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MULTISPECIFIC ANTIBODIES

FIELD OF THE INVENTION
The present invention relates (0 multispecific antibodies, and methods of making and

using such antibodies.

BACKGROUND OF THE INVENTION

Antibodies are specific immunogiobulin polypeptides produced by the vertebrate
imrmune system {n response to challenge by foreign proteias, glycoproteins, cells, or other
antigenic foreign substances. An important part of this process is the generation of antibodies
that bind specifically to a particular foreign substance. The binding specificity of such
polypeptides to a particular antigen is bighly refined, and the multitude of specificities
capabie of being generated by the individual veriebrate is remarkable in its complexity and
variability. Thousands of antigens are capable of eliciting responses, each almost exclusively
directed 10 the particular antigen which elicitad i1,

Specific antigen recognition is essential for antibodies to function in the adaptive
immune response. The combinatorial association of heavy chain (HC) and light chain (LCy s
conserved in all vertebraies in the generation of the antibody reperioire. There is. however,
asymmetry of diversity in the two chains, The variable domain of HC (V) comtaing
significantly higher sequence diversity and contributes the dsterminants of antigen
recognition more ofien than the variable domain of the LC (V). Therole of the LC in
determining antigen-specificity is indicated by a process called receptor editing. Ongoing
recombination of the V, genes to edit the B cell receptor 1s the main mechanism to correct
self reactive antibody precursors, which appear 1o constitute a significant portion of the initial

-~

repertoire (~75%]. Altering of the light chain is demonstrated to extinguish unwanted binding
specificity or multi-specificity.

The specificity of antibodies and antibody fragments for a particular antigen or
antigens makes antibodies desirable therapeutic agents. Antibodies and antibody fragments
can be used 1o target particutar tissues, for example. a tumaor, and thereby minimize the
potential side effects of non-specific targeting, As such, there is a current and continuing
need to identify and characterize therapeuric antibodies, especially antibodies, fragments, and

derivatives thereof, useful in the treatment of cancer and other proliferative disorders,
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Summary of the Invention

fn one aspect, there is provided an isolated antibody comprising six hypervariabie
region (HVR) sequences comprising:
(i) HVR-L1 comprising the sequence NIAKTISGY (SEQ ID NO:1),
(ily HVR-L2 comprising the sequence WGSFLY (S£EQ 1D NO:2), and
(iify HVR-L3 comprising the sequence HYSSPP (SEQ ID NO:3); and
(a) further comprising HVR sequences comprising:
(iv) HVR-H1 comprising the sequence NIKDTY (SEQ ID NO:4),
(v) HVR-H2 comprising the sequence RIYPTNGYTR (SEQ ID NO:5), and
(vi) HVR-H3 comprising the sequence WGGDGFYAMD (SEQ ID NO:6); or
(b} further comprising HVR sequences comprising:
(iv) HVR-H1 comprising the sequence NISGTY (SEQ ID NO:7),
(v) HVR-H2 comprising the sequence RIYPSEGYTR (SEQ ID NO:8), and
(vi) HVR-H3 comprising the sequence WVGVGFYAMD (SEQ ID NO:9);
wherein said antibody specifically binds human epidermal growth factor receptor 2
(HER2) and vascular endothetial growth factor (VEGF).

Also disclosed is an isolated antibody comprising a hypervariable region (HVR) L1
sequence comprising the sequence NIAKTISGY (SEQ ID NO:1), where the antibody
specifically binds human epidermal growth factor receptor 2 (HER2) and vascular endothelial
growth factor (VEGF). In one example, the antibody further comprises an HVR-L.2
comprising the sequence WGSFLY (SEQ ID NO: 2) and/or an HVR-L3 comprising the
sequence HYSSPP (SEQ ID NO: 3). In another example, the antibody further comprises,
one, two, or three HVR sequences selected from (i) HVR-HI comprising the sequence
NIKDTY (SEQ ID NO:4); (ii) HVR-H2 comprising the sequence RIYPTNGYTR (SEQ ID
NO:5); and (iii) HVR-H3 comprising the sequence WGGDGFYAMD (SEQ ID NO:6). In
another example, the antibody further comprises, one, two, or three HVR sequences selected
from (i) HVR-H1 comprising the sequence NISGTY (SEQ ID NO:7); (ii) HVR-H2
comprising the sequence RIYPSEGYTR (SEQ ID NO:8); and (iii) HVR-H3 comprising the
sequence WVGVGFYAMD (SEQ ID NO:9).
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Also disclosed is an isolated antibody comprising an HVR-L1 sequence comprising
the sequence X1 X3 X XXX XeXoY (SEQ ID NO: 83), wherein X, is any amino acid except
aspartic acid, X3 is any amino acid except proline, X, is any amino acid except arginine, and
X is any amino acid except serine, where the antibody specifically binds HER2 and VEGF.
In one example, an antibody comprising the sequence X;I XX XX XX XoY (SEQ ID NO:
83) has an asparagine at X, an alanine at X3, a lysine at X4, a threonine at X, a serine at X,
and/or a glycine at X, or any combination thereof. In various examples of the present
disclosure, any of the HVR-L1 residues shown in Figure 57 to have an F value of greater than
1, 5, or 10 are residues that are preferably maintained as the same residue found in the same
position of the HVR-L1 of bH1-44 or bH1-81 (SEQ ID NO: 1). In additional examples, any
of the HVR-L1 residues shown in Table 14 to have AAG values greater than 1 are residues
that are preferably maintained as the same residue found in the same position of the HVR-L1
of bH1-44 or bH1-81 (SEQ ID NO: 1). In one example, the antibody comprises an HVR-H2
sequence comprising the sequence RX,X; X XXX, X XoR (SEQ ID NO: 84). In one
example, the antibody further comprises an HVR-L2 comprising the sequence WGSFLY
(SEQ ID NO: 2) and/or an HVR-L3 comprising the sequence HYSSPP (SEQ ID NO: 3). In
another example, the antibody further comprises, one, two, or three HVR sequences selected
from (i) HVR-HI comprising the sequence NIKDTY (SEQ ID NO:4); (ii) HVR-H2
comprising the sequence RIYPTNGYTR (SEQ ID NO:5); and (iii) HVR-H3 comprising the
sequence WGGDGFYAMD (SEQ ID NO:6). In another example, the antibody further
comprises, one, two, or three HVR sequences selected from (i) HVR-H1 comprising the

sequence
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NISGTY (SEQ ID NO:7); (i1)) HVR-H2 comprising the sequence RIYPSEGYTR (SEQ ID
NO:8); and (iii) HVR-H3 comprising the sequence WVGVGFYAMD (SEQ ID NO:9).

Also disclosed is an 1solated antibody comprising an HVR-H2 sequence comprising
the sequence RX XX XsXsX7XeXoR (SEQ ID NO: 85), wherein X5 is any amino acid except
threonine and X is any amino acid except asparagine and where the antibody specifically
binds HER2 and VEGF. In another example, an antibody comprising the sequence RX,X;
XXX X7 XgXoR (SEQ ID NO: 84) has a tyrosine at X;. In one example, an antibody
comprising the sequence RX,X3X X XXX XoR (SEQ ID NO: 84) has a serine at X5 and/or
a glutamic acid at X4. In another example, the antibodies further comprise one, two, or three
HVR sequences selected from the group of a HVR-L1 comprising the sequence NIAKTISGY
(SEQ ID NO: 1), a HVR-L2 comprising the sequence WGSFLY (SEQ ID NO: 2), and/or a
HVR-L3 comprising the sequence HYSSPP (SEQ ID NO: 3). In any of the examples
described herein, the antibodies further comprise, one or two HVR sequences selected from
(1) HVR-H1 comprising the sequence NIKDTY (SEQ ID NO:4) and (ii) HVR-H3 comprising
the sequence WGGDGFYAMD (SEQ ID NO:6). In an additional example, the antibodies
further comprise, one or two HVR sequences selected from (1) HVR-H1 comprising the
sequence NISGTY (SEQ ID NO:7) and (ii) HVR-H3 comprising the sequence
WVGVGFYAMD (SEQ ID NO:9).

In various examples, any of the HVR-H2 residues shown in Figure 57 to have an F
value of grcaterl than 1, 5, or 10 are residues that are preferably maintained as the same
residue found in the same position of the HVR-H2 of bH1-44 or bH1-81 (SEQ ID NOS: 8 and
5, respectively). In additional examples, any of the HVR-H2 residues shown in Table 14 to
have AAG values greater than 1 are residues that are preferably maintained as the same
residue found in the same position of the HVR-H2 of bH1-44 or bH1-81 (SEQ ID NOS: 8 and
5, respectively).

In particular examples, the antibody comprises an HVR-L1 sequence comprising
NIAKTISGY (SEQ ID NO:1); an HVR-L2 sequence comprising WGSFLY (SEQ ID NO:2);
an HVR-L3 sequence comprising HYSSPP (SEQ ID NO:3); an HVR-H]1 sequence
comprising NIKDTY (SEQ ID NO:4); an HVR-H2 sequence comprising RIYPTNGYTR
(SEQ ID NO:5); and an HVR-H3 sequence comprising WGGDGFYAMD (SEQ ID NO:6) or
comprises an HVR-L1 sequence comprising NIAKTISGY (SEQ ID NO:1); an HVR-L2
sequence comprising WGSFLY (SEQ ID NO:2); an HVR-L3 sequence comprising HYSSPP
(SEQ ID NO:3); an HVR-H1 sequence comprising NISGTY (SEQ ID NO:7); an HVR-H2
sequence comprising RIYPSEGYTR (SEQ ID NO:8); and/or an HVR-H3 sequence
comprising WVGVGFYAMD (SEQ ID NO:9).
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In a further particular example the isolated antibody comprises HVR-L1, HVR-L2,
HVR-L3, HVR-HI, HVR-H2, and HVR-H3, wherein each, in order, comprises the sequence
NIAKTISGY (SEQ ID NO:1); WGSFLY (SEQ ID NO:2); HYSSPP (SEQ ID NO:3);
NIKDTY (SEQ ID NO:4); RIYPTNGYTR (SEQ ID NO:5); and WGGDGFYAMD (SEQ ID
NO:6) and specifically binds HER2 and VEGF. In another particular example, the antibody
comprises HVR-L1, HVR-1.2, HVR-L3, HVR-HI, HVR-H2, and HVR-H3, wherein each, in
order, comprises the sequence NIAKTISGY (SEQ ID NO:1); WGSFLY (SEQ ID NO:2);
HYSSPP (SEQ ID NO:3); NISGTY (SEQ ID NO:7); RIYPSEGYTR (SEQ ID NO:8); and
WVGVGFYAMD (SEQ ID NO:9) and specifically binds HER2 and VEGF.

In various examples, the antibody binds human and murine VEGF with a Kd of 150
nM or stronger and HER2 with a Kd of 7 1M or stronger. In additional examples, the
antibody inhibits VEGF-induced cell proliferation and proliferation of a HER2 expressing cell
relative to a control. In a particular example, the antibody binds human and murine VEGF
with a Kd of 36 nM or stronger and HER2 with a Kd of 1 nM or stronger. In an additional
example, the antibody inhibits VEGF binding to VEGFR2.

Also disclosed is an isolated antibody that binds human and murine VEGF with a Kd
of 150 nM or stronger and HER2 with a Kd of 7 nM or stronger and wherein the antibody
inhibits VEGF-induced cell proliferation and proliferation of a HER2 expressing cell relative
to a control. In one example, the antibody binds human and murine VEGF with a Kd of 36

oM or stronger and HER2 with a Kd of 1 nM or stronger.

in another aspect, there is provided an isolated antibody fragment of the antibody as
defined herein, wherein said antibody fragment binds human VEGF with a Kd of 33 nM or
stronger and HER?2 with a Kd of 0.7 nM or stronger, and wherein said antibody fragment
inhibits VEGF-induced cell proliferation and proliferation of a HER2 expressing cell relative to
a control.

Also disclosed is an isolated antibody fragment that binds human VEGF with a Kd of
58 nM or stronger and HER2 with a Kd of 6 nM or stronger, and/or inhibits VEGF-induced
cell proliferation and proliferation of a HER2 expressing cell relative to a control. In a
particular example, the antibody fragment binds human and murine VEGF with a Kd of 33
oM or stronger and HER2 with a Kd of 0.7 nM or stronger. In another particular example, the

fragment is a Fab fragment or a single chain variable fragment (scFv).
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In any of the above-described examples, the antibody may be a monoclonal antibody.
In another example of all the above aspects, the antibody may be an IgG antibody. In
additional examples of all the above aspects, at least a portion of the framework sequence of

the antibody may be a human consensus framework sequence.

in yet another aspect, there is provided an antibody fragment of the antibody as
defined herein, wherein said antibody fragment specifically binds HER2 and VEGF.

Also disclosed is a fragment of an antibody any of the antibodies described herein.
One example of an antibody fragment is a fragment comprising a HVR-L1 sequence
comprising the sequence NIAKTISGY (SEQ ID NO:1) that specifically binds HER2 and
VEGF. In another example, the antibody fragment further

43
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comprises one or two HVR sequences selected from (i) HVR-L2 comprising the sequence

WGSFLY (SEQ ID NO:2); and (ii) HVR-L3 comprising the sequence HYSSPP (SEQ ID

NO:3). In another example, the antibody fragment further comprises, one, two, or three HVR
sequences selected from (i) HVR-H1 comprising the sequence NIKDTY (SEQ ID NO:4); (ii)
HVR-H2 comprising the sequence RIYPTNGYTR (SEQ ID NO:5); and (iii) HVR-H3
comprising the sequence WGGDGFYAMD (SEQ ID NO:6). In an additional example, the
antibody fragment further comprises, one, two, or three HVR sequences selected from (i)
HVR-H1 comprising the sequence NISGTY (SEQ ID NO:7); (ii) HVR-H2 comprising the
sequence RIYPSEGYTR (SEQ ID NO:8); and (iii) HVR-H3 comprising the sequence
WVGVGFYAMD (SEQ ID NO:9). In particular exaroples, the antibody fragment comprises
an HVR-L1 sequence comprising NJAKTISGY (SEQ ID NO:1); an HVR-L2 sequence
comprising WGSFLY (SEQ ID NO:2); an HVR-L3 sequence comprising HYSSPP (SEQ ID
NO:3); an HVR-H]1 sequence comprising NIKDTY (SEQ ID NO:4); an HVR-H2 sequence
comprising RIYPTNGYTR (SEQ ID NO:5); and an HVR-H3 sequence comprising
WGGDGFYAMD (SEQ ID NO:6) or comprises an HVR-L1 sequence comprising
NIAKTISGY (SEQ ID NO:1); an HVR-L2 sequence comprising WGSFLY (SEQ ID NO:2);
an HVR-L3 sequence comprising HYSSPP (SEQ ID NO:3); an HVR-H1 sequence
comprising NISGTY (SEQ ID NO:7); an HVR-H2 sequence comprising RIYPSEGYTR
(SEQ ID NO:8); and an HVR-H3 sequence comprising WVGVGFYAMD (SEQ ID NO:9).
In one example, the fragment is a Fab fragment or a single chain variable fragment (scFv). In
additional examples of all the above aspects, at least a portion of the framework sequence of

the antibody may be a human consensus framework sequence.

In yet another aspect, there is provided a polynucleotide encoding the antibody as
defined herein, or the antibody fragment as defined herein.

in yet another aspect, there is provided a vector or an expression vector comprising
the polynucleotide as defined herein.

In yet another aspect, there is provided a host cell comprising a vector as defined
herein. '



16

Also disclosed are polynucleotides encoding any antibody or antibody fragment
described herein, as well as a vector comprising such a polynucleotide. In particular
examples, the encoded antibody comprises an HVR-L1 sequence comprising NIAKTISGY
{SEQ ID NO:1). Optionally or additionally, the polynucleotide encodes an antibody that also
comprises an HVR-L2 sequence comprising WGSFLY (SEQ ID NO:2); and/or an HVR-L3
sequence comprising HY SSPP (SEQ ID NO:3), or any combination thereof. The
polynucleotide may further encode an antibody comprising one, two, or three of an HVR-H1
sequence comprising NIKDTY (SEQ ID NO:4); an HVR-H2 sequence comprising
RIYPINGYTR (SEQ ID NO:5); and an HVR-H3 sequence comprising WGGDGFYAMD
(SEQ ID NO:6); or an antibody comprising one, two, or three of an HVR-H1 comprising
NISGTY (SEQ ID NO:7); an HVR-H2 comprising RIYPSEGY TR (SEQ ID NO:8); and/or an
HVR-H3 sequence comprising WVGVGFYAMD (SEQ ID NO:9).

In some examples, the polynucleotide encodes an HVR-H1 sequence comprising the
sequence of NISGTY (SEQ ID NO: 7), an HVR-H2 comprising the
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sequence of RIYPSEGYTR (SEQ ID NO: 8), or an HVR-H3 comprising the sequence of
WVGVGFYAMD (SEQ ID NO: 9), or any combination thereof.

Also disclosed is an isolated polynucleotide encoding an HVR-L1 sequence
comprising the sequence NTAKTISGY (SEQ ID NO:1) and, optionally, the polynucleotide
further encodes one, two, or three HVR sequences selected from (i) an HVR-HI comprising
the sequence NIKDTY (SEQ ID NO:4); (i) an HVR-H2 comprising the sequence
RIYPTNGYTR (SEQ ID NO:5); and (iii) an HVR-H3 comprising the sequence
WGGDGFYAMD (SEQ ID NO:6). In additional examples, the present disclosure features an
isolated polynucieotide encoding an HVR-L1 sequence comprising the sequence
NIAKTISGY (SEQ ID NO: 1);. and (i) an HVR-L2 sequence comprising the sequence
WGSFLY (SEQ ID NG:2) or (ii) an HVR-L3 sequence comprising the sequence HY SSPP
(SEQ ID NO:3), or both, and, optionally, the polynucleotide further encodes one, two, or
three HVR sequences selected from (i) an HVR-H1 comprising the sequence NIKDTY (SEQ
ID NO:4); (i1} an HVR-H2 comprising the sequence REYPTNGYTR (SEQ ID NO:5); and (iii)
an HVR-H3 comprising the sequence WGGDGFYAMD (SEQ ID NO:6).

Also disclosed is an isolated polynucleotide encoding an HVR-L1 sequence
comprising the sequence NIAKTISGY (SEQ ID NO:1); an HVR-H1 comprising the sequence
NISGTY (SEQ ID NO:7); an HVR-H2 comprising the sequence RIYPSEGYTR (SEQ ID
NO:8); and an HVR-H3 comprising the sequence WVGVGFYAMD (SEQ ID NQO:9). Also
disclosed is an isolated polynucleotide encoding an HVR-L1 sequence comprising the
sequence NIAKTISGY (SEQ ID NO:1); an HVR-L2 sequence comprising the sequence
WGSFLY (SEQ ID NO:2); an HVR-L3 sequence comprising the sequence HYSSPP (SEQ ID
NQO:3); an HVR-HI comprising the sequence NISGTY (SEQ ID NO:7); an HVR-H2
comprising the sequence RIYPSEGYTR (SEQ ID NO:8); and an HVR-H3 comprising the
sequence WVGVGFYAMD (SEQ ID NO:9).

Also disclosed is an isolated polynucleotide encoding an HVR-HI sequence
comprising the sequence NISGTY (SEQ ID NO:7), an isolated polynucleotide encoding an
HVR-H2 sequence comprising the sequence RIYPSEGYTR (SEQ ID NO:8), and an isolated
polynucieotide encoding an HVR-H3 sequence comprising the sequence WVGVGFYAMD
(SEQ ID NO:9). Also disclosed is an isolated polynucleotide encoding an polypeptide
comprising an HVR-HI sequence comprising the sequence NISGTY (SEQ ID NO:7); an
HVR-H2 sequence comprising the sequence RIYPSEGYTR (SEQ ID NO:8); and an HVR-
H3 sequence comprising the sequence WVGVGFYAMD (SEQ ID NO:9).

In an additional example of the present disclosure, the isolated polynucleotide
encodes an HVR-L] sequence comprising the sequence X1 XX XXX, XX Y (SEQ ID
NO: 83),
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wherein X is any amino acid except aspartic acid, X; is any amino acid except proline, X, is
any amino acid except arginine, and Xs is any amino acid except serine. In another example,
the polynucleotide encodes an HVR-L1 sequence comprising the sequence X1

X XXX X7XsXoY (SEQ ID NO: 83), wherein X, is any amino acid except Asp, X; is any
amino acid except proline, X4 is any amino acid except arginine, and X; is any amino acid
except serine; and a HVR-L2 sequence comprising the sequence WGSFLY (SEQ ID NO: 2)
and/or an HVR-L3 sequence comprising the sequence HYSSPP (SEQ ID NO: 3). In
additional examples, the polynucleotide encodes an antibody comprising the sequence X1
X3 XsXsX6X7XsXoY (SEQ ID NO: 83) that has an asparagine at X, an alanine at X a lysine at
X4, a threonine at X, a serine at X, and/or a glycine at Xg or any combination thereof. In
various examples, any of the HVR-L1 residues shown in Figure 57 to have an F value of
greater than 1, 5, or 10 are residues that are preferably maintained as the same residue found
in the same position of the HVR-L1 of bH1-44 or bH1-81 (SEQ ID NO: 1). In additional
examples, any of the HVR-L1 residues shown in Table 14 to have AAG values greater than 1
are residues that are preferably maintained as the same residue found in the same position of
the HVR-L1 of bH1-44 or bH1-81 (SEQ ID NO: 1).

In an additional example, the polynucleotide encodes an HVR-H2 sequence
comprising the sequence RX, XX, XX X7XsXoR (SEQ ID NO: 85), wherein X is any amino
acid except threonine and X, is any amino acid except asparagine. In another example, the
present disclosure provides a polynucleotide encoding an HVR-H1 sequence comprising the
sequence NISGTY (SEQ ID NO: 7); an HVR-H2 sequence comprising the sequence
RX5 XX XXX, X XoR (SEQ ID NO: 85), wherein wherein X is any amino acid except
threonine and X, is any amino acid except asparagine; and an HVR-H3 sequence comprising
the sequence WVGVGFYAMD (SEQ ID NO: 9). In an additional examples, the
polynucleotide encodes an HVR-H2 sequence comprising the sequence
RXX3X XXX X XoR (SEQ ID NO: 84) that has a serine at X, a glutamic acid at X,
and/or a tyrosine at X, or any combination thereof. In various examples, any of the HVR-H2
residues shown in Figure 57 to have an F value of greater than 1, 5, or 10 are residues that are
preferably maintained as the same residue found in the same position of the HVR-H2 of bH1-
44 or bH1-81 (SEQ ID NOS: 8 and 5, respectively). In additional examples, any of the HVR-
H2 residues shown in Table 14 to have AAG values greater than 1 are residues that are
preferably maintained as the same residue found in the same position of the HVR-H2 of bH1-
44 or bH1-81 (SEQ ID NOS: 8 and 5, respectively).

Also disclosed is an isolated polypeptide comprising an HVR-L1 sequence
comprising the sequence NIAKTISGY (SEQ ID NO:1) or an isolated
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polypeptide comprising an HVR-L1 sequence comprising the sequence NIAKTISGY (SEQ
ID NO:1); an HVR-L2 sequence comprising the sequence WGSFLY (SEQ ID NO:2); and/or
an HVR-L3 sequence comprising the sequence HYSSPP (SEQ ID NO:3). Also disclosed is a
polypeptide comprising an HVR-L1 sequence comprising the sequence
XXX XX XX XY (SEQ ID NO: 83), wherein X, is any amino acid except aspartic acid,
X, is any amino acid except proline, X, is any amino acid except arginine, and X is any
amino acid except serine. In another example, the polypeptide comprises the HVR-L1
sequence X1 XX XsXX7XsXeY (SEQ ID NO: 83), wherein X, is any amino acid except
aspartic acid, X; is any amino acid except proline, X, is any amino acid except arginine, and
X, is any amino acid except serine. Optionally, the polypeptide further comprises an HVR-
L2 sequence comprising the sequence WGSFLY (SEQ ID NO: 2) and/or an HVR-L3
sequence comprising the sequence HY SSPP (SEQ ID NO: 3). In particular examples that
comprise a polypeptide that comprises the sequence X;IX;X XXX, XsXoY (SEQ ID NO:
83), there is an asparagine at X, an alanine at X; a lysine at X, a threonine at X a serine at
X, and/or a glycine at X or any combination thereof. In various examples, any of the HVR-
L1 residues shown in Figure 57 to have an F value of greater than 1, 5, or 10 are residues that
are preferably maintained as the same residue found in the same position of the HVR-L1 of
bH1-44 or bH1-81 (SEQ ID NO: 1). In additional examples, any of the HVR-L1 residues
shown in Table 14 to have AAG values greater than 1 are residues that are preferably
maintained as the same residue found in the same position of the HVR-L.1 of bH1-44 or bH1-
81 (SEQIDNO: 1).

The present disclosure also provides a polypeptide comprising an HVR-H2 sequence
comprising the sequence RX; XX X XXX XoR (SEQ ID NO: 85), wherein X; is any amino
acid except threonine and X is any amino acid except asparagine. Also disclosed is the
polypeptide that comprises the HVR-H2 sequence RX, XX XX XXX R (SEQ ID NO: 85),
wherein X is any amino acid except threonine and X¢ 1s any amino acid except asparagine, a
HVR-H1 sequence comprising the sequence NISGTY (SEQ ID NO: 7), and an HVR-H3
sequence comprising the sequence WVGVGFYAMD (SEQ ID NO: 9). In different
examples, the polypeptide comprising the HVR-H2 sequence comprising the sequence RX,X,
XX XXX XoR (SEQ ID NO: 84) has a serine at X, a glutamic acid at X, and/or a tyrosine
at X or any combination thereof. In various examples of the present disclosure, any of the
HVR-H2 residues shown in Figure 57 to have an F value of greater than 1, 5, or 10 are
residues that are preferably maintained as the same residue found in the same position of the
HVR-H2 of bH1-44 or bHI1-81 (SEQ ID NOS: 8 and 5, respectively). In additional examples,
any of the HVR-H2 residues shown in
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Table 14 to have AAG values greater than 1 are residues that are preferably maintained as the
same residue found in the same position of the HVR-H2 of bH1-44 or bH1-81 (SEQ ID NOS:
8 and 5, regpectively).

The present disclosure also provides a polypeptide comprising one, two, or three of
an HVR-H1 sequence comprising the sequence NISGTY (SEQ ID NO: 7), a HVR-H2
sequence comprising the sequence RIYPSEGYTR (SEQ ID NO: 8), and/or an HVR-H3
sequence comprising the sequence WVGVGFYAMD (SEQ ID NO: 9), or any combination
thereof.

In any of the above examples, the isolated polypeptide may further comprise one,
two, or three of an HVR-L1 sequence comprising the sequence NIAKTISGY (SEQ ID NO:1);
an HVR-H1 comprising the sequence NIKDTY (SEQ ID NO:4); an HVR-H2 comprising the
sequence RIYPTNGYTR (SEQ ID NO:5); and/or an HIVR-H3 comprising the sequence
WGGDGFYAMD (SEQ ID NO:6), or any combination thereof.

In any of the above examples, the isolated polypeptide may further comprise one,
two, or three of an HVR-L1 sequence comprising the sequence NIAKTISGY (SEQ ID NO:1);
an HVR-1.2 sequence comprising the sequence WGSFLY (SEQ ID NO:2); and/or an HVR-
L3 sequence comprising the sequence HYSSPP (SEQ ID NO:3), or any combination thereof.

In any of the above examples, the isolated polypeptide may further comprise an
HVR-H1 comprising the sequence NIKDTY (SEQ ID NO:4); an HVR-H2 comprising the
sequence RIYPTNGYTR (SEQ ID NQO:5); and/or an HVR-H3 comprising the sequence
WGGDGFYAMD (SEQ ID NO:6), or any combination thereof.

In any of the above examples, the isolated polypeptide may further comprise one,
two, or three HVR sequences selected from an HVR-HI comprising the sequence NISGTY
(SEQ ID NO: 7); an HVR-H2 sequence comprising the sequence REYPSEGYTR (SEQ ID
NO: 8); and/or an HVR-H3 comprising the sequence WVGVGFYAMD (SEQ ID NO: 9), or
any combination thereof. .

In additional examples, the present disclosure features an isolated polypeptide
comprising an HVR-L1 sequence comprising the sequence NJAKTISGY (SEQ ID NO:1) and
(i) an HVR-L2 sequence comprising the sequence WGSFLY (SEQ ID NO:2) or (ii) an HVR-
L3 sequence comprising the sequence HYSSPP (SEQ ID NO:3), or both; and one, two, of
three HVR sequences selected from (i) an HVR-H1 comprising the sequence NISGTY (SEQ
ID NO:7); (ii) an HVR-H2 comprising the sequence RIYPSEGYTR (SEQ ID NO:8); and/or
(iii) an HVR-H3 comprising the sequence WVGVGFYAMD (SEQ ID NO:9), or any
combination thereof.

In additional examples, the present disclosure features an isolated polypeptide
comprising an HVR-L1 sequence comprising the sequence NIAKTISGY (SEQ ID NO:1) and
(i) an HVR-L2 sequence comprising the sequence WGSFLY (SEQ ID NO:2) or (ii) an HVR-
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L3 sequence comprising the sequence HYSSPP (SEQ ID NO;3), or both; and one, two, of
three HVR sequences selected from (i) an HVR-HI comprising the sequence NIKDTY (SEQ
ID NO:4); (i) an HVR-H2 comprising the sequence RIYPTNGYTR (SEQ ID NO:5); and/or
(iii) an HVR-H3 comprising the sequence WGGDGEFYAMD (SEQ ID NO:6), or any
combination thereof.

Also disclosed is an isolated polypeptide comprising an HVR-H]1 sequence
comprising the sequence NISGTY (SEQ ID NO:7), an isolated polypeptide comprising an
HVR-H2 sequence comprising the sequence RIYPSEGYTR (SEQ ID NO:8), and an isolated
polypeptide comprising an HVR-H3 sequence comprising the sequence WVGVGFYAMD
(SEQ ID NO:9). Also disclosed is an isolated polypeptide comprising an HVR-HI1 sequence
comprising the sequence NISGTY (SEQ ID NO:7); an HVR-H2 sequence comprising the
sequence RIYPSEGY TR (SEQ ID NO:8); and an HVR-H3 sequence comprising the
sequence WVGVGFYAMD (SEQ ID NO:9).

In one example, the present disclosure provides a vector comprising any of the above
described polynucieotides of the present disclosure. In another example, the present
disclosure features a host cell comprising any of the vectors of the present disclosure. In one
example, the host cell is prokaryotic. In another example, the host cell is eukaryotic, for
example, a mammalian cell.

In another aspect, the invention features a method of producing the antibody as
defined herein, or the antibody fragment as defined herein, said method comprising culturing
a host cell that comprises a vector comprising the polynucleotide as defined herein and
recovering said antibody or antibody fragment. Also disclosed is a method of producing any
of the antibodies or antibody fragments described above. This method comprises culturing a
host celi that comprises a vector comprising a polynucleotide encoding the antibody and
recovering the antibody. In certain examples, the polynucleotide encodes an HVR-L1
sequence comprising the sequence NIAKTISGY (SEQ ID NO:1) and, optionally, the
polynucleotide further encodes an HVR-H1 comprising the sequence NIKDTY (SEQ ID
NO:4); an HVR-H2 comprising the sequence RIYPTNGYTR (SEQ ID NO:5); and an HVR-
H3 comprising the sequence WGGDGFYAMD (SEQ ID NO:6). In other examples, the
polynucleotide encodes an HVR-L1 sequence comprising the sequence NIAKTISGY (SEQ
ID NO:1); an HVR-L2 sequence comprising the sequence WGSFLY (SEQ ID NQ:2); and an
HVR-L3 sequence comprising the sequence HYSSPP (SEQ ID NO:3) and, optionally, the
polynucleotide further encodes an HVR-H1 comprising the sequence NIKDTY (SEQ ID
NO:4); an HVR-H2 comprising the sequence RIYPTNGYTR (SEQ ID NO:5); and an HVR-

10



H3 comprising the sequence WGGDGFYAMD (SEQ ID NO:6). In another example, the
polynucleotide encodes an HVR-L1 sequence comprising the sequence NIAKTISGY (SEQ
ID NQO:1); an HVR-H1 comprising the sequence NISGTY (SEQ ID NO:7); an HVR-H2
comprising the sequence RIYPSEGYTR (SEQ ID NO:8); and an HVR-H3 comprising the
sequence WVGVGFYAMD (SEQ ID NG:9). In yet another example, the polynucleotide
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encodes an HVR-L1 sequence comprising the sequence NIAKTISGY (SEQ ID NO:1); an
HVR-L2 sequence comprising the sequence WGSFLY (SEQ ID NO:2); an HVR-L3 sequence
comprising the sequence HYSSPP (SEQ ID NO:3); an HVR-H1 comprising the sequence
NISGTY (SEQ ID NO:7); an HVR-H2 comprising the sequence RIYPSEGYTR (SEQ ID
NO:8); and an HVR-H3 comprising the sequence WVGVGFYAMD (SEQ ID NO:9).

In further examples, the polynucleotide encodes an HVR-H1 sequence comprising the
sequence NISGTY (SEQ ID NO:7), an HVR-H2 sequence comprising the sequence
RIYPSEGYTR (SEQ ID NO:8), or an HVR-H3 sequence comprising the sequence
WVGVGFYAMD (SEQ ID NO:9). In yet a further example, the polynucleotide encodes a
polypeptide comprising an HVR-H1 sequence comprising the sequence NISGTY (SEQ ID
NO:7); an HVR-H2 sequence comprising the sequence RIYPSEGYTR (SEQ ID NO:8); and
an HVR-H3 sequence comprising the sequence WVGVGFYAMD (SEQ ID NO:9).

In one example, the host cell is prokaryotic and in another example, the host cell is

eukaryotic, such as a mammalian cell.

in another aspect, there is provided an antibody as defined herein, or an antibody

fragment as defined herein for use in the treatment or prevention of a tumor.

In another aspect, there is provided an antibody as defined herein, or an antibody
fragment as defined herein for use in the treatiment or prevention of an autoimmune disease
in a subject.

Also disclosed is a method of treating a tumor in a subject. This method comprises
administering to the subject an antibody or antibody fragment described herein, where the
administering is for a time and in an amount sufficient to treat or prevent the tumor in the
subject. In one example, the tumor is a colorectal tumor, a breast cancer, a lung cancer, a
renal cell carcinoma, a glioma, a glioblastoma, or an ovarian cancer. In another example, the
antibody comprises an HVR-L1 sequence comprising the sequence NIAKTISGY (SEQ ID
NO:1) and specifically binds HER2 and VEGF. According to one example, the antibody
further comprises one or two HVR sequences selected from (i) HVR-L2 comprising the
sequence WGSFLY (SEQ ID NO:2); and (ii) HVR-L.3 comprising the sequence HYSSPP
(SEQ ID NO:3). In another example, the antibody comprises, one, two, or three HVR
sequences selected from (1) HVR-H1 comprising the sequence NIKDTY (SEQ ID NO:4); (ii)
HVR-H2 comprising the sequence RIYPTNGYTR (SEQ ID NO:5); and (iii) HVR-H3
comprising the sequence WGGDGFYAMD (SEQ ID NO:6). In an additional example, the
antibody comprises, one, two, or three HVR sequences selected from (i) HVR-H1 comprising
the sequence NISGTY (SEQ ID NO:7); (ii)

11



HVR-H2 comprising the sequence RIYPSEGYTR (SEQ ID NO:8); and (iii) HVR-H3
comprising the sequence WVGVGFYAMD (SEQ ID NO:9). In particular examples, the
antibody comprises an HVR-L1 sequence comprising NIAKTISGY (SEQ ID NO:1); an
HVR-L2 sequence comprising WGSFLY (SEQ ID NO:2); an HVR-L3 sequence comprising
HYSSPP (SEQ ID NO:3); an HVR-HI1 sequence comprising NIKDTY (SEQ ID NO:4); an
HVR-H2 sequence comprising RIYPTNGYTR (SEQ ID NO:5); and an HVR-H3 sequence
comprising WGGDGFYAMD (SEQ ID NO:6) and specifically binds HER2 and VEGF. In
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another example, the antibody comprises an HVR-L1 sequence comprising NIAKTISGY
(SEQ ID NO:1); an HVR-L2 sequence comprising WGSFLY (SEQ ID NO:2); an HVR-L3
sequence comprising HYSSPP (SEQ ID NO:3); an HVR-H1 sequence comprising NISGTY
(SEQ ID'NO:7); an HVR-H2 sequence comprising RIYPSEGYTR (SEQ ID NO:8); and an
HVR-H3 sequence comprising WVGVGFYAMD (SEQ ID NO:9) and specifically binds
HER2 and VEGF.

In an example, the method further comprises administering to the subject an
additional anti-cancer therapy. In another example, the additional anti-cancer therapy
comprises another antibody, a chemotherapeutic agent, a cytotoxic agent, an anti-angiogenic
agent, an Immunosuppressive agent, a prodrug, a cytokine, a cytokine antagonist, cytotoxic
radiotherapy, a corticosteroid, an anti-emetic, a cancer vaccine, an analgesic, or a growth-
inhibitory agent.

In an additional example, the additional anti-cancer therapy is administered prior to or
subsequent to the administration of an antibody. In a further example, the additional anti-
cancer therapy is administered concurrently with an antibody.

Also disclosed is a method of treating an autoimmune disease in a subject. This
method comprises administering to the subject an antibody or antibody fragment described
herein, where the administering is for a time and in an amount sufficient to treat or prevent the
autoimmune disease in the subject. In one example, the antibody comprises an HVR-L1
sequence comprising the sequence NIAKTISGY (SEQ ID NO:1) and specifically binds
HER2 and VEGF. According to one example, the antibody comprises one or two HVR
sequences selected from (1) HVR-L2 comprising the sequence WGSFLY (SEQ ID NO:2); and
(ii) HVR-L3 comprising the sequence HYSSPP (SEQ ID NO:3). In another example, the
antibody comprises, one, two, or three HVR sequences selected from (i) HVR-HI comprising .
the sequence NIKDTY (SEQ ID NO:4); (i) HVR-H2 comprising the sequence
RIYPTNGYTR (SEQ ID NO:5); and (ii1) HVR-H3 comprising the sequence
WGGDGFYAMD (SEQ ID NO:6). In an additional example, the antibody comprises, one,
two, or three HVR sequences selected from (i) HVR-H1 comprising the sequence NISGTY
(SEQ ID NO:7); (i) HVR-H2 comprising the sequence RIYPSEGYTR (SEQ ID NO:8); and
(it1) HVR-H3 comprising the sequence WVGVGFYAMD (SEQ ID NO:9). In particular
examples, the antibody comprises an HVR-L1 sequence comprising NIAKTISGY (SEQ ID
NO:1); an HVR-L2 sequence comprising WGSFLY (SEQ ID NO:2); an HVR-L3 sequence
comprising HYSSPP (SEQ ID NO:3); an HVR-H1 sequence comprising NIKDTY (SEQ ID
NO:4); an HVR-H2 sequence comprising REYPTNGYTR (SEQ ID NO:5); and an HVR-H3
sequence comprising WGGDGFYAMD (SEQ ID NO:6) and specifically binds HER2 and
VEGF or the antibody comprises an HVR-L1 sequence
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comprising NIAKTISGY (SEQ ID NO:1); an HVR-L2 sequence comprising WGSFLY (SEQ
ID NO:2); an HVR-L3 sequence comprising HYSSPP (SEQ ID NO:3); an HVR-H1 sequence
comprising NISGTY (SEQ ID NO:7); an HVR-H2 sequence comprising RIYPSEGYTR
(SEQ ID NO:8); and an HVR-H3 sequence comprising WVGVGFYAMD (SEQ 1D NO:9)
and specifically binds HER2 and VEGF. \

Also disclosed is a method of treating a non-malignant disease involving abnormal
activation of HER? in a subject. This method comprises administering to the subject an
antibody or antibody fragment described herein, where the administering is for a time and in
an amount sufficient to treat or prevent the non-malignant disease in the subject. In one
example, the antibody comprises an HVR-L1 sequence comprising the sequence
NIAKTISGY (SEQ ID NO:1) and specifically binds HER2 and VEGF. According to one
example, the antibody comprises one or two HVR sequences selected from (i) HVR-L2
comprising the sequence WGSFLY (SEQ ID NO:2); and (ii) HVR-L3 comprising the
sequence HYSSPP (SEQ ID NO:3). In another example, the antibody further comprises, one,
two, or three HVR sequences selected from (i) HVR-H1 comprising the sequence NIKDTY
(SEQ ID NO:4); (if) HVR-H2 comprising the sequence RIYPTNGYTR (SEQ ID NO:5); and
(ii) HVR-H3 comprising the sequence WGGDGFYAMD (SEQ ID NO:6). In an additional
example, the antibody comprises, one, two, or three HVR sequences selected from (i) HVR-
H1 comprising the sequence NISGTY (SEQ ID NO:7); (ii) HVR-H2 comprising the sequence
RIYPSEGYTR (SEQ ID NO:R); and (11i) HVR-H3 comprising the sequence
WVGVGFYAMD (SEQ ID NO:9). In particular examples, the antibody comprises an HVR-
L1 sequence comprising NIAKTISGY (SEQ ID NO:1); an HVR-L2 sequence comprising
WGSFLY (SEQ ID NO:2); an HVR-L3 sequence comprising HYSSPP (SEQ ID NO:3); an
HVR-HI1 sequence comprising NIKDTY (SEQ ID NO:4); an HVR-HZ sequence comprising
RIYPTNGYTR (SEQ ID NO:5); and an HVR-H3 sequence comprising WGGDGFYAMD
(SEQ ID NO:6) and specifically binds HER2 and VEGF or the antibody comprises an HVR-
L1 sequence comprising NIAKTISGY (SEQ ID NO:1); an HVR-L2 sequence comprising
WGSFLY (SEQ 1D NO:2); an HVR-L3 sequence comprising HYSSPP (SEQ ID NO:3); an
HVR-HI1 sequence comprising NISGTY (SEQ ID NO:7); an HVR-H2 sequence comprising
RIYPSEGYTR (SEQ ID NO:8); and an HVR-H3 sequence comprising WVGVGFYAMD
(SEQ ID NO:9) and specifically binds HER2 and VEGF.

Also disclosed is the use of the antibodies and antibody fragments described herein in
the treatment of a tumor, an autoimmuné disease, or a non-malignant disease involving
abnormal activation of HER?2 in a subject, as well as use in the manufacture of a medicament

for the treatment of a tumor, an autoimmune disease, or a non-
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malignant disease involving abnormal activation of HER2 in a subject. In one example of
these uses, the antibody comprises an HVR-L1 sequence comprising the sequence
NIAKTISGY (SEQ ID NO:1) and specifically binds HER2 and VEGF. According to one
example, the antibody further comprises one or two HVR sequences selected from (i) HVR-
L2 comprising the sequence WGSFLY (SEQ ID NO:2); and (ii) HVR-L3 comprising the
sequence HYSSPP (SEQ ID NO:3). In another example, the antibody comprises, one, two, or
three HVR séquences selected from (i) HVR-H1 comprising the sequence NIKDTY (SEQ ID
NO:4); (ii) HVR-H2 comprising the sequence RIYPTNGYTR (SEQ ID NO:5); and (iii)
HVR-H3 comprising the sequence WGGDGFYAMD (SEQ ID NO:6). In an additional

H1 comprising the sequence NISGTY (SEQ ID NO:7); (ii) HVR-H2 comprising the sequence
RIYPSEGYTR (SEQ ID NO:8); and (iii) HVR-H3 comprising the sequence
WVGVGFYAMD (SEQ ID NO:9). In particular examples, the antibody comprises an HVR-
L1 sequence comprising NIAKTISGY (SEQ 1D NO:1); an HVR-L2 sequence comprising
WGSFLY (SEQ ID NO:2); an HVR-L3 sequence comprising HY SSPP (SEQ ID NO:3); an
HVR-H]I sequence comprising NIKDTY (SEQ ID NO:4); an HVR-H2 sequence comprising

RIYPTNGYTR (SEQ ID NO:5); and an HVR-H3 sequence comprising WGGDGFYAMD

(SEQ ID NO:6) and specifically binds HER2 and VEGF or the antibody comprises an HVR-
L1 sequence comprising NIAKTISGY (SEQ ID NO:1); an HVR-L2 sequence comprising
WGSFLY (SEQ ID NO:2); an HVR-L3 sequence comprising HYSSPP (SEQ ID NO:3); an
HVR-HI sequence comprising NISGTY (SEQ ID NO:7); an HVR-H2 sequence comprising
RIYPSEGYTR (SEQ ID NO:8); and an HVR-H3 sequence comprising WVGVGFYAMD
(SEQ ID NQ:9) and specifically binds HER2 and VEGF.

In an example of the methods of treating a tumor, an autoimmune disease, or a non-
malignant disease involving abnormal activation of HER2 described herein, the subject is a
human,

Also, contemplated are kits, compositions, and articles of manufacture comprising the

antibodies and antibody fragments described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the designed diversity in various LC libraries.
Figure 2 shows a summary of four light chain libraries used to alter anti-VEGF antibodies or

anti-Her2 antibodies to bind to an additional target. The italicized NNK and XYZ refer to

codon sets. Ys, Ds, Ts and Ss refer to soft randomizations by having tyrosine, aspartic acid,
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threonine and serine, respectively, occuring 50% of the time and any one of the 20 amino
acids oceurring the other 50% of the tme, [/Ds and T/Ts refer to 2 soft randomization
having D or T, respectively, occurring 75% of the time and any one of the 20 ansino 2cids

occurring the other 25% of the time.

Figure 3 shows sequences of HC, 1.C CDR residues of light chain templates.

Figure 4 shows the natural and designed diversity of light chain CDRs. At each position, the
Herceptin® antibody sequence is showrn in parenthesis. An “*” denotes an insertion not

present m the Herceptin® antibody.

Figures SA and 5B1-5B2 show the sequences of specific antigen-binding clones isolated from
the light chain (LC) library. Figure SA shows the LC CDR sequences of monospecific phage
clones biding to VEGF, DRS, and Fe, and Figure 58 shows bispecific Fabs binding to
VEGE/HERZ, DR5/HERZ, and Fo/HER2. The hght chain framework and heavy chain
sequences correspond to that of the Herceptin® antibody with the exception of LC {ramework

subsuibution R66G.

Figure 6 is a graph showing binding specificity of the antibodies derived from the LC library.
The results for antibodies bH1, bH3, 3-1, b1, bD2. 4-1, and 4-5 are shown. Bound IgG
antibodies were detected spectrophotometrically {optical density at 450 nm, y-axis). The
proteins included in the assay were (feft to right for each antibody) human vascular
endothelial growth factor A (hWWEGF-A). hVEGYF-C, hWVEGF-D, hHER2 extracelinlar domain
(ECD), epidermal growth factor receptor extracellular domain (hEGFR), human death
receptor 5 (hDR3), bovine serum albumin (BSA), casein, fetal bovine seram (FBS), WIL2

cell tysate. and WR6 cell lysate.
Figure 7 shows sorting conditions and errichment of Library C and D.

Figure & shows VEGF binders. Residues 28, 30, 3a, 31, 92, 93, and 93a were fully diverse.

Residues 32, 50. 53, 91 and 94 were restricted. Residues 29, 33, and 31 were limited (<3).
Figure 9 shows human VEGF binders, combined plate and solution selection.

Figures 10A and 10B show clones that bind both VEGE and HER2.

ot
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Figure 11 shows clones that only bind VEGF and lost the binding activity with HER2.

Figure 12 shows clones binding to VEGF.

Figures 13A and 13B show cloues that block VEGF binding to VEGFR1-D2 or Di.

Figures 14A and 148 show VEGF binders and the affinities of VEGF binders from library
£371.2/13-C 1

Figure 15 shows clones that can bind both hWVEGF and HER2.

Figure 16 shows the LC library binders used in scFv’2 formation and displayed on phage.

Figure 17 shows the expression of various clones in Fab or hlgG form.

Figures 18A and 18B show ELISAs of clones in higC form binding to hVEGF165,

Figure 19 shows ELISAs of clones in nieG form binding 10 immobilized protein targets.

Figure 20 shows competitive ELISAs of clones in higG form in the presence of Her2 and

VEGF or DRS.

Figure 21 shows a Biacore Analysis of binding (o VEGF or HER2.

Figure 22 shows binding t¢ HERZ-ECD or kVEGF with an 1gG or Fab having 2 light chain

obtained from a different binding clone.

Figures 23A and 238 show an anti-VEGF antibody biocking VEGF interaction with
VEGFR! D 1-3 and KDR ID1-7.

Figure 24 shows antibodies blocking B20-4.1 and VEGF binding.

Figure 25 shows antibodies blocking Avastin® antibody and VEGF binding.

Figure 26 shows crystal structares of the bispecific bH] Fab bound to HERZ or VEGF.
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Figure 27 1s a graph showing that anti-VEGF amibodies block BVEGF binding to VEGF
receptor 2 (VEGFR2).

Figure 28 shows crystal structures of the bispecific bH1 Fab bound to HER2 or VEGF.
Figare 29 is a series of pie charts showing the individual CDR contribuiions to the structural
paratope for bH1. The paratope size for VEGF is 730A% and for HER2 is 690A7. The heavy

chain CDRs are indicated in gray and the light ¢hain CDRs in white,

Figure 30 shows the superposition of the CDR loops of VEGF/HER2-bound bH! or HERZ-

bound Herceptin® antibody in the same crientation as Figure 28,

Figure 2] shows crystal structures of the bispecific bH1 Fab bound 1o HERZ or VEGF. CDR-

L1 of the two bH ] complexes are shown in the same orientation.

Figure 32 shows the energetically important binding sites of bH1 for VEGF and HER2

Figure 33 gshows codons of bH 1 that were shotgun scanned.
Figure 34 shows a library construction.

Figure 35 shows an anubody clone with shotgun scan mutations sereened by binding to

VEGF.

Figure 36 shows an antibody clone with shotgun scan mutations screened by binding to

TER2.

Figures 37A-37D show alanine scanning results. Figures 374 and 378 show the results of an
alanine scan of bH1 for (Figure 37A) VEGF binding or (Figure 378} HER2 binding and the
results of a homolog scan of bH1 for (Figure 37C) VEGF binding or {Figure 37D) HERZ

hinding.

Figure 38 shows alanine scanning results of bH1 or the Herceptin® antibody mutanis.
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Figures 39A1-39A3 and 39B1-39B3 show shotgun alanine- and homaolog scanning of bH]
Fab for binding to VEGF and HERZ.

Figures 40A4-40B show the energetically important binding sites of bHI for VEGF and HERZ
binding.

Figure 41 shows bH1 VEGF-affinity matured clone sequences and binding affinity for VEGF
or HER2,

Figure 42 shows the inhibition of VEGF induced HUVEC cell proliferation with anti-VEGF

antibodies,

Figure 43 shows binding of bispecific antibodies to 1IER2 expressed on NR6 cells.

Figure 44 shows the results of competitive binding expertments for bH1 10 VEGF or HERC,

Figure 45 shows that BH1 and affinity improved variants bH1-44 and bi11-81 igQ nhibit

HERZ and VEGF-mediated cell proliferation in virro.

Figure 46 shows the binding specificity of bispecific antibodies derived from the LC library.

Figure 47 shows that anti-VEGF antibodies black VEGF binding 1o VEGFR2 receptors.

Figure 47A shows human VEGF binding and Figure 478 shows murineVEGF binding.

Figures 48A and 48B show that VEGF and HERZ compete for binding to bH 1-44 bispecific

ig(G in solution.

Figures 494 and 49B show that the bispecific antibodies bH1 and bH1-44 bind to HERZ
expressing mouse fibroblast cells (NR&; Figure 498}, but not to HERZ negative NRS celis
(Figure 494,

Figure 50 shows that the bispecific bHI antibody specifically immunoprecipitates VEGF or

HERZ from mouse fibroblast (NR6) bysates, but not other proteins.

Figure 51 shows tumor inhibition of bH1-44 in Colo205 and BT474M1 xenografts in

immuno-compromised mice.
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Figures 524, S2B, and 53 depict exemplary accepior human consensus framework sequences
for use in practicing the instant invention with sequence identifiers as follows:

Variable heavy (VH) consensus frameworks (FIG. 524 and 52B)
human VH subgroup T consensus framework regions FR1, FR2, FR3, and FR4 minus Kabat
CDRs (1a: SEQ 1D NOS: 42-45, respectively)
human VH subgroup | consensus framework regions FR1, FR2, FR3, and FR4 minus
extended hypervariable regions (IR: SEQ ID NQS: 46. 47, 44, and 45, respectively; 1C: SEQ
ID NOS: 46-48 and 45, respectively; 1D: SEQ ID NOS: 42, 47, 49, and 45, respectively)
human VE subgroup I consensus framework regions FRI, FR2, FR3, and FR4 minus Kabat
CDRs (I1A: SEQ 1D NOS: 50-52 and 45, respectively)
human VH subgroup II consensus framework regions FR], FR2, FR3, and FR4 minus
extended hypervariable regions (1IB: SEQ ID NOS: 53, 54, 52, and 45, respectively; HC:
SEQ ID NOS: 53-55 and 45, respectively; HD: SEQ 1D WOS: 53, 34, 56, and 45,
respectively)
hurnan VH subgroup I consensus framework regions FR1. FR2, FR3, and FR4 minus Kabat
CDRs {IUA: SEQ ID NOS: 57-539 and 45. respectively)
human VH subgroup T consensos framework regions FR1, FR2, PR3, and FR4 minus
extended hypervariabic regions (TIIB: SEQ ID NOS: 6¢. 61. 59. and 45. respectively: HIC:
SEQ ID NOS: 60-62 and 43, respectively; IHD: SEQ ID NGS: 60, 61, 63, and 45,

‘respectively)

human VH accepior framework regions FR1, FR2. FR3, and FR4 minus Kabat CDRs
{Acceptor A SEG D NOS: 64, 58, 65, and 45, respectively)
huran VI accepror framework regions FR1, FR2. FR3, and FR4 minus extended
hypervariable regions (Acceptor B: SEQ 1D NOS: 60, 61. 65, and 45, respectively: Acceptor
C: SEQ D NOS: 60, 61, 66, and 43, respectively)
human VH acceptor 2 framnework regions FR1, FR2, FR2, and FR4 mimus Kabat CDRs
(Second Acceptor A SEQ ID NOS: 64. 58, 67, and 45, respectively)
human VH acceptor 2 framework regiops FR1, FR2, FR3, and FR4 minus extended
hypervariable regions (Second Acceptor B: SEQ ID NOS: 60, 61, 67, and 43, respeciively,
Second Acceptor C SEG ID NOS: 60, 61, 68, and 45, respectively; Second Acceptor D SEQ
1D NOS: 60, 61, 69, and 43, respectively)

Variable lighi (VL) consensus frameworks (FIG. 53)
human VL kappa subgroup I consensus framework regions FR1, FR2, FR3, and FR4 (kvl:
SEQ I NOS: 70-73, respectively)
hurnan VL kappa subgroup 11 consensus framework regions FR1, FR2Z, FR3, and FR4 (kv2:

SEQ ID NOS: 74-76 and 73, respectively)
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human V1. kappa subgroup I consensus framework regions FR1, FR2, and FR3 (kv3: SEQ
I NGS: 77-79 and 73, respectively)
human VL kappa sabgroup IV consensus framework regions FR1, FR2, and FR3 (kvéd: SEQ
1 NOS: 80-82 and 73, respectively)

Figure 54 shows the residues that make structural contacts or an epergetic interaction with
HER2, VEGYF, or both. The residues that make stractural contacts {>25% buried} or an
energetic interaction (AAG » 10% total binding energyy with HER2 (light grey), VEGF
(grey), or both (shared, black) are mapped on the surface of HER2-bound bH1.

Figure 55 shows the bH1/VEGY and bHI/HER?2 binding interfaces. A close-up of the
bHI/VEGF (A) and the bH1/HER2 (B} binding interface illustrates the structural differences
between VEGE and HER2 in the regions of antibody binding. Surface representations of
VEGYE (C) and HER2-ECD (D) are shown in the same orientation relative to bH1 Fab. The
residues in contact with bH1 Fab {closer then 4.5 A) are highlighted. There is no apparent

similarity between the two epitopes for bHI in terms of chemical composition or topology.

Figure 56 shows that b1 and bH1-44 antibodies block human VEGF hinding 1o VEGFR1.
Biotinylated human VEGF, s was incubated with increasing concentrations of g0 (x-axis).
then captured on mumobilized hman VEGFRI-Fe, and detecled with horseradish peroxidase-

conjugated stroptavidin with added substrate (normalized % QD4 y-axis).

Figure 57 shows alanine scanning results of bHI and bHI1-44 mutants. Alanine scanning

mutagenesis identified the functionally importand residues for VEGF and/or HER2 binding. F
values represent the relative contribution of each scanned residue to anuigen binding. T values
were determined for bH) ~44 binding 10 VEGY znd HER2 (black bars), and compared 10 the ¥
vahies of bH1 {white bars). The amino acids in parenthesis denote bH1-44 residues that differ

from bH1. This graph was adapted from Figure 56.

Figure 58 shows the binding of bH1-44 29A Y32A bH1-44 apd R504 R584 bHI-44
angbodies to VEGF and HER2. The ELISA binding assavs show the ability of bH1-44 IgG
and the two double mutants to bind to hictinylated VEGF 145 (Iefl) or HER2-ECD (right}, and
compete with the immobilized anti-VEGE antibody or Herceptin, respectively. The
120A7Y32A LC mutant has lost binding of VEGF, while maintaining similar affmity for
FIERY as b 144, The RSOA/RSBA HC mutant has lost affinity for BER2, but retains VEGF

hinding.
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Figure 59 shows the calorimetric measurements of the enthalpy changes associated with
antigen binding. Figures S9A-F show the data for bH1 binding to VEGF, bH1 binding 1o
HER2, bH1-44 binding to VEGF, bH1-44 binding to HER2, bH1-44 HC-R50A + R58A
binding to VEGF, bH1-44 LC-120A + Y32A binding to HERZ, respectively. The figures
show the individual heat pulses (top) and the heats of reaction (bottom), which are calculated
by integration of each pulse, plotted as a function of the antibody to antigen ratio at the end of
the injections. The small magnttude of the enthalpy changes required relatively high protein
concenirations, which prectuded accurate estimation of Kp when the affinity was high.
Figures 59A-D: Solutions of VEGFos of HER2-BECD at concentrations ranging from 10-20
uM were titrated by 15 injections of bH1 or bFH1-44 Fab at concentrations from 100 to 200
uh. Figures S9E-F: Solutions of VEGF 1 or HERZ-ECD af concentrations of 10 o 20 1M
were titrated by 20 injections of bHI-44 LC-I29A+Y 324 Fabh or bH1-44 HC-RS0A+RSE8A
Fab at concentradens of 150 and 250 M. Titrations number 1 and 13 in (Figure 598) were

excluded from the anatysis due to instrument noise.

Figure 60 shows the thermodynamic profiles of the bH1 variants and the Herceptin®
antibody. Each dual specific variant (bH1, bH1-81, and bH1-44) has thermodynamic prafiles
characterized by favorablc enthalpy and entropy for both VEGF and HERZ binding. The
variants HC-RS0A+R58A and LC-1294+Y32A that have lost affinity for HER2 or VEGF
respectively, display similar thermodynamic profiles as bH1-44, The thermodvnamic profiles

of the bH1-44/HER2 interaction are distinet from Herceptin/HERZ.

Figure 61 shows the comparison of the bHI, bH1-44, and the Herceptin® antibady hotspots
for HER2 binding based on the alanine scanning mutagenesis data. Hotspot residues are
highlighted in grev mapped onto the Herceptin® (Herceptin} structure or bH1 Fab structures
{bH1, bH1-44). Hotspots are defined as AAG greater than or equal 10 10% of the total binding
free energy (AG). The structural contact sites (within 4.5 A of the antigens in the structures)
are outlined by light dotted Imes. The HC and LC are separated by a black dotted line. The

underlined residues differ in sequence from Herceptin®,

Figure 62 shows the estimated heat capacity changes associaled with bH1-44 Fab binding
with VEGF or HER2. ACp was determined from the siope of the termperatue dependence of
AH between 20 and 37 °C. Over this range, ACp appears 1o be independent of T, based on the

linear refationship between AH and T (R = 0.991 for bHT1-44/HER2, R = 0.9989 for bHI-
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44/VEGF). The ACp for Herceptin®/HER?2 was previously determined by Kelley et al.
{Biochemistry, 1992).

Figures 63A-B show the binding kinetics of bH1-44 variants measured by BlAcore. The
figures show overlays of representative response versus time plots for the binding interactions
between immobilized (A) VEGE, g or (B) HER2-ECD and 0.5 uM solutions of bH1-44 Fab
{A and B: topy, bH1-44-LC-Y32 (A: second from bottom; B: second from top), bHI -44-1.C-
129A+Y32A (A: bottom; B: sccond from bottom), and bH1-44-HC-R50A+R58A (A: second
from top; B botiom). The traces represent binding to the same immobilized CMS chip,
which was regenerated afier each Fab run. No binding was detected for bH1-44-LC-
[28A+Y32A to VEGF or for bBHI1-44-HC-RS0A+RS8 A to HER2 at (0.5 pM. The variant bH1-
44-Y32A displayed significantly weakened binding to VEGF compared to the wild type bHI-
44.

Figures 64A4-D show the mapping of the specificity determining residues of bH1-44 on the
crystal structure of bH1. The residucs that are important for VEGF binding (1.C-129 and LC-
Y320 A and B) and the residuces thai are important for HER binding (HC-R30 and HC-R38: C
and 1} are shown 1o dark grey as sticks on the BII/VEGF (A and C. 2.6 A resolurion) or
bHI/HER2 (B and I, 2.9 A resolution} crystal strucrures. The residues 129 and Y32 anpear
1o be involved in intra-cham interactions that serve to maintain the CDR-L1 loop
conformation necessary for VEGF-binding. 129 is solvent exposed in the HER? structure.
Y32 packs against HERZ, but does not engage in productive antigen contact. RS0 and R58
pack against D360 and E558 on HERZ2, and appear to engage in charge-charge interactions.

R50 and R38R are solvent exposed in the VEGF solvent struciure.

Figure 65 shows the expression of the Herceptin® mintant Fabs (R50A, R38A and
R30A/MRSEA).

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides methods of making multispecific antibodies and
antibody fragments, as well as antibodies identified using these methods and their use. In
general, the methods of the ipventon involve diversifying the light chain variable domain or
the heavy chain variable domain of an antibody to generate variants that can be stably
exprassed m 2 Bbrary, Diversified antibodies that are capable of specifically binding two

epitopes are then selected from this lbrary and further characierized.
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Exemplary antibodies identified using the methods of the invention include antibodies
that bind poth HER2 (human epidermal growth facior receptor 2} and VEGYF (vascular
endothelial growth factor). In particular, the data described herein, for instance, in the below
Examples, show that mutations in the light chain complementarity determining regions
{CDRsj of a HER2 antibody confer dual binding capabilities for unrelated protein antigens as
well as HERZ, One bi-specific high affinity HER2/VEGF amibody is extensively
characterized. In addition, the crystal structures of this bi-specific Fab in complex with HER2
and VEGF are shown and the energetic contribution of the Fab residues by mutagenesis is
evaluated. The binding sites for the two anugens overtap extensively: most of the CDR
restdues that contact HERZ also engage VEGF. Energetically, however. the residues of the
heavy chain dominate the HER2 specificity while the light chain dominates VEGF specificity.

The HERZ/VEGF bi-specific antibody inhibits both HER2 and VEGF-mediated cell
proliferation in vitro and in vive. These results demonstrate that altering the sequence of the
light chain variable domain of an antibody can generate antibodies with duaf specificity and
fancuon. For example, bHI-44 and bH1-81 have the potential to target two mechanisms of
tumor progression: tumor cell proliferation mediated by HERZ and tumor angiogenesis
mediated by VEGF. Co-targeting two antigens with a single antibody is an alternative to
combination therapy.

1. Definitions

The term "multispecific antibody” is used in the broadest sense and specifically
covers an antibody comprising & heavy chain variable domain (V) and a hight chain vanable
domain (V}, where the ViV, unit bas polyepitopic specificity (i.e.. i§ capable of binding to
two different epitopes on one biological molecule or cach epitope on a different biological
molecules. Suck multispecific antibodies include, but are not imited 1o, full length
antibodies, antibodies having two or more Vi and Vg domains, antibody fragments such as
Fab, Fy, daFy, scFv, diabodies, bispecific disbodies and triabodies, antibody fragments thai
have been linked covalently or non-covelently. "Polvepitopic specificity” refers wo the ability
to specifically bind to two or more different epitopes on the same or different target{s).
"Monospecific” refers to the ability to bind only one epitope. According 1o one embodiment
the multispecific antbody is an IgG1 form binds to each epitope with an affinity of 5 M
0.001 pM, 3 M 10 0.001pM, 1 M to 0.001pM, 0.5 M t0 0.001 pM or 0.1 M 1o 0.001 pM.

The basic 4-chain antibody unit is a heterotetrameric glycoprotein composed of two
identical light (L} chains and two identical heavy (H) chamns {an IgM antibody consists of 3 of
the basic heterotetramner units along with an additional polypepude called T chain, and
therefore contains 10 antigen binding sites, while secreted TgA antibodies can polymerize io

form polyvalent assemblages comprising 2-5 of the basic 4-chain units along with J chain).
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In the case of 1gGs, the 4-chain unit is generally aboui 150,000 daltons. Each L chain is
linked to an H chain by one covalent disulfide hond, while the two H chains are Iinked to each
other by one or more disuifide bonds depending on the H chaimn isotype. Each H and L chain
also has regularly spaced intrachain disulfide bridges. Each H chain has, at the N-terminus. a
variable domain (Vyy) followed by three constant domains (Cyy) for each of the « and v
chains and four Cyy domains for i and ¢ isotypes, Each L chain has, at the N-terminus, a
variable domain (Vi) followed by a constant domain (Cy ) at its other end. The V7 is aligned
with the Vig and the Cy_is aligned with the first constent domain of the heavy chain (Cyl).
Particular amino acid residues are believed to form an interface between the light chain and
heavy chain variable domains. The pairing of a Vi and V' together forms a single antigen-
binding site. Tor the structure and properties of the different classes of amibodies, see, e.g.,

Basic and Clinical Immunology, 8th edition, Daniel P. Sistes, Abba 1. Terr and Tristram G.

Parsiow (eds.}, Appleton & Lange, Norwalk, CT, 1994, page 71 and Chapter 6.

The L chain from any veriebraie species can be assigned to ong of two clearly distinct
types, called kappa and lambda, based on the amino acid sequences of their constant domains.
Depending on the amino acid sequence of the constant domain of their heavy chains (Cgy),
impmunoglobuling can be assipned 1o different classes or isotypes. There are five classes of
immunoglobuling: IgA. IgD. IgE, 1g0, and Igh, having heavy chains designated o, 8, v, &,
and f. respectively. The v and « classes are further divided into subclasses on the basis of
relatively minor differences in Cyy sequence and function. e.g., hummans express the following
subclasses: IgG1. 1gG2. 1gG3. 1G4, 1gATl, and IgAZ.

The term "variable" refers 1o the fact that certain segments of the variable domains
differ extensively in sequence among antibodies. The V domain mediates antigen binding
and defines specificity of 2 particular antibody for fts particular antigen. However, the
variability is not evenly distributed across the 1 10-amino acid span of the variable domains.
Instead, the V regions consist of relatively invariant stretches called framework regions (FRs)
of 15-30 amino acids separated by shorter regions of extreme variability called "hypervariable
regions” that are each 9-12 amino acids long. The variable domains of native heavy and hght
chains each comprise four FRs, largely adopting & beta-sheet configuration. connected by
three hypervariable regions, which form loops connecting. and in some cases forming part of,
the beia-sheet structure. The hypervariable regions in gach chaip are held together in close
proximity by the FRs and, with the hypervariable regions from the other chain, contribute to

the formation of the antigen-binding sife of antibodies (see Kabat et al., Sequences of Proteins

Bethesda, MD. (1991)). The constant domains are not mvolved directly in binding an

24
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antibody to an antigen, but exhibit various effector functions, such as participation of the
antibody in antibody dependent cellular cytotoxicity (ADCC).

The term "hypervariable region” when used herein refers to the amino acid residues
of an antibody which are responsible for antigen-binding. The hypervariable region generally
comprises amno acid residues from a "complementarity determining region” or "CDR™ {e.g.,
around about residues 24-34 (L), 50-56 (L.2) and 8§9-97 (L.3) in the V7, and around about
residues 26-35 (H1), 50-65 (H2) and 95-102 (H3) in the Vi (in one cmbodiment, Tl is

around about regidues 31-35); Kabat ¢t al., Seguences of Proteins of Immunological Interest,

5th Ed. Public Health Service, National Institutes of Health, Bethesda, MD. (1991)) and/or
those residues from a "hypervariable loop" {e.g., residues 26-32 (L1), 50-52 (1.2). and 91-96
(L3} in the Vi, and 26-32 (H1}, 53-55 (H2). and 96-101 (H3) in the Vyy; Chothia and Lesk, J.
Mol. Biol. 196:901-917 (1987)}.

"Framework regions” (FR) are those variable domain residues other than the CDR
residues. Each variable domain typically has four FRs identified as FR1, FR2, FR3 and FR4.
If the CDRs are defined according to Kabat, the light chain FR residues are positioned at
about residues 1-23 (LCFR1), 35-4¢ (LCFR2), 57-88 (LCFR3), and 98-107 (LCFR4Y and the
heavy chain FR residues are positioned about at residues 1-30 (HCFR1), 36-49 (HCFR2), 66-
84 (HCFR3), and 103-113 (HOFR4) i the heavy chain residues. If the CDRs comprise
aming acid reskdues from hypervariable loops, the light chain FR residues are positioned
abiut at residues 1-25 (LCFR), 33-49 (LCFRZ). 53-90 (LCFR3). and 97-107 (LCTFR4) in the
light chain and the heavy chain FR residues are positioned about at residues 1-25 (HCEFRI).
33.52 (HCFR23}. 56-95 (HCFR3), and 162-113 (HCFR4) in the heavy chain residucs, In
some instances, when the CDR comprises amine acids from both a CDR as defined by Kabat
and those of a hypervariable loop, the FR residues will be adjusted accordingly. For example,
when CDRHI mcludes amino acids H26-F123, the heavy chain FR1 residues are at positions
1-25 and the FR2 residues are at positions 36-49.

A “human consensus framework” is 2 framework which represents the most
commonly occurring amino acid residucs in & selection of human immunoglobulin VL or VH
framework sequences. Generally. the selection of human immupoglobulin VL or VH
sequences is from a subgroup of vanable domain sequences. Generally, the subgroup of
sequences 15 a subgroup as in Kabat. In one embodiment, for the VL. the subgroup is
subygroup kappa I as in Kabat. In one embodiment, for the VI, the subgroup is subgroup 11
as in Kabat,

The term "monoclonal antibody” as used berein refers to an antibody from a

population of substantially homogeneocus antibodies, i.e., the individual antibodies comprising

2
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the population are substantially similar and bind the same epitope(s), except for possible
variants that may arise during production of the monoclonal antibody, such variants generally
being present in minor amounts. Such monoclonal antibody typically includes an antibody
comprising a variable region that binds a target, wherem the antibody was obtained by 2
process that includes the selection of the antibody from a plurality of antibodies. For
exampie, the selection process can be the selection of a unique clone from a plurality of
clones, such as a pool of hybridoma clones, phage clones or recombinant DNA clones. &
should be understood that the selected antibody can be further altered, for example, to
improve affinity for the target, to humanize the antibody, to improve its production in cell
culture, to reduce jts immunogenicity in vive, to create a multispecifie antibody, ete., and that
an antibody comprising the altered variable region sequence 1s also & monoclonal antibody of
this mmvention. In addition to their specificity, the monocional antibody preparations are
advantageous in that they are typically uncontaminated by other immunogiobulins. The
modifier "monoclonal” indicates the characier of the antibody as being obtained from a
substantially homogeneous population of antibodies, and is not 1o be construed as requiring
production of the antibody by any particular method. For example, the monocional antibodies
to be used 111 accordance with the present invention may be made by 2 variety of techniques,
including the hybridoma method (e.g., Kohler et al., WNature, 256:495 (1973); Harlow et al.,
Axtibodies: A Laboraiory Manual, (Cold Spring Harbor Laboratory Press, 2nd ed. 1988)
Hammerling et al., in: Monoclonal Antibodies and T-Cell Hybridomas 563-681, (Elsevier,
NY.. 1881}, recombinant DNA methods (see, e.g., U.S. Patent No, 4.816,567), phage display
technologies {sce, e.g.. Clackson et al.. Nawure, 352:624-628 (1991); Marks et al., J. Mol
Biol., 222:581-597 (1991 ); Sidhu et al., 1. Mol. Biol 338(23:299-310 (2004); Lee et al.,

3 Mol Biol.340(5): 1073-1093 (2004); Fellouse, Proc. Nat. Acad. Sci. USA 101(34):12467-
12472 (2004} and Lee et al. I. Immunol. Methods 284(1-2):119-132 (2004) and technologies
for producing human or human-like antibodies from animals that have paris or all of the
human immunoglobubin loci or genes encoding human immunoglobulin sequences (see, e.g.,
WO0E/24893, WO/9634096, WO/9633735, and WO/91 10741, Jakobovits &1 al., Proc. Natl,
Acad. Sci. USA, 90:2551 (1993); Jakobovits et al., Nature, 362:255-258 (1993): Bruggemann
¢t al., Year in Immunc., 7:33 (1993): U.S. Patent Nos. 5.545,806, 5,569 825, 5,591,669 (all of
GenPharm): 5,545,807, WO 97/17852, U.S. Patent Nos. 3,545,867; 5,545,806; 5.569,825;
5.625,126: 5,633,425; and 5,661,016, and Marks et al., Bio/Technology, 14: 779-783 (1992);
Lonberg et al., Nature, 368:856-855 (1994); Morrison, Nature, 368:812-813 (1994); Fishwild
et al., Nature Biotechnology, 14:845-851 (1996}; Neuberger, Nature Biotechnology, 14: §26

{1996); and Lonberg and Husgar, Intemn, Rev. Jmmunol., 13:65-93 (1995).
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An "intact" antibody is one which comprises an antigen-binding site as well as a Cp_
and at least heavy cham constant domains, Chl, Cy2, and Cy3. The constant domains can be
native sequence constant domains (e.g., human native sequence constant domains) or amino
acid sequence variant thersof. Preferably, the intact antibody has one or more effector
functions.

"Antibody fragments” comprise a portion of an intact antibody, preferably the antigen
binding or variable region of the intact antibody. Examples of antibody fragments include
Fab, Fab', F{ab"),, and Fv fragments; diabodies; linear antibodies (see U.S, Patent No.
5,641,870, Example 2; Zapata et al., Protein Eng. 8(10Y: 1057-1062 (1995)}; single-chain
antibody molecules; and multispecific antibodies formed from antibody fragments.

The expression "linear antibodies” generally refers to the antibodies described in Zapata et al.,
Protein Eng., 8(10):1057-1062 (1995). Briefly. these antibodies comprise a pair of tandem Fd
segments (Vy-Cypl-Vi-Cyl) which, together with complementary light chain polypeptides,
form a patr of antigen binding regions. Linear antibodies can be hispecific or monospecific,

Papain digestion of antibodies produces two identical antigen-binding {ragments,
called "Fab" fragments, and & residual "Fe" fragment, a designation reflecting the ability to
crystalhize readily, The Fab fragment consists of an entire L chain along with the variable
region domain of the H chain (Viy}, and the first constant domain of one heavy chain (Cgl).
Pepsin treatment of an antibody vields a single large F(ab"yy fragment which roughly
correspands {0 two disulfide linked Fab fragmoents having divalent antigen-binding activity
and is still capable of cross-linking antigen. Fab’ fragments differ from Fab fragments by
having additional few residues at the carboxy rerminus of the Cyrt domain including one or
more cysteines from the antibody hinge region. Fab-SH 1s the designation herein for Fab' in
which the cysteine residue(s} of the constant domains bear a free thiol group. Faby
antibody fragments origially were produced as pairs of Fab’ fragments which have hinge
cysteines between them. Other chemical couplings of antihody fragments are also knows.

The Fe fragment comprises the carboxy-terminal portions of both H chains held
together by disulfides. The effector functions of amibodies are deternined by sequences in
the Fc region; this region is also the part recognized by Fo receptors (FeR) found on certain
rvpes of cells.

"Fv" consists of a dimer of one heavy- and one light-chaln variable region domain i
tight, non-covalent association. From the folding of these two domains emanate six
hypervariable loops (3 loops each from the H and L chain) that contribute the amino acid
residues for antigen binding and confer antigen binding specificity to the antibody. However,

even a single variable domain (or half of an Fv comprising only three CDRs specific for an
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antigen) has the ability to recognize and bind antigen, although often at a lower affinity than

the entire binding site.

"Single-chain Fv" also abbreviated as “sFv" or "scFv" are antibody fragments that
comprise the Vi and Vi antibody domains connected into a single polypeptide chain.
Preferably, the sFv polypeptide further comprises a polypeptide linker between the Vg and
V1, domains which enables the sFv to form the desired structure for antigen binding. Fora

review of sFv, see Pluckthun in The Pharmacology of Monoclonal Antibodies, vol. 113,

W AsLEASA ZANES AL TEEMY 1 3R

Rosepburg and Moore eds., Springer-Verlag, New York, pp. 269-315 {1994); Borrebaeck
1995,

The term "diabodies"” refers to small antibody fragments prepared by constracting sFv
fragments (see preceding paragraph} with short linkers (about 5-10 residues) between the Vi
and Vy domains such that inter-chain but not intra-chain pairing of the V domains is
achieved, resulting in a bivalent fragment, i.¢., fagment having two antigen-binding sites.
Bispecific diabodices arc heterodimers of two "crossover” sPv fragments in which the Vi and
Vy domains of the two antibodies are present on different polypeptide chains. Diabodies are
deseribed more fully in, for example, EP 404,097 WO 63/11161: and Hollinger et al.. Proc.
Watl. Acad, Sci. USA, 90:6444-6448 (1993),

"Humanized" forms of nop-human (e.g., rodent) antibodies are chirneric antibodies
that contain minimal sequence derived from the non-human anifbody, For the most part,
humenized antibodies are haman immuonoglobuling (recipient antibody) in which residues
from a hypervariable region of the reciptent are replaced by residues from a hypervariable
region of a non-luunan species (donor antibody) such as mouse, rat, rabbl or non-human
primate having the desired antibody specificity, affinity, and capability. In some nstances,
framework region (FR) residues of the buman immunoglobulin are replaced by corresponding
non-human residues, Furthermore. humanized antibodies can comprise residues that are not
found it the recipient antibody or i1 the donor antibody. These modifications are made to
further refine antbody performance. [n general. the humanived antibody will comprise
substantially all of a1 least one, and typically twe, variable domsins. in which zli or
substantially all of the hypervariable loops correspond to those of & non-human
immunogiobulin and all or substantially all of the FRs are these of a human immunoglobulin
sequence. The humanized antibody optionally also will comprige at least 2 portion of an
immunoglobulin constant region (Fe), typically that of & buman immunoglobulin. For further
details, sce Jones et al., Nature 321:522-525 (1986); Riechmann et al., Nature 332;323.320

(1988); and Presta, Curr. Op. Struct. Biol. 2:593-596 (19925,
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As used herein, "codon set” refers o a set of different nucleotide triplet sequences
used to encode desired variant amino acids. A set of oligonucleotides can be synthesized, for
example, by solid phase synthesis, including sequences that represent all possible
combinations of nucleotide triplets provided by the codon set and that will encode the desired
group of amino acids. A standard form of codon designation is that of the IUB code, which is
known in the art and described herein. A codon set typically is represented by 3 capital letters
in italics, e.g.. NNK, NNS, XYZ, DVK, and the like (e.g., NNK codon refers to N = A/T/G/C
at positions 1 and 2 in the codon and K = G/T at equimolar ratio in position 3 to encode all 26
natural amino acids). A "non-random codon set", as used herein, thus refers 1o a codon set
that encodes select amino acids that fulfill partially, preferably completely. the criteria for
amine acid selection as described herein. Synthesis of oligonucleotides with selected
nucleotide "degeneracy” at certain positions is well known in that art. for example the TRIM
approach (Knappek et al., I. Mol. Biol. 296:57-86, 1999); Garrard and Henner, Gene 128:103,
1993). Such sets of oligonucleotides having certain codon sets can be synthesized using
commercial nucleic acid synthesizers (available from. for cxample. Applied Biosystems,
Foster City, CA), or can be obtained commercially (for example, from Life Technologies,
Rockville, MDY, Therefore, a set of oligonucleotides synthesized having a particular codon
set will typically include a plurality of oligonucleotides with different sequences, the
differences established by the codon ser within the overall sequence. Oligonucleotides, as
used according to the invention, have sequences that allow for hvbridization to & variable
domain nucleic acid template and aiso can, bul do not necessarily, include reswriction enzyme
sites useful for, for example, cloning purposes.

An antibody of this invention "which binds™ an antigen of interesi is one that binds
the antigen with sufficient affinity such that the antibody 1s useful as & diagnostic and/or
therapeutic agent In targeting a protein or a cell or ussue expressing the antigen, and does not
stgnificantly cross-react with other proweins. In such ebodiments, the extent of binding of
the antibody to a "non-target” protein will be less than about 10% of the binding of the
antibody to its parttcular target protein as deterrmined by flucrescence activated cell sorting
(FACS) analysis or radioimmunoprecipitation (RIA) or ELISA. With regard 1o the binding of
an antibody to & target molecule. the wrm “speeific binding” or "specifically binds to” or is
"specific for” a particular polypeptide or an epitope on & particular polvpeptide target means
binding that is measurably different from a non-gpecific imeraction (e.g.. for bH1 44 or bHi-
81, a non-specific interaction is binding (¢ bovine serum albumin, casein, fetal bovine serun,
or neuraviding. Specific binding can be measured, for example, by determining binding of a
molecule compared to binding of a control molecule, For example. specific binding can be

determined by competriion with a conirol molecule that is similar to the target, for example,
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an excess of non-~labeled farget. In this case, specific binding is indicated if the binding of the
fabeled target to a probe iy competitively inhibited by excess unlabeled target. The term
"specific binding” or "specifically binds to" or is "specific for" a particular polvpeptide or an
epitope on a particular polypeptide warget as used herein can be exhibited, for example, bv a
molecule having a Kd for the target of at Jeast about 200 M, aliernatively at least about 150
nM, alternatively at least shout 100 nM, aliernatively at least about 60 oM, aliematively at
ieast about 50 oM, alternarively at least about 40 nM, alternatively at least about 30 oM,
alternatively at least about 20 nM, altematively at least about 10 M, alternatively at least
about & nM. alternatively &t least about 6 nM, alternatively at Jeast about 4 nM, alternatively
at least about 2 nM, alternatively at least about 1 nM, or greater. In one embodiment, the term
“specific binding” refers 10 binding where a molecule binds to a particular polypepride or
epitope on a pasticuiar polypeptide without substantially hinding to any other polypeptide or
polypeptide epitope.

"Binding affinity" generally refers to the strength of the sum total of noncovalent
imteractions between a single bindding site of a molecule {e.g., an antibody) and its binding
partmer {e.g., an antigen}. Unless indicated otherwise, as used herein, "binding affinity” refers
to intrnsic binding affinity which reflects & 1:1 imeraction between members of a inding
pair (.., antibody and antigen). The affiniry of 2 molecule X for its partner Y can generally
be represented by the dissociation coustant (Kd). Desirably the Kd is about 200 nM, 150 nM.
100 o, 60 nM, 50 n, 40 oM, 30 oM, 20 oM, 10 aM, S nM. 6 oM, 4 nM, 2 oM. | oM, or
stronger. Affinity can be measured by common methods known in the art, including those
described herein. Low-affinity antibodies generally bind antigen slowly and tend to
dissociate readily, whereas high-affinity antibodies generally bind antigen faster and tend o
remain bound longer. A variety of methods of measuring binding affinity are known in the
art, any of which can be used for purposes of the present invention.

In one embodiment, the "Kd" or "Kd value” according to this invention 15 measured
by using surface plasmon resonance assays using a BlAcore 2000 or a BlAcore™-3600
(BlAcore, Inc., Piscataway, NI} at 25°C with immobilized aniigen CMS chips at ~10 response
units (RU). Briefly, carboxymethylated dextran biosensor chips (CM35, BlAcore Inc.} are
activaied with N-ethyl-N'- (3-dimsthylaminopropyli-carbodiimide hydrochloride (EDC) and
N-hydroxysuccinimide (NHS) according to the sapplier’s instructions. Antigen is diluted
with 10 mM sodium acetate, pH 4.8, into Spg/mi (~0.2 uM} before injection at & flow rate of
Spdminute to achicve approximately 10 response units (RU) of coupled protein. Following
the injection of antigen, 1M ethanolamine is injected to block unreacted groups. For kinetics
measurements, two-fold serfal dilutions of Fab (e.g., 0.78 oM to 300 nM) are injected in PBS

with 0.05% Tween 20 (PBST} at 25°C at a flow rate of approximately 25ul/min. Association
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rates {k,.} and dissociation rates (k) are calculated using 2 simple one-to-one Langmuir
binding model (BlAcore Evaluation Software version 3.2) by simultancous fitiing the
association and dissociation sensorgram. The equilibrivm dissociation constant (Kd) is
caleuiated as the ratio kep'ke,. See, e.g., Chen, ¥V, et al, (1999) J. Mol. Biol. 293:865-881. If
the on-rate exceeds 10° M~ S by the surface plasmon resonance assay above, then the on-
rate can be determined by using a fluorescent quenching technique that measures the increase
or decrease m fluorescence emission intensity {excitation = 295 nmy emission = 340 nm, 16
nm band-pass) at 25°C of a 20 nM anti-antigen antibody (Fab form) in PBS, pH 7.2, in the
presence of increasing concentrations of antigen as measured in a spectrometer, such as a
stop-flow equipped spectrophometer {Aviv Instruments) or a 8000-series SLM-Aminco
spectrophotometer (ThermoSpectronic) with a stir red cuvette.

Axn "on-rate” or "rate of association” or “association rate” or “k,," according o this
invention can also be determined with the same surface plasmon resonance technique
described above using a BlAcore™-2000 or a BIAcore™-3000 (BlAcore, Inc.. Piscataway,
NI} at 25°C with immobilized antigen CM5 chips at ~10 response units (RU). Briefly.
carboxymethylated dextran biosensor chips (CMS5, BlAcore Inc.) are activated with N-ethyl-
N°- (3-dimethylaminopropyl}-carbodiimide hyvdrochloride (EDC) and W-hydroxysuccinimde
(NHS} according to the supplier’s mstructions. Antigen is diluted with 10 mM sodium
acetate, pH 4.8, into Sug/ml (~0.2 uM) before injection af 2 flow rate of Sul/munute to achieve
approximately 10 response units {RU) of coupled protein. Following the injection of antigen,
1M ethanolamine is injected to block unreacied groups. For kinetics measurements, two-fold
serial dilutions of Fab (e.g., 0.78 nM to 500 nlM) are injected in PBS with 0.03% Tween 20
(PRSTY at 25°C at a flow rate of approximately 25ul/min. Association rates (koq) and
dissociation rates (K.} are calculated using a simple one-to-one Langmuir binding model
{BIAcore Evaluation Software version 3.2) by simultaneous fitting the association and
dissociation sensorgram. The equiibrinm dissociation constant (Kd) is calculated as the ratio
kosfkos Ses, e.g., Chen, Y., et al, (1999} J. Mol Biol. 293:865-881. However, if the on-rate
exceeds 10° M7 §7 by the surface plasmon resonance assay ahove, then the op-rate is
preferably determined by using a fluorescent quenching technigue that measures the increase
or decrease in fluorescence emission infensity {excitation = 295 nm; emission = 340 nm, 16
s band-passy at 25°C of & 20nM anti-antigen antibody {Fab form) in PBS, pH 7.2, in the
presence of increasing concentrations of antigen as measured in a & spectrometer, such as a

iop-flow equipped spectrophometer (Aviv Instruments) or a §000-series SLM-Aminco

spectrophotometer {ThermoSpectronic) with a stirred cuvetts.
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“Biologically active" and "biclogical activity™ and "biological characieristics” with
respect to & polypeptide of this invention means having the ability to bind 1o 2 biological
molecuie, except where specified otherwise,

"Biclogical molecuie” refers to a nucleic acid, a protein. a carbohydrate, a lipid, and
combinations thereof. In one embodiment, the biologic molecule exists in nature.

“Isolated.” when used to describe the various antibodies disclosed herein, means an
antibody that has been identified and separated and/or recovered from a cell or cell culture
from which it was expressed. Contaminant components of its natural environment are
materials that would typically interfere with diagnostic or therapeutic uses for the
polypeptide, and can include enzymes, hormones, and other proteinaceous or non-
proteinaceous solutes. In preferred embodiments, the antibody will be purified (1) to a degree
sufficient to obtain at least 15 residues of N-terminal or internal amino acid sequence by use
of a spinning cup sequenator, or {2) to homogeneity by SDS-PAGE under non-reducing or
reducing conditions using Coomassie blue or, preferably, silver stain. Isolated antibody
mcludes antibodies in sifw within recombinant cells, because at least one component of the
polypeptide natural epvironment will not be present. Ordinarily, however, isolated
polypepuide will be prepared by at least one purification step.

The term "control sequences” refers to DNA sequences necessary for the expression
of an operably linked coding sequence in a particular host oreanism. The control sequences
that are suitable for prokarvotes, for example, include a promoter, optionally an operatar
sequence, and a ribosome binding site. Eckaryotic cells are known to utilize promoters,
polyadenyiation signals, and enhancers.

Nucleic acid is "operably linked" when if is placed into a fimctional relationship with
another nucleic acid sequence. For example, DNA for a presequence or secretory Jeader is
operably linked to DNA for & polypeptide if it is expressed as a preprotein that participates in
the secretion of the polypeptide; & promoter or enhancer is operably Hnked to a coding
sequence if it affects the ranscription of the sequence; or a ribosome binding site is operably
linked o & coding sequence if it is positioned so as to facilitate trensiation, Generally,
"operably linked” means that the DINA sequences being linked are contiguous, and, in the
case of a secretory leader, contignous and in reading phase. However, enhancers do not have
to be contiguous. Linking is accomplished by ligation at convendent restriction sites. If such
sites do not exist, the synthetic oligonucleotide adaptors or Hakers are used in accordance
with conventional practice.

"Percent (Yo} amino acid sequence identity” with respect Lo the polypeptide sequences
identified herein is defined as the percentage of amino acid residues in a candidate sequence

that are identical with the amino acid residues in the polypeptide being compared, after

(9>
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aligning the sequences and introducing gaps, if necessary, to achieve the maximum percent
sequence identity, and not considering any conservative substitutions as part of the sequence
identity. Alignment for parposes of determining percent amino acid sequence identity can be
achieved in various ways that are within the skill in the art, for instance, using publicly
available computer software such as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR)
saftware. Those skilled in the art can determine appropriate parameters for measuring
alignment, including any algorithms needed to achieve maximal alignment over the full
length of the sequences being compared. For purposes herein, however, % amino acid
sequence identity values are generated using the sequence comparison computer program
ALIGN-2. The ALIGN-2 sequence comparison computer program was authored by
Genentech, Inc. and the source code has been filed with user documentation in the U.S.
Copyright Office, Washingion D.C., 20559, where 1t is registered under U.5. Copyright
Registration No. TXUS510087. The ALIGN-2 program js publicly available through
Genentech, Inc., South San Francisco, California, The ALIGN-2 program should be
compiled for use on a UNIX operating syslerm, preferably digital UNIX V4.0D.  All sequence
comparison paramieters are set by the ALIGN-2 program and do not vary.

The amino acid sequences described herein are contiguous amino acid sequences
unless otherwise specified.

"Structurally unsimnilar” biclogical molecules according to this invention refers w
iclogical molzcules that are not in the same class (protein, macleic acid. lipid, carbohvdrates,
ete.} or, for example, when referring to proteins, having less than 60% amino acid identity,
less than 50% amino acid identity, less than 40% amine acid identity, less than 30% amino
acid identity, less than 20% amino acid identity or less than 109 amino acid identity
compared 1o cach other.

"Stripgency” of hvbridization reactions is readily determinable by one of ordinary
skill in the art, and generally is an empirical calculation dependent upon probe length,
washing temperature, and salt concentration. In general, longer probes require higher
temperatures for proper annealing. white shorter probes need lower lemperatures.
Hybridization generally depends on the ability of denatured DNA to reanneal whep
compiementary strands are present in an environment below their melting temperanire, The
higher the degree of desired homology between the probe and hybridizable sequence, the
higher the relative temperature which can be used, As a result, it follows that higher relative
temperatures would tend to make the reaction conditions more stringent, while lower
temperatures less so. For additional details and explanation of siringency of hybridization
reactions, see Ausubel et al., Current Protocols in Molecular Biolory, Wiley Interscience

Publishers, (1995).
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"Stringent conditions”™ or "high stringency conditions”, as defined herein, can be
dentified by (hose that (1) eoploy low ionic strengih and high temperare {or washing, for
exammple 0.015 M sodium chloride/0.0015 M sodium citrate/0.1% sodiom dodeey! sulfate at
50°C; (25 employ during hybridization a denaturing agent, such as formamide, for example,
50% (viv) formamide with .1% bovine serum atbumin/(5.1% Ficoll/(.1%
polyvinylpyrrolidone/50mM sodivmn phosphate buffer at pH 6.5 with 750 mM sodium
chloride, 75 mM sodium citrate at 42°C; or (3} overnight hybridization in a solution that
employs 50% formamde, S x 58C (0.75 M NaCl, 0.675 M sodinm citrate), 50 mM sodium
phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x Denhardt’s solution, sonicated salmon
sperm DNA (50 wg/ml), 0.1% SDS, and 10% dextran sulfate at 42°C, with a 10 minute wash
at 42°C i 0.2 % S8C (sodium chloride/sodiom cirate) followed by 2 10 minute high-
stringency wash consisting of 0.1 x SSC containing EDTA at 55°C.

"Moderately stringent conditions” can be identified as described by Sambrook et al.,

Moiecualar Cloning: A Laboratory Manual, New York: Cold Spring Harbor Press. 1989, and
inciude the use of washing solution and hybridization conditions (e.g., temperature, jonic
strength, and %SDS) less stringent that those described above. An example of moderately
siringent conditions is overnight incubation af 37°C in a solution comprising: 20%
formamide, 5 x SSC (130 mM NaCl, 15 mM trisodivm ciirate). 50 mM sodium phosphate
{pH 7.6}. 5 x Denhardt’s solution, 10% dextran sulfate, and 20 mg/m! denawmred sheared
salmon sperm DNA, followed by washing the filiers in | x 88C at about 37-50°C. The
skiiled artisan will recognize how 1o adjust the temperature, 1onic sirength, etc. as necessary
1o accomumnodate factors such as probe length and the like,

Antibody "effector functions” refer 1o those bislogical activities attributable to the Fe
region (& native sequence Fe region or amino acid sequence variant Fo regiony of an antibody.
and vary with the antbody isotype, Examples of antibody effector functions include: Clqg
binding and complement dependent cviotoxicity; Fe receptor binding, anuibodv-dependem
cell-mediated cytotoxicity (ADCC): phagocytosis; down regulation of cell surface receptors
{e.g., B cell receptor); and B cell activation.

" Antibody-dependent cell-mediated cyrotoxicity™ or "ADCC” refers o a form of
cytotoxicity in which secreted Ig bound omio Fe receprors (FeRs) present on certain cyiotoxic
cells (e.g.. Natura] Killer (NK) cells, neutrophils, and macrophages) enable these cytoroxic
effector celis to bind specifically to an antigen-bearing targer cell and subsequently kill the
target cell with cytotoxins. The antibodies "arm” the cytotoxic cells and are absolutely
required for such killing. The primary cells for mediating ADCC, NK cells, express FeyRII
only, whereas monocyvies express FoyRL FoyRIL and FoyRTIL FeR expression on

hematopoietic cells is summarized in Table 3 on page 464 of Ravetch and Kinet. Annu. Rev.
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Immunol. 9:457-92 (19%91). To assess ADCC activity of & molecule of interest, an in vitro
ADCC assay, such as that described in US Patent No. 5,500,362 or 5,821,337 can be
performed. Useful effector cells for such assays include peripheral blood mononuclear cells
(PBMC) and Natural Killer (NK) cells. Alternatively, or additionally, ADCC activity of the
molecule of interest can be assessed in vive, e.g., in a animal model such as that disciosed
Clynes et al. (Proc. Natl. Acad. Sci. USA) 95:652-656 (1998).

"Fe receplor” or "FeR" describes a receptor that binds to the Fe region of an antibody.
The preferred FeR is a pative sequence human FeR. Moreover, a preferred FeR is one which
binds an 1gG antibody (2 gamma receptor) and includes receprors of the FoyRY, FoyRIL, and
FeyRII subclasses, including allelic variants and alternatively spliced forms of these
receprors. FoyRII receptors include FoyRIIA {an “activating receptor”™) and FoyRIIB (an
“inhibiting receptor™), which have similar amino acid sequences that differ primarily in the
cytoplasmic domains thereof. Activating receptor FeyRIIA contains an immunoreceptor
wyrosine-based activation motif (ITAM) in iis cvtoplasmic domain. Inhibiting receptor
FeyRIIB contains an imgnunoreceptor tyrosine-based mhibition motif (ITEM) in 11
cyloplasmic domain {see review M. 1n Daéron, Annu. Rev. Immunol. 15:203-234 {1997)).
FeRs are reviewed in Ravetch and Kinet, Annu. Rev. Immunol, 9:457-492 (1991); Capel et
al. branomethods 4:25-34 (19943 and de Haas eval., J. Lab, Clhin. Med. 126:330-41
{1993}, Other FeRs. meluding those to be identified in the fuwure, are encompassed by the
term "FeR™ herein. The term also includes the neonatal receptor, FeRn, which is responsible
for the transfer of maternal lgGs w the feras (Guver et al, J. Immunol. 117387 (19767 and
Kim et al., J. Immuncl. 24:249 (1994},

"Human effector cells” are leukocvies which express one or more FeRs and perform
effector functions. Preferably, the cells express at least FoyRIH and perform ADCC effector
function. Examples of human levkocytes which mediate ADCC include penipheral blood
mononuclear cells (PBMC), namral killer (NK) cells, monocyies, cytotoxic T cells, and
neurrophils; with PBMCs and NK cells being preferred. The effector celis can be isolared
from a native source, ¢.g.. from blood.

"Complement dependent cytotoxicity” or *CDU" refers to the Tysis of a target cell in
the presence of complement. Activation of the classical complement pathway is initiated by
the binding of the first component of the complement system {Clq) to antibodies (of the
appropriate subclass) whick are bound 1o their cognate antigen. To assess complement
activation. a CDC assay, e.g., as described in Gazzano-Santoro et al., I Immunol. Methods
202:163 (1996}, can be pevformed.

The term "therapeutically effective amount” refers 1o an amount of an antibody or

antibody fragment to treat a disease or digorder in a subject. Int the case of mimor {e.g., a

L2
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cancerous tumor), the therapeutically effective amount of the antibody or antibody fragment
(e.g., a multispecific antibody or antibody fragment that specifically binds HER2 and VEGF)
may reduce the number of cancer cells; reduce the primary tumor size; inhibit (i.¢., slow 1o
some extent and preferably stop} cancer cell infiltration into peripheral organs; inhibit (ie.,
slow to some extent and preferably stop) tumor metastasis; inhibit, to some extent, tumor
growth; and/or relieve to some extent one or more of the symptoms assaciated with the
disorder. To the extent the aniibody or antibody fragment may prevent growth and/or kill
existing cancer cells, it may be cytostatic and/or cyiotoxic. For cancer therapy, efficacy in
vivo can, for example, be measured by assessing the duration of survival, time to disease
progression (T 1P), the response rawes (RR), duration of response, and/or quality of life.

By "reduce or inhibit" is meant the ability to cause an overall decrease preferably of
20% or greater, more preferably of 50% or greater, and most preferably of 75%. 85%, 90%,
95%, or greater. Reduce or inhibit can refer to the symptoms of the disorder being treated,
the presence or size of metastases, the size of the primary tumor, or the size or number of the
blood vessels in angiogenic disorders,

The terms "cancer” and "cancerous” refer to or describe the physiological condition in
mammals that is typically characterived by unregulated cell growth/proliferation. Included in
this definition are berign and malignant cancers. Examples of cancer include but are not
lmited to, carcinoma, lymphoma, blastoma, sarcoma, and leukemia. More particular
exarnples of such cancers include squamous cell cancer, small-cell lung cancer, non-smatl cell
tung cancer, adenocarcinoma of the lung, squamous carcinoma of the fung, cancer of the
perttoneum. hepatoceliular cancer, gastnic or stomach cancer including gastrointestinal cancer.
pancreatic cancer, glioblastoma. glioma, cervical cancer, ovanan cancer, liver cancer, bladder
cancer, hepatoma, breast cancer, colon cancer, colorectal cancer, endometrial or uterine
carcinoma, salivary gland carcinoma, kidney cancer (e.g., remal cell carcinomal, ver cancer,
prostate cancer, vulval cancer, thyroid cancer, bepatic carcinoma, anal carcinoma, penile
carcimoma, melanoma, and various types of bead and neck cancer.

By “carly stage cancer” is meant a cancer that Is not invasive or metastatic or is
classified as a Stage 0. L or 1 cancer.

The term "precancerous” refers to a condition or a growth that typically precedes or
develops mto a cancer.

By "non-metastatic” is meant a cancer that is benign or that remains al the primary
site and has not penetrated into the lymphatic or blood vesscl system or to tissues other than
the primary site. Generally, a non-metasiatic cancer 1s any cancer that is a Stage 0, L or II

caneer, and occasionally a Stage [11 cancer.
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A "non-mmalignam disease or disorder involving abnormal activation of HER2Y is a
condition which does not involve a cancer where abnormal activation of HER2 is occurring in
cells or tissue of the subject having, or predisposed to, the disease or disorder. Examples of
such diseases or disorders include antoimmune disease {e.g. psoriasis), see definition below;
endometriosis: scleroderma; restenosis; polyps such as colon polyps, nasal polyps or
gastroinieslinal polyps; fibroadenoma; respiratory disease (e.g., chronic bronchitis, asthma
including acute asthma and allergic asthina, cystic fibrosis, bronchiectasis, allergic or other
rhinitis or sinusitis, al-anti-trypsin deficiency, coughs, pulmonary emphysema, pulmonary
fibrosis or hyper-reactive airways, chronic obstructive pulmonary disease, and chromnic
obstructive lung disorder): cholecystitis; neurofibromatosis; polveystic kidney disease:
inflammatory diseases; skin disorders inchuding psoriasis and dermatitis; vascular disease;
conditions involving abnommal proliferation of vascular epithelial cells; gastrointestinal
ulcers; Menetrier's discase, secreting adenomas or protein loss syndrome: renal disorders;
angiogenic disorders: ocular disease such as age related macular degeneration, presumed
ocular histopiasmosis syndrome, retinal neovascularization from proliferative diabetic
retinopathy, retinal vascularization, diabetic retinopathy. or age related macular degeneration;
bone associated pathologies such as osteoarthritis, rickets and osieoporosis; damage following
a cerebral ischemic event, fibrotic or edemia diseases such as hepatic cirrhosis, lung fibrosis,
carcoidosis, throiditis, hyperviscosity syndrome systemic, Osler Weber-Rendu disease,
chronic occlusive pulmonary disease, or edema following burns, trauma, radiation, stroke,
hvpoxia or ischemia; hypersensitivity resction of the skin; diabstic retinopathy and diabetic
nephropathy; Guillamn-Barre syndrome: graft versus host disease or ransplant rejection:
Paget's disease; bone or joint inflammation; photoaging {e.¢. caused by UV radiation of
human skin); benign prostatic hypertrophy; certain microbial infections including microbial
pathogens selected from adenovirus, hantaviruses, Borrelia burgdorferi, Yersinia spp. and
Bordetella pertussis; thrombus caused by platelet aggregation: reproductive conditions such as
endometriosis, ovarian hyperstimulation syndrome, preeclarapsia, dvsfunctional uterine
bleeding, or menometrorrhagia; synovilis; atheroma: acuie and chronic nephropathies
{mctuding proliferative glomerulonephritis and diabetes-induced renal disease}: cezema:
hypertrophic scar formation; endotoxic shock and fungal infection; familial adenomatosis
polyposis; neurodedenerative diseases {e.g. Alzheimer's disease, AIDS-related dementia,
Parkinson's disease, amyotrophic laterzl sclerosis, retinitis pigmentosa, spinal muscular
atrophy and cerebellar degeneration); myelodysplastic syndromes; aplastic anemia; ischemic
injury; fibrosis of the fung, kidney or liver; T-cell mediated nypersensirivity disease; infantile
hypertrophic pyvioric stenosis; urinary obstructive syndrome: psoriatic arthrius; and

Hasimoto's thyroiditis.



10

30

An "autoinurune disease” herein is a disease or disorder arising from and directed
against an individual's own tissues or a co-segregate or manifestation thereof or resulting
condition therefrom. Examples of autoimmune diseases or disorders include, bul are not
limited to arthritis {rheumatoid arthritis such as acute arthritis, chronic rheumatoid arthritis,
gouty arthritis, acute gouty arthritis, chronic inflammatory arthritis, degenerative arthritis,
infectious arthritis. Lyme arthritis, proliferative arthritis, psoriatic arthritis, veriebral arthritis,
and juvenile-onset rhewmatoid arthritis, osieoarthritis, arthritis chronica progrediente, arthritis
deformans, polyarthritis chronica primaria, reactive arthritis, and ankylosing spondylitis},
inflammatory hyperproliferative skin diseases, psoriasis such as plaque psoriasis, gutatte
psoriasis, pustular psoriasis, and psoriasis of the nails, dermatitis including contact dermatitis.
chranic contact dermatitis, allergic dermatitis, allergic contact dermatitis, dermatitis
herpetiformis, and atopic denmatitis, x-linked hyper IgM syndrome, urticaria such as chronic
allergic urticaria and chronic idiopathic urticaria, including chronic sutoimmune urticaria,
polymyositis/dermatomyositis, juvenile dermatomyositis, toxic epidermal necrolysis.
scieroderma (including systemic scieroderma}, sclerosis such as systemic sclerosis, multiple
sclerosie (MS) such as spino-optical MBS, primary progressive M8 (PPMS), and relapsing
remitting M8 (RRMS), progressive systernic sclerosis, atherosclerosis, aneriosclerosis,
sclerosis disserninata, and ataxic sclerosis. inflammatory bowel disease {IBDY) {for example,
Crohn's disease, antcimmune-mediated gasirointestnal diseases, colitis such as ulcerative
colitis, colitis ulcerosa, microscopic colitis, collagenous colitis, colitis polypose, necrotizing
enterocolitis, and transmural colitis, and antoimmune mflammatory bowel disease), pvoderma
gangrenosurm, ervthema nodosum, primary sclerosing cholangitis. episcleritis), respiratory
distress syndrome. including adult or acute respiratory distress syndrome (ARDS), meningitis,
inflarpmation of all or part of the uvea, iriis, choroiditis, an autoimmune hematological
disorder, rheumatoid spondylitis, sudden hearing loss, IgE-mediated diseases such as
anaphylaxis and allergic and atopic rhinitls, encephalitis such as Rasmussen's encephalitis and
Iimbic and/or brainstem encephalitis, uveitis, such as anterior uveitis. acute anterior uveitis,
granulomatous uveitis, nongranuiomatous vveitis, phacoantigenic uveilis, posterior uveitis, or
autoimmune uveitis, glomerulopephritis (GN) with and without nephrotic syndrome such as
chronic or acute glomerulonephritis such as primary GN, immunc-mediated GN, membranous
GN {membranous nephropathyy, idiopathic merbranous GN or idiopathic membranous
nephropathy. membrano- or membranous proliferatve GN (MPGN), including Type T and
Type 1, and rapidly progressive GN, allergic conditions, allergic reaction, eczema cluding
allergic or atopic cozema, asthima such as asthina bronchiale, bronchia! asthma, and auto-
immune asthma, conditions mvolving infiltration of T cells and chronic inflammatory

responses, chronie pulmonary inflammatory disease, amoimmune myocardiiis, leukocvte
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adhesion deficiency, systemic lupus erythematosus (SLE) or systemic lupus erythematodes
such as cutaneous SLE. subacute cutaneous lupus ervthematosus, neonatal lupus syndrome
(NLE}, lopus ervthematosus disseminates, lupues (inchuding nephritis. cerebrius, pediatric,
non-repal, extra-renal, discoid, alopecia), juvenile onset (Type I} diabetes mellitus, including
pediatric insulin-dependent diabetes mellitus (IDDM), adult onset diabetes mellitus (Type I
diabetes), antoimmune diabetes, idiopathic diabetes insipidus, immune responses associated
with acute and delayed hypersensitivity mediated by cytokines and T-lymphocytes,
wberculosis, sarcoidasis, granulomatosis inciuding lymphomatoid granulomatosis, Wegener's
granulomatosis, agranulocytosis, vasculitides, inchuding vasculitis (including large vessel
vasculitis (inclading polymyalgia rheumatica and giant cell (Takayasu's) arteritis), medium
vessel vasculitis {inchading Kawasaki's disease and polyarteritis nodosa), microscopic
palyarteritis, CNS vasculitis, necrotizing, cutaneous, or hypersensitivity vasculitis, systemic
necrotizing vasculitis, and ANCA-associated vasculitis, such as Churg-Strauss vasculitis or
syndrome (CS8}), temporal arterius, aplastic anemia. autoimmune aplastic anemia, Coombs
positive anemia, Diamond Blackfan anemia, hemolytic anemia or inmmune hemolytic anemia
including autotmmune hemolytic anemia (AIHA), pernicious anemia {(anemia perniciosa),
Addison's disease, pure red cell anemia or aplasia (PRCA), Factor VIII deficiency,
nemophilia A, autoimmune neutropenia, pancyiopenia, leukopenia, diseases involving
leukocvie diapedesis, CNS inflammatory disorders, multiple organ injury syndrome such as
those secondary W septicemis, rauma or hemosrhage. antigen-antibody complex-mediated
discases, anti-glomerular basement membrane disease, anti-phospholipid antibody svndrome,
aliergic neuritis, Bechet's or Behoet's disease. Castleman's syndrome, Goodpasture's
syndrome, Reynaud's syndrome, Sjogren’s syndrome, Stevens-Johnson svadrome,
pemphigotd such as pemphigoid bulloes and skin pemphigoid, pemphigns (inchuding
pemphiigus vulgaris, pemphigus foliaceus, pemphigus mucus-membrane pemphigoid, and
pemphigus erythematosus), autoimnune polvendocrinopathies, Reiter's discase or syndrome,
immune complex nephritis, antibody-mediated nephritis, neuromyelitis optica,
polynevropathies, chronic neuropathy such as IgM polyneuropathies or IeM-mediated
neuropathy. thrombocytopenia (as developed by myocardial infarction patients, for example),
inciuding thrombotic thrombocytopenic purpura (TTP) and autoimmune or nmune-mediated
{hrombocytopenia such as idiopathic thrombocyiepenic purpura (ITP) mchuding chronic or
acute I'TP, autoimmune disease of the tesus and ovary incluiding auvtoimmune orehitis and
oophornis, primary hypothyroidism. hypoparathyroidism. autormmune endocrine diseases
including thvroiditis such as autonmmune thyroiditis, Hashimoto's disease, chronic thyroiditis
{Hashimoto's thyroiditis). or subacute thyroiditis, sutolmmune thyroid disease, idiopathic

hypothyroidism, Grave's discase, polyglandular syndromes such as autolmmune
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polyglandular syndromes {(or polyglandular endocrinopathy syndromes}, parancoplastic
syadromes, including neurologic paraneoplastic syndromes such as Lambert-Eaton
myasthenic syndrome or Eaton-Lambert svndrome, stiff-man or stiff-person syndrome,
encephalomyelitis such as allergic encephalomyelitis or encephalomyelitis allergica and
expertmental allergic encephalomyelitis (EAE), mvasthenia gravis such as thymoma-~
associated myasthenia gravis, cerebellar degeneration, neuromyotonia, opsocionus or
opsoctonrs myoclonus syndrome (OMS), and sensory nenvopathy, multifocal motor
neuropathy, Sheehan's syndrome, autoimmune hepatitis, chronic hepatitis, lopoid hepatitis,
giant cell hepatitis, chronic active bepatitis or autoimmune chronic active hepatitls, ymphoid
imerstitial pneumonitis, bronchjolitis obliterans (non-transplant) vs NSIP, Guillain-Barré
syndrome, Berger's disease (IgA nephropathy), idiopathic IgA nephropathy, linear IgA
dermatosis, primary biliary cirrhosis, pneamonocirthosis, autoimmune enteropathy syndrome,
Celiac disease, Coeliac disease, celiac sprue (gluten enteropathy), refractory sprue., idiopathic
sprue, cryoglobulinemia, amylotrophic lateral sclerosis (ALS; Lou Gehrig's disease), coronary
artery disease, autoimmume ear disease such as autolmmune inner ear disease (AIED),
autoimmune hearing loss. opsoclonus myoclonus syndrome (OMS), polychondritis such as
refractory or relapsed polychondritis, pulmonary alveolar proteinosis, amyloidosis, scleritis, a
non-cancerous lymphocytosts, a primary fymphocytosts, which includes monocional B cell
lymphocytosis {e.g., benign monoclonal gammopathy and monoclonal gammopathy of
undetermined significance, MGUSY), peripheral neuropathy, paraneoplastic syndrome,
channelopathies such as epilepsy, migraine, arrhythmia. muscular disorders, deafness,
blindness, periodic paralysis, and channelopathies of the CNS, autism, inflammatory
myopathy, focal segmental glomerulosclerosis (F8GS), endocrine ophthalmopathy,
uveoretinitis, chorioretinitis, autotmmune hepatological disorder, fibromyalgia, multple
endocrine failure, Schunidt's syndrome, adrenalitis, gastric atrophy, presenile dementia,
dernyelinaring diseases such as autoimmune demyelinating diseases, diabetic nephropathy,
Dressier's syndrome, alopecia areata. CREST syndrome (calcinosis, Raynaud's phenomenon,
esophageal dyvsmotility, sclerodactyly, and telangiectasia), male and female avtoimmune
mfertility, mixed connective tissue disease, Chagas' disease. rheumatic fever, recurrent
abortion. farmer's lung, erythema multiforme, post-cardiotomy syndrome, Cushing's
syndrome, bird-fancier's lung, allergic granulomatous angiitis, benign lymphocytic angiitis,
Alport's syndrome, alveolitis such as allergic alveolitis and fibrosing alveolitis, mterstitial
lung disease, ransfusion reaction, leprosy, malaria, leishmantasis, kypanosomiasis,
schistesomiasis, ascariasis. aspergitlosis, Sampier's syndrome, Caplan's syndrome, dengue,
endocarditis, endomyocardial fibrosis, diffuse interstitial putmonary fbrosis, interstifial lung

fibrosis, idiopathic pulmonary fibrosis, cystic fibrosis. endophthalmitis, erythema elevatum ot
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divtinum, ervthroblastosis fetalis, cosinophilic factitis, Shulman's syndrome, Felty's
syadrome, flariasis, cyclitis such as chronic cyclitis, heterochronic cyelitls, iridocyclitis, or
Fuch's cyclitis, Henoch-Schonlein pwrpura, human immunodeficiency virus (HIV) infection,
echovirus infection, cardiomyopathy, Alzheimer's disease, parvovirus infection, rubella virus
mifection, post-vaccination syndromes, congenitel rubella infection, Epsiein-Barr virus
mfecton, mumps, Evan's syndrome, aulcimmune gonadal faiture, Sydenham's chorea, post-
streptococcal nephritis, thromboangitis ubiterans. thyrotoxicosis, tabes dorsalis, chorioiditis,
giant cell polymyalgia, endocrine ophthamopathy, chronic bypersensitivity pneumonitis,
keratoconjunctivitis sicea, epidemic keratoconjunctivitis, idiopathic nephritic syndrome.
minimal change nephropathy, benign familial and ischemia-reperfusion injury, retinal
autoimmonity, joint iInflammation, bronchitis, chronic obstractive airway disease, silicosis,
aphthae, aphthous stomatitis, arteriosclerotic disorders, aspermiogenese, autoimmune
hemolysis, Boeck's disease, cryoglobulinemia, Dupuytren's contracture, endophthalmia
phacoanaphylactica, enteritis allergica, erythema nodosum leprosum, idiopathic facial
paralysis, chronic fatigue syndrome. febris rheumatica, Hamman-Rich's disease, sensoneural
hearing loss. haemoglobinuna paroxysmatica, hypogonadism, ileitis regionalis, leucopenia,
mongnucleosis infectiosa, traverse myelitis, primary idiopathic mvxedema, nephyosis,
ophthalmia symphatica, orchitis granulomatosa. pancreatitis, polyradiculitis acata, pyoderma
gangrenosumn, Quervain's thyreoiditis, acquired spenic atrophy, infertility due to
antispermatozoan antibodies, non-malignant thymoma, vitilige, SCID and Epstein-Barr virus-
associated diseases, acquired immune deficiency syndrome (AIDS), parasitic diseases such as
Leishmania. toxic-shock syndrome, food poisoning, conditions jnvoiving miiltration of T
cells, leukoevie-adhesion deficiency, immune responses associated with acute and delayed
hypersensitivity mediated by cytokines and T-lymphocytes, diseases involving leukocyte
dsapedesis, multiple organ injury syndrome, axgigen-antibody complex-mediated diseases,
antiglomerular baserpent membrane disease, allergic neurins, avtoimmune
polyendocrinopatbies. oophoritis. primary myxedema, autoimmune atrophic gastritis,
sympathetic ophthaimia, rheumatic diszases. mixed connective tissue disease, nephrotic
syndrome, insulitis, polyvendocrine failure, peripheral neuropathy. autoimmune polyglandular
syndrome type I, adult-onset idiopathic hyvpoparathyroidism {AOIH), alopecia totalis, dilated
cardiomyopathy, epidermolisis bullosa acquisita (EBA). hemochromatosis, myocarditis,
nephrotic syndrome, primary sclerosing cholangitis, purulent or nonpurulent sinusitis, acure
or chronic sinusitis, ethmoid, fronial, maxillary, or sphenoid sinusitis, an eosinophil-refated
disorder such as eosinophiliz, pulmonary infiliration eosinophilia, cosinophilia-myalgia
syndrome, Loffler's syndrome, chronic eosinophilic pueumonta, tropical pulmonary

sosinophilia, bronchopneumonic aspergillosis, aspergilloma, or granulomas contaming
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eosinophils, anaphylaxis, seronegative spondyloarthritides, polyendocrine antoimmune
disease, sclerosing cholangitis, sclera, episclera, chronic mucocutaneous candidiasis, Bruton's
syndrome, transient hypogammaglobulinemia of infancy, Wiskott-Aldrich syndrome, ataxia
telangiectasia, autoimmaune disorders associated with collagen disease, rheumarism,
neurological disease, ischemic re-perfusion disorder, reduction in blood pressure response,
vascular dysfunction, antgiectasis, tissue injury, cardiovascular ischemia, hvperalgesia,
cerebral ischemis, and disease accompanying vascularization, allergic hypersensitivity
disorders, glomerulonephritides, reperfusion injury, reperfusion injury of myocardial or other
iissues, dermatoses with acute inflamumatory components, acute purulent meningitis or other
central nervous system inflammatory disorders, ocular and orbital inflammatory disorders.
granutocyte transfusion-associated syndromes, cytokine-induced toxicity, acute serious
mflamynation, chronic intractable inflammation, pyelitis, prenmonocirrhosis, diabetic
retinopathy, diabetic large-ariery disorder, endarterial byperplasiz, peptic ulcer, vatvulitis, and
endometriosis.

An “anti-angiogenesis agent” or “angiogenesis inhibitor” refers 1o a small molecular
weight substance, a polynucleotide, a polypeptide, an isolated protein, a recombinant protein,
an antibody, or conjugates or fusion proteins thereof, that inhibits angiogenesis,
vasculogenesis, or undesirable vascular permeability, efther directly or indirectly. For
example, an anti-angiogenesis agent 18 an antibody or other antagonist to an angiogenic agent
as defined above, e.g., antibodies to VEGF (e.p., bevacizomab (AVASTING), bHI, bH1-44,
bE1-81), antibodies to VEGF receptors, small molecules that block VEGF recepior signaling
{e.g., PTK787/ZK2284, SU6668, SUTENT/SU11248 (sunitinih malate), AMG7049). Anti-
angiogensis agents also include native angiogenesis inhibitors, e.g., angiostatin, endastatin,
ete. See, e.g., Klagsbron and D’ Awmore, Annu. Rev, Physiol., 33:217.39 (1991); Streit and
Detmar, Oncogene, 22:3172-3179 (2003} {e.g., Table 3 listing anti-angiogenic therapy in
malignant melanoma); Ferrara & Alitalo, Nawre Medicine 5{121:135%9-1364 {1999); Tonini et
al., Oncogene, 22:6549-6556 (2003) (e.¢., Table 2 listing anti-angiogenic factors); and, Sato
Int. J. Clin. Oncol., 8:260-206 (2003} (e.g., Table 1 lists anti-angiogenic agents used in
clinical trals). Dysregulation of angiogenesis can lead t¢ many disorders that can be treated
by compositions and methods of the invention. These disorders include both non-neoplastic
and neoplastic conditions,

The term "cytotoxic agent” as used herain refers 10 a substance that inhibits or
prevents the function of & cell and/or causes destruction of 4 cell. The term is intended to
include radicactive isotopes (¢.g., AP 1 1'% ¥*™ Re'™ Re'™ Sm', Bi*Y, Ra®™ PP, and
radicactive isotopes of Luj, chemotherapeutc agents, e.g., methotrexate, adriamicin, vincea

*

alkaloids (vincristine, vinblastine, etoposide), doxorubicin, melphalan, mitomyein C,
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chiorambucil, daunorubicin or other intercalating agents, enzyroes and fragments thereof such
as nucleolytic enzymes, antibiotics, and toxins such as small molecule toxins or enzymatically
active toxins of bacterial, fungal, plant or animal origin, including fragments and/or variants
thereof, and the various antitumor or anticancer agents disclosed herein. Other cytoloxic
agents are described herein. A tumoricidal agent canses destruction of tumor cells.

A "chemotherapentic agent” is a chemical compound useful in the freatment of
cancer, Bxamples of chemotherapentic agents include alkylating agents such as thiotepa and
CYTOXAN® cyclosphosphamide; aliyl sulfonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and uredopz;
ethylenimines and methyviamelamines including altretamine. tricthvienemelamine,
trietylenephosphoramide, triethivlenethiophosphoramide and wimethylolomelamine;
acetogenins (especially bullatacin and bullatacinone); delta-9-tetrahydrocammabinol
(dronabinol, MARINOL®); beta-iapachone: lapachol; colchicines; betulinic acid: a
camptothecin (including the synthetic analogue topotecan (HYCAMTIN®), CPT-11
{irmotecan, CAMPTOSAR®), acetyicamptothecin, scopolectin, and S-aminocamptothecin;
bryostating callystatin, CC-1065 {including its adozelesin, carzelesin and bizelesin synthetic
analogues), podophyllotoxin; podophyllinic acid; teniposide: cryptophyeins (particularly
eryptophyein 1 and cryptophycin 8): dolastatin: duccarmycin {(inchuding the synthetic
analogues, KW-2189 and CBI-TMI1}); eleutherobin; pancratistating 2 sarcodictyin;
spongistatin; nitrogen mustards such as chilorambucil, chiornaphazine. cholophosphamide,
estramustine, ifosfamide, mechlorethamine, mechiorethamine oxide hydrochloride,
melphalan, novembichin, phenesterine, prednimustine. rofosfamide, uracil mustard;
nifrosurees such as carmustine, chlorozotocin, fotemustine, lomustine, nimustine, and
ranimnustine; antibictics such as the enediyne antibiotics {e.g., calicheamicin. especially
calicheamicin gamma 1 (se2, e.g., Agnew, Chem Imal. Bd. Engl., 320 183-186 (19%94)y;
dynemicin, including dvnemicin A; an esperamicin; as well as neocarzinostatin chromophore
and refated chromoprotein enediyne antiobiotic chromophores). aclacinomysins, actinomyein.
authremycin, azasering, bleomycns. cactinomycin, carabicin, carminomyein. carzinophilin,
chromomyeims, dactinomycin, davnorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine,
ADRIAMY CIN® doxorabicin (including morpholino-doxorebicin, cyanomorpholino-
doxorubicin, 2-pyrrolino-doxorubicin and deoxydoxorubicin}, epirabicin, esorubicin,
idarubicin, marcellomycin, mitomyeins such as mitomycin C, mycophenolic aeid,
nogalamycin, olivomycins, peplomyein. potiiromycin, puromycin, queiamyein, rodorubicin.
strepionigrin, streptozocin, tubercidin, ubenimex, zinostatin. zovubicin; anti-metabolites such
as methowexate and 5-fluorouracil (S-FUY; folic acid analogues such as denoptenn,

methotrexate, pteropterin, (rimefrexate; purine analogs such as fludarabine, 6~mercaptopurine,
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thiamiprine, thinguanine; pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine,
carmofur, cytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuriding; androgens sach
as calusterone, dromostanolone propionate. epitiostanol, mepitiostane, tesiolactone; anti-
adrenals such as aminoglutethimide, mitotane, wilostane; folic acid replenisher such as
frolinic acid; aceglatone; aldophosphamide glveoside; aminolevulinic acid; eniluracii;
amsacrine; bestrabucil: bisantrene; edatraxate; defofamine; demecolcine; diaziguone;
elfornithine; elliptinium acetate; an epothilone: etoglucid; gallium nitrate: hydroxyurea;
jentinan; lomdainine; maytansinoids such as maytansine and ansamitocins; mitoguazone;
rnitoxantrone; mopidammol; nitraerine; pentostatiy; phenamet; pirarubicin; losoxantrone; 2-
ethylhydrazide; procarbazine: PSK® polysaccharide complex (JHS Natural Products, Eugene,
OR}; razoxane; rhizoxin; sizofiran; spirogermanium; tenuazonic acid; triaziquone; 2,2°,27 -
trichlorotniethylamine; trichothecenes {(especially T-2 toxin, verracurin A, rondin A and
anguidine); urethan; vindesine (ELDISINE®, FILDESIN®); dacarbazine: mannomustine:;
mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside (“Ars-C™); thiotepa; 1axoids,
¢.g.. TAXOL® paclitaxel (Bristol-Myers Squibb Oncology. Princeton, N.J.%,
ABRAXANETM Cremophor-free, albumin-cngineered nanoparticle formulation of paciitxel
{American Pharmacenteal Partmers, Schaumberg, Mhinois), and TAXOTERE® doxewaxel
{Rhéne-Poulene Rorer, Antony, France); chioranbucil; gemcitabine (GEMZAR®): &-
thioguanine; mercaptopurine; methotrexate; platinum analogs such as cisplatin and
carboplatin; vinblastine (VELBAN®); platinum: etoposide (VP-16): tfosfamide;
mitoxantrone; vineristine {OONCOVIN®Y; oxaliplatin; leucovovin; vinorelbine
(NAVELBINE®); novantrone; edatrexate; daunomycin: aminepterin: ibandronate;
topoisomerase inhibitor RFS 2000; difluorometihylormnithine (DMFOY: retinoids such as
retinoic acid; capecitabine (XELODA®); pharmaceutically acceptable salts, acids or
derivatives of any of the above: as well as combinations of two or more of the above such as
CHOP. an abbreviation for 2 cornbined therapy of eyclophosphamide. doxorubicin,
vincristine, and prednisolone. and FOLFOX, an abbreviation for a treatment regimen with
oxaliplatin (ELOXATINTM} combined with 5-FU and leucovovin.

Also meluded in this definition are anu-hormonal agents that act to regulate, reduce,
block. or inhibit the effects of hormones that can promote the growih of cancer, and are often
in the form of sysiemic, or whole-body treaument. They may be hormones themselves.
Examples mchude anti-estrogens and selective esirogen recepior modulators {SERMSs),
including, for example, tamoxifen (including NOLVADEX® tamoxifen), EVISTAG
raloxifene, droloxifene, 4-hydroxytamoxifen, wioxifene, keoxifene, LY 117018, onapristone,
and FARESTON® toremifene; anti-progesterones; estrogen receptor down-regulators

(ERDs); agents that function to suppress or shut down the ovaries, for example, leurinizing
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hormane-releasing hormone (LHRH) agonists such as LUPRON® and ELIGARD®
jeuprolide acetate, goserelin acetate, buserelin acetate and wripterelin; other anti-androgens
sach as flutamide, nilutamide and bicalutamide; and aromatase inhibitors that inhib#t the
enzyvioe aromatase, which regulates estrogen production in the adrenal glands, such as, for
example, 4(5)-imidazoles, aminoghitethimide, MEGASE® megestrol acetate, AROMASIN®
exemestane, formestanie, fadrozole, RIVISOR® vorozole, FEMARA® letrozole, and
ARIMIDEX® anastrozoie, In addition, such definition of chemotherapeutic agents inchudes
bisphosphonates such as clodronate {for example, BONEFQOS® or OSTACE), DIDROCALR
etidronate, NE-58095, ZOMETA® zoledronic acid/zoledronate, FOSAMAX® alendronate,
AREDIA® pamidronate, SKELID® tiindronate, or ACTONELE risedronate; as well as
groxacitabine {a 1,3-dioxolane nucleoside cytosine analog); antisense oligonucieotides,
particularly those that inhibit expression of genes in signaling pathways implicated in
abherant cell proliferation, such as, for example, PKC-alpha, Raf, H-Ras. and epidermal
growth factor receptor {EGF-RY; vaccines such as THERATOPE®: vaccine and gene therapy
vaccines, for exarnple, ALLOVECTIN® vaccine, LEUVECTING vaccine, and VAXID®
vaceine, LURTOTECAN® topoisomerase ! inhibitor; ABARELIX® rmRH; lapatinib
ditosylate (an ErpB-2 and BEGFR dual tyrosine kinase small-molecule mhibitor also known as
GW3572016); and pharmaceutically accepable salts, acids or derivatives of any of the above.
A "growth inhibitory agent” when used herein refers to & compound or composition
which inhibits growth of a cell either in vioro or in vivo. Thus, the growth inhibitory agent
may be one which significantly reduces the percentage of cells in S phase. Examples of
growth inhibhiory agents include agents that block eell cycle progression {at s place other than
S phase), such as agents that induce G1 arrest and M-phase srrest, Classical M-phase
blockers include the vincas {e.g.. vincristine and vinblastine), taxanes, and topoisomerase I
inhibirors such as doxorubicin, eptrubicin, daunorubicin, etoposide, and bleomycin. The
agems that arrest Gl also spill over into S-phase arrest, for example, DNA alkylating agents
such as tamonifen, prednisone. dacarbazine, mechloretbamine, cispiaun, methotrexats, S-

L

finorouracil, and ara-C. Further information can be found in The Molecular Basis of Cancer

Mendelsohn and Israel, eds.. Chapter 1, entitled “Cell cycle regulation, oncogenes, and
antineoplastic drugs" by Murakanm et al. (W8 Saunders: Phijadelphia, 19953, especially p. 13,
The taxanes {paclitaxel and docetaxel} are anticancer druys both derived from the vew trec,
Docetaxel (TAXOTERE®. Rhone-Poulene Rorery, derived from the Buropean vew, is a
semisynthetc analogue of paclitaxel (TAXOL®, Bristol-Myers Squibb). Paclitaxe! and
docetaxel promote the assembly of microwbules from twbulin dimers and stabilize
microtubules by preventing depolvmerization, which results in the inhibition of mitosis in

cedls.
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"Anti-cancer therapy” as used herein refers fo a treatment that reduces or inhibits
cancer in a subject. Examples of anti-cancer therapy include cytotoxic radiotherapy as well as
the administration of a thevapeutically effective amount of a cytotoxic agent, a
chemotherapeutic agent, a growth imhibitory agent, a cancer vaccine, an angiogenesis
imhibitor, a prodrug,, a cytokine, a cytokine antagonist, a corticosteroid, an
immunosuppressive agent, an anti-emetic, an antibody or antibody fragment, or an analgesic
to the subject.

The term "prodrug" as used in this application refers to a precursor or derivative form
of a pharmacenfically active substance that is less cytotoxic 10 tumor cells compared to the
parent drug and is capable of being enzymatically activated or converted into the more active
parent form. See, e.g., Wilman, "Prodrugs in Cancer Chemotherapy” Biochemical Society
Transactions, 14, pp. 375-382, 615th Meeting Belfast (1986) and Stella et al., "Prodrugs: A
Chemical Approach to Targeted Drug Delivery,” Directed Drug Delivery, Borchardt et al.,
(ed.), pp. 247-267, Humana Press (1985). Prodrugs include, but are not limited to, phosphate-
containing prodrugs, thiophosphate-containing prodrugs, sulfate-containing prodrugs,
peptide-containing prodrugs, D-amino acid-modified prodrugs, glycosylated prodrogs, beta-
lactam-containing prodrugs, optionally substituted phenoxyacetamide-containing prodrugs or
optionatly substituted phenylacetamide-containing prodrugs, S-fhaorocyiosing and other 3-
fluorouridine prodrugs which can be converted into the more active cyiotoxic free drug.
Exarnpies of eytotoxic drugs that can be derivatized into a prodrug form for use in this
invention inciude, but are not limited to, those chemotherapeutic agents described above.

The term "cytokine” is a generic term for proteins released by one cell population
which act on another cell as intercellunlar mediators. Examples of such cyiokines are
ivmphokines, monokmes. and traditional polypeptide hormones, Included among the
cytokines are growth hormone such as homan growth hormone (HGH), N-methionyl human
growth hormone, and bovine growth hormone; parathyroid hormone; thyroxine; insulin;
proinsulin; relaxing provelaxin; glycoprotein hormones such as follicle stimulating hormone
{FSH}. thyroid stmulating hormone (TSH), and luteinizing hormone (LH); epidermal growth
factor {(EGF); hepauc growth factor; fibroblast growth factor (FGF): prolactin; placental
lactogen; tamor necrosis factor-alpha and -beta; mullerian-imhibiting substance; mouse
gonadotropin-associated peptide; inhibin; activin; vascular endothelial growth factor; integrin;
thrombopoietin (TPO): nerve growth factors such as NGF-aipha; platelet-growth factor;
transforming growth factors (TGFs) such as TGF-alpha and TGF-beta; insulin-like growth
factor-I and -Ii; ervihropoietin (EPO}; osteoinductive factors; interferons such as interferon-
alpha, -bera and -gamma colony stimulating factors {CSFs) such as macrophage-CSF (M-

CSFY; granulocyie-macrophage-CSF (GM-CSFY; and granulocyte-CSFE {G-CSFY; interleukins
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(ILs) such as IL-1, IL-1alpha, I-2, 11.-3, B4, L-5, IL-6, IL-7, JL-8, 1L.-9 TL-10, TL.-11, IL-
12; a tumor necrosis factor such as TNF-alpha or TNF-beta; and other polypeptide factors
inchading LIF and kit ligand (KL}, As used herein, the term cviokine inclades proteing from
natural sources or from recombinant cell cuiture and blologically active equivalents of the
native sequence cytokines.

By "cytokine antagonist” is meant a molecule that partially or fully blocks, inhibits,
or neutralizes 2 biological activity of of at least one cytokine. For example, the cyviokine
antagonists may Inhibit cytokine activity by inhibiting cytokine expression and/or secretion,
or by binding 10 a cytokine or to a cytokine receptor. Cytokine antagonists include antibodies,
synthetic or native-sequence peptides. immunoadhesins, and small-molecule antagonists that
bind to a cytokine or cytokine receptor. The cytokine antagonist is optionally conjugated with
or fused to a cytotoxic agent, Exemplary TNF antagonists are etanercept (ENBREL®),
infliximab (REMICADE®), and adalimumab (HUMIRA™).

The term "irmmunosuppressive agent” as used herein refers to substancas that act to
suppress or mask the immune sysiem of the subject being treated. This includes substances
that suppress cyiokine production, downregulate or suppress self-antigen expression, or mask
the MHC antigens. Examples of immunosuppressive agents inclede Z-amino-§-aryl-5-
substituted pyrimidines (see V.S, Pat. No. 4,665,077); mycophenolate mofetil such as
CELLCEPT®; azathioprine (IMURAN®, AZASAN®/6-mercaptopurine; bromocryptine:
danazol; dapsone; glutaraldehyde (which masks the MHC antigens, as described in U.S. Pat.
No. 4,120,649); anti-idiotypic antibodies for MHC antigens and MHC fragments; cyclosporin
A; sterods such as corticosteroids and ghucocorticosteroids, e.g.. prednisone, prednisolone
such as PEDIAPRED® (prednisolone sodium phosphaie) or ORAPRED® (prednisolone
sodium phosphate oral solution}, methylprednisolone, and dexamethasone; methotrexate (oral
or subcutaneous) (RHEUMATREX®, TREXALL™Y; hydroxycloroquine/chloroquine;
sulfasalazine: leflunomide; eyiokine or cytokine recepior antagonists including anti-
interferon-y, -B, or -¢ antibodies, anti-tumor necrosis factor-g antibodies (nfliximab or
adalimumab), anti-TNFe immunoadhesin (ENBREL®, etancrcept), anti-tumor necrosis
factor-f antibodies, anti-interieukin-2 antibodies and anti-1L-2 receptor antibodies; anti-LFA-~
I antibodies, including anti-CP1 12 and anti~-CI18 antibodies: anti-1.3T4 antibodies;
heterologous anti-tymphocyte globuhn; polyclonal or pan-T antibodies, or monoclonal anii-
CD3 or anti-CH4/CD4a antibodies; soluble peptide contaiming w LFA-3 binding domain (WO
1990/06187, published Jul. 26, 1990}; streptokinase; TGF-§; streptodornase; RNA or DNA.
from the bost; FK506; R5-61443; deoxyspergualin; rapamycin; T-cell receptor (Cohen et al.,
U.S. Pat. No. 5,114,721 ); T-celi receptor fragments (Offner et al. Science, 251: 430-432

y A

(1991); WO 1990/11294; laneway, Nature, 341: 482 (19893; and WO 1991/61133); T cell
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receptor antibodies (EP 340,109} such as T10BY; cvclophosphamide (CYTOXAN®Y;
dapsone; penicillamine (CUPRIMINE®); plasma exchange; or intravenous immunoglobulin
(IVE3). These may be used alone or in combination with each other, particularly
combinations of steroid and another iImmunosuppressive agent or such combinations followed
by a maintepance dose with 2 non-steroid agent to reduce the need for steroids.

An "analgesic” refers to a drug that acts (o inhibit or suppress pain in 2 subject.
Exemplary analgesics include non-steroidal anti-inflammatory drugs (NSAIDs) inclading
ibuprofer (MOTRIN®), naproxen (NAPROSYN®), acetylsalicylic acid, indomethacin,
sulindae, and tolmetin, including salts and derivatives thereof, as well as various other
medications used to reduce the stabbing paing that may ocour, including anticonvulsants
{gabapentin, phenyloin, carbamazepine) or tricyclic antidepressants. Specific examples
include acetaminophen, aspinn, amitriptyline (ELAVIL®), carbamazepine (TEGRETOL®),
phenyvhoin (DILANTING}, gabapentin (NEURONTIN®). (E)-N-Vanillyl-8-methyi-6-
noneamid (CAPSAICIN®}, or a nerve blocker.

“Corticosteroid” refers 1o any one of several synthetic or nawrally occurring
substances with the peneral chemical structure of steroids that mimic or augment the effects
of the naturally occurring corticosteroids. Examples of synthetic corticosteroids inctude
prednisone, prednisclone (inchading methyiprednisolone), dexamethasone tameinolone, and
betamethasone.

A Veaneer vaccine," a5 used herein is & composition that stimalates an immune
response i & subject against a cancer. Cancer vaccines typically consist of & source of
cancer-associated material or cells (antigen} that may be antologous (from self) or allogenic
(from others) to the subject, along with other components (e.g.. adjuvants) to further stimulate
and boost the immune response against the antigen. Cancer vaccines desirably result in
stimulating the immunc sysiem of the subject 10 produce antibodies to one or several specific
antigens, and/or to produce killer T cells to attack cancer cells that have those antigens.

"Cytotoxic radiotherapy” as used herein refers to radiation therapy that inhibits or
prevents the function of cells and/or causes destruction of celis. Radiation therapy may
inchude, for example, external beam irradiation or therapy with » radicactive labeled agent,

v s . [ - o~ 3. . . 2
such as an antibody. The term is intended 10 inchude use of radicactive isotopes (e.g., At*)'

I3 195y Re'™ Re™, Sm'. B, Ra™, P, and radioactive isotopes of Lu).

An Manti-emetic” 1s a compound that reduces or prevents nausea in 2 subject, Anti-
emetic compounds mclude, for example, neurokinin-1 receptor antagonists, SHT3 receptor
antagonists {such as ondansetron, graniselron, tropisetron, and zatisetron), GABAR receptor
agonists, such as baclofen, a corticosteroid such as dexamethasone, KENALOG®R,

ARISTOCORT®, or NASALIDE®, an antidopaminergic, phenothiazines (for example
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prochlorperazine, fluphenazine, thioridazine and mesoridazine), dronabinol, metroclopramide,
domperidong, haloperidol, cyclizine, lorazepam, prochlorperazine, and levomepromazise.

A "subject” is a vertebrate, preferably a mammal, more preferably a human.
Mammuals include, but are not mited to, farm amimals (such as cows), sport animals, pets
{such as cats, dogs and horses), primates, mice, and rats,

Commercially available reagents referred to in the Examples were used according to
manufacturer's instructions unless otherwise indicated. The source of those cells identified in
the following Examples, and throughout the specification, by ATCC accession numbers is the
American Type Culture Collection, Manassas, VA. Unless otherwise noted, the present
invention uses standard procedures of recombinant DNA technology, such as thoge described
Protocols i Molecular Biology (Green Publishing Associates and Wiley Interscience, NUY ..
1989Y; Innis ef al., PCR Protacols: A Guide 1o Methods and Applications (Academic Press.

Inc.: NY., 1990}; Harlow er al., Antibodies: A Laboratorv Manual (Cold Spring Harbor
Press: Cold Spring Harbor, 1988); Gait. Qligonucleotide Svnthesis (TRL Press: Oxford,

Immunology, 1991,

Throughout this specification and claims, the word "comprise.” or variations such as
"comprises” or "comprising,” will be understood to imply the nclusion of a stated

integer or group of integers but not the exclusion of anv other integer or group of mtegers.

If, Vectors, Hest Cells, and Becombinant Methkods

For recombinant production of an antibody of the invention, the nucleic acid
encoding it 1s isolated and inserted into a repiicabie vector for further cloning {(amphification
of the DNAJ or for exprassion. DNA encoding the antibody is readily isolated and sequenced
using conventional procedures (e.g., by using oligonucleotlde probes that are capable of
binding specifically to genes encoding the heavy and light chains of the antibody). Many
vectors are available. The choice of vecior depends in part on the host cell to be uged.
Generally, preferred host cells are of either prokarvotic or eukaryotic (generally mammalian)
origin. It will be appreciated that constant regions of any isotype can be used for this purpose,
including 1gG, IgM. IgA, IgD, and 1gE constant regions. and that such constant regions can be
obtained from any burnan or anima!l species.

a. Generating antibodies using prokarvotic host cells:

i, Fector Construction

Polynucieotide sequences encoding polypeptide components of the antibody of the

invention can be obtained using standard recombinant techniques. Desired polynucleotide
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sequences may be isolated and sequenced from antibody producing cells such as hybridoma
cells. Alternatively, polynucleotides can be synthesized nsing nucleotide synthesizer or PCR
techniques. Once obtained, sequences encoding the polypeptides are inserted mto a
racombinant vector capable of replicating and expressing heterologous polymuclectides in
prokaryotic hosts. Many vectors that ars available and known in the art can be used for the
purpose of the present invention. Selection of an appropriate vector will depend mainly on
the size of the nucieic acids to be inserted into the vector and the particular host cell to be
transformed with the vector. Each vector conains various components. depending on its
function (amplification or expression of heterologous polynucleotide, or both} and its
compatibility with the particular host cell in which it resides. The vector components
generally include, but are not limited to: an origin of replication. a selection marker gene, a
promoter, a ribosome binding site (RBS). a signal sequence, the heterologous nucleic acid
insert and a transcription fermination ssquence.

In general, plasmid vectors containing replicon and ¢ontrot sequences which are
dertved from species compatible with the host cell are used in connection with these hosts,
The vector ordinarily carries a replication site, as well as marking sequences which are
capable of providing phenotypic selection in transformed cells. For example, £. coli is
typically wransformed using pBR322, & plasmid derived from an £. cofi species. pBR322
contains genes encoding ampicilhin (Amp) and tetracycline (Tet) resistance and thus provides
easy means for identifving wansformed cells. pBR322. its derivatives, or other microbial
plasmids or bacteriophage may also contain, or be modified (o contain, promoters which can
be used by the microbial organism for expression of endogenous proteins, Examples of
pBR322 derivatives used for expression of particular antibodies are described in detail in
Carter et al., U.S. Patent No. 5,648,237,

In addition. phage vectors containing replicon and control sequences that are
compatible with the host microorganism can be used as ransforming vectors in connection
with these hosts. For example, bactenophage such as AGEM.TM.-11 may be utilized in
making a recombinant vector which can be used to transform susceptible host cells such as E.
coli LE392.

The expression vector of the invention may comprise two or more promoter-cistron
pairs, encoding each of the polypeptide components. A promoter is an untranslated
regulatory sequence located upstream (5} to 2 cistron that modulates its expression.
Prokaryotic promoters typically fall into two classes, inducible and constimurive. An inducible
promoter is & promoter that initiates increased levels of transcription of the cistron under is
control in response 1w changes in the culture condition, e.p., the presence or shsence of a

nutrient or a change in temperature.
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A Jarge number of promoters recognized by a variety of potential host cells are well
known. The selected promoter can be operably linked to cistron DNA encoding the light or
heavy chain by remmoving the promoter ffom the source DNA via restriction enzyme digestion
and inserting the isolated promoter sequence into the vector of the invention. Both the native
promoter sequence and many beterologous promoters may be used to direct amplification
and/or expression of the target genes. In some embodiments, heterclogous promoters are
utitized, as they generally penmit greater wanscription and higher yields of expressed target
gene as compared to the native target polypeptide promaoter.

Promoters suitable for use with prokaryotic hosts include the PhoA promoter, the §-
galactamase and lactose promoter systems, & tryptophan (Irp) promoter system and hybrid
promoters such as the tac or the tre promoter. However, other promoters that are functional in
tracteria (such as othber known bactenal or phage promoters) are suitable as well, Their
nucleotide sequences have been published, thereby enabling a skilled worker to ligate them to
cistrons encoding the target light and heavy chains (Siebenlist et al., (1980} Cell 20: 269)
using linkers or adaptors 1o supply any required restriction sites.

In one aspect of the mvention, each cistron within the recombinant vector comprises a
secretion signal sequence component that directs translocation of the expressed polypeptides
across a membrane. In general, the signal sequence may be a component of the vector, or it
may be a part of the target polypeptide DNA that is inserted into the vector. The signal
sequence selected for the purpose of this invention should be one that is recognized and
processed (i.e., cleaved by a signal peptidase) by the host cell, For prokarvotic host cells that
do not recognize and process the signal sequences native to the heterologous polypeptides, the
signal sequence is substituted by a prokarvotic signal sequence selected. for example, from
the group consisting of the alkaline phosphatase, peniciliinase, Ipp, or heat-stable enterotoxin
I1 (ST1Y) leaders, LamB, PhoE, PelB, OmpA, and MBP. In one embodiment of the invention,
the signal sequences used in both cistrons of the expression system are STU signal sequences
or variants thereof.

In another aspect. the production of the immunoglobuling according to the invention
can occur in the cytoplasm of the host cell. and therefore does not require the presence of
secretion signal sequences within each cistron. In that regard, imnmmoglobulin light and
heavy chains are expressed. folded and assembled to form fanctional immunegiobuling within
the cytoplasm. Certain host strains (e.g., the E. cofi trxB- strains) provide cytoplasm
conditions that are favorable for disulfide bond formation, thereby permitting proper folding
and assembly of expressed protein subunits (Proba and Pluckthun, Gene, 139:2032 (1995)).

Prokaryotic host cells suitable for expressing antibodies of the invention include

15524
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Examples of useful bacteria include Escherichia (e.g., E. colf), Bacilh (e.g., B. subtilis),
Enterobacteria, Pseudomonas species (e.g., P. aeruginosa), Salmonella typhimurium, Serratia
marcescans, Kiebsiella, Proteus, Shigella, Rhizobia, Vitreoscilla, or Paracoccus. In one
embodiment, gramenegative cells are used. In one embodiment, £ coli cells are used as hosts
for the invention. Examaples of E. coli strains include strain W3110 (Bachmann, Cellular and
Molecular Biology, vol. 2 (Washington, D.C.: American Society for Microbiology, 1987, pp.
1190-1219; ATCC Deposit No. 27,325 and derivatives thereof, including strain 33D3 having
genotype W3110 AfhuA (AtonA) pte3 lac Iq lacL8 AompTA(nmpe-fepE) degP4] kanR (U.S.
Pat. No. 5,639,635). Qther strains and derivatives thereof, such as £ coli 294 {ATCC
31,446), E coli B, E. coli 1. 1776 (ATCC 31,53T) and £ coli RV308 (ATCC 31,608) are also
suitable. These examples are illustrative rather than Himiting. Methods for constructing
denvatives of any of the above-mentioned bacteria having defined genotypes are known in
the art and described in, for example, Bass et al,, Proteins, 8:309-314 (1990}, It is generally
necessary to select the appropriate bacteria taking into consideration replicability of the
replicon in the cells of a bacterium. For example, £. coli, Serratia, or Salmonella species can
be suitably used as the host when well-known plasmids such as pBR322, pBR323,
pACYCL77, or pKINAI( are used to supply the replicon. Tvpically the host cell should
secrete minimal amounts of proteolytic enzyines, and additional protease inhibitors may
desirably be incorporated in the cell calure.

ii. Antibody Production

Host cells are transformed with the above-described expression vectors and cultured
i conventional nutrient media modified as appropriate for inducing promoters, selecting
wansformants, or amplifying the genes encoding the desired sequences.

Transformation means introducing DNA into the prokarvotic host so that the DNA is
replicable, either as an extrachromosomal element or by chromosomal integrant. Depending
on the host cell used, transformation is dope using standard techniques appropriate to such
celis. The calcium treatment employing caloium chloride is generally used for bacterial cells
that contain substaniial cell-wall barriers. Another method for wansformation empioys
polvethyiene glveol/DMSO. Yet another technigue used is electroporation.

Prokaryotic cells used 1o produce the polypeptides of the invention are grown in
mediz known in the arnt and suitable {or culture of the selecied host cells. Examples of
suitable media inciude Luria broth (LB) plus necessary nutrient supptements. In some
embodiments, the media also contains & selection agent, chosen based on the construction of
the expression vecwor, 1o selectively permit growth of prokaryotic cells containing the
expression vector, For cxample, ampicillin is added to media for growth of cells expressing

ampicillin resistant gene.
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Any necessary supplements besides carbon, nitrogen, and inorganic phosphate
sources may also be included at appropriate concentrations introduced alone or as a mixture
with another supplement or medium such as a complex nitrogen source. Optionally the
culture mediam may contain one or more reducing agents seiected from the group consisting
of glutathione, cysteine, cystamine, thioglyeollate, dithicerythritol and dithiothreitol.

The prokaryotic host cells are cultured at suitable temperatures. For £, coli growth,
for example, the preferred temperatore ranges from about 20°C 10 about 39°C, more
preferably from about 25°C to about 37°C, even more preferably at about 30°C. The pH of
the medinm may be any pH vanging from about 5 16 about 9, depending mainly on the bost
organism. For £. coli, the pH is preferably from about 6.8 10 about 7.4, and more preferably
about 7.0.

If an inducible promoter is used in the expression vector of the invention, protein
expression 1s induced under conditions suitable for the activation of the promoter. In one
aspect of the invention, PhoA promoters are used for controlling transcription of the
polypeptides. Accordingly, the transformed host cells are cultured in 2 phosphate-limiting
medium for induction. Preferably, the phosphate-limiting medium is the C.R.AP medium
(see, e.g.. Simmons el al., J. Immunol. Methods {2002}, 263:133-147). A variety of other
inducers may be used, according fo the vector construct emploved. as is known in the art.

In one embodiment, the expressed polypeptides of the present invention are secreted
into and recovered from the periplasm of the host cells. Protein recovery typically involves
disrupting the microorganism, gencrally by such means as osmotic shock, sonication or lvsis.
Once cells are distupted, cell debris or whole cells may be removed by centrifugation or
filtration. The proteins may be further purified. for example, by affinity resin
chromatography. Alternatively, proteins can be transported o the culture media and
isolated therem. Cells may be removed from the culture and the culture supernatant being
filtered and concentrated for further purification of the proteins produced. The expressed
polypeptides can be further isolated and identified using commonly known methods such as
polyacrvlamide gel electrophoresis (PAGE) and Western blot agsay.

In one aspect of the Invention, antibody production Is conducted in large quantity by a
fermentation process. Various large-scale fed-baich fermentarion procedures are available for
production of recombinant proteins. Large-scale fermentations have at least 1000 liters of
capacity, preferably about 1,000 to 100,000 liters of capacity. These fermentors use agitator
impetiers to disiribute oxygen and nuinems, especially ghacose (the preferred carbon/energy
sourcey, Small-scale fermentation refers generally to fermentation in a fermentor that is no
more than approximately 100 liters In volumetric capacity, and can range from about | liter o

about 100 liters.
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In a fermentation process, induction of protein expression is typically imitiated afier
the cells bave been grown under suitable conditions 16 a desired density, e.g., an OD550 of
about 180-220, at which stage the cells are in the carly stationary phase. A variety of inducers
may be used, according to the vector construct emploved, as is known in the art and described
above. Cells may be grown for shorter periads prior to induction. Cells are nsually induced
for about 12-30 hours, although longer or shorter mduction time may be used.

To improve the production yield and quality of the polypeptides of the invention,
various fermentation conditions can be modified. For exarple, to improve the proper
assembly and folding of the secreted antibody polypeptides, additional vectors overexpressing
chaperone proteins, such as Dsb proteins (DsbA, DsbB, DsbC. DsbD, and/or DsbG} or FkpA
{a peptidylprolyl cis,trans-isomerase with chaperone activity) can be used to co-transform the
host prokaryotic cells. The chaperone proteins have been demonstrated to facilitate the proper
folding and solubilily of heterologous proteins produced in bacterial host cells. Chen et al.,
{1999) 1. Biol. Chem. 274:19601-19605; Georgiou et al., 1J.S. Patent No. 6.083,713;

Georgiou et al., U.S. Patent No. 6,027 888; Bothmann and Piuckthun (2000) 1. Biol. Chem.
275:17100-17105; Ramm and Pluckthun, (2000} ). Biol. Chem. 275:17106-17113; Arie et al.,
2001 Mol. Microbiol. 38:199.2140.

To minimize proteolysis of expressed heterclogous proteins (especially those that are
proteolytically sensitive), certain host strains deficient for proteolytic enzymes can be used for
the present invention. For example, host cell strains may be modified to effect genetic
mutation(s) in the genes encoding known bacterial proteases such as Protease IIL OmpT,
DegP, Tsp, Protease I, Protease Mz, Protease V., Protease VI, and combinations thereof. Some
E. coli protease-deficient strains are available and described in, for example, Jolyv et al.,
(1998}, Proc. Nail. Acad. Sci. USA 95:2773-2777; Georgiou et al., U.S. Patent No. 5,264,365:

corgiou et al., U.S. Patent No. 5,508,192 Hara et al.. Microbial Drug Resistance. 2:63-72
(1996},

In one embodiment, £ coll strains deficient for proteolytic snzymes and transformed
with plasmids overexpressing one or maore chaperone proteins are used as host cells in the
expression sysiem of the invention.

ii. Antibody Purification

Standard protein purification methods known in the ari can be emploved. The
{ollowing procedures are exemplary of suitahle purification procedures: fractionation on
immunoaffinity or ion-exchange columns, ethanol precipitation, reverse phase HPLC,
chromatography on silica or on a cation-exchange resin such as DEAE, chromawfocusing,
SDS-PAGE, ammmonim sulfate preciphiation, and gel filiration using, for example, Sephadex

G-75.
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in one aspect, Protein A immobilized on a solid phase 15 used for immunoaffinity
parification of the full length antibody products of the invention. Protein A is 2 41kD cell
wall protein from Staphvlococcus awreus which binds with a high affinity to the Fe region of
antibodies. Lindmark et al., (1983) J. Immunol. Meth. 62:1-13. The solid phase to which
Protein A is immobilized is preferably a column comprising a glass or silien surface, more
preferably a controlled pore glass colvmn or a silicic acid column. In some applications, the
cohunn has been coated with a reagent, such as glycerol, in an attempt to prevent nonspecific
adherence of contaminants.

As the first step of purification, the preparation dertved from the cell culture as
described above is applied onto the Protein A immobilized solid phase to allow specific
binding of the antibody of interest to Protein A, The solid phase is then washed to remove
contaminants non-specifically bound to the solid phase. Finally the antibody of interest is

recovered from the solid phase by elution.

b. Generating antibodies using eukaryotic host cells:

The vector components generally include, but are not lmited 10, one or more of the
Tollowing: a signal sequence, an origin of replication, one or more marker genes, an enhancer
element, a promoter, and & ranscription termination sequence,

(i) Signal sequence compongnt

A vector for use in a eukaryotic host cell may also contain a signal scquence or other
polypeptide having a specific cleavage site at the N-erminus of the mature protein or
polypeptide of interest. The heterclogous signal sequence selected preferably is one that is
recognized and processed (1., cleaved by a signal peptidase) by the host cell. In mammalian
cell expression, mammalian signal sequences as well ag viral secretary leaders, for example.
the herpes simplex gD signal, are available.

The DNA for such precursor region is ligated in reading frame to DNA encoding the
antibody.

(it} Origin af replication

Generally, an origin of replication compouent is not needed for mammalian
expression vectors. For example, the SV40 origin may typically be used only because it
contains the early promoier,

{ifi} Selection gene component

Expression and cloning vectors may contaln a selection gene, also termed a selfectable
marker. Typical selection genes encode proteins that {a) confer resistance to antibictics or

other toxins, e.g.. ampicillin, neomyein, methotrexate, or tetracveline. (b} complement
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auxotrophic deficiencies, where relevant, or (¢) supply critical nutrients not avatlable from
complex media.

One example of 2 selection scheme utilizes a drug to arrest growth of 2 host cell.
Those cells that are successfully transformed with a beterologous gene produce a protein
conferring drug resistance and thus survive the selection regimen. Examples of sach
dominant selection use the drugs neomyein, mycophenolic acid, and hygromycin.

Another example of suitable selectable markers for mammalian cells are those that
enable the identification of cells competent to take up the antibody nucleic acid, such as
DHFR, thymidine kinase, metaliothionegin-] and -II, preferably primate metaliothionein genes,
adenosine deaminase, ornitine decarboxylase, etc.

For example, cells transformed with the DHFR selection gene are {irst identified by
culturing all of the transformants in 8 culture medium that contams methotrexate (Mix), 2
competitive antagonist of DHFR. An appropriate host cell when wild-type DHFR is
employed is the Chinese hamster ovary (CHOS celt bne deficient in DHFR activity (e.g.,
ATCC CRL-9096).

Alternatively, host cells {(particularty wild-ype hosts that contain endogenous DHER)
transformed or co~transformed with DNA sequences enceding an antibody, wild-type DHFR
proiein, and another selectable marker such as aminoglveoside 3 -phosphotansierase (APH)
car be selected by coll growtl in medium containing a selection agent for the selectable
marker such as an aminoglycosidic antibiotic, e.g.. kanamycin, neomyein, or G418, See U.S.
Patent No. 4,.965.199,

fivi Promorer componeni

Expression and cloning vectors usually contain a promoter that is recognized by the
host organism and is operably linked 1o the antibody polypeptide nucleic acid. Promoter
sequences are known for eukaryotes. Virtually alieukarvotic genes have an AT-rich region
located approximately 25 10 30 bases upstream from the site where transcription is imitiated.
Another sequence found 70 to 80 bases upstream from the start of (rapscription of many genes
iv 8 CNCAAT region where N may be any nuclectide. At the 3° end of most enkaryotic genes
is an AATAAA sequence that may be the signal for addition of the poly A tail 1o the 3° end of
the coding sequence. All of these sequences are suitably inserted into etkaryotic expression
vectors.

Antibody poiypeptide rranscription from vectors in mammalian host cells is
controlied, for example, by promoters obtained from the genomes of viruses such as polyoma
virus, fowlpox virus, adenovirus (such as Adenovirus 2), bovine papilioma virus, avian
sarcoma virus, cytomegalovirus, a retrovirus, hepatitis-B virns, and Simian Virus 40 {SV403,

from heterclogous mammalian promoters, e.g., the actin promoter or an immunoglobulin
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promoter, from heat-shock promoters, provided such promoters are compatible with the host
cell systems.

The earty and late promoters of the SV40 virus are conveniently obtained as an $V40
restriction fragment that aiso contains the SY40 viral onigin of replication. The immediate
early promoter of the human cviomegalovirus is conveniently obtained as a HindIll E
restriction fragment. A system for expressing DNA 1n mammalian hosts using the bovine
papilloma virus as a vector 1s disclosed in U.8. Patent No. 4,419,446, A modification of this
system 1s described in U.S. Patent No. 4,601,978, Alternatively, the Rous Sarcoma Virus
long terminal repeat can be used as the promoter.

(v) Enhancer elemeni component

Tramscription of DNA encoding the antibody polvpeptide of this invention by higher
eukaryotes is often increased by mserting an enhancer sequence into the vector. Many
enhancer sequences are now known from mammalian genes (globin, elastase, albumin, «-
fetoprotein, and insulim). Typically, however, one will use an enhancer from a eukarvotic cell
virns. Examples include the SV40 enhancer on the late side of the replication origin (bp 100-
270}, the cytomegalovirus early promoter enhancer, the polyoma enhancer on the late side of
the repiication origin, and adenovirus enhancers. See also Yaniv, Nature 267:17-18 (1982} op
enhancing elements for activation of eukaryotic promoters, The enhancer may he spliced into
the vector at a position 57 or 37 to the antibodv palypeptide-encoding sequence, but is
preferably located at & site 5° from the promoter,

i} Transcription fermination component

Expression vectors used in eukaryotic host cells will typically also contain sequences
necessary for the termination of transcription and for stabilizing the mRNA, Such sequences
are commonly available from the 5° and, oceasionally 3°, unwranslated regions of eukaryotic
or viral DNAs or cDINAs. These regions contain nucleotide segments trausceribed as
polyvadenylated fragments in the untranslated portion of the mRNA encoding an antibody.
One useful transeription termination component is the bovine growth hormone
polyadenvlation region. See WO94/110G26 and the expression vector disclased therein.

vit) Selection and transformation of host celis

Suitable host cels for cloning or expressing the DNA in the vectors herein include
Iigher eukaryote cells described herein, including veriebrate host cells, Propagation of
vertebrate cells in culture (tissue culture} has become a routine procedure. Examples of
useful mammalian host ceil ines are monkey kidney CV1 line transformed by SV40 (COS-7,
ATCC CRL 1651); human embryonic kidney line (293 or 293 cells subcloned for growth in
suspension culture, Graham et al., J. Gen. Virol. 36:58 (1877)); baby hamster kidney cells

(BHK, ATCC CCL 10); Chinese hamster ovary cells/-DHFR (CHO, Urlaub et al., Proc. Natl.
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Acad, Sci. USA 77:4216 (1980)); mouse sertoli cells (TM4, Mather, Biol. Reprod. 23:243-
251 (1980) ); monkey kidney cells (CVI ATCC CCL 70); African green monkey kidney cells
(VERO-T6, ATCC CRL-1587); human cervical carcinoma cells (HELA, ATCC CCL. 2);
canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL
14423, human lung cells (W138, ATCC CCL 73); human liver cells (Hep G2, HB 8065);
mouse mammary temor (MMT 060562, ATCC CCLS51); TRI cells (Mather et al., Annals
N.Y, Acad. Sci. 383:44-68 (1982)); MRC 3 cells; FS4 cells; and a human hepatoma line (Hep
G2).

Host cells are transformed with the above-described expression or cloning vectors for
antibody production and cultured in conventional nutrient media modified as appropriate for
inducing promoiers, selecting transformants. or amplifying the genes encoding the desired
sequences.

tviit) Culturing the host cells

The host celis used to produce an antibody of this invention may be cullred in a
variety of media. Commercially avatlable media such as Ham’s F10 (Sigma), Minimal
Essential Medium ((MEM), (Sigmaj, RPMI-1640 (Sigma)}, and Dulbecco’s Modified Eagle™s
Medium ((DMEM), Sigma) are suitable for culturing the host cells, In addition, any of the
media described in Ham et al., Meth. Enz, 58:44 (1979}, Barnes et al., Anal,

Biochern. 102:255 {1980}, U.S. Pat. Nos. 4,767 704; 4,657 866; 4.927.762: 4.560.6535; or
5.122.469; W 90/03430; W 87/00195; or U.S. Patent Re. 30,985 may be used as culture
media for the host cells. Any of these media may be supplemented as necessary with
hormones and/or other growth factors (such as insulin, transferrin, or epidermal growth
factor), salts (such as sedium chloride, calcium, magnesium, and phosphate), buffers {such as
HEPES), nucleotides (such as adencsine and thymidine}, antibiotics {3uch as
GENTAMYCIN' drug), trace elements (defined as inorganic compounds usually present at
final concentrations in the micromolar range), and glucose or an equivalent epergy source.
Any other necessary supplements may alse be included at appropriate concentrations that
would be known 1o those skilled in the art. The cultare conditions, such as temperature, pH,
and the like, are those previocusly used with the host cell selected for expression, and will be
apparent to the ordinarily skilled artisan.

fix} Purification of antihody

When using recombinant technigues, the antibody can be produced intracellularly, or
directly secreted into the medium. I the antibody 1s produced imracellularly, as a first step,
the particulate debris, either host cells or lysed fragments, are removed. for example, by
centrifugation or ultrafiliration. Where the amiibody is secreted into the medivm, supernatants

from such expression systems are generally first concentrated using 2 commercially available
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protein concentration filer, for example, an Amicon or Millipore Pellicon ultrafiltration unit.
A protease inhibitor such as PMSF may be included in any of the foregoing steps to inhibit
proteolysis and antibiotics may be included to prevent the growth of adventitious
contaminanis.

The antibody composition prepared from the cells can be purified using, for example,
hydroxylapatite chromatography, gel electrophoresis, dialysis, and affinity chromatography,
with affinity chromatography being the preferred purification technique. The suitability of
protein A as an affinity ligand depends on the species and isotype of any immunoglobulin Fc
domain that is present in the antibody. Protein A can be used to purify antibodies that are
based on human 1, 72, or v4 heavy chains (Lindmark et al., J. Immunol. Meth. 62:1-13
(1983)). Protein G is recommended for all mouse isotypes and for human v3 (Guss et al.,
EMBO J. 5:15671575 (1986)). The matrix to which the affinity ligand is attached is most
often agarose, but other matrices are available. Mechanically stable matrices such as
controlled pore glass or poly(styrenedivinyl)benzene allow for faster flow rates and shorter
processing times than can be achieved with agarose. Where the antibody comprises a CH3
domain, the Bakerbond ABX™resin (J. T. Baker, Phillipsburg, NJ) is useful for purification,
Other techmiques for protein puarification such as fractionation on an ion-exchange column,
ethanol precipitation, Reverse Phase HPLC, chromatography on silica, chromatography on
heparin SEPHAROSE™ chromatography on an anion or cation exchange resin (such as a
polyaspartic acid colurmn), chromatofocusing, SIS-PAGE. and ammonium suifate
precipitation are also available depending on the antibody to be recovered.

Following any preliminary purification step(s), the mixtare comprising the antfbody
of interest and contaminants may be subjected to low pH hyvdrophobic interaction
chromatography using an elution buffer at a pH between about 2.5-4.3, preferably performed

at low salt concemrations {e.g.. from about 0-0.25M salt).

Immunoconfugates

The mvention also provides immunoconjugates (interchangeably termed “antibody-
drug conjugates” or “ADCTY, comprising any of the anti-Notch] NRR antibodies deseribed
herein conjugated 1o a cytotoxic agent such as a chemuotherapeutic agent, a drug, a prowth
inhibitory agent, a toxin (e.g., an enzymatically sctive toxin of bactenial, fungal, plant. or
animal origin, or fragments thereof}. or & radioactive isotope (e, a radicconjugate),

The use of antibody-drug conjugates for the local delivery of cytoioxic or cytostatic
agents, 1.e., drugs to kill or inhibit tumor cells in the freatment of cancer (Syrigos and
Epenetos (1999} Anticancer Ressarch 19:605-514; Niculescu-Duvaz and Springer (1997)

Adv. Drg. Del. Rev. 26:151-172; U.S. Patent No. 4,975,278} allows targeted defivery of the
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drug moiety to tumors, and intraceliular accumulaiion therein, where systemic administration
of these unconjugated drug agents way result in unacceptable levels of toxicity to normal cells
as well as the tumor cells sought to be eliminated (Baldwin et al., (1986) Lancet pp. (Mar. 15.
19861:603-05: Thorpe, (1985) “Antibody Carriers Of Cytotoxnic Agents In Cancer Therapy: A
Review,” in Monoclonal Antibodics '84: Biological And Clinical Applications, A. Pinchera et
al. {ed.s), pp. 475-506). Maximal efficacy with minimal toxicity is sought thereby. Both
polycional antibodies and monocional antibodies have been reported as useful in these
strategies (Rowland et al., (1986} Cancer Immunol. Immunother., 21:183-87). Drugs used in
these methods include daunomycin, doxorubicin, methotrexate, and vindesine (Rowland et
al., (1986) supra). Toxins used m antibedy-toxin conjugates include bacterial toxins such as
diphtheria toxin, plant toxins sach as ricin, small molecule toxins such as geldanamyein
{Mandler et al {2000) Jour. of the Nat. Cancer Inst. 92(19):1573-1581; Mandler et al., (2000}
Bicorganic & Med. Chem. Letters 10:1025-1028; Mandler et al,, (2002) Bioconjugate Chem.
13:786-791), mayiansinoids (B 1391213; Liv et al.. {1996) Proc. Nail. Acad. Sci. USA
§3:8618-8623), and calicheamicin (Lode et al., (1998) Cancer Res. 58:2928; Hinman et al.,
(1993) Cancer Res. 53:3336-3342), The toxins may effect their cytotoxic and cytostatic
effects by mechanisms including rubulin binding, DNA binding, or topoisomerase inhibition.
Some cytotoxic drugs tend 1o be inactive or less active when conjugated to Jarge antibodies or
protein receplor ligands.

ZEVALIN® (ibritumomab tiuxetan, Biogen/Idec) is an antibodv-radioisotope
conjagate composed of a murine Gl kappa monocional antibody disected against the CD20
antigen found on the surface of normal and malignant B lymphoeyies and 'M'in or ¥Y
radioisotope bound by a thiourea linker-chelator {Wiseman et al., (20007 Eur. Jour. Nucl,
Med. 27(7):766-77; Wiseman et al,, (2002) Blood 99(12):4336-42; Witzig et al., (2002} J.
Clin. Oncol. 20(10):2453-63; Witzig et al.,, (2002} J. Clin. Oncol. 20(15%:3262-69). Although
ZEVALIN has activity against B-cell non-Hodgkin’s Lymphoma (NHLj, administration
resuits in severe and prolonged cviopenias in most patients. MYLOTARG™ (gemtuzumab
ozogamicin, Wyeth Pharmaceuticals), an antibody drug conjugate composed of a hu CI¥33
antibody linked to calicheamicin. was approved in 20600 for the treatment of acute myeloid
Teukemia by injection (Drugs of the Future (2000) 25(7).686: US Patent Nox. £ 970.198;
5.079.233. 5 585,089 5.606,040; 5.6937.62: 5,739,116; 3.767.285: 5.773,001). Caniuzumab
mertansine (Immunogen, Inc ), an antibody drug conjugate composed of the huC242 antibody
tinked via the disulfide linker SPP (o the maytansinoid drug moiety, DMI, is advancing into
Phase I trials for the treatment of cancers thar express CanAg, such as colon, pancreatic,
gastric, and others. MEN-2704 (Millennium Pharm,, BZL Biologics, Imamunogen Inc.), an

antibody drug conjugate composed of the anti-prostate specific membrane antigen (PSMA)
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monoclonal antibody linked to the maytansinoid drug moiety, DM1, is under development for
the potential treatment of prostate tumors. The avristatin peptides, auristatin B (AE} and
maonomethylauristatin (MMAE), synthetic analogs of delastatin, were conjugated to chimeric
monoclonal antibodies ¢cBR96 {specific to Lewis Y on carcinomas) and cAC 1O (specific to
CD30 on hematological malignancies) (Doronina et al., (2003) Nawre Biotechnclogy
21(7):778-784) and are under therapeutic development.

Chemotherapeutic agents useful in the generation of immunoconjugates are described
herein (e.g., above}. Enzymatically active toxins and fragments thereof that can be used
include diphtheria A chain, nonbinding active fragments of diphtheria 1oxin, exotoxin A chain
(from Fseudomoras aeruginasa)., ricin A chain, abrin A chain, modecein A chain, alpha-
sarcin, Aleurites fordii proteins, dianthin proteins, Phyrolaca americana proteins (PAPI,
PAPI, and PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria officinalis
inhibitor, gelonin, mitogellin, restrictocin, phenomyein, enomycin, and the tricothecenes.
See, e.g., WO 93/21232 published October 28, 1993. A variety of radionuclides are available
for the production of radioconjugated antibodies. Examples include *Bi. ™', ®'In, ™Y, and
""Re. Conjugates of the antibody and cytotoxic agent are made using & vatioty of
bifunctional protein-coupling agents such as N-succinimidyl-3-(2-pyridyidithiol) propionate
(SPDP), iminothiotane (IT), bifunctional derivatives of imidoesters {such as dimethyi
adipimidate HCI), active esters (such as disuccimimidyl suberate), aldehvdes {such as
glutaraldehyde), bis-azido compounds (such as bis (p-azidobenzoyl) hexanediamine}, bis-
diazomwrm derivatives (such as bis-(p-diazoniumbenzovyl}-ethylenediamine}, diisocvanates
{such as toluene 2,6-diisocyanate). and bis-active fluorine compounds (such as 1,5-difluoro-
2,4-dinitrobenzene). For example, a ricin immunotoxin can be prepared as described in
Vitetta e al., Science, 238: 1098 (1987). Carbon-14-labeled 1-isothiocyanatobenzyi-3-
methyldiethylene tnaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for
conjugation of radionucleotide to the antibody. See W(094/1 1026.

Conjugates of an antibody and one or more small molecule toxins, such as a
calicheamicin, maytansinoids, dolastating, aurcstatins, a trichothecene, and CC10635, and the
derivatives of these toxins that have toxin activity, are also contempined herein.

i. Maytansine and maytansinoids

In some embodiments, the immunoconjugate comprises an artibody (full length or
fragments) of the invenrion conjugated 1o one or more maytansinoid molecules.

Maytansineids are mitototic inhibitors which act by mnhibiting tubulin polymerization.
Maytansine was first isolated from the east African shrub Maytenus serrata (U S. Patent No.
3,866,111). Subsequently. it was discoverad that certam microbes also produce

maytansinoids, such as maytansinol and C-3 maytansino! esters (1.3, Paient No. 4,151,042}
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Synthetic maytansinol and dertvatives and analogues thereof are disclosed, for example, in
1J.8. Patent Nos. 4,137,230; 4,248,870; 4,256,746; 4,260,608; 4 265,814; 4,204,757,
4,307,016; 4,308.268; 4,308,269; 4,309,428 4,313,946; 4,315,929, 4,317 .821; 4,322,348;
4,231.59€; 4.361.650; 4,364,866; 4,424,219 4,450,254 4,361,663; and 4,371,533,

Maytansinoid drug moieties are attractive drug moieties in antibody drug conjugates
because they are: (i) relatively accessible to prepare by fermentation or chemical
modification, derivatization of fermentation products, (i) amenable to derivatizatior: with
functional groups suitable for conjugation through the non-disuifide linkers to antibodies, (i)
stable In plasma, and (iv) effective against 2 variety of tumor cell lines.

Immunoconjugates containing maytansinoids, methods of making same, and their
therapeutic use are disclosed, for example, in U.S. Patent Nos. 5,208,020, 5,416,064, and
European Patent EP 0 425 235 B1, the disclosures of which are hereby expressly incorporated
by reference. Liu et al.. Proc. Natl, Acad. Sci. USA 93:8618-8623 (1996} described
immunoconjugates comprising a maytansinoid designated DMt linked to the monoclonal
antibody C242 directed against human colorectal cancer. The conjugate was found to be
highly cytotoxic towards cultured colon cancer celis, and showed antitumnor activity in an in
vive tumor growth assay. Chart et al., Cancer Research 52:127-131 (1992) describe
mnnnoconjugates in which a maytansinoid was conjugated via a disutfide linker to the
murine antibody A7 binding to an antigen on hwman colon cancer cell lines, or to another
murine monocional antibody TA1 that binds the HER-2/nev oncogene. The cytotexicity of
the TA.1-maytansinoid conjugate was tested iz virre on the human breast cancer cell line SK-
BR-3, which expresses 3 x 10° HER-2 surface antigens per cell. The drug conjugate achieved
a degree of cytotoxicity similar w the free maytansinoid drug, which could be increased by
mereasing the mumber of maytansinoid molecules per antibody molecule. The A7-
maytansinoid conjugate showed low systemic eviotoxicity in mice.

Antibody-maytansinoid conjugates are prepared by chemically linking an antibody to
a maytansinoid molecule without significantly diminishing the biclogical activity of either the
antibody or the maytansinoid molecuie. See, e.g., U.S. Patent MNeo. 5,208,020 (the disclosure
of which is hereby expressly incorporated by reference}. An average of 3-4 maytansinoid
molecules conjugated per antibody molecule has shown efficacy in enhancing cytotoxicity of
target cells without negatively affecting the function or solubility of the antibody, although
even one moiecule of toxin/antibody would be expecied o enhance cytotoxicity over the use
of naked antibody. Maytansinoids are well known in the art and can be synthesized by known
techniques or isolated from natural sources. Suitable mayansinoids are disciosed, for
example, in U.S. Patent No. 5,208,020 and in the other patents and nonpatent publications

referred 1o hereinabove. Preferred mavtansinoids are mayiansino! and maytansino! analogues
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modified in the aromatic ring or at other positions of the maytansinol molecule, such as
various maytansinol esters.

There are many linking groups known in the art for making antibody-mayiansinoid
conjugates, including, for example, those disclosed in U.S. Patent No. 5,208,020 or EP Patent
(425 235 BY, Chari e al., Cancer Research 32:127-131 (1992}, and U.S. Pawent Application
No. 10/960,602, filed Oct. 8, 2004, the disclosures of which are hereby expressly incorporated
by reference. Antibody-maytansinoid conjugates comprising the linker component SMCC
may be prepared as disclosed i U.S. Patent Applicarion Neo. 10/960,602, filed Oct. §, 2004,
The linking groups include disulfide groups, thioether groups, acid labile groups, photolabile
groups, peptidase labile groups, or esterase labile groups, as disclosed in the above-identified
patents, disulfide and thioether groups being preferred. Additional linking groups are
described and exemplified herein,

Conjugates of the antibody and maytansinoid may be made using a variety of’
bifunctional protein coupling agents such as N-succinimidyl-3-(2-pyridyldithio} propionate
{(SPDP}, succinimidyl-4-(N-naleimidomethyl} cyclohexane-1-carboxylate (SMCC,
iminotidolane (IT), bifunctional derivatives of imidoesters (such as dimethy! adipimidate
HC), active esters (such as disuccinimidyl suberate}, aldehydes (such as glutaraldehyde), bis-
azido compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derfvatives
{such as bis-(p-diazoniumbenzoyli-ethvlenediamine), dilsocyanates (such as toluene 2.6~
diisocyanate), and bis-active fluorine compounds (such as 1,5-difluoro-2.4-dinttrobenzene).
Particufarly preferred couphing agents inchade N-succinimidyl-3-(2-pyridyldithio) propionate
{SPDP) (Carlsson et al.. Biochem. J. 173:723-737 (1978)) and N-succinimidyi-4-(2~
pyridvithio)pentancate {SPF} to provide for a disulfids linkage.

The linker may be attached to the maytansinoid molecule at various positions,
depending on the type of the link. For example, an ester linkage may be formed by reaction
with a hydroxy! group using conventional coupling techniques. The reaction may acour at the
C-3 position having a hydroxyl group, the C-14 position modified with hvdroxvmethyi. the C-
15 position modified with a hydroxyl group, and the C-20 position having a hydroxy! group.
in a preferred embodiment, the linkage is formed at the C-3 position of maytansino! or a
maytansinol analogue.

i, Awristating and dolastating

In some embodiments. the immunoconjugate comprises an antibody of the invention
conjugated to dolastatins or dolostatin peptidic analogs and derivatives, the auristatins (.S,
Patent Nos. 5,635,483 and 5,780,588). Dolastatins and anristatins have been shown to
interfere with microwbuole dynamics, GTP hydrolysis, and nuclcar and cellular division

{(Woyke et ai {2001} Antimicrob. Agents and Chemother. 45(12):3580-3584) and have
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anticancer (U.S. Patent No. 5,663,149) and amifungal activity (Pettit et al., (1998)
Antimicrob, Agents Chemother. 42:2961-2963). The dolastatin or auristarin drug moiety may
be attached to the antibody through the N (amino} terminus or the C {carboxyt) terminns of
the peptidic drug moiery (WO 02/088172).

Exemplary auristatiz embodiments include the N-terminus linked
monomethylauristatin drug moieties DE and DF, disclosed in “Monomethylvaline
Compounds Capable of Conjugation to Ligands.” U.S. Ser. No. 10/983.340, filed Nov. 3,
2004, the disclosure of which 1s expressly incorporated by reference in its entirety.

Typically, peptide-based drug moieties can be prepared by forming a peptide bond
between two or more amino acids and/or peptide fragments. Such peptide bonds can be
prepared, for example, according to the liquid phase synthesis method (see E. Schréder and K.
Liibke, “The Peptides,” volume 1, pp. 76-136, 1965, Academic Press) that is well known in
the field of peptide chemistry. The aunstativdolastatin drug moieties may be prepared
according to the methods of: U.S. Patent Nos. 5,635.483 and 5.780,588; Pettit et al., {1989} 1.
Am. Chem. Soc. 111:3463.5465; Pettit ef al., {1998) Anti-Cancer Drug Design 13:243-277,
Pettit, G.R., et al., Synthesis, 1996, 719-725; and Petrit et al.. (1996} 1. Chem. Soc. Perkin
Trans, | 5:859-863. See also Doronina {2003} Nat. Biotechnol. 21(7):778-784;
“Monomethylvaline Compounds Capable of Conjugation to Ligands,” US200350238649,
published October 27, 2603, hereby incorporated by reference in its entirety {disclosing, ¢.g.,
linkers and methods of preparing monomethylvaiine compounds such as MMAE and MMAF
conjugated to Hrkers).

iii. Calicheamicin

I ather embodiments, the immunoconjugate comprises an antibody of the invention
conjugated 1o one or more calichearnicin molecules. The calicheamicin family of antibiotics
are capable of producing double-stranded DNA breaks at sub-picomolar concentrations. For

the preparadon of conjugates of the calicheamicin family, see ULS, Patent Nos. 5,712,374,

5,714,586, 5,739,116, 3,767,285, 5,770,701, 5,770,710, 5,773,001, and 5.877,296 (all 1o
American Cyanamnid Company). Struciural analogues of calicheamicin which may be used
include, but are not limited 1o, v,, &', ', N-acervly,', PSAG and 8, (Hinman et al., Cancer
Research 53:3336-3342 (1993), Lode et al., Cancer Research 58:2925-2928 (1998) and the
aforementioned U.S. patents to American Cyanamid). Another ant-tumor drug that the
antibody can be conjugated is QFA which is an antifolaie. Both calicheamicin and QF A have
intraccllular sites of action and do not readily cross the plasma membrane. Therefore, cellular
uptake of these agents through antibody mediated internalization greatly enhances their

cytotoxic effects.
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iv. Other cytotoxic agents

Other antitamor agents that can be comjugated to the antibodies of the invention
inchade BONU, strepiozoicin, vineristine and S-fluorouracil, the family of agents known
collectively LL-E33288 complex descrived in U.S. Patent Nos. 5,053,394 and 5,770,710, as
well as esperamicins (U.S. Patent No. 5,877,296},

Enzymetically active toxins and fragments thereof which can be used include
diphtheria A chain, nonbinding active fragments of diphtheria toxin. exotoxin A chain (from
Pseudomonas aeruginosa), ticin A chain, abrin A chain, modeccin A chain, alpha-sarcin,
Aleurites fordil proteins, dianthin proteins, Phywolaca americana proteins (PAPL PAPIL and
PAP-S}), momordica charantia inhibitor, curcin, crotin. Sapaonaria officinalis inhibitor,
gelonin, mitogellin, restrictocin, phenomycin. enomyein and the tricothecenes. See, for
example, WO 93/21232 published October 28, 1993,

The present mvention further contemplates an. immunoconjugate formed between an
antibody and a componnd with nucleolytic activity (e, a ribonucleass or a DNA
endonuciease such as a deoxyribonuclease; DNase),

For selective destruction of the tamor, the antibody may comprise a highly
radipactive atom. A variety of radicactive isotapes are available for the production of
radioconjugated antibodies. Examples inchude AV 10 T v™ Re'™ Re'™, Sm!™, B,
P P’ and radivactive isotopes of Li. When the conjugate is used for detection. it may
comprise a radioactive atom for scintigraphic smdies, for example 1™ or ' ora spin labe]
for nuclear magnetic resonance (NMR) imaging (also known as magnetic resonance imaging,
mri}, such as lodine-123 again, todine-131. indium-~111, fluorine-19, carbon-13. nirogen-13,
oxygen-17, gadolinium. manganese or iron.

The radio~ or other labels may be incorporated in the conjugate in known ways. For
example, the peptide may be biosynihesized or may be synthesized by chemical amino acid
synthesis using suitable amino acid precursors involving. for example, fluorine-19 in place of
hydrogen. Labels such as Te™" or I', Re'™, Re'™ and In''" can be attached via a cysteine
residue in the peptide. Yitrum-90 can be attached via a lvsine residue. The IODOGEN
method (Fraker ef al (1978) Biochem. Biophvs. Res. Commun. 80: 49-57 can be used to
mcorporate jodine-123. “Monoclonal Antibodies in Immunoscintigraphy” (Chatal, CRC
Press 1989) describes other methods mn detail.

Conjugates of the antibody and cytowsxic agent may be made using & variety of
bifunctional protein coupling agents such as N-succinimidy]-3-(2-pyridyldithio) propionate
(SPDP), succimmidyl-4-(WN-maleimidomethyl) cvclohexane-1-carboxylate (SMCC),
iminothiolane §1T), bifuncionsl dertvatives of imidoesters (such as dimethy! adipimidaie

HCY), active esters (such as disuccinimidyl suberate), aldehydes (such as glutaraldehvde), bis-
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azido compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives
{such as bis-{p-diazoniumbenzoyl}-ethylenediamine), difsocyanates {such as toluene 2,6~
ditsooyanate), and bis-active fluorise compounds (such as 1,5-difluoro-2 4-dinitrobenzene.
For exampile, & ricin immunotoxin can be prepared as described in Vitetia et al., Science
238:1098 (1987}, Carbon-14-labeled 1-isothiocyanatobenzyl-3-methyldicthylene
iriaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for conjugation of
radionucleotide 10 the antibody. See W(094/11026. The linker may be a “cleavable linker”
facilitating release of the cytotoxic drug in the cell. For example, an acid-labile linker,
peptidase-sensitive linker, photolabile linker, dimethy! linker or disulfide~containing Huker
{Chari et al., Cancer Research 52:127-131 (1992); U.S. Patent No. 5,208,020} may be used.

The compounds of the mnvention expressly contemplate, bt are nat limited o, ADC
prepared with cross-linker reagents: BMPS, EMCS, GMBS, HBVS, LC-SMCC, MBS,
MPRH. SBAP, S1A, SIAB, SMCC, SMPR, SMPH, sulfc-EMCS, sulfo-GMBS, sulfo-KMUS,
sulfo-MBS, sulfo-SIAB, sulfo-SMCC, and sulfo-SMPB, and SVSB (succinimidyi-{4-
vinylsulfonejbenzoate) which are commercially available {e.g., from Pierce Biotechnology,
Inc., Rockdord, IL., U.8.A). See pages 467-49%, 20032004 Applications Handbook and
Catalog.

v. Preparation of antibody drug conjugoies

In the antibody drug conjugates {ADC) of the invention. an antihody (Ab) is
conjugated (¢ one or more drug moicties (1)), e.g. abour | to about 20 drug moieties per
antibody, through a linker (L). The ADC of Formula [ may be prepared by several routes,
employing organic chemistry reactions. conditions, and reagents known to those skilled in the
ar, including: (1) reaction of a nucleophilic group of an antibody with a bivalent linker
reagent, to form Ab-L, via a covalent bond, followed by reaction with a drug moietv D; and
(2) reaction of a nucleophilic group of a drug moiety with a bivalent linker reagent, to form
D-L, via a covalent bond, {ollowed by reaction with the nucleophilic group of an antibody.

Additional methods for preparing ADC are described herein,

Ab—{L~D), I
The linker may be composed of one or more linker components. Exemplary linker
components include t-maleimidocaproyl (“MC™), maleimidopropanoyl (“MP™). valine-
cioraliine (“val-cit™). alanine-phenylalanine (“ala-phe™), p-aminobenzyloxvearbonyl (“PARB™),
N-Suceinimidyl 4-(2-pyridylthio) pentanoate (“SPP”), N-Succinimidyl 4-(N-
maleimidomethyl} cyclohexane-1 carboxylate {*SMCUT"}, and N-Succinimidyl {4-iodo-acetyl)
antinobenzoate (“SIAB™). Additonal linker components are kxiown in the art and some are

described herein. See also “Monomethylvaline Compounds Capable of Conjugation to
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Ligands,” U.S. Ser, No. 10/983,340, filed Nov. 5, 2004, the contents of which are hereby
incorporated by reference in irs entirety.

In some embodiments, the hnker may comprise amino acid residues. Exemplary
amino aeid oker components include a dipeptide, a wipeptide, a tetrapeptide or a
pentapeptide. Exemplary dipeptides include: valine-citrulline (ve or val-cit), alanine-
phenylalanine (af or ala-phe). Exemplary tripeptides include: glycine-valine-citrulline (gly-
val-cit) and glycine-glycine-glveine {gly-gly-gly). Amino acid residues which comprise an
amino acid linker component include those occurring naturally, as well as minor amino acids
and non-naturally ocowring amino acid analogs, such as citrulline. Amino acid linker
components can be designed and optimized in their selectivity for enzymatic cleavage by a
particular enzymes, for example, a tumor-associated protease, cathepsin B, Cand D, or a
plasmin protease,

Nucleophilic groups on antibodies incinde, but are not limited to: (1) N-terminal
aming groups, (ii) side chain amine groups, ¢.g., lysine, (iii) side chain thiol groups, e.g.,
cysteine, and (iv) sugar hydroxy! or amino groups where the antibody is giveosylated.
Amine, thiol. and hydroxyl groups are nucleophilic and capable of reacung 1o form covalent
honds with efecirophilic groups on linker moieties and linker reagents including: (i} active
esters such as WHS esters, HOBY esters, haloformates, and acid halides: (i} alky! and bennyt
halides such as haloacetamides: (iii} aldehydes, ketones, carboxyl, and maleimide groups.
Certain antibodies have reducible interchain disulfides. i e., cysieine bridges. Antibodies may
be made reactive for conjuganion with linker reagents by weatment with a reducing agent such
as DTT {dithiothreitol}. Each cysteine bridge will thus form, theoretically, two reactive thiol
nucleophiles. Additonal nucleophilic groups can be introduced inte antibodies through the
reaction of lysines with 2-iminothiolane (Traut’s reagent) resulting in conversion of an amine
into 2 thiol. Reactive thiol groups may be introduced into the amibody {or fragment thereof)
by introducing one, two, three, fowr, o more cysteine residues (e.¢.. preparing mutant
antibodies comprising one or more non-native cysteine amine acid residues).

Antibody drug conjugates of the imvention may also be produced by modification of
the antibody to introduce electrophilic moieties, which can react with nucleophilic
substiruents on the linker reagent or drug. The sugars of glycosylated antibodies may be
oxidized, e.g., with periodate oxidizing reagents. to form aldehyde or ketone groups which
may react with the amine group of linker reagents or drug moieties. The resulting imine
Schiff base groups may form a stable linkage, or may be reduced, e.g.. by borohvdride
reagents to form stable amine linkages. In one embodiment, reaction of the carbohydrate
portion of a glycosyiated antibody with either giactose oxidase or sodium meta-periodate may

vield carbonyl (aldehyde and ketone) groups in the protein that can react with appropriate
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groups on the drug (Hermanson, Bioconjugate Technigues). In another embodiment, proteins
containing MN-terminal serine or threonine residues can react with sodium meta-periodate,
resulting in production of an aldehyde in place of the first amine acid (Geoghegan & Stroh,
{1992) Bioconjugate Chem. 3:138-146; U.S. Patent No. §5,362,852). Such aldehyde can be
reacted with a drug moiety or linker nucleophile.

Likewise, nucleophilic groups on a drug motety include, but are not limited to: amine,
thiol, hydroxyl, hydrazide, oxime, hydrazine, thiosemicarbazone, hydrazine carboxylate, and
arylhydrazide groups capable of reacling to form covalent bonds with electrophilic groups on
linker moicties and linker reagents including: (i) active esters such as NHS esters, HOB1
esters, haloformates, and acid halides; {11} alkyl and benzy! halides such as haloacetamides;
(iif) aldehydes, ketones, carboxyl, and maleimide groups.

Alternatively, a fusion protein comprising the antibody and cyvtoloxic agent may be
made, £.g., by recombinant techniques or peptide synthesis. The length of DNA may
comprise respective regions encoding the twa portions of the conjugate either adjacent one
another or separated by & region encoding a linker peptide which does not deswroy the desired
properties of the conpugate.

In yet another embodiment, the antibody may be conjugated 1 a “receptor” {such
streptaviding for urifization in tumor pre-targeting wherein the antibody-receptor conjugate is
adnunistered to the individual, followed by removal of unbound conjugate from the
circalation using a clearing agent and then administration of 2 “ligand™ {e.g., avidin) which is

conjugated 10 & CYHHOXIC agent (e.g., a radionucleotide),

Pharmaceutical Formulations

Therapeutic formulations comprising an antibody of the invention are prepared for
storage by mixing the antibody having the desired degree of purity with optional
phvsiologically acceptable carriers, excipients or stabilizers {Remingion. The Science and
Practice of Pharmacy 20th edition (2000)). in the form of aqueous solutions, lyophitized or
other dried formulations. Acceptable carriers, excipienis, or stabilizers are nontoxic to
recipients at the dosages and concentrations emploved, and include buffers such as phosphate,
cirate, hastidine and other organic acids; antioxidants inchading ascorbic acid and methionine:
preservatives {sach as octadecyldimethylbenzy! ammonivm chleride; hexamethonium
chioride; benzalkeniumm chloride, benzethonium chloride; phenol, butvt or benzyl alcohal;
alkvi parabens such as methyl or propvl paraben; catechol: resorcinel; cyclohexanol; 3-
pentanol: and m-cresol}; low molecular weight (less than about 10 residues) polypeptides;
proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as

polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, histidine, arginine,
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or lysine; monosaccharides, disaccharides, and other carbohydrates including glucose,
mamnose, or dextrins; chelating agents such as EDTA; sugars such as sucrose, mannitol,
wrehalose or sorbitol; sali-forming counter-tons such as sodivm; metal complexes (2.9, Zn-
protein complexes); and/or non-ionic surfactants such as TWEEN™_ PLURCONICS™ or
polyathylene glycol (PEG).

The formulation herein may also contain more than one active compound as
necessary for the panicular indication being treated. preferably those with complementary
activities that do not adversely affect cach other. Such molecules are suitably present in
combination in amounts that are effective for the purpose intended.

The active ingredients may aiso be entrapped in microcapsule prepared. for example,
by coacervation techniques or by inierfacial polymerization, for example,
hydroxymethylcelinlose or gelatin-microcapsule and poly-{methyimethacylate) microcapsule,
respectively, in colloidal drug delivery systems (for example, liposomes, albumin
microspheres, microemulsions, nano-particles and nanocapsules) or in macroenmulsions. Such
techniques are disclosed in Remingion: The Science and Praciice of Pharmacy 20th edition
(2000).

The formulations to be used for in vivo administration must be sterile. This is readily
accomplished by filtration through sterile filiration membranes.

Sustamed-release preparations may be prepared. Suitable examples of sustained-

slease preparations include semi-permeable matrices of solid hydraphobic polymers
contaiming the immunoglobulin of the invention. which matrices are in the form of shaped
articles, e.g., filtas, or microcapsule. Examples of sustained-release matrices include
polvesters, hydrogels (for example, poly(2-hydroxyethvi-meethacryiate), or
polv{vinylalcohol)}, polviactides (U.S. Patent No. 3,773,919, copolymers of L-glutamic acid
and v ethyl-L-ghrtamate, non-degradable ethyiene-viny! acetate, degradable lactic acid-
giveolic acid copolymers such as the LUPRON DEPOT™ (injectable microspheres composed
of factic acid-glycolic acid copolymer and leuprolide acetate), and poly-D-(-}-3-
hydroxybutyric aeid. ‘While polvmers such as ethylene-viny! acetate and lactic acid-giycolic
acid enable release of molecules for over 100 days, certain hydrogels release proteins for
shorter time periods. When encapsulated omunoglobuling remain in the body for a long
time, they may denature or aggregate as a result of cxposure to moisture at 37°C, resulting in
a toss of biclogical activity and possible changes in immunogenicity. Rational strategies can
be devised for stabilization depending on the mechanism involved. For example, if the
aggregation mechanism is discovered 1o be intermolecular S-S bond formation through thio-

disulfide interchange, stabilization may be achieved by modifying sulfhydryl residues,
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lyophilizing from acidic solutions, controlling moisture content, using appropriate additives,

and developing specific polymer matrix compositions.

I¥i. Therapeutic uses
The antibodies and antibody fragments desceribed herein which bind both HER2 and
EGF (e.g., bH1-44 or bH1-88 or fragments thereof) can be used for the treatment of tumors,

Inchiding pre-cancerous, non-metastatic, and cancerous tumors (e.g., early stage cancer), for
the treatment of autommmune disease, for the treatment of an angiogenesis disorder, for the
wreatment of a disease involving abnormal activation of HERZ2, or for the treatment of a
subject at risk for developing cancer (for exarnple, breast cancer, colorectal cancer, lung
cancer, renal cell carcinoma, glioma, or ovarian cancer), an angiogenesis disorder, an
autoimmune disease, or 2 disease involving abnormal activation of HER2,

The term cancer embraces a collection of proliferative disorders, including but not
iimited to pre-cancerous growths, benign tumors, and malignant tumors, Bemgn tamors
remain localized at the site of origin and do not have the capacity to infilirate, invade, or
metastasize to distant sites. Malignant tumors will invade and damage other tissues around
them. They can also gain the ability to break of! from where they started and spread to other
parts of the body (metastasize), vsually through the bloodstream or through the lymaphatic
system where the Tymph nodes are located. Primary tumors are classified by the type of tissue
from which they arise; metastatic tumors are classified by the tissue type from which the
cancer cells are dentved. Over time, the cells of 2 malignant tumor become more abnormal
and appear less like normal cells. This change in the appearance of cancer cells s called the
wmor grade and cancer cells are described as being weli-differentiated, moderately-
differentiated, poorly-differentiated, or undifferentiated. Well-differentiated cells are quite
normal appearing and resembie the normal cells from which thev originated. Undifferentiated
cells are cells that have become 3o abnormal that it is no longer possible ta determine the
origin of the cells.

The tursor can be 2 solid tumor or a non-solid or soft tissue tumor. Bxamples of sofl
tissue tumors include leukemia (e.g., chronic myelogenous leukemia, acute myelogenous
feukemia, adult acute lvmphoblastic Jeukemia, acute myelogenous leukemia, mature B-csl
acute lvmphoblastic leukemia, chronic lymphocytic leukemis, polymphocytic leukemia, or
hairy cell leukemia), or lvmphoma (e.g., non-Hodgkin's lymphoma, cutaneous T-cell
lymphoma, or Hodgkin's disease). A solid tumor includes any cancer of body tissues other
than blood, bone marrow, or the lymphatc system. Solid tumors can be further separated into
those of epithelial cell origin and those of non-epithelial cell origin. Exampies of epithelial

cell solid tumors include tumors of the gastromtestinal tract, colon, breast, prostate, lung,
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kidney, liver, pancreas, ovary, head and neck, oral cavity, stomach, duodenum, small
intestine, large Intestine, anus, gall bladder, Jabium, nasopharynx, skin, uterus, male genital
organ, urinary organs, bladder, and skin. Solid tumors of non-epithelial origin include
sarcomas, brain tumors, and bone tumors.

Epithelial cancers generally evolve from 2 benign tumor to a preinvasive stage (c.g.,
carcinoma i siu), to 2 malignant cancer, which has penetrated the basement membrane and
invaded the subepithelial stroma.

Multispecific antibodies that bind both VEGF and HER2 (e.g., bH1-44 or bH1-88 or
a fragment thereof) desirably are used to treat breast cancer, colorectal cancer, lung cancer,
renal cell carcinoma, glioma, or ovarian cancer.

It is now well established that angiogenesis is implicated in the pathogenesis of a
varfety of disorders. These include solid tamors and metastasis, atherosclerosis, retrolental
fibroplasiza, hemangiomas, chronic inflammation, intraccular neovascular diseases such as
proliferative retinopathies, .y, diabeuc retnopathy, age-related macular degeneration
(AMD}, neovascular glaucoma, immune rejection of transplanted corneal tissue and other
tissues, rheumatoid arthrits, and psoriasis. Follaman et al., J. Biol. Chem., 267:10931-10934
(1992); Klagsbrun et al., Anmu. Rev. Physiol. 53:217-239 (1991); and Garner A.. "Vascular
diseases”, In: Pathobiology of Ocular Disease. A Dynamic Approach, Gamer A., Klintworth
K, eds.. 2nd Edition (Marcel Delticer, NY. 1994), pp 1625-1710.

Abnormal angiogenesis occurs when new blood vessels either grow excessively,
msufficiently or inappropriately (e.g., the location. timing or onset of the angiogenesis being
undesired from a medical standpoint} 1o 2 discased state or such that §i causes a diseased state.
Excessive, inappropriate or uncontrolled angiogenesis occurs when there is new blood vessel
growth that contributes to the worsening of the diseased state or causes a discased siate, such
as in cancer, especially vascularized sohid tumors and metastatic wwmors {including colon,
lung cancer (especially small-cell lung cancer), or prostate cancer). diseases caused by ocular
neovascularization. especially diabetic blindness, retinopathies, primarily diabetic retinopathy
or age-related macular degeneration (AMD), diabetic macular edema, cerebral edema (e.g.,
associared with acute stroke/closed head injury/trauma), svnovial inflammation, pannus
formation in rheumatoid arthritis. myositis ossificans, hypertropic bone formation, refractory
ascites, polycystic ovarian disease, 3rd spacing of fluid diseases (pancreatitis, compariment
syndrome, butns, bowel disease), wterine fibroids, premature Jabor, neovascularization of the
angle (mbeosis), malignant pulmonary effusions, vascular restenosis, hacmangioblastoma
such as haemangioma; mflammatory renal diseases, such as glomemionephritis, especially
mesangioproliferative glomerulonephritis. haemolytic uremic syndrome, diabetic nephropathy

or hypertensive nephrosclerosis, various inflammatory diseases, such as arthritis, especially
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rheumatoid arthritis, inflammatory bowel disease, psoriasis, psoriatic arthritis, psoriatic
plagues, sarcoidosis, arterial arteriosclerosis, and diseases ocensring after transplants, renal
allograft rejection, endometriosis or chromic asthma, and more than 70 other conditions. The
new blood vessels can feed the diseased tissues, destroy normal tissues, and in the case of
cancer, the new vessels can allow tumor cells to escape into the circulation and lodge in other
organs {tumor metastases}. Insufficient angiogenesis occurs when there 1s inadequate blood
vessels growth that contribuies 1o the worsening of a diseased state, e.g., in diseases such as
coronary artery disease, stroke, and delayed wound healing. Further, uleers, strokes, and
heart attacks can result from the absence of angiogenesis that normally is required for natural
healing. The present invenion contemplates treating those patients that have or are at risk of
developing the above-mentioned ilinesses using an antibody that specifically binds both
VEGF and HER2 (e.g., the bHI-81 or bH1-44 antibody).

Other patients that are candidates for receiving compositions of this invention have,
or are at risk for developing, abnormal proliferation of fibrovascular tissue, acne rosacea,
acquired imrnune deficiency syndrome, artery occhusion, atopic keratitis. bacteria) nicers,
Bechets disease. blood bome tumors, caroud obstructive disease, choroidal
neovascularization, chronic inflamrnation, chronic retinal detachment. chronic uveitis, chronic
vitritis, contact lens overwear, corneal graft rejection, comeal neovascularization, corneal
graft neovascularization, Crohn's disease, Eales disease, epidemic keratoconjuncuivitis, fungal
ulcers, Herpes simplex infections, Herpes zoster infections, hyperviscosity syndromes,
Kaposi's sarcoma, leukemia, lipid degeneration, Eyme's disease, marginal keratolysis, Mooren
ulcer, Mycobacteria infections other than leprosy, myopia, ocular neovascular disesse, optic
pits, Osler-Weber syndrome (Osler-Weber-Rendu), osteoarthritls, Paget's disease, pars
planitis, pemphigotd, phylectenulosis, polyarteritis, post-laser complications, protozoan
infections, pseudoxanthoma elasticum, ptervgium keratitis sicea, radial keratotomy. retinal
neovascularization, retinopathy of prematurity, retrolental fibroplasias, sarcoid, scleritis,
sickle cell anemia, Sogren's syndrome, solid tumors, Stargart's disease, Steven's Johnson
disease, superior limbic kerattis, syphilis. systermc lupus, Terrien's marginal degeneration,
toxoplasmosis, tumors of Ewing sarcoma, umors of neuroblastoma, tumors of osteosarcoma,
wamors of retinoblastoma. tmors of rhabdomyosarcoma. ulcerative colitis, vein occlusion,
Vitamin A deficiency, Wegener's sarcoidosis, undesired angiogenesis associated with
diabetes, parasiic diseases, abnormal wound healing, hyperrophy tollowing surgery, injury
or trauma {e.g., acute lung injury/ARDS), inhibition of hair growth, inhibition of ovulation
and corpus luteum formation, mbibition of implantation, and inhibition of embrvo

development ) the uterus.
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Anti-angiogenesis therapies are useful in the general treatment of graft rejection, lung
wmflammation, primary pulnonary hypertension, nephrotic syndrome, preeclampsia, and
pleural effusion, diseases and disorders characterized by undesirable vascular permeability,
e.g., edema associated with brain tummors, ascites associated with malignancies, Meigs'
syndrome, lung mflammation, nephrotic syndrome, pericardial effusion (such as associated
with pericarditis}, permeability associated with cardiovascular diseases such as the condition
following myocardial infarctions and strokes and the like, and sepsis.

Other angiogenesis-dependent diseases according to this invention include
angiofibroma (abnormal blood of vessels which are prone to bleeding), neovascular glaucoma
(growth of blood vessels in the eye), arteriovenous malformations (AVM; abnormal
comnpmication between arteries and veins), nonunion fractures (fractures that will not heal),
atherosclerotic plagues (hardenig of the arteries), pyogenic granuioma (common skin lesion
composed of blood vessels), scleroderma (& form of connective tissue disease}, hemangioms
(rumor composed of blood vessels), meningioma, thyroid hyperplasias (including Grave's
disease), wachoma (leading canse of blindness in the third world), bemophilic joints,

synovitis, dermatitis, vascular adhesions, and hypertrophic scars (abnormal scar formation).

IV. Dosager and formulations

The antibody {e.g., bH1-44 or bH1-81) or antibody fragment compositions will be
formulated, dosed, and administered in & faghion consistent with good medical practice.
Factors for consideration in this context include the paricular disorder being treated, the
particular mammal being treated, the clinical condition of the individual subject, the cause of
the disorder, the site of delivery of the agent, the method of administraiion, the scheduling of
adminstration, and other factors known to medical practitioners. The "therapeutically
effective amount” of the antibody or antibody fragment to be administered will be governed
by such considerations, and is the minimum amount necessary to prevent, ameliorate, or treat
2 cancer or autoimmune disorder. The antibody or antibody fragment need not be, but is
optionally. formulated with one or more agents cusrently used to prevent of weal cancer o1 an
autoimmune disorder or a nsk of developing cancer or an awtoimmune disorder. The
effective amount of such other agents depends on the amount of antibody or antibodv
fragment present in the formulation, the type of disorder or treatment, and other factors
discussed above., These are gencrally used in the same dosages and with admimistration
routes as used hereinbefore or about from 1 1o 99% of the heretofore employed dosages.
Genperally, alleviation or treatment of a cancer involves the lessening of one or more
symptoms or medical problems associated with the cancer. The therapeutically effective

amount of the drug can accomplish one or a combination of the following: reduce (by at least
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10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 50%, 100% or more) the number of cancer
cells; reduce or inhibit the tumor size or tumor burden: inhibit (i.e., 1o decrease to some extent
and/or stop) cancer coll infiliration ito peripheral ovgans; reduce hormonal secreton in the
case of adenomas; reduce vessel density; inhibit tumor metastasis; reduce or inhibit tumor
growth; and/or relieve 1o some exient one or more of the symptoms associated with the
cancer. In some embodiments, the antibody or antibody fragment is used to prevent the
oceurrence or reoccurrence of cancer or an autoimmune disorder in the subject.

In one embodiment, the present invention can be used for increasing the duration of
survival of 2 human patient susceptible to or diagnosed with a cancer or autoimmune disorder.
Duration of survival is defined as the time from first administration of the drug to death,
Duration of survival can also be measured by stratified hazard ratio (HR) of the treatment
group versus control group, which represents the risk of death for a patient during the
treatment.

In yet another embodiment, the treatment of the present invention significantly
increases response rate in a group of human patients susceptible to or diagnosed with a cancer
who are treated with various anti-cancer therapies. Response rate is defined as the percentage
of treated patients who responded to the treatment. In one aspect. fhe combination treatment
of the invention using an antibody or antibody fragment and surgery, radiation therapy, or one
or more chemotherapeutic agents significantly increases response rate in the treated patient
group compared to the group treated with surgery, radiation therapy, or chemotherapy alone,
the increase having a Chi~square p-value of less than 0.005.

Additional measurements of therapeutic efficacy in the weatment of cancers are
described in U.S. Patent Application Publication No. 20050186208.

Therapeutic formulations are prepared using standard methods known in the art by
mixing the active ingredient having the desired degree of purity with optional physiologically
acceptable carriers, excipients or stabilizers {(Remington's Pharmaceutical Sciences (20%
edition}, ed. A. Gennaro, 2000, Lippincott, Wililams & Wilkins, Philadelphia, FA).
Acceptable carriers, include saline, or buffers such as phosphate, citrate and other organic
acids; antioxidants incheding ascorbic acid; low molecular weight {less than about 10
residues) polypeptides; proteins, such as serum albumin, gelatin or Immunogiobulins;
hvdrophilic polymers such as polyvinylpvirolidone, amino acids such as glveine. glutamine,
asparagines. arginize or lysine; monosaccharides, disaccharides, and other carbohydrates
including glucose. mannose, or dextrins; chelating agents such as EDTA, sugar alcohols such
as mannitol or sorbitol; sali-forming counterions such as sodium; andior nonionic surfactants

such as TWEEN™, PLURONICE™, or PEG.
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Optionally, but preferably, the formulation contains a pharmaceutically acceptable
salt, preferably sodium chloride, and preferably at about physiological concentrations.,
Optionally. the formulations of the invention can contain a pharmaceutically acceptable
preservative. In some embodiments the preservative concentration ranges from 0.1 to 2.0%,
typically v/v. Suitable preservatives include those known in the pharmaceutical ans. Benzyl
aicohol, phenol, m~cresol, methylparaben, and propylparaben are preferred preservatives.
Optionally, the formulations of the invention can include a phanmaceutically acceptable
surfactant at a concentration of 0.005 ta 0.02%.

The formulation herein may also contain more than one active compound as
necessary for the particular indication being treated, preferably those with complementary
activities that do not adversely affect each other. Such molecules are suitably present in
combination in amoums that are effective for the purpose intended.

The active ingredients may also be entrapped in microcapsule prepared. for example,
by coacervation techniques or by interfacial polymerization, for example,
hydroxymethylcellulose or gelatin-microcapsule and poly-(methyimethacylate) microcapsule.
respectively, in colloidal drug delivery systems (for example, liposomes, albumin
microspheres, microemulsions, nano-particles and nanocapsules) or in macroemulsions. Such
techruques are disclosed in Remington's Pharmaceutical Sciences, supra.

Sustained-release preparations may be prepared. Suitable examples of sustained-
reiease preparations include semipermeable matrices of solid hydrophobic polymers
containing the antibody, which matrices are in the form of shaped ariicles, e.g., films, or
microcapsuie. Examples of sustained-release matrices include polvesiers, hydrogels (for
example, poly(2-hydroxyethyl-methacrylate), or poly{vinylaicohol}), polylactides (LS.
Patent No. 3,773,919, copolymers of L-glutamic acid and v ethyi-L-glutamate, non-
degradable ethylene-vinyl acetate, degradable taciic acid-glyeolic acid copolymers such as the
LUPRON DEPGT™ (injectable microspheres composed of lactic acid-giyeolic acid
copolymer and leuprolide acetate), and poly-Ii-(-)-3-hydroxybutyric acid. While polymers
such as ethylene-vinyl acetate and lactic acid-glveolic acid enable release of molecules for
over 100 days. certain hydrogels release proteins for shorier time periods. When encapsulated
antibodies remain in the body for a long time, they may denature or aggregate as a result of
expasure to moisture at 37°C, resulling i a loss of biclogical activity and possible changes in
immunogenicity. Rational strategies can be devised for siabilization depending on the
mechanism mvolved, For example, if the aggregation mechanism is discovered to be
intermolecular 5-5 bond formation through thio-disulfide interchange, stabilization may be

achieved by modifving sulfhydryl residues. lyophilizing from acidic solutions, controlling
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moistire content, using appropriate additives, and developing specific polymer matrix
compositions.

The antibodies and antibody fragments described herein {e.g., bH {-44 or bH1-81 or
fragments thereof) are administered to a human subject, in accord with known methods, such
as intravenous administration as a bolus or by continuous infusion over a period of time, by
intramuscular, iniraperitoneal, intracerobrospinal, subeutaneous, intra-articalar, intrasynovial,
intrathecal, oral, topical, or inhalation routes. Local adsministration may be particularly
desired if extensive side effects or toxicity is assoctated with VEGF and/or HER2
antagonism. Au ex vive suategy can also be used for therapeutic applications. Ex vivo
strategies involve transfecting or transducing cells obtained from the subject with a
palynucleotide encoding an antibody or antibody fragment. The transfected or transduced
cells are then returned to the subject. The cells can be any of 2 wide range of types including,
without himtation, hemopoietic cells (e.g.. bone marrow cells, macrophages, monocytes,
dendritic cells, T cells. or B cells), fibroblasts, epithelial cells, endothelial cells, keratinocytes,
or muscie calils,

In one example, the antibody (e.g., bH1-44 or bH1-81) or antibody fragment i
administered locally. e.g., by direct mjections, when the disorder or location of the wmor
permits, and the mjections can be repeated pertodically. The antibody or amtibody fragment
can also be delivered systemically to the subject or divectly to the tumor cells. e.g., 10 a tamor
or & umor bed following surgical excision of the twmor, n order 1o prevent or reduce local

FeCUrrence or melastasis.

V. Articles of Manufacture and Kits

Another embodiment of the imvention is an article of manufacture containing
materials useful for the treatment of autoimmune diseases and cancers. The articie of
matufaciure comprises a container and a label or package insert on or associated with the
container. Suitable containers include. for example, boitles, vials, syringes, ete. The
containers may be formed from a vanety of materials such as glass or plastic. The container
holds a compaosition which 1s effective for weating the condition and may have a sterile access
port (for example the container may be an intravenous solution bag or a vial having a stopper
pierceable by a hypodermic injection needle}. At least one active agent in the composition is
a muitispecific antibody or antibody fragment antibody of the invention. The label or
package insert indicates that the composition is used for treating the particular condition. The
label or package insert will further comprise instructions for administering the antibody
composition to the patient. Articles of manufacture and kits comprising combinatorial

therapies described herein are also contemplated.
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Package insert refers to instructions customarily included in commercial packages of
therapeutic products that contain information about the indications, usage, dosage,
administration, contraindications and/or warnings concerning the use of such therapeutic
products. In other embodiments, the package insert indicates that the composition is used for
treating breast cancer, colorectal cancer, lang cancer, renal cell carcinoma, glioma, or ovarian
CAncer.

Additionally, the article of manufacture may further comprise a second container
comprising a pharmaceuatically-acceptable buffer, such as bacteriestatic water for injection
(BWFY), phosphate-buffered saline, Ringer's solution and dextrose solution, 1t may further
inclode other materials from a commercial and vser standpoint, including other butfers,
diluents, filters, needles, and syringes.

Kits are also provided that are useful for various purposss, e.g., for purification or
immumoprecipitation of VEGY or HER2 from cells. For isolation and purification of VEGE,
ar HERZ, the kit can contain 8 VEGF/HEK2 antibody (e.g., bH1-44 or bH1-81) coupled to
beads (e.g., sepharose beads). Kits can be provided which contain the antibodies for detection
and quantitation of VEGF or HERZ in virro, e.g., in an ELISA or 2 Western biot. As with the
articie of manufactore, the kit coraprises a container and a label or packape insert on or
associated with the container. The container holds a composition comprising at least one
multispecific amibody or antibody fragment of the invention. Additional containers may be
incladed that contain, ¢.g., diluents and buffers or control antibodies. The label or package
insert may provide z deseription of the composition as well as instructions for the intended in
vitro or diagnostic use.

The foregoing writlen description 1s considered to be sufficient to enable one skilled
11 the art to practice the invention. The following Exampies are offered for ilustrative
pusposes only, aud are not mtended w limat the scope of the present invention in any way.
Indeed, various modifications of the invention in addition o those shown and described
herein will become apparent to those skilled in the are fom the foregoing description and fall

within the scope of the appended claims.

EXAMPLES

Example 1. Library design and constraetion

The anugen-hinding site of antibody is formed by the association of the variable
domain (Vy, Vi) of heavy chain (HC) and light chain (LC}, each containing three CDR loops
for antigen recognition. In many cases one of the two variable domains. often Vi, determines

the antigen specificity. Mice with transgenic HC but imtact LC repertoire generate
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neutralizing antibody titers (Senn et al., Bur. J. Immunol. 33:950-961, 2003). We set out to
investigate how bi-specificity of an antibody can occur and whether different utilization of the
Vy and the Vi, domaing can enable dual antigen binding specificity.

A semi-empirical approach was taken to find a design for diversifving the amino acid
composition and CDR length of antibody light chain and a library templaie that enabled
generation of a functional phage-displayed antibody Library from which antibodies binding
specifically to a protein antigen could be selected. The sequence and length diversity of the
CDR regions of approximately 1506 human kappa lght chain sequences, as represented in the
Kabat database, served to guide the library design process. Solvent exposed residues were
targeted for randomization. A subset of the randomized positions were tailored (o represent
amino acids which are part of the natural repertoire at these sites, whereas the remaining sites
were randomized to include all 20 natorally ocowring amino acids.
in particular, the lght chain template (variable domain) set forth below was modified as
deseribed herein {underlined residues are randomized) (SEQ 1D NO:10),
DIOMTOSPSSLSASVGDRVTITCRASQD®VNTAVAWYQOKPGKAPKILIYSYASFLYS
GVPSRPSGSGSGTDFTLTISSLQPEDFATYYCOOH Y ITPPTPGQGTKVEIKRTV AAPS
VFIFPPSDEQLESGTASVVCLLNNFYPREAKVQWR VDNALQSGNSQESVTEODSKDS
TYSLSSTLTLSKADYEKHKVY ACEVTHQGLSSPYTRSFNRGEC
Four sets of libraries were generated based on 3 human Fab and scFv templates where distingt
sets of positions were targeted for randomization {Figure 1).

In all of the Hbraries the beavy chain was held constant with its sequence defined by
the library template, The heavy chain template {variable domain) sequence is set forth below
(SEQ ID NO:11).

EVQLVESGGGLVOPGGSLRLECAASGFNIKDTYIHWVRQAPGK GLEWVARIYPTNG
YTRY ADSVKGRFTISADTSKNTAYLOQMNSLRAEDTAVYYCSRWGGDGEFY AMDYW
GOQGTLVTVSSASTKGPSVFPLAPSSKSTSGOTAALGCLVEDYFPEPVTIVSWNSGALTS
GVHTFPAVLQSSGLY SLESVVTIVPSSSLGTOTYICNVNHKPSNTKVDRK VEPK SCDKT
H

The library designs are summarized i Figure ! and Figare 2. All library templates
contained a stop codon (Sidhw et al., 2004) embedded in CDR L1 preventing the presence of
template light chain among the phage-displayed antibody library members. The template
CDR sequences are summarized in Fignre 3.

in one example, we introduced mutations m the LC variable domain of a HERZ—
specific antibody to identify variants that can bind a different protein antigen while retaining
the original binding specificity. We took a conservative approach 10 randomize the LC CDRs

in order 10 generate variants that can be stably expressed, Twelve solvent exposed LC CDR
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positions were selected for randomization: five in CDRI (28, 29, 30, 31, 32), three in CDR2
(30, 51, 53) and four in CDR3 (91, 92, 93, 94). Further, to guide the design of amino acid
diversity at elected sites. the natural diversity of these positions was examined by analysis of
approximately 1500 human kappa LC CDR sequences (Johnson and Wy, Nucleic Acids Res,
28:214, 2000; Chothia and Lesk, J. Mol. Biol. 196:901, 1987) (Figure 4). Some positions
with relatively high natoral diversity (30, 31, 30, 92, 93) were fully randomized while other
positions were limited to as few as two amino acid types to mimic naiural antibodies. The
length variation of patural L.C CDR1 and CDR3 was aiso reflected in the library (Figure 4).
In Figure 4, X denotes the amino acid types designed at tow frequencies as shown. Length
diversity is constructed by inserting 1 to 5 residues between residues 30 and 31 and between
residues 93 and 94.

The LC library is a productive naive repertoire (Table 1), Listed are results from the
screening of 95 random clones at the end of four rounds of selection. In particular, selection
for new binding specificity was performed as described on immobilized targets (VEGE, DRS3,
and human FPo) (Sidhu et al,, J. Mol. Biol. 338:299, 2004). After four rounds of selection 95
phage clones were assayed using ELISA for binding to the target, HERZ, and a non-target
proletn, BSA, to ensure specific binding. To enrich for target binding ciones that maintained
HER?2 binding, a final round of selection on HER2 was performed. The positive clones were
sequenced. To identify the highest affinity binders, the ICg,; for antigen binding was
determined by competivive BLISA (Sidhu et al., J. Mol. Biol. 338:299. 2004), The number of
unique clones as determined by sequence anaiysis and the number of unique clones that
maintain HER2 binding (bispecific clones) are shown. These clones show minimum
background binding signals to irrelevant antigens, such as BSA.

Table 1. Light chain library selection summary

Positive % | Unique Seq.  HEKR2 positive |

Human Fe fusion 63 ¢ 3loutof6l ! i
BVEGE 77| 4lomof74 | 30 oulof 41
DRS35 long 85 Soutof 82 2% outof 5

* = weak binding signal

| Target Bi-Specific, Screen Bi-Specific, Selection
Human Fe fusion | [ out of 31 T Not determined
TBVEGE 30 out of 41 | 94 out of 54

: DRS5 long ; 2*outof 5 ll 2 out of 7**

* = weak binding signal Her2
#*% = weak binding signal DR3
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Selection against three protein antigens: human vascular endothelial growth factor
{(hVEGF), death receptor 5 (DR3), and complement binding fragment of 1gG (Fc) generated
wany binding clones (Figure 54}, Some clones lost binding affinity for HER2, while others
maintamed HER2-hinding and were thus bi-specific. Sequence analysis of the 131 unique
Herceptin® antibody vaniants with new binding specificity identified the amino acid
substifutions and insertions compared to the Herceptin® antibody (Figure 5B).

The number of mutations ranged from 3-17. The clones that retained HER2 binding
{the bi-specific clones) contained fewer mutations on average than those that lost HER2
binding. Retaining the Herceptin® antibody CDR-~L3 sequence was preferred but not
sufficient to conserve HER2 binding. This is consistent with the report that the Herceptin®
antibody CDR-L3 is the most important LC CDR for HER2 binding (Kelley and O’ Connell,
Biochemistry 32:6828. 1993). Representative VEGF-binding clones were expressed as Fab
and IgG proteins (Table 2).

Table 2, The representative anfibodies isolated from the light chain library of the
Herceptin® antibody (SEQ 1D NOS:12-23).

| CDR-LI CDR-L2 CDR-L3 Specificity K pinM)
ZT2187313]3/3 3/ 3[3(875[35(5197016]51979

glojolojojololy|2atalojr]23lfalsfaiaj4

albic|d . ; a:b :

Hereptin® | D] V| N[ - -1~ |- | TIA| VS| A §F[H Y| T1 = [T[HER: ¥
ENE N[V W PG W VI B[ A S 8 GIW V1| A VEGH e
BH) DI P RIS T §E Y VWSS Y H YT T 7300726
BHA DIT[GL TG STVIWATSTYH[ Y T | [ T| VEGRHER2 | 16,000/
bH4 i DITIR]S c s|viw e stvaiviT T ;—3.500;;;'

*Differences from Herceptin® auntibody are shown in bold.

To demonstrate that these antibodies bound specifically o their cognate antigens and did not
interact non-specifically with other proteins, we showed that there was no detectable binding
1o a pane! of mammalian cell lysates and non-anvigen proteins. The assay confirmed the
mono- and bi-specificity of the purified IgGs or Fabs (Figure 6),

Equilibrivm binding affinities {Kp) of the LC librarv-derived mone-specific
amtibodies ranged from 15-150 n. The bi-specific antibodies bound the new antigens (i.e.,
VEGF} with high nM to low uM affinity and HER2 with low oM affinity (Table 2). Of the
anttbodies shown in Table 2, the antibody bH]1 displaved the highest bi-specific affinity for

the two different protein antigens VEGF (Kp=300 nM) and HER?2 (Kp=26 nM).

Materials

Enzymes and M13-KO7 helper phage were from New England Biolabs. £ coli XL 1-

Biue was from Stratagene. Bovine serum albumin (BSA), ovalbumin, and Tween 20 were
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from Sigma. Neutravidin, casein, and Superblock were from Plerce. lmmobilized protein G
and anti-M13 conjugated horse-radish peroxidase (HRP) were from GE Healthcare
{Piscataway. NJ}, Mawsorp imrunoplates were fromm NUNC (Roskilde, Denmark).
Tetramethylbenzidine (TMRB) subswate was from Kirkegaéxd and Perry Laboratonies
{Gaithersburg, MD). All protein antigens were generated by research groups at Genentech,
Inc. DNA degeneracies were represented using the IUB code and represent equimolar
mixtures uniess mdicated otherwise: N=A/C/G/T, D=A/G/T, V=A/C/G. B=C/G/T, H=A/C/T,
K=G/T, M=A/C, R=A/G, 3=G/C, W=A/T Y=C/T.

For example, at certain randomized positions, the wild-type codon was replaced by &
degenerate NNK codon (N = A/T/G/C, K = G/T in an equimolar ratio} that encodes all 20
nawural amimo acids. The XYZ codon refers to a codon with unequal nucleotide ratios at each
position of the codon wiplet. X contained 38% G, 19% A, 26% T and 17% C; ¥ contained

31% G, 34% A, 17% T and 18% C; and Z contained 24% G and 76% C.

Phagemid veciors for library construction

Standard molecular biology techniques were used for vector construction. Three
templates were constructed for library generation. All templates are derivatives of plasmid
pV0354 used in heavy cham libraries based on modified humanized 4D5 (version &) (Lee et
al., 2004a).

The 2C4 Fab-C template phagemid piB0290 was construcied by cloning the 2C4

heavy chain variable domain into a pV0354-Fab-C vector containing the alkaline phosphatase

- prometer (Lowman et al., 1991) and stil secretion signal for both light and heavy chain of

Fab. It is engineered to contain 2 single cysieine at the C-terminus of the heavy chain variable
domain 1 to allow bivalent M13 phage display of the 2C4 Fab as previously described (Lee et
al, 2004b). The 2C4 light chain CDRs were incorporated into the Fab-C vector by stie-
directed mutagenesis using the method of Kunkel et al (Kunkel et al., 1987). An epitope tag
gD tag) (Lasky and Dowbenko, 1984) was added at the C-terminus of the light chain to
enable determination of the level of display as described (Sidhu et al., 2004). The Fab12-G
library template pV1283 was created by cloning a highly displayed heavy chain vanable
domain into pV0354-Fab-C, and the light chain variable domain was modified to contain
CDR-L3 of Fab-12 (humanized A4.6.1, an anti-VEGF antibody). The highly-displaved Vj
was selected from a Fab library that randomized heavy chain CDR residues of G6 Fab using
shotgun alanine scanning mutagenesis (Liang et al.. 2006; Vajdos et al., 2002} with CIDR-L3
converted to Fab-12 (Y, STVPW . SEQ ID NO:24) by panning on immobilized anii-gD
antibody. The design and construction of the phagemid pV 1384, displaying 445 (LC-R66G)

scFv bivalently on the surface of M13 phage particles was modified from the template
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pS2018 described previously (Sidhu et al., 2004). The scFv fragment contained a gD epitope
tag in the linker region between light chain and heavy chain. LC framework residue Argh6
was mutated to (Gly66, which is the prevalent residue in this position in over 95% of natural
kappa light chains. The mutation R66G reduces Herceptin® antibody binding affinity to
HERZ only slightly (<2 fold} as described in Kelley and Connell (Biochemistry 32:6828,

1993}, The CDR sequences of the library templates are summarized in Figure 3.

Library constraction

Phage-displayed libraries were created using oligonucelotide-directed mutagenesis as
described (Sidhu et al., 2004). The library template vectors contained a stop codon (TAA)
embedded it CDR-L1, which was repaired during the mutagenesis reaction using degenerate
oligonucleotides that annealed over the sequences encoding CDR-L1, CDR-L3 (aH libraries),
CDR-L.2 (LWL2/L3-A, -B, «C, +1.4-D) and the light chain framework 3 (L1/L4 and
LI/L2/L3+L4-D). The library mutagenesis reactions were performed according to the method
of Kunkel et af (Kunkei et al., 1987} The tight chain CDR designs for the libraries arc
described in Figure I, which summarizes the degenerate codons used at each position for the
different libraries. Three or four oligonucieotides were mixed at certain ratios for each CDR
to encode the desived frequency of amine acid types at each position targeted for
randomization (Figure 4). The oligonucleatides were combined in differemt ratios to fine-
e the diversity 1o reflect the amino acid frequency in natural light chain kappa sequences at
selected positions. For CDRI, three oligonucleotides containing codons for pesitions 91-94:
CAT NNK NNK RST (SEQ 1D NO2353, KMT XYZ XYZ RST (SEQ 1D NO:263, or DGG
XYZ XYZ RST (SEQ ID NO:27y were mixed ar 11371 ratios. XY Z is a vanation of NNK that
has equal proportions of the A/G/T/C for each site 10 reduce the coverage of aliphatic
hydrophobic aminoc acids {(Lee et al,, J. Mol. Biol. 340:1073, 2004). For CDR2, four
oligonucleotides containing codons for positions 56-53: NNK GST TCC NNK (SEQ 1D
NO:28), TGG GST TCC NNK (SEQ 1D NO:29), KGG GST TCC TMT (SEQ ID NO:30). or
NNK GST TCC 'T™MT (SEQ ID NO:3 1Y were mixed at 111:2:10 ratios. For CDR3, each
length was a mixture of three oligonuclieotides containing codons for position 28-33:
GrAseCra RTT NNK NNK TAC 8TA (SEQ ID NO:32), GepAneCre RTT NNK NNK DGG
STA (SEQ ID NO:33). or GapAzCrp RTT NNK NNK NMT STA (SEQ ID NO:34)y at 1:1:2
ratios. GroAmCagis a “soft” codon that allows 70% of the designated nucleotide and 10%
each of the other three, encoding ~50% of Glu and ~50% of the other amino acids.

Structural analysis of a number of representative antibodies with kappa LCs shows
that CDR1 has the widest range of conformations, which is likely a resulr of the variation in

loop lengths (11-17 residues between position 24 and 34). Different CDR-L1 lengths (lengths
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11-16} were thus included in the Hbrary, Natural CDR-L3 also varies in length (lengths 7-10
residues between position 89-96}, which is reflected by the library design (lengths 8-10;
Figure 4).

Figure 1 shows the comparison of the light chain natural diversity and the actual
lbrary designs. The mutagenesis products were pooled into one reaction per library and
electroporated into £ Coli SS320 cells supplemented with KO7 helper phage and were grown
overnight at 30°C (Lee et al., J. Mol. Biol. 340:1073, 2004}, ~10"" cells and ~5-10 ug DNA
were used in each electroporation reaction. The library phage were purified (Sidhu et al,, J.
Mol. Biol, 338:29%, 2004). The number of rransformants ranged from 10°-10'°. The display
fevel of intact Fabs or scFv on the surface of phage was determined in an ELISA binding
assay where 96 randomly selected clones from each library were tested for their ability to
bind an anti-gD antibody. The display level ranged from 5-25% (Figure 2). 25% of the
clones displaying antibody retained HERZ binding. Approximately 150 displaving clones
were sequenced 10 examine the actual fibrary diversity as compared to the design diversity. A
portion (~30%) of the functionally displayed library members retained the Herceptin®
antibody CDR-L2 and/or CDR-L3 sequence due to incomplete mutagenesis (a template stop
codon in CDR-{ ensured 100% wutation of this CDR n expressed scFvs). These were
excluded from the sequence analysis of the actual Hbrary diversity, At the majority of the
randomized positions, the diversity of the phage displayed library of the displaying clones did
not deviate significantly (p>0.03, odds ratic test) from the designed diversity. Exceptions
were position 29 of the CDR-L! where Val was found to be slightly over-represented
compared to le (pr—'{'}.ﬁefﬂ) and positions 51 and 53 of CDR-L2, where Gly and Ser were more

prevalent than Ala and Tyr, respectively (p<0.01).
Example 2, Evaluation of Library Performance

Library Sorting and Screening

A library was considered functional when antibodies binding specifically to various
protein antigens could be isolated afier 4-3 rounds of sorting. Many protein targets were
known to allow functional immabifization for Hbrary panning and specific antibodies have
been penerated from validated phage-displayed libraries (Fellouse et al., 2003) (Lee et al,,
2004a). To evaluate each set of libraries, we chose a subset of these targers for selection
{(Figure 2). The Iibraries were subjected to an initial round of binding selection with anti-gD
antibody or protein L as the capture target 1o eliminate clones in which the Fab/seFv gene had
been deleted, followed by 4-5 rounds of antigen selection. Alternatively, they were directly

subjected to target binding selection without pre-selection with anti-gD or protein L. NUKC
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96-well Maxisorp plates were coated overnight with antigen (5 pg/mi) and blocked for | hour
with alternating blocking agents (Figure 7). Phage solutions of 10" phage/m! were added to
the coated immunoplates in the first selection cvcle. The phage concentration was decreased
i each round of selection. Following incubation of the phage solutions on the immunoplates
to allow binding to the immobilized antigen, the plates were washed with PBS, 0.5 % Tween
20, repeatedly. To increase the stringency, the incubation lime was decreased (4 hours for 1%
round, 3 hours 2™, 3 hours 3% 2 hours 4™ 1.75 hours 5™ and the number of washes was
increased in cach round of sclection (Figure 7). Bound phage was efuted with 0.1 M HCI for
30 minutes and the eluant was neutralized with 1.0 M Tris base. The recovery of phage per
antigen-coated immunoptlate well was calculated and compared to that of 2 blocked well
without coated antigen to study the enrichment of phage clones displaying Fabs or scFvs that
specifically bound the target antigen (Figure 7). Eluted phage were amplified in £ coli and
used for further rounds of selection. Random clones from rounds 4 and 5 were selected for
screening and assayed using phage ELISA in which binding to rarget and anti-gD was
compared to binding of a non-relevant protein (BSA) for checking non-specific binding,
Ciones thal bound the anti-gD antibody and target but not the non-specific protein were
considered specific positives. Libraries L1/L3, L1/L.4, LI/L2/L3-A, LI/L2/L3-B_1 and
LI/L2/L3-B_2 did not vield any specific positive clones whereas libraries LT/L2/L3-C and
LIL2/L3+L4-D enabled isolation of specific antibodies to the targer antigens.

For example, random clones from round four were assayed using phage ELISA where
binding of individually amplified clones to the target and HER2 was compared 1o binding of &
non-target protein (BSAY to test binding specificity. To enrich the phage clones that
matniained HER?2 binding, the eluted phage from the third and fourth round of VEGF or DRS
selection were amplified and subjected 1 another round of selection on HERZ2 coated wells.
The Vi and Vy regions of the positive clones were amplified by PCR and sequenced.

The hit rate for hFC, hWEGF, and hDRS-If, was 63, 77, and 85% respectively. The
V), regions of the positive clones were amplified by PCR and sequenced as described (Sidhu
et al., 2004). The DNA sequence analysis of the positive specific binders revealed a
percentage of unique clones of 51% (hFC), 55% (RVEGF), and 6.1% (hDRS-1f). The

sequences of unique hVEGY binding clones are summarized in Figure 8.

Combined plate and solution selection of hVEGF binding clones

High diversity of hVEGF binding clones after four rounds of sorting was observed.
In order to idemify high affinity hVEGF binding clones a solution based selection approach
was taken following the 4" plate based sort. 50 nM biotinylated hVEGF was incubated with

the phage propagated from the 4% round of selection on immobilized antigen. After 2 hours
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of incubation at room temperature with shaking, hVEGF-bound phage was captured on
neutravidin-coated and blocked immunoplates followed by repeated washes. Phage clones
were eluted, screened, and sequenced as previously described. Sequences of hVEGF bindin

Q
&

clones from the last solition selection step are found in Figare 9,

Isolation of bi-specific clones from libraries L1/L.2/L3-C and LI/L2/L3+14-D

The library template Tor libraries L1/L2/L.3-C and L1/L.2/L.3+L4-D was an scFv
fragment modified from the hu4DS antibody, which binds Her2 with high affinity. Mapping
of the functional paratope of hudS-5 for Her? binding by alanine-scan mutagenesis of the
CDR regions showed that heavy chain residues contribute the majority of the free energy of
binding, whereas individual light chain residues contribute to a lesser extent (Kelley and
O'Connell, 1993). Analysis of the atomic structure of the Herceptin® antibody Fab in
complex with human Her2-ECD demonstrates that while the light chain is involved in making
antigen contact, the heavy chain provides most of the structural interface with the antigen
{Cho et al,, Nature 421:756, 2603). We observed that some members of ihe functonal light
chain fibraries built upon Herceptin® antibody template vetained Her2 binding ability, Inan
atiempt to isolate bi-specific scFv fragments from the functional libraries L1/L2/1.3-C and
LUL2/L3+0L4-D, capable of binding Her?2 as well as a scecond antigen, two strategies were
applied. In one approach the positive clones from the previousty described target antigen
setection was screened by ELISA for ones that retained Her2 binding. The percentage of
specific positive clones capable of binding Her2 varied depending on the second antigen
spocificity. Only 1 out of 61 umgue hFc specific positive clones clone still bound Her2
{1.6%%, 30 out of 41 unique hVEGF binding ciones still bound Her2 (73%), and 2 out of §
unique hDRS binders stili bound Her2 (40%). In addition, a selection-based approach was
taken 10 isolate bi-specific antibodies by selecting Her2 binders from the pool of hVEGF and
hDRS binding antibadies. The elution from round 4 of target antigen sorting was subjected to
an additional round of selection by incubating 2x10" phage/m! on Her2 coated (Sug/ml) and
BSA-blocked Maxisorp immunoplates for 1 hour. The plates were washed 15 times with
PRS, 0.5 % Tween 20 and bound phage elwed as described previously. Random clones were
selected and assayed for Her2, anti-gD and 1arget binding and compared o non-specific
binding to an un-relevant protein (BSAY. Al 192 clones tested were identified as specific
positives and sequenced as described previously. Sequencing revealed 94 unigue sequences,
in summary, this method generaied 94 Her2/hVEGF bi-specific clones out of the 94 unique
clones tested (100%) (Figure 8). The sequences of all isofared unique hVEGF/HetZ bi-
specific antibodies from both isolation strategies arc summarized in Figures 10A and 16B.

The sequences of isolated clones that lost all detectable binding to HerZ are shown in Figure
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11. Of the clones that have dual specificity, nearly all retained the Herceptin® antibody
CDR-L3, making 1t likely that maintaining CDR-L3 ts important for maintaining HER2
binding. In the case of hDR3, 2 out of the 7 unigue Her2-binding clones were bi-specific
{29%. 12 clones sequenced}. One of the dual specific clones had some homologous changes
in CDR-L3.

High-throughput characterization of hVEGF binding clones

A high-throughput single spot competitive ELISA in a 96-well formar (Sidhu etal.,
2004} was used fo screen for high affinity clones for hVEGF and to study the VEGFR -
blocking profiles. Briefly, Maxisorp Immunoplates were coated with 2 pe/ml hVEGF 4.
overnight at 4°C and biocked with [% (w/v) BSA for | hour. Phagemid clones in £ colf
XL1-Blue were grown in 150 pl of 2YT broth supplemented with carbeniciilin and M13-KO7
helper phage; the cultures were grown with shaking overnight at 37°C in & 96-well format.
Culture supernatants containing phage were diluted five-foid in PBST {PBS with £.05%
Tween 20 and 0.5% (wiv) BSA) with or without the addition of 100 nM hVEGF g for affinity
screen. For receptor blocking sereens, hVEGF coated wells were incubated with or without
VEGFRI Domain 1-3 (D1-3} and VEGFRI Domain 2 (D2) before adding five-fold dituted
phage supernatant (Liang et al,, 2006; Wiesmann et al., 1997). After incubation for | hour at
room temperature (RT}, the mixtures were transferred to the coated plates with hWWEGF s and
mcubated for 18 minutes. The piate was washed with PBT (PBS with 0.05% Tween 20) and
incubated for 30 minutes with anti-M13 antibody horseradish peroxidase conjugate diluted
3900-fold to | nM in PBST. The plates were washed. developed with TMB substrate for
approximately five minutes, quenched with 1.6 M HsPO,, and read spectrophotometrically at
450 nm. In the single-spot affinity assay, the ratio of the absorbance in the presence of
solution-phase hVEGF 0 to that in the absence of soluticu-phase hVEGF 4 was used as an
indication of the affinity. A low ratic would indicate that most of the Fab-phage were bound
to solution-phase hVEGF 15 in the initial incubation stage and, therefore, were unavailable for
capiure by immobilized hVEGF oy, The high-throughput affinity assay results of the first 4!
unique clones are summarized in Figure 12, Similarly, for the blocking assay, a low raiio
indicated that the binding of # clone 10 hVEGF 15 is blocked by the hVEGF 06 ~ VEGFRI
interaction, indicating that some clones have an overlapping binding site (epitope) on VEGF
with the respective VEGF receptor fragments (Figares 13A and 13B) and these clones are

likely 10 be displaying the blocking antibodies.
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High-throughput characterization of bi-specific RVEGF/Her2 clones

The same principle as deseribed in the previous section was applied to enable
isolation of clones with high affinity for BVEGF and Her2 for further characterization (Figure
14A). The high-throughput single point competitive ELISA was used 1o screen for high
affinity clones for hZWEGF and HerZ by coating Maxisorp Immunoplates with 2 pg/mt
hVEGF 1y, and Her2-ECD overnight at 4°C, followed by blocking with 1% (w/v) BSA for |
hour. Phage clones that were identified as bi-specific in the previous single spot ELISA
screen were grown as described previously and incubated with and without the addition of 20
nM Her2-ECD and 50 nM hVEGF. After incubation for | hour at room temperature, the
solutions were applied to the coated immunopiates and the binding signals recorded and
analyzed as described in the previous section. Clones with low ratio for both hVEGF and
Her2 were selected for further characterization. hVEGF-specific and hVEGF/Her2 bi-
specific phage clones that gave rise to the lowest signal ratios in the single spot competitive
ELISA were selected for affinity measurement by competitive ELISA as well as the DRS-
binding and DR3/HerZ bi-specific phage clones from the initial single spot ELISA screen and
VEGF binding clones from the combined plate and solution selection. Phage clones were
propagated from 2 single colony by growing in 25 mi of 2YT culture supplemented with
carbenicillin and KO7 helper phage overnight at 30°C. Phage purified by precipitation in
PEG/NaCY were first diluted serially in PBST and tested for binding to an aptigen-coated
plate. The dilution that gave 50-70% saturating signal was used m the solution binding assay
in which phage were first incubated with increasing concentration of antigen for one fo two
hours and then transferred 1o antigen-coated plates for 1013 minutes to capture the unbound
phage. 1Csq was calcuiated as the concentration of antigen in solution-binding stage that
inhibited 50% of the phage from binding to immobilized antigen (Lee et al., 2004a). Figure
14B depicts the curves from which the 1Cs was calculated for the analyzed hVEGF binding
clones from the plate sorting strategy. The ICs, values ranged from 22 nM 1o >1 uM (Figure
14B}. The 1Csp values for the hVEGF binders isolated by combined plate and solution based
selection ranged from 41 nM-226 nM (Figure 9). 1C;, values of DR3-binding clones ranged
from 20 nM to >1 uM. The ICy values for hWEGF/Her2 bi-specific clones are summarized

i Figure 15,
Example 3. Characterization of Antibodies from the Light Chain Library

Conversion of scFvs to Fabs
To test whether conversion of the seFvs™2 as displayed on phage to Fabs affected the

affinity of the binding clones from the library, 2 clones (3-7 anti- hVEGF and 4-1 anti-hDR35)
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were chosen for conversion to Fab and displaved on phage. The Vi region of phagemid DNA
for selected RVEGF and DRS scFv fragments was digested with restriction enzymes, which
cleaved the DNA upstream of the region encoding for CDR-L1 (EcoRV) and downstream of
the region encoding for CDR-L3 (Kpnl). The digested DNA fragment was ligated into a
similarly digested vector (pAP2009) designed for the phage display of Fab hudDS by fusion
to the C-terminal domain of the M13 gene-3 minor coat protein {(Lee et al., 2004b). The
resuliing bi-cistronic phagemad contains the fight chain fused 10 an epitope (gD} tag at the C-
terminus and heavy chain (Vi and Cyl) fused to the gene for M3 minor coat protein (p3) C-
rerminally under the conwol of the alkaline phosphatase promoter. The first open reading
frame encoded a potypeptide consisting of the st} secretion signa! followed by the FabdD3
fight chain, with the CDRs replaced by those of 3-7 ant-hVEGF and 4-1 anti-hDRS scFv'2,
foliowed by a gD-tag epitope. The second open reading frame encoded a fusion polypeptide
consisting of the following: the stll secretion signal, the Fab4D3 heavy chain, an amber
(TAG) stop codon, & Gly/Ser linker sequence and c-terminal domain of g3 protein (cP3).
Expression in £. coli XL-1 Blue co-infected with M13-KO7 resulted in the production of

M 13 bacteriophage displaying Fab versions of 3-7 and 4-1 scFv'2. Competitive phage
ELISAs were used to estimate the affinities of the phage-displayed scFvs and Fabs for
HVEGFE and hDRS as ICy; values, The data from the two different formats were in good
agreement (data not shown),

To enable display of bH1 Fab on the surface of M 13 bacteriophage, plasmid
pAP2009 was modified 1o encode bH1Fab. Versions of the bH1 Fab were used as library
templates containing stop codons (TAA) in either the three LC CDRs or the three HC CDRs
for the LC and HC library, respectively. Separate heavy chain and Hight chain alanine and
homolog scanning Hbraries were constructed as previously described (Vajdos et al., J. Mol
Bioi, 320:415, 2002). The degeneracy ranged from 1x10° o 1x} 0% and the actual library size
from 6x10° 10 4x10'°. The libraries were constructed as described above. Two to three
raunds of selection were performed on immobilized targets (VEGF, HER2-ECD. protein L, or
anti-gD migG) (Vajdos et al,, 1. Mol. Biol. 320:415, 2002). Target binding clones were
screened by phage ELISA for target binding followed bv DNA sequencing and sequence
alignment 1o caleulate the wild-type/mutation ratios at each position. The ratios from
sequence analysis of approximately 100 unique sequences of VEGF and HERZ binding
clones were corrected for display and protein folding effect by dividing with ratios calculated
from the sequences of more than 100 anti-gD> binding clones 1o yield the Foyng values, As
omby the Fab heavy chairn is fused 10 the phage coat, the phage display of the gD vag, which is
fused to the light chain, is indicative of proper folding and association of light chain and

heavy chain. Consistentiy, protein L binding to 2 non-linear epitope on the light chain of the
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Fab also resulted in similar wild-type/mutation ratios as gD tag selections. Fuymy values were
converted to AAG using the formula AAG=RTINK, o /Ky me FRTI(F yuma) 85 described in
Vaidos et al. (J. Mol. Biol. 320415, 2002).

Expression of library binders as free human Fab and IgG

To accurately determine the affinity, specificity and other properties of the antibodies,
representative clones from each specificity group exhibiting the highest affinity in the
competition ELISA experiments were selected for expression as free Fab and hlgG (Figure
16}. The variable domain of light chain and heavy chain was cloned into a vector previously
designed for Fab expression in £. coli or transient humurt [gG expression in mammalian cells
{Lee et al., 2004a). Fab protein was generated by growing the transformed 34B8 £. coli cells
in complete C.R.AP. medium at 30°C for 26 hours as described (Preste et al., 1997). The
higGs were expressed by transient transfection of 263 cells and higG was purified with
protein A affimity chromatography (Fuh et al., J. Biol. Chem. 273:11197, 1998). The | L E.
coli cultures were purified with protein G affinity chromatography. The columns were
washed with PBS and Fab protein was eluted with 100 mM acetic acid and dialyzed against
PBS. The 4 L £ coli cultures were purified on a protemn A affinity coluron followed by
cation exchange chromatography as previously described (Muller ét al, 1998}, Protein
concentrations were determined spectrophotometrically. The final yvieid for Fab was rypically

0.8-15 mg/l purified from a small-scale shake flask growth. IgG production yield was

first characterized using size exclusion chromatography and light scattering 10 ensure that the
proteins did not exhibit significant levels of protein aggregation (<5%).

Briefly, the Fabs and hlgGs expressed were screened by ELISA for binding their
respective antigen(s). All but one variant were found t bind their cognate antigen(s). Clone
4-6 lost hDRS binding ability when converted to Fab and hig(G. Selected antt-VEGF clones,
raised against the shorter form hVEGF y, were tested for binding to hV EGF s using standard
ELISA (K3, H4 N, H4_D higQG), and competitive ELISA (bH]1, 3-1, 3-6, 3-7 hlgG). G8
higG (Fuh et al., 2006) was used as 4 positive controf (Figures 18A and I8B). As expected,
all clones bound hVEGF 4.

To study the extent of protein aggregation sefected clones were analvzed by Size-
Exclusion chromatography (SEC) followed by Light Scattering (LS) Analysis as purified Fab
and IgG. The samples were assaved in PBS at a concentration of 0.5 me/mi (higG) and 1
mg/ml (Fab). A maximum of 5% aggregation was observed for all samples at the given
concentration {Figare 17), which is within range of what we have previously observed for

other phage-display derived antibodies. Clones 3-6 and 3-7 did not come our at the expecied
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time point, which suggested these reformatied IgG and Fab exhibit aggregation and or non-
specific interaction with the resin (daza not shown). These clones were taken out of the set of
clones that underwent further analvsis.

To rule out cross-reactivity and non-specific binding, we studied binding of selectsd
higG at high concentration (100 nM) fo a pane! of immobilized a panel of protein targets
including whole cell lysates, the cognate antigens, and homologues in a standard BLISA
assay. In addition to antigen, we immobilized a murine version of hVEGF to test cross-
species reactivity of the anti-hVEGF clones. In particular. the panel of proteins was
immobilized on Maxisorp plates and blocked with 1% BSA in PBS for T hour. The higGs (or
Fabs) were diluted in PBST 10 a concentration of 104 or 500 nM and transferred 1o the coated
plates. After a I-hour incubation, the plates were washed and incubated with HRP-
conjugated proteint A. The binding signals were developed by addition of TMB substrate for
approximately 5 minutes, quenched with 1M HyPO,, and read spectrophowmetrically ar Aysp.
The hlgGs tested bound specifically to their antigen(s). Clones bH1 and 3-1 exhibited cross-
reactivity to murine VEGF (mVEGF) (Figure 193,

To test whether the bi-specific antibodies bH 1, H3 (anti-hYEGF/Her2), and D1 (anti-
hDRS5/Her2) could simultaneously bind their cognate antigens or if the antigens compete for
antibody binding, hVEGF and hDRS were immohilized at a concentration of 2 pg/ml. A
fixed concentration of higG was incubated with serial dilutions of Her2-ECE followed by
capiure of the higG on the immobilized antigen. In each case, Her2-ECD binding was found
competitive with binding to the other antigens (Figure 26).

‘To accurately determine the affinity of IgGs and Fabs (i.e., anti-h VEGF and anti-
EVEGF/Her2 Fab and IgG tsolated from the fibraries) and o study the binding profiles in real
time, we used surface plasmon resonance (SPR) assays on a BlAcore™-3000 (BiAcore,
Uppsala, Swedeny machine with immobilized hWEGE, mVEGF, DRS, and Her2-ECD CM5
sensor chips at response uaits (RU) of 40-300 depending on the analyte studied.
immobilization was performed as described (Chen et al., 1999). To minimize avidity effects
of the bivalent 1g(3 analytes, a lower density of ligand was targeted on the sensor chip in these
cases. Samples of increasing concenrations ranging ffom a concentration approximately 10-
fold below to 10-fold above the estimated Ky, (based on competition ELISA experiments)
were injected at 22-30 pl/minute, and binding responses were corrected by subtraction of RU
from a reference flow-cell. In addition, the responses were double referenced to normalize for
instrument drift by subtracting RU from figand-conjugated flove-cel! injected with sample
buffer (PBS with 0.05% Tween 20}, For kinetic analysis of the Fabs, 2 111 Langmuir binding
modet of was used to calculate the kg, and k. When necessary (at high analvie

concentrations) & 111 Langmuir binding mode! with mass-transfer limitation was applied. For
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the 1gG analytes, a bivalent analyte binding model with or without mass-transfer limitation
was used (BlAcore Evaluation Software 3.2). In the case of H3 higG, H4 N Fab, and H4 D
higG, the fit of responses to the kinetic binding models was not satisfactory, Therefore,
steady state binding analysis was applied where the equilibrium response was plotted against
analyte cancerntzation. The Ky was estimated as the ECq. A summary of the BlAcore
binding analysis can be found in Figure 21. The affinity of the hVEGF binding antibodies 3-
1, 3-6 and 3-7 was found to be in the nano molar range. The bi-specific antibodies apalyzed
(bH1, H3. H4_N, H4 D) showed low micromaolar to micromolar affinities for hZWEGF. In
contrast, the affinities for Her2 ranged from 8-59 nM (Fab).

To determine whether the light chain of anti-hVEGF binders bH1, H3, and H4 N
could hind hWEGF independent of the sequence of the associated heavy chain, the light chain
variable domains were grafied onto the anti-Her2 2C4 Fab by cloning the hight chain variable
domains into a 2C4 Fab expression vector pfB0524, thus replacing 2C4 light chain variable
domain. The Fabs were expressed as previousty desceribed. The bH1/2C4 and H3/2C4
chimeric Fabs did not express at detectable levels. The H4 N/2C4 chimeric Fab protein was
isolated and tested for binding to hVEGF (b1 original specificity) and Her2 (bH1, 2C4
original specificity). No binding was detected to hVEGF and Her2 by a standard ELISA
binding assay {Figure 22). The resulty indicate that the heavy chain of bHI is required for

antigen binding.

Comparison of anti-k VEGF epitopes

In an attempt to roughly map out the epitopes of the ant-h VEGE antibodies on
hVEGF, we studied the ability of these newly isolated anti-VEGF antibody 1o compete with
other hVEGF binding antibodies and VEGF receptors with known binding sites (Fuk et al.,
2006; Muller et al., 1998; Wiesmann et al., 1997). The assays were done in a competitive
ELISA format where the VEGFR 1 (Fit) Domain -3 and anti-h VEGF antibodies Avastin®
(lg(}l}, B320-4.1 (1g(3), G6 (Fab), and KDR Domain 1-7 Fe fusion protein were immobilized
on Maxisorp immunoplates at 2 pg/ml. The solution competition binding assay used
bictinylated VEGF equilibrated with serial dilutions of purified Jg& proteins, and the
unbound biotin-VEGF was capiured with immobihized Fab or 1gG coated on Maxisorb plates
and was detected with streptavidin-conjugated HRP (Lee et al., ). Mol. Biol. 340:1073, 2004).
Antibodies that block hVEGF from binding other hVEGF-binding antibodies or hVEGE-
receptors are likely 1w share over-lapping epitopes. High concentrations (Vi of the bi-
specific hWWEGF/Her2-binding antibody, bill, enabled compiete blocking of hVEGF binding
to its receptors, VEGFR1T and VEGFRZ, suggesung bH1 epitope overlaps sufficiently with
VEGFRI (Figure 23) and VEGFR2 (Figore 23). In addition. bH1 blocks hVEGF binding to
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B20-4.1 (Figure 24). H3, H4_N, and 14 _D also block hVEGF-binding to both receptors,
which points to similar epitopes as bH1 (Figure 233, The incompleie blocking profiles are
Hkely to be a consequence of thewr relatively low affinity for hVEGF (Figure 21). 3-1.in
contrast, does not block hVEGF from binding VEGFRI, even at the highest concentration
antibody (Figure 28). However, 3-1 higG biock hVEGF binding to VEGFRZ (KDR) {Figure
23% as well as 1o B20-4.1 (Figure 24). These results indicate that 3-1 has a unique epiiope

compared 1o the other antibodies.

Exampile 4, Structure-Function Studies of bH, anti-hVEGF/Her2 Bi-specific antibody
To elucidate the nature of the bHI interaction with its two antigens, VEGF and
HERZ, structural and functional studies was performed. The Herceptin® antibody and bH1
differ in CDR-LT (VENTA™ vs. IPPRSISGY™, SEQ ID NOS:35 and 36) and CDR-L2
(STASFT vs. WOGSY™; SEQ 1D NOS:37 and 38). The bH1 anti-VEGF/Her2 was chosen as
representative for struciural characterization based on its dual specific nature and its relatively
high affinity for VEGF and Her2. In order 1o study the functional and structural epitopes on
VEGF and Her2, we crystatlized the bH1 Fab in complex with VEGF g and the extraceliular
domain of hHer2 and solved the structures of the two complexes by X-ray crystatiography. In
addition, we performed alanine and homolog shotgun scanning analysis using combinatorial

phage displayed libraries as deseribed (Vajdos et al., 2002),

bH1 Fab Expression, Purification, Crystaliization and Data Collection

The receptor-binding portion of human VEGF, consisting of residues 8-109, was
expressed, refolded and purified as described previously (Christinger et al.. 1996).
Residue 1-624 of the exura cellular domain of Her2 was expressed and purified as previously
described (Franklin ev al, 2004; Hudziak and Ullrick, 1991},

For large-scate bH 1 Fab preparation, whole cell peliet was obtained from a ten Hier £
coli fermentation. 220 grams of cell paste was thawed into 1 L PBS, 25mM LDTA, imM
PMSF. The mixture was homogenized and then passed twice through & microfluidizer. The
suspension was then centrifuged at 12k in 250 mi aliquots for 90 minutes. The protein was
then loaded onto a Protein G column (25 mi) equilibrated with PBS at S mi/minute. The
column was washed with equilibration buffer and then eluted with 0.58% acetic acid. The
fractions were assaved by SDS PAGE (data not shown). Fractions containing bH1 Fab were
pooled and then loaded onto a 56 mi Cation Exchange SP Sepherose column (Pharmacia)

equilibrated with 20 mM MES pH 5.5, The Fab was eluted with a sodium chloride gradient
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in the equilibration buffer. The gradient was linear to 0.5 M NaCl, 20mM MES pH $.5.
Fractions containing the Fab were identified by SDS-PAGE (data not shown), and pooled.
bHI Fab eluted at a NaCl concentration of approximately 0.5 M. The Fab concentration was
determined by measuring the Agge. The final yield for bH1 Fab was 67 mg/! fermenter
growth.

Compilexes were obtained by mixing the purified bH! Fab and VEGF or Her2 BECD in
2:1 molar ratio and purified by size-exclusion chromatography (SP-200, Pharmacia) in 25
mM Tris-HCl, pH 7.5 and 0.3 M sodium chioride for VEGF-Fab complex and with 25 mM
Tris-HCl, pH 8 and (.15 M sodium chloride for the Her2 ECD-Fab complex. The
composition of the resulting complexes was verified by SDS PAGE {data not shown). The
protein complex was concentrated and used in crystallization trizls, Initial hanging-drop
experiments using the vapor-diffusion method at 19 °C resulted in small isomorphous crystals
from 14 different conditions within 1 week in the case of the bHI-VEGF complex. Crystals
of the bH1-Her2 complex appeared in 4 conditions within a week. Crystals from one
condition was chosen for further optimization in each case.

For erystablization of bH1 Fab-VEGFE (8-109). equal volumes of protein complex
sofution (10.6 mg/mi protein. 300 mM NaCl, 25 mM Tris-HCI pH 7.3) and crystaibization
buffer conmtning 6.5 M D, L Malic Acid pH 7.0, 20% PEGaue was mixed and equilibrated
at 199C. Large crystals appeared after 24 hours which belonged to space group C222, with
cell dimensions of a=100.6, b=198.0, ¢=77.7. The crystal forms contained | Fab and 1 VEGF
monomer in the asymmetric unit. Prior to data coliection the crystals were cryo-protected by
transfer berween drops containing 5%, 10%, and 15% glvcerol in antificial mother liguor,
followed by a flash freeze in Hquid nitrogen. Data was collected to 2.6 A at the beam line
5.0.1 of the Advanced Light Source (Berkeiey).

Crystals of bH1 Fab-Her2(1-624) was obtained by mixing protein solution (1]
mg/mi, 25 mM Trig pH 8 and 150 mM sodium chloride} with crystaliization buffer containing
25% wiv PEGage. 0.1M MES pH 6.5, Crystals appeared after 12 hours that befonged 1o space
group P2,2;2, with cell dimensions of a=62.3. b=115.1, ¢=208.2. The crystals contained one
Her2-Fab complex in the asymmetric unit. Before data collection the crystals were flash
frozen m liguid nittogen with 20% Ethylene Glyeot as erye-protectant. Data was collecred 10

29 A althe beam Hne 5.0.1 of the Advanced Light Source (Berkeley).

Drata Processing, Structure Determination, and Refinement
The data was processed using Denzo and Scalepack (Otwinowski, 1997). The
structures of bH1 Fab complexes was solved by Phaser (L. C. Storoni, 2004; Read, 2001).

The bH1-Fab-VEGF(8-109) complex was solved using coordinates of VEGF from a
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previously described VEGF-Fab complex (2FJG) and Fab fragments containing etther the
variable domains Vi/V,; or the constant domains Cyy,/Cp, of the Herceptin® antibody Fab-Her2
comptlex (IN8Z). Fragments of HerZ and the vartable domain of the Herceptin® antibody
Fab from the HerZ-Fab comples 1IN8Z were used as search models when solving bH [ -Her2
structure. The constant domain of the bH1 Fab could not be found using the Herceptin®
antibody Fab constant portion as a search model {1N8Z} and had to be docked manualiy
guided by the Herceptin® antibody Fab-Her2 complex structure. Model building and
refinement were performed using the programs Refmac (Collaborative Computational Project,
1094 and Coot (Emsley and Cowtan, 2004), respectively. Stereochemical parameters were
analyzed using MolProbity (Lovell et al,, Proteins 50:437 (2003)). The structures wer

refined 10 Ryy,™0.22 and Rgee =0.27 for the Fab-VEGF-complex and Ruuge=0.25 and Ry,
=(.31 {or the Fab-HerZ-complex. A orystal structure of bH1 Fab in complex with VEGT as
wel} as Her2-ECD was modeled. Some bHI Fab residues were within 4.5, 4.0, and 3.5 A of
the antigens. The two paratopes (the area on the antibody that makes comact with the
antigen) for the fwo antigens on the same anfibody overlap significantly and residues from
both light chain and heavy chain are involved with the binding with both antigens. bH1 binds
a similar epitope on VEGF as the Avastin® antibody, and bH1 binds Her2 on an essentially
identical epitope as the Herceptin® antibody.

The crystal structures of bH1 Fab bound 1o the extracellular domain (ECD} of HER2
{residue 1-624) and to the VEGYF receptor-binding domain (residue 8-109) were determined at
2.9 A and 2.6 A resolutions, respectively (Figure 26 and Table 3). Figure 26 shows the bHI
Fab/HERZ crystal structure superimposed with the Herceptin® antibody/HER2 complex, and
the crystal structure of the bH1 Fab/VEGF compiex.

in the bBHI/HER2 complex. the Fab binds 1o domain IV of HER2 in a manner similar
to the Herceptin® antibody (Cho et al., Nature 421:756, 2003); the two complexes
superimpose with 4 root mean square deviation (r.m.s.d.) of Co positions of 2.3 A, In the
VEGF complex, BH1 recognizes an epitope that overlaps with the binding sites of the VEGF
receptors VEGFRT and VEGFR2 and of other VEGF antibodies {Wiesmann et al., Cel}
91:695. 1997; Muller et al.. Proc. Natl. Acad. Sci. USA 94:7192, 1997). Consistently, the
bH1 blocking of VEGF binding 1o its receptors was observed (Figure 27). For the data
shown in Figure 27, biotinylated human VEGF ¢ was equilibrated with increasing
concentrations of [gG (x-axis), Unbound hVEGF s was captured on immobilized VEGFR2-
ECD ¥¢ fusion and detected spectrophotometrically (optical density at 450 nm, y-axis}).

As shown in Figure 28, the binding sites for VEGF and HERZ on bHI overlap
extensively, Twelve out of the fourteen residues that engage HER2 afso contact VEGF. Baoth

binding sites include CDR residues from the HC as well as LC. In the HER2 camplex, the
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LC and HC CDRs contribute approximately equal antigen contact area (53% and 47%
respectively} while in the VEGF complex, the LC CDRs constitute nearly 70% of the buried
surface (Figure 29). The HER2 binding site on the Herceptin® antibody and bH1 are similar
and differ only in the CDR-L1 and -L2 regions where the Herceptin® antibody sequence is
not conserved in bBHI (Figure 28). In Figure 28, residues on the bH1 or the Herceptin®
antibody Fab surface are shaded according to the extent buried by VEGF or HER2 (dark
shading and white lettering »75 % buried, intermediate shading and white lettering 50-75%
buried, light shading and black lettering 25-49% buried). The underlined residues differ
between bH! and the Herceptin® antibody. The white dotted line depicts the divide of light

and heavy chain.

Fable 3. Crvstallographic Studies

bHI Fab/BVEGY complex bH1 FabMERI-ECD complex

Data Collection Statistirs
Space growp C32x P30
Usn Celt (A) =106, b=198 .0, o=T7 .1 2=62 3. b=115.1, ¢=208.2
Beamline . waveltngth 5183061 ALS 301
Resolanen (A) 50.0-246 50029
Rsvm’ 0.09% (0.65} 0903 (0.65)
Wumber of Observations 151688 160951
Ve Reflecnons 34705 31130
Completeness (Pe)” 808 (100) . 100 700y
Leeli” MO {50 18.5{1.6)
Refinement Statistics
Cenent of assyRumewse unrt 1/2 VEGF dimer, ! Fab § Her2-ECTY ponomer. 1 Fab
Resotution (A) 3028 3G0-28
Reflection used 29077 nxnm
R Factor”. Rfree 010,025 011,028
RIS Deviaon Bonds (Ay 6.0 0010
RAMES Devianon Angles (%) 1.3 i3
Ramarhandran Sanstcs

Favoured Regiony (o} $6.5% g0 5%,

Allewed Regrons (o) 50 4% 97 9%

Crutheers (%) 0.6% T3%
Mugnber of Restdues 1% 1017
Nambers of waters 40 ¢
Muznber of Sugars G a
Number of Lizandsdons {Glyeerol: T MESRY

Rsym®=Y [-<}> Il <> is the average intensity of symmetry-related observations of a unique
reflection.

R Factor’= £ FU-Fc ZI FO. Rfree is calculated as R except for 5% of the refiections excluded
from all refinements.

w oLy

Values in parenthesis denote values of the highest resolution shell.
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The conformation of bH1 Fab in complex with HER2 is markedly similar to that of
the VEGF-bound Fab (rm.s.d.= 0.7A, Cuj. The CDRs of both bH1 Fab structures
superimpose well with each other and with the parent Herceptin® antibody Fv and bH 1 Py
(HER2) r.m.s.d.= (.6A, the Herceptin® antibody Fv and bH1 Fv (VEGE) rmsd= 1.2A
The CDR-L1 is an exception and differs sipnificantly in the two complex structures; the
deviation is 4.6 A (Ca of residues 27-32). Figure 39 shows that the CDR conformations of
bHI Fab bound to VEGF are markediy similar to HERZ-bound bH1 and to the Herceptin®
antibody, with exception of the CDR-L1. Figure 30 is a superposition of the CDR loops as
tubes of VEGF-bound bH1 {dark shading), HER2-bound bH1 (white) and HER2-bound the
Herceptin® antibody (light shading). The CDR-L1 loop exhibits significantly different
conformations in the two bH1 structures (r.m.s.d.c,=4.6 for bH1 residues 27-32) (Figure 31).
In the HER2 compilex, the CDR-L1 is minimally involved in antigen interaction and part of
the loop {residues 28-30b) appears flexible. For VEGF binding, the entire loop is well
structured and contributes 26% of surface area buried by VEGF.

Two residues in CDR-L1, He30¢ and Tyr32, have different conformations and play
different roles in bH!1 binding to HER2 or VEGF. In the HER2 complex, the side chain of
lie30c is buried in the hvdrophobic core formed by CDR-L.1 and CDR-L3 residues. In the
VEGF complex, this side chain forms hydrophobic contacts with VEGF. The Co of Tyr32 is
in the same position in the two structures, but its side chain is rotated ~ 130 degrees. In the
HER2 complex Tyr32 packs against the receptor, while in the VEGF complex the side chain.
together with He29, form the hvdrophobic core and support the conformation of CDR-L1 and
CDR-LE. The CDR-L1 conformation is further stabilized by hydrogen bonds between Twr32
and the LC framework residue Gly72. The structural analysis confirms that Tyr32 is critical
for VEGF binding as mutation to either alaning or phenvialanine is not tolerated. Contrary to
VEGF binding, mutation of Tyr32 to alanine (back to the Herceptin® antibody residue) is
preferred for HER2 binding. Superposition of the two complexes reveals that VEGF would
clash with Tyr32 of CDR-L1Y in its HER2 bound state (Figure 31). In Figure 31 the side
chains of residues Tyr32, He30c. [1e29, and Glv72 are shown as sticks. Residues with
temperature factors higher than average are shown in darker shading (residues 28-30b).
Hydrogen bonding between Tyt32 and Gly72 is illustrated by a dotted line.

The above results indicate that the capability to rearrange CDR-L1 {s necessary for
the bi-specificity of bH1. Similar conformational flexibility of CDR-L1 has been shown (0
play a role in antigen recognition of natral antibodies (!imenez et al., Proc. Nati, Acad. Sci,
USA 100:92, 2003; Mylvaganam et al., J. Mol Biol. 281:301, 1998). Figures 26 28 30,31,
and 32 are generated from the orystal structure coordinates {PDB codes, 3BDY, 3IBET. IN§Z)
using PYMOL (Delano Scientfic, San Carlos, CA).
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bH1 Shotgun scanaing

To study the antigen-binding sites of bi11Fab, shotgun scanning combinatorial
mutagenesis using phage-displayed Fab Horaries was performed (Vajdos et al., 1. Mol Biol.
3200415, 2002; Weiss et al, Proo. Natl Acad. Sci. USA 97:8950, 2000}, Binding selections
on the antigens (RVEGF and Her2-ECD) to isolate functional clones followed by DNA
sequencing enabled calculations of wild-type/mutant ratios at each varied position (Vajdos et
al.. 2002). These ratios were then used 1o determine the contribution of each scanned side-
chain to VEGF and HerZ binding. The results enabled mapping of the functional paratope for
binding VEGF and Her2.

bH1 Shotgan library design

Solvent exposed residues in the CDRs were scanned using phage-displayed libraries
in which the wild type residues were allowed to vary as either alanine or wild type (Alanine
Scan) or as 2 homolog residue or wild type (Homolog Scan). The nature of the genetic code
required some other substitutions 1o be included in the library in addition to WY/ Alanine or
WtHomlog residues (Figure 33). Separate heavy chain and light chain alanine and homalog
scanning libraries were constructed. The libraries are described in Figure 34, The

degeneracy ranged from 1.3x10° to 1.3%10% and the actual library size from 6x10° 1o 4x 10

Construction of shotgun scanning libraries

As noted above, w enable display of bH1 Fab on the surface of M13 bacteriophage, a
previousty described plasmid AP2009 designed to display hud4D5Fab on phage fused to the C-
1erminal domain of the M13 gene-3 minor coat protein. was modified to encode bHIFab
using standard molecular biclogy technigues. The C-terminus of the light chain contained an
epitope (gD} tag. “Stop template” versions of the bHT Fab was used as library wemplate
(Sidhu et al., 2004). The fight chain alanine and homolog scanning library had stop codons in
CDR-L1, CDR-L2 and CDR-L3 and the heavy chain alanine and homolog libraries contained
stop codons in each heavy chain CDR. The iibraries were constructed by previously
described methods {Sidhu ef al., 2004} using Kunkel mutagenests (Kunkef et al., 1987) on the

respective stop templates.

Library selection

NUNC 96-well Maxisorp immunoplates were coated with 5 ug/ml capture target
(WVEGF g , Her2-ECD or anti-gl) migG) and blocked with 1 % BSA {w/v) in PBS. Phage
from the above-described libraries were propagated with KO7 helper phage (NEB) as

described (Lee et al., 2004a). The library phage sclutions were added 1o the coated plates at a
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concentration of 10” phage particles/m! and incubated for 1-2 hours at RT. The plates were
washed 8 times with PBST and followed by elution of bound phage with 0.1 M HCI for 30
minutes. Enrichment after each round of selection was determined as described previously.
After 2 rounds of target selection, 50-1000-fold envichment was observed for all libraries
except L.C-Als and LC-Hom sorted on hVEGE, which showed 5-10-fold enrichment. A
number of random clones from each library exhibiting 50-1000-fold enrichment was selected
for sequencing as described (Sidhu et al., 2004}, Library L.C-Ala was screened for hVEGF
binding in phage ELISA (Sidhu et al., 2000). Clones that exhibited hVEGF ELISA signals at
least two-fold over signals on a control plates coated with BSA were selecied for sequencing.
The LC-Hom library was subjected to | additional round of selection on hVEGF followed by

phage ELISA screening and sequencing of VEGF-binding clones.

DNA sequence analysis
The high quality sequences from each library from the different target selections were
transiated and aligned (Data not shown). The number of sequences from cach library subjest

to analysis is summarized in Table 4 below.

Table 4. Number of Sequences Analyzed

. Library Total Sequences
TCAVID 5
"LCH-V3 7
LCAT 57
e 5
LCAgD Tz
"LCH.gD 1Z6
LCADL 60
[CH-pL 6
HCA-V2 700
HCHVS Y3
HCAT? £
ACHAD 5
HCA-aD 165
THCHSD 105
THCAD] 03
% HCHpI 5
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The WiMut ratios were calculated at each varied position (Figure 38 and Figure 36) thus
allowing caleulation of the F .., values as listed (Figure 35 and Figure 36) which are
corrected for dispiay by division of the ratios from target selection by those from the display
selection as described (Vajdos et al, 2002). A Foyme value greater than | indicates that Wt is
preferred at this position and Fuyme smaller than 1 indicates the mutation is preferred. Fouyma
>3 indicate its important role in antigen binding., The importance of gach scanned CDR
residue is itjustrated in Fignres 37A-37D. The result demonstrates that residues from both
heavy chain and light chain contribute energetically to the binding of both antigen (Her2 and
hVEGF) binding. The impact of bH1 light chain and heavy chain residues on Her2 binding
was compared to that of its parent antibody hudD3 (Kelley and O'Connell, 1993} (Figure 38).

Figure 3%A and Figure 39B show shotgun alanine- and homolog scanning of bH!
Fab for binding to VEGF and HER2. The effects of mutation of alanine (m1), or additional
mutations (m2, m3; due to limitations of shotgun-alaninc codons), or 1o 2 homologous amino
acid (m4) are calculated as the ratic of occurrence of wild-type and mutants (wtmut) among
the clones binding to human VEGF (Figure 39A) or HERZ {Figure 39B). In cases where
only the wild-type residue appeared, the ratios are shown as larger than “>” the wild-type
count. The identity of the amino acid substitutions (m1-m4) is shown as superscripts on the F
values. When the wild-type residue is alanine, it was substituted by glycine (mi}. The “¥7
indicates the extent of the bH1 residues that are buried upon VEGF or HER2 complex
formation (*25-49% of accessible area buried, **50-73% of accessible area buried,
*ekarveater than or equal to 75% of accessible area buried).

The residues that contribute significantly to the energetic interactions make up the
functional paratopes, which constituie a subset of the structural binding sites. In contrast to
the extensive overlap between the sites of antigen contact the two functional paratopes show
limited overlap (Figures 32 and 46). In particular, based on shotgun scanning mutagenesis.
the AAG values (y-axis, kcal/mol} are plotted for each mutation to alanine (black bar) or a
homologous arnino acid (white bar) for VEGF (Figure 40A) or HER2 (Figure 408) binding.
The “+* represents a lower limit, as mutations were not observed at this position. The “*7
indicates the exient of the bH1 residue surface area buried upon VEGF or HERZ complex
formation. (*25-49% buried, **50-75%, **¥>75%). The VEGF binding interaction is
mediated primarily by the LC CDRs with Tyr32 of CDR-L1 and Higd! of CDR-L3 as the
core hot spot (MG, > 1.5 keal/moly, HER2 binding 15 mainly coniributed by HC CDRs.
Figure 32 shows crystal structures where the bH1 and the Herceptin® antibody residues are
shaded on the Fab surface based on their functional importance {dark shading and white
fettering, KAG = 1.5 keal/mol; intermediate shading and biack lettering. 1 £ A8G <1.5

keal/mot; light shading and black letiering, 0.5 < AAG<1 keal/mol of alanine mutation). The
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black dotted line cutlines the contact area as in Figure 28, The white dotted line depicts the
divide of light and heavy chain. '

For VEGP binding and HERZ binding, the functional paratope residues are
distributed across HC and LC signifving the synergy of the two chains, Tepds of COR-H3 s
the only common hot spot residue for the two interactions (AAG e 1.5 keal/imoly. As noted
above, the VEGF binding interaction is mediated primarily by the LC CDRs while HER2
binding is dominated by HC CDRs. Compared to the Herceptin® antibody, b1 with weaker
HER?2 binding affinity (300 fold) maintains the same core hot spot residues for HERZ binding
{Arg50, Trp95, and Tyr100a) while the importance of peripheral residues is redistributed
(Figure 32). Overall, most of the important side chains in heavy chain contributing
hud>5/Her2 binding are still important for bii1/HerZ binding (AAG>1.5 kcal/mol). There are
some changes. Light chain residues have more shuffling in contributions — some residues
became less important and some more important. Overall, the functional sites are part of the
structural interface from the crystal structure of the bHI-VEGF and bH I-Her2 complexes.

In short, the interaction of bH 1 with the two structurally unreiated large proveins is
characterized by the engagement of a distinet sef of bH1 residues in the energetic Interaction
with each antigen. While most of the two extensively overlapping binding sites for the two
different antigens exhibit a single conformation, the flexibility of one CDR loop (L1)
facilitates the accommodation of both HERZ and VEGF, The mechanism is reminiscent of
the molecuiar versatility obgerved in multi-specific antibodies binding wnrelated small haptens
or peptides. Previous studies describe multi-specificity mediated either by differential
positioning of the small ligands at spatially distinet regions of & single antibody conformation
{Sethi et al., Immunity 24:429, 2006} or by multiple pre-existing conformations of the antigen
binding site (James et al,, Science 299:1362, 2003). The versatility of antibody molecules in
antigen recognition is further highlighted by how limited LC mutations can give rise o

antibodies that bind two unrelated protein antigens.

bhH1 affinity maturation

In an attempt {0 investigate whether the VEGF-binding affinity of bH! could be
increased by optimization of the light chain sequence before the structural and functional
results became available, a library was construcied where the CDR residues at highly solvent-
accessible positions based on the crystal structure of h4D5* Fab (Eigenbrot et al.. 2001),
which is assumed to closcly resemble bH1 Fab, were diversified. Targeted residues were
allowed to vary as either wild type or a few homologous residues (Figure 34). The library
was constructed as described in section “Construction of shotgun scanning libraries™ A

solution-based selection method was used to select for higher affinity VEGF-binders asg

10¢
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described. Two rounds of solution-based selection were performed. The stringency was
increased in each round of selection by decreasing the concentration of biotinylated VEGF
from 50 oM i the first round 10 20 nM in the second round. 138 clones were sequenced from
the last round of selection. Most clones were found to be unique. A high-throughput ELISA
assay with immobilized VEGF (8-109), anti-gD> antibody, and Her2-ECD was used to identify
clones that bound 1o VEGF, Her2-ECIJ, and anti-gD migG but not 0 BSA, The VEGF-
ELISA binding signals were normalized by the anti-gIy ELISA signals 10 estimate the relative
affinity of the VEGF binding ciones. Clones with high VEGF/anti-gD ratios were selected
for further characterization. The affinity of the selected clones for VEGF and Her? was
estimated by competition ELISA as phage-displaved Fabs a8 previousty described. The b1
variants show tmproved VEGF binding-affinity compared to the parent bH1 clone.
[nterestingly, some clones have slightly improved ICsq values for Her2 binding even though
that affinity-based selection for Her2 was not performed. This shows that it is possible to
affinity mature the bH1 clone for VEGF binding without affecting Her2 binding ability
significantly. There are some VEGF-affinity imaproved clones that showed reduced Her2
binding affinity compared to the parent bH1 clone. This result indicates that the light chain
actively contributes to the binding ability of bH1 10 Hex2 despite the fact that heavy chain s
the main contributor to the binding energy based on the bH[-Her2 complex structure and
shotgun alanince scanning analysis. The sequences and ICs values of the characterized clones
are summarized in Figure 41, The finding that most sequences were unique suggests thar the
fight chain sequence of these variants is not yet fully optimized for VEGF binding and that it
is possible o further affinity-improve bH1 clone by additional rounds of selection.

As shown in Tabte 5, significant affinity improvement of a single Fab for two
antigens is achievable and generally applicable. For instance, the Kp for human VEGF was
mereased from 250 (bH1: 1gG) to 41 (bH1-81; [gG) or 16 nM (bH1-44; 1gG) and the Ky, for
HERZ was increased from 21 (bH1, 1gGy to 7 (bH1-81; 1gG) or 1 nM (bH1-44: [gG).

The affinity was improved by inrroducing mutations in the HC and L.C CDRs of bHI.
The positions were selected based on the mformation about the functiona! paraiopes for
VEGF and HER2 deseribed herein. The bHI variants were isolated in two steps by selection
and screcing of phage display libraries as described herein. The improved clone bh1-81 was
isolated by affinity-based selections of the described light chain homolog shotgun scan
library. In the second step, the highest affinity clone (bH1-44) was isolated from & library by
randomizing residues of BH1-81. In particular. oligonucleatides were designed that
randomized sites in the HC and the LC of bH1-81 (Table 5} to encode ~30% wild-type and
50% of all other 19 amino acids at cach position (Gallop et al.. Journal of Medicinal

Chimistry 37:1233, 1994},
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The Kps of bH1 affinity-improved variants (Table 5) were measured for Fab
fragments and 1gG antibodies. Fab fragments and IgG antibodies were expressed in £ Coli
and 293 cells respectively, and purified as described herein. Surface plasmon resonsnce
(SPR) measurements with BiAcore3000 were used to determine the binding affinities of Fab
fragments and IgG antibodies as described in Lee et al. (J. Mol. Biol. 340:1073, 2004}, To
study the affinity of the antibody as monovalent Fab fragments. the antigens (8VEGF .
murine VEGF ., and HER2 ECD) were immobilized at low density on a BlAcore CM5 chip,
Serial dilutions of Fab fragments were contacted with the immobilized antigens and the
binding responses measured by SPR. A 11 Langmuir binding model was used to calculate

10 the &, ke and Kp. To determine the Kp of the 1gG antibodies. the 1gG was captured on
BiAcore CMS chip by immobilized anti-Fc antibody and exposed to serial dilutions of
BVEGF 40, murine VEGF oy, and HER2-ECD. For HERZ a simple 111 Langmuir binding
model was used to deiermine the Kp, while VEGF required a bivalent analyte model, Allthe
experiments were performed at 30°C.

Table § shows the randomized positions in bold and summarizes the CDR sequences
{SEQ ID NOS:1-6 and 39-41) of bH, bH1-81. and bH1-44 and their affinities (as determined
by surface plasmon resonance).

Table 5. Variants of bH1 with improved dual affinity
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The monovalent affinity of the antibodies for human VEGY g, murine VEGF s,

and

HERZ BCID was measured by BiAcore. Table 5 shows representative dissociation constants

(K} for gach binding interaction, The recepror-binding fragment of VEGF (VEGF g} was

used mn the BlAcore experiment because the bl variants bind the fuli-length protein
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(VEGF 45} and VEGF 50 with similar affinity in solution competition experiments (data not
shown). Different assay formats and evaluation models were used to calculate the K for Fab
fragmens/lg( antibodies as described herein. The different assay/evaluation formats vielded

consistent dissociation constants for the individual interactions.

Esample 5. Analysis of IgG activity in cel) assays

To determine whether the bH1 an3 3-1 aptibodies could inhibit hVEGF 4 induced
proliferation of human umbiiical vein endothelal (HUVEC) cells, they were tested in a
proliferation assay. Human umbilical vein endothelial cells (HUVEC) {Cambrex, East
Rutherford, NJ} were grown and 2ssaved as described (Fuh et al., J. Biol Chem. 273:11197,
1998). Approximately 4000 HUVECs were plated in each well ofthe 96-well cell culture
plate and incubated in Dulbeceo's moditied Eaple's/F-12 medium {111} supplemented with
1.0% (v/v} fetal bovine serum (assay medium) for 18 hours, Fresh assay medium with fixed
amounts of VEGF (0.2 nM final concentration), which was first titrated as a level of VEGF
that can stimulate submaximal DNA synthesis, and increasing concentrations of anti-VEGF
antibodies (e.g., BH1) were then added to the cells. After incubation at 37°C for 18 hours,
cells were puised with 0.5 pCi/well of PH] Thymidine for 24 hours and harvested for counting
with TopCount Microplate Scintillation counter. The results demonstrate that both 3-1 and
bHI can inhibit VEGF-mduced growth of HUVEC cells by preventing hVEGF induced
stgnaling and subsequent proliferation, The Avastin® antibody {anti-VEGF) was used as a
positive controt and the Herceptin® antibody as a negative contro! (Figure 42).

To study binding of bi-specific anti-Her2/VEGF antibodies to Her2 expressed on
mammalian cells, the binding of bH1 and bH3 antibodies to NR6 fibroblast cells over-
expressing Her2 (NR6-Her2) was studied by Flow Cytometry., One million NRé-Her2 cells
were incubated with 100 pg/mi Fab and IgG for 1 hour, followed by incubation with an
Alexad 88-conjugated murine anti-humar IgG antibody for T hour, As negative controls, Fab
and IgG binding 1o non-expressing NR6 cells was studied. As demonstrated in Figure 43,
bH1 and bH3 bind specifically 1o Her2 on NR6 cells as Fab and as 1gG.

Figure 44 shows the results of competitive binding experiments for bH] to VEGF or
HER2. b1 inhibited VEGF induced proliferation of human umbilical vein endothelial cells
{(HUVECY with an ICg of 200 nM, which is consistent with its affinity of 300 nM, and the
profiferation of HERZ-expressing breast cancer cell Yine BT474 after 5-day incubation, albeit
with lower efficiency than the Herceptin® antibody due 10 its reduced affinity (Figure 45).
The Herceptin® 1g0 antibody and bevucizumab (anti-VEGF) served as controls, As shown
ir Figure 45, bH1-81 and bH1-44 antibodies inhibit VEGF-induced profiferation of HUVEC

cells and growth of BT474 cells 1o a greater extent than bH1, The increased potencies of the
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bH1 variants correlate with thewr relative affinities. The highest affinity variant, biH{1-44,
inhibits growth of HUVEC and BT474 cells with a potency similar to bevacizumab or
Herceptin® antibody, respectively,

To carry out these experiments, VEGF-stimulated HUVECs were treated with
increasing concentrations of human IgG and the proliferation inhibition after 2-days of
incubation was measured as described in Liang et al. (J, Biol, Chem. 281:951, 2006). Breast
cancer cells BT474 were cultured in RPMI media supplemented with 10% FBS. For the
assays. 10" cells were plated per well in a 96-well plate and incubated overnight (18 hours) at
37°C. Increasing concentrations of human 1gG were added to the cells. The celis were then
incubated at 37°C for five days, followed by addition of 10% AlamarBlue (Biosource
Interpationial, Camarilio, CA} according to the manufacturer's instructions. The antibody-
dependent inhibition of proliferation of the HER?2 expressing cells was determined by

measuring the fluorescent signal after 6 hours.

Example 6. Analysis of binding specificity

The binding specificity of the antibodies derived from the LC lbrary was determined.
{gGs binding 10 various immobilized purified proteins or cell lysates including the cognate
anfigens was assayed by ELISA. The antigens were immobikized and incubated with hlgG at
a conceniration of 15 pg/mL. for an hour. Bound 1gG were detected spectrophotometrically
{optical density at 450 nm; y-axis; Figure 46). The proteins included in the assay were (left
to right in Figure 46) vascular endothelial growth factor A {VEGF), murine vascular
endothelial growth factor (murine VBGF), vascular endothelial growth factor C, (WEGF-C],
vascular endothelial growth factor D, (hVEGF-D). HER2 extracellular domain (HER2 ECD),
epidermal growth factor receptor extraceliular domain (hREGFR), ErbB3/HERS extraceliular
domain {HER3 ECD), human death receptor 5 (hDRS), bovine serum albumin {(BSA), Casein,
Fetal Bovine Serum (FBS). Neuwravidin, 5% milk, mouse fibroblast cell lysate, and mouse
fibroblast cell lysate spiked with h'VEGF-A or HERZ ECD. In Figure 46, error bars represent
the standard error means (SEM) of duplicates, The antibodies bH3, 3-1, bD1, bD2, 4-1, and
4-5 were not tested for binding to murine VEQGF, HER3 BCD, Neutravidin, 5% milk, cell
lysate spiked with hVEGF-A, and cell lysate spiked with HER2 ECD,

The ability of various antibodies (Avastin® antibody, Herceptin® antibody, bH1,
bH3, bH4, bH1-81, and bH1-44) to block VEGF binding to VEGF receptors was aiso
determined (Figure 47). Biotinviated human VEGF ;¢ (Figure 474) or murine VEGF 4
{Figure 47B) were equilibrated with increasing concentrations of 1gG (x-axis), Unbound

VEGY was captured on immobilized human VEGFR2-ECD Fc fusion protein and detected
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spectrophotometrically (optical density at 450 nm, y-axis). Similar inhibition was also
observed with VEGFRI, The anti-VEGF antibodies block VEGF binding to VEGF receptors.

The antigens VEGF and HER2 were shown (0 compete for binding 1o bH1-44
bispecific 1gG antibody in solution {Figure 48), Human bH1-44 1pG amibody at 2
concentration of 0.1 nM was incubated with 0.1 nM biotinyiated human VEGF s in the
presence of increasing concentrations of HER2Z ECD. bH1-44 was captured by immobilized
anti-human Fc and bH1-44-bound biotin-VEGF detected with streptavidin-HRP, HER2 ECD
bound to captured bH1-44 was detected using a murine anti-HER2 antibody binding a non-
overlapping epitope on HER2 followed by an HRP-conjugated goat anti-mouse 1gG (Figare
484). Human bH1-44 1pG af a concentation of 0.2 nM was incubated with (.6 nM
biotinylated HER2 in the presence of increasing concentrations of human VEGF ;. bH1-44
was captured by immobilized anti-human Fe and bH1-44-bound biotin-HER2 detected with
streptavidin-HRP (Figare 48B).

The specific binding of bH1 and bH1-44 to cells as also detected by using FACS
{Fluorescence Activated Cell Sorting; Figure 49). The bispecific antibodies (bB1 and bH-
44} bind to HER2 expressing mouse fibroblast (NR6) cells (Figure 49B) but not 1o HER2
negative NR6 cells (Figure 49A). 0.5-1 million cells were incubated with 15 pg/mb. higG on
ice for an hour. Primary antibodies bound to cells were detected using a secondary
fluorescent PE conjugated goat-anti-human IgG. The cells were analyzed using 2 FACS
Calibur flow cytometer. bHT and bH .44 do not cross react with the rat ortholog of HERDZ. as
70 binding was detected to mouse fibroblast cells transfected with rat new {rut ortholog of
HERZ).

To further characterize the specificity of the bH1 antibody variants bH1-81 and bHI-
44, immunoprecipitation experiments were conducted and the bH1 antibody variants were
shown to specificalty immunoprecipitate VEGF or HERZ from mouse fibroblast (NR6)
tysates. but not other proteins (Figare 50). NR6 cells were non-specifically biotinylated,
tysed, and cell membrane protcins detergent sotubitized. Cell lysates corresponding to 5-10
million cells/mL of NR6 cells, NR6 cells spiked with 0.1 pg/mL biotinviated VEGF 4,01
HERZ over expressing NRS cells were incubated with 15 po/ml antibody. The antibody was
captured using proteinA-coated sepharose beads and bound proteins eluted. The eluted
proteins were separated by SDS-PAGE. Cell lysates corresponding to approximately 25-
50,000 cells and immunaopreciptate from approximately 0.12-0.25 million cells were toaded
omo the pel. Captured bictinvlated proteins were detected by Western blotting using

streptavidin-HRP,
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Example 7. Analysis of IgG activity in in vive assavs

To assess whether the dual activity of these antibodies in vitro translates 10 a
corresponding activity in vive, we employed mouse xenografl tursor models known to be
responsive to reatment by anti-VEGF antibody (Colo205. a colorectal cancer cell line) or
Herceptin® antibody (BT474M1, breast cancer cell fine). In particular. Colo205 xenografts
were used in nu/nu mice and BT474M1 xenografls were used in beige nude XID mice., All
animnal studies were in accordance with the guideiines of the American Associarion for
Accreditation of Laboratory Animal Care and the Genentech Insutational Anima! Care and
Use Committee.

in particular, the BT474M1 (in-house) and Colo205 (ATCC, Manassas, VA cells
were cultured in RPMI media/10% fetal bovine serum. 5x10° BT474M1 cefls suspended in
Hank's Buffered Salt Solution (HBSS) and matrigel (1:1) mixure were injected mnto the
mammary fat pad of Harlan beige nude XID mice (Indianapotis. IN} implanted with an
estradio! peliet subcutaneousty. For Colo205 xenografis, 5% 10" Colo205 cells in HBSS were
subcutaneousty injecied into Charles River nw/nu mice {(Hollister, CA). When the mean
tumor size reached ~200 mm’, the mice were randomly grouped into 7 groups of 8 mice
(BT474M1) or 10 mice (Colo205). Antibodies were administered intraperitoneally once z
week, The tumor sizes were measured twice a week. Volumes were caleulated as V70.5ab’
{(a is the longest dimension of the tumor and b perpendicular to a). The statistical evaluation
used one~way analysis foifowed by two-tatled student 1 tests. Adjustment of the alpha level
due to multiple comparisons (Bonferroni) did not alter the significance of our conclusions.
Partial responses (PR) were defined as a response of 50-99% reduction in tumor volume
compared to V0. Serum samples were cotlected 7 days after the first and third weatrnent, The
concentration of human antibody was determined using ELISA. Donkey anti-human [gG Fc
was immobilized on an immunc plate. Dilutions of serum and an antibady standard were
incubated on the plate for 2 hours. Bound antibody was detected by Horseradish Peroxidase
conjugated goat anti-humaen 12G Fe followed by TMB Substrate/I M Phosphoric Acid. The
plates were read at 450/620 nm. Sample concentrations were determined using a 4-parameter
algorithm.

The bH1-44 treared groups were compared with groups treated with anti-VEGEF
{B20-4.1) (Liang et al,, 1. Biol. Chem. 281:951, 2006}, Herceptin® antibody, or the
combination {Herceptin® antibody + anti-VEGF) 1o further establish that bH 1-44 antibody
was capable of inhibiting VEGF and HERZ2 mediated tumor growth. In all groups. antibody
was present in serumn from Colo205 xenografts at high levels (estimated by ELISA) 7 days

afier the start of (reatment. indicating normal pharmacokinetics (Table 6},
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Table 6. Antibody serum levels

; | Antibody Concentration (ug/ml)

Group | Mean | SD :

Control 1gG (0 mgrke 77 : 65 :, e

" Herceptin® |0 mg/kg ) 83 j 47 |
TAmi-VEGF 10 mg/kg ;. 70 7‘ 8
TANG-VEGE-Ferceptin® 41 25 f
. 10+10 mg/ke :
bH1-44 10 mg/kg | 30 2
bH1-44 20 mg/kg 37 z 9 :

Far each group. n=3; SD=Standard Deviation

bH1-44 dosed weekly at 10 mg/kg inhibited Colo205 tumor growth compared to
control antibody (p<0.0001, n=10), with similar efficacy as anti-VEGF (10mg/kg/week),
while Herceptin® antibody had no effect on Colo203 growth (p=0.12, n=108}. As expected,
the combination treatment showed similar efficacy as anti-VEGF alone. bH1-44 antibody
administered at 10 and 20 megfkg/week vielded dose-dependent responses. In the BT474M1

model, significant tumor growth inhibition was observed in the group of mice wreated with

Like the groups dosed with Herceptin® antibody or Herceptin®/antiVEGF combination,
more than half of the tumors treated with bi1-44 antibody showed regression of more than
50% from the initial volume (i.e., partial response, Figure 51;. Anti-VEGF alone, on the
other hand, only exhibited modest growth inhibitory effects on BT474M1 compared to
control (p=0.06, =7} and exhibited no partial response. The bispecific bH1-44 antibody was
thus shown 1o inhibit two distinet mechanisms important for twmor growth in vive.

The above results indicate the potential of the affinity-improved vartants of bH1
antibody {e.g., bH1-44 and bH1-81} 1o inhibit two mechanisms that are tmponant for tumor

growth in vivo.

Example 8. Characeterization of VEGF and HER2 binding interfaces with bHI and
bH1-44

To further compare the structural characteristics of bH1 and bH1-44. the VEGT and
HER2 binding interfaces with these antibodies were identified. The siructural contacts Jisted
in Table 7 were identified based on the crystal structure coordinates 3BDY (bHI/VEGF) and
IBE] (bHI/HERZ2). The binding interface was caloulated using the program XSAE. This

program defined the interface as polar, hvdrophobic, and mixed. Table 7 lists the bi1
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residues with >25% of the total surface area buried upon HERZ or VEGY binding, Table 7
also lists the VEGF and HERZ residues within 4.5A of the bH ' residues. The surface area of
each residue that is buried vpon complex formation was calculated using IMOL based on the
coordinates of the crystal structures 3BDY, 3BE1, and IN8Z {(PDB). The polar and
hvdrophobic interface areas reporied in Table 11 reflect the polar interface area and half of
the mixed. The hydrophobic interface area reported consists of the hydrophobic areas and
half of the mixed.

The crystal structure and alanine scanning showed that bH1 retains the same binding
epitope on HERZ as the Herceptin® antibody (Bostrom et al., 20609). The crystal structure of
Herceptin® Fab in complex with HER2 superimposes well onto the bHI/HERZ complex
{r.m.s.d of 0.8 A) (Bostrom et al., 2009; Cho et al., 2003). Further, the Herceptin® antibody
residues that contribute more than 10% of the total binding energy based on alanine scanning
mutagenesis are conserved, and many of them are also part of the binding howspots of b
and bH1-44 (Bostrom et al.. 2009, Kelley and O'Connell, 1993) (Table 14, Figure 62). The
interfaces between BHI/VEGF and bHI/HER2 bury 1506 A%and 1579 A7, respeciively, and
are mainly hydrophobic (60% and 63%, respectively). The Herceptin®/HER2 binding
interface has similar size and composition as the bHI/HER2 imerface (1524 A% 60%
hydrophobic, Table 11), and is also characterized by high shape complementarity (Table 8}
(Bostrom et al,, 2009).

Table 7. List of structural contacts of the complex of bH! Fab/HER2 ECL) and
bH1/Fab/VEGYE ,0s. The table lists residues with >25% of the total surface area buried upon
HERZ and VEGF binding. The VEGF and HER2 residues within 4.5 A of the bH 1 residues
are listed. The surface area of each residue that is buried upon complex formation was
calcutated using IMOL based on the coordinates of the crystal structures 3BDY, 3BE!, and
IN8Z (PDB).

] Aren buried Ares buried

bH 1 residue; HER2 residues contacting bH | by VEGF (%) VEGF residues contacting bHI

|by HERZ (%)

vis | 48 ESSE ST 87 H86
RSO 97 ESSE DS6D FST3 35 Hs6
_ vm 30 H8e
£ vse | 42 pssoEssy
Eomss s E3S8 Q361
= wes L0 psT FSTS 61 1186 Q87
G99 | 93 D570 PST9 K593 C 75 K48 183 089
Yi00a | 80 DST0 PSTI PSTI FST3 | 85 183 K84 PES HS6 Q87 B8 08
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s28 | ; 59 191 (97 E93
2 L7 RS2 HOO 191 092
830 | }§ 65 H90 191
Gt | 85 G88 Q89 HO 91
g Y32 i 97 D570 P3TE AGOD 801 QG(JZ; 9 Q8Y 190
g wso | e K593 PS03 59 FI7 M1 Q89
2 s 44 P603 CoM4 P60S I m FITMIg 191
HO1 90 PS71 PST2 A G88 089
voo | s K369 PS71 PST2 7% Y45 K84 GBS Q89 HOO
T93 Y K84 087 (88
T94 68 D560 P572 55 HB6 087

The shape complementarity (represented as Sc in Table 8) between the amibody and the
antigen was determined as described (Lawrence et al., 1993). The high shape complementarity in
the bHI/VEGF and bHI/HER2 complexes, similar 1o the complementarity berween the
Herceptin® antibody and HERZ, are in the range of reported antibody-antigen complexes {(Sc ~
0.64-0.68; Lawrence et al.. 1993). Superposition of HER2 with bH1 in its VEGF-bhound
conformation or VEGF with bHT in its HER2-bound form reveals little shape complementarity
observed when juxtaposing an antibody with an unrelated antigen. (S¢ ~ 0.335; Lawrence et al.,
1993}, The results demonstrate the extent to which bH1 rearranges 10 accommodate the two

different antigens,

Table 8. Different surface conformations of bHI for binding HERZ2 and VEGF,

Shape complementarity in antibodyantigen complexes

Antiboedy Antigen Se™

HMarcepna HER2 G.78

bHL HER: G73

bHL VEGE (68

BRI VEGE-bound conforuatcnl HER® G40
b HER>-bound conformanor VEGE a.44

Se=Neduan Shape Complementursy Sansne

The affinity of bH 1 was improved by selecting the high affinity variant bH1-44 from
phage-displayed antibody libraries of bH1. Shotgun alanine scanning mutagensis
demonstrated that bH1-44 conserved the hotspot for antigen binding of bH] (Tables 9A-B,
18, and 14). Shotgun alanine scanning mutagenis of bH1-44 was performad using the

techniques described above for the shotgun alanine scanning mutagenesis of bH1.



In Tables 9A-B the effects of mutation to alanine (m1), or additiona! mutations (m2,
m3; due 1o limitations of shotgun codons), or 1 a humologous aming acid (m4) are calculated
as the ratio of occurrence of wild type {wt) or wt/mut for VEGF {Table 94) or HER2 (Table
9B} binding clones. When the wi was alanine, it was substituted by glveine (ml). The
wi/mutl ratios are corrected for protein folding/expression effects by division with wi/mut
ratios from display selection to obtain the F values, Display selection was performed
mdependently by selecting clones binding to protein L., which binds a non-linear epitope of
the antibody light chain. As only the Fab heavy chain is fused to the phage coat protein (p3),
protein L binding indicates proper folding and association of light chain and heavy chain.

In Table 18, the antibody residues of bH1 and bH1-44 that contact VEGY and/or
HERZ in the crystal ssructure are listed. The energetic hotspots for binding are defined by the
antibody residues that result in AAG . greater than approximately 10% of the wotal binding
energy of the interaction.

The data in Table 11 indicate that the polarify and size of the binding interfaces are
similar between bEHI//VEGT, BHI/HER2, and the Herceptin®/HERZ complex. The polarity
of each interface was analyzed using XSAE, All the numbers depicted in Table 11 represent

the area in A%, unless otherwise indicated.

Table 9A. Shotgun alanine- and homolog-scanning of bH1-44 Fab for binding to VEGF,

Antigen selection (VEGF) Display Sﬂe: ;um (Proei Fwifnaut vaiues HAG aymes (ReBY mol}

AAG 848G 280 5480

WYIm:  WUEET  aURRl waomd

Wi w2 wim3 wtmd wirm! wim? wuml wifmd Fwt'ml Furim? FwUm3 Fat/mé

COR-LT
G27 03 G 90 12 48 09 04 28 G4 i 263 ¢S5 -6 00 1.8 05
W28 P8 be 35 12 66 0% 18 R4 28 6.7 35 @b 06 62 07 -1
129 IO o390 3% 3L 0k G704 08 468 388 88 427 22 24 13 22
A% 28 NA ONA 1T 04 NA ONA 02 43 99 14 j4

K36= 3 2754 14 14

;::
—
"')
2
2

69 ER 87 04 L1 12 13
TiGb 700 NA O NA B4 09 NA NA O GEF 0 77 712 O
[38¢ 86 53 05 0% 23 21 467 1G4 7 2.6 07 08 12 44 02 -1
5364 157 WA MA TA0 1T ONAONA 05 4 1364 13 3.0
Gt 40 NA ONA TR0 24 NA ONA L 36 G4 243 13 1.9y

Y32 466 230 4606 744 45 12 43 e 991 124 152F 4%% 2T 4%

{02
<
I
i

UDR-L2
WEE 460 133 460 746 23 1E 0 24 11 204 102 192 6%} 18 14 1T 28

G51 240 NaA  ONA 740 73 ONA ONA TS 33 98 07 t4
§82 187 WA OBMA IGL AL NA L Na TS 28 48 08 a8
FR3 2.0 440 147 3T % X4 14 04 L6 JBT 108 135 15 17 14 13



CHR-LY
HY1 73 440 40 7300 00 By 63 26 1503 8800 1346 278 30 406 30 2D
V92 48C 486 480 138 38§ 43 146 TR g EEY 467 T 0T O A S
843 P0ONA L NA 1T 38 NA L nNA L 28 2 67 66 42
$94 57 NA  NA 14 PG ONA L Na 09 153 37 [ 3.8
CBR-HT
536 12 ®A NA LT 12 NA O NA L3 1o I3 ¢ 6.2
G331 24 NA L ONA 56 12 NA ONA 30 2.0 i 64 0
T3z G5 WA O NA 05 09 NA O NA 06 85 08 04 <04
Y33 M2 t0 22 125 w4 24 08 23 Tl 6.5 2.6 231 B84 0g 10
COR-H2
R&Y 6.6 49 2035 04 2 £33 704 13 4.3 6.7 03 63 07 42 A7 08
Y82 18 360 75 14 20 25 1 2.7 .9 11.9 43 §5 01 1.5 08 04
853 14 MNA NA {0 12 NA Na 12 89 03 0.0
E5 12 MNA NA 07 04 NA NWa 10 34 07 07 03
Y56 B2 65 69 07 18 23 13 1r 0 58 28 §3 G6 LU 06 10 -03
R58 15 18 BY I3 2% 11 o449 27 a7 e 6 65 62 02 63 4
COR-H3
WS 1390 1390 B7 24340 0B 02 063 45 RS2 68&T 27X 51 31 36 24 24
Y96 85 NA NA 314 21 NA KA | 02 HEU I G.0
&y 08 NA NA 289 0% Na NA 57 09 5 O (.4
Vo8 23 0NA NA 1213 WA ONA L 08 ié P4 D3 .2
G99 21 NA O NA 30 12 NA WNa 18 7 U 03
Fige 2 %5 58 22 20 20 05 18 390 47 54 2 0% 0% 1.0 04
Vi 272 272 151 22 4% iS5 46 09 179 1B& ZB6 25 17 17 1% QS

NA = Mutation not included.

Table 9B. Shotgun alanine- and homolog-scanning of bH|-44 Fab for binding 10 HER2,

Antigen Selection (HERZ)

Display Seiection (Prosein

Fewtimupt values

AAG vy (BeBYmOL

Ly
wiiml wiiml wimd wrmd wml BUmd wi/m3 wméd Fwi/mi Fet/m3 Fem3 Fwtimd L::f’ ii(' Z‘?:’ 88U
CDR-L1

Q27 6% 16 06 14 QR G9 G4 28 12 ] I3 65 0t 08 64 A
N2 13 0% L L ge 0% 16 84 19 R b2 61 04 G0 01 -1

129 15 1% 68 08 08 07 84 4§ 18 30 17 103 06 03 006
AJS 63 NA  NA  JD 0 G4 NA L NA 62 04 65 2 rl
K302 LS 2 L P A S R S R 2 8 08 b6 60 6 01 03 b
T L0 NA O ONA 032 0% WA ONA L 0E 11 6e 04 -3
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i36c 44 33 i s 23 21 07 16 1.9 2.6 25 16 44 06 06 63
5304 0% NA O NA LG 17 NA ONA 68 0.5 21 LA ¢4
G3 LoONA NA 22 2Ze NALONA 30 0% 67 b -6.2

Y3z 6o 16 tex % 0 19 U3 e (i ¢,

o

0.4 i2 0 -tB 04 -te OF

UDR-L2
WSg 81 243 &1 Qre 23 18 24 L 36 16.2 34 8.4 08 17 07 24

(51 £4 NA NA 445 73 NA NA 713 1.2 58 Ot )
852 84 WA NA 68 43 Na  RA TSz s 04 <0
F53 bo98 206 64 18 24 14 04 1.6 4.0 1.5 a3 0% 02 on

HY1 L7 580 5RO 5SS 008 61 03 26 340 11606 2030 21 21 42 34 G4
Y91 0 225 904 906 41 38 63 18 28 5% 42§76 [ S U T N 0.2

893 15 N&A NA 28 30 NA  MNA 25 0.5 i =04 0.1

8454 3.3 NAONA 73 LD O NA NA L 09 297 81 2.0 il
CDR-HI

836 13 NA  NA 10 12 NAL NA 13 {4 48 00 0.4

G31 15 Na  NA 33 12 MA O ONA 5D 1.3 4.7 j 0.2

T3 66 NA NA 13 09 MA NA 06 47 28 <02 6
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CDR-K3
Wos 1500 1500 1500 1340 GR 02 03 45 2000 TM40L 4700 26 31 39 3% 20
V86 49 NA  NA 32 21 NAa ONA A 44 48 -G8 L
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A% 846 NaooMA 1S 15 NAONA L (8 (.4 18 03 o3
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Table 18, The structural and functional paratopes for VEGF and HER2.
VEGE andy HERI ualy Shared
LC-8306 RC-Y56 LC-Y32
LC-136c HEC-RS8 LC-W506

o LC-S30d LC-YS3
2 oo LC-H91
g LC-T93 LC-v92
g LC-T94
3 HC-Y33
g HC-RS50
7 HC-W9S

HC-G99

HC-Y100a

LC-T94  LC-WSO
LC-129

LC-830b  HC-Y33  HC-W9s
LC-S30d  HC-RS0

LC-G31 HC-Y56

LC-Y32  HO-RSS

LC-GS1 HC-GYY

LC-HOT  HC-F100

LC-Y92  HC-Y)00a

LC-129  HC-Y33  LC-H9
LC-T30b HORSO  LC-S94
LC-$30d  HC-YS6  HC-W9s
LO-G31 HC-RSS

LC-Y32Z  HC-F106
LC-WS0  HC-Y100a
LC-F53

LC-Y92

HC-Y 100z

Hotspot residues (bHT)

Hotspot residues (b111-44)

Tablte 11. The polarity and size of the binding interfaces of bHI/VEGF. bHI/HERZ, and
Herceptin®/HER2 complexes.

BHL Fab VELT binding itrecfacs B § b FIERD bindme meerface Hercepin Fab HERD binding tateriacs
bHl  VEICY CowmbinedPercent (Fu: Bl RERD Comismediercent?O¢; Herceprin HERD  { ombived Percent /2
Pular LD iar [ Ratuns 208 o M, K 238 §:4 ey
Hedeoghobie 43% REN LAl L3E = RS 25% 5 41 62 Sl §7
Total Tk TR 1308 o b3y T4 b 1524
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HERZ/VEGF dusl specific bH1-44 antibody maintains the HER2 binding kinetics of the
Herceptin® antibody

Surface plasmon resonance was performed to study the binding kinetics of bHI and fs
Fab variants to ipmobiiized VEGF or HER2 (Table 12). An SPR-based assay was performed
using a BlAcore 3000. VEGF 4 and HER2 extracellular domains were immabilized on CS
chips ar a density that aliowed for an Rmax in the range of $0-150 RU. Serial dilutions of
Fabs in PBS with 0.053% Tween20 were injected at 30 pl/min. The binding responses were
corrected by subtracting responses from a blank flow cell and by normalizing for buffer
effects. A 111 Langmuir fitting mode! was used to estimate the k, (onrate) and k, (offrate).
The Ky values were determined from the ratios of k, and kg

The bH1 Fab/VEGF interaction is characterized by a relatively high on-rate
(ken=3. 7% 10% and a fast off-rate (key=0.013) which results in 2 moderate Ky, of 300 nM. The
affinity of the bH/HERZ interaction (Kp = 26 aM., ku;=9.6x10%, k=2 4% 107} is 52-fold
lower than the Herceptin®/HER?Z imteraction (Kp = 0.5 M, koy=7. 1% 107, kog=3.5% 107} with a
slower on-rate and faster off-rate. The affinity improved bH1 variants, bH1-81 and bH1-44,
displayed improvements in both the on-rates and off-rates of the VEGF and HERZ
interactions. The high affinity clone bH!1-44 binds HER2 with an affinity similar o
Herceptin® (Kp=0.2 nM, Table 12},

Table 12 depicts the kinetic profiles of the bH1 vartants and the Herceptin® antibody
determined by surface plasmon resonance measurement using BlAcore at 36°C. In these
experiments, Fabs were bound to immobilized VEGF or HERZ, and the on-ratz (k,), off-rate
(kq. and dissociation constant (Kg) were determined using a 111 Langmuir binding {iting
model. The bH1-44 antibody has a similar kinetic profile and affinity for HERD as the
Herceptin® antibody. The rwo double mutants (pH1-44 [29A = Y32A and bH1-44 R50A +
R58Aj that lost binding to VEGF or HERZ retained the kinetic profiie and affinity for the

other antigen.

Tabte 12, Kinetic profiles of the bH1 variants and the Herceptin® antibody.,

VEGF 50 HER2Z BCD
ke (}/Ms) kd(1/s) KginMy ka(1/Ms) kd(1/s)  Kp (nM)
Herceptin® Fab . . NE . T0ES05  3.5E-04 05+ 0.06
Herceptin® (RS0A) | . NB | 27E+04  20E03 7
Fab % i
Herceptin® (R38A) | . NBE | 59B+04  73E04 12
Fab ;
Herceptin® . i
{RSOA+R§8A} Fab | . NB P - NB
bHI Fab | 37E¢04 0013 300487 | 9.6E-04  24E-03 26 :/-28
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o

- . weak £.2E+D5 33665 0.1

bH1-81 v 12B+05 0007 3812 2.2B4+05 14E-03 6 +/-0.6
i ) 2 ife
BH1-44 Fab | 408+05  0.001 3wi-0.3 3TE~05 8.0E-03 0(';67‘

bHi-44 (Y32ZA4) Fab

i
L

bH1-44 (129A<Y32A) |

Fab , - NB 428405 83E-05 0.2 - 0.07
bHI-44 (RSOA*RSBA) o oo e saa1 34007 ] ) .

Fab i 77
NB = No binding detectabie.

Dual specific antibedies interact with HER2 and VEGF with similar thermodynamic
properties

The enthalpy (AH) and entropy (AS) changes for the interactions between the bH1
Fab variants and the two antigens, VEGF (the recepror binding domain of VEGF, VEGFy.g)
and HER? extracellutar domain (ECD) were also determined (Figure 594-F, Figure 60,
Tabile 13}, using isothermal titration calorimetry (ITC).

Micraealorimetric measurements of the interactions between Fabs and human
VEGF s and the extraceliular domain of HER2 were performed on a VP-ITC titration
calorimeter (Microcal Inc.} as described {Starovasnik et al,. 1999). Protein solutions were
exiensively dialyzed into phosphate-buffered saline. The antigen and Fabs were dialyzed in
the same vessel to minimize mixing heat effects due to differences in buffer composition,
Fabs at a concentration of 100-220 uM were titrated into antigen sotutions (HER2-ECD or
VEGF 00} at a concentration of 10-22 uM. This concentration of antigen was required for
precise enthalpy measurements, but preciudes determination of the Ky in cases where the
binding affinity is high. Fifteen or twenty injections were performed to obtain a 2-fold excess
of antibody, The heats of reaction were determined, heats of Fab dilution were subtracted, and
the AH was caleulated.

The dissociation constants (K} determined by surface plasmon resonance (Table 12)
were used to caleulate the binding free energy (AG) according to
&G = RT in (Kp)
The entropy change upon association (AS) was calculated according
AS = (AH-AGYT, where T 18 the temperature (K,
To determine the ACp, microcalorimetric measurements were performed as described above
at different temperatures ranging from 20 to 37°C. The ACp was determined by lincar
regression by plotting AH as a function of the temperature (Figure 62).

The interactions of the dual specific antibody, bH 1, with sither of its two antigens,

YEGF and HER2 were first characterized, The binding of bH1 with VEGF and HERZ
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exhibited similar thermodynamic properties (Table 13). Both interactions. measured at 30°C
in PBS at pH 7.4, are exothermic (AH= -2.4 and -2 .4 kcal/mol for VEGF and HER2,
respectively, Table 13, Figure 60) with a highty favorable entropy change contributing to the
binding energy {~TAS=6.6 and ~7.9 keal/mol for VEGF and HER2, respectivefy, Table 13,
Figure 64},

Table 13 depicts the AG (binding free energy), AS (entropy change), and AH
{enthalpy change) in kealfmol. The affinities shown were measured in at least two
independent experimems using kinetic analysis by BlAcore at 30°C. The AH was measursd
using ITC and fcpresents the average of two or three independent measurements followed by
the standard deviations. The AG and AS were caleulated as described above.

The high affinity variants bH1-81 and bH1-44 displayed similar thermodynamic
profites as bHI. Their imeractions with VEGY and HERZ were alsc characterized by
favorable enthalpy and entrepy (Table 13, Figure 607, For the VEGF interaction, the affinity
improvement was associated with a significantly more favorable enthalpy change (AH =-7.1
for bH1-44 versus ~2.4 keal/mol for bHY at 30°C) and a slightly less positive entropy change
(—TAS =-6.6 for bH1-44 versus —4.7 for bH1 a1 30 °C, Table 13, Figure 68). The improved
affinity for HER2 was aiso associated with a more favorable enthalpy change (AH = ~5.3

versus ~ 2.4 keal/mol, 30°C, Table 13, Figure 60).

Table 13. Antigen binding affinities and thermodynamics for the bHT variants and the

Herceptin® antibody.

VEGF 5 HER2-ECD
KD ~ ; . , Kg} y 4w

(o) Ay AH -Tas (M) aG AH -TAS
Hereeptin® - - - - 05 A28 40006 13602 03402
bH1 300 L0062 L2407 G5 F-0LT7 26 <0504 24wl 05 ST9 w06
b1 S8 SO0 620 3R 02 6 314005 -3.8 16
b 1-44 3 118~ 007 T HA03 474403 02 13544063 534404 81 em(5
bH1-44 A o

- - - 2 13803 6405 Tér b
{LC&Z?AZY}:’.A) 0.2 30«6 & 14 56
bH1-44 .
- o s 4 -116 401 -7.7 -3.9 - - -

(HCRA0A/RS8A) ! ?

bH1-44 and Herceptin® interact with HER2 with distinct thermodynamics

In contrast to the dual specific antibodies, the HER2/Herceptin® interaction s
characterized by a large favorable enthalpy change (AH = —13.6 keal/mol) without any
significant entropy change (-TAS =-0.3 keal/mol, Figure 66, Table 13) (Kelley et al., 1997).

Although bH1-44 interacts with HER2 with similar affinity as Herceptin®, the binding free
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energy is made up of a greater entropy component (—~TAS= 8.1 keal/mol, 30°C) and a
smaller enthalpy component (AH=-5.3 keal/mol, 30°C). The distinct thermodynamic
properties contrast the many similarities in HER2 binding characteristics berween Herceptin®
and bH [-44, which inciude affinity, kinetics, and many of the residues of the energetic
hotspots. Although the hot spot residues of Herceptin® that contribute more than 10% of the
total binding energy for HERZ are similar to those of bHI and bii1-44, there are some clear
differences.

Table 14 shows the bH 1, bH1-44, and the Herceptin® antibody hotspots for HER2
binding determined by alanine scanning mutagenesis. The mutagenesis was performed as
described in Kelloy et al., 1993, The numbers in Table 14 represent the change i binding
free energy (A unma ) When the residue s mutated (o afanine, The hotspot residues in Table
14 are shaded and are defined as AAG greater than or equal 10 10% of the towl binding free
energy (AG).

Residues LC-Thr94, HC-Tyr33, HC-Asp98 are conserved in sequence in bH1 but
have different functions in HER2 binding (Table 14, Figure 61). Hence, the mutations in the
antigen-binding site of Herceptin® that recruited VEGF binding appear (0 have made some
fundamental changes to the antigen-binding site that affect the interaction with HER2. The
dual specific antibodies accommodate the introduced mutations by utilizing a different HER2
recognition strategy that results in equally high affinity for HERD as Herceptin®. It is
interesting to note that except for LT-8er94 of bH1-44 the mutarions that improved the
affinity for HER2 more than 100-fold compared to bH1 are not parts of the binding hoispot,

but appear 1o optimize the existing meractions.

Large negative heat capacities in the dual specific interactions

To further understand the common energetics driving the dual specific interactions
and how they are distinguished from that of the monospecific parem Herceptin®. a series of
experimenits were performed to study following three Fab/antdgen interactions: bH1-44 with
VEGF or HER2, and Herceptin® with HER2, The heat capacities of the dual specific
interactions was measured by determining the enthalpy of binding (AH) at multiple
temperatures ranging from 20°C to 37 °C (AT=17 °C. Figure 62, Table 15). The heat
capacity (ACp) is a function of Al and Temperature (T) and can be described by the
egquation:
ACp=8(AH)Y 8T

ACp was estimated from the slope of the temperature dependence of AH by linear

regression (Fisure 62, Table 158), ACp of bH1-44 was determined to ~400 cal/molK for the
g g P
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interaction with VEGF, and ~440 cal/molK for the imeraction with HER2. The large negative
heat capacities indicate the importance of the hvdrophobic effect as previously described
{Kauzmann. 1959), which is consistent with the hydrophobic nature of the structural
interfaces m the two complexes (Table 11). The ACp for Hercepuin®/HERZ, which was
previously determined to 370 cal/molK in a similar temperature interval (Kelley et al.,
1992), is smaller than the ACp of bH1-44/HER2, but still indicates the important role of the
hydrophobic effect in HER2 binding,

The total entropy change (AS) of binding free energy is a sum of entropy changes
from three sources (Murphy et al., 1994): entropy changes associated with desolvation of the
binding surfaces (ASsouv), entropy changes from the loss of rotaticnal and translational
depree of freedom (4Sy+). and entropy changes due 1o the changes in configurational and

conformational dynamics of the interacting molecules (AScons).

(1} ASqor=ASsor vt ASprtAScone

Typically, only ASsopv 15 positive while ASgy and ASpon are both negative. The cratic
entropy term, 4Spy, for the association of two molecules can be estimated to ~ § cal/Kmol as
described (Murphy et al., 1994}, ASg v can be assumed to be daminated by the hydrophabic
effect due to the burial of apolar surface area and can be described as a funcrion of ACp:

(2) 8SsoLu= ACP In(T/T*), T*=385 K

AScowr can thus be estimated as

{3 AScony = &Sy~ ASpr— ASsany

According 10 equation (33, ASgg vy is estimated 1o 96 catmol 'K for bH1-44/VEGE,
105 calmol 'K for bH1-44/HER2. and 89 calmol 'K’ for Herceptin®/HER?2 (Table 15).
This transiates to AScony of =72 calmol "K' for bHI-44/VEGFE. 70 calmol 'K for bH1-
44/HER2, and 80 calmol "K' for Herceptin®/HER2 (Table 15).

To examine the overall structural stability of the dual specific Fabs compared 1o s
parent Herceptin®, thermal denaturation experiments using differential scanning calorimetry
(DSC) were performed. Thermal denaturation experiments were performed on a differensial
scanning calorimeter from Microcal Inc. Fabs were dialvzed against 10 mM sodium acetats
pH 5, 150 mM sodium chioride. The sotutions were adjusted to a concentration of 0.5 mg/mi

and heated 10 95°C at a rate of 1°Crmin. The melting profiles were baseline corrected and
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normatized, The melting temperature (T} was determined using the software supplied by the
manufacturer. As expected, none of the Fabs displaved reversible thermal denaturation
profiles (Kelley et al. 1992) (data not shown), The Ty of the dual specific vartants (77.2°C,
75.6°C, 74.3°C for bHI, bH1-81, and bH1-44, respectively, Table 16} are slightly lower than
that of Herceptin® (82.5°C), but high and within the range of what has been reported for

other therapeutic antibodies {Garber and Demarest, 2007).

The binding kinetics and thermodynamics of bH1 variants with high affinity for only
VEGF or HER2Z

Interestingly, the dual specific antibodies derive the majority of their binding cnergy
from eotirely distinct regions of the shared VEGF/HER?2 binding sile. These data show that
the VEGF or HER2 binding function of the dual specific antibodies can be selectively
disrupted without affecting the remaining binding specificity, Structural studies indicated that
the structural paratopes on bH1 for VEGF and HER2 overlap significantly, but shotgun
alanine mutagenesis of bH1 and bH1-44 demonstrated that the VEGF and HER2 interactions
are mediated by two unigue sets of CDR residues with little overlap (Figures 34 and 37,
‘Fables 94, 9B, and 10). The shotgun alanine scanning of bH1 and bH1-44 indicated that
some CDR residues are exclusively important for binding either VEGF or HER2 (Figures 54
and 57, Tables 94, 9B, and 18}, including 1.C-1e29, LC-Tye32, which are timportant for
VEGF binding. and HC-Arg50, HC-Arg38 for HER2 binding {Figures 54 and 57, Tables 9
and 10}, To confirm the unigue importance of the side chains of these residues in each
interaction, each residue was mutated to alanine in the bt 1-44 (LC-He29, LC-Tyr32, HC-
Arg50, HC-Arg58) or the Herceptin® (HC-Arg50, HC-ArgS8) scaffoids, individually or in
combination, and expressed the mutants as Fabs and IgGs.

Vectors that encoded bH1-44 or Herceptin® Fabs fused to the N-terminus of genelll
via the heavy chain was used as the templates for Kunkel mutagenesis (Kunkel et al., 1987,
Oligonucleotides were designed 1o introduce the desired alanine mutations at selected
posttions. The Fab alanine mutants were expressed as phage. and the binding verified by
competition ELISA (Figure 58). The heavy chain and the light chain variable domains were
then cloned into Fab and 1gG expression vectors, and Fabs and I¢Gs expressed and purified as
described (Bostrom et al., 2009). SDS-PAGE verified the correct protein size (Figure 65).
Size exclusion chromatography showed aggregation levels of less than 5%.

Binding to the two antigens was examined by competition ELISA and/or BlAcore.
All single alanine mutations in the oH1-44 scaffoid impaired binding to varying degrees (data
not shown’}. The most swiking single rutation was LC-Y 324, which significantly discupted

VEGF binding while maintaining HERZ2 binding affinity and kinetics (Table 12, Figure 58,
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and Figure 63). The double mutations [29A+Y32A (LC) or R30A-RS84A (HC) almost
completely disrupted binding to VEGF or HER2, respectively, while maintaining the binding
affinity and kinetics for the other antigen (Table 12, Figure 58, and Figure 63). The alanine
mutations HC-R50A, HC-RS8A in the Herceptin® scaffold also disrupted binding to HER2
to various extents, while the double mutant HC R530A~RS58A showed no detectable HER2
binding (Table 12}.

The thermodynamic parameters of the double mutants were next analyzed and
compared o the values for bH1-44. The binding free energy of bH1-44 mutants LC-
[20A+Y32A and HC-RS0A~RS8A with HERZ or VEGF, respectively, result from favorable
contributions of enthalpy and entropy (AH=-7.7 and ~TAS=-3.9 for VEGF, AH=—6.4 and -
TAS=7.6 for HERZ, Table 13, Figure 60), which is approximately equivalent to biJ1-44
measured at 30°C (Table 13, Figure 60). Hence, the double mutants displayed the same

thermodynamic and kinetic profiles as bH1-44,

Structaral basis for the functions of the specificity-altering residues

Next, the crystal structures of bHT in complex with VEGF or HER2 were analyzed
(Bostrom et al., 2009) to reveal the specific interactions of the binding detenminants in each
antigen complex (Figure 64). The resulting analyses explained how mutations of the two
specificity-determining residues disrupt binding capability for one antigen without affecting
the affinity, kinctics, and binding thermodynamics for the other. The COR-L.1 of bH!
contains the majority of the changes in sequence from Herceptin® and is important for VEGF
binding. The conformations of CDR-L1 of bH] differ significantly in the two complex
structures: the average deviation 15 4.6 A {C, of residues 27-32). In contrast, the overall
conformation of bH1 Fab in complex with VEGF is markedly similar to that of the HER2-
bound Fab (rm.s.d.= 0.7 A, for 398 backbone atoms, C,}. The CDR-L1 loop constitutes 26%
of the surface area buried by VEGF while this Joop is situated at the periphery of the HER2
paratope and minimally involved in HERZ contact,

Superposition of the two complexes indicated that VEGF would clash with Tyr32 and
the adjacent residues of CDR-L1 in its HERZ2-bound conformation. The main chain C, atom
of Tyr32 resides in the same position in the two structures, but its side chain is rotated by
~130". In the VEGF complex. Tyr32 and [1e29 appear 1o play structural roles in enabling the
conformation of CDR-LI required for VEGF binding. Mutation of Tyr32 to either Ala or Phe
is not tolerated for VEGF binding (Bostrom et al.,, 2009, Although the side chain of Tyr32
points toward HERZ, it does not appear 1o be involved in productive antigen contacts. He29
1s far away from HER2, with its side chain exposed 1o sofvent and mutation of He29 and

Tyr32 to Ala. is well tolerated for HER2 binding,
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Table 14, Comparison of bH1, bH1-44, and Herceptin® hotspots for HER2 binding
determined by alamine scanning mutagenesis
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Table 135, Thermodynamic parameters of the VEGF and HER2 interactions.

ACp AStot ASconf ASdesolv ASrt
{cal/Kmol}  ‘cal/Kmol}  {cal/Kmo) (cal/Kmol}  (cal/Kmol)
bEH A4V EGE -S040 16 -72 96 -8
bHI-44/HERZ ~44 27 -70 103 -8
Herceptin®/HER?Z ~37G 0.8 -80 89 -8

ABeepar™ &S py = ASgpny — 48y as described by Murphy er. af., Protems, 1994, ASgy was estimated w0
-§ cal/molK for a simple binding reaction. A8, = 5%~ ACpIn{T/Ts*}, where T=303.15,

TFable 16, Melting Temperatures (Twy) of the dual specific Fabs and the Herceptin® amtibody

Fab Ty G
Herceptin 82.5
bH1 77.2
bH1-81 75.6
bH1-44 74.3

The structure of the uniquely important residues for HER2 binding in the bHI/HER2
complex were also examined. The side chains of Arg50 and Arg58 pack against acidic
residues on HERZ (Glu358 and Asp56{) in the bHI-HER2 structure (Figure 64). The
interactions appear 1o be highty side chain-specific, as mutations to Lys as well as Ala are
disruptive {Bostrom et al,, 2009). In the VEGF structure, however, Arg50 and ArgS8 are
solvent exposed and far away from VEGF, and mutavions to Ala or Lys are well wlerated
{Bostrom ¢t al., 2009).
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the same extent ag if each independent patent, patent application, patent application
publication or publication was specifically and individually indicated to be incorporated by
reference.
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CLAIMS

1. An isolated aniibody comprising six hypervariable region (MVR) sequences comprising:
(i) HVR-L1 comprising the sequence NIAKTISGY (SEQ ID NO:1),
(ity HVR-L2 comprising the sequence WGSFLY (SEQ ID NO:2), and
(iily HVR-L3 comprising the sequence HYSSPP (SEQ ID NO:3); and
(a) further comprising HVR sequences comprising:
(iv) HVR-H1 comprising the sequence NIKDTY (SEQ ID NO:4),
{v) HVR-H2 comprising the sequence RIYPTNGYTR (SEQ ID NO:5), and
(vi) HVR-H3 comprising the sequence WGGDGFYAMD (SEQ 1D NO:6); or
(b} further comprising HVR sequences comprising:
(iv) HVR-H1 comprising the sequence NISGTY (SEQ ID NO:7),
(v) HVR-H2 comprising the sequence RIYPSEGYTR (SEQ 1D NO:8), and
{(vi) HVR-H3 comprising the sequence WVGVGFYAMD(SEQ ID NO:8});
wherein said antibody specifically binds human epidermal growth factor receptor 2 (HER2) and
vascular endothelial growth factor (VEGF).

2. The antibody of claim 1, wherein said antibody binds human and murine VEGF with a Kd of
150 nM or stronger and HERZ with a Kd of 7 nM or stronger.

3. The antibody of claim 1, wherein said antibody inhibits VEGF-induced cell proliferation and
proliferation of a HER2 expressing cell relative to a control.

4. The antibody of claim 1, wherein said antibody inhibits VEGF binding to VEGF receptor 2
(VEGFR2).

5. The antibody of claim 1, wherein said antibody binds human and murine VEGF with a Kd of
150 nM or stronger and HERZ with a Kd of 7 nM or stronger, and wherein said antibody inhibits
VEGF-induced cell proliferation and proliferation of a HER2 expressing cell relative to a control.

6. The antibody of claim 2 or 5, wherein said antibody binds human and murine VEGF with a Kd
of 36 nM or stronger and HERZ2 with a Kd of 1 nM or stronger.

7. An isolated antibody fragment of the antibody of claim 1, wherein said antibody fragment binds
human VEGF with a Kd of 33 nM or stronger and HER2 with a Kd of 0.7 nM or stronger, and wherein said
antibody fragment inhibits VEGF-induced cell proliferation and proliferation of a HER2 expressing cell
relative to a controf.
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8. The antibody of any one of claims 1 to 8, wherein said antibody is a monoclonal antibody or an
igG antibody.

9. An antibody fragment of the antibody of any one of claims 1 to 6 or 8, wherein said antibody
fragment specifically binds HER2 and VEGF.

10. The antibody fragment of claim 9, wherein said antibody fragment is a Fab fragment or a
singie chain variable fragment (scFv).

11. The antibody of any one of claims 1 to 6 or 8, or an antibody fragment of any of claims 7, 9 or

10, wherein at least a portion of the framework sequence is a human consensus framework sequence.

12. A polynucleotide encoding the antibody of any one of claims 1 to 6 or 8, or the antibody
fragment of any one of claims 7, 9 or 10.

13. A vector or an expression vector comprising the polynucleotide of claim 12.
14. A host cell comprising a vector of claim 13.

15. A method of producing the antibody of any one of claims 1 to 6 or 8, or the antibody fragment
of any ane of claims 7, 9 or 10, said method comprising culturing a host cell that comprises a vector

comprising the polynucleotide of claim 12 and recovering said antibody or antibody fragment.

16. An antibody of any one of claims 1 to 6 or 8, or an antibody fragment of any one of claims 7,

9 ot 10 for use in the treatment or prevention of a tumor.

17. The antibody for use according to claim 16, wherein said tumor is a colorectal tumor, a breast

cancer, a lung cancer, a renal cell carcinoma, a glioma, a glioblastoma, or an ovarian cancer.

18. The antibody for use according to claim 16, further comprising an additional anti-cancer
therapeutic.

18. The antibody for use according to claim 18, wherein said additional anti-cancer therapeutic
comptises another antibody or antibody fragment, a chemotherapeutic agent, a cytotoxic agent, an
anti-angiogenic agent, an immunosuppressive agent, a prodrug, a cytokine, a cytokine antagonist,
cytotoxic radiotherapy, a corticosteroid, an anti-emetic, a cancer vaccine, an analgesic, or a growth-
inhibitory agent.
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20. The antibody for use according to claim 18, wherein said additional anti-cancer therapeutic is

to be administered prior to or subsequent to the administration of the said antibody or antibody fragment.

21. The antibody for use according to claim 18, wherein said additional anti-cancer therapeutic is

to be administered concurrently with said antibody or antibody fragment.

22. An antibody of any one of claims 1 to 6 or 8, or an antibody fragment of any one of claims 7,

9 or 10 for use in the treatment or prevention of an autoimmune disease in a subject.
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MULTISPECIFIC ANTIBODIES

ABSTRACT

The invention provides muliispecific antibodies and methods of making and using such

antibodies.

Figure 51
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