 of SEQ ID
NO:10, SEQ ID NO:11, SEQ ID NO:12, and SEQ ID NO:14; and d) an FR4 consisting of
amino acids 113-123 of SEQ ID NO:10; and wherein the light chain variable region includes
a) an FR1 selected trom the group consisting of amino acids 1-23 of SEQ ID NO:15, and
SEQ ID NO:16, b) an FR2 selected from the group consisting of amino acids 35-49 of SEQ
ID NO:15, and SEQ ID NO:18; ¢) an FR3 selected from the group consisting of amino acids
57-88 of SEQ ID NO:15, and SEQ ID NO:17; and d) an FR4 consisting of amino acids 98-
107 of SEQ ID NO:15.
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In a further embodiment, the heavy chain vanable region includes an amino acid
sequence selected from the group consisting of: a) SEQ ID NO: 10; b) SEQ ID NO:11; ¢)
SEQ ID NO: 12, d) SEQ ID NO: 13, and €) SEQ ID NO:14.

In a further embodiment, the light chain variable region includes an amino acid
sequence selected from the group consisting of: a) SEQ ID NO: 15; b) SEQ ID NO:16, c¢)
SEQ ID NO: 17, and d) SEQ ID NO: 18.

In a further embodiment, the heavy chain vanable region includes the amino acid
sequence of SEQ ID NO: 13, and the light chain vanable region includes an amino acid
sequence selected from the group consisting ot: a) SEQ ID NO:17 and b) SEQ ID NO:18.

In a further embodiment, the heavy chain vanable region includes the amino acid
sequence of SEQ ID NO: 14, and the light chain vanable region includes an amino acid
sequence selected from the group consisting of: a) SEQ ID NO:17 and b) SEQ ID NO:18. In
a further embodiment, the heavy chain vanable region includes the amino acid sequence of
SEQ ID NO: 14, and the light chain variable region includes the amino acid sequence of SEQ
ID NO:18.

In one embodiment, the detmmunized antibody or antigen binding fragment that binds
to the extracellular domain of EphB4 with the same or greater atfinity than the parent or
nonhuman antibody comprises a heavy chain variable region and a light chain variable
region. The detmmunized antibody or antigen binding fragment has one or more of the
following characteristics: a) each vanable region 1s derived entirely from one or more human
antibodies; b) each variable region has a reduced number of T-cell epitopes compared to the
parent or nonhuman antibody; and c) each variable region has a reduced number of B-cell
epitopes compared to the parent or nonhuman antibody. In one embodiment, each vanable
region 1s a composite of segments from one or more human antibodies. In one embodiment,
the human antibody segments are from 2 to 35 amino acids in length. In one embodiment, the
human antibody segments do not comprise an entire CDR or individual framework region. In
a further embodiment, one or more of the following residues are present in the heavy chain
variable region: valine at position 5, lysine at position 12, alanine at position 40, arginine at
position 66, threonine at position 75, and arginine at position 83, said positions according to
the Kabat numbering system. In a further embodiment, one or more of the following residues
are present in the light chain vanable region: lysine at position 45, threonine at position 74,

and glutamine at position 100, said positions according to the Kabat numbering system.

10
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In a further embodiment, the heavy chain vanable region comprises a CDR1
comprising SEQ ID NO:25, a CDR2 comprising SEQ ID NO:26, and a CDR3 comprising
SEQ ID NO:27; and the light chain vanable region comprises a CDR1 comprising SEQ ID
NO:28, a CDR2 compnising SEQ ID NO:29, and a CDR3 comprising SEQ ID NO:30. In a
further embodiment, the heavy chain variable region comprises a) an FR1 selected from the
group consisting of amino acids 1-30 of SEQ ID NO:lO, SEQ ID NO:11, and SEQ ID
NO:13, b) an FR2 selected from the group consisting of amino acids 36-49 of SEQ ID
NO:10, and SEQ ID NO:13; ¢) an FR3 selected from the group consisting of amino acids 67-
98 of SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, and SEQ ID NO:14; and d) an FR4
consisting of amino acids 113-123 of SEQ ID NO:10; and the light chain vanable region
comprises a) an FR1 selected from the group consisting of amino acids 1-23 of SEQ ID
NO:15, and SEQ ID NO:16, b) an FR2 selected from the group consisting of amino acids 35-
49 of SEQ ID NO:15, and SEQ ID NO:18; ¢) an FR3 selected from the group consisting of
amino acids 57-88 of SEQ ID NO:15, and SEQ ID NO:17; and d) an FR4 consisting of amino
acids 98-107 of SEQ ID NO:15.

In another embodiment, the heavy chain vanable region comprises a CDR1
comprnising SEQ ID NO:19, a CDR2 comprising SEQ ID NO:20, and a CDR3 comprising
SEQ ID NO:21; and wherein the light chain comprises a CDR1 comprising SEQ ID NO:22, a
CDR2 comprising SEQ ID NO:23, and a CDR3 compnising SEQ ID NO:24. In a further
embodiment, the heavy chain variable region comprises a) an FR1 selected from the group
consisting of amino acids 1-30 of SEQ ID NO:1, SEQ ID NO:3, and SEQ ID NO:4, b) an
FR2 selected from the group consisting of amino acids 36-49 of SEQ ID NO:1, SEQ ID
NO:3, and SEQ ID NO:5; ¢) an FR3 selected from the group consisting of amino acids 67-98
of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, and SEQ ID NO:5; and d) an
FR4 consisting of amino acids 113-123 of SEQ ID NO:1; and the light chain variable region
comprises a) an FR1 consisting of amino acids 1-23 of SEQ ID NO:6, b) an FR2 selected
from the group consisting of amino acids 35-49 of SEQ ID NO:6, SEQ ID NO:7, and SEQ ID
NO:9; c) an FR3 selected from the group consisting of amino acids 57-88 of SEQ ID NO:6,
SEQ ID NO:7, and SEQ ID NO:8; and d) an FR4 consisting of amino acids 98-107 of SEQ
ID NO:6.

In one embodiment, the deitmmunized antibody or antigen binding tfragment threof

that binds to the extracellular domain of EphB4 1s less immunogenic than the #131 antibody
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obtained from a hybridoma having an ATCC deposit number PTA-614 and binds with the
same or greater affinity than the antibody obtained from a hybridoma. In a further
embodiment, heavy chain vanable region of the deimmunized antibody or antigen binding
fragment comprises a CDR1 comprising SEQ ID NO:25, a CDR2 comprising SEQ ID
NO:26, and a CDR3 comprising SEQ ID NO:27; and the light chain variable region
comprises a CDR1 comprising SEQ ID NO:28, a CDR2 comprising SEQ ID NO:29, and a
CDR3 comprising SEQ ID NO:30. In a further embodiment, the heavy chain variable region
compnses a) an FR1 selected from the group consisting of amino acids 1-30 of SEQ ID
NO:10, SEQ ID NO:11, and SEQ ID NO:13, b) an FR2 selected from the group consisting of
amino acids 36-49 of SEQ ID NO:10, and SEQ ID NO:13; ¢) an FR3 selected from the group
consisting of amino acids 67-98 of SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, and
SEQ ID NO:14; and d) an FR4 consisting of amino acids 113-123 of SEQ ID NO:10; and the
light chain variable region comprises a) an FR1 selected from the group consisting of amino
acids 1-23 of SEQ ID NO:15, and SEQ ID NO:16, b) an FR2 selected from the group
consisting of amino acids 35-49 of SEQ ID NO:15, and SEQ ID NO:18; ¢) an FR3 selected
from the group consisting of amino acids 57-88 of SEQ ID NO:15, and SEQ ID NO:17; and
d) an FR4 consisting of amino acids 98-107 of SEQ ID NO:15.

In one embodiment, the deimmunized antibody or antigen binding fragment thereof
that binds to the extracellular domain of EphB4 is less immunogenic than the #47 antibody
obtained from a hybridoma | and binds with the
same or greater affinity than the antibody obtained from a hybridoma. In a further
embodiment, the heavy chain variable region of the deimmunized antibody or antigen
binding fragment comprises a CDR1 comprising SEQ ID NO:19, a CDR2 comprising SEQ
ID NO:20, and a CDR3 comprising SEQ ID NO:21; and the light chain comprises a CDR1
comprising SEQ ID NO:22, a CDR2 comprising SEQ ID NO:23, and a CDR3 comprising
SEQ ID NO:24. In a further embodiment, the heavy chain variable region comprises a) an
FR1 selected from the group consisting of amino acids 1-30 of SEQ ID NO:1, SEQ ID NO:3,
and SEQ ID NO:4, b) an FR2 selected from the group consisting of amino acids 36-49 of
SEQ ID NO:1, SEQ ID NO:3, and SEQ ID NO:5; ¢) an FR3 selected from the group
consisting of amino acids 67-98 of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID
NO:4, and SEQ ID NO:5; and d) an FR4 consisting of amino acids 113-123 of SEQ ID NO:1;

and the light chain variable region comprises a) an FR 1 consisting of amino acids 1-23 of
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SEQ ID NO:6, b) an FR2 selected from the group consisting ot amino acids 35-49 of SEQ ID
NO:6, SEQ ID NO:7, and SEQ ID NO:9; ¢) an FR3 selected trom the group consisting of
amino acids 57-88 of SEQ ID NO:6, SEQ ID NO:7, and SEQ ID NO:8; and d) an FR4
consisting of amino acids 98-107 of SEQ ID NO:6.

In one embodiment, the detmmunized antibody or antigen binding fragment that binds
to the extracellular domain of EphB4 has a heavy chain vaniable region that comprises one or
more on the following: valine at position 5, lysine at position 12, alanine at position 40,
arginine at position 66, threonine at position 75, and arginine at position 83, said positions
according to the Kabat numbering system. In a further embodiment, the deimmunized
antibody or antigen binding fragment has a light chain variable region that comprises one or
more on the following: lysine at position 45, threonine at position 74, and glutamine at
position 100, said positions according to the Kabat numbering system.

In one embodiment, a method of reducing the growth rate of a tumor in a subject is
provided. In a further embodiment the method includes administering to the subject a
therapeutically eftective amount of a deitmmunized antibody or antigen binding fragment
thereof disclosed herein. In one embodiment, the subject 1s a human subject. In one
embodiment, the tumor includes cells expressing a higher level of EphB4 than noncancerous
cells of a comparable tissue.

In one embodiment, the application provides a method of promoting apoptosis and
thereby treating a subject sutfering from cancer. In a further embodiment, the method
includes administering to the subject a therapeutically effective amount of the detmmunized
antibody or antigen binding fragment thereof disclosed herein. In one embodiment, the
subject 1s a human subject. In one embodiment, the cancer includes cancer cells expressing
EphB4 at a higher level than noncancerous cells of a comparable tissue. The cancer may be a
metastatic cancer. In a further embodiment, the cancer is selected from the group consisting
of colon carcinoma, breast tumor, mesothelioma, prostate tumor, squamous cell carcinoma,
Kaposi sarcoma, ovarian cancer, and leukemia. In one embodiment, the cancer is an
angiogenesis-dependent cancer or an angilogenesis independent cancer. In one embodiment,
the antibody or antigen-binding fragment may be co-administered with one or more
additional anti-cancer chemotherapeutic agents that inhibit cancer cells 1n an additive or

synergistic manner with the antibody or antigen binding fragment.
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In certain embodiments, the disclosure provides methods for treating a subject
suffering from a cancer, including: (a) identifying in the subject a tumor having a plurality of
cancer cells that express EphB4 and/or EphrinB2; and (b) administering to the subject an
antibody or antigen-binding fragment which binds to an extracellular domain of an EphB4
protein.

In one embodiment, a method of inhibiting angiogenesis in a subject is provided. In a
further embodiment, the method includes administering to a subject in need thereof an
effective amount of the antibody disclosed herein. In one embodiment, the subject 1s a human
subject. In a further embodiment, the subject 1s diagnosed with macular degeneration.

In one embodiment, a method may comprise contacting a cell with an amount of a
deimmunized antibody or antigen-binding fragment sufficient to inhibit angiogenesis.

In certain aspects, the disclosure provides methods for treating a subject suffering
from an angiogenesis-associated disease, including administering to the subject a
detmmunized antibody or antigen-binding fragment which binds to an extracellular domain
of an EphB4 protein. The antibody or antigen-binding fragment 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,
plague neovascularization, telangiectasia, hemophiliac joints, angiofibroma, wound
granulation, wound healing, telangiectasia psonasis scleroderma, pyogenic granuloma,
cororany collaterals, ischemic limb angiogenesis, rubeosis, arthritis, diabetic
neovascularization, fractures, vasculogenesis, and hematopoiesis. An antibody or antigen-
binding fragment may be co-administered with at least one additional anti-angiogenesis agent
that inhibits angiogenests 1n an additive or synergistic manner with the antibody or antigen-
binding fragment.

In a further embodiment of the methods of treatment, the detmmunized antibody or
antigen binding fragment thereot 1s administered systemically. In a further embodiment, the
detmmunized antibody or antigen binding tragment thereot 1s administered locally.

In one embodiment, a pharmaceutical composition including a deitmmunized antibody
or antigen binding fragment thereof disclosed herein is provided. In a further embodiment,

the composition may also include any pharmaceutically acceptable carriers or excipients.
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In one embodiment the use of the deitmmunized antibodies or antigen binding
fragments thereof disclosed herein in the manufacture of a medicament for treating cancer is
provided. In a further embodiment, the cancer is selected from the group consisting of colon
carcinoma, breast tumor, mesothelioma, prostate tumor, squamous cell carcinoma, Kaposi
sarcoma, ovarian cancer, and leukemta. In a further embodiment, a use of the deimmunized
antibodies or antigen binding fragments thereof disclosed herein in the manufacture of a
medicament for inhibiting angiogenesis is provided.

In one embodiment the deimmunized antibody or antibody binding fragment may
inhibit an activity of the EphB4. An antibody may be designed to inhibat the interaction
between Ephrin B2 and EphB4. An antagonist antibody will generally affect Eph and/or
Ephrin signaling. For example, an antibody may 1nhibit clustering or phosphorylation of
EphB4. In one embodiment, the deitmmunized antibody or antibody binding fragment may
also increase activity of the EphB4. An agonist antibody, tor example, may upregulate
EphB4 signaling.

In certain aspects the disclosure provides methods of inhibiting signaling through
Ephrin B2/EphB4 pathway 1n a cell. A method may comprise contacting the cell with an
effective amount of antibody or antibody binding fragment which binds to an extracellular
domain of an EphB4 protein and inhibits an activity of the EphB4.

In certain embodiments, the deitmmunized antibody or antibody binding fragment may
be a polyclonal antibody, a monoclonal antibody or antibody fragment, a recombinant
antibody, a diabody, a chimerized or chimeric antibody or antibody fragment, a humanized
antibody or antibody fragment, a fully human antibody or antibody fragment, a CDR-grafted
antibody or antibody fragment, a single chain antibody, an Fv, an Fd, an Fab, an Fab’, or an
F(ab”), and synthetic or serﬁi-synthetic antibodies.

In certain embodiments, the detmmunized antibody or antibody fragment binds to an
extracellular domain of an EphB4 protein with a dissociation constant (Kp) of at least about 1
x 10 M, at least about 1 x 10™ M, at least about 1 x 107 M, at least about | x 10° M, at least
about 1 x 10’ M, at least about 1 x 10° M, at least about 1 x 10 M, at least about 1 x 107"
M, at least about 1 x 107" M, or at least about 1 x 10™'* M, to an extracellular domain of an
EphB4 protein.

In certain aspects, the detmmunized antibody or antibody fragment disclosed herein

may be covalently linked (or otherwise stably associated with) an additional functional
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moiety, such as a label or a moiety that confers desirable pharmacokinetic properties.
Exemplary labels include those that are suitable for detection by a method selected from the
group consisting of: fluorescence detection methods, positron emission tomography detection
methods and nuclear magnetic resonance detection methods. Labels may, for example, be
selected from the group consisting of: a fluorescent label, a radioactive label, and a label
having a distinctive nuclear magnetic resonance signature. Moieties such as a polyethylene

glycol (PEG) moiety may be affixed to an antibody or antigen binding portion thereof to

- 1ncrease serum half-life.

In certain embodiments, the deimmunized antibody or antibody fragment includes an altered
constant region, wherein said antibody or antigen-binding fragment exhibits decreased
effector function relative to an anti-Eph4B antibody with a native constant region. In certain
embodiments, decreased etfector function includes one or more properties of the following
group: decreased antibody-dependenT-cell-mediated cytotoxicity (ADCC), and decreased
complement dependent cytotoxicity (CDC) compared to an anti-Eph4B antibody with a
native constant region.

In certain embodiments, the deimmunized antibody or antigen binding fragment
thereof includes an altered constant region, wherein said antibody or antigen-binding
fragment exhibits increased etfector function relative to an anti-Eph4B antibody with a native
constant region. In certain embodiments, increased eftector function includes one or more
properties of the following group: increased antibody-dependenT-cell-mediated cytotoxicity
(ADCC), and increased complement dependent cytotoxicity (CDC), compared to an anti-
Eph4B antibody with a native constant region.

In certain embodiments, the deitmmunized antibody or antigen-binding fragment
thereot has an anti-cancer activity. In certain embodiments, the anti-cancer activity may be
inhibiting tumor growth, inhibiting cancer cell proliferation, inhibiting cancer cell migration,
inhibiting metastasis ot cancer cells, inhibiting angiogenesis, or causing tumor cell death.

In one embodiment, the application provides a diagnostic composition including an
antibody of the application for detecting prostate cancer.

In one embodiment, the disclosure provides a deitmmunized antibody or antigen
binding fragment thereot that binds to an epitope situated in the extracellular portion of
EphB4. The deimmunized antibody or antigen binding fragment thereof may bind to an

epitope situated within amino acids 16-198 of the EphB4 sequence of Figure 1. For example,
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the epitope may be situated within the globular domain (amino acids 29-197 of Figure 1) of
EphB4, which binds to EphrinB2. The detimmunized antibody or antigen binding fragment
thereot may inhibit the binding of EphB4 to the extracellular portion of EphrinB2. The
deimmunized antibody or antigen binding fragment thereof may bind to an epitope situated
within amino acids 327-427 or 428-537 of the EphB4 sequence of Figure 1. For example, the
deimmunized antibody or antigen binding fragment thereof may bind to the first fibronectin-
like domain (amino acids 324-429 ot Figure 1) or the second fibronectin-like domain (amino
acids 434-526 of Figure 1) ot EphB4.

In other embodiments the antibody or antigen binding fragment 1s clinically
acceptable for administration to a human.

In other embodiments, polynucleotides including a nucleotide sequence encoding the
deimmunized antibody or antigen binding fragment thereof disclosed herein are provided. In
other embodiments, polynucleotides that hybridize under stringent conditions to
polynucleotides encoding the deimmunized antibody or antigen binding fragment thereof
disclosed herein are provided.

In other embodiments, vectors including one or more nucleotide sequences encoding
the deitmmunized antibody or antigen binding fragment thereot disclosed herein are provided.

In other embodiments, 1solated cells including a vector that expresses the
deimmunized antibody or antigen binding fragment thereof disclosed herein are provided.

The application contemplates combinations of any of the foregoing aspects and

embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the amino acid sequence of the EphB4 precursor protein. (Genbank accession
number NP 004435 and SEQ ID NO:53)

Figures 2A-2D show amino acid alignments comparing the variable regions from the parental

mouse monoclonal antibodies and the deimmunized vanants. Figure 24 depicts the heavy

chain vanable region of mouse monoclonal antibody #47 (SEQ 1D NO:49) aligned with 5
deimmunized vanants; Figure 2B depicts the light chain variable region of #47 (SEQ ID
NO:50) aligned with 4 deitmmunized variants; Figure 2C depicts the heavy chain vanable
region of mouse monoclonal antibody #131 (SEQ ID NO:51) ahigned with 5 deitmmunized
vanants; Figure 2D depicts the light chain vanable region of #131 (SEQ ID NO:52) aligned 4
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deimmunized variants. Shaded residues indicate amino acids that differ from the parent
mouse monoclonal antibody.

Figure 3A depicts the results of extracellular EphB4 sandwich ELISA comparing the binding
of a chimeric #47 antibody with 4 deimmunized #47 variant antibodies. The numbers indicate
the sequence of the variable region. For example, "3/7" indicates an antibody with a heavy
chain vanable region of SEQ ID NO: 3 and a light chain vanable region of SEQ ID NO:7.
Figure 3B shows the concentration of each antibody where 50% binding in the ELISA i1s
reached.

Figure 4A depicts the results ot extracellular EphB4 sandwich ELISA comparing the binding
of a chimeric #131 antibody with 4 detmmunized #131 variant antibodies. Figure 4B shows
the concentration of each antibody where 50% binding in the ELISA 1s reached.

Figure 5 shows a western blot of an SDS gel loaded with lysate from HT29 cells that were
treated with 10 mg/ml of antibody (Lane 1: no antibody treatment, Lane 2: mouse
monoclonal #131, Lane 3: chimeric #131, Lane 4: an exemplary detmmunized #131

antibody, Lane 5: mouse monoclonal #47, Lane 6: chimeric #47, Lane 7: and exemplary
detmmunized #47 antibody, Lane 8 indicated the molecular markers with the weight in KDa).
The blot was probed with an anti-EphB4 primary antibody.

Figures 6A and 6B depict the results of an 1n vivo squamous cell carcinoma xenograft assay.
Tumor volume is expressed on the Y-axis as mm- and the X-axis corresponds to the number

of days following the beginning of treatment. Treatment with the mouse monoclonal

antibodies #47 and #131 are compared with an exemplary deimmunized antibodies and

control treatment.

DETAILED DESCRIPTION OF THE INVENTION
I. Definitions

A "subject" refers to a vertebrate, such as for example, a mammal, or a human.
Though the antibodies and antigen binding fragments of the present application are primarily
concerned with the treatment of human subjects, they may also be employed for the treatment
of other mammalian subjects such as dogs and cats for veterinary purposes.

As used herein, the terms “antibody’ and “antibodies™ (immunoglobulins) encompass,
but are not limited to, monoclonal antibodies (including full-length monoclonal antibodies),

polyclonal antibodies, multispecific antibodies (e.g., bispecific antibodies) formed from at
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least two intact antibodies, human antibodies, humanized antibodies, camelised antibodies,
chimeric antibodies, single-chain Fvs (scFv), single-chain antibodies, single domain
antibodies, domain antibodies, Fab fragments, F(ab ' )2 fragments, antibody fragments that
exhibit the desired biological activity, disulfide-linked Fvs (sdFv), intrabodies, and epitope-
binding fragments or antigen binding fragnients of any of the above. Antibodies include

immunoglobulin molecules and immunologically active fragments of immunoglobulin

. molecules, i.e., molecules that contain an antigen-binding site. Immunoglobulin molecules

can be of any type (e.g., I1gG, IgE, IgM, IgD, IgA and IgY), class (e.g., 1gG1, 1gG2, 1gG3,
IgG4, IgA1 and IgA2) or subclass.

The term "an antigen-binding fragment” refers to any portion of an antibody that
retains binding to the antigen. An exemplary antigen-binding fragment of an antibody 1s the
heavy chain and/or light chain CDR, or the heavy and/or light chain variable region.

The term "immunogenicity" refers to the ability of an antibody or antigen binding
fragment to elicit an immune response (humoral or cellular) when administered to a recipient
and includes, for example, the HAMA response. A HAMA response is initiated when T-cells
from a subject make an immune response to the administered antibody. The T-cells then
recruit B-cells to generate specific"anti-antibody"antibodies.

The term "T-cell epitopes" refers to specific peptide sequences which either bind with
reasonable efficiency to MHC class Il molecules or which are able to stimulate T-cells via
presentation on MHC class 1.

The term "B-cell epitopes” refers to peptide sequences recognized by B-cells. In
general these sequences are solvent accessible.

The term deimmunization 1s a process that reduces the immunogenicity of a
compound to a given species. A deimmunized antibody 1s an antibody that has lower
immunogenicCity in a given species than the corresponsing parent or nonhuman antibody.

As used herein, the terms Ephrin and Eph are used to refer, respectively, to ligands
and receptors. They can be from any of a varniety 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 .
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II. Overview

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 11l repeats. The
cytoplasmic domaiﬁ 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 1s specific for the membrane-bound ligand Ephnn 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).

In addition to forward signaling through the Eph receptor, reverse signaling can occur
through the ephnn 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.

The EphB4 precursor protein is depicted in Figure 1. Amino acids 16-198 of the
EphB4 sequence of Figure | correspond to the Globular Domain (GD) of EphB4 that binds to
EphrinB2. Amino acids 239-321 correspond to the cysteine rich domain and amino acids
324-429 and 434-526 correspond to the first fibronectin-like domain (FND1) and the second
fibronectin-like domain (FND2) of EphB4 respectively.

- Several studies have shown that high expression of Eph/ephrins may be associated

with 1ncreased potentials for tumor growth, tumorigenicity, and metastasis (

Kiyokawa E, 1994; Tang XX, 1999; Stephenson SA, 2001;
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Berclaz G, 1996). Application 10/949,720 demonstrates that EphB4
antibodies cause apoptosis, decrease angiogenests, and inhibit tumor growth in a xenograft
head and neck carcinoma tumor type.

The disclosure provides deimmunized antibodies and antigen binding fragments that
may be used to treat cancer as well as angiogenesis related disorders and unwanted
angiogenesis related processes.

Deimmunized antibodies and antigen binding fragments may be used to inhibit
EphB4 function in vitro and in vivo. The disclosure provides antibodies that act as receptor
antagonists, such as by inhibiting EphB4 and EphB2 interaction. The disclosure also
provides antibodies and antigen binding portions thereof that act as agonists and activate
EphB4 kinase activity (typically assessed by evaluating EphB4 phosphorylation state).
Surprisingly, such antibodies also inhibit EphB4 functions in cell based and in vivo assays.
Accordingly, such antibodies and anti gen binding fragments may be used to inhibit EphB4
function in vitro and in vivo, and for treating cancer or disorders associated with unwanted
angiogenesis. While not wishing to be limited to any particular mechanism, it is expected
that antibodies which stimulate EphB4 kinase activity, also affect EphB4 removal from the

membrane, thus decreasing overall EphB4 levels.

III. Antibodies

Antibodies are proteins produced by lymphocytes known as B-cells in vertebrates in
response to stimulation by antigens. The basic structural unit of an antibody (or rather .
immunoglobulin (I1g)) molecule consists of four polypeptide chains which come together in
the shape of a capital letter "Y". Two of the four chains are identical light (L) chains and two
are 1dentical heavy (H) chains. There are five different kinds (isotypes) of heavy chains
which divide antibodies into five classes, namely, [gA, IgD, IgE, 1gG and IgM. In addition,
there are two different isotypes of light chains designated .kappa. and .lambda.. Each class of
heavy chains can combine with either of the light chains. The heavy and light chains each
contain a variable region (VH and VL, respectively) that is involved in antigen binding and a
constant (C) region. The antigen binding site 1s composed of six hypervariable regions (or
rather complementarity determining regions (CDRs)). Three CDRs from the heavy chain and
three CDRs from the light chain are respectively positioned between four relatively

conserved anti-parallel .beta.-sheets which are called framework regions (FR1, FR2, FR3 and
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FR4), on each chain. By convention, numbering systems have been utilized to designate the
location of the component parts of VH and VL chains. The Kabat definition 1s based on
sequence variability and the Chothia definition 1s based on the location of structural loop
regions. The Kabat definition for numbering is used herein.

In certain aspects, the present application provides deimmunized antibodies and
antigen binding fragments against EphB4. Is some embodiments the detmmunized antibody
or antigen binding fragment binds to an extracellular domain of EphB4. It 1s understood that
antibodies may be Fab, Fv, scFv, Fab' and F(ab'),, monoclonal and polyclonal antibodies,
engineered antibodies (including chimeric, single chain, CDR-grafted, humanized, fully
human antibodies, and artificially selected antibodies), and synthetic or semi-synthetic
antibodies produced using phage display or alternative techniques.

In one embodiment of the application, the antibody fragments are truncated chains
(truncated at the carboxyl end). In certain embodiments, these truncated chains possess one or
more immunoglobulin activities (e.g., complement fixation activity). Examples of truncated
chains include, but are not limited to, Fab fragments (consisting of the VL, VH, CL and CHI1
domains); Fd fragments (consisting of the VH and CH1 domains); Fv fragments (consisting
of VL and VH domains of a single chain of an antibody); dab fragments (consisting of a VH
domain); 1solated CDR regions; (Fab'), fragments, bivalent fragments (comprnising two Fab
fragments linked by a disulphide bridge at the hinge region). The truncated chains can be
produced by conventional biochemical techniques, such as enzyme cleavage, or recombinant
DNA techniques, each of which 1s known 1n the art. These polypeptide fragments may be
produced by proteolytic cleavage of intact antibodies by methods well known 1n the art, or by
inserting stop codons at the desired locations in the vectors using site-directed mutagenesis,
such as after CH1 to produce Fab fragments or after the hinge region to produce (Fab'),
fragments. Single chain antibodies may be produced by joining VL- and VH-coding regions
with a DNA that encodes a peptide linker connecting the VL and VH protein fragments

This application also provides fragments ot anti-EphB4 antibodies, which may
comprise a portion of an intact antibody, such as for example, the antigen-binding or varnable
region of the intact antibody. Examples of antibody fragments include Fab, Fab’, F(ab’),,
and Fv fragments; diabodies; linear antibodies (Zapata et al., Protein Eng.1995; 8(10): 1057-
1062); single-chain antibody molecules; and multispecific antibodies formed from antibody

fragments.
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Papain digestion of antibodies produces two identical antigen-binding fragments, called
“Fab” fragments, each with a single antigen-binding site, and a residual “Fc¢” fragment,
whose name retlects its ability to crystallize readily. Pepsin treatment of an antibody yields
an F(ab’), tfragment that has two antigen-combining sites and 1s still capable of cross-linking
antigen.
“Fv” usually refers to the minimum antibody fragment that contains a complete antigen-
recognition and -binding site. This region consists of a dimer of one heavy- and one light-
chain variable region 1n tight, non-covalent association. It 1s in this configuration that the
three CDRs of each variable region interact to define an antigen-binding site on the surface of
the Vu-V dimer. Collectively, the CDRs confer antigen-binding specificity to the antibody.
However, even a single variable region (or half of an Fv comprising three CDRs specific for
an antigen) has the ability to recognize and bind antigen, although likely at a lower affinity
than the entire binding site.

Thus, in certain embodiments, the antibodies disclosed in the application may
comprise 1, 2, 3, 4, 5, 6, or more CDRs that recognize the extracellular domain of EphB4.

The Fab fragment also contains the constant domain of the light chain and the first
constant domain (CH1) of the heavy chain. Fab’ fragments differ from Fab fragments by the
addition of a few residues at the carboxy terminus of the heavy chain CH1 domain including
one or more cysteines from the antibody hinge region. Fab’-SH 1is the designation herein for
Fab’ in which the cysteine residue(s) of the constant domains bear a free thiol group. F(ab’),
antibody tragments originally were produced as pairs of Fab’ fragments that have hinge
cysteines between them. Other chemical couplings of antibody fragments are also known.
“Single-chain Fv” or “scFv” antibody fragments comprise the Vy and V. domains of an
antibody, wherein these domains are present 1n a single polypeptide chain. In certain
embodiments, the Fv polypeptide further comprises a polypeptide linker between the V and
V1 domains that enables the scFv to form the desired structure for antigen binding. For a
review of scFv see Pluckthun in The Pharmacology of Monoclonal Antibodies, vol. 113,
Rosenburg and Moore, eds. (Springer-Verlag: New York, 1994), pp. 269-315.

SMIPs are a class of single-chain peptides engineered to include a target binding
region and effector domain (CH2 and CH3 domains). See, e.g., U.S. Patent Application
Publication No. 20050238646. The target binding region may be derived from the variable
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region or CDRs of an antibody, e.g., an anti-EphB4 antibody of the application.
Alternatively, the target binding region is derived from a protein that binds EphB4.

The term “diabodies” refers to small antibody fragments with two antigen-binding
sites, which fragments comprise a heavy-chain variable region (V) connected to a light-
chain variable region (V) in the same polypeptide chain (Vi-V). By using a linker that is
too short to allow pairing between the two domains on the same chain, the domains are
forced to pair with the complementary domains of another chain and create two antigen-
binding sites. Diabodies are described more fully in, for example, EP 404,097; WO
93/11161; and Hollinger et al., Proc. Natl. Acad. Sci. USA, 90: 6444-6448 (1993).

It 1s well known that the binding to a molecule (or a pathogen) ot antibodies with an
Fc region assists in the processing and clearance of the molecule (or pathogen). The Fc
portions of antibodies are recognized by specialized receptors expressed by immune effector
cells. The Fc portions of IgG1 and IgG3 antibodies are recognized by Fc receptors present on
the surface of phagocytic cells such as macrophages and neutrophils, which can thereby bind

and engulf the molecules or pathogens coated with antibodies of these 1sotypes (Janeway et

al., Immunobiology 5th edition, page 147, Garland Publishing (New York, 2001)).

The anti-EphB4 antibodies of the present application include antibodies having all
types of constant regions, including IgM, 1gG, IgD, IgA and IgE, and any 1sotype, including
IgGl, [gG2a, 1gG2b, I1gG3 and 1gG4. The light chains of the antibodies can either be kappa
light chains or lambda light chains.

In certain embodiments, single chain antibodies, and chimeric, humanized or
primatized (CDR-grafted) antibodies, as well as chimeric or CDR-grafted single chain
antibodies, comprising portions derived from ditferent species, are also encompassed by the
present disclosure as antigen-binding fragments ot an antibody. The various portions of these
antibodies can be joined together chemically by conventional techniques, or can be prepared
as a contiguous protein using genetic engineering techniques. For example, nucleic acids
encoding a chimeric or humanized chain can be expressed to produce a contiguous protein.
See, e.g., U.S. Pat. Nos. 4,816,567 and 6,331,415; U.S. Pat. No. 4,816,397; European Patent
No. 0,120,694; WO 86/01533; European Patent No. 0,194,276 B1; U.S. Pat. No. 5,225,539;
and European Patent No. 0,239,400 B1. See also, Newman et al., BioTechnology, 10: 1455-
1460 (1992), regarding primatized antibody. See, e.g., Ladner et al., U.S. Pat. No. 4,946,778,;
and Bird et al., Science, 242: 423-426 (1988)), regarding single chain antibodies.
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In certain aspects, the present application provides antibodies and antigen binding
fragments having binding specificity for an EphB4 or a portion of EphB4. In some aspects
the antibodies and antigen binding fragments bind to one or more specific domains of EphB4.
For example, an antibody or antigen binding fragment binds to one or more extracellular
domains of EphB4 (such as the globular domain, the cystein-rich domain, and the first
fibronectin type 3 domain, and the second fibronectin type 3 domain). In some aspects, the
immunoglobulins can bind to EphB4 with a dissociation constant (Kp) of at least about 1x10-
6, 1x10-7, 1;<10-8, 1x10-9 M or less. In certain embodiments antibodies and antigen binding
fragments disclosed herein are specific for EphB4, with minimal binding to other members of
the Eph or Ephrin families.

In certain embodiments, the present application provides EphB4 antagonist antibodies. As
described herein, the term “antagonist antibody” refers to an antibody that can inhibit one or
more functions of an EphB4, such as a binding activity (e.g., ligand binding) and a signaling
activity (e.g., clustering or phosphorylation of EphB4, stimulation of a cellular response, such
as stimulation of cell migration or cell proliferation). For example, an antagonist antibody
can 1nhibit (reduce or prevent) the interaction of an EphB4 receptor with a natural ligand
(e.g., Ephrin B2 or fragments thereof). In some embodiments, antagonist antibodies directed
against EphB4 can inhibit functions mediated by EphB4, including endothelial cell migration,
cell proliferation, angiogenesis, and/or tumor growth. In certain embodiments, the antagonist
antibody binds to an extracellular domain of EphB4.

In other embodiments, antibodies or antigen binding fragments are EphB4 agonists.
In some embodiments antibodies or antigen binding fragments activate or enhance EphB4
kinase activity, even independent of EphrinB2. In some instances, such antibodies may be
used to stimulate EphB4. However, applicants note that in most cell-based and in vivo
assays, such antibodies surprisingly behaved like antagonist antibodies. Such antibodies
appear to bind to the fibronectin type III domains, particularly the region of amino acids 327-
427 of Fig. 1. In some embodiments, anttbodies or antigen binding fragments that bind to the
fibronectin type Il domains of EphB4 can inhibit functions mediated by EphB4, including
endothelial cell migration, cell proliferation, angiogenesis, and/or tumor growth.

In certain embodiments, single chain antibodies, and chimeric, humanized or

primatized (CDR-grafted) antibodies, as well as chimeric or CDR-grafted single chain
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antibodies, comprising portions derived from different species, are also encompassed by the
disclosure as antigen binding portions of an antibody.

In addition, antigen binding fragments of antibodies, including fragments of chimeric,
humanized, primatized or single chain antibodies, can also be produced. Antigen binding
fragments of the subject antibodies retain at least one binding function and/or modulation
function of the full-length antibody from which they are derived. Certain antigen binding
fragments retain the ability to inhibit one or more functions characteristic of an EphB4, such
as a binding activity, a signaling activity, and/or stimulation of a cellular responée. For
example, 1n one embodiment, an antigen binding fragment of an EphB4 antibody can inhibit
the interaction of EphB4 with one or more of its ligands (e.g., Ephrin B2) and/or can inhibit
one or more receptor-mediated functions, such as cell migration, cell proliferation,
angiogenesis, and/or tumor growth.

In one aspect, the deitmmunized antibody or antigen binding fragment 1s a mouse
antibody. In one aspect, the heavy and light chain variable regions each contain 2 to 20 amino
acid substitutions. In one aspect, the substitutions comprise replacing at least one mouse
amino acid with at least one corresponding human amino acid. In one aspect, the human
amino acid 1s chosen based on 1dentifying a human germline gene that is homologous to the
mouse variable region. In one aspect, a homologous human germline gene 1s independently
identified for each of the four framework regions of the mouse variable region.

The term “humanized antibody and antigen binding fragment™ as used herein refers to
an antibody or antigen binding fragment comprising portions of antibody of different origin,
wherein at least one portion 1s of human origin. Accordingly, one embodiment relates to a
detmmunized antibody having binding specificity for an EphB4 (e.g., human EphB4), said
antibody comprising an antigen binding region of nonhuman origin (e.g., rodent) and at least
a portion of an antibody of human origin (e.g., a human framework region, a human constant
region or portion thereot). For example, the detmmunized antibody can comprise portions
derived from an antibody of nonhuman origin with the requisite specificity, such as a mouse,
and from antibody sequences of human origin (e.g., a chimeric antibody), joined together
chemically by conventional techniques (e.g., synthetic) or prepared as a contiguous
polypeptide using genetic engineering techniques (e.g., DNA encoding the protein portions of

the chimeric antibody can be expressed to produce a contiguous polypeptide chain).

26



10

135

20

25

30

CA 02696164 2010-02-11
WO 2009/0231835 PCT/US2008/009619

In certain embodiments, the framework regions are derived from the closest human
germline framework regions. In certain embodiments, the antibody or antigen binding
fragment comprises the FR1, FR2, FR3, and FR4 regions from the closest human germline
gene. In certain embodiments each framework region 1s independently selected from the
human germline gene closest to the particular framework region. In certain embodiments,
residues that affect antigen binding affinity in the framework regions are sustituted with the
corresponsing residues from the nonhuman or parent antibody.

In one aspect a deimmunized antibody or antigen binding fragment contains one or
more antibody chains comprising a CDR of nonhuman origin (e.g., one or more CDRs
derived from an antibody of nonhuman ongin) and a framework region derived from a light
and/or heavy chain of human origin, e.g., germline antibody genes (e.g., CDR-grafted
antibodies with or without framework changes). In one embodiment, the detmmunized
antibody can compete with murine monoclonal antibody for binding to an EphB4
polypeptide. Chimeric or CDR-grafted single chain antibodies are also encompassed by the
term humanized antibody.

In one aspect a deitmmunized antibody or antigen binding fragment contains one or
more antibody chains comprising a CDR of nonhuman origin (e.g., one or more CDRSs
derived from an antibody of nonhuman origin) and a framework region of nonhuman origin.
In one embodiment the nonhuman framework region 1s substituted with at least one amino
acid from a corresponding human framework region. In one embodiment, the substitution of
a human amino acid residue for a nonhuman residue reduces the immunogenicity of the
antibody in a human subject.

In one embodiment, a deitmmunized antibody or antigen binding fragment thereof is
provided that binds the extracellular domain of EphB4, including a heavy chain variable
region and a light chain vaniable region, wherein each variable region has between 2 to 20
amino acid substitutions in comparison to a nonhuman or parent antibody that binds the
extracellular domain ot EphB4. The variable region encompasses three CDR regions
interspersed with four framework regions. In one aspect the substitutions are in the
framework region.

In one embodiment, a nonhuman or parent antibody i1s compared to a database of
human germline antibody genes, such as from V BASE, and highly homologous individual

framework regions are identified. Structural models may be generated of the nonhuman or
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parent antibody variable region using such programs as SwissPdb, WAM (Web Antibody
Modelling), and AbM. Residues, such as those, for example, that do not play a role in
interacting with CDRs or antigen or contribute to antigrn binding affinity, may be substituted
by the corresponding residue from the human germline gene.

In one embodiment, the individual framework regions, instead of the whole
framework, in the variable region amino acid sequence of the nonhuman or parent antibody
are compared to corresponding sequences in a collection of human antibodies. The human
framework with the highest degree of homology is selected to replace the original framework

of the nonhuman or parent antibody. This technique, known as "framework patching", 1s
described in detail in US Patent Application No. US 2005/0033028.

In one embodiment, referred to as "framework shuffling”, a combinatorial library with

CDR vanable regions from the nonhuman or parent antibody are fused in frame into a pool of

1ndividual human germline frameworks (Dall'Acqua et al., Methods, 36:43 (2005)). The

libranes are then screened to identify clones that encode humanized antibodies which bind
the extracellular domain of EphB4 with similar or greater binding affinity compared to the
nonhuman or parent antibody.

In one embodiment, the nonhuman or parent antibody 1s analyzed in order to identify
potential T-cell epitopes. T-cell epitopes can be 1denified using peptide threading software
that predicts MCH class II binding motifs. Computational binding prediction algorithms
include iTOpeTM, Tepitope, SYFPEITHI, and MHCpred. In one embodiment, homologous
individual human framework regions are analyzed for potential T-cell epitopes in parallel.
Epitopes that are i1dentified in both the nonhuman or parent vanable region and the human
germline genes may be disregarded. Epitopes identified in only the nonhuman or parent
variable region are then flagged for potential replacement.

In one embodiment, the nonhuman or parent antibody 1s analyzed in order to identify
potential B-cell epitopes. Potential B-cell epitopes can be recognized by identifying residues
1n the non-human or parent antibody framework region that are at least partially solvent
accessible and differ from corresponding homologous human antibody framework residues.
In one embodiment, potential B-cell epitopes are eliminated by replacing the solvent
accessible nonhuman or parent antibody framework residues with corresponding human

residues.
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In one embodiment substitutions introduced 1nto the deitmmunized antibody comprise
amino acid substitutions, deletions or insertions. In one embodiment, each substitution results
in the replacement of one amino acid with the corresponding amino acid from a homologous
human germline gene or from a human variable region consensus sequence. In one
embodiment, a nonhuman or parent antibody or antigen binding fragment 1s deitmmunized by
substituting from 2 to 20 amino acids with corresponding amino acids from a homologous
human germline gene or from a human variable region consensus sequence. In one
embodiment, the substitutions may remove one or more T-cell or B-cell epitiopes. In another
embodiment, the substitutions may introduce a regulatory T-cell epitope. In one embodiment,
the deimmunized nonhuman or parent antibody or antigen binding fragment demonstrates a
reduced immunogenicity response over the nonhuman or parent antibody or antigen binding
fragment when administered to a human subject.

In one embodiment, the heavy and light chain variable regions of the detmmunized
antibody or antigen binding fragment are derived entirely from one or more human
antibodies, as described in WO2006/08246. In one embodiment, the variable regions are
composed of segments of amino acid sequence from one or more human antibodies. In one
embodiment the human segments are two or more amino acids 1n length. In one embodiment,
the human segments are 100 or fewer amino acids in length. In further embodiments, the
human segments are 50 or fewer, 40 or fewer, or 30 or fewer amino acids 1n length.

In one embodiment, each variable region has a reduced number ot T-cell epitopes
compared to the parent or nonhuman antibody. In one embodiment, each vanable region has
a reduced number of B-cell epitopes compared to the parent or nonhuman antibody.

In one aspect, the deimmunized antibody or antigen binding fragment comprnises the

CDR regions of mouse monoclonal antibody #47. Mouse monoclonal antibody #47 has been
described and characterized in US2005/0249736, which 1s hereby incorporated by reference
in its entirety. The CDR regions for the heavy chain of mouse monoclonal antibody #47 are
defined as SEQ ID NO:19 (CDR1), SEQ ID NO:20 (CDR2), and SEQ ID NO:21 (CDR3).
The CDR regions for the hight chain of mouse monoclonal antibody #47 are defined as SEQ
ID NO:22 (CDR1), SEQ ID NO:23 (CDR2), and SEQ ID NO:24 (CDR3). In one aspect, the

deimmunized antibody or antigen binding fragment comprises one or more framework

regions (FR1-FR4) of mouse monoclonal antibody #47.
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In one aspect the deimmunized antibody or antigen binding fragment 1s less
immunogenic (or rather, elicits a reduced HAMA response) than mouse monoclonal antibody
#47 1n a human subject. Assays to determine immunogenicity are well within the knowledge
of the skilled person. Art-recognized methods of determining immune response can be
performed to monitor a HAMA response in a particular subject or during clinical trnials.
Subjects administered detmmunized antibodies can be given an immunogenicity assessment
at the beginning and throughout the administration of said therapy. The HAMA response 1s
measured, for example, by detecting antibodies to the detmmunized therapeutic reagent, in
serum samples from the subject using a method known to one 1n the art, including surface
plasmon resonance technology (BIACORE) and/or solid-phase ELISA analysis.
Alternatively, in vitro assays designed to measure a T-cell activation event are also indicative
of immunogenicity. One assay, by way of example, 1s the T-cell proliferation assay. In this
assay PBMCs from donors representing >80% of HLA-DR alleles in the world are screened
for proliferation in response to an antibody or antibody fragment.

In one aspect the deitmmunized antibody or antigen binding fragment binds the

extracellular domain of EphB4 with a binding affinity which i1s at least 80% or at least 90%

of the binding affinity of mouse monoclonal antibody #47. In another embodiment, the
deimmunized antibody or antigen binding fragment binds the extracellular domain of EphB4

with a binding atfinity which 1s at least 100%, or rather with a greater binding affinity than

mouse monoclonal antibody #47.

The determination of binding affinity 1s well within the knowledge of a skilled
person. Art recognized methods include enzyme-linked immunosorbent assays (ELISAs),
radioommunoprecipitation (RIP) assays, and the BIAcore biosensor assay. Example 2
describes in more detail the determination of binding affinity using the sandwich ELISA.

In another aspect, the detmmunized antibody or antigen binding fragment comprises a
heavy chain that comprises an amino acid sequence defined as SEQ ID NO:1, SEQ ID NO:2,
SEQ ID NO:3, SEQ ID NO:4, or SEQ ID NO:5 and a light chain that comprises an amino
acid sequence defined as SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, or SEQ ID NO:9. In
one embodiment the heavy chain 1s SEQ ID NO:3 and the light chain 1s SEQ 1D NO:7. In
one embodiment the heavy chain 1s SEQ ID NO:3 and the light chain 1s SEQ ID NO:8. In
one embodiment the heavy chain 1s SEQ ID NO:4 and the light chain is SEQ ID NO:7. In
one embodiment the heavy chain 1s SEQ ID NO:4 and the light chain 1s SEQ ID NO:8. In
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some of the embodiments the deimmumzed antibody or antigen binding fragment binds to the

extracellular domain of EphB4. In some of the embodiments the deimmunized antibody or
antigen binding fragment is less immunogenic to a human subject than the mouse monoclonal
antibody #47.

In one aspect, the deimmunized antibody or antigen binding fragment comprises the
CDR regions of mouse monoclonal antibody #131. Mouse monoclonal antibody #131 has
been described and characterized in US2005/0249736.

The CDR regions for the heavy chain of mouse monoclonal
antibody #131 are defined as SEQ ID NO:25 (CDR1), SEQ ID NO:26 (CDR2), and SEQ ID
NO:27 (CDR3). The CDR regions for the light chain of mouse monoclonal antibody #131
are defined as SEQ ID NO:28 (CDR1), SEQ ID NO:29 (CDR2), and SEQ ID NO:30
(CDR3). In one aspect, the detmmunized antibody or antigen binding fragment comprises
one or more framework regions (FR1-FR4) of mouse monoclonal antibody #131.

In one aspect the deimmunized antibody or antigen binding fragment binds the
extracellular domain of EphB4 with a binding affinity which is at least 80% or at least 90%
of the binding affinity of mouse monoclonal antibody #131. In another embodiment, the
deimmunized antibody or antigen binding fragment binds the extracellular domain of EphB4
with a binding affinity which 1s at least 100%, or rather with a greater binding affinity than
mouse monoclonal antibody #131.

In one aspect the deimmunized antibody or antigen binding fragment is less
immunogenic (or rather, elicits a reduced HAMA response) than mouse monoclonal antibody
#131 1in a human subject.

In another aspect, the detmmunized antibody or antigen binding fragment comprises a
heavy chain that comprises an amino acid sequence defined as SEQ [D NO:10, SEQ ID
NO:11, SEQ ID NO:12, SEQ ID NO:13, or SEQ ID NO:14 and a light chain that comprises
an amino acid sequence defined as SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, or SEQ
ID NO:18. In one embodiment the heavy chain ts SEQ ID NO:13 and the light chain 1s SEQ
ID NO:17. In one embodiment the heavy chain is SEQ ID NO:13 and the light chain 1s SEQ
ID NO:18. In one embodiment the heavy chain is SEQ ID NO:14 and the light chain 1s SEQ
ID NO:17. In one embodiment the heavy chain is SEQ ID NO:14 and the light chain 1s SEQ
ID NO:18. In some of the embodiments the deimmunized antibody or antigen binding

fragment binds to the extracellular domain of EphB4. In some of the embodiments the
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deimmunized antibody or antigen binding fragment 1s less immunogenic to a human subject
than the mouse monoclonal antibody #131.

In some embodiments, the deimmunized antibodies inhibit the formation of tubes by
cultured endothehal cells. Inhibition can be determined by any method known to a person
skilled 1n the art, including the following. Matrigel (60 ul of 10mg/ml; Collaborative Lab,
Cat. No. 35423) is placed in each well of an ice-cold 96-well plate. The plate 1s allowed to sit
at room temperature for 15 minutes then incubated at 37 °C for 30 minutes to permit Matrigel
to polymerize. In the mean time, human umbilical vein endothelial cells are prepared 1n
EGM-2 (Clonetic, Cat. No. CC3162) at a concentration of 2x10° cells/ml. The deimmunized
antibody or antigen binding fragment 1s prepared at 2x the desired concentration (5
concentration levels) in the same medium. Cells (500 pl) and 2x antibody (500 ul) were
mixed and 200 ul of this suspension is placed in duplicate on the polymerized Matrigel. After
24 h incubation, triplicate pictures are taken tor each concentration using a Bioquant Image
Analysis system. Protein addition effect (ICs) 1s assessed compared to untreated controls by
measuring the length of cords formed and number of junctions.

In some embodiments, the detmmunized antibody or antigen binding fragment
inhibits the vascularization of a tissue 1n vivo. Inhibition can be determined by any method
known to a person skilled in the art, including the following. In vivo angiogenesis can be
assayed in mice as growth of blood vessels from subcutaneous tissue into a Matrigel plug
containing the deimmunized antibody or antigen binding fragment. Matrigel rapidly forms a
sohid 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 1s
mixed with Endothehial Cell Growth Supplement (ECGS), detmmunized antibody plus ECGS
or Matrigel plus vehicle alone (PBS containing 0.25% BSA). Matrigel (0.5ml) 1s injected
into the abdominal subcutaneous tissue of female nu/nu mice (6 wks old) along the peritoneal
mid line. At day 6, mice are sacrificed and plugs are recovered and processed tor histology.
Typically the overlying skin is removed, and gels are cut out by retaining the peritoneal lining
for support, fixed in 10% buffered formalin in PBS and embedded in paraffin. Sections of 3
um are cut and stained with H&E or Masson's trichrome stain and examined under light
MICroscope

In some embodiments, the detmmunized antibody or antigen binding fragment

decreases the growth of a human tumor xenograft in a mouse. Inhibition of tumor growth can
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be determined by any method known to a person skilled in the art, including the methods
described 1n the examples.

In some embodiments, the deimmunized antibody or antigen binding fragment
inhibits the vascularization of tissue implanted into the cornea of an animal. Inhibition can be
determined by any method known to a person skilled in the art, including the mouse corneal
micropocket assays performed according to that detailed by Kenyon et al., 1996. (see US
publication 2005/0249736 )

In some embodiments, the deitmmunized antibody or antigen binding fragment
promotes apoptosis. Apoptosis can be examined 1n vitro using various methods including
TUNEL staining and the Cell Death Detection ELISAplus Kit (Roche, Piscataway, NJ).

In certain aspects, the present application provides the hybridoma cell lines, as well as
to the monoclonal antibodies produced by these hybridoma cell lines. The cell lines
disclosed have uses other than for the production of the monoclonal antibodies. For example,
the cell lines can be fused with other cells (such as suitably drug-marked human myeloma,
mouse myeloma, human-mouse heteromyeloma or human lymphoblastoid cells) to produce
additional hybridomas, and thus provide for the transfer of the genes encoding the
monoclonal antibodies. In addition, the cell lines can be used as a source of nucleic acids
encoding the anti-EphB4 immunoglobulin chains, which can be isolated and expressed (e.g.,
upon transfer to other cells using any suitable technique (see e.g., Cabilly et al., U.S. Pat. No.
4,816,567; Winter, U.S. Pat. No. 5,225,539)). For instance, clones comprising a rearranged
anti1-EphB4 light or heavy chain can be 1solated (e.g., by PCR) or cDNA libraries can be
prepared from mRNA 1solated from the cell lines, and cDNA clones encoding an anti-EphB4

immunoglobulin chain can be 1solated. Thus, nucleic acids encoding the heavy and/or light

chains of the antibodies or portions thereof can be obtained and used in accordance with
recombinant DNA techniques for the production of the specific immunoglobulin,
immunoglobulin chain, or variants thereof (e.g., humanized immunoglobulins) in a variety of
hosT-cells or in an in vitro translation system. For example, the nucleic acids, including

cDNAs, or denvatives thereof encoding variants such as a humanized immunoglobulin or
immunoglobulin chain, can be placed into suitable prokaryotic or eukaryotic vectors (e.g.,
expresston vectors) and introduced into a suitable hosT-cell by an appropriate method (e.g.,
transformation, transfection, electroporation, infection), such that the nucleic acid is operably

linked to one or more expression control elements (e.g., in the vector or integrated into the
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hosT-cell genome). For production, hosT-cells can be maintained under conditions suitable
for expression (e.g., in the presence of inducer, suitable media supplemented with appropriate
salts, growth factors, antibiotic, nutritional supplements, etc.), whereby the encoded
polypeptide 1s produced. If desired, the encoded protein can be recovered and/or 1solated
(e.g., from the hosT-cells or medium). It will be appreciated that the method of production
encompasses expression 1n a hosT-cell of a transgenic animal (see e.g., WO 92/03918,
GenPharm International, published Mar. 19, 1992).

The present antibodies and antigen binding fragments can be utilized to directly kill or
ablate cancerous cells in vivo. Direct killing involves administering the antibodies (which are
optionally fused to a cytotoxic drug) to a subject requiring such treatment. In some
embodiments, the cancer comprises cancer cells expressing EphB4 at a higher level than
noncancerous cells of a comparable tissue. Since the antibodies recognize EphB4 on cancer
cells, any such cells to which the antibodies bind are destroyed. Where the antibodies are
use‘d alone to kill or ablate cancer cells, such killing or ablation can be effected by initiating
endogenous host immune functions, such as CDC and/or ADCC. Assays for determining
whether an antibody kills cells 1n this manner are within the purview of those skilled in the
art.

Accordingly in one embodiment, the antibodies of the present disclosure may be used
to deliver a variety of cytotoxic compounds. Any cytotoxic compound can be fused to the
present antibodies. The fusion can be achieved chemically or genetically (e.g., via expression
as a single, fused molecule). The cytotoxic compound can be a biological, such as a
polypeptide, or a small molecule. As those skilled 1n the art will appreciate, tor small
molecules, chemical fusion 1s used, while for biological compounds, either chemical or
genetic fusion can be employed.

Non-limiting examples of cytotoxic compounds include therapeutic drugs, a
compound emitting radiation, molecules of plant, fungal, or bacterial origin, biological
proteins, and mixtures thereof. The cytotoxic drugs can be intracellularly acting cytotoxic
drugs, such as short-range radiation emitters, including, for example, short-range, high-
energy a-emitters. Enzymatically active toxins and fragments thereof are exemplified by
diphtheria toxin A fragment, nonbinding active fragments ot diphtheria toxin, exotoxin A
(from Pseudomonas aeruginosa), ricin A chain, abrin A chain, modeccin A chain, .alpha.-

sacrin, certain Aleurites tordin proteins, certain Dianthin proteins, Phytolacca americana
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proteins (PAP, PAPII and PAP-S), Morodica charantia inhibitor, curcin, crotin, Saponaria
officinalis inhibitor, gelonin, mitogillin, restrictocin, phenomycin, and enomycin, for
example. Procedures for preparing enzymatically active polypeptides of the immunotoxins
are described 1n WO84/03508 and WO85/03508.

Certain cytotoxic moieties are derived from adriamycin, chlorambucil, daunomycin,
methotrexate, neocarzinostatin, and platinum, for example.

Procedures for conjugating the antibodies with the cytotoxic agents have been
previously described and are within the purview of one skilled in the art.

In certain embodiments, the antibodies or antigen binding fragments are further
attached to a label that is able to be detected (e.g., the label can be a radioisotope, fluorescent
compound, enzyme or enzyme co-factor). The active moiety may be a radioactive agent, such
as: radioactive heavy metals such as iron chelates, radioactive chelates of gadolinium or
manganese, positron emitters of oxygen, nitrogen, iron, carbon, or gallium, *K, **Fe, °’Co,
°’Cu, *'Ga, *® Ga, 'L, "1, P'1, P?1.0r PTc. A binding agent affixed to such a moiety may
be used as an imaging agent and is administered in an amount effective for diagnostic use in a
mammal such as a human and the localization and accumulation of the imaging agent is then
detected. The localization and accumulation of the imaging agent may be detected by
radioscintigraphy, nuclear magnetic resonance imaging, computed tomography or positron
emission tomography. Immunoscintigraphy using antibodies or other binding
polypeptides directed at EphB4 may be used to detect and/or diagnose cancers and
vasculature. For example, monoclonal antibodies against the EphB4 marker labeled with
Technetium, '"'Indium, '%° lodine-may be eftectively used for such imaging. As will be
evident to the skilled artisan, the amount of radioisotope to be administered is dependent
upon the radioisotope. Those having ordinary skill in the art can readily formulate the amount
of the imaging agent to be administered based upon the specific activity and energy of a
given radionuclide used as the active moiety. Typically 0.1-100 millicuries per dose of
imaging agent, or 1-10 millicuries, or 2-5 millicuries are administered. Thus, the
compositions disclosed are useful as imaging agents comprising a targeting moiety
conjugated to a radioactive moiety comprise 0.1-100 millicuries, in some embodiments 1-10
millicuries, in some embodiments 2-5 millicuries, in some embodiments 1-5 millicuries.

The application further provides polynucleotides comprising a nucleotide sequence

encoding a deimmunized anti-EphB4 antibody or fragments thereof. Because of the
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degeneracy of the genetic code, a variety of nucleic acid sequences encode each antibody
amino acid sequence. The application further provides polynucleotides that hybridize
under stringent or lower stringency hybridization conditions, e.g., as defined herein, to
polynucleotides that encode a deimmunized antibody that binds to hEphB4.

Stringent hybridization conditions include, but are not limited to, hybridization to filter-
bound DNA 1n 6X sodium chloride/sodium citrate (SSC) at about 45°C followed by one or
more washes 1n 0.2X SSC/0.1% SDS at about 50-65°C, highly stringent conditions such as
hybridization to filter-bound DNA in 6X SSC at about 45°C followed by one or more washes
in 0.1X SSC/0.2% SDS at about 60°C, or any other stringent hybridization conditions known
to those skilled in the art (see, for example, Ausubel, F.M. et al., eds. 1989 Current Protocols
in Molecular Biology, vol. 1, Green Publishing Associates, Inc. and John Wiley and Sons,
Inc., NY at pages 6.3.1 to 6.3.6 and 2.10.3).

The polynucleotides may be obtained, and the nucleotide sequence of the
polynucleotides determined, by any method known 1n the art. For example, it the nucleotide
sequence of the antibody 1s known, a polynucleotide encoding the antibody may be
assembled from chemically synthesized oligonucleotides (e.g., as described in Kutmeier et
al., BioTechniques 17:242 (1994)), which, briefly, involves the synthesis of overlapping
oligonucleotides containing portions of the sequence encoding the antibody, annealing and
ligating of those oligonucleotides, and then amplification of the ligated oligonucleotides by
PCR. In one embodiment, the codons that are used comprise those that are typical for human
or mouse (see, €.g., Nakamura, Y., Nucleic Acids Res. 28: 292 (2000)).

A polynucleotide encoding an antibody may also be generated from nucleic acid from a
suitable source. If a clone containing a nucleic acid encoding a particular antibody is not
available, but the sequence of the antibody molecule 1s known, a nucleic acid encoding the
immunoglobulin may be chemically synthesized or obtained from a suitable source (e.g., an
antibody cDNA library, or a cDNA library generated from, or nucleic acid, preferably
polyA+RNA, 1solated from, any tissue or cells expressing the antibody, such as hybridoma
cells selected to express an antibody ) by PCR amplification using synthetic primers
hybridizable to the 3' and 5' ends of the sequence or by cloning using an oligonucleotide
probe specific for the particular gene sequence to 1dentity, e.g., a cDNA clone from a cDNA
library that encodes the antibody. Amplified nucleic acids generated by PCR may then be

cloned 1nto replicable cloning vectors using any method well known 1n the art.
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The present application also provides polynucleotide sequences encoding heavy and
light chain framework regions and CDRs of antibodies described herein as well as expression

vectors for their efficient expression in mammahan cells.

IV. Anti-Eph4B antibodies with altered effector functions

Antibodies with engineered or variant constant or Fc regions can be useful in
modulating effector functions, such as, for example, antigen-dependent cytotoxicity (ADCC)
and complement-dependent cytotoxicity (CDC). Such antibodies with engineered or variant
constant or Fc regions may be useful in instances where Eph4B is expressed in normal tissue,
for example; detmmunized antibodies and antigen binding fragments without effector
function in these instances may elicit the desired therapeutic response while not damaging
normal tissue. In another embodiment, antibodies or antigen binding fragments are provided
with increased effector function, and may therefore be usetul for direct cell killing.

Accordingly, certain aspects and methods of the present disclosure relate to anti-
Eph4B antibodies with altered etfector functions that comprise one or more amino acid
substitutions, insertions, and/or deletions. In certain embodiments, such a variant anti-Eph4B
antibody exhibits reduced or no effector function.

Anti-Eph4B antibodies with reduced etfector function may be produced by
introducing other types of changes in the amino acid sequence of certain regions of the
antibody. Such amino acid sequence changes include but are not limited to the Ala-Ala
mutation described by Bluestone et al. (see WO 94/28027 and WO 98/47531; also see Xu et
al. 2000 Cell Immunol 200; 16-26). Thus in certain embodiments, anti-Eph4B antibodies
with mutations within the constant region including the Ala-Ala mutation may be used to
reduce or abolish etfector function. According to these embodiments, the constant region of
an anti-Eph4B antibody comprises a mutation to an alanine at position 234 or a mutation to
an alamine at position 235. Additionally, the constant region may contain a double mutation:
a mutation to an alanine at posttion 234 and a second mutation to an alanine at position 235.
In one embodiment, the anti-Eph4B antibody comprises an 1gG4 framework, wherein the
Ala-Ala mutation would describe a mutation(s) from phenylalanine to alanine at position 234
and/or a mutation from leucine to alanine at position 235. In another embodiment, the anti-
ant1-Eph4B antibody comprises an IgG1 framework, wherein the Ala-Ala mutation would

describe a mutation(s) from leucine to alanine at position 234 and/or a mutation from leucine

37



10

15

20

25

30

CA 02696164 2010-02-11
WO 2009/0231835 PCT/US2008/009619

to alanine at position 235. An anti- anti-Eph4B antibody may alternatively or additionally
carry other mutations, including the point mutation K322A 1n the CH2 domain (Hezareh et al.
2001 J Virol. 75: 12161-8). An antibody with said mutation(s) in the constant region may
furthermore be a blocking or non-blocking antibody.

Changes within the hinge region also aftect ettector functions. For example, deletion
of the hinge region may reduce affinity for Fc receptors and may reduce complement
activation (Klein et al. 1981 Proc Natl Acad Sc1 U S A. 78: 524-528). The present disclosure
therefore also relates to antibodies with alterations in the hinge region.

In particular embodiments, anti-Eph4B antibodies may be modified to either enhance
or inhibit complement dependent cytotoxicity (CDC). Modulated CDC activity may be
achieved by introductng one or more amino acid substitutions, insertions, or deletions 1n an
Fc region of the antibody (see, e.g., U.S. Pat. No. 6,194,551). Alternatively or additionally,
cysteine residue(s) may be introduced 1n the Fc region, thereby allowing interchain disulfide
bond formation 1n this region. The homodimeric antibody thus generated may have improved
or reduced internalization capability and/or increased or decreased complement-mediated cell
killing. See Caron et al., J. Exp Med. 176:1191-1195 (1992) and Shopes, B. J. Immunol.
148:2918-2922 (1992), W099/51642, Duncan & Winter Nature 322: 738-40 (1988); U.S.
Pat. No. 5,648,260; U.S. Pat. No. 5,624,821; and W(094/29351. Homodimeric antibodies
with enhanced anti-tumor activity may also be prepared using heterobifunctional cross-
linkers as described in Wollt et al. Cancer Research 53:2560-2565 (1993). Alternatively, an
antibody can be engineered which has dual Fc regions and may thereby have enhanced
complement lysis and ADCC capabilities. See Stevenson et al. Anti-Cancer Drug Design
3:219-230 (1989).

Another potential means of modulating effector function of antibodies includes
changes in glycosylation. This topic has been recently reviewed by Raju who summarized the
proposed importance of the oligosaccharides found on human IgGs with their degree of
eftector function (Raju, TS. BioProcess International April 2003. 44-53). According to
Wright and Morrison, the microheterogeneity of human IgG oligosaccharides can affect
biological functions stlch as CDC and ADCC, binding to various Fc receptors, and binding to
Clq protein (Wright A. & Mornson SL. TIBTECH 1997, 15: 26-32). It 1s well documented
that glycosylation patterns of antibodies can differ depending on the producing cell and the

cell culture conditions (Raju, TS. BioProcess International April 2003. 44-53). Such
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differences can lead to changes in both effector function and pharmacokinetics (Israel et al.
Immunology. 1996, 89(4):573-578; Newkirk et al. P. Clin. Exp. 1996; 106(2):259-64).
Differences in effector function may be related to the IgGs ability to bind to the Fcy receptors
(FcyRs) on the effector cells. Shields, et al., have shown that IgG, with variants in amino acid
sequence that have improved binding to FcyR, can exhibit up to 100% enhanced ADCC using
human effector cells (Shields et al. J Biol Chem. 2001 276(9):6591-604). While these variants
include changes in amino acids not found at the binding interface, both the nature of the sugar
component as well as its structural pattern may also contribute to the differences observed. In
addition, the presence or absence of fucose in the oligosaccharide component of an IgG can
improve binding and ADCC (Shields et al. J Biol Chem. 2002; 277(30):26733-40). An 1gG
that lacked a fucosylated carbohydrate linked to Asn“’’ exhibited normal receptor binding to
the Fcy receptor. In contrast, binding to the FcyRIIA receptor was improved 50% and
accompanied by enhanced ADCC, especially at lower antibody concentrations.

Work by Shinkawa, et al., demonstrated that an antibody to the human IL-5 receptor
produced in a rat hybridoma showed more than 50% higher ADCC when compared to the
antibody produced in Chinese hamster ovary cells (CHO) (Shinkawa et al. J Biol Chem. 2003
278(5):3466-73). Monosaccharide composition and oligosaccharide profiling showed that the
rat hybridoma-produced IgG had a lower content of fucose than the CHO-produced protein.
The authors concluded that the lack of fucosylation of an IgG1 has a critical role in
enhancement of ADCC activity.

A different approach was taken by Umana, et al., who changed the glycosylation
pattern of chCE7, a chimeric IgG1 anti-neuroblastoma antibody (Umana et al. Nat
Biotechnol. 1999 Feb; 17(2): 176-80). Using tetracycline, they regulated the activity of a
glycosyltransferase enzyme (Gnnll) which bisects oligosaccharides that have been implicated
in ADCC activity. The ADCC activity of the parent antibody was barely above background
level. Measurement of ADCC activity of the chCE7 produced at different tetracycline levels
showed an optimal range of GnTIH expression for maximal chCE7 in vitro ADCC activity.
This activity correlated with the level of constant region-associated, bisected complex
oligosaccharide. Newly optimized variants exhibited substantial ADCC activity. Similarly,
Wright and Morrison produced antibodies in a CHO cell line deficient in glycosylation (1994
J Exp Med 180: 1087-1096) and showed that antibodies produced 1n this cell line were

incapable of complement-mediated cytolysis. Thus as known alterations that affect effector
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function include modifications in the glycosylation pattern or a change in the number of
glycosylated residues, the present disclosure relates to a Eph4B antibody wherein
glycosylation is altered to either enhance or decrease ettector function(s) including ADCC
and CDC. Altered glycosylation includes a decrease or increase in the number of
glycosylated residues as well as a change in the pattern or location ot glycosylated residues.

Still other approaches exist for the altering effector function of antibodies. For
example, antibody-producing cells can be hypermutagenic, thereby generating antibodies
with randomly altered nucleotide and polypeptide residues throughout an entire antibody
molecule (see WO 2005/011735). Hypermutagenic host cells include cells deficient in DNA
mismatch repair. Antibodies produced in this manner may be less antigenic and/or have
beneficial pharmacokinetic properties. Additionally, such antibodies may be selected for
properties such as enhanced or decreased effector function(s).

It 1s further understood that effector function may vary according to the binding
affinity of the antibody. For example, antibodies with high affinity may be more efficient in
activating the complement system compared to antibodies with relatively lower atfinity
(Marzocchi-Machado et al. 1999 Immunol Invest 28: 89-101). Accordingly, an antibody may
be altered such that the binding affinity for its antigen 1s reduced (e.g., by changing the
variable regions of the antibody by methods such as substitution, addition, or deletion of one
or more amino acid residues). An anti-Eph4B antibody with reduced binding atfinity may

exhibit reduced effector functions, including, for example, reduced ADCC and/or CDC.

V. Method of Making Antibodies

The detmmunized antibody or antigen binding fragment that binds the extracellular
domain of EphB4 can be made by a number of different methods known to a person skilled in
the art. In one example, a nonhuman anti-EphB4 antibody 1s deimmunized to reduce the
number of either T or B-cell epitopes or to introduce regulatory T-cell epitopes. The starting
nonhuman or parent anti-EphB4 antibody can be modified; for example, it can be any form of
a chimeric, humanized, or primatized antibody. Alternatively, the starting nonhuman or

parent anti-EphB4 antibody 1s de-immunized without a humanization or primatization step.
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Nonhuman EphB4 antibodies
Anti-EphB4 antibodies are known to those skilled in the art and include, for example,

the antibodies described in U. S. Patent No. 5,635,177 and US publications 2006/0134118
and 2005/0249736.

Methods of generating novel anti-EphB4 antibodies are also known to those skilled in
the art. For example, a method for generating a monoclonal antibody that binds specifically
to an EphB4 polypeptide may comprise administering to a mouse an amount of an
Immunogenic éomposition comprising the 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
hybrnidoma that produces a monocolonal antibody that binds specifically to the 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 EphB4 polypeptide. The monoclonal antibody may be purified from the
cell culture.

In addition, the techniques used to screen antibodies in order to identify a desirable
antibody may influence the properties of the antibody obtained. A variety of different
techniques are available for testing antibody:antigen interactions to identify particularly
desirable antibodies. Such techniques 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 immunohistochemaistry.

Other suitable methods of producing or 1solating antibodies of the requisite specificity
can used, including, for example, methods which select recombinant antibody from a library,
or which rely upon immunization of transgenic animals (e.g., mice) capable of producing a
full repertoire of human antibodies. See e.g., Jakobovits et al., Proc. Natl. Acad. Sci. USA,
90: 2551-2555 (1993); Jakobovits et al., Nature, 362: 255-258 (1993); Lonberg et al., U.S.

Pat. No. 5,545,806; Surani et al., U.S. Pat. No. 5,545,807.
Antibodies can be engineered in numerous ways. They can be made as single-chain
antibodies (including small modular immunopharmaceuticals or SMIPs™), Fab and F(ab’),

fragments, etc. Antibodies can be humanized, chimerized, deimmunized, or fully human.
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Numerous publications set forth the many types of antibodies and the methods of engineering
such antibodies. For example, see U.S. Patent Nos. 6,355,245; 6,180,370; 5,693,762;
6,407,213; 6,548,640; 5,565,332; 5,225,539, 6,103,889; and 5,260,203.

The application provides antigen binding fragments capable of binding to an EphB4
receptor or portion thereof, including, but not limited to, Fv, Fab, Fab' and F(ab')2 fragments.
Such fragments can be produced by enzymatic cleavage or by recombinant techniques. For
instance, papain or pepsin cleavage can generate Fab or F(ab')2 fragments, respectively.
Antibodies can also be produced in a vaniety of truncated forms using antibody genes in
which one or more stop codons has been introduced upstream of the natural stop site. For
example, a chimeric gene encoding a F(ab')2 heavy chain portion can be designed to include
DNA sequences encoding the CH1 domain and hinge region of the heavy chain.

Chimeric antibodies can be produced by recombinant DNA techniques known in the
art. For example, a gene encoding the Fc constant region ot a murine (or other species)
monoclonal antibody molecule is digested with restriction enzymes to remove the region
encoding the murine Fc, and the equivalent portion of a gene encoding a human Fc¢ constant
region 1s substituted (see Robinson et al., International Patent Publication PCT/US86/02269;
Akira, et al., European Patent Application 184,187; Taniguchi, M., European Patent
Application 171 ,496;- Morrison et al., European Patent Application 173,494; Neuberger et al.,
International Application WO 86/01533; Cabilly et al. U.S. Pat. No. 4,816,567; Cabilly et al.,
European Patent Application 125,023; Better et al. (1988 Science 240:1041-1043); Liu et al.
(1987) PNAS 84:3439-3443; Liu et al., 1987, J. Immunol. 139:3521-3526; Sun et al. (1987)
PNAS 84:214-218; Nishimura et al., 1987, Canc. Res. 47:999-1005; Wood et al. (1985)
Nature 314:446-449; and Shaw et al., 1988, J. Natl Cancer Inst. 80:1553-1559). "

Methods for humanizing antibodies have been described 1n the art. In some
embodiments, a humanized antibody has one or more amino acid residues introduced from a
source that 1s nonhuman, in addition to the nonhuman CDRs. Humanization can be
essentially performed following the method of Winter and co-workers (Jones et al., Nature,
321:522-525 (1986); Riechmann et al., Nature, 332:323-327 (1988); Verhoeyen et al.,
Science, 239:1534-1536 (1988)), by substituting hypervariable region sequences for the
corresponding sequences of a human antibody. Accordingly, such "humanmzed" antibodies
are chimeric antibodies (U.S. Pat. No. 4,816,567) wherein substantially less than an intact

human variable region has been substituted by the corresponding sequence from a nonhuman
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species. In practice, humanized antibodies are typically human antibodies in which some
hypervariable region residues and possibly some framwork region residues are substituted by
residues from analogous sites in rodent antibodies.

U.S. Pat. No. 5,693,761 to Queen et al, discloses a refinement on Winter for
humanizing antibodies, and 1s based on the premise that ascribes avidity loss to problems in
the structural motifs in the humanized framework which, because of steric or other chemical
incompatibility, interfere with the folding of the CDRs into the binding-capable conformation
found 1n the mouse antibody. To address this problem, Queen teaches using human
framework sequences closely homologous in linear peptide sequence to framework sequences
of the mouse antibody to be humanized. Accordingly, the methods of Queen focus on
comparing framework sequences between species. Typically, all available human variable
region sequences are compared to a particular mouse sequence and the percentage 1dentity
between correspondent framework residues 1s calculated. The human variable region with the
highest percentage 1s selected to provide the framework sequences for the humanizing
project. Queen also teaches that it 1s important to retain in the humanized framework, certain
amino acid residues from the mouse framework critical for supporting the CDRs 1n a binding-
capable conformation. Potential criticality is assessed from molecular models. Candidate
residues for retention are typically those adjacent in linear sequence to a CDR or physically
within 6 .angstrom. of any CDR residue.

In other approaches, the importance of particular framework amino acid residues 1s
determined experimentally once a low-avidity humanized construct is obtained, by reversion
of single residues to the mouse sequence and assaying antigen binding as described by
Riechmann et al, (1988). Another example approach for identifying important amino acids in
framework sequences 1s disclosed by U.S. Pat. No. 5,821,337 to Carter et al, and by U.S. Pat.
No. 5,859,205 to Adair et al. These references disclose specific Kabat residue positions in the
framework, which, in a humanized antibody may require substitution with the correspondent
mouse amino acid to preserve avidity.

Another method of humanizing antibodies, referred to as "framework shuffling",
relies on generating a combinatorial library with nonhuman CDR vanable regions fused in
frame 1nto a pool ot individual human germline frameworks (Dall'Acqua et al., Methods,
36:43 (2005)). The libranes are then screened to identify clones that encode humanized

antibodies which retain good binding.
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The choice of human variable regions, both light and heavy, to be used in making the
humanized antibodies is very important to reduce antigenicity. According to the so-called
"best-fit" method, the sequence of the vanable region of a rodent antibody 1s screened against
the entire library of known human variable-domain sequences. The human sequence that 1s
closest to that of the rodent 1s then accepted as the human framework region (framwork
region) for the humanized antibody (Sims et al., J. Immunol., 151:2296 (1993); Chothia et al.,
J. Mol. Biol., 196:901 (1987)). Another method uses a particular framework region derived
from the consensus sequence of all human antibodies of a particular subgroup of light or

heavy chain variable regions. The same framework may be used for several ditferent

humanized antibodies (Carter et al., Proc. Natl. Acad. Sci. USA, 89:4285 (1992); Presta et al.,
J. Immunol., 151:2623 (1993)).

The choice of nonhuman residues to substitute into the human variable region can be
influenced by a variety of factors. These factors include, for example, the rarity of the amino
acid 1n a particular pbsition, the probability of interaction with either the CDRs or the
antigen, and the probability of participating in the interface between the light and heavy chain
variable domain interface.(see for example U.S. Pat. No. 5,693,761, 6,632,927, and
6,639,055). One method to analyze these factors i1s through the use of three-dimensional
models of the nonhuman and humanized sequences. Three-dimensional immunoglobulin
models are commonly available and are familiar to those skilled in the art. Computer
programs are available that illustrate and display probable three-dimensional conformational
structures of selected candidate immunoglobulin sequences. Inspection of these displays
permits analysis of the likely role of the residues in the functioning of the candidate
immunoglobulin sequence, e.g., the analysis of residues that influence the ability of the
candidate immunoglobulin to bind its antigen. In this way, nonhuman residues can be
selected and substituted for human vanable region residues in order to achieve the desired

antibody characteristic, such as increased affinity for the target antigen(s)

Deimmunization

The anti-EphB4 antibody or antigen binding fragment 1s detimmunized to render it
non-immunogenic, or less immunogenic, to a given species. Deimmunization can be achieved
through structural alterations to the anti-EphB4 antibody. In one embodiment, the anti-EphBr

1S a mouse monoclonal antibody. Any deimmunization technique known to those skilled 1n

44



10

135

20

25

30

CA 02696164 2016-02-18

WO 2009/023185 PCT/US2008/009619

the art can be employed. One suitable technique, for example, for deimmunizing antibodies is
described in WO 00/34317. In
summary, a typical protocol within the general method described therein includes the
following steps.

1. Determining the amino acid sequence of the antibody or a part thereof;

2. Identifying potential T-cell epitopes within the amino acid sequence of the antibody by ariy
method including determination of the binding of peptides to MHC molecules, determination
of the binding of peptide: HLA complexes to the T-cell receptors from the species to receive
the therapeutic protein, testing of the antibody or parts thereof using transgenic animals with
HLA molecules of the species to receive the therapeutic protein, or testing such transgenic
animals reconstituted with immune system cells from the species to receive the therapeutic
protein ;

3. By genetic engineering or other methods for producing modified antibodies, altering the
antibody to remove one or more of the potential T-cell epitopes and producing such an
altered antibody for testing.

In one embodiment, the sequences of the variable regions of the antibody or antigen
binding fragment can be analyzed for the presence of MHC class II binding motifs. For
example, a comparison may be made with databases of MHC-binding motifs such as, for
example by searching the "motifs" database on the worldwide web at sitewehil.wehi.edu.au.
Alternatively, MHC class 1l binding peptides may be identified using computational
threading methods such as those devised by Altuvia et al. (J. Mol. Biol. 249 244-250 (1995))
whereby consecutive overlapping peptides from the variable region sequences are testing for

their binding energies to MHC class Il proteins. Computational binding prediction algorithms
include iTope'™, Tepitope, SYFPEITHI, and MHCpred. In order to assist the identificationof
MHC class I1-binding peptides, associated sequence features which relate to successfully
presented peptides such as amphipathicity and Rothbard motifs, and cleavage sites for

cathepsin B and other processing enzymes can be searched for.

Having identified potential second species (e.g. human) T-cell epitopes, these
epitopes are then eliminated by alteration of one or more arﬁino acids, as required to
eliminate the T-cell epitope. Usually, this will involve alteration of one or more amino acids
within the T-cell epitope itself. This could involve altering an amino acid adjacent the epitope

in terms of the primary structure of the protein or one which is not adjacent in the primary
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structure but is adjacent in the secondary structure ot the molecule. The usual alteration
contemplated will be amino acid substitution, but 1t 1s possible that 1n certain circumstances
amino acid addition or deletion will be appropniate. All alterations can be accomplished by
recombinant DNA technology, so that the final molecule may be prepared by expression from
a recombinant host, for example by well established methods, but the use of protein
chemistry or any other means of molecular alteration may also be used.

In practice, it has been recognized that potential human T-cell epitopes can be
identified even 1n human germline variable region framework sequences when comparison is
made with databases of MHC-binding motifs. As humans do not generally mount an ongoing
Immune response against their own antibodies, then either humans are tolerant to these
epitopes or these potential epitopes cannot be presented by human APCs because they are not
processed appropriately. Theretore, such potential T-cell epitopes which are represented 1n
germline variable region sequences may, in practice, be retained 1n the deitmmunized
antibody:

In order to minimize the creation of additional T-cell epitopes during the elimination
of potential T-cell epitopes from the therapeutic antibody sequence, the elimination of T-cell
epitopes can be achieved by substituting particular amino acids which results in a conversion
of the nonhuman or parental antibody (usually mouse) amino acids within T-cell epitopes to
amino acids at positions corresponding to human germline amino acids at positions. Human
germline sequences are disclosed in Tomlinson, 1. A. et al. (1992) J. Mol. Biol. 227:776-798;
Cook, G. P. et al. (1995) Immunol. Today Vol. 16 (5): 237-242; Chothia, D. et al. (1992) J.
Mol. Bio. 227:799-817. The V BASE directory provides a comprehensive directory of human
immunoglobulin variable region sequences (compiled by Tomlinson, 1. A. et al. MRC Centre
for Protein Engineering, Cambridge, UK).

In one method, a human germline sequence homologous to the nonhuman or parental
sequence 1s identified. Alternatively, a human germline sequence homologous to each
framework region (FR1-FR4) of the nonhuman or parental sequence may be identified. In
one method, the nonhuman or parental sequence and the homologous human germline
sequence are analyzed 1n parallel for MHC class Il binding peptides. Regions can be
identified where the MHC class 11 binding profile differ between the nonhuman or parental
sequence and a human germline sequence. Amino acids in these regions of the nonhuman or

parental sequence can be selected for conversion to a corresponding human amino acid.
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Once 1dentified T-cell epitopes are removed, the deitmmunized sequence may be
analyzed again to ensure that new T-cell epitopes have not been created and, 1t they have, the
epitope(s) can be deleted, as described above; or the previous conversion to a corresponding
human germline amino acid 1s altered by conversion of the nonhuman or parental amino acid
to a corresponding human amino acid until all T-cell epitopes are eliminated.

Not all T-cell epitopes identified computationally need to be removed. A person
skilled in the art will appreciate the significance of the "strength" or rather potential
immunogenicity of particular epitopes. The various computational methods generate scores
for potential epitopes. A person skilled in the art will recognize that only the high scoring
epitopes may need to be removed. A skilled person will also recognize that there 1s a balance
between removing potential epitopes and maintaining the original nonhuman varnable region
sequence, which may affect antigen binding. Therefore, one strategy 1s to sequentially
introduce substitutions into the nonhuman or parent antibody and then test for antigen
binding and immunogenicity.

For the CDRs of a therapeutic antibody, it 1S common for one or more potential T-cell
epitopes to overlap or fall within the CDRs whereby removal of the epitopes requires
alteration of residues within the CDRs. In order to eliminate the induction of a T-cell
response to such epitopes, it may be desirable to eliminate these although this may reduce the
binding affinity of the resultant antibody and thus any potential alteration of CDRs may need
to be tested for any alteration of resultant antigen binding.

In one embodiment, the sequence of the detmmunized antibodies has been altered to
remove one or more B-cell epitopes. For removal of human B-cell epitopes the "veneering”
or "resurfacing" method of Padlan (Padlan E.A. , MolecularImmunology 28 489-498 (1991)
and EP-A-0519596) may be utilized. There are two general steps in veneering a nonhuman
antigen-binding site. Initially, the framework regions of the variable regions of an antibody
molecule of interest are compared with corresponding framework region sequences of
available human variable region databases. The most homologous human vanable regions are
then compared residue by residue to corresponding non-human amino acids. The residues 1n
the non-human framework regton that differ from the human counterpart are replaced by the
residues present in the human moiety using recombinant techniques well known in the art.
Residue switching is carried out with moieties that are at least partially exposed (solvent

accessible), and care 1s exercised in the replacement of amino acid residues that may have a
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significant effect on the tertiary structure of variable region domains, such as proline, glycine
and charged amino acids. The replacement of extenor residues generally has little, or no,
effect on the interior domains, or on the interdomain contacts. (See, e.g., U.S. Pat. No.
6,797,492).

In this manner, the resultant "veneered" non-human antigen-binding sites are thus
designed to retain the non-human CDR residues, the residues substantially adjacent to the
CDRs, the residues identified as buried or mostly buried (solvent inaccessible), the residues
believed to participate in non-covalent (e.g., electrostatic and hydrophobic) contacts between
heavy and light chain domains, and the residues from conserved structural regions of the
framwork regions which are believed to influence the "canonical" tertiary structures of the
CDR loops. These design criteria are then used to prepare recombinant nucleotide sequences
that combine the CDRs of both the heavy and hight chain of a non-human antigen-binding site
into human-appearing framwork regions that can be used to transfect mammalian cells for the
expression of recombinant human antibodies that exhibit the antigen specificity of the non-
human antibody molecule.

In one embodiment, regulatory T-cell epitopes are introduced into the antibody or
antigen binding fragments. W0O06/082406, which 1s hereby incorporated by reference,
describes a method of producing antibodies wherein the antibody variable regions have been
modified to introduce regulatory T-cell epitopes, which in turn stimulate CD4+CD25+ T-
cells and induce the secretion of 1nhibitory cytokines, thereby reducing immunogenicity (see,

e.g., Prakken BJ, et al. Proc Natl Acad Sc1 USA 94: 3284-3289 (1997).

Construction of antibodies or antigen binding fragments

In general, the construction of the antibodies disclosed herein 1s achieved using
recognized manipulations utilized in genetic engineering technology. For example,
techniques for 1solating DNA, making and selecting vectors for expressing the DNA,
puritying and analyzing nucleic acids, specific methods for making recombinant vector DNA
(e. g. PCR), cleaving DNA with restriction enzymes, ligating DNA, introducing DNA,
including vector DNA, 1nto host cells by stable or transient means, culturing the host cells in
selective or non-selective media, to select and maintain cells that express DNA, are generally

known 1n the field.
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Such deimmunized immunoglobulins can be produced using synthetic and/or
recombinant nucleic acids to prepare genes (€.g., cDNA) encoding the desired deimmunized
chain. For example, nucleic acid (e.g., DNA) sequences coding for deimmunized variable
regions can be constructed using PCR mutagenesis methods to alter DNA sequences
encoding a detmmunized chain, such as a DNA template from a previously humanized
variable region (see e.g., Kamman, M., et al., Nucl. Acids Res., 17: 5404 (1989)); Sato, K., et
al., Cancer Research, 53: 851-856 (1993); Daugherty, B. L. et al., Nucleic Acids Res., 19(9):
2471-2476 (1991); and Lewis, A. P. and J. S. Crowe, Gene, 101: 297-302 (1991)). Using
these or other suitable methods, variants can also be readily produced. In one embodiment,
cloned variable regions can be mutagenized, and sequences encoding variants with the
desired specificity can be selected (e.g., from a phage library; see e.g., Krebber et al., U.S.
Pat. No. 5,514,548; Hoogenboom et al., WO 93/06213, published Apr. 1, 1993)).

Several possible vector systems are available for the expression of cloned heavy chain
and light chain genes in mammalian cells. One class of vectors relies upon the integration of
the desired gene sequences into the host cells genome. Cells which have stably integrated
DNA can be selected by simultaneously introducing drug resistance genes such as E. coli gpt
(Mulligan, R. C. and Berg, P., Proc. Natl. Acad. Sc1., USA, 78: 2072 (1981)) or Tn5 neo
(Southern, P. J. and Berg, P., J. Mol. Appl. Genet., 1: 327 (1982)). The selectable marker
gene can be either linked to the DNA gene sequences to be expressed, or introduced 1nto the
same cell by co-transfection (Wigler, M. et al., Cell, 16: 77 (1979)). A second class of vectors
utilizes DNA elements which confer autonomously replicating capabilities to an
extrachromosomal plasmid. These vectors can be derived from animal viruses, such as bovine
papillomavirus (Sarver, N. et al., Proc. Natl. Acad. Sci., USA, 79: 7147 (1982)), polyoma
virus (Deans, R. J. et al., Proc. Natl. Acad. Sc1., USA, 81: 1292 (1984)), or SV40 virus
(Lusky, M. and Botchan, M., Nature, 293: 79 (1981)).

Since an immunoglobulin cDNA 1s comprised only of sequences representing the
mature mRNA encoding an antibody protein, additional gene expression elements regulating
transcription of the gene and processing of the RNA are required for the synthesis of
immunoglobulin mRNA. These elements may include splice signals, transcription promoters,
including inducible promoters enhancers, and termination signals. cDNA expression vectors

incorporating such elements include those described by Okayama, H. and Berg, P., Mol. Cell
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Biol., 3: 280 (1983); Cepko, C. L. et al., Cell, 37: 1053 (1984); and Kautman, R. J., Proc.
Natl. Acad. Sci., USA, 82: 689 (198)5).

The variable sequence can, optionally, be fused to a human constant region, e.g.,
human IgG1 or kappa. constant regions. The recombinant detmmunized antibody or antigen
binding fragment can be transfected into a suitable host cell for expression, for example, NSO

or CHO cells, to produce complete recombinant antibodies.

VI. Diagnostic Applications

The antibodies and antigen binding fragments are usetul in a vanety ot applications,
including research, diagnostic and therapeutic applications. For instance, they can be used to
isolate and/or purify receptor or portions thereof, and to study receptor structure (e.g.,
conformation) and function.

In certain aspects, the various antibodies disclosed can be used to detect or measure
the expression of EphB4 receptor, for example, on endothehal cells (e.g., venous endothelial
cells), or on cells transtected with an EphB4 receptor gene. Thus, they also have utility 1n
applications such as cell sorting and imaging (e.g., tlow cytometry, and fluorescence
activated cell sorting), for diagnostic or research purposes.

In certain embodiments, the antibodies or antigen binding fragments can be labeled or
unlabeled for diagnostic purposes. Typically, diagnostic assays entail detecting the formation
of a complex resulting from the binding of an antibody to EphB4. The antibodies can be
directly labeled. A variety of labels can be employed, including, but not limited to,
radionuclides, fluorescers, enzymes, enzyme substrates, enzyme cofactors, enzyme inhibitors
and ligands (e.g., biotin, haptens). Numerous appropriate immunoassays are known to the
skilled artisan (see, for example, U.S. Pat. Nos. 3,817,827; 3,850,752; 3,901,654, and
4.098,876). When unlabeled, the antibodies can be used 1n assays, such as agglutination
assays. Unlabeled antibodies can also be used in combination with another (one or more)
suitable reagent which can be used to detect antibody, such as a labeled antibody (e.g., a
second antibody) reactive with the first antibody (e.g., anti-idiotype antibodies or other
antibodies that are specific for the unlabeled immunoglobulin) or other suitable reagent (e.g.,
labeled protein A).

In one embodiment, the antibodies and antibody fragments can be utilized 1in enzyme

immunoassays, wherein the subject antibodies, or second antibodies, are conjugated to an
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enzyme. When a biological sample comprising an EphB4 protein 1s combined with the
subject antibodies, binding occurs between the antibodies and EphB4 protein. In one
embodiment, a sample containing cells expressing an EphB4 protein (e.g., endothelial cells)
1s combined with the subject antibodies, and binding occurs between the antibodies and cells
bearing an EphB4 protein comprising an epitope recognized by the antibody. These bound
cells can be separated from unbound reagents and the presence of the antibody-enzyme
conjugate specifically bound to the cells can be determined, for example, by contacting the
sample with a substrate of the enzyme which produces a color or other detectable change
when acted on by the enzyme. In another embodiment, the subject antibodies can be
unlabeled, and a second, labeled antibody can be added which recognizes the subject
antibody.

In certain aspects, kits for use in detecting the presence of an EphB4 protein in a
biological sample can also be prepared. Such kits will include an antibody which binds to an
EphB4 protein or portion of said receptor, as well as one or more ancillary reagents suitable
for detecting the presence of a complex between the antibody and EphB4 or portion thereof.
The antibody compositions disclosed can be provided 1n lyophilized form, either alone or in
combination with additional antibodies specific for other epitopes. The antibodies, which can
be labeled or unlabeled, can be included 1n the kits with adjunct ingredients (e.g., butfers,
such as Tris, phosphate and carbonate, stabilizers, excipients, btocides and/or inert proteins,
e.g., bovine serum albumin). For example, the antibodies can be provided as a lyophilized
mixture with the adjunct ingredients, or the adjunct ingredients can be separately provided for
combination by the user. Generally these adjunct matenals will be present in less than about
5% weight based on the amount of active antibody, and usually will be present in a total
amount of at least about 0.001% weight ba