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The invention provides multispecific antibodies and methods of making and using such
antibodies.

Figure 51

136



14

MULTISPECIFIC ANTIBODIES

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

using such antibodies.

BACKGROUND OF THE INVENTION

Antibodies are specific immunogiobulin polypeptides produced by the vertebrate
immune system in response to challenge by foreign proteins, giycoproteins, 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 highly refined, and the multitude of specificities
capabie of being generated by the individual vertebrate is remarkable in its complexity and
variability. Thousands of antigens are capable of eliciting responses, each almost exchusively
directed to the particular antigen which elicited 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 (L.C) s
conserved in all vertebrates in the generation of the antibody repertoire. There is, however,
asymmetry of diversity in the two chains. The variable domain of HC (Vi) contains
significantly higher sequence diversity and contributes the determinants of antigen
recognition more ofien than the variable domain of the LC (V). Therole ofthe L in
determining antigen-specificity is indicated by a process called receptor editing. Ongoing
recombination of the V. genes to edit the B cell receptor is the main mechanism to correct
seif reactive antibody precursors, which appear 1o constitute a significant portion of the initial
repertoire (~73%). Altering of the Haht 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 to target particular tissues, for example, a tumor, and thereby minimize the
potential side effects of non-specific targeting, As such, there is 4 current and continuing
need to identify and characterize therapeutic 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

The present invention provides an isolated antibody comprising a hypervariable
region {HVR) LT sequence comprising the sequence NIAKTISGY {SEQ 1D NQ: 1), where the
antibody specifically binds human epidermal growth factor receptor 2 ( HER2} and vascular
endothelial growth factor (VEGF). In one embodiment, 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 embodiment. the antibody further
comprises, one, two, or three HVR sequences selected from (i} HYR-H! comprising the
sequence NIKDTY (SEQ ID NO:4); (i) HVR-H2 comprising the sequence RIYPTNGYTR
(SEQ ID NO:5); and (iii) HVR-H2 comprising the sequence WGGDGFYAMD (SEQ D
NO:6). In another embediment, the antibody further comprises, one, two, or three HVR
sequences selected from (i) HVR-HI comprising the sequence NISGTY (SEQ ID NO:7y; (i)
HVR-H2 comprising the sequence RIYPSEGY TR (SEQ ID NO:8Y; and (iiiy HVR-H3
comprising the sequence WVGVGFYAMD (SEQ ID NO:9),

In another aspect, the invention features an isolated antibody comprising an HVR-L!
sequence comprising the sequence X, 1 XaXaXsXoXaXgXoY (SEQ D NO- £33, wherein X, is
any amino acid except aspartic acid, X; is any amino acid except prolime, Xy is any amino acid
except arginine, and Xs is any amino acid except serine, where the antibody specifically binds
HERZ2 and VEGF. In one embodiment, an antibody comprising the sequence X1
X Xa X Xe XX XoY (SEQ ID NO: 83} has an asparagine at X,, an alanine at X5, a lvsine &t
X, a threonine at Xs, a serine at X5, andior a glveine at Xq, or any combination thereof, In
various embodiments of this aspect of the invention, any of the HVR-L! residues shown in
Figure 57 (0 have an F vaiue 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 bH-44 or bH -
81 (SEQ ID NO: I}, In additional embodiments, any of the HVR-L1 residues shown in Table
14 to have AAG values greater than | are residues that are preferably maintained as the same
residue found in the same position of the HVR-L] of bH 1-44 or bH1.81 {(SEQIDNO: 1) In
one embodiment, the antibody comprises an HVR-H2 sequence comprising the sequence
RXGXEX X XXX XoR (SEQ 1D NO: 84}, In one embodiment, the antibody further
comprises an HVR-L2 comprising the sequence WGSFLY ( SEQ ID NO: 2y and/or an HVR-
L3 comprising the secuence HYSSPP (SEQ ID NO- 3} In another embodiment, the antibody
further comprises, one, two, or three HVR sequences selected from (7Y HVR-H | comprising
the sequence NIKDTY (SEQ ID NO:4); (1) HVR-H2 comprising the sequence
RIYPTNGYTR (SEQ ID NO:5): and {(i11) HVYR-H3 comprising the sequence
WGGDGFY AMD (SEQ 1D NO:6). In another embodiment, the antibody further COMPrises,

one, twe, or three HVR sequences selected from (i} HVR-H]1 comprising the sequence

[



NISGTY (SEQ ID NO:7y; (i HVR.H2 comprising the sequence RIYPSEGY TR (SEQ ID
NO:8); and (iii) HVR-H3 comprising the sequence WVGVGFY AMD (SEQID NO-Gy.

In another aspect, the invention features an isolated antibody comprising an HVR-H2
sequence comprising the sequence RX XX XX XoXeXoR (SEQ ID NO: 853, wherein Xqis
any amino acid except threonine and X4 is any amino acid except asparagine and where the
antibody specifically binds HER2 and VEGF. In another embodiment, an antibody
comprising the sequence RXX; XoXsXX5XsXoR (SEQ ID NO: 84) has a tyrosine at Xy, In
one embodiment, an antibody comprising the sequence ROGXX XXX X XoR (SEQ ID NO
84) has a serine at X; and/or a glutamic acid at X;. In another embodiment of this aspect, the
antibodies further comprise one, two, or three HVR sequences selected from the group of a
HVR-L1 comprising the sequence NIAKTISGY (SEQ 1D NO: 1), a HVR-L2 comprising the
sequence WGSFLY (SEQ ID NO: 23, and/or a HVR-1.3 comprising the sequence HYSSPP
(SEQTD NO: 3). In any of the embodiments described herein, the antibodies further
comprise, one or two HVR sequences selected from (i) HVR-HI camprising the seguence
NIKDTY (SEQ ID NO:4) and (i) HVR HZ2 comprising the sequence WGGDGFY AMD
(SEQ ID NO:6). In an additional embodiment, the antibodies further COmMpPrise, one or two
HVR sequences selected from (i) HVR-H | comprising the sequence NISGTY (SEQ ID
NO:7y and (i1} HVR-H3 comprising the sequence WYGVGEYAMD (SEQ 1D NO:9).

In various embodiments of this aspeet of the invention, any of the HVR-HZ residues
shown in Figure 57 to have an F value of greater than 1, 3, or 10 are residues that are
preferably maintained as the same residue found in the same position of the HYR-H2 of bH1-
44 or bHI-81 (SEQ IIY NOS: Band 5, respectively). In additional embodiments, any of the
HVR-H2 residues shown in Table 14 to have AAG values greater than | are residues that arc
preferably maintained as the same residue found in the same position of the HVR-HZ of bH -
44 or bHI-B1 (SEQ X NOS: §and 5. respeciively).

In particular embodiments, the antibody comprises an HVR-L1 sequence comprising
NIAKTISGY (SEQ ID NO:1); an HVR-L2 sequence comprising WGSFLY (SEQ [D NO:2)
an HVR-L3 sequence comprising HY SSPP (SEQ ID NO:3}; an HVR-H1 sequence
comprising NIKDTY (SEQ ID NO-4); an HVR-H2 sequence comprising RIYPITNGY TR
(SEQ ID NO:5): and an HVR-H3 sequence comprising WGGDGFYAMD (SEQ 1D N6y or
comprises an HVR-L1 sequence comprising NIAKTISGY (SEQ ID NO:1); an HVR-LZ
sequence comprising WGSFLY (SEQ 1D NO:2); an HVR-13 sequence comprising HY SSPP
(SEQ ID NO:3); an HVR-HI sequence comprising NISGTY (SEQ ID NO:7);, an HVR-H2
sequence comprising RIYPSEGY TR (SEQ 1D NO:8): and/or an HVR-H3 seqjuence
comprising WVGVGFY AMD (SEQ 1D NO:9).



In a further particular embodiment 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:1y; WGSFLY (SEQ ID NO:2); HYSSPP (SEQ 1D
NO3 ) NIKDTY (SEQ ID NOwy; RIYPTNGYTR (SEQ ID NO:5); and WGGDGEY AMD
(SEQ ID NO:6) and specifically binds HER2 and VEGF. In another particular embodiment,
the antibody comprises HVR-L1, HVR-L2, HVR-L3, HVR-H1, HVR-H2, and HVR-13,
wherein each, in order, comprises the sequence NIAKTISGY (SEQ ID NO: 1y, 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 embodiments of any of the aspects described herein, the antibody binds
human and murine VEGF with a Kd of 150 nM or stronger and HER2 with 2 Kd of 7 nM or
stronger. In additional embodiments, the antibody inhibits VEGF-induced cell protiferation
and profiferation of a HER2 expressing cell relative 1o a control. In a particular embodiment,
the antibody binds human and murine VEGF with a Kd of 36 aM or stronger and HERZ with
a Kd of T aM or stronger. In an additional embodiment, the antibody inhibits VEGE binding
to VEGFR2,

In another aspect, the invention features an isclated antibody that binds human and
murine VEGF with 2 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 contrel. In one embodiment, 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 yet another aspect the invention provides an isolated antibody fragment that binds
human VEGF with a Kd of 58 nM or stronger and HER? with a Kd of 6 nM or stronger,
and/or inhibits VEGF-induced cell proliferation and proliferation of a HER2 expressing cell
refative to a control. In a particular embodiment, the antibody fragment binds human and
murine VEGF with 2 Kd of 33 nM or stronger and HERZ with a Kd of 0.7 nM or stronger. In
another particular embodiment, the fragment is a Fab fragment or & single chain variable
fragment (scFv).

fn any of the above-described aspects, the antibody may be 2 monoclonal antibody.
In another embodiment of all the above aspects, the antibody may be an [gG antibody. In
additional embodiments of all the above aspects, at least a portion of the framework sequence
of the antibody mey be a human consensus framework sequence.

In another aspect, the invention features a fragment of an antibody any of the
antibodies described herein. One embodiment of an antibody fragment is a fragment
comprising a HVR-L1 sequence comprising the sequence NIAKTISGY (SEQ 1D NO: 1) that
specifically binds HER2 and VEGF. In another embodiment, the antibody fragment further
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comprises one or two HVR sequences selected from (i) HVR-L2 comprising the sequence
WGSFLY (SEQ ID NO:2); and (i) HVR-L3 comprising the sequence HYSSPP {SEQ ID
NO:3). In another embodiment, the antibody fragment further comprises, one. two, or three
HVR sequences selected from (i) HVR-H! comprising the sequence NIKDTY {SEQ ID
NO:4); (i} HYR-H2 comprising the sequence REYPTNGY TR (SEQ 1D NSy, and (hid)

HVR-H3 comprising the sequence WGGDGFY AMD (SEQ ID NO:6). In an additional

embadiment, the antibody fragment further comprises, one, two, or three HVR sequences
selected from (i) HVR-H1 comprising the sequence NISGTY (SEQ ID N7y (i) HVR.H2
comprising the sequence RIYPSEGYTR (SEQ ID NO:8); and (iii) HVR-H3 comprising the
sequence WVGVGFYAMD (SEQ ID NO:9). In particular embudiments, the antibody
fragment 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-H! sequence comprising NIKDTY (SEQ 1D N(G:4); an
HVR-HI sequence comprising RIYPTNGYTR (SEQ ID NCG:5); and an HVR-H3 sequence
comprising WGGDGFY AMD (SEQ 1D NO:6) or comprises an HVR-L1 sequencs
comprising NIAKTISGY (SEQ ID NO:1); an HVR-L2 sequence comprising WGOSFLY (SEQ
1D NO:Z): an HVR-L3 sequence comprising HYSSPP (SEQ ID NO:33: an HVR-H1 sequence
comprising NISGTY (SEQ 1D NO:7}; an HVR-HZ sequence comprising RIVPSEGYTR
(SEQ ID NO:8); and an HVR-H3 sequence comprising WVGVGFYAMD (SEQ 1D NG
[n one embodiment, the fragment is 2 Fab fragment or a single chain variable fragment
(sckv). In additional embodiments of all the above aspects, at least a portion of the
framework sequence of the antibody may be a human consensus framework sequence.

In further aspects, the invention features polynucleotides encoding any amtibody or
antibody fragment described herein, as well as a vector comprising such a polynucieotide. In
particular embodiments, the encoded antibody comprises an HVR-L | sequence comprising
NIAKTISCY (SEQ ID NO:1). Optionally or additionally. the polynucleotide encodes an
antibody that alse comprises an HVR-L2 sequence comprising WGSFLY (SEQ ID N2y,
and/or an HVR-L3 sequence comprising HYSSPP (SEQ 1D NO:3), or anv combination
thereof. In an additional aspect, the polvnucleotide may further encode an artibody
comprising one, two, or three of an HVR-H1 sequence comprising NIKDTY (SEQ 1D NO 4}
an HVR-H2 sequence comprising RIYPTNGY TR (SEQ ID NO:53; 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 1D NO:7); an HVR-H2 comprising RIYPSEGYTR
(SEQ ID NO:8): and/or an HVR-H3 sequence comprising WVGVGFYAMD (SEQ ID NO:9).

In additional aspects of the invention, the palynucleotide encodes an HVR-1{1

sequence comprising the sequence of NISGTY (SEQ ID NO: 73, an HVR-H2 comprising the



sequence of RIYPSEGY TR (SEQ ID NO: 8), or an HVR-H3 comprising the sequence of
WVGVGFYAMD (SEQ ID NO: 9, or any combination thereof.

In other aspects, the invention features an isolated polynucleotide encoding an HVR-
L} sequence comprising the sequence NIAKTISGY (SEQ ID NO:1) and, optionally, the
polynucleotide further encodes one, two, or three HVR sequences selected from (1) an HVR-
H1 comprising the sequence NIKDTY (SEQ ID NO:4}; (i) an HVR-H2 comprising the
sequence RIYPTNGYTR (SEQ 1D NO:S); and (iii) an HVR-H3 comprising the sequence
WGGDGFYAMD (SEQ ID NO:6). In additional aspects, the invention features an isolated
polynucieotide encoding an HVR-L1 sequence comprising the sequence NIAKTISGY (SEQ
1D NO:1); and (i} an HVR-L2 sequence comprising the sequence WGSFLY (SEQ 1D NO:23
or (i} an HVR-L3 sequence comprising the sequence HYSSPP (SEQ ID NO:3), or both, and,
optionally, the polynuclectide further encodes one, two, or three HVR sequences sclected
from (i) an HVR-HI comprising the sequence NIKDTY (SEQ 1D NG:4); (ii) an HVR-H2
comprising the sequence RIYPTNGYTR (SEQ ID NO:3); and (iit) an HVR-H3 comprising
the sequence WGGDGFY AMD (BEQ 1D NG

in a further aspect, the invention features an isolated polvnucleotide encoding an
HVR-L1 sequence comprising the sequence NIAKTISGY {(SEQ I NG:1); an HVR-H
comprising the sequence NISGTY (SEQ 1D NO:Ty: an HVR-H2 comprising the sequence
RIYPSEGYTR (SEQ ID NG:8): and an HVR-H3 comprising the sequence WVGVGFY AMD
(SEQ 1D NO:9). In vet another aspect, the invention features an isolated polynucleotide
encoding an HVR-L1 sequence comprising the sequence NIAKTISGY (SEQ 1D NO: 1) an
HVR-L2 sequence comprising the sequence WGSFLY (SEQ HY NO:2): an HVR-L3 sequence
comprising the sequence HYSSPP (SEQ ID NO:3Y; an HVR-H1 comprising the sequence
NISGTY (SEQ 1D NO:7); an HVR-HZ comprising the sequence RIYPSEGY TR (SEQ ID
NO:8); and an HVR-H3 comprising the sequence WVOVGEY AMD (SEQ 1D NG:9).

In other aspects, the invention features an isolated polvnucleotide encoding an HVR-
H1 sequence comprising the sequence NISGTY (SEQ ID NO:7), an isolated polynucleotide
encoding an HVR-H2 sequence comprising the sequence RIYPSEGY TR (SEQ ID NO:8)Y,
and an isofated polynucleotide encoding an HVR-H3 sequence comprising the sequence
WVGVGFYAMD (SEQ 1D NO9)Y. In another aspect, the invention features an isolated
polynucleotide encoding an polvpeptide 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
WYGVGFYAMD (SEQ ID NO:9).

In an additional embodiment of the invention, the isolated polynucleotide encodes an

HVR-L1 sequence comprising the sequence X1 XX XXX XY (SEQ 1D 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 amine acid except arginine, and X is any amino acid except serine. In another
embodiment of the invention, the polynucieotide encodes an HVR-L1 scquence comprising
the sequence X XXX XXX XY (SEQ ID NO: 83), wherein X, is any anino acid except
Asp, X; is any amino acid except proline, X is any amino acid except arginine, and X is any
amino acid cxeept serine; and a HVR-L2 sequence comprising the sequence WGSFLY (SEQ
1D NO: 2) and/or an HVR-L3 sequence comprising the sequence HYSSPP (SEQ ID NO: 3.
In additional embodiments of this aspect of the invention, the polynucleotide encodes an
antibody comprising the sequence XTI X3 X XXX XeXoY (SEQ ID NO: 83) that has 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 Xg or any combination thereof. In various embodiments of this aspect of the
invention, any of the HVR-L1 residues shown in Figure 57 to have an F value of greater than
I, 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 embodiments,
any of the HVR-L1 residues shown in Table 14 to have AAG values greater than | are
residues that are preferably maintained as the same residue found in the same position of the
HVR-L1 of bH1-44 or bHI-81 (SEQ 1D NO: 1),

In an additional embodiment of the invention, the polvnucieotide encodes an HVR-
HZ sequence comprising the sequence RXGX XX XX X XoR (SEQ 1D NO: 85), wherein X-
is any ammno acid except threonine and X, 1s any amino acid except asparagine. In another
aspect, the invention provides a polynucleotide encoding an HVR-H1 sequence comprising
the sequence NISGTY (SEQ ID NO: 7); an HVR-HZ sequence comprising the sequence
RXGX KX XX XeXoR (SEQ 1D 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 WYGVGFYAMD (SEQ ID NO: 8. In an additional embodiments of the
invention, the potynucleotide encodes an HVR-H2 sequence comprising the sequence
ROGX XX X X X e XoR (SEQ 1D NO: 84) that has a serine at X5, a glutamic acid at X,
and/or & tyrosine at Xg, or any combination thereof. In various embodiments of this aspect of
the invention, any of the HVR-HZ residues shown in Figure 57 to have an F value of greater
than I, 5, or 19 are residues that are preferably maintained as the same residue found in the
same position of the HVR-H2 of bH1-44 or bBH1-81 (SEQ ID NOS: & and 5, respectively}. In
additional embodiments, any of the HVR-H2 residues shown in Table 14 to have AAG values
greater than | 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: § and 3, respectively).

In further aspects, the invention features an isolated polypeptide comprising an HVR-

L1 sequence comprising the sequence NIAKTISGY (SEQ 1D NO:1) or an isolated
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polypeptide comprising an HVR-L1 sequence comprising the sequence NIAKTISGY {SEQ
D NO:1); an HVR-L2 sequence comprising the sequence WGSFLY (SEQ ID N2y and/or
an HVR-L3 sequence comprising the sequence HYSSPP (SEQ 1D NO:31. In another aspect,
the invention provides a polypeptide comprising an HVR-L1 sequence comprising the
sequence X, XX XXX XY (SEQ D NO: 833, 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 amine acid except serine, In another embodiment of this aspect, the polypeptide
comprises the HVR-L1 sequence X1 XX, XsXeXoXeXoY (SEQ 1D NO- 831, 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 1D NO- 23 and/or
an HVR-L3 sequence comprising the sequence HYSSPP (SEQ ID NO: 3). In particular
embodiments of any of the above aspects that comprise a polypeptide that compriscs the
sequence X XXX XXX XoY (SEQ 1D NO» 83), there is an asparagine at X, an alanine at
X; alysine at X4 a threonine at X5 a serine at X; and/or a giveine at Xy or any combination
thereof. In various embodiments of this aspect of the invention, 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 bHI-81 {SEQ ID NO: 1} In additional embodiments, any of the HVR-L| residues
shown in Table 14 to have AAG values greater than | are residues that are preferably
maintained as the same residue found in the same position of the HVR-L1 of bH1-44 or bHI-
81 (SEQ NGO 11

The invention also provides a polypeptide comprising an HVR-H2 sequence
comprising the sequence RXX XXX XX XoR (SEQ 1D NO: 85), wherein X is any amino
acid except threonine and X, 15 any amino acid except asparagine. In another aspect of the
invention, the polypeptide comprises the HVR-H2 sequence REIGH KR XoR (SEQ D
NO: 85}, wherein X; is any amino acid except threonine and X, is any amino acid except
asparagine, a HVR-H1 sequence comprising the sequence NISGTY (SEQ 1D NO- 73, and an
HVR-H3 sequence comprising the sequence WVGVGFYAMD (SEQ ID NO: 93, In different
embodiments of the above aspects, the polvpeptide comprising the HVR-H2 sequence
comprising the sequence RX;Xs XX XXX XoR (SEQ ID NO: 84) has & serine at X, a
glutamic acid at X, and/or a tyrosine at X or any combination thereof. In various
embodiments of this aspect of the invention, anv 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 (SECQ ID NOS:

8 and 5, respectively). In additional embodiments, any of the HVR-H2 residues shown in
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Table 14 to have AAG values greater than | 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 1D NOS:
& and 5, respectively).

The invention also provides a polypeptide comprising one, two, or three of an HVE-
H1 sequence comprising the sequence NISGTY (SEQ ID NO: 7), a HVR-H2 sequence
comprising the sequence RTYPSEGYTR (SEQ ID NO: 8), and/or an HVR-H3 sequence
comprising the sequence WVGVGFYAMD (SEQ 1D NO: 9), or any combination thereof.

In any of the above aspects, the isolated polypeptide may further COMPIise 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-H?2 comprising the
sequence RIYPTNGYTR (SEQ ID NO:5); andfor an HVR-H2 comprising the sequence
WGGDGFY AMD (SEQ 1D NO:6), or any combination thereof,

In any of the above aspects, the isolated polypeptide may further COMPTISE one, two,
or three of an HVR-L1 sequence comprising the sequence NIAKTISGY (SEQ ID NO:] Jian
HVR-L2 sequence comprising the sequence WGSFLY (SEQ 1D NO:2): and/or an HVR-L3
scquence comprising the sequence HYSSPP (SEQ ID NO3), or anv combination thereof

In any of the above aspects, the isolated polypeptide may further comprise an HVR-
H1 comprising the sequence NIKDTY (SEQ D NO:4); an HVR-H2 comprising the sequence
RIVPTNGYTR (SEQ ID NG:5): and/or an HVR-H3 comprising the sequence
WOODGFY AMD (SEQ 1D NO:6Y. or any combination thereof,

I any of the above aspects, the isolated polypeptide may further comprise one, twao,
or three HVR sequences selected from an HVR-H1 comprising the sequence NISGTY (SEQ
1D NO: 7 an HVR-H2 sequence comprising the sequence RIYPSEGYTR (SEQ 1D NO: 8y,
and/or an HVR-H3 comprising the sequence WVGVGEFYAMD (SEQ ID NO: 9), or any
combination thereof.

In additional aspects, the invention features features an isolated polypeptide
comprising an HVR-L1 sequence comprising the sequence NIAKTISGY {SEQ I NO: 1) and
(i} an HVR-L2 sequence comprising the sequence WGSFLY (SEQ ID NO:2) or { i) an HVR-
1.3 sequence comprising the sequence HYSSPP (SEQ ID NO:3), or botit: and one, two, of
three HVR sequences selected from (i) an HVR-H1 comprising the sequence NISGTY (SFQ
ID NG:7); {ii) an HYR-H2 comprising the sequence REYPSEGY TR (SEQ 1D NG:8): andior
(i1} an HVR-H3 comprising the sequence WVGVGFYAMD (SEQ 1D NO:9Y, or any
combination thereof.

In additional aspects, the invention features [eatures an isolated polypeptide
comprising an HVR-LI sequence comprising the sequence NIAKTISGY (SEQ ID NO:1) and
(i} an HVR-L2 sequence comprising the sequence WGSFLY (SEQ ID NO:2) or (:1) 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-H1 comprising the sequence NIKDTY (SEQ
B> NOw4); (11 an HVR-H2 comprising the sequence RIYPTNGYTR (SEQ D NO:5Y: and/or
(11i} an BVR-H3 comprising the sequence WGGDGFY AMD (SEQ ID N(:6), or any
combination thereof.

In farther aspects, the invention features an isolated polypeptide comprising an FIVR-
H1 sequence comprising the sequence NISGTY (SEQ ID NO:7), an 1solated polypeptide
comprising an HVR-H2 sequence comprising the sequence RIYPSEGY TR {SEQ ID NO:8),
and an isolated polypeptide comprising an HVR-H3 sequence comprising the sequence
WVGVGFYAMD (SEQ 1D NO:9). In vet a further aspect, the invention features an isolated
polypeptide comprising an HVR-HI sequenee comprising the sequence NISGTY (SEQ I
N7} an HVR-H2 sequenee comprising the sequence RIYPSEGYTR (SEQ I NO:8): and
an HVR-H3 sequence comprising the sequence WVGVGFY AMD (SEQ D NG9,

In one embodiment, the invention provides 2 vector comprising any of the above
described polynucleotides of the invention. In another aspect, the invention features a host
cell comprising any of the vectors of the invention. In one embodiment, the host cell is
prokaryotic. In another embodiment, the host cell is eukaryotic, for example, a mammalian
cell.

In another aspect, the invention features a method of producing any of the aniibodics
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 embodiments, the polynucleotide encodes an HVR-L1 sequence
comprising the sequence NIAKTISGY (SEQ ID NO: 1) and. optionally, the polynucleotide
further encodes an HVR-HI comprising the sequence NIKDTY (SEQ ID NO:4Y; an HVR-H2
comprisiag the sequence RIYPTNGYTR (SEQ ID NO:3): and an HVR-H3 comprising the
sequence WGGDGFYAMD (SEQ ID NG:6). In other embodiments, the polynucleotide
encodes ann HVR-L] sequence comprising the sequence NIAKTISGY ( SEG ID NO:1Y: an
HVR-L2 sequence comprising the sequence WGSFLY (SEQ 1D NO:2Y; and an HVR-L3
sequence comprising the sequence HYSSPP (SEG ID NO:3) and, optionaily, 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:5Y; and an HVR-
H3 comprising the sequence WGGDGFYAMD (SEQ ID NO:6). In another embodiment, the
polynucleotide encodes an HVR-1.1 sequence comprising the sequence NIAK TISGY (SEQ
1D NO:1); 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 NG:9). In yet another embodiment, the polynucieotide

16



10

30

encodes an HVR-L1 sequence comprising the sequence NIAKTISGY {SEQ D NO:1Y; 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 RIYPSEGY TR (SEQ D
NO:8); and an HVR-H3 comprising the sequence WV GVGFYAMD (SEQ 1D NO:9).

In further embodiments, the polynucleotide encodes an HVR-H1 sequence
comprising the sequence NISGTY (SEQ ID NO:7), an HVR-H? sequence comprising the
sequence RIYPSEGYTR (SEQ ID NO:8), or an HVR-H3 sequence comprising the sequence
WVGVGFYAMD (SEQ ID NO:9). In vet a further embodiment. the polynucleotide encodes
a polypeptide comprising an HVR-H1 sequence comprising the sequepce NISGTY (SEQ ID
NO:7); an HVR-HZ sequence comprising the sequence RIYPSEGYTR {SEQ 1D NO:8); and
an HVR-H3 sequence comprising the sequence WVGVGFY AMD (SEQ ID NO:9.

In one embodiment, the host cell is prokarvotic and in another embodiment, the host
cell is evkaryotic, such as a mammalian cell.

In a further aspect, the invention features a method of treating a tamor in a subject,
This method comprises administering io the subject an antibody or antibody fragment
described herein, where the administering is for a time and in an amownt sufficient to reat or
prevent the tumor in the subject. [n one embodiment, the tumor is a colorectal tumor, a breast
cancer, a lung cancer, a renal cell carcinoma, a ghioma, 2 glioblastoma, or an ovarian cancer.
In another embodiment, the antibody comprises an HVR-L1 sequence comprising the
sequence NIAKTISGY (SEQ I NC: 1) and specifically binds HER2 and VEGF, According
to one embodiment. the antibody further comprises one or two HVR sequences selected from
(i) HVR-L2 comprising the sequence WGSFLY (SEQ ID NO:2¥; and Giy HYR-L3
comprising the sequence HYSSPP (SEQ I NO:2). In another embodiment, the antibody
comprises, one, two, or three HVR sequences selected from (1) HVR-H1 comprising the
sequence NIKDTY (SEQ ID NO:4); (i) HVR-H2 comprising the sequence RIYPTNGY' TR
(SEQ ID NO:5); and (iil) HVR-H3 comprising the sequence WGGDGFY AMD (SEQ 1D
NO:6). In an additional embodiment, the antibody comprises, one, two, or three HVR,
sequences selected from (i) HVR-H] comprising the sequence NISGTY (SEQ ID NO7Y: (i)
HVR-H2 comprising the sequence RIYPSEGYTR ( SEQ ID NO:8); and (i) HVR-H3
comprising the sequence WVGVGFYAMD (SEQ 1D NO:9}. In particular embodiments, the
antibody comprises an HVR-L] sequence comprising NIAKTISGY (SEQ ID NO:1Y; an
HVR-L2 sequence comprising WGSFLY (SEQ ID NO:2); an HVR-L3 Sequence COmprising
HYSSPP (SEQ ID NO:3); an HVR-H] sequence comprising NIKIYTY (SEQ ID NO:4); an
HVR-HZ sequence comprising RIYPTNGYTR (SEQ ID NO:5Y; and an HVR-I13 sequence
comprising WGGDGFY AMD (SEQ ID NO:6) and specifically binds HER? and VEGE. In
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another embodiment, 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] sequence comprising NISGTY
(SEQ ID NO:7); an HVR-H2 sequence comprising RIYPSEGYTR (SEQ ID NO:&); and an
HVYR-H3 sequence comprising WVGVGFYAMD ( SEQ I NO:9) and specifically binds
HER?Z? and VEGF.

In an embodiment, the method further comprises administering to the subject an
additional anti-cancer therapy. In another embodiment, 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 embodiment, the additional anti-cancer therapy is admimstered prior
to or subsequent to the administration of an antibody. In a further embodiment, the additional
anti-cancer therapy is administered concurrently with an antibody.

In a further aspect, the invention features a method of treating an sutoimmune disease
ir: 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 embodiment, the antibody
comprises an HVR-L1 sequence comprising the sequence NIAKTISGY {SEQ D NO:1y and
specifically binds HER2 and VEGF. According to one embodiment, the antibody comprises
one or two HVR sequences selected from (i} HVR-L2 comprising the sequence WGSFLY
(SEQ I NO:2); and (i) HVR-1.3 comprising the sequence HYSSPP (SEQ 1D NO:3). In
another embodiment, the antibody comprises, one, two, or three HVR sequences selecied
from (i) HVR-HI comprising the scquence NIKDTY {(SEQ ID NO4); (1 HVR-H?
comprising the sequence RIYPTNGYTR (SEQ ID NO:3Y; and (i) HVR-H3 comprising the
sequence WGGDGFYAMD (SEQ ID NO'6). In an additional embodiment, the antibody
comprises, one. two, or three HVR sequences selected from (i} HVR-HI comprising the
sequence NISGTY (SEQ 1D NO:7); (ii} HVR-H2 comprising the sequence RIYPSEGY TR
(SEQ ID NO:8); and (iil) HVR-H3 comprising the sequence WVGVGFYAMD (SEQ ID
NO:9). In particular embodiments, the antibody comprises an HVR-L1 sequence comprising
NIAKTISGY (SEQ ID NO:1); an HVR-L2 sequence comprising WGSFLY (SEQ I NO:2);
an HVR-L3 sequence comprising HYSSPP (SEQ ID NO:3); an HVR-H1 sequence
comprising NIKDTY (SEQ 1D 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 ap HVR-L1 sequence

12
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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-H] 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:%)
and specifically binds HER2 and VEGF.

In yet another aspect, the invention features a method of treating a non-malignant
disease involving abnormal activation of HER2 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 embodiment, the antibody comprises an HVR-1.1 sequence
comprising the sequence NIAKTISGY (SEQ ID NO:1) and specifically binds HER? and
VEGEF. According to one embodiment, the antibody comprises one or two HVR Sequences
selected from (1} HVR-L2 comprising the sequence WGSFLY (SEQ ID NO:2); and {15 HVR-
L3 comprising the sequence HYSSPP (SEQ ID NO:3). In another embodiment. the antibody
further comprises, one, two, or three HVR sequences selected from (1) HVR-H1 comprising
the sequence NIKDTY (SEQ ID NO:4): (1) HVR-H2 comprising the sequence
RIYPTNGYTR (SEQ TD NO:3Y; and (iiiy HVR-H3 comprising the sequence
WGGDGFYAMD (SEQ [ NO:6). In an additional embodiment. the antibody comprises,
one, tweo, or three HVR sequences selected from (1 HVE-H1 comprising the sequence
NISGTY (SEQ ID NO:7); (i) HVR-H2 comprising the sequence RIYPSEGYTR {SEQ I
NO:8); and (iii) HVR-H3 comprising the sequence WVGVGFYAMD (SEQ ID NO9). In
particular embodiments, the antibody comprises an HVR-L] SEQUERCE comprising
NIAKTISGY (SEQ ID NO:1); an HVR-L2 sequence comprising WGSFLY (SEQ I NO:2):
an HVR-L3 sequence comprising HYSSPP (SEQ ID NO:3); an HVR-H! seguence
comprising NIKDTY (SEQ TD NO:4}; an HVR-H2 sequence comprising RIYPTNGYTR
(SEQ ID NO5); and an HVR-H3 sequence comprising WGGDGFY AMD (SEQ I NG:o)
and specifically binds HER2 and VEGF or the antibody comprises an HVR-L1 sequence
compuising NIAKTISGY (SEQ I 'NO:T); an HVR-1.2 scquence comprising WGSFLY (SEQ
1 NG: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 RIVPSEGY TR
(SEQ ID NO:8); and an HVR-H3 sequence comprising WVGVGFY AMD {SEQ 1D NO:9)
and specifically binds HER2 and VEGF.

Additional aspects of the invention feature the use of the antibodies and antibody
fragments described hersin in the treatment of a tumor, an auicimmune disease, or a non-
malignant disease involving abnormal activation of HERZ in a subject, as well as use n the

manufacture of a medicament for the treatment of & tumor, an autoimmune disease, or a non-
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malignant disease involving abnormal activation of HER? in a subject. In one embodiment of
these uses, the antibody comprises ap HVR-L1 sequence comprising the sequence
NIAKTISGY (SEQ ID NO:1) and specifically binds HER? and VEGF. According to one
embodiment, the antibody further comprises one or two HVR sequences selected from (i)
HVR-L2 comprising the sequence WGSFLY (SEQ ID NO:2); and (i) HVR-L3 comprising
the sequence HYSSPP (SEQ ID NO:3}. In another embodiment, the antibody comprises, one,
two, or three HVR sequences seiected from (i) HVR-H! comprising the sequence NIKDTY
(SEQ ID NO:4); (if) HVR-H2 comprising the sequence RIYPTNGYTR (SEQ ID NO:5); and
(1) HVR-H3 comprising the sequence WGGDGFYAMD (SEQ ID NO:6). In an additional
embodiment, the antibody comprises, one, two, or three HVR sequences selected from (i)
HVR-HI compnising 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
WVYGVGFYAMD (SEQ 1D NO:9). In particular embodiments, the antibody comprises an
HVR-L1 sequence comprising NIAKTISGY ( SEQ I NO:1y; an HVR-L2 sequence
comprising WGSFLY (SEQ ID NG:2); an HVR-L3 sequence comprising HYSSPP (SEQ ID
NO:3): an HVR-HI sequence comprising NIKDTY (SEQ D NO:4); an HVR-H2 sequence
compnising RIYPTNGYTR (SEQ ID N(:5}; and an HVR-H3 sequence comprising
WGGDGFYAMD (SEG 1D NO:6Y and specifically binds HERD? and VEGF o1 the antibody

sequence comprising WGSFLY (SEQ I NO:2); an HVR-L3 sequence compnising HYSSPP
(SEQ ID NO:3); an HVR-H! sequence comprising NISGTY {SEQ ID NO:7); an HVR-H2
sequence comprising RIYPSEGYTR (SEQ ID NO:8): and an HVR-H3 sequence comprising
WVGVGEYAMD (SEQ TD NO:9) and specifically binds HER2 and VEGF.

In an embodiment 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
& human,

Also. contemplated are kits, compositions, and articles of manufactuge comprising the

antibodies and antibody fragments described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure | shows the designed diversity in various LC libraries,

Figure 2 shows a summary of four light chain libraries nsed to alter anti-VEGF antibodies or
anti-Her2 antibodies to bind to an additional targer. The italicized NNK and XY 7 refer to

codon sets. Y's, 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 occurring the other 50% of the time. 13/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 amino acids

occurring the other 25% of the time.

Figure 3 shows sequences of HC, LC 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 shown in parenthesis. An “* denotes an insertion not

present in the Herceptin® antibody.

Figures 5A and SB1-5B2 show the sequences of specific antigen-binding clones isolated from
the light chain (LC) library. Figure 5A shows the LC CDR sequences of monospecific phage
clones biding to VEGF, DRS, and Fc, and Figure 5B shows bispecific Fabs binding to
VEGF/HERZ, DRS/HER2, and Fe/HER2. The lght chein framework and heavy chain
sequences correspond to that of the Herceptin® antibody with the exception of LC framework

substitution 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, bDI, b2, 4-1, and 4-5 are shown. Bound TeG
antibodies were detected spectrophotometrically {optical density at 430 nm, y-axis). The
profeins included m the assay were (left 1o right for each antibody) human vascular
endothelial growth factor A (EVEGF-A}, hVEGF-C, hVEGF-D, hHER?Z extraceliular domain
(ECD), epidermal growth factor receptor extraceltular domain {(hEGFRY), human death
receptor 5 (ADRS), bovine serum albumin (RS A), casein, fetal bovine serum (FBS), WIi.2

cell lysate. and NR6 cell lysate.

Figure 7 shows sorting conditions and enrichment of Library € and D.

Figure & shows VEGF binders. Residues 28, 30, 30a, 31, 92, 93, and 93a were fully diverse.
Residues 32, 50, 53, 91 and 94 were restricted. Residues 29,33, and 51 were limited (<3).

Figure 9 shows human VEGF binders, combined plate and solution selection.

Figures 10A and 10B show clones that bind both VEGF and HER?.

4
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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 clones that block VEGF binding to VEGFR1-D2 or Di.

Figures 14A and 14B show VEGF binders and the affinities of VEGF binders from fibrary
EV/L2/L3-C D

Figure 15 shows clones that can bind both hVEGT and HER?.

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

Figure 17 shows the expression of various ciones i Fab or hlg(s form.

Figures 18A and 18B show ELISAs of clones in hlgG form binding o RVEGF165.

Figure 19 shows ELISAs of clones in hleG form binding to immobilized protein targets.

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

VEGF or DRS.

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

Figure 22 shows binding to HER2-ECD or hVEGF with an IgG or Fab having a light chain

obtained from a different binding clone.

Figures 23A and 23B show an anti-VEGF antibody blocking VEGY interaction with
VEGFR! D 1-3 and KDR D1-7.

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

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

Figure 26 shows crystal structures of the bispecific BH1 Fab hound to HER? or VEGE,
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Figure 27 is a graph showing that anti-VEGF antibodies block hVEGF bmding to VEGF
receptor 2 (VEGFR2).

Figure 28 shows crystal structures of the bispecific bH! Fab bound to HER? or VEGF.
Figure 29 is a series of pie charts showing the individual CDR contributions to the structural
paratope for bH1. The paratope size for VEGF is 730A” and for HER? is 690A%. The heavv

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

Figure 30 shows the superposition of the CDR loops of VEGF/HER2-bound bH1 or HER?2-

bound Herceptin® antibody in the same orientation as Figure 28.

Figure 31 shows crystal structures of the bispecific bHI Fab bound to HER2 or VEGF. CDR-

LI 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

binding.
Figure 33 shows codons of bH 1 that were shotgun scanned.
Figure 34 shows a lbrary construction.

Figure 35 shows an antibody clone with shoteun scan mutations screened bv binding to
g ¥ g ;i £

VEGF.

Figure 36 shows an antibody clone with shotgun scan mutations screened by binding to
HER2.

Figares 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 37Dy HER2

binding.

Figure 38 shows alanine scanning results of bH1 or the Herceptin® antibody mutants.
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Figures 39A1-39A3 and 39B1-39B3 show shotgun alanine- and homolog scanning of bH1
Fab for binding to VEGF and HER2.

Figures 40A-408 show the energetically important binding sites of bH1 for VEGF and HER?
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 celt proliferation with anti-VEGF

anitbodies.

Figure 43 shows binding of bispecific antibodies 1o HER? expressed on NR6 cells,

Figure 44 shows the results of competitive binding experiments for bHT 1o VEGF or HERD.

Figure 45 shows that bBHT and affinity improved variants bH | -44 and bil1-81 gty inhibit
HERZ and VEGF-mediated cell proliferation in viro.

Figure 46 shows the binding specificity of bispecific antibodies derived from the LO bbrary,

Figure 47 shows thar anti-VEGF antibodies block VEGFE binding to VEGFR2 receptors.
Figure 47A shows human VEGF binding and Figure 47B shows murineVEGF binding.

Figures 48A and 48B show that VEGF and HERZ compete for binding to bH1-44 bispecific

ig(y in solution.
Figures 45A and 49B show that the bispecific antibodies bH ! and bH1-44 bind to HER?
expressing mouse fibroblast cells (NR6; Figure 498), but not to HERZ negative NR6 cells

{(Frgure 49A3,

Figure 50 shows that the bispecific bH1 antibody specificaliy immunoprecipitates VEGF or

HERZ from mouse fibreblast (NR6) lvsates, but not other proteins.

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

immuno-compromised mice.
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Figures 52A, 52B, and 53 depict exemplary acceptor human consensus framework sequences
for use in practicing the instant invention with sequence identifiers as follows:

Variable heavy (VH) consensus frameworks (FIG. 504 and 528 ')
human VH subgroup I consensus framework regions FR1, FR2, FR3, and FR4 minus Kabat
CDRs (1A: SEQ D> NOS: 42-45, respectively)
human VH subgroup I consensus framework regions FR1, FR2, FR3, and FR4 minus
extended hypervariable regions (IB: SEQ ID NOS: 46, 47, 44, and 45, respectively; 1IC: SEQ
ID NOS: 46-48 and 45, respectively; ID: SEQ ID NOS: 42, 47,49, and 45, respectively)
human VH subgroup II consensus framework regions FR1, FR2, FR3, and FR4 minus Kabat
CDRs (IHA: SEQ ID NOS: 50-52 and 45, respectively)
human VH subgroup II consensus framework regions FRI, FR2, FR3, and FR4 minus
extended hypervariable regions (11B: SEQ ID NOS: 53, 54, 52, and 45, respectively; IIC:
SEQ ID NOS: 53-55 and 43, respectively; IID: SEQ ID NOS: 53, 54, 56, and 45,
respectively)
human VH subgroup I consensus framework regions FR1, FR2, FR3, and FR4 minus Kabat
CDRs (HIA: SEQ ID NOS: 57-59 and 45, respectively)
human VH subgroup I consensus framework regions PRI, FRZ, FR3, and FR4 minus
extended hypervariable regions (IIIB: SEQ I NOS: 60, 61, 59, and 45. respectively; HIC:
SEQ D NOS: 6062 and 43, respectively; THD: SEQ ID NOS: 60, 61, 63, and 45,

‘respectively)

human VH acceptor framework regions FR1, FR2. FR2, and FR4 minus Kabat CBRs
(Acceptor A: SEQ ID NOS: 64, 58, 65, and 43, respectively)
human VI acceptor framework regions FR1, FR2. FR2. and FR4 minus extended
hypervariable regions (Acceptor B: SEQ IID NOS: 60. 6 1, 65, and 45, respectively; Acceptor
C: SEQ ID NOS: 60, 61, 66, and 43, respectively)
human VH acceptor 2 framework regions FR1, FRZ, FR3, and FR4 minus Kabat CDRs
{Second Acceptor A: SEQ ID NOS: 64, 58, 67, and 45, respectively)
buman VH acceptor 2 framework regions FR1, FR2, FR2, and FR4 minus extended
hypervariable regions (Second Acceptor B: SEQ TD NOS: 60, 61. 67, and 43, respectively:
Second Acceptor C: SEQ ID NOS: 60, 61, 68. and 43, respectively; Second Acceptor I SEQ
ID NOS: 60, 61, 69, and 45, respectively)

Variable light (VL) consensus frameworks (FIG. 33}
human VL kappa subgroup I consensus framework regions FR1, FR2, FR3, and FR4 (kvi:
SEQ ID NOS: 70-73, respectively)
human VL kappa subgroup 1I consensus framework regions FRI, FR2, FR3, and FR4 (kv2:

SEQ ID NOS: 74-76 and 73, respectively)
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human VL kappa subgroup III consensus framework regions FR1, FR2, and FR3 {kv3: SEQ
[ NOS: 77-79 and 73, respectivelv)
human V1. kappa subgroup IV consensus framework regions FR1, FRZ, and FR3 (kv4: SEQ
D NOS: 80-82 and 73, respectively}

Figure 54 shows the residues that make structural contacts or an energetic interaction with
HERZ2, VEGF, or both. The residues that make structural contacts (>25% buried) or an
energetic interaction (AAG > 10% total binding energy) with HER2 (light grey), VEGF
{grey), or both (shared, black) are mapped on the surface of HER2-bound bH1.

Figure 55 shows the bH{1/VEGF and bHI1/HER2 oinding interfaces. A close-up of the
bHI/VEGF (A} and the bH1/HER2 (B) binding interface illustrates the structural differences
hetween VEGE and HER? in the regions of antibody binding, Surface representations of
VEGY (C) and HER2-ECD (D} are shown in the same orientation relative 1o bHJ Fab. The
residues in contact with bH! Fab (closer than 4.5 A} are highlighied. There is no apparent

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

Figure 56 shows that bH1 and bH1-44 amibodies block human VEGF hindin g i VEGFRI,
Bictinylated human VEGT s was mcubated with increasing concentrations of IgG (x-axis),
then captured on immobilized human VEGFR1-Fe, and detecied with horseradish peroxidase-

conjugated streptavidin with added substraie {(normalized % Olysq, y-axis).

Figure 57 shows alanine scanning results of bH! and bH1-44 mutants. Alanine scanning

mutagenesis identified the functionally important residues for VEGF and/or HER? binding, F
values represent the relative contribution of each scanned residue to antigen binding. F values
were determined for bH1-44 binding to VEGF and HER? (black bars). and compared to the F
values of bH1 (white barsy. 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 129A Y32A bH1-44 and R30A RS8A bH1-44
antibodies 1o VEGF and HER2. The ELISA binding assays show the ability of bH1-44 IgG
and the two double mutants to bind to biotinylated VEGF g (left) or HERZ-ECD {righty, and
compete with the immobilized anti-VEGF antibody or Herceptin, respectivelv. The
[29A7Y32A LC mutant has lost binding of VEGF, while maintaining similar affinity for
HERZ as bHI1-44. The RS0A/RS8A HC mutant has lost affinity for HER2, but retains VEGF

binding,
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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 bHI binding to VEGF, bH1 binding 1o
HERZ, bH1-44 binding to VEGF, bH1-44 binding to HER2, bH1-44 HO-RS0A + R58A
binding to VEGF, bi1-44 LC-I29A + Y32A binding to HER2, 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 magnitude of the enthalpy changes required relatively high protein
concentrations, which prectuded accurate estimation of K;, when the affinity was high.
Figures 59A-D: Solutions of VEGF,q of HER2-ECD at concentrations ranging from 16-20
UM were titrated by 15 injections of bH1 or bH1-44 Fab at concentrations from 100 to 200
uM. Figures S9E-F: Sclutions of VEGF 45 or HER2-ECD at concentrations of 10 1o 20 pM
were titrated by 20 injections of bHI-44 LC-129A+Y32A Fab or bH1-44 HC-R50A+RS58A
Fab at concenirations of 150 and 250 uM. Titrations number 1 and 13 in {Figure 398} were

excluded from the analysis due to instrument noise.

Figure 60 shows the thermodynamic profiies of the bH1 vanants and the Herceptin®
antibody. Each dual specific variant (bH1, bH1-81, and bH1-44} has thermodynamic profiles
characterized by favorable enthalpy and entropy for both VEGF and HERZ binding. The
variants HC-RS0A+RS8A and LC-129A+Y32A that have lost affinity for HER2 or VEGF
respectively, display similar thermodynamic profiles as bH1-44. The thermodynamic profiles

of the bHI-44/HER? interaction are distinct from Herceptin/HER?.

Figure 61 shows the comparison of the bH1, bH1-44, and the Herceptin® antibody hotspots
for HER2 binding based on the alanine scanning mutagenesis data. Hotspot residues are
highlighted in grey mapped onto the Herceptin® (Herceptin) structure or bH1 Fab structures
(bH1. bH1-44}. Hotspots are defined as AAG greater than or equal to 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 lines. 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 associated with hH1-44 Fab binding
with VEGF or HER2. ACp was determined from the slope of the termperatue dependence of
AH between 20 and 37 °C. Over this range, ACp appears to be independent of T, based on the

imear relationship between AH and T (R = 0.991 for bH1-44/HER2. R = (.9989 for bH]1-
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44/VEGF). The ACp for Herceptin®/HER2 was previously determined by Kelley et al.
(Biochemistrv, 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) VEGF, o or (B) HER2-ECD and 0.5 uM solutions of bH1-44 Fab
(4 and B: top), bH1-44-LC-Y32 (A: second from bottom: B: second from top), bH1-44-1.C-
[29A+Y32A (A: bottom; B: second from bottom}, and bH1-44-HC-R5CA+RS8A (A: second
from top; B: bottom). The traces represent binding to the same immobilized CMS5 chip,
which was regenerated after each Fab run. No binding was detected for hH1-44-1.C-
[29A+Y32A to VEGF or for bH1-44-HC-RS0A+R58A to HER2 at 0.5 uM. The variant bH1-
44-Y32A displayed significantly weakened binding to VEGF compared to the wild type bHI-
44,

Figures 64A-D show the mapping of the specificity determining residues of bHI1-44 on the
crystal structure of bH1. The residues that are important for VEGF binding (1.C-129 and L.C-
Y32: A and Bj and the residues that are important for HER binding (HC-R50 and HC-R58: C
and [} are shown in dark grey as sticks on the BHI/VEGF (A and C. 26 A resolation) or
bHI/HER2 (B and I3, 2.9 A resolution} crvstal structires. The residues 126 and Y372 appear
io be involved in intra-chain interactions that serve to maintain the CDR-LI ioop
conformation necessary for VEGF-binding. 129 is solvent exposed in the HERZ structure.
Y32 packs against HERZ2, but does not engage in productive antigen contact. B350 and R58
pack against D560 and E558 on HERZ, and appear to engage in charge-charge mnteractions.

R50 and R58 are solvent exposed in the VEGF solvent structure.

Figure 65 shows the expression of the Herceptin® mutant Fabs (R530A, R38A. and
R30A/RSEA)

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
eneral, the methods of the invention involve diversifying the light chain variable domain or
the heavy chain variable domain of an antibody to generate variants that can be stably
expressed in a library. Diversified antibodies that are capable of specifically binding two

epitopes are then selected from this library and further characterized.
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Exemplary antibodies identified using the methods of the invention include antibodies
that bind both HER2 (human epidermal growth facior recepior 2} and VEGF (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
{CDRs) of a HER2 antibody confer dual binding capabilities for unretated protein antigens as
well as HER2. One bi-specific high affinity HER2/VEGF antibody 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 antigens overlap extensively: most of the CDR
residues that contact HER2 also engage VEGF. Energetically, however, the residues of the
heavy chain dominate the HER2 specificity while the light chain dominates VEGF specificity,

The HER2/VEGF bi-specific antibody inhibits both HER?2 and VEGF-mediated cell
proliferation in vizro and in vivo, These results demonstrate that altering the sequence of the
light chain variabie domain of an antibody can generate antibodies with dual spectiicity and
function. For example, bHI-44 and bH1-81 have the potential to target two mechanisms of
tumor progression: tumeor cell proliferation mediated by HER2 and tumor angiogenesis
mediated by VEGF. Co-targeting two antigens with a single antibody is an alternative to
combination therapy.

i, Definitions

The term "multispecific antibody” is used in the broadest sense and specifically
covers an antibody comprising a heavy chain variable domain (V) and 2 light chain variable
domain (V_}, where the V4V, unit has polyepiropic specificity (i.e., is capable of binding to
two different epitopes on one biological molecule or each epitope on a different biojogical
molecule]. Such multispecific antibodies include, but are not Hmited to, full length
antibodies, antibodies having two or more Vi and Vi domains, antibody fragments such as
Fab, Fv, dsFv, scFv, diabodies, bispecific diabodies and triabodies, antibody fragments that
have been linked covalently or non-covalently. "Polvepitopic specificity” refers to 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 to one embodiment
the multispecific antibody is an IgG1 form binds to each epitope with an affinity of 5 ¢M o
0.001 pM, 3 /M 10 0.001pM, 1 M to 0.001pM, 0.5 M to 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) chains (an 1gM antibody consists of 3 of
the basic heterotetramer units along with an additional polvpeptide called J chain, and
therefore contains 10 antigen binding sites, while secreted IgA antibodics can polymerize to

form polyvalent assemblages comprising 2-5 of the basic 4-chain units along with T chain).
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In the case of 1gGs, the 4-chain unit is generally about 150,000 daltons. Each L chain is
linked to an H chain by one covalent disulfide bond, while the two H chains are linked to each
other by cne or more disulfide bonds depending on the B chain 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 a and y
chains and four Cyy domains for ju and & isotypes. Each L chain has, at the N-terminus, a
variable domain (V1 ) followed by a constant domain (Cf ) at its other end. The V1, is aligned
with the Vyy and the Cy_ is aligned with the first constant domain of the heavy chain (Cypl).

Particular amino acid residues are believed to form an mterface between the light cham and
beavy chain variable domains. The pairing of a Vi and V1 together forms a single antigen-
binding site. For the structure and properties of the different classes of antibodies, see, e.g.,
Basic and Clinical Immunoclogy, 8th edition, Daniel P. Stites, Abba I Terr and Tristram .
Parslow (eds.}, Appleton & Lange, Norwalk, CT, 1994, page 71 and Chapter 6.

The L chain from any vericbrate species can be assigned to one 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 (Cy),
immunogicbuims can be assigned 1o different classes or isotypes. There are five classes of
immunoglobulins: lgA, IgD, IgFE, 1eG, and IgM, having heavy chains designated o, 8, v, £,
and g, respectively. The v and « classes are further divided into subclasses on the basis of
relatively minor differences in Cyy sequence and function, e.g.. humans express the following
subciasses: IgGl, 1gG2. 1gG2, 1gG4, IgAl, and igA2.

The term "variable" refers to the fact that cenain segments of the variable domains
differ extensively in sequence among antibodies. The V domain mediates antigen binding
and defines specificity of a particular antibody for its particular antigen. However, the
vartability is not evenly distributed across the 1 10-aminc acid span of the variable domains.
Instead, the V regions consist of relatively invariant stretches called framewaork 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 veriable domains of native heavy and Hghi
chains each comprise four FRs, largely adopting a beta-sheet configuration, connected by
three hypervariable regions, which form loops connecting, and in some cases forming part of,
the beta-sheet structure. The hypervariable regions in each chain are held together m close
proximity by the FRs and, with the hypervariabic regions from the other chain, contribute to

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

of Immunological Interest. 5th Ed. Public Health Service, National Institutes of Health,

Bethesda, MD. (1991)). The constant domains are not invelved directly in binding an
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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 whick are responsible for antigen-binding. The hypervariable region generally
comprises amino acid residues from a "complementarity determining region” or "CDR" {e.g.,

around about residues 24-34 (L1}, 50-56 (L2) and 89-97 (L3) in the Vi, and around about
residues 26-35 (H1}, 50-65 (H2} and 95-102 (H3) in the Vg (in one embodiment, H1 is

around about residues 31-35); Kabat ¢! al., Sequences 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 Vy . and 26-32 (H1), 53-55 (H2), and 96-101 (H3) in the Vi1 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 Kabar, the light chain FR residues are positioned at
about residues 1-23 (LCFR1), 35-49 (LCFR2), 57-88 (LCFR32), and 98-107 (LCFR4Y and the
heavy chain FR residues are positioned about at residues 1-30 (HCFR . 36-49 (HCFR2), 66-
94 (HCFR3Y, and 103-113 (HCFR4) i the heavy chain residues, I the CDRs COmprise
amino acid residues from hypervariable loops, the light chain FR residues are positioned
about at residues 1-25 (LCFR1), 33-49 (LCFR2), 53-90 (LCFR2). and 97-107 fLOFRAY in the
light chain and the heavy chain FR residues are positioned about at residues 1.25 (HCFRI],
33-52 (HCFR2). 56-95 (HCFR3), and 102-113 (HCFR4) in the heavy chain residues, 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-H33, 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 residues in a selection of human immunoglobubin VL or VI
framework sequences. Generally, the selection of human immunogiobulin VL or VH
sequences is from a subgroup of variable dormain sequences. Generally, the subgroup of
sequerices is a subgroup as in Kabat, In one embodiment. for the VL. the subgroup i
subgroup kappa | as in Kabat. In one embodiment, for the VI, the subgroup is subgroup 111
as in Kabat.

The term "monocional antibody™ as used herein refers to an antibedy from a

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

)
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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, wherein the antibody was obtamed by a
process that includes the selection of the antibody from a plurality of antibodies. For
example, the selection process can be the selection of a unique clone from a phurality of
clones, such as a pool of hybridoma clones, phage clones or recombinant DNA clones. It
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 its immunogenicity in vivo, to create a multispecific antibody, etc., and that
an antibody comprising the altered variable region sequence is also 2 monoclonal antibody of
this invention. In addition to their specificity, the monoclonal antibody preparations are
advantageous in that they are typically uncontaminated by other immuno globulins. The
modifier "monoclonal” indicates the character of the antibody as being obtained fom a
substantially homogeneous population of antibodies, and is not to be construed as requiring
production of the antibody by any particular method. For sxample, the monoclonal antibodies
to be used in accordance with the present invention may be made by a variety of techniques,
including the hybridoma method (e.g.. Kohlerer al., Nature, 256:495 (1975); Harlow et al.,
Amtibodies: A Laboratory Manual, (Coid Spring Harbor Laboratory Press, 2nd ed. 1988);
Hammerling et al., in: Monoclonal Antibodies and T-Cell Hybridomas 563-681, (Elsevier,
N.Y., 1981}, recombinant DNA methods (see, e.g., U.S. Patent No, 4.816.567), phage display
technologies (see, e.g., Clackson et al.. Nature. 352:624-628 {1991}, Marks et al., J. Mol
Biol., 222:581-597 (1991}): Sidhu et al., J. Mol. Biol. 338(2):299-310 (2004); Lee et al_,
J.Mol.Biol. 340(5):1073-1093 (2004); Fellouse, Proc. Nat. Acad. Sci. USA 10334312467
12472 (2004); and Lee ct al. I. Immuno!. Methods 284(1-2):119-132 (2004} and technologies
for producing human or human-like antibodies from animals that have parts or all of the
humar immunoglobulin loci or genes encoding human mmmunoglobulin sequences (see, e.g.,
WO98/24893, WO/9634056, WO/9633735, and WO/91 10741, Jakebovits et al.. Proc. Natl.
Acad. Sci. USA, 90:2551 (1993); Jakobovits et al., Nature, 362:255-258 (1993); Bruggemann
ctal., Year in Immune., 7:33 (1993); U.S. Patent Nos. 5,545,806, 5,569,825, 5,591,669 (all of
Genlharm): 5,345,807; WO 97/17852, U.S. Patent Nos. $,545,807; 5,545,806, 3,568,825;
5.625,126; 5,633,425; and 5,661,016, and Marks &t al., Bio/Technology, 10: 779-783 (1992);
Lonberg et al., Nature, 368:856-850 (1994); Morrison, Nature, 368:812-813 (1994); Fishwild
et al., Nature Biotechnology, 14:845-851 (1996}; Neuberger, Naiure Biotechnology, 14: 826

(1996); and Lonberg and Huszar, Intemn. Rev. Immunol., 13:65-93 {1995}
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An "intact" antibody is one which comprises an antigen-binding site as well as a Cy
and at Jeast heavy chain constant domains, Cyl. Cy2, and Cy3. The constant domains can be

native sequence constant domains {e.g., human native sequence constant domainsj or amino
acid sequence variant thereof, 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(10}: 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 gt al.,
Protein Eng., 8(10):1057-1062 (1995). Briefly, these antibodies comprise a pair of tandem Fd
segments {Vy-Cyl-Vyu-Cyl) which, together with complementary light chain polypeptides,
form a pair of antigen binding regions. Linear antibodies can he bispecific or monospecific,

Papain digestion of antibodies produces two identical antigen-binding fragments,
called "Fab" fragments, and a residual "Fc" fragment, a designation reflecting the ability to
crystathze readily. The Fab fragment consists of an entire L chain along with the variable
region domain of the H chain (Vyy), and the first constant domain of one heavy chain (Cyl).
Pepsin treatment of an antibody yields a single large F(ab')y fragment which roughly
corresponds to two disulfide linked Fab fragments having divalent aptigen-binding activity
and is still capable of cross-linking antigen. Fab’ fragments differ from Fab fragments by
having additional few residues at the carboxy terminus of the Cy! domam including one or
more cysteines from the antibody hinge region. Fab-SH is the designation herein for Fab' in
which the cysteine residue(s) of the constant domains bear 2 free thiol group. F(ab’y
antibody fragments originaily were produced as pairs of Fab' fragments which have hinge
cysteines between them. Other chemical couplings of antibody fragments are alsc known.

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

"Fv" consists of a dimer of one heavy- and one light-chain variable region domain ip
tight, non-covalent association. From the folding of these two domains emanate six
Irypervaniable 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 2 lower affinity than
the entire binding site.
"Single-chain Fv" also abbreviated as "sFv" or "scFv" are antibody fragments that

comprise the Vi and Vp antibody domains connected into a sin gle polypeptide chain.
Preferably, the sFv polypeptide further comprises a polypeptide linker berween 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 Pharmacologv of Monoclonal Antibodies. vol. 1 13,

Rosenburg and Moore eds., Springer-Verlag, New York, pp. 269-315 (1994}; Borrebaeck
1995,

The term "diabodies” refers to small antibody fragments prepared by constructing sFv
fragments (see preceding paragraph} with short linkers (about 5-10 residues) between the Vi
and V domains such that inter-chain but not intra-chain pairing of the V domains is
achieved, resulting in a bivalent fragment, e, fragment having two antigen-binding sites.
Bispecific diabodies are heterodimers of 1two "crossover” sBv fragments in which the Vyy and
V) domains of the two antibodies are present on different polvpeptide chains. Diabodies are
described more fully in. for exampile, BP 404,097, WO 63/1 1161 and Hollinger et al., Proc.
Natl. Acad. Sci. USA, 90:6444-6448 (1993).

"Humanized" forms of non-human {e.g.. rodent) antibodies are chimeric antibodies
that contain minimal sequence derived from the non-human antibody. For the most part,
humanized antibodies are human immunoglobulins {recipient antibody} in which residues
from a hypervariable region of the recipient are replaced by residues from a hypervariable
region of a non-human species (donor antibody) such as mouse, rat, rabbit or non-human
primate having the desired antibody specificity, affinity, and capability. In some instances,
framework region (FR} residues of the human immunoglobulin are replaced by corresponding
non-tman residues, Furthermore, humanized antibodies can comprise residues that are not
found m the recipient antibody or in the donor antibody. These modifications are made to
further refine antibody performance. In peneral, the humanized antibody will comprise
substantially ali of at least one, and typically two, variable domains. in which all or
substantially all of the hypervariable loops correspond to those of a non-human
immunoglobulin and all or substantially all of the FRs are those of 2 human immunoglobulin
sequence. The humanized antibody optionally also will comprise at jeast a portion of an
mmmunoglobulin constant region (Fe), typically that of & human mmunoglobulin, For further
details, see Jomes et al., Nature 321:522-525 (1986); Riechmann et al., Nature 332:323-329

{1988); and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992).
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As used herein, "codon set" refers to a set of different nucleotide triplet sequences
used to encode desired variant amine acids. A set of oligonucieotides can be synthesized, for
example, by solid phase svnthesis, including sequences that represent all possible
combinations of nucleotide triplets provided by the codon set and that will encode the destred
group of amino acids. A standard form of coden designation is that of the [UB 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 20
natural amine acids). A "non-random codon set", as used herein, thus refers to a codon set
that encodes select amino acids that fulfill partially, preferably completely. the criteria for
ammo acid selection as described herein. Synthesis of oligonucleotides with selected
nucleotide "degeneracy” at certain positions is well known in that art, for exarmapie the TRIM
approach (Knappek et al., J. Mol. Biol. 296:57-86, 1999); Garrard and Henner, Gene 128:103,
1993}, Such sets of oligonucieotides having certain codon sets can be synthesized using
commercial nucleic acid synthesizers {available from., for example, Applied Biosystemns,
Foster City, CA}, or can be obtained commercially {for example, from Life Technologies,
Rockville, MD). Therefore, a set of oligonucleotides synthesized having a particuiar codon
set will typically include a plurality of oligonucleotides with different sequences, the
differences established by the codon set within the overall sequence. Oligonucleotides, as
used according to the invention, have sequences that aliow for hybridization t¢ a variable
domain nucleic acid template and also can, but do not pecessarily, include restriction enzyme
sites useful for, for exampie, cloning purposes.

An antibody of this invention "which binds" an antigen of interest is one that binds
the antigen with sufficient affinity such that the antibody is useful as a diagnostic and/or
therapeutic agent in targeting a protein or a cell or tissue expressing the antigen, and does not
significantly cross-react with other proteins. In such embodiments, the extent of binding of
the antibody to a "non-target" protein will be less thar about 10% of the binding of the
antibody to its particular target protein as determined by fluorescence activated cell sorting
(FACS) analysis or radioimmunoprecipitation (RIA) or ELISA. With regard to the binding of
an antibody to a target molecule. the term "specific binding” or "specifically binds to” or is
"specific for" a particular polypeptide or an epitope on a particular polypeptide target means
binding that is measurably different from a non-specific interaction (e.g., for bH1-44 or bH -
81, a non-specific interaction is binding to hovine serum albumin. casein, fetal bovine serum,
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 competition with a control molecule that is similar to the target, for exampie,
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an excess of non-labeled target. In this case, specific binding is indicated if the bindmg of the
labeled target to & probe is competitively inhibited by excess unlabeled target. The term
“specific binding” or "specifically binds to” or is "specific for” particular polypeptide or an
epitope on a particular polypeptide target as used herein can be exhibited, for example, by a
molecule having a Kd for the target of at Jeast about 200 nM, alternatively at least about 150
nM, alternatively at least about 100 nM, altematively at least about 60 oM, alternatively at
ieast about 50 nM, alternatively at least about 40 nM, alternatively at least about 30 nM,
alternatively at least about 20 nM, alternatively at least about 10 oM, alternatively at least
about 8 nM. alternatively at 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 o binding where a molecule binds to 2 particular polypeptide or
epitope on a particular polypeptide without substantially binding to any other polypeptide or
polypeptide epitope.

"Binding affinity" generally refers to the strength of the sum total of noncovalesnt
interactions between a single binding site of a molecule {e.c., an antibody) and its binding
parmer (e.2., an antigen}. Unless indicated otherwise, as used herein, "binding affinity" refers
to mtnnsic binding affinity which refiects a 1:1 interaction between members of a bmnding
pair (e.g.. antibody and antigen). The affiniry of 2 molecule X for its pariner Y can generally
be represenied by the dissociation constant (Kd). Desirably the Kd is about 200 o, 150 nM,
100 nM, 60 nM, 50 oM. 40 nM, 30 oM, 26 aM, 10 M, § oM, 6 aM, 4 nM, 2 sM. 1 sM. or
stronger. Affinity can be measured by common methods known in the art, inch:ding those
described herein. Low-affinity antibodies generally hind antigen slowly and tend o
dissociate readily, whereas high-affinity antibodies generalty bind antigen faster and tend 1o
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.

I one embodiment, the "Kd" or "Kd value” according to this mventior is measured
by using surface plasmon resonance assays using a BLAcore™-2000 or 2 BlAcore” M.3000
{BlAcore, Inc., Piscataway, NJ} at 25°C with immobilized antigen CMS5 chips at ~10 response
units (RU). Briefly, carboxymethvlated dextran biosensor chips (CM35, BlAcore Inc.} are
activated with N-ethyl-N’- (3-dimethylaminopropyl)-carbodiimide hydrochloride {(EDCY and
N-hydroxysuecinimide (NIS) according to the supplier’s instructions. Antigen is diluted
with 10 mM sodium acetate, pH 4.8, into Spg/ml (~0.2 pM} before injection at a flow rate of
Sul/minute to achieve approximately 10 response units (RU) of coupled protein. Foliowing
the injection of antigen, 1M ethanolamine is injected to block unreacted groups. For kinetics
measurements, two-fold serial dilutions of Fab {e.g., 0.78 nM to 500 nM) are injected in PBS

with 0.05% Tween 20 (PBST) at 25°C at a flow rate of approximately 25pl/min. Association
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rates {k,.) and dissociation rates (ko) 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 equilibrium dissociation constant (kd) 1s
caleutated as the ratio kop'ken. See, e.g., Chen, Y., et al., {1999} J. Mol. Biol. 203:865-881, I
the on-rate exceeds 10° M7 §°' 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 in fluorescence emission intensity (excitation = 295 nm, emission = 340 nm, 16
nm band-pass} at 25°C of a 20 nM anti-antigen antibody (Fab form) in PRS, 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,

An "on-rate” or "rate of association” or "association rate” or ko' according to this
invention can also be determined with the same surface plasmon resonance technique
described above using a BIAcore ™-2000 or 2 BlAcore ™-3006 {BlAcore, Inc., Piscataway,
NJ) at 25°C with immobilized antigen CMS5 chips at ~10 response units (KUY, Briefly,
carboxymethylated dextran biosensor chips (CM3, BlAcore Inc.} are activated with Negihyl-
N*- (3-dimethylaminopropyl)-carbodiimide hydrochloride {EDC) and N-hydroxysuccinimide
{NHS) according to the supplier's instructions. Antigen is diluted with 10 mM sodium
acetate, pH 4.8, mto Sug/mi (~0.2 uM) before injection at a flow rate of Spifminute to achieve
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
serial dilutions of Fab (e.g., 0.78 nM to 500 nM) are injected in PRS with 0.05% Tween 20
(PBST} at 25°C at a flow rate of approximately 25pbmim. Association rates (K, and
dissociation rates (kog) are calculated using a simple one-to-one Langmuir binding model
{BlAcore Evaluation Software version 3.2) by simultaneous fitting the association and
dissociation sensorgram. The equilibrium dissociation constant {K.d} 1s calculated as the ratio
Kow'kon See, eg, Chen, Y., et al,, (1999} I. Mol Biol. 293:865-881. However, if the on-rate
exceeds 10° M7 S by the surface plasmon resonance assay above, then the on-rate is
preferably determined by using a fluorescent quenching technique that measures the increase
or decrease in fluorescence emission intensity {excitation = 295 nm: emission = 340 nm, 16
nm band-pass} at 25°C of a 20nM anti-antigen antibody (Fab form}in PBS, pH 7.2, in the
presence of increasing concentrations of antigen as measured in a a spectrometer, such as a
stop-flow equipped spectrophometer (Aviv Instruments) or a 8000-series SLM-Aminco

spectrophotometer (ThenmoSpectronic) with a stirred cuvette.
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"Biclogically active” and "biologica!l activity" and "biological characteristics” with
respect to a polypeptide of this invention means having the ability to bind 10 a biological
molecule, except where specified otherwise.

"Biological molecunie” refers 1o 2 nucleic acid, & protein, a carbohydrate, 2 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 seguence by nse
of a spinning cup sequenator, or (2) to homogeneity by SDDS-PAGE under non-reducing or
reducing conditions using Coomassie blue or, preferably, silver stain. Isolated antibody
includes antibodies in siny within recombinant cells, because at jeast one component of the
polypeptide natural environment will not be present. Ordinarily, however, isolated
polypeptide wiil 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 organism. The control sequences
that are suitable for prokaryotes, for example, include a promoter, optionally an operator
sequence, and a ribosome binding site. Eukarvotic cells are known to uiilize promoters,
polvadenvlation signals, and enhancers.

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

"Percent (%) amino acid sequence identity” with respect 10 the polvpeptide 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

32



16

2
s

30

ahigning the sequences and introducing gaps, if necessary, to achicve the maximum percent
sequence identity, and not considering any conservative substitutions as part of the sequence
identity. Alignment for purposes 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)
software. Those skilied 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 COmMPArison compuier 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, Washington D.C., 20559, where it is registered under U.S, Copyright
Registration No. TXUS10087. The ALIGN-2 program is publicly available through
Geneniech. Inc., South San Francisco, California, The ALIGN-2 program should be
compiled for use on a UNIX operating svstem, preferably digital UNIX V4.0D. Al sequence
comparison parameters are set by the ALIGN-2 program and do not vary.

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

“Structurally unsimilar” biological molecules according to this invention refers o
biological molecules that are not in the same class {protein, nucleic acid, lipid, carbohydrates,
ete.} or, for example, when referring to proteins, having less than 60% amino acid identity,
less than 30% amino acid identity, less than 40% amino acid identity. less than 30% amino
acid identity, less than 20% amino acid identity or less than 10% amina acid identity
compared to each other.

"Stringency" of hybridization reactions is readily determinable by one of ordinary
skil in the art, and generally is an empirical calculation dependent upon probe length,
washing temperature, and salt concentration. In peneral, longer probes require higher
temperatures for proper annealing, while shorter probes need lower temperatures.
Hybridization generally depends on the ability of denatured DNA 1o reanneal when
complementary strands are present in an environment below their melting ternperature. 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 stringency of hybridization
reactions, see Ausubel et al., Current Protocols in Molecular Biology. Wiley Interscience

Publishers, (1995}.
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"Stringent conditions” or "high stringency conditions”, as defined herein, can be
identified by those that: (1) employ low ionic strength and high temperature for washing, for
example 0.015 M sodium chloride/0.0015 M sodium citrate/0.1 % sodivm dodeey] sulfate at
50°C; (2) employ during hybridization a denaturing agent, such as formamide, for example,
50% (v/v) formamide with 0.1% bovine serum albumin/(.1% Ficoll/t.1%
polyvinylpyrrolidone/S0mM sodium phosphate buffer at pH 6.5 with 750 mM sodium
chloride, 75 mM sodium citrate at 42°C; or (3) overmight hybridization in a solution that
employs 50% formamide, 5 x SSC (0.75 M NaCl, 0.075 M sodium citrate), 530 mM sodiam
phosphate (pH 6.8), (.1% sodium pyrophosphate, 5 x Denhardt’s solution, sonicated salmon
sperm DNA (50 w/ml), 0.1% SDS. and 10% dextran sulfate at 42°C, with a 10 minute wash
at 42°C in 0.2 x SSC (sodium chloride/sodium citrate) followed by a 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

i}

Molecular Clomng: A Laboratorv Manual, New York: Cold Spring Harbor Press, 1989, and
include the use of washing solution and hybridization conditions {e.g., lemperaiure, ionic
strength, and %SDS) less stringent that those described above. An exanple of moderately
stringent conditions is overnight incubation at 37°C in a solution comprising: 20%
formamide, 5 x 85C (150 mM NaCl, 15 mM trisodium citrate), 50 mM sodium phosphute
{pH 7.6). 5 x Denhardt’s solwtion, 10% dextran sulfate, and 20 mg/mi denamred sheared
salmon sperm DNA, followed by washing the filters in } x SSC at about 37-50°C. The
skilled artisan will recognize how to adjust the temperature, ionic strength, ete. as necessary
to accommodate factors such as probe length and the like.

Antibody “effector functions” refer to those biological activities attributable to the Fe
region (a native sequence Fe region or amino acid sequence variant Fe region} of an antibody,
and vary with the antibody isotype. Examples of antibody effector functions include: Clg
binding and complement dependent cytotoxicity; Fc receptor binding: amibody-dependent
cell-mediated cytotoxicity (ADCC); phagocytosis; down regulation of cell surface receptors
{e.g., B cell receptor); and B cell activation.

"Antibody-dependent cell-mediated cytotoxicity” or "ADCC” refers 1o a form of
cytotoxicity in which secreted Ig bound onto Fe receptors (FeRs) present on centain cytotoxic
cells (e.g., Natural Kuller (NK} cells, neutrophils, and macrophages) enable these cytotoxic
cifector celis to bind specifically to an antigen-bearing target cell and subsequently kill the
target cell with cytotoxins. The antibodies "arm" the cvtotoxic cells and are absolutely
required for such killing. The primary cells for mediating ADCC, NK cells, express FoyRIII
only, whereas monocytes express FoyR1, FevRIL and FeyRIIL 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 (1991}, To assess ADCC activity of a 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 celis
{PBMC} and Natural Killer (NK) cells. Alternatively, or additionally, ADCC activity of the
motecule of interest can be assessed ix vivo, e.g., in a animal model such as that disclosed in
Clynes et al. (Proc. Natl. Acad. Sci. USA) 95:652-656 {1998).

"Fe receptor” or "FeR" describes a receptor that binds to the Fe region of an antibody.
The preferred FeR is a native sequence human FcR. Moreover, a preferred FeR is one which
binds an IgG antibody (a gamma receptor) and includes receptors of the FeyRI, FoyRI1, and
FeyRIII subclasses, including allelic variants and alternatively spliced forms of these
receptors. FeyRII receptors include FeyRIIA (an "activating receptor”y and FevRIIB {(an
"inhibiting receptor”). which have similar amino acid sequences that differ primarily in the
cytoplasmic domains thereof. Activating receptor FeyRIIA contains an mmunoreceptor
tyrosine-based activation motif (ITAM) in its cytoplasmic domain, Inhibiting receptor
FeyRIIB contains an immunoreceptor tyrosine-based inhibition motif TB) in its
cytoplasmic domain (see review M. in Daéron, Annu. Rev, Immunol. 15:203-234 {1997y,
FeRs are reviewed in Ravetch and Kinet, Annu, Rev. Immunol, 9:457-492 (1591} Capel et
al., immunomethods 4:25-34 (1994); and de Haas et al., I. Lab. Clin. Med. 126:330-41
{1995). Other FcRs. meluding those 1o be identified in the future, are encompassed by the
term "FeR" herein. The term: also inchudes the neonatal receptor, FoRn, which is responsible
for the transfer of maternal 1gGs 1o the ferus (Guver et al., ], Immunol. 117:587 (18763 and
K et al., J. mmunel. 24:249 {1994)}.

"Human effector cells” are leukocvies which express ane or more FoRs and perform
effector functions. Preferably, the cells express at least FoyRII and perform ADCC effector
function. Examples of human leukocvies which mediate ADCC inciude penipheral bloed
mononuclear cells (PBMC), natural killer (NK) cells, monocyies, cvtotoxie T celis, and
neutrophils; with PBMCs and NK cells being preferred. The effector cells can be isolated
from a native source, ¢.g.. from blood.

"Complement dependent cytotoxicity” or "CDC" refers to the Tysis of 4 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 {Clg} to antibodies (of the
appropriate subclassj which are bound to their cognate antigen. To assess completnent
activation, a CDC assay, e.g., as described in Gazzano-Santoro et al., . Immunol. Methods
262:163 {1996}, can be performed.

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

antibody fragment to treat a disease or disorder in a subject. In the case of tumor {c.g., a
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cancerous tumor), the therapeutically effective amount of the antibody or anttbody fragment
(¢.g., a multispecific antibody or antibody fragment that specifically binds HER? and VEGF )
iy reduce the number of cancer cells; reduce the primary tumor size: mhibit (i.e, slow to
some extent and preferably stop) cancer cell infiltration into peripheral organs; inhibit {i.e.,
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 associated with the
disorder. To the extent the antibody or antibody fragment may prevent growth and/or kill
existing cancer cells, it may be cytostatic and/or cytotoxic. For cancer therapy, efficacy in
vivo can, for example, be measured by assessing the duration of survival, time to disease
progression (TTP), the response rates (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%, 83%., 90%,
93%, or greater. Reduce or inhibit can refer to the svimptoms 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 1o or deseribe the physiological condition in
mammals that is typically characterized by unregulated cell growth/proliferation. Incinded in
this defmition are benign and malignant cancers. Examples of cancer include but are not
lmmited to, carcinoma, lymphoma, blastoma, sarcoma, and leukemia, More particular
exampies of such cancers inclade squamous celt cancer, smali-cell lung cancer, non-small ceil
iung cancer, adenocarcinoma of the lung, squamous carcinoma of the lung, cancer of the
peritoneum, hepatocellular cancer, gasinic or stomach cancer including gastrointestinal cancer,
pancreatic cancer, glioblastoma, glioma, cervical cancer, ovarian cancer, liver cancer, bladder
cancer, hepatoma, breast cancer, colon cancer. colorectal cancer, endometrial or uterine
carcinoma, salivary gland carcinoma, kidney cancer (e.g.. renal cell carcinoma), liver cancer,
prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma, anal carcinoma, penile
carcinoma, melanoma, and varicus types of head and neck cancer.

By "early stage cancer" is meant a cancer that is not invasive or metastatic or is
classified as a Stage ¢, I. or I} cancer.

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

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

cancer, and occasionally a Stage 111 cancer,
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A "non-malignant disease or disorder involving abnormal activation of HER?2" is a
condition which does not involve a cancer where abnormal activation of HER? is occurring in
cells or tissue of the subject having, or predisposed to, the disease or disorder. Examples of
such diseases or disorders include autoimmune disease {e.g. psoriasis), see definition below:
endometriosis; scleroderma; restenosis; polyps such as colon polyps, nasal polyps or
gastromtestinal polyps; fibroadenoma; respiratory disease (e.g., chronic bronchitis, asthma
including acute asthma and allergic asthma, cystic fibrosis, bronchiectasis, ailergic or other
rhinitis or sinusitis, el-anti-trypsin deficiency, coughs, pulmonary emphysema, pulmonary
fibrosis or hyper-reactive airways, chronic obstructive pulmonary disease, and chronic
obstructive lung disorder): cholecystitis; neurofibromatosis; polycystic kidney disease;
inflammatory diseases; skin disorders including psoriasis and dermatitis; vascular disease;
conditions involving abnommal proliferation of vascular epithelial cells; gastrointestinal
ulcers; Menetrier's disease, secreting adenomas or protein loss syndrome; renal disorders;
angiogenic disorders; ocular disease such as age related macular degeneration, presumed
ocular histoplasmosis syadrome, retinal neovascularization from proliferative diabetic
retinopathy, retinal vascularization, diabetic retinopathy. or age related macular degeneration;
bone associated pathologies such as osteoarthritis, rickets and osteoporosis; damage following
a cerebral ischemic event; fibrotic or edemia diseases such as hepatic cirrhosis, lung {ibrosis,
carcoidosis, throiditis, hyperviscosity syndrome systemic, Osler Weber-Rendu disease,
chronic occlusive pulmonary disease, or edema {ollowing burns, rauma, radiation, stroke,
hypoxia or ischemia; hypersensitivity reaction of the skin: diahetic retinopathy and diabetic
nephropathy; Guillain-Barre syndrome; graft versus host disease or iransplant rejection;
Paget's disease; bone or joint inflammation; photoaging (c.g. caused by UV radiation of
humarn skin): benign prostatic hypertrophy; certain microbial infections including microbiai
pathogens selected from adenovirus, hantaviruses, Borrelia burgdorferi, Yersinia spp. and
Bordetella pertussis; thrombus caused by platelet aggregation; reproductive conditions such as
endometriosts, ovarian hyperstimulation syndrome, preeclampsia, dysfunctional uterine
bleeding, or menometrorrhagia; synovitis; atheroma: acute and chronic nephropathies
{including proliferative glomerulonephritis and diabetes-induced renal disease); ecrema:
hypertrophic scar formation; endotoxic shoek and fungal infection; familial adenomatosis
polyposis; neurodedenerative diseases {e.g. Alzheimer's disease, AIDS-related dementia,
Parkinson's disease, amvotrophic lateral sclerosis, retinitis pigmentosa, spinal muscular
atrophy and cerebellar degeneration); myelodysplastic syndromes; aplastic anemia; ischemic
injury; fibrosis of the lung, kidney or fiver: T-cell mediated hypersensitivity disease; infantile
hypertrophic pyloric stenosis; urinary obstructive syadrome; psoriatic arthritis; and

Hasimoto's thyroidiiis.
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An "autormmune 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 mchude, but are not
limited to arthritis (rheumatoid arthriiis 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, vertebral arthritis,
and juvenile-onset rheumatoid arthritis, osteoarthritis, 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,
chronic contact dermatitis, allergic dermatitis, allergic contact dermatitis, dermatitis
herpetiformis, and atopic dermatitis, x-linked hyper IgM syndrome, urticaria such as chronic
allergic urticaria and chronic idiopathic urticaria, including chronic autoimmune urticaria,
polymyositis/dermatomyositis, juvenile dermatomyositis, toxic epidermal necrolysis,
scleroderma (including systemic scleroderma), sclerosis such as systemic sclerosis, mullipie
sclerosis (MS) such as spino-optical MS, primary progressive MS (PPMS), and relapsing
remitting MS (RRMS), progressive systemic sclerosis, atherosclerosis, arteriosclerosis,
scierosis disseminata, and ataxic sclerosis, inflammatory bowel disease (IBDY) {for example,
Crohn's disease, autoimnmune-mediated gastroiniestinal disezses, colitis such as ulcerative
colitis, colitis ulcerosa, microscopic colitis, collagenous colitis, colitis polyposa, necrotizing
enterocolitis, and transmural colitis, and autoimmune inflammatory bowel disease), pvoderma
gangrenosum, ervihema nodosum, primary sclerosing cholangitis, cpiscleritis), respiratory
distress syndrome, including adult or acute respiratory distress syndrome {ARIIS), meningitis,
inflaamation of all or part of the uvea, irius, choroiditis, an autoimmune hematological
disorder, rheumnatoid spondylitis, sudden hearing loss, IgF-mediated diseases such as
anaphylexis and allergic and atopic rhinitis, encephalitis such as Rasmussen’s encephaliitis and
limbic and/or brainstem encephalitis, uveitis, such as anterior uveris, acule anterior uveitis.
granulomatous uveitis, nongranulomatous uveitis, phacoantigenic uveitis, posterior uveitis, or
autoimmune uveitis, glomerulonephritis (GN) with and without nephrotic syndrome such as
chronic or acute glomerulonephritis such as primary GN, immune-mediated GN, membranous
GN {membranous nephropathy), idiopathic membranous GN or idiopathic membranous
nephropathy. membrano- or membranous proliferative GN (MPGN), including Type T and
Type 11, and rapidly progressive GN, allergic conditions, allergic reaction, eczema including
allergic or atopic eczema, asthma such as asthma bronchiale, bronchial asthma, and auto-
mmmune asthma, conditions involving infiltration of T cells and chronic inflammatory

responses, chronic pulmonary inflammatory disease, autoimmune myocarditis, leukocvte
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adbesion deficiency, systemic lupus ervthematosus (SLE) or systemic lupus erythematodes
such as cutaneous SLE. subacute cutaneous lupus erythematosus. neonatal lupus syndrome
(NLE}, lapus ervthematosus disseminatus, Jupus {(including nephritis. cerebritis, pediatric,
non-renal, extra-renal, discoid, alopecia), juvenile onset Type I} diabetes mellitus, including
pediatric insulin-dependent diabetes mellitus (IDDM), aduit onset diabetes mellitus (Type 11
diabetes), autoimmune diabetes, idiopathic diabetes nsipidus, immune responses associated
with acute and delayed hypersensitivity mediated by cvtokines and T -lymphocytes,
tuberculosis, sarcoidosis, granulomatosis including lymphomatoid granulomatosis, Wegener's
granulomatosis, agranulocytosis, vasculitides, including vasculitis (including large vessel
vasculitis (including polymyalgia rheumatica and giant cell (Takayasu's) arteritis), medium
vessel vasculitis {(including Kawasaki's disease and polyarteritis nodosa), microscopic
polyarteritis, CNS vasculitis, necrotizing, cutaneous, or hypersensitivity vasculitis, sysiemic
necrotizing vasculitis, and ANCA-associated vasculitis, such as Churg-Sirauss vasculitis or
syndrome (CSS), temporal artenitis, aplastic anemia. autoimmune aplastic anemia, Coombs
positive anemia, Diamond Blackfan anemia, hemolyvtic anemia or immune hemolvtic anemia
including autoimmune hemolytic anemia (AIHA}, pernicious anemia (anemia perniciosa),
Addison's disease, pure red cell anemia or aplasia {PRCA}, Factor VIII deficiency,
hemophilia A, autoimmune neutropenia, pancytopenia, leukopenia, diseases involving
leukocyte diapedesis, CNS inflammartory disorders, multiple organ injury syndrome such as
those secondary to septicemia, trauma or hemorrhage, antigen-antibody complex-mediated
diseases, anti-glomerular basement membrane disease, anti-phospholipid antibody syndrome,
allergic neunitis, Bechet's or Behceet's disease. Castleman's syndrome, Goodpasture's
syndrome, Reynaud's syndrome, Sjogren's syndrome, Stevens-Johnson svndrome,
pemphigoid such as pemphigoid bullous and skin pemphigoid, pemphigus (including
pemphigus vulgaris, pemphigus foliaceus, pemphigus mucus-membrane pemphigoid, and
pemphigus ervthematosus), autoimmune polyendocrinopathies, Reiter's discase or syndrome,
immune complex nephritis, antibedy-mediated nephritis, neurotnyelitis optica,
polyneuropathies. chronic neuropathy such as IgM pelyneuropathies or Igh-mediated
neuropathy, thrombocytopenia (as developed by myocardial infarction patients, for example),
including thrombotic thrombocytopenic purpura (TTP) and autoimmune or immune-mediated
thrombocytopenia such as idiopathic thrombocytopenic purpura (ITP) including chronic or
acute [TP, autoimmune disease of the testis and ovary including autoimmune orchitis and
oophoritis, primary hypothyroidism. hypoparathyroidism. autoimmune endocrine diseases
including thyroiditis such as autoimmune thyroiditis, Hashimoto's disease, chromic thyroiditis
(Hashimoto's thyroiditis), or subacute thyroiditis. antcimmune thyroid disease, idiopathic

hypothyroidism, Grave's discase, polyglandular syndromes such as autoimmune



polyglandular syndromes (or polyglandular endocrinopathy syndromes}, parancoplastic
syndromes, including neurologic paraneoplastic syndromes such as Lambert-Eaton
myasthenic syndrome or Eaton-Lambert syndrome, stiff-man or stiff-person syndrome,
encephalomyelitis such as allergic encephalomyelitis or encephalomyelitis allergica and
experimental allergic encephalomyelitis (EAE), mvasthenia gravis such as thymoma-
associated myasthenia gravis, cerebellar degeneration, newromyolonia, opsoclonus or
opsoclonus myoclonus syndrome (OMS), and sensory neuropathy, multifocal motor
neuropathy, Sheehan's syndreme, autoimmune hepatitis, chronic hepatitis, lupoid hepatitis,
giant cell hepatitis, chronic active hepatitis or autoimmune chronic active hepatitis, lymphoid

16 interstitial pneumonitis, bronchiolitis obliterans {(non-transplant) vs NSIP, Guillain-Barré
syndrome, Berger's disease (IgA nephropathy), idiopathic IgA nephropathy, linear IgA
dermatosis, primary biliary cirrhosis, pneumonocirrhosis. autcimmune 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, autommmune ear disease such as autoimmune inner ear disease {AIED),
autoimmune hearing loss, opsoclonus myoclonus syndrome (OMS), polychondrids such as
refractory or relapsed polychondritis, pulmonary alveolar proteinosis, amyloidosis, scleritis, a
non-cancercus lymphocytosis, a primary lvmphocyiosis, which includes monocional B cell
lymphocytosis {e.g., benign monocional gammopathy and monocional gammeopathy of

20 undetermined significance, MGUS), penpheral 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), endacrine ophthaimopathy,
uveoretinitis, chorioretinitis, autoimmune hepatological disorder, fibromyalgia, multiple
endocrine failure, Schmidt's syndrome, adrenalitis, gastric atrophy, preseniie dementia,
demyelnating diseases such as autoimmune demyelinating diseases, diabetic nephropathy,
Dressier's syndrome, alopecia areata, CREST syndrome (calcinosis, Raynaud's phenomenon,
esophageal dysmotility, sclerodactyly, and telangiectasia), malc and female autoimmune
mfertility, mixed connective tissue disease, Chagas' disease, rheumatic fever. recurrent

30 abortion, farmer's lung, ervthema muitiforme, post-cardiotomy syndrome, Cushing's
syndrome, bird-fancier's lung, allergic granulomatous angiitis, benign lvmphocytic angiitis,
Alport's syndrome, alveolitis such as allergic alveolitis and fibrosing alveohtis, interstitial
lung disease, wansfusion reaction. leprosy. malaria, leishmaniasis, kypanosomiasis,
schistosomiasis, ascariasis, aspergiliosis, Sampter's syndrome, Caplan's syndrome, dengue,
endocarditis, endomyocardial fibrosis, diffuse interstitial pulmonary fibrosis, interstitial lung

fibrosis, idiopathic pulmonary fibrosis, cystic fibrosis. endophthalmitis. er hema elevatum ot
D b D s
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diutinum, ervthroblastosis fetalis, cosinophilic faciitis, Shulman's syndrome, Felty's
syndrome, flariasis, cyclitis such as chronic cyclitis, heterochronic cyelitis, indocyclitis, or
Fuch's cyclitis, Henoch-Schonlein purpura, human immunodeficiency virus (HIV) infection,
echovirus infection, cardiomyopathy, Alzheimer's disease, parvovirus infection, rubella virus
mfection, post-vaccination syndromes, congenital rubella infection, Epstein-Barr virus
infection, mumps, Evan's syndrome, autoimmune gonadal failure, Sydenham's chorea, post-
streptococeal nephritis, thromboangitis ubiterans, thyrotoxicosis, tabes dorsalis, chorioiditis,
giant cell polymyalgia, endocrine ophthamopathy, chronic hypersensitivity pneumonitis,
keratoconjunctivitis sicca, epidemic keratoconjunctivitis, idiopathic nephritic syndrome,
minimal change nephropathy, benign familial and ischemia-reperfusion injury, retinal
autolmmunity, joint inflammation, bronchitis, chronic obstructive airway disease, silicosis,
aphthae, aphthous stomatitis, arteriosclerotic disorders, aspermiogenese, autoimmune
hemolysis, Boeck's disease, crvoglobulinemia, Dupuvtren's contractare, endophthalmia
phacoanaphylactica, enteritis allergica, erythema nodosum leprosum, idiopathic facial
paralysis, chronic fatigue syndrome, febris rheumatica, Hamman-Rich's disease. sensoneural
hearing loss. haemoglobinuria paroxysmatica, hypogonadism, ileitis regionalis, lencopenia,
monenucieosis infectiosa, traverse myelitis, primary idiopathic myxedema, nephrosis,
ophthalmia symphatica, orchitis granulomatosa, pancreatitis, polyradiculitis acuta, pyoderma
gangrenosurm, Quervain's thyreoiditis, acquired spenic atrophy, mfertitity due to
antispermatozoan antibodies, non-malignant thvmoma, vitilige, SCIIY and Epstein-Barr vims-
assoctated diseases, acquired immune deficiency svndrome {AIDS}, parasitic diseases such as
Leishmama, toxic-shock syndrome, food poisoning, conditions mvolving mfiltration of T
cells, leukocyte-adhesion deficiency, immune responses associated with acute and delaved
hypersensitivity mediated by cytokines and T-lvmphocytes, diseases mnvolving leukocyte
diapedesis, multiple organ mjury syndrome, antigen-antibody complex-mediated diseases.
antiglomerular basement membrane disease, atlergic neurids, autoimmune
polyendocrinopathies, cophoritis, primary myxedema, autoimmune atrophic gastritis,
sympathetic ophthaimia, rheumatic diseases, mixed connective tissue disease, nephrotic
syndrome, insulitis, polyendocrine failure, peripheral neuropathy, autoimmune polyglandular
syndrome type I, adult-onset idiopathic hypoparathyroidism {ADOIH), alopecia totalis, dilated
cardiomyopathy, epidermolisis bullosa acquisita (EBA), hemochromatosis, myocarditis,
nephrotic syndrome, primary sclerosing cholangitis, purulent or nonpurulent sinusitis, acute
or chromc sinusitis, ethmoid, frontal, maxillary, or sphenoid sinusitis, an eosinophil-related
disorder such as cosinophilia, pulmonary infiltration eosinophilia, eosinophilia-myalgia
syndrome, Loffler's syndrome, chronic eosinophilic pneumonia, tropical pulmonary

eosinophilia, bronchopneumonic aspergillosis, aspergilioma, or eranulomas containing
s L=} * o * £ o
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eosmophils, anaphylaxis, seronegative spondyloarthritides, polvendocrine awtoimmune
disease, sclerosing cholangitis, sclera, episcliera, chronic mucocutaneous candidiasis, Bruton's
syndrome, transient hypogammaglobulinemia of infancy, Wiskott-Aldrich syndrome, ataxia
telangiectasia, autoimmune disorders associated with collagen discase, rheumatism,
neurological disease, ischemic re-perfusion disorder, reduction in blood Pressure response,
vascular dysfunction, antgiectasis, tissue injury, cardiovascular ischemia, hyperalgesia,
cerebral ischemia, and disease accompanying vascularization, aliergic hypersensitivity
disorders, glomerulonephritides, reperfusion injury, reperfusion injury of myocardial or other
tissues, dermatoses with acute inflammatory components, acute puruient meningitis or other
central nervous systern inflammatory disorders, ocular and orbita! inflammatory disorders,
granuiocyte transfusion-associated syndromes, cytokine-induced foxicity, acute serious
mflammation, chronic intractable inflammation, pyelitis, pneumonocirThosis, diabetic
retinopathy, diabetic large-artery disorder, endarterial hyperplasia, peptic ulcer, valvalitis, and
endometrios:s.

An "anti-angiogenesis agent” or "angiogenesis inhibitor" refers to a small molecular
weight substance, a polynucleotide, a polypeptide, an isolated protern, @ recombinant protein,
an antibody, or conjugates or fusion proteins thereof, that inhibits ANgIOECnesis,
vasculogenesis, or undesirable vascular permeability, either directly or indirectly. For
example, an anti-angiogenesis agent is an antibody or other amagonist (o an angiogenic agent
as defined above, ¢.g., antibodies to VEGF (e.g., bevacizumab (AVASTIN®) 5H1, bH1-44,
bHi-81}, antibodies to VEGF receptors, small molecules that block VEGF receptor signaling
{e.g., PTK787/ZK 2284, SU6668, SUTENT/SUL1248 (sunitinib malate), AMGT06Y. Anti-
angiogensis agents also include native angiogenesis inhibitors, e.g., angiostatin, endostatin,

ete. See, e.g.. Klagsbrun and D’ Amore, dnnu. Rev, Physiol., 53:217-36 (1991); Strcit and

malignant melanoma); Ferrara & Alitalo, Nature Medicine 5{123:1359-1364 (1999); Tonini &t
al., Oncogene, 22:6549-6556 (2003) (e.g., Table 2 listing anti-angiogenic factors); and, Sato
Int. J. Clin. Oncol., 8:200-206 (2003) (e.g., Table | lists anti-angiogenic agents used in
clinical tnals). Dysregulation of angiogenesis can lead to 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 herein refers 1o a substance that inhibits or
prevents the function of a cell and/or causes destruction of a cell. The term is intended to
include radicactive isotopes (e.g., A" 17, 1'%, Y, Re'™, Re'™ §m'™, Bi?", Ra™, P*, and
radivactive isotopes of Lu), chemotherapeutic agents, ¢.g., methotrexate, adriamicin, vinca

alkaloids (vineristine, vinblastine, etoposide), doxorubicin, melphalan, mitomycin C,
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chiorambucil, daunorubicin or other intercalating agents, enzymes 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 origiz, mcluding fragments and/or variants
thereof, and the various antitumor or anticancer agents disclosed herein. Other cytotoxic
agenis are described herein. A tumoricidal agent causes destruction of tumor cells.

A "chemotherapeutic agent” is a chemical compound usefu! in the treatment of
cancer. Examples of chemotherapeutic agents include alkylating agents such as thiotepa and
CYTOXAN® cyclosphosphamide; alkyl suifonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and uredopa;
cthylenimines and methylamelamines including altretamine, triethylenemeiamine,
trietylenephosphoramide, triethivienethiophosphoramide and trimethylolomelamine;
acetogenins (especially bullatacin and bullatacinone); delta-9-tetrahydrocannabinol
{dronabinol, MARINOL®; beta-lapachone: lapachol; colchicines; betulinic acid: a
camptothecin (mcluding the synthetic analogue topotecan (HYCAMTIN®), CPT-11
{irinotecan, CAMPTOSAR®). acetylcamptothecin, scopolectin, and S-aminocamptothecin;
bryostating callystatin; CC-1065 (including its adozelesin, carzelesin and bizclesin synthetic
analogues): podophyilotoxin; podophyllinic acid; teniposide: cryptophiycins (particularly
cryptophycin 1 and cryptophyein 8); dolastatin: duocarmycin (including the synthetic
analogues, KW-2189 and CB1-TM1); eleutherobin; pancratistatin: a sarcodictyin,
spongistatin; nitrogen mustards such as chiorambucil, chlornaphazine, cholophosphanside,
estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide hydrochloride,
meiphalan, novembichin, phenesterine. prednimustine, trofosfamide, uracil mustard:
nitrosureas such as carmustine, chlorozotocin, fotemustine, lomustine, nimustine, and
rammnustine; antibiotics such as the enediyne antibiotics (e.g.. calicheamicin. especially
calicheamicin gamma 1 (see, e.g., Agnew, Chem Intl. Ed. Engl.. 33: 183.186 (1994));
dynemicin, including dynemicm A; an esperamicin; as well as neocarzinostatin chromophore
and related chromoprotein enediyne antiobiotic chromophores), aclacinomysing, actinomvein,
authramycin, azaserine, bleomycins, cactinomycin, carabicin, carminomyein, carzinophilin,
chromomycinis, dactinomyein, daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine.
ADRIAMYCIN® doxorubicin {(including morpholino-doxorubicin, cvanommorpholing-
doxorubicin, 2-pyrrolino-doxorubicin and deoxydoxorubicin, epirubicin, esorubicin,
idarubicin, marcellomycin, mitomycins such as mitomyein C. mycophenolic acid,
nogalamyein, olivomycins, peplomycin, potfiromycin, puromyein, quelamyein, rodorubicin,
streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin: anti-metabolites such
as methotrexate and S-fluorowracil (5-FUY; folic acid analogues such as denoptenmn,

methotrexate, pteropterin, trimetrexate; purine analogs such as fludarabine, O-mercaptopurine,
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thiamiprine, thioguanine; pyrimidine analogs such as ancitabine, azacitidine, b-azauridine,
carmofur, cytarabine, dideoxvuridine, doxifluridine, enocitabine, floxuridine; androgens such
as calusterone, dromostanolone propionate, epitiostanol, mepitiostane, testolactone: anti-
adrenals such as aminogiutethimide, mitotane, trilostane: folic acid replenisher such as
frolinic acid; acegiatone; aldophosphamide glycoside; aminolevulinic acid; eniluracil;
amsacrine; bestrabucil: bisantrene; edatraxate; defofamine; demecolcine; diaziguone;
elfornithine; elliptinium acetate; an epothilone; etoglucid; galijum nitrate: hydroxyures;
tentinan; lonidainine; maytansinoids such as maytansine and ansamitocins; mitoguazone;
mitoxantrone; mopidanmol; nitraerine; pentostatin; phenamet; pirarubicin; losoxantrone; 2-
ethylhydrazide; procarbazine; PSK® polysaccharide complex (JHS Natural Products, Engene,
OR}; razoxane; rhizoxin; sizofiran; spirogermanium; tenuazonic acid; triaziquone; 2,2°.27-
trichlorotriethylamine; trichothecenes (especially T-2 toxin, verracurin A. roridin A and
anguidine}; urethan; vindesine (ELDISINE®, F ILDESIN®); dacarbazine: mannomustine;
mitobronitol; mitolactol; pipobroman; gacytosine: arabinoside (“Ara-C™); thiotepa; taxoids,
¢.2.. FAXOL® paciitaxel (Bristol-Myers Squibb Oncology. Princeton, N.I.),
ABRAXANETM Cremophor-free, albumin-engineered nanoparticle formulation of paciiiaxel
{(American Pharmaceutical Partners, Schaumberg, Illinois), and TAXOTERE® doxetaxel
{Rhéne-Poulenc Rorer, Antony, France); chioranbucil; gemcitabine {(GEMZAREY, 6-
thioguanine; mercaptopurine; methotrexate; platinum analogs such as cisplatin and
carboplatin; vinbiastine (VELBAN®); platinum; etoposide (VP-16): ifosfamide;
mitoxantrone; vineristine (ONCOVIN®); oxaliplatin; leucovovin: vinorelbine
(NAVELBINE®), novantrone; edatrexate; daunomycin; arumopterin: ihandronate;
topoisomerase inhibitor RFS 2000; difluorometihvlornithine (DM FOY: retinoids such as
retinoic acid: capecitabine (XELODA®); pharmaceutically acceptable salis, acids or
denivatives of any of the above: as well as combinations of two or more of the above such as
CHOP, an abbreviation for a combined therapy of cyciophosphamide, doxorubicin,
vineristine, and prednisclone, and FOLFOX, an abbreviztion for a freatment regimen with
oxabplatin (ELOXATINTM) combined with 5-FU and leucovovin.

Also included i this definition are anti-hormonal agents that act to regulate, reduce,
block. or inhibit the effects of hormones that can promote the growth of cancer, and are often
in the form of systemic, or whole-body treatment. They mav be hormones themselves.
Examples include anti-estrogens and selective esirogen recepior modulators (SERMs?},
inchuding, for example, tamoxifen (including NOLVADEX® tamoxifeny, EVISTA®
ratoxifene, droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene, LY 11701 8, onapristone,
and FARESTON® toremifene; anti-progesterones; estrogen receptor down-regulators

(ERDs); agents that function to suppress or shut down the ovaries, for example, lentinizing
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hormone-releasing hormone (LHRH) agonists such as LUPRON® and FLIGARD®
leuprolide acetate, goserelin acetate, buserelin acetate and tripterelin; other anti-androgens
such as flutamide, nilutamide and bicalutamide: and aromatase inhibitors that inhibit the
enzyme aromatase, which regulates estrogen production in the adrenal glands, such as, for
exampie, 4(5)-imidazoles, aminoglutethimide, MEGASE® megestrol acetate, AROMASING
exemestane, formestanie, fadrozole, RIVISOR® varozole, FEMARA® letrozole, and
ARIMIDEX® anastrozole. In addition, such definition of chemotherapeutic agents includes
bisphosphonates such as clodronate (for example, BONEFOS® or OSTAC®), DIDROCAL®
etidronate, NE-58095, ZOMETA® zoledronic acid/zoledronate, FOSAMAX® alendronate,
AREDIA® pamidrenate, SKELID® tiludronate, or ACTONEL® risedronate: as well as
troxacitabine (a 1,3-dioxolane nucieoside 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-R); vaccines such as THERATOPE® vaccine and gene therapy
vaccines, for example, ALLOVECTIN® vaceine, LEUVECTING vaceine, and VAXIDE®E
vaccine; LURTOTECAN® topoisomerase ! inhibitor: ABARELIXN® rmRH; lapatinib
ditosylate (an ErbB-2 and EGFR dual tyrosine kinase small-molecule inhibitor also known as
GW572016); and pharmacentically acceptable salts, acids or derivatives of any of the above.
A "growth mhibitory agent” when used herein refers to a compound or composition
which inhibits growth of a cell either in vitro or in vive. Thus, the growth inhibitory agent
may be one which significantly reduces the percenitage of cells in § phase. Examples of
growth inhibitory agents include agents that hlock cell cycle progression {at a place other than
S phase), such as agents that induce G1 arrest and M-phase arrest. Classical M-phase
blockers include the vincas (e.g., vincristine and vinblastine), taxanes, and topeisomerase If
inhibitors such as doxorubicin, epirubicin, daunorubicin, etoposide, and bleomycin. The
agents that arrest G1 also spill over into S-phase arrest, for example, DNA alkvlating agents
such as tamoxifen, prednisone, dacarbazine, mechlorethamine, cisplatin, methotrexate, S-

fluorouract], and ara-C. Further information can he found in The Molecular Basis of Cancer

Mendelsohn and Israel, eds., Chapter 1, entitled "Cell cycle regulation, oncogenes, and
antineoplastic drugs” by Murakami et al. (WB Saunders: Philadelphia, 1995), especially p. 13.
The taxanes (paclitaxel and docetaxel) are anticancer drugs both derived from the vew trec.
Docetaxel (TAXOTERE®:, Rhone-Poulenc Rorer), derived from the Furopean yew, is a
semisynthetic analogue of paclitaxel (TAXOL®, Bristol-Myers Squibb). Paclitaxe] and
docetaxel promote the assembly of microtubules from tubulin dimers and stabilize
microtubules by preventing depolymerization, which results in the inhibition of iosis i

cells.
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"Anti-cancer therapy"” as used herein refers to 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 therapeutically effective amount of a cytotoxic agent, a
chemotherapeutic agent, a growth inhibitory agent, a cancer vaccine, an angiogenesis
inhibitor, 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 pharmaceutically active substance that is less cytotoxic to 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
Transacuons, 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 prodrugs, beta-
lactam-containing prodrugs, optionally substituted phenoxyacetamide-containing prodrugs or
optionally substituted phenylacetamide-containing prodrugs. S-flusrocytosine and other 5-
fluorouridine prodrugs which can be converted into the more active cytotoxic free drug.
Examples of cylotoxic drugs that can be derivatized into & prodrug form for use in this
invention include, 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 interceliular mediators, Examples of such cytokines are
lymphokines, monokines, and traditional polypeptide hormones. Included among the
cytokines are growth hormone such as human growth hormone (HGH), Nemethionyl human
growth hormone, and bovine growth hormone; parathyroid hormone: thyroxine; nsalin;
promsulin; relaxin; prorelaxin; glycoprotein hormones such as follicle stimulating hormone
(FSH}, thyroid stimulating hormone (TSH). and luteimzing hommone (LH); epidermal growth
factor (EGF); hepatic growth factor; fibroblast growth factor (FGF): projacting placental
lactogen; tumor necrosis factor-alpha and -beta; mullerian-inhibiting substance: mouse
gonadotropin-associated peptide; inhibin; activin; vascular endothelial growth factor; integrin;
thrombopoietin (TPO); nerve growth factors such as NGF-alpha; platelet-growth factor;
transforming growth factors (TGFs) such as TGF-alpha and TGF-beta: ingulin-like growth
factor-l and -IL; ervthropoietin (EPO); osteoinductive factors; inferferons such as interferon-
alpha, -beta and -gamma colony stimulating factors (CSFs) such zs macrophage-C8SF (M-

CSFY; granulocyte-macrophage-CSF (GM-CSF); and granulocyte-CSF (G-CSF); interleukins
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(ILs) such as IL-1, IL-1alpha, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, [L-8, IL-9, TL-10, TL.-1 i, 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 cytokine includes proteing from
natural sources or from recombinant cell culture and biologically active equivalents of the
native sequence cytokines.

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

The term "immunosuppressive agent” as used herein refers to substances that act to
suppress or mask the immune system of the subject being treated. This includes substances
that suppress cyiokine production, downregulate or suppress sell-antigen expression, or mask
the MHC antigens. Examples of immunosuppressive agents inchude Zeamino-H-aryl-5-
substituted pyrimidines (see ULS. Pat. No. 4,663,677); mycophenolate mofetil such as
CELLCEPT®; azathioprise (IMURAN®, AZASAN®/6-mercaptopurine; bromocryptine;
danazol; dapsone; ghuaraldehyde (which masks the MEC antigens, as described in 1.8, Pat.
No. 4,120,649); anti-idiotypic antibodies for MHC antigens and MHC fragments; cyclosporin
A; steroids such as corficosteroids and glucocorticosteroids, e.g.. prednisone, preduisolone
such as PEDIAPRED® (prednisolone sodium phosphaie} or ORAPRED® {prednisolone
sodium phosphate oral solution), methyiprednisolone, and dexamethasone; methotrexate {(oral
or subcutaneous} (RHEUMATREX®, TREXALL™): hydroxycloroquine/chioroguine;
sulfasalazine; leflunomide; cytokine or cytokine receptor antagonists including anti-
interferon-y, -B. or -a antibodies, anti-tumor necrosis factor-o. antibodies {(infliximab or
adalimumab}, anti-TNFa immunoadhesin (ENBREL®, etanercept), anti-tumor necrosis
factor-p antibodies, anti-interleukin-2 antibodies and anti-1L-2 receptor antibodies: anti-LFA-
I aniibodies, including anti-CD11a and anti-CD18 antibodies; anti-L3T4 antibodies:
heterologous anti-lymphocyte globulin; polyclonal or pan-T antibodies, or monocional anti-
CD3 or anti-CD4/CD4a antibodies; soluble peptide containing a LFA-3 binding domain (WO
1990/08187, published Jul. 26, 1990); streptokinase; TGF-§; streptodornase: RNA or DNA
from the host; FK506; RS-61443; deoxyspergualin; rapamyein; T-cell receptor (Cohen et al,,
U.S. Pat. No. 5,114,721); T-cell receptor fragments (Offner et al. Science, 251 4304372

(1991); WO 1990/11294; laneway. Nature, 341: 482 (1989); and WO 1991/0] 1335 T cel}

47



10

receptor antibodies (EP 340,109) such as T10B9; cyclophosphamide (CYTOXAN®);
dapsone; penicillamine (CUPRIMINE®); plasma exchange; or intravenous immunoglobulin
(IVIG}. These may be used alone or in combination wilh each other, particularly
combinations of steroid and another immunosuppressive agent or such combinations followed
by a maintenance dose with a non-steroid agent to reduce the need for steroids.

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

"Corticosteroid” refers to any one of several svnthetic or natarally oceurring
substances with the general chemical structure of sterpids that mimic or augment the effects
of the naturally occurring corticosteroids. Examples of synthetic corticosteroids melude
prednisone, prednisolone {including methyiprednisolone), dexamethasone triamcinolone, and
betamethasone.

A "cancer vaccine,” as used herein is a composition that stimulates an immune
response in a subject against a cancer. Cancer vaccines typically consist of a source of
cancer-associated material or cells (antigen) that may be autologous (from self) or allogenic
(from others) 1o 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 immune system of the subject to produce antibodies (o cne 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 cells. Radiation therapy mav
inchide, for example, external beam irradiation or therapy with a radioactive labeled agent,
such as an antibody. The term is intended to include use of radioactive isotopes (e.g., A’
IPL 1%, Y% Re'™ Re'™ Sm'™ Bi*?, Ra™, P2, and radioactive isotopes of Lu).

An "anti-emetic” is a compound that reduces or prevents nausea in a subject, Anti-
emetic compounds include, for example, neurokinin-] receptor antagonists, SHT3 receptor
antagonists {such as ondansetron, granisetron, tropisetron, and zatisetron), GABAB recepior
agonists, such as baclofen, a corticosteroid such as dexamethasone, KENALOG®E,

ARISTOCORT®, or NASALIDE®, an antidopaminergic, phenothiazines (for example
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prochlorperazine, fluphenazine, thioridazine and mesoridazine), dronabinol, metrociopramide,
domperidone, haloperidol, cychizine, lorazepam, prochiorperazine, and levomepromazine.

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

Commercially availabie 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 those described

Protocols m Molecular Biology (Green Publishing Associates and Wiley Interscience, N.Y .,

19893, Innis er al., PCR Protocols: A Guide to Methods and Applications { Academic Press,

Inc.. N.Y., 1990} Harlow er al., Antibodies: A Laboratory Manual (Cold Spring Harbor
Press: Cold Spring Harbor, 1988); Gait, Olisonucleotide Svnthesis (IRL Press: Oxford,

1984); Freshney, Animal Cell Culture, 1987; Coligan er al., Current Protocols in

Immunology, 1991.
Throughout this specification and ciaims, the word "comprise." or variations such as
“comprises” or "comprising,” will be understood 1o imply the inclusion of a stated

integer or group of integers but not the exclusion of any other integer of group of infegers.

I, Vectors, Host Cells, and Recombinant Methods

For recombinant production of an antibody of the invention, the nucieic acid
encoding it 1s isolated and inserted into a replicable vector for further clonmg (amplification
of the DNA) or for expression. DNA encoding the antibody is readily isolated and sequenced
using conventional procedures (e.g., by using oligonucleotide 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 vector depends in part on the host cell to be used.
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 purpase,
including 1gG, IgM. IgA, gD, and IgF constant regions. and that such constant regions can be
obtained from any human or anima! species.

1. Generating antibodies using prokaryotic host cells:

i. Vector Construction

Polynucleotide sequences encoding polypeptide components of the antibody of the

invention can be obtained using standard recombinant techniques. Desired polynucieotide
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sequences may be isolated and sequenced from antibody producing cells such as hybridoma
cells. Alternatively, polynucleotides can be synthesized using nucieotide svathesizer or PCR
techniques. Once obtained, sequences encoding the polypeptides are inserted into a
recombinant vector capable of replicating and expressing heterologous polynuclectides in
prokaryotic hosts. Many vectors that are avaiiable 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 nucleic acids to be inserted into the vector and the particular host cell to be
transformed with the vector. Each vector contains various components, depending on its
function (amplification or expression of heterologous polynucieotide, or both) and its
compatibility with the particular host cell in which it resides. The vector components
generally include, but are not Emited 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 sequence.

In general, plasmid vectors containing replicon and control sequences which are
denved 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, K. coli is
typically transformed using pBR322, a plasmid derived from an £ coli species. pBR322
contains genes encoding ampiciliin (Amp) and tetracycline (Tet) resistance and thus provides
easy means for identifying wansformed cells. pBR322, its derivatives, or other microbial
plasmids or bacteriophage mav also contain, or be modified to 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. Pateni No. 5,648,237,

In addition, phage vectors containing replicon and control sequences that are
compatible with the host microorganism can be used as transforming vectors in connection
with these hosts. For example, bacteriophage such as AGEM, TM.-11 may be utilized in
making a recombinant vector which can be used 1o transform susceptible host ceils such as F.
coli LE392.

The expression vector of the invention may comprise two or more promaoter-cistron
pairs, encoding each of the polypeptide components. A promoter is an untranslated
regulatory sequence located upstream (57} 1o & cistron that modulates its EXPression.
Prokaryotic promoters typically fall into two classes, inducible and constitutive. An inducible
promoter is a promoter that initiates increased levels of transcription of the cisiron under its
control 1n response to changes in the culture condition, .g., the presence or absence of a

nuinent or a change in temperature.
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A large 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 removing the promoter from the source DNA via restriction enzyme di gestion
and mserting the isolated promoter sequence into the vector of the invention. Both the native
promoter sequence and many heterologous promoters may be used to direct amplification
and/or expression of the target genes. In some embodiments, heterologous promoters are
utilized, as they generally permit greater ranscription and higher yields of expressed target
gene as compared to the native target polypeptide promoter.

Promoters suitable for use with prokaryotic hosts include the PhoA promoter, the 3~
galactarnase and lactose promoter systems, z tryptophan (trp) promoter system and hybrid
promoters such as the tac or the trc promoter. However, other promoters that are functional in
bacteria (such as other known bacterial or phage promoters) are suitable as well. Their
nucieotide 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 to supply any required restriction sites.

in one aspect of the invention, each cistron within the recombinant vector COIBPrises 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 prokaryotic host cells that
do not recognize and process the signal seguences native to the heterclogons polypeptides, the
sigmal sequence is substituted by a prokarvotic signal sequence selected, for example, from
the group consisting of the alkaline phosphatase, penicillinase, Ipp, or heat-stabie enterotoxin
I (STII) leaders, LamB, PhoE, PelB, OmpA, and MBP. In one embodiment of the mvention,
the signal sequences used in both cistrons of the expression system are STI signal sequences
or variants thereofl

Inr another aspect. the production of the immunogiobuling according to the invention
can occur in the cytoplasm of the host cell, and thercfore does not require the presence of
secretion signal sequences within each cistron. In that regard, immunoglobulin light and
heavy chains are expressed, folded and assembled to form functional immunoglobuling within
the cytoplasm. Certain host strains (e.g., the E. coli trxB-~ strains) provide cytoplasm
conditions that are favorable for disulfide bond formation, thereby permitting proper folding
and assembly of expressed protein subunits {Proba and Piluckthun, Gene, 159:203 (1995)).

Prokaryotic host cells suitable for expressing antibodies of the invention include

Archacbacteriz and Eubacieria, such as Gram-negative or Gram-positive Organisms.
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Exarnples of useful bacteria include Escherichia (e.g., £, coli), Bacili {e.g., B. subtilis),
Enterobacteria, Pseudomonas species (e.g., P. aeruginosa), Saimonella typhimurium, Servatio
marcescans, Klebsiella, Proteus, Shigelia, Rhizobia, Vitreoscilla, or Paracoccus, In one
embodiment, gram-negative cells are used. In one embodiment, £ coli cells are used as hosts
for the invention. Examples of E. coli strains include strain W3110 (Bachmann, Celiular 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) ptr3 lac Iq lacL8 AompTA(nmpe-fepE) degP4] kanR (11.S.
Pat. No. 5,639,635). Other strains and derivatives thereof, such as E. coli 294 (ATCC
31,446), £ coli B, E. coli .. 1776 (ATCC 31 537} and E. coli RV308 (ATCC 31,60R) are also
suitable. These examples are illustrative rather than fimiting. Methods for constructing
derivatives 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 m the cells of a bacterium. For example, £ coli, Serratia, or Salmonelia species can
be suitably used as the host when well-known plasmids such as pBR322, pBR323,
pACYCL77, or pKN410 are used to supply the replicon. Typically the host cell should
secrete minimal amounts of proteolytic enzyvines, and additiona! protease mhibitors may
desirably be incorporated in the cell culture.

ii. Antibody Production

Huost cells are ransformed with the above-described expression vectors and cultured
1o conventional nutrient media modified as appropriate for inducing promoters, selecting
transformants, 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 done using standard techniques appropriate to such
cells. The calcium treatment employing calcium chioride is generally used for bacterial cells
that contain substantial cell-wall barriers. Another method for ransformation emplovs
polyethylene glyco/DMSO. Yet another technique used is electroporation.

Prokaryotic cells used o produce the polypeptides of the invention are TOWn In
media known in the art and suitable for culture of the selected host cells, Examples of
suitable media inciude Luria broth (LB) plus necessary nutrient supplements. In some
embodiments, the media also contains a selection agent, chosen based on the construction of
the expression vector, to selectively permit growth of prokaryotic cells containing the
expression vector. For example, ampicillin is added to media for growth of cells expressing

ampicillin resistant gene.
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Any necessary supplements besides carbon, nitrogen, and morganic 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 medium may contain one or more reducing agents selected from the group consisting
of glutathione, cysteine, cystamine, thioglycollate, dithioerythritol and dithiothreitol.

The prokaryotic host cells are cuitured at suitable temperatures. For £, coli growth,
for example, the preferred temperature ranges from about 20°C to about 39°C, more
preferably from about 25°C to about 37°C, even more preferably at about 30°C. The pH of
the medium may be any pH ranging from about 5 to about 9, depending mainly on the host
organism. For E. 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 is 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 a phosphate-limiting
medium for induction. Preferably, the phosphate-limiting medium is the C.R.A P medium
(see, e.g., Simmors et al., J. Immunol. Methods {2002}, 263:1 33-147). A variety of other
mducers may be used, according to the vector construct emploved, as is known in the art.

In one embodiment, the expressed polypeptides of the present mvention are secreted
into and recovered from the periplasm of the host cells. Protein recovery typically involves
disrupting the microorganism, generally by such means as osmotic shock, sonication or lvsis.
Once cells are disrapted, cell debris or whole calls may be removed by centrifugation or
filtration. The proteins may be further purified, for exampie, by affinity resin
chromatography. Alternatively, proteins can be transported into the culture media and
isolated therein. Celis 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 commeonly known methods such as
pelyacrylamide gel electrophoresis (PAGEY and Western biot assay.

1n one aspect of the invention, antibody production is conducted in large quamntity by a
fermentation process. Various large-scale fed-batch fermentation procedures are available for
production of recombinant proteins. Large-scale fermentations have at least 1000 liters of
capacity, preferably about 1,000 to 160,000 liters of capacity. These fermentors use agitator
impellers to distribute oxygen and nutrients, especially glucose (the preferred carbon/energy
source}. 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 abour 1 lier 1o

about 100 liters.
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In a fermentation process, induction of protein expression is typically initiated after
the cells have been grown under suitable conditions to a desired density, e.g., an QD550 of
about 180-220, at which stage the cells are in the early stationary phase. A variety of inducers
may be used, according to the vector construct employed. as is known in the art and described
above, Cells may be grown for shorter periods prior to induction. Cells are usuallv induced
for about 12-50 hours, although longer or shorter induction time may be used,

To improve the production yield and guality of the polypeptides of the mventiosn,
various fermentation conditions can be modified. For example, to improve the proper
assembly and folding of the secreted antibody polypeptides, additional vectors overexpressing
chaperone proteins, such as Dsb proteins (DsbA, DsbB, DsbC, DshD. 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 solubility of heterologous proteins produced in bacterial host cells. Chen et al
{1999) I. Biol. Chem. 274:19601-19605; Georgiou et al., .S, Patent No. 6,083,715;
Georgiou et al., U.S. Patent No. 6,027 888: Bothmann and Pluckthun (26003 1. Biol, Chem.
275:17100-17105; Ramm and Pluckthun, {20003 J. Biol. Chem. 275:17106-171 13; Arie et al.,
(2001) Mol. Microbiol. 39:199-210.

.y

To minimize proteolysis of expressed heterclogous proteins (especially those that are
proteciytically sensitive), certain host strains deficient for proteclyviic enzymes can be used for
the present invention. For example, host cell strains may be modified to effect gepetic
mutation(s) in the genes encoding known bacterial proteases such as Protease 1, GmpT,
PregP, Tsp, Protease I, Protease M1, Protease V, Protease V 1. and combinations thereof., Some
E. coli protease-deficient strains are available and described in, for exampie, Joly et al.,
(1998}, Proc. Natl. Acad. Sci, USA 95:2773-2777; Georgiou et al., U.S. Patent No. 5,264 ,365:
Georgiou et al,, U.S. Patent No. 5,508,192 Hara et al.. Microbial Drug Resistance, 2:63-72
{1996).

In one embodiment, £ colf strains deficient for proteolvtic enzymes and transformed
with plasmids overexpressing one or more chaperone proteins are used as host cells in the
expression system of the invention.

i, Antibody Purification

Standard protein purification methods known in the art can be emploved. The
{ollowing procedures are exemplary of suitable 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, chromatofocusing,
SDS-PAGE, ammonium sulfate precipitation, and gel filtration using, for example, Sephadex

G-75.
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in ope aspect, Protein A immobilized on 2 solid phase is used for immunocaffinity
purification of the full length antibody products of the invention. Protein A is a 41kD cell
wall protein from Staphvlococeus aureus which binds with a high affinity to the Fo 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 silica surface, more
preferably a controlled pore glass column or a silicic acid column. In some applications, the
column has been coated with a reagent, such as glveerol, in an attempt 1o prevent nonspecific
adherence of contaminants.

As the first step of purification. the preparation derived from the cell culture as
described above is applied onto the Protein A immobilized solid phase to allow specific
bnding of the antibody of interest to Protein A. The solid phase is then washed to remave
contaminants non-specifically bound to the solid phase. Finaily 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 limited {0, one or more of the
following: a signal sequence, an origin of replication, one or more marker genes, an enhancer
element, a promoter. and a transcription termination sequence.

(i) Signal sequence component

A veetor for use in a eukarvotic host cell may also contain g srgnal sequence or other
polypeptide having a specific cleavage site at the N-terminus of the mature protem or
polypeptide of interest. The heterologous signal sequence selected preferably is one that 15
recognized and processed (i.c., cleaved by a signal peptidase) by the host cell. In mammalian
cell expression, mammalian signal sequences as well as viral secretory leaders, for example,
the herpes simplex gD signal, are avaitable.

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

(i) Origin of veplication

Generally, an origin of replication component is not needed for mammalian
expression vectors. For example, the SV40 origin may 1ypically be used only because it
contains the early promoter,

(iii} Selection gene component

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

other toxins, e.g.. ampicillin, neomyvein, methotrexate, or tetracycline, {b) complement

Lh
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auxotrophic deficiencies, where relevant, or (¢} supply critical nutrients not available from
complex media.

One example of a selection scheme wtilizes a drug fo arrest growth of a host cell.
Those cells that are successfully transformed with 2 heterologous gene produce a protein
conferring drug resistance and thus survive the selection regimen. Examples of such
dominant sefection use the drugs neomycin, mycophenolic acid, and hygromycin.

Another example of suitable selectable markers for mammalian celis are those that
enable the identification of cells competent to take up the antibody nucleic acid, such as
DHFR, thymidine kinase, metallothionein-I and -TI, preferably primate metallothionein genes,
adenosine deaminase, ornithine decarboxylase, etc.

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

Alternatively, host cells (particularly wild-type hosts that contain endogenous IHFR)
transformed or co-transformed with IDNA sequences encoding an antibody, wild-tvpe DHFR
protein, and another selectable marker such as aminoglycoside 3*-phosphotransferase { APH)
can be selected by cell growth in medium containing a selection agent for the selectable
marker such as an aminogliycosidic antibiotic, e.g., kanamyein, neomyein, or G418, See 1.8,
Patent No. 4,965,199,

(iv) Promoter component

Expression and cloning vectors usaally contain a promoter that is recognized by the
host organism and is operably linked to the antibody polypeptide nucleic acid. Promoter
sequences are known for eukaryotes. Virtually allenkarvotic genes have an AT-rich region
located approximately 25 to 30 bases upstream from the site where transcription is imtiated.
Another sequence found 70 to 80 bases upstream from the start of transeription of many genes
is a CNCAAT region where N may be any nucleotide. At the 3 end of most eukaryotic genes
is an AATAAA sequence that may be the signal for addition of the poly A tail to the 3 end of
the coding sequence. All of these sequences are suitably inserted into eukaryotic expression
VECtors.

Antibody polypeptide transcription from vectors in mammaiian 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-R virus, and Simian Virug 40 {SV40,

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

The early and late promoters of the SV40 virus are convemenily obtained as an SV40
restriction fragment that also contains the SV40 viral origin of rephication. The immediate
early promoter of the human cytomegalovirus is conveniently obtained as a HindIll E
restriction fragment. A system for expressing DNA in mammalian hosts using the bovine
papilloma virus as a vector is disclosed in U.S. 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 element component

Transcription of DNA encoding the antibody polvpeptide of this invention by nigher
eukaryotes is often increased by inserting an enhancer sequence into the vector. Many
enhancer sequences are now known from mammalian genes {globin, elastase, albumin, o-
fetoprotein, and insulin). Typically, however, one will use an enhancer from a eukaryotic cell
virus. Examples include the SV40 enhancer on the late side of the replication origin (bp 160-
270), the cytomegalovirus early promoter enhancer, the polyoma enhancer on the late side of
the replication origin, and adenovirus enhancers. See also Yaniv, Nature 297:17-18 (1982 on
enhancing elements for activation of eukaryotic promoters. The enhancer may be sphiced mto
the vector at a position 5” or 3’ to the antibody polypeptide-encoding sequence, but is
preferably located at a site 5° from the promoter,

vij Transcription termination component

Expression vectors used in eukaryotic host cells will tvpically also contain sequences
necessary for the termination of transcription and for stabilizing the mRENA. Such Sequences
are commonly available from the 57 and, occasionally 3°, untranslated regions of eukaryotic
or viral DNAs or cDNAs. These regions contain nucleotide segments transcribed as
polyvadenylated fragments in the untranslated portion of the mRNA encoding an antibody.
One useful transcription termination component is the bovine growth hormone
polyadenylation region. See W(O94/11026 and the expression vector disclosed therein,

(vii) Selection and transformation of host cells

Suitable host cells for cloning or expressing the DNA in the vectors herein include
higher eukaryote cells described herein, including veriebrate host cells. Propagation of
vertebrate cells in cuiture (tissue culture} has become a routine procedure. Examples of
useful mammalian host cell lines are monkey kidney CV1 line transformed by SV40 (COS-7,
ATCC CRL 1651); human embryonic kidney line {293 or 293 cells subeloned for growth in
suspension culture, Graham et al., J. Gen. ViroL 36:5% {(1977)); baby hamster kidney ceils

(BHK, ATCC CCL 10); Chinese hamster ovary cells/-DHFR {CHO, Uriaub et al., Proc. Natl.
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Acad. Sei. USA 77:4216 (1980)); mouse sertoli cells (TM4, Mather, Biol. Reprod. 23:243-
251 (1980) }; monkey kidney cells (CV1 ATCC CCL 70): African green monkey kidney cells
(VERO-76, ATCC CRL~1587); human cervical carcinoma cells (HELA, ATCC CCL 2y
canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL
1442y, human lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB B065);
mouse mammary tumor (MMT 060562, ATCC CCL51); TRI cells (Mather et al., Annals
N.Y. Acad. Sci. 383:44-68 (1982)); MRC 5 cells; F$4 celis; and a human hepatoma line (Hep
G2y

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 promoters, selecting transformants, or amplifying the genes encoding the desired
SEeqUences.

(viiij Culturing the host cells

The host cells used to produce an antibody of this invention may be cultured in &
variety of media. Commercially available media such as Ham's F10 {Sigma}. Minimal
Essential Medium ((MEM), (Sigmaj, RPMI-1640 (Sigma), and Dulbecco’s Modified Eagles
Medium ((DMEM), Sigma) are suitable for culturing the host cells. In addition, any of the
media described in Ham ef al., Meth. Fnz. 58:44 {1979}, Barnes et al., Anal,
Biochem 102:255 (1980}, U.S. Pat. Nos. 4,767.704: 4,657.866; 4927762, 4,560,635 or
5,122,469 WO 90/0343G; WO 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 zs insulin, transferrin, or epidermal growth
factor}, salts {such as sodium chloride, calcium, magnesium, and phosphate}, buffers (such as
HEPES), nuclectides (such as adenosine and thymidine}, antibiotics {such as
GENTAMYCIN™ drug), trace elements (defined as inorganic compounds usually present at
final concentrations in the micromolar range), and glucose or an equivalent energy source.
Any other necessary supplements may alse be included at appropriate concentrations that
would be known to those skilled in the art. The culture conditions, such as temperature, pH,
and the lile, are those previcusly used with the host cell selected for expression, and will be
apparent to the ordinarily skilled artisan.

(ix} Purification of antibody

When using recombinant technigues, the antibody can be produced mtracettularly, or
direcily secreted into the medium. If the antibody is produced intracellularly, as a first step,
the particulate debris, either host cells or lysed fragments, are removed, for example, by
centrifugation or ultrafiltration. Where the antibody is secreted into the medium, supernatants

from such expression systems are generally first concentrated using # commercially available
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protein concentration filter, for example, an Amicon or Millipore Pellicon ultrafiltration unit.
A protease mhibitor 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
confaminants.

The antibody composition prepared from the cells can be purified using, for example
hydroxylapatite chromatography, gel electrophoresis, dialysis, and affinity chiromatography,
with affinity chromatography being the preferred purification techmigue. The suitability of
protein A as an affinity ligand depends on the species and isotype of any immunoglobulin Fe
domain that is present in the antibody. Protein A can be used to purify antibodies that are
based on human v1, ¥2, or v4 heavy chains (Lindmark et al., J. mmunol. Meth. 62-1-13
(1983)). Protein G is recommended for all mouse isotypes and for human v3 (Guss et al.,
EMBO . 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 poere glass or poly(styrenedivinyl)benzene aliow for faster flow rates and shorter
processing times than can be achieved with agarose. Where the antibody comprises a CH3
domain, the Bakerbond ARX™resin (J. T. Baker, Phillipsburg, NJ} is useful for purification.
Other techniques for protein purification such as fractionation on an 1on-exchange column,
ethanol precipiation, Reverse Phase HPLC, chromatography on silica, chromatography on
heparin SEPHAROSE™ chromatography on an anion or cation exchange resin (such as a
polyaspartic acid column), chromatofocusing, SDS-PAGE. and ammonium sulfate
precipitation are also available depending on the antibody te be recovered.

Following any preliminary purification step(s}, the mixture comprising the antibody
of interest and contaminants may be subjected to low pH hydrophobic interaction
chromatography using an elution buffer at a pH between about 2.5-4.5, preferably performed

at low salt concentrations {e.g., from about (-0.25M salt).

Immunoconjugates

The invention also provides immunoconjugates (interchangeably termed “antibody-
drug conjugates” or “ADC™}, comprising any of the anti-Notch] NRR antibodies deseribed
herein conjugated to a cytotoxic agent such as a chemotherapeutic agent, a drug, a growth
inhibitory agent, a toxin (e.g., an enzymatically active 1oxin of bacterial, fungal. plant, or
animal origin, or fragments thereof), or a radioactive isotope (e, a radioconjugate),

The use of antibody-drug conjugates for the local delivery of cyiotoxic or cyvtostatic
agents, i.¢.. drugs to kill or inhibit tamor cells in the treatment of cancer (Syrigos and
Epenetos (1899} Anticancer Research 19:605-614; Niculescu-Duvaz and Springer {1997)

Adv. Drg. Del. Rev. 26:151-172; U.S. Patent No. 4,975,278) allows targeted delivery of the
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drug moiety to tumors, and intracellular accumuiation therein, where systemic administration

of these unconjugated drug agents may 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,
1986):603-05: Thorpe, (1985) “Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A

¥

Review,” in Monoclonal Antibodies '§4: Biological And Clinical Applications, A. Pinchera e
al. (ed.s), pp. 475-506). Maximal efficacy with minimal toxicity is sought thereby. Both
polyclonal antibodies and monoclonal 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 in antibody-toxin conjugates include bacterial toxins such as
diphtheria toxin, plant toxins such as ricin, small molecule toxins such as geldanamyein
{Mandler et al (2000) Jour. of the Nat. Cancer Inst. 92(193:1573-1581; Mandler et al., (2000}
Bioorganic & Med. Chem. Letters 10:1025-1028; Mandler et al., (2002) Bioconjugate Chem.
13:786-791), maytansinoids (EP 1391213; Liu et al,, {1996) Proc. Natl. 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 eviotoxic and cytostatic
effects by mechanisms including tubulin binding, DNA binding, or topolsomerase inhibition.
Some cytotoxic drugs tend to be inactive or less active when conjugaied 1o large antibodies or
protein receptor ligands.

ZEVALIN® (ibritumomab tiuxetan, Biogen/idec) is an antibody-radioisotope
conjugate composed of a murine igGl kappa monoclonal antibody directed against the CD20
antigen found on the surface of normal and malignant B ivmphocyies and 'n or 2y
radioisotope bound by a thiourea linker-chelator (Wiseman et al., (2000 Eur. Jour. Nucl.
Med. 27(7):766-77; Wiseman et al., (2002) Blood 99(12):4336-42; Witzig et al., (2002) J.
Chin. Oncol. 20(101:2453-63; Witzig et al., (2002} J. Clin. Oncol. 20(15%:3262-69). Although
ZEVALIN has activity against B-cell non-Hodgkin’s Lymphoma (NHL), administration
results in severe and prolonged cytopenias in most patients, MYLOTARG™ {gemtuzumab
ozogamicin, Wyeth Pharmaceuticals), an antibody drug conjugate composed of a hm CID33
antibody hnked to calicheamicin, was approved in 2000 for the treatment of acute myeloid
leukemia by injection (Drugs of the Future (20003 25(7):686; US Patent Nos. 4,970,19%;
5.079.233; 5.585,089: 5,606,040; 5.6937.62; 5,739,116, 3.767.285: 5,773,001, Cantuzumab
mertansine (Immunogen, Inc ), an antibody drug conjugate composed of the hu(’242 antibody
linked via the disulfide linker SPP (o the maytansinoid drug moiety, DM, is advancing into
Phase II trials for the treatment of cancers that express CanAg, such as colon, pancreatic,
gastric, and others. MLN-2704 (Millennium Pharm., BZL Biologics. bnoanogen Inc.), an

antibody drug conjugate composed of the anti-prostate specific membrane anti gen (PSMA)
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monoclonal antibody Iinked to the maytansinoid drug moiety, DM1, is under development for
the potential treatment of prostate tumors. The auristatin peptides, auristatin E (AE} and
monomethylauristatin (MMAE), synthetic analogs of dolastatin, were conjugated to chimeric
monoclonal antibodies cBR96 (specific to Lewis Y on carcinomas) and cAC 10 {specific to
CD30 on hematological malignancies) (Doronina et al., (2003) Nature Biotechnology
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 toxin, exotoxin A chain
{(from Pseudomonas aeruginosa), ricin A chain, abrin A chain, modecsin A chain, alpha-
sarcin, Aleurites fordii proteins, dianthin proteins, Phviolaca americana proteins (PAPI,
PAPI, and PAP-5), momordica charantia inhibitor, curein, crotin, sapaonaria officinalis
inhibitor, gelonin, mitogeilin, restrictocin, phenomycin, enomycin, and the tricathecenes.

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, 11, "n, "y and
HRe. Conjugates of the antibody and cytotoxic agent are made using & variety of
bifunctional protein-coupling agents such as N-succinimidyl-3~(2-pyridyldithio}} propionate
(SPDP), iminothiolane (IT), bifunctional derivatives of imidoesters {such as dimethy}
adipimidate HCI), active esters (such as disuccinimidyl suberate}, aldehvdes (such as
glutaraldehyde), bis-azido compounds (such as bis {(p-azidobenzoyl) hexanediamine), bis-
diazonium derivatives (such as bis-(p-diazonumbenzovl)-ethylenediamine), dilsocyanates
{such as toluene 2,6-diisocvanate), and bis-active fiuorine compounds {such as 1,5-difluoro-
2,4-dinitrobenzene). For example, a ricin immunotoxin can be prepared as described in
Vitetts et al., Science, 238: 1098 (1987). Carbon-14-iabeled I-isothiccyvanatobenzy]-3-
methyldiethylene triaminepentaacetic acid (MX-DTPAJ is an exemplary chelating agent for
conjugation of radionucleotide to the antibady. See WOU4/11626.

Conjugates of an antibody and one or more small molecule toxins, such as a
calicheamicin, maytansinoids, dolastating, aurostatins, a trichothecene, and CC1065, and the
derivatives of these toxins that have toxin activity, are also contemplated herein,

i. Mayransine and maytansinoids

In some embodiments, the immunoconjugate comprises an antibody (fuli length or
fragments} of the invention conjugated to one or more maytansinoid molecules.

Maytansinoids are mitototic mhibitors which act by inhibiting tubulin polymerization.
Maytansine was first isolated from the east African shrub Maytenus serrata (U.S. Patent No.
3.896.111). Subsequently, it was discovered that certain microbes also produce

maytansinoids, such as maytansinol and C-3 maytansinol esters (1S, Patent No. 4,151,042).
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Synthetic maytansinol and derivatives and analogues thereof are disclosed, for example, in
U.S. Patent Nos. 4,137,230; 4,248,870; 4,256,746; 4,260,608; 4,265,814 4,294 757:
4,307,016; 4,308.268; 4,308,269; 4,309,428; 4,313 046; 4,315,929 4,317,821 4,322,348;
4,331,598; 4,361,650; 4,364,866; 4,424,219; 4,450,254; 4,362,663; and 4,371,533,

Maytansinoid drug moieties are attractive drug moieties in antihody drug conjugates
because they are: (1) relatively accessible to prepare by fermentation or chemical
modification, derivatization of fermentation products, (ii) amenable to derivatization with
functional groups suitable for conjugation through the non-disulfide linkers to antibodies, (i)
stable in plasma, and (iv) effective against a 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 z maytansinoid designated DM | linked to the monocional
antibody C24Z directed against human colorectal cancer. The conjugate was found 1o be
highly cytotoxic towards cultured colon cancer cells, and showed antitumor activity in an in
vive tumor growth assay. Chari et al., Cancer Research 52:127-131 {1992} describe
inmunoconjugates 1n which & maviansinoid was conjugated via a disulfide linker to the
murine antibody A7 binding to ap antigen on human colon cancer cell lines, or to another
murine monoclonal antibody TA.1 that binds the HER-2/neu oncogene. The cytotoxicity of
the TA.l-mavtansinoid conjugate was tested i vitro 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 to the free mavtansimoid drug, which could be increased hy
mereasing the number of maytansinoid molecuies per antibody molecule. The A7-
maytansinoid conjugate showed low systemic cvtotoxicity in mice.

Antibody-maytansineid conjugates are prepared by chemically iinking an antibody to
a maytansinoid molecule without significantly diminishing the bictogical activity of either the
antibody or the maytansinoid molecule. See, e.g., U.S. Patent No. 3,208,020 (the disclosure
of which is hereby expressly incorporated by reference}. An average of 3-4 maytansinoid
molecules conjugaied per antibody molecule has shown efficacy in enhancing cytotoxicity of
target celis without negatively affecting the function or solubility of the antibody, although
even one molecule of toxin/antibody would be expected to enhance cytotoxicily 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 maytansinoids are disclosed, for
exampie, in U.S. Patent No. 5,208,020 and in the other patents and nonpatent publications

referred to hereinabove. Preferred maytansinoids are maytansinol and maytansinol analogues

62



10

30

modified in the aromatic ring or at other positions of the maytansinol molecule, such as
varous maytansinol esters.

There are many linking groups known in the art for making antibody-maytansinoid
conjugates, including, for example, those disclosed in U.S. Patent No. 5,208,020 or EP Patent
(425 235 BI, Chari et al., Cancer Research 32:127-131 (1992}, and U.S. Patent Application
No. 10/960,602, filed Oct. &, 2004, the disclosures of which are hereby expressly incorporated
by reference. Antibody-maytansinoid conjugates comprising the linker component SMCC
may be prepared as disclosed in U.S. Patent Application No. 10/960,602, filed Oct. &, 2004,
The linking groups include disulfide groups, thioether groups, acid labile groups, photolabile
groups, peptidase labile groups, or esterase Jabile groups, as disciosed in the ahove-identified
patents, disulfide and thioether groups being preferred. Additional hmking 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-maleimidomethy!) cyciohexane-1-carboxyiate (SMCCY,
iminothiolane (IT), bifunctional derivatives of imidoesters {such as dimethy! adipimidate
HC1), active esters (such as disuccinimidyl suberate), aldehydes (such as ghutaraldehvde), bis-
azido compounds {such as bis (p-azidobenzoyl) hexanediamine), bis-diazonivm derivatives
{such as bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as toluene 2,6-
ditsocyanate), and bis-active fluorine compounds (such as L, 3-difluoro-2 4-dinitrobenzene).
Particularly preferred coupling agents include N-succinimidyl-3-(2-pyridvidithio} propionate
{SPDP) (Carlsson et al., Biochem. J. 173:723-737 (1978}) and N-succimmidyl-4-(2-
pyridylthio)pentanoate (SPP) to provide for a disulfide 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 & rydroxy! group using conventional coupling techniques. The reaction may occur at the
C-3 position having & hydroxy! group, the C-14 position modified with hvdroxymethyi, the C-
L3 position modified with a hydroxy! group, and the C-20 position having a hydroxyl group.
In a preferred embodiment, the linkage is formed at the C-3 position of mavtansinol or a
maytansinoi analogue.

it. Auristating and dolasiating

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

{Woyke et al (2001) Antimicrob. Agents and Chemother. 45(12):3580-3584) and have

63



10

30

anticancer (U.S. Patent No. 5,663.149) and antifungal activity (Pettit et al., (1698)
Antimicrob. Agents Chemother. 42:2961-2965). The dolastatin or auristatin drug motety may
be attached to the antibody through the N {amino} terminus or the O {carboxyl} terminus of
the peptidic drug moiety (WO 02/088172).

Exemplary auristatin 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. 10/983,346, filed Nov. 5.
2004, the disclosure of which is 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. Schroder and K.
Liibke, “The Peptides,” volume 1, pp. 76-136, 1965, Academic Press} that is well known in
the field of peptide chemistry. The auristatin/dojastatin 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} I.
Am. Chem. Soc. 111:5463-5465; Pettit et al., {1998} Anti-Cancer Drug Design 13:243-277;
Pettit, G.R., et al., Synthesis, 1996, 719-725: and Pettit et al., (1996) J. Chem. Soc. Perkin
Trans. 1 5:859-863. See also Doronina (2003} Nat. Biotechnol. 2UTY TR TR4;
“Monomethylvaline Compounds Capable of Conjugation to Ligands,” US20050238649,
published Gctober 27. 2003, hereby incorporated by reference in its entirety (disclosing, ¢ g,
imkers and methods of preparing monomethylvaline compounds such as MMAFE and MMAF
conjugated to lnkers).

iii. Calicheamicin

In ather embodiments, the immunoconjugate comprises an antibody of the invention
conjugated to one or more calicheamicin molecules, The calicheamicin family of antibiotics
are capable of producing double-stranded DNA breaks at sub-picomoiar concentrations. For
the preparation of conjugates of the calicheamicin family, see U.S. Patent Nos. 5,712,374,
5,714,586, 5,739,116, 5,767,285, 5.770,701, 5,770,710, 5,773,001, and 5,877,296 (all 1o
American Cyanamid Company}. Structural analogues of calicheamicin which may be used
include, but are not limited to, v,’, o, o N-acetvl-y,', PSAG and &', (Hinman et al., Cancer
Research 53:3336-3342 (1993), Lode et al., Cancer Research 58:2925-202% {1998} and the
aforementioned U.S. patents to American Cyanamid). Another anti-tumor drug that the
antibody can be conjugated is QFA which is an antifolate. Both calicheamicin and QFA have
intracciiular 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 cffects.
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iv. Other cytotoxic agents

Other antitumor agents that can be conjugated to the antibodies of the invention
include BCNU, streptozoicin, vincristine and 5-finorouracil, the family of agents known
collectively LL-E33288 complex described in 1).S. Patent Nos. 5,153,394 and 5,770,710, as
well as esperamicins (U.S. Patent No. 5,877,296).

Enzymatically 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), ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin,
Aleurites fordii proteins, dianthin proteins, Phyiolaca americana proteins (PAPL PAPIL and
PAP-S}, momordica charantia inhibitor, curcin, crotin, Sapaonaria officinalis inhibitor,
gelonin, mitogeliin, restrictocin, phenomycin, enomyein and the tricothecenes. see, for
example, WO 93/21232 published October 28, 1993,

The present invention further contemplates an immunoconjugate formed between an
antibody and & compound with nucleolytic activity (c.g.. a rihonuclease or a DNA
endonuclease such as a deoxvribonuclease; PN ase).

For selective destruction of the tumor, the antibody may comprise a highly
radioactive atom. A variety of radioactive isotopes are available for the production of
radioconjugated antibodies. Exampies melude At?1 [ 120 ¢90 peist Re'™ sm'™ B,
P Pb** and radicactive isotopes of Lu. When the conjugate is used for detection, it may
comprise a radioactive atom for scintigraphic studies, for exampie 1™ or 1'%, or a spin labei
for nuclear magnetic resonance (NMR} imaging {also known as magnetic resonance imaging,
mri}, such as 1odine-123 again, iodine-131, indium-111, fluorine-19, carbon-13, nitrogen-13,
oxygen-17, gadolinium, manganese or iron.

The radio- or other labels may be incorporated in the conjugate 1n known ways. For
example, the peptide may be biosynthesized 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 Tc™” or ', Re'™ Re'™ and In'"' can be attached via a cvsteine
residue in the peptide. Yttrium-90 can be attached via a Iysine residue. The JODOGEN
method (Fraker et al (1978) Biochem. Biophvs. Res. Commun. 80 45-57 can be used to
incorporate jodine-123. “Monoclonal Antibodies i Immunoscintigraphy” (Chatal, CRC
Press 1989) describes other methods in detail.

Conjugates of the antibody and cytotoxic agent may be made using & variety of
bifunctional protein coupling agents such as N-suceinimidyl-3-(2-pyridvidithio) propionate
(SPDP), succinimidyl-4-(N-maleimidomethyl) cyclohexane-1 -carboxylate (SMCQ),
iminothiotane (IT}), bifunctiona! derivatives of imidoesters (such as dimethy! adipimidate

HC, active esters (such as disuccinimidyl suberate), aldehydes (such as glutaraidehvde), bis-
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azido compounds (such as bis (p-azidobenzoyl) hexanediamine), bis~-diazonium derivatives
{such as bis-(p-diazoniumbenzoylj-ethylenediamine}, diisocvanates (such as toluene 2,6+
ditsocyanate), and bis-active fluorine compouids (such as 1,5-difluoro-2 4-dinitrobenzene).
For example, a ricin immunotoxin can be prepared as described in Vitetta et al., Science
238:1098 {1987). Carbon-14-labeled I-isothiocyanatobenzyl-3-methyldiethylene
triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for conjugation of
radionucleotide to the antibody. See W094/11026. 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, dimethyl linker or disulfide-containing linker
{Chari et al., Cancer Research 52:127-131 (1992); U.S. Patent No. 5,208,020) may be used.

The compounds of the invention expressly contemplate, but are not limited to, ADC
prepared with cross-linker reagents: BMPS, EMCS, GMBS, HBVE, LC.SMCC, MBS,
MPBH, SBAP, SIA, SIAB, SMCC, SMPB, SMPH, sulfo-EMCS, sulfo-GMBS, sulfo-KMUS,
sulfo-MBS, sulfo-SIAB, sulfo-SMCC, and sulfo-SMPB, and SVSB (succinimidyl-(4-
vinylsulfone)benzoate) which are commercially available fe.g., from Pierce Biotechnology,
Inc., Rockford, IL., U.S.A). See pages 467-498, 2003-2004 Applications Handbook and
Catalog.

v. Preparation of antibody drug conjugates

In the antibody drug conjugates (ADC) of the mvention, an antibody {AD) i3
conjugated to one or more drug moieties (D), ¢.g. about | to about 2(r 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
art, including: (1) reaction of a nucleophilic group of an antibody with a hivalent linker
reagent. to form Ab-L, via a covalent bond, followed by reaction with a drag moietv D; and
t2) reaction of a nucleophilic group of a drug moiety with & bivalent linker reagent, to form
DL, via a covalent bond, followed by reaction with the nucleophilic group of an antibody.

Additional methods for preparing ADC are described herein.

Ab—(L-Dj, I
The hinker may be composed of one or more linker components. Exemplary linker
components include 6-maletmidocaproyl (“MC™), malemidopropanoyl (“MP™), valine-
citrulline (“val-cit”). alanine-phenylalanine (“ala-phe™), p-aminobenzyloxycarbonyl {“PAB™),
N-Succinimidy! 4-(2-pyridylthio) pentanoate (“SPP”), N-Succinimidy] 4-(N-
maleimidomethyl) cyciohexane-1 carboxylate (“SMCC’), and N-Succinimidyl (4-iodo-acetyl)
aminobenzoate (“SIAB™). Additional linker components are known in the art and some are

described herein. See also “Monomethyivaiine 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 its entirety.

In some embodiments, the linker may comprise amino acid residues. Exemplary
amino acid linker components include a dipeptide, a tripeptide, 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-glyeine (giy-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 occurring amino acid analogs, such as citrulline. Amino acid linker
compoenents can be designed and optimized in their selectivity for enzymatic cleavage by a
particular enzymes, for example, a tumor-associated protease, cathepsin B, C and D, or a
plasmin protease.

Nucieophilic groups on antibodies include, but are not limited to: { 1) N-terminal
amine groups, (it} side chain amine groups, ¢.g., lysine, (iii) side chain thiol groups, e.g.,
cysteine, and (v) sugar hydroxy! or amino groups where the antibody is glycosyiated.
Amune, thiol, and hydroxyl groups are nucleophilic and capable of reacting to form covalent
bonds with electrophilic groups on linker moieties and linker reagents inchading: (i) active
esters such as NHS esters, HOBt esters, haloformates, and acid halides: (i1} afkyl and benzvl
halides such as haloacetamides; (iif) aldehydes, ketones, carboxvl, and malemmide roups.
Certain antibodies have reducible interchain disulfides, i.e., cysieine bridges. Amibodies may
be made reactive for conjugation with linker reagents by treatment with a reducing agent such
as DTT (dithiothreitol}. Each cysteine bridge will thus form, theoretically, two reactive thiol
nucieophiles. Additional nucleophilic groups can be introduced into 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 antibody {or fragment thereof)
by introducing one, two, three, four, or more cysteine residues {e.g., preparing mutant
antibodies comprising one or more non-native cysicine amino acid residues),

Antibody drug conjugates of the invention may also be produced by modification of
the antibody to introduce electrophilic moieties, which can react with nucleophilic
substituents on the linker reagent or drug. The sugars of glycosylated antibodies may be
oxidized, e.g., with periodate oxidizing reagents, to form aldehvde 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 borohydride
reagents to form stable amine linkages. In one embodiment, reaction of the carbohydrate
portion of z glycosylated antibody with either glactose oxidase or sodium meta-periodate may

yield carbonyl (aidebyde and ketone) groups in the protein that can react with appropriate
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groups on the drug (Hermanson, Bioconjugate Techniques). In another embodiment, proteins
containing N-terminal serine or threonine residues can react with sodium nmeta-periodate,
resulting in production of an aldehyvde in piace of the first amino acid {CGeoghegan & 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 drag moiety include, but are not Hmited to- amine,
thiol, hydroxyl, hydrazide, oxime, hydrazine, thiosemicarbazone, hydrazine carboxylate, and
arylhydrazide groups capable of reacting to form covalent bonds with electrophilic groups on
linker moieties and iinker reagents including: (i) active esters such as NIS esters, HOBt
esters, haloformates, and acid halides; (i) alkyl and benzyl halides such as haloacetamides;
(iii) aldehydes, ketones, carboxyl, and maleimide groups.

Alternatively, a fusion protein comprising the antibody and cvtoloxic agent may be
made, e.g., by recombinant technigues or peptide synthesis. The length of DNA may
comprise respective regions encoding the two portions of the copjugate either adjacent one
another or separated by a region encoding a linker peptide which does not destroy the desired
properties of the conjugate.

In yet another embodiment, the antibody may be conjugated to & “receptor” (such
streptaviding for utilization in tumor pre-targeting wherein the antibody-receptor conjugate is
admunistered to the individual, followed by removal of unbound conjugate from the
circulation using a clearing agent and then administration of a “hgand” {e.g., avidin) which is

conjugated to 2 cylotoxic agent (e.¢., a radionucleotide).

Pharmaceutical Formulations

Therapeutic formulations comprising an amibody of the invention are prepared for
storage by mixing the antibody having the desired degree of purity with optional
physiologically acceptable carriers, excipients or stabilizers { Remin gion The Science and
Practice of Pharmacy 20th edition {2000Y), in the form of aqueous soludions, Jyophilized or
other dried formulations. Acceptable carriers, excipients, or stabilizers are nontoxic to
recipients at the dosages and concentrations emploved, and include buffers such as phosphate,
ciirate, mstidine and other organic acids: antioxidants including ascorbic acid and methionine;
preservanves (such as octadecyldimethylbenzy! ammonium chloride; hexamethonium
chionide; benzalkonium chioride, benzethonivm chloride; phenol, butyi or benzy! alcchol;
alkyl parabens such as methyl or propyl paraben; catechol: resorcinol; cyclohexanol; 3-
pentanol: and m-cresol); low molecular weight (less than about 10 residues) polypeptides;
protemns, 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,
mannose, or dextrins; chelating agents such as EDTA; sugars such as sucrose, mannitol,
trehalose or sorbitol; sali-forming counter-ions such as sodium: meta! complexes {e.g., Zn-
protein complexes); and/or non-ionic surfactants such as TWEEN'_ PLURONICS™ or
polyethylene glycol (PEG).

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 suitabiy present in
combination in amounts that are effective for the purpose intended.

The active mgredients may also be entrapped in microcapsule prepared, for example,
by coacervation techniques or by interfacial polymerization, for example,
hydroxymethylceliulose or gelatin-microcapsule and poly-(methyimethacylate) microcapsule,
respectively, in colloidal drug delivery systems (for example, liposomes, albumin
microspheres, microemulsions, nano-particies and nanocapsules) or in macroemulsions. Such
techmques are disclosed in Remington: The Science and Praciice of “Pharmacy 20th edition
{2000).

The formulations 1o be used for in vive administration must be sterile. This is readily
accomplished by filtration through sterile filtration membranes.

Sustamed-release preparations may be prepared. Suitable examples of sustained-
release preparations include semi-permeable matrices of solid hydrophobic polymers
contaiming the immunoglobulin of the invention, which matrices arc in the form of shaped
articles, e.g., films, or microcapsule. Exampies of sustained-release matrices include
polyesters, hydrogels (for example, poly(2-hydroxvyethvi-methacrvlate), or
polv{vinyialcohol)), polviactides {U.S. Patent No. 3,773,919}, copolymers of L-glutamic acid
and vy ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-
ghycolic acid copolymers such as the LUPRON DEPOT™ (injectable microspheres composed
of lactic acid-glycolic acid copolymer and leuprolide acetate}, and poly-I1-{-)-3-
hydroxybutyric acid. While polymers such as ethylene-vinv! acetate and lactic acid-glycolic
acid enable release of molecules for over 100 days, certain hydrogels release proteins for
shorter time periods, When encapsulated immunoglobulins remain in the body for a long
time, they may denature or aggregate as a result of exposure to moisture at 37°C. resulting in
a loss of biological activity and possible changes in immunogenicity. Rational strategies can
be devised for stabilization depending on the mechanism invoived. For example, if the
aggregation mechanism is discovered to be imtermolecular S-S bond formation through thio-

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

and developing specific polymer matrix compositions.

1. Therapeutic uses

The antibodies and antibody fragments described herein which bind both HER? and
VEGF (e.g.. bHI44 or bH1-88 or fragments thereof) can be used for the treatment of tumors,
including pre-cancerous, non-metastatic, and cancerous tumors (e. g., early stage cancer), for
the treatment of autoimmune disease, for the treatment of an angiogenesis disorder, for the
treatment of & disease involving abnormal activation of HERZ, or for the treatment of a
subject at risk for developing cancer (for example, breast cancer, colorectal cancer, lung
cancer, renal cell carcinoma, gliona, or ovarian cancer), an angiogenesis disorder, an
autommmune disease, or a disease involving abnormal activation of HER?.

The term cancer embraces a collection of proliferative disorders, including but not
limited to pre-cancerous growths, benign tumors, and malignant tumors, Benign tumors
reman localized at the site of origin and do not have the capacity to infiltrate, invade, or
metastasize (o distant sites. Malignant umors will invade and damnage other tissues around
them. They can also gam the ability to break off from where they started and spread to other
parts of the body (metastasize), nsually through the bloodstream or through the lymphatic
system where the lymph 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 derived. Over time, the cells of a malignant tumor become more abnormal
and appear less like normal cells. This change in the appearance of cancer cells is called the
tumor grade and cancer cells are described as being weli-differentiated, moderately-
differentiated, poorly-differentiated, or undifferentated. Well-differentiated cells are quite
normal appeanng and resemble the normal cells from which they originated. Undifferentiated
cells are cells that have become so abnormal that it is no longer possible to determine the
origm of the cells.

‘The tumor can be 2 solid tumor or a non-solid or soft tissue tumor. Examples of soft
tissue tumors include jeukemia (e.g., chronic myelogenous leukemia, acute myelogenous
leukemia, adult acute lvmphoblastic leukemia, acute myelogenous leukemia, mature B-cell
acute lymphoblastic leukemia, chronic lymphocytic leukemia, polymphocytic leukemia, or
hairy cell leukemia), or lymphoma {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 lympharic system. Solid tumors can be further separated into
those of epithelial cell origin and those of non-epithelial cell origin. Examples of epithelial

cell solid tumors include tumors of the gastrointestinal tract, colon, breast, prostate, lung,
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kidney, liver, pancreas, ovary, head and neck, oral cavity, stomach, duodenum, smail
miestine, large intestine, anus, gall bladder, labium, nasopharvnx, skin, uterus, male genital
organ, urinary organs, bladder, and skin. Solid fumors of non-epithelial origin include
sarcomas, brain tumors, and hone tumors.

Epithelial cancers generally evolve from a benign tumor to & preinvasive stage (e.g.,
carcinoma in situ), to a malignant cancer, which has penetrated the basement membrane and
invaded the subepithelial stroma.

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

It 1s now well established that angiogenesis is implicated in the pathogenests of a
variety of disorders. These include solid tumors and metastasis, atherosclerosis, retrolental
fibroplasia, hemangiomas, chronic mflammation, intraccular neovascular diseases such as
proliferative retmopathies, e.g., diabetic retinopathy, age-related macular degeneration
{AMD)}, neovascular glaucoma, immune rejection of transplanted corneal tissue and other
tissues, rtheumatoid arthritis, and psoriasis. Folkman et al., J. Biol. Chem., 267:10631-10934
(1992); Klagsbrun et al.. Annu. Rev. Physiol. 53:217-236 ¢ 1991}; and Garner A.. "Vascular
diseases”, In: Pathobiology of Ocular Disease. A Dynamic Approach, Gamer A, Klintworth
GK., eds., 2nd Edition (Marcel Dekker, NY, 19643, pp 1625-1710.

Abnormal angiogenesis occurs when new blood vessels either grow excessively,
insufficiently or inappropriately {e.g., the location, timing or onset of the angiogenesis being
undesired from a medical standpoint} in 2 diseased state or such that it causes a diseased siate.
Excessive, inappropriate or ancontrolied angiogenesis occurs when there is new blood vessel
growth that contributes to the worsening of the diseased state or causes a diseased siate, such
as in cancer, especialiy vascularized solid tumors and metastatic wumors {includmg colon,
lung cancer (especially small-cell lung cancer), or prostate cancer), diseases caused by ocular
neovascularization. especially diabetic blindness, retinopaihies, primarily diabetic retinopathy
or age-related macular degeneration { AMD?, diabetic macular edema, cerebral edems (e.g.,
associated with acute stroke/closed head injury/trauma), synovial inflammation, Pannus
tormation in rheumatoid arthritis, myositis ossificans, hypertropic bone formation, refractory
ascites, polveystic ovarian disease, 3rd spacing of fluid diseases (pancreatitis, compartment
syndrome, burns, bowel disease), uterine fibroids, premature labor, neovascularization of the
angle (mbeosis), malignant pulmonary effusions, vascular restenosis, hacmangioblastoma
such as haemangioma: inflammatory renal diseases, such as giomerulonephritis, 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, psortatic
plaques, sarcoidosis, arterial arteriosclerosis, and diseases occurring afler transplants, renal
allograft rejection, endometriosis or chronic 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 m other
organs (tumor metastases). Insufficient angiogenesis occurs when there js inadequate blood
vessels growth that contributes to the worsening of a diseased state, e. g., in diseases such as
coronary artery disease, stroke, and delayed wound healing. Further, ulcers, strokes, and
heart attacks can result from the absence of angiogenesis that normally is required for natural
healing. The present invention contempiates treating those patients that have or are at risk of
developing the above-mentioned illnesses using an antibody that spectfically binds both
VEGF and HER2 (e.g., the bH1-81 or bH]-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 rosaces,
acquired immune deficiency syndrome, artery occlusion, atopic keratitis, bacterial uicers,
Bechets disease. blood borne tumors, carotid obstructive disease, choroidal
neovascuiarization, chronic inflammation, chronic retinal detachment. chronic wveltis, chronic
vitritis, contact lens overwear, comeal graft rejection, corneal neovascularization, corneal
graft neovascularization, Crohn's disease, Eales disease, epidemic keratoconjunctivitis, fungal
ulcers, Herpes simplex infections, Herpes zoster infections. hyperviscosity syndromes,
Kaposi's sarcoma, leukemia, lipid degeneration, Lyme's disease, margnal keratolysis, Mooren
ulcer, Mycobacteria infections other than leprosy. myopia, ocular neovascular disease, optic
pits, Osler-Weber syndrome (Osler-Weber-Rendu), ostecarthritis, Paget's disease, pars
planitis, pemphigoid, phylectenulosis, polyarteritis, post-iaser complications, protozoan
infections, pseudoxanthoma elasticum, pterygium keratitis sicca, radial keratotomy, retinal
neovascularization, retinopathy of prematurity, retrolental tibroplasias, sarcoid, scleritis,
sickle cell anemia, Sogren's syndrome, solid tumors, Stargart's disease, Steven's Johnson
disease, superior limbic kerantis, syphilis, svsternic lupus, Terrien's marginal degeneration,
toxoplasmosis, fumors of Bwing sarcoma, tameors of neuroblastoma, tumors of osteosarcoma,
tumors of retinoblastoma. tumors of rhabdomyosarcoma, ulcerative colitis, vein acclusion,
Vitamin A deficiency, Wegener's sarcoidosis, undesired angiogenesis associated with
diabetes, parasitic diseases, abnormal wound healing, hypertrophy following surgery, injury
OT trauma (e.¢., acute lung mjury/ARDS), inhibition of hair growth, inhibition of ovulation
and corpus luteum formation, inhibition of implantation, and inbkibition of embryo

development in the uferus.
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Anti-angiogenesis therapies are useful in the general treatment of graft rejection, lung
inflammation, primary pulmonary hypertension, nephrotic syndrome, precclampsia, and
pleural effusion, diseases and disorders characterized by undesirabie vascular permeability,
e.g., edema associated with brain tumors, ascites associated with malignancies, Meigy'
syndrome, lang inflammation, nephrotic syndrome, pericardial effusion (such as associated
with pericarditis}), permeability associated with cardiovascular diseases such as the condition
foliowing 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
communication between arteries and veins), nonunion fractures {(fractures that will not healy,
atherosclerotic plaques (hardening of the arteries), pyogenic graruloma {common skin lesion
composed of blood vessels), scleroderma (a form of connective tissue disease), hemangioma
{tumnor composed of blood vessels), meningioma. thyroid hyperplasias meluding Grave's
disease), trachoma (leading cause of blindness in the third world), hemophilic joints,

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

IV. Dosages and formulations

The antibody {e.g., bH1-44 or bH1-81) or antibody fragment compositions will be
formulated, dosed, and administered in a fashion consistent with good medical practice.
Factors for consideration in this context include the particular 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 admmistration, the scheduling of
administration, 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
a cancer or autoimmune disorder. The antibody or antibody fragment need not be, but is
optionally. formulated with one or more agents currently used to prevent or treat cancer or an
autoimmune disorder or a risk of developing cancer or an autoimmune disorder. The
effective amount of such other agents depends on the amount of antibody or antibody
fragment present in the formulation, the type of disorder or treatment, and other factors
discussed above. These are generally used in the same dosages and with administration
routes as used hereinbefore or about from 1 to 99% of the heretofore employed dosages.
Generally, 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 foliowing: reduce (by at jeast
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10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%. 100% or more} the number of cancer
cells; reduce or inhibit the tumor size or turmor burden: inhibit {i.e., 1o decrease to some extent
and/or stopj cancer cell infiltration into peripheral organs; reduce hormonal secretion in the
case of adenomas; reduce vessel density; inhibit tumor metastasis; reduce or inhibit tumor
growth; and/or relieve io some extent one or more of the symptoms associated with the
cancer. ln 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 a 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 si enificanily
mcereases 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 patienis who responded to the treatment. In one aspect, the 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 treatment 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, Wiliiams & Wilkins, Philadeiphia, PA).
Acceptable carmers, include saline. or buffers such as phosphate. citrate and other organic
acids; antioxidants including ascorbic acid; low molecular weight (less than about 10
residues} polvpeptides; proteins, such as serum albumin, gelatin or immunoglobuling;
hydrophilic polymers such as polyvinylpvrrolidone, amine acids such as glycine, glutamine,
asparagines, arginine or lvsine; monosaccharides, disaccharides, and other carbohydrates
including glucose, mannose, or dextrins; chelating agents such as EDTA. sugar alcohols such
as mannitol or sorbitol; salt-forming counterions such as sodium: and/or nonionic surfactants

such as TWEEN™ PLURONICS™, or PEG.
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Optionally, but preferably, the formulation contains a pharmaceutically acceptable
salt, preferably sodium chloride, and preferably at about physiolegical 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 xnown in the pharmaceutical arts. Benzyl
eicohol, phenol, m-cresol, methylparaben, and propylparaben are preferred preservatives.
Optionally, the formulations of the invention can include a phammaceutically acceptable
surfactant at a concentration of 0.0035 to 0.02%.

The formulation herein may also contain more than one active conpound 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 i amounts 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,
hydroxymethylicellulose or gelatin-microcapsule and poly-(methylmethacylate) microcapsule,
respectively, in colloidal drug delivery systems {for example, liposomes, albumin
microspheres, microernulsions, nano-particles and nanocapsules) or in macroemulsions. Such
techmques are disclosed in Remington's Pharmaceutical Sciences, SUpra.

Sustained-release preparations may be prepared. Suitable exampies of sustained-
release preparations include semipermeable matrices of solid hvdrophobic polymers
contarming the antibody, which matrices are in the form of shaped articles. e.g., films, or
microcapsule, Examples of sustained-release matrices include pelyesters, hvdrogels (for
example, poly{2-hydroxyethvl-methacrylate), or polyivinylalcohel)), polyiactides (U.S.
Patent No. 3,773,919}, copolymers of L-glutamic acid and ¥ ethyi-L-givtamate, non-
degradable ethylene-vinyl acetate, degradable factic acid-glycolic acid copolvmers such as the
LUPRON DEPOT™ (injectable microspheres composed of Jactic acid-glycolic acid
copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers
such as ethylene-vinyl acetate and lactic acid-glveolic acid enabie release of molecules for
over 100 days, certain hydrogels release proteins for shorier time periods. When encapsulated
antibodies remain n the body for a long time, they may denature or aggregate as a result of
exposure to moisture at 37°C, resulting in a loss of biological activity and possible changes in
immunogenicity. Rational strategies can be devised for stabilization depending on the
mechanism nvolved, For example, if the aggregation mechanism is discovered to be
intermolecular 5-5 bond formatien through thio-disulfide interchange, stabilization may be

achieved by medifying sulfhydryl residues. lvophilizing from acidic sohutions, controlling
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moisture content, using appropriate additives, and developing specific polymer matrix
compaositions.

The antibodies and antibody fragments described hersin (e. g., bH-44 or bBH1.81 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, intraperitoneal, intracerobrospinal, subcutaneous, intra-articular, intrasynovial,
intrathecal, oral, topical, or inhalation routes. Local administration may be particularly
desired if extensive side effects or toxicity is associated with VEGF and/or HER?
antagonism. An ex vivo strategy can also be used for therapeutic applications. Ex vivo
strategies involve transfecting or transducing cells obtained from the subject with a
polynucleotide encoding an antibody or antibody fragment. The transfected or transduced
cells are then returned to the subject. The cells can be any of a wide range of types including,
without limitation, hemopoietic cells (e.g., bone marrow cells, macrophages, monocytes,
dendritic celis. T cells. or B cells), fibroblasts, epithelial cells, endothelial cells, keratinocytes,
or muscie cells.

In one example, the antibody (e.g., bH1-44 or bH1-81} or antibody fragment is
admimistered locally, e.g., by direct injections, when the disorder or location of the tumor
permits, and the injections can be repeated periodically. The antibody or anribody fragment
can also be delivered systemically to the subject or directly to the tumor cells, e.o., 1o 2 tumor
or 2 ramor bed following surgical excision of the tumor, in order to prevent or reduce Jocal

FECUITence o7 melasiasis.

V. Articles of Manufacture and Kits

Another embodiment of the invention is ar article of manufacture containing
materials useful for the treatment of autoimmune diseases and cancers. The article of
manufacture comprises a container and a label or package insert on or associated with the
container. Suitable containers include, for example, botiles, vials, syringes, ete. The
contaners may be formed from a variety of materials such as glass or plastic. The container
holds a composition which is effective for weating the condition and may have a sterile access
port {for example the container may be an intravenous solution bag or & vial having a stopper
pierceable by a hypodermic injection needle}. Af least one active agent in the composition is
a multispecific antibody or antibody fragment antibody of the invention. The label or
package insert indicates that the composition is used for treating the particuiar condition. The
label or package insert will further comprise instructions for administering the antibody
composition to the patient. Articies 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 mdications, 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, lung cancer, renal cel] carcinoma. glioma, or ovanian
cancer.

Additionally, the article of manufacture may further comprise a second container
comprising a pharmaceutically-acceptable buffer, such as bacteriostatic water for mjection
(BWFI), phosphate-buffered saline, Ringer's solution and dextrose solution. It may further
include other materials from a commercial and user standpoint, including other buffers,
diluents, filters, needles, and syringes.

Kits are aiso provided that are useful for various purposes, e.g., for purification or
immunoprecipitation of VEGF or HER2 from cells. For isolation and purification of VEGF,
or HERZ, the kit can contain a VEGF/HER?2 antibody (c.g., bH1-44 or hH1-8 1} coupled 1o
beads (e.g., sepharose beads). Kits can be provided which contain the antibodies for detection
and quantitation of VEGF or HER?2 in vitre, e.g.. in an ELISA or 2 Western blot. As with the
article of manufacture, the kit comprises a container and a label or package insert on or
associated with the contamer. The container holds a composition comprising at least one
multispecific antibody or antibody fragment of the invention. Additional containers may he
incheded that contain, e.g., diluents and buffers or control antibodies, The label or package
insert may provide a description of the composition as well as instructions for the intended jn
vitre or diagnostic use.

The foregoing written description is considered to be sufficient to enable one skilled
in: the art to practice the invention. The following Examples are offered for illustrative
purposes only, and are not intended to Hmit the scope of the present invention in any way.
Indeed, various modifications of the invention in addition to those shown and described
herein will become apparent to those skilled in the art from the foregoing description and fall

within the scope of the appended claims.

EXAMPLES

Example 1. Library design and construction

The antigen-binding 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 COR loops
for antigen recognition. In many cases one of the two varizble domains. ofien V g, determines

the antigen specificity. Mice with transgenic HC but intact LC repertoire generate
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neutralizing antibody titers (Senn et al., Eur. 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
Vs and the Vi domains can enable dual antigen binding specificity.

A semi-empirical approach was taken to find a design for diversifying the amine acid
composition and CDR length of antibody light chain and a library template 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 1500 human kappa light 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 to represent
amino acids which are part of the natural repertoire at these sites, whereas the remaining sites
were randomized 1o include all 20 naturally occurring amine acids.
in particular, the light chain template (variable domain) set forth below was modified as
described herein (underlined residues are randomized) (SEQ 1D NO: 103,
DIQMTGQSPSSLSASVGDRVT ITCRASQDzgVNTAVAWYQQKPGKAPKLLIY_S_%&SE LYS
GVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQOH YTITPPTFGOGTK VEIKRTY AAPS
VFIFPPSDEQLK.SG’FASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVT}_‘:‘QD SKDS
TYSLSSTLTLSKADYEKHKVY ACEVTHQGLSSPVTKSFNRGEC
Four sets of libraries were generated based on 3 human Fab and scFv templates where distinct
sets of positions were targeted for randomization (Figure 1).

In all of the libraries the heavy chain was held constant with its sequence defined by
the Library template. The heavy chain template (variable domain) sequence is set forth below
(SEQ I NO:11).

EVOQLVESGGGLVQPGGSLRLSCAASGFNIKDTYTHWVRQAPGK GLEWVARTYPTNG
YTRYADSVKGRFTISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGDGEY AMDY W
GOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTS
GVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK VDKK VEPKSCDKT
H

The library designs are summarized in Figure 1 and Figure 2. All library iemplates
contamed a stop codon (Sidhu 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 Figure 3.

In one example, we introduced mutations in the LC variable domain of 2 HER2-
specific antibody 10 identify variants that can bind a different protein anti gen while retaining
the original binding specificity. We took a conservative approach 10 randomize the LC CDRs

in order 1o generate varianis that can be stably expressed, Twelve solvent exposed LC CPDR
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positions were selected for randomization: five in CDRI (28, 29, 30, 31, 32), three in CDR2
(50, 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 natural diversity (30, 31, 50, 92, 93) were fully randomized while other
positions were limited to as few as two amino acid types to mimic natural antibodies. The
length variation of natural LC CDR1 and CDR3 was also reflected in the library (Figure 4).
In Figure 4, X denotes the amino acid types designed at low frequencies as shown. Length
diversity is constructed by nserting ! to 3 residues between residues 30 and 3] 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 (VEGF, DRS,
and human Fc) (Sidhu et al., J. Mol. Biol. 338:299, 2004). After four rounds of selection 85
phage clones were assayed using ELISA for binding to the target. HERZ, and a non-target
protein, BSA, 1o ensure specific binding. To enrich for target binding clones that maintained
HERZ binding, a final round of sclection on HER? was performed. The positive clones were
sequenced. To identify the highest affinity binders, the ICs, for antigen binding was
determined by competitive ELISA (Sidhu et al., J. Mol. Biol, 338:200. 2004y, The number of
unique clones as determined by sequence analysis and the number of unique clones that
maintain HER2 inding (bispecific ciones) are shown. These clones show minimum
background binding signals to irrelevant antigens, such as BSA.

Table 1. Light chain library sclection summary

Positive % | Unique Seq. + HER2 positive |
Human Fe fusion | 63 31 out of 61 !
hVEGF 77 41 out of 74 30 out of 41
DR5 long 85 5 out of 82 2¥out of 5

* = weak binding signal

{ DRS long

Target Bi-Specific, Screen Bi-Specific, Selection
Human Fe fusion I out of 31 Not determined
hVEGE 30 out of 41 94 out of 94

2* outof 5 2 out of 7**

* = weak binding signal Her2
**¥ = weak binding signal DRS
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Selection against three protein antigens: human vascular endothelial growth factor
(hVEGF), death receptor 5 (DRS5), and complement binding fragment of 1gG (Fc) generated
many binding clones (Figure 5A). Some clones lost binding affinity for HER2, while others
maintamed HERZ2-binding and were thus bi-specific. Sequence analysis of the 131 unique
Herceptin® antibody variants with new binding specificity identified the amino acid
substitutions and insertions compared to the Herceptin® antibody (Figure SB}.

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 fost HER?
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 HER? binding (Kelley and ¢’ Connell,
Biochemistry 32:6828. 1993). Representative VEGF-binding clones were expressed as Fab
and IgG proteins (Table 2).

Table 2. The representative antibodies isolated from the light chain library of the
Herceptin® antibody (SEQ TD NOS:12-23).

CDR-LI CDR-12 CDR-L3 Specificity K.pinhi)
2033313131333 5751570 e v 49
8 oicioloio] L] 2]a tlziziataialals

a|lblic| d aib
Hereeptin® [ DI VINL - | - [C [T T Al VIS AISIFlHI VI T T HER? 0
3 NV W DWW VI Pl A SIS Gl W YT Al VEGE 15
bH! DIIIP RIS SiGiYIVIiwWG S viHY T T 300726
bH3 Di1] @ Gl s W oAl S Y[ H[Y T T VEGFHERZ | 10.000/%
bH4 DITIR Gl s VJ wals[yiu[ v T T EXTT

* Differences from Herceptin® antibody are shown in bold.

To demonstrate that these antibodies bound specifically to their cognate anti gens and did not
mteract non-specifically with other proteins, we showed that there was no detectable binding
to a panel of mammalian cell lysates and non-antigen proteins. The assay confirmed the
mona- and bi-specificity of the purified IgGs or Fabs (Figure 6).

Equilibrium binding affinities (Kp} of the LC librarv-derived mone-specific
antibodies ranged from 15-150 nM. The bi-specific antibodies bound the new anti gens {ie.,
VEGF) with high nM to low uM affinity and HER? with Jow nM affinity (Table 23, Of the
antibodies shown in Table 2, the antibody bH1 displayed the highest bi-specific affinity for

the two different protein antigens VEGF (K =300 nM} and HER2 (K =26 nM).

Materials
Enzymes and M13-KO7 helper phage were from New England Biolabs. £, coli XL1-

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 Pierce. Immobilized protein G
and anti-M13 conjugated horse-radish peroxidase (HRP) were from GE Healthcare
(Piscataway, NJ). Maxisorp immunoplates were from NUNC {Roskilde, Dermark).
Tetramethylbenzidine (TMB) substrate was from Kirkegaard and Perry Laboratories
(Gaithersburg, MD). All protein antigens were generated by research groups at Genentech,
Inc. DNA degeneracies were represented using the TUB code and represent equimolar
mixtures unless indicated otherwise: N=A/C/G/T, D=A/ O/T, V=A/C/G, B=C/G/T, H=A/C/T,
K=G/T, M=A/C, R=A/G, S=G/C, W=A/T, Y=C/T.

For example, at certain randomized positions, the wild-type codon was replaced by a
degenerate NNK codon (N = A/T/G/C, K = G/T in an equumolar ratio} that encodes all 20
natural amino acids. The XYZ codon refers to a codon with unequal nucleotide ratios at each
position of the codon triplet. X contained 38% G, 19% A, 26% T and 17% C: Y contained
31% G, 34% A, 17% T and 18% C; and Z contained 24% G and 76% C.

Phagemid vectors for library construction

Standard molecular biology techniques were used for vector construction. Three
templates were constructed for library generation. Ali templates are derivatives of plasmid
pV0354 used in heavy chain libraries based on modified humanized 405 {version &) (Lee e
al., 2004a).

The 2C4 Fab-C template phagemid pJBU290 was constructed by cloning the 2C4
heavy chain variable domain into a pV0354-Fab-C vector containing the atkaline phosphatase
promoter (Lowman et al.,, 1991) and stIf secretion signal for both light and heavy chain of
Fab. 1t is engineered to contain a single cysieine at the C-terminus of the heavy chain variable
domaimn | to allow bivalent M13 phage display of the 2C4 Fab as previcusly described (Lee et
al., 2004b). The 2C4 light chain CDRs were incorporared into the Fab-C vecior by site-
directed mutagenesis using the method of Kunkel et al (Kunkel et al., 1587). 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 variable
domain into pV0354-Fab-C, and the light chain variable domain was modified (o contain
CDR-L3 of Fab-12 (humanized A4.6.1, an anti-VEGF antibody). The highly-displayved Vy
was selected from a Fab library that randomized heavy chain CDR residues of G6 Eah using
shotgun alanine scanmng mutagenesis (Liang et al., 2006; Vajdos et al., 2002} with CDR-1L3
converted to Fab-12 (Yo STVPW, SEQ ID NO:24) by panning on immeobilized anti-gr
antibody. The design and construction of the phagemid pV 1384, displaying 4d5 (LC-R66G)

sckv 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 gb) 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
HER2 only stightly (<2 fold} as described in Kelley and Connell (Biochemistry 32:682§,

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

Library construction

Phage-displayed libraries were created using oligonucelotide-directed mutagensesis as
described (Sidhu et al., 2004). The library template vectors comtained a stop codon (TAA)
embedded in COR-L{, which was repaired during the mutagenesis reaction using degenerate
oligonucleotides that annealed over the sequences encoding CDR-L1, CDR-L3 (all libraries),
CDR-LZ (LV/L2Z/L3-A, -B, -C, +L4-D) and the light chain framework 3 (L1/E4 and
Li/L2/L3+L4-Dj. The library mutagenesis reactions were performed according to the method

et

of Kunkel et al (Kunkei et al,, 1987). The iight chain CDR designs for the Iibraries are
described in Figare 1, which summarizes the degenerate codons used at each position for the
different libraries. Three or four oligonucleotides were mixed at certain ratios for each CDR
to encode the desired frequency of amino acid types at each position targeted for
randomization (Figure 4). The oligonuclectides were combined in different ratios to fine-
tune the diversity to reflect the amine acid frequency in natural light chain kappa sequences al
selected positions. For CDRI, three oligonucleotides containing codons for positions 91-94;
CAT NNK NNK RST (SEQ ID NO:25). KMT XYZ XYZ RST (SEQ 1D NO:26), or DGO
XYZ XYZRST (SEQ ID NO:27) were mixed at 1:3:1 ratios. XY7Z is a variation of NNK that
has equal proportions of the A/G/T/C for each site to reduce the coverage of aliphatic
hvdrophobic amino acids (Lee et al., J. Mol. Biol. 340:1073, 20043, For CDRZ, four
oligonucleotides containing codons for positions 56-33; NNK GST TCC NNK (SEQ ID
NO:28), TGG GST TCC NNK (SEQ 1D NO:29), KGG GST TCC T™MT (SEQ 1D NO:303, or
NNK GST TCC TMT (SEQ ID NO:313 were mixed at 1:1:2:10 ratios, For CDR2. each
length was a mixture of three oligonucieotides containing codons for position 28-33:
GroAnCae RTT NNK NNK TAC STA (SEQ ID NO:323, GapAsCa RTT NNK NNK DGG
STA (SEQ ID NO:33). or GrAzCag RTT NNK NNK NMT STA (SEQ ID NO:34) at 1:1:2
ratios. GuAsCa is 2 “soft” codon that allows 70% of the desi gnated nucleotide and 10%
each of the other three, encoding ~50% of Glu and ~50% of the other aminoe acids.

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

toop 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 library. Natural CDR-L3 also varies in length {lengths 7-19
residues between position 89-96), which is reflected by the library desi gn {lengths 8-10;
Figure 4).

Figure 1 shows the comparison of the {ight chain natural diversity and the actual
library 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 pg DNA
were used in each electroporation reaction. The library phage were purified (Sidhu et al., J.
Mol. Biol. 338:299, 2004). The number of transformants ranged from 10°-10'°. The display
level 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 c¢lones
were sequenced to examine the actual library 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 tempiate stop
codon in CDR-1 ensured 100% mutation of this CDR in expressed scFvs). These were
excluded from the sequence analysis of the actual library diversity, At the mmjority of the
randomized positions, the diversity of the phage displayed library of the displaying clones did
not deviate significantly (p>0.05, odds ratio test) from the designed diversity. Exceptions
were position 29 of the CDR-L1 where Val was found to be slightly over-represented
compared to lle {(p=0.005) and positions 51 and 53 of CDR-L.2, 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 after 4-5 rounds of sorting, Many protein targets were
known to allow functional immaobilization for library panning and specific antibodies have
been generated from validated phage-displayed libraries (Fellouse et al., 2005) (Lee et al.,
2004a). Te evaluate each set of Hbraries, we chose a subset of these targets for selection
(Figure 2). The libraries were subjected to an initial round of binding selection with anti-gy
antibody or protein L. as the capture target to eliminate clones in which the Fab/seFy 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. NUNC
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96-well Maxisorp plates were coated overnight with antigen (5 ug/mty and blocked for | hour
with alternating blocking agents (Fignre 7). Phage solutions of 10" phage/m! were added 1o
the coated immunoplates in the first selection cycle. The phage concentration was decreased
in each round of selection. Following incubation of the phage solutions on the immunopiates
to allow binding to the immobilized antigen, the plates were washed with PBS, (.5 % Tween
20, repeatedly. To increase the stringency, the incubation time 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 selection (Figure 7). Bound phage was eluted 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 immunoplate well was calculated and compared to that of a 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 target and anti-gl) was
compared to binding of a non-relevant protein (BSA) for checking non-specific binding,
Clenes that bound the anti-gD antibody and target but not the non-specific protein were
considered specific positives, Libraries L1/L3, L1/L4, L1/L2/L3-A, LIAZ/A3-B 1 and
L1/L2/L3-B_2 did not yield any specific positive clones whereas libraries L1/01.2/L.3-C and
LI/L2/L3+L4-D enabled isolation of specific antibodies to the target 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 to binding of a
non-target protein (BSA} to test binding specificity. To enrich the phage clones that
maintained HER2 binding, the eluted phage from the third and fourth round of VEGF or DRS
selection were amplified and subjected 1o another round of selection on HER2 coated wells.
The Vi and Vy; regions of the positive clones were amplified by PCR and sequenced.

The hit rate for hFC, hVEGF, and hDR3-If, was 63, 77, and 83% 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% (hVEGF), and 6.1% (hDRS-If). The

sequences of unique hVEGF 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 identify high affinity hVEGF binding clones a solution based selection approach
was taken foliowing 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 hinding

clones from the last solution selection step are found in Figure 9,

Isolation of bi-specific clones from lbraries L1/L.2/1.3-C and L1/L2/L3+L4-D

The library template for libraries L1/L2/L3-C and L1/L.2/L.3+1.4-D was an scFv
fragment modified from the hu4DS antibody, which binds Her2 with high affinity. Mapping
of the functional paratope of hudD5-5 for Her?2 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 the functional light
chain fibraries built upon Herceptin® antibody template retained Her2 binding ability. In an
attempt to isolate bi-specific scFv fragments from the functional libraries 1.1/1.2/1.3-C and
LI/L2/L3+L4-D, capable of binding Her2 as well as a sccond antigen, two strategies were
applied. In one approach the positive ciones from the previousiy described target antigen
selection 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
specificity. Oniy 1 out of 61 unique hFc specific positive clones clone still bound Her2
(1.6%73, 30 out of 41 unigue hVEGF binding clones still bound Her2 {73%y, and 2 out of 5
unique hDRS binders still bound Her2 (40%). In addition, & selection-based approach was
taken 1o 1solate bi-specific antibodies by selecting Her2 binders from the pool of hVEGF and
hDRS binding antibodies. The elution from round 4 of target antigen sorting was subjected to
an additional round of selection by incubating 2x 10" phage/m! on Her2 coated (Sug/ml) and
BSA-blocked Maxisorp immunoplates for | hour. The plates were washed 15 times with
PBS, 0.5 % Tween 20 and bound phage eluted as described previously. Random clones were
selected and assayed for Her2, anti-gl> and target binding and compared to non-specific
binding 1o an un-relevant protein (BSA). All 192 clones tested were identified as specific
positives and sequenced as described previously. Sequencing revealed 94 unique sequences,
In summary, this method generated 94 Her2/hVEGF bi-specific clones out of the 94 unique
clones tested (100%]) (Figure 8). The sequences of all isolated unique hVEGF/Her2 bi-
specific antibodies from both isolation strategies arc summarized in Figures 10A and 10B.

The sequences of isolated clones that lost all detectable binding to Her2 are shown in Figare
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11. Of the clones that have dual specificity, nearly all retained the Herceptin® antibedy
CDR-L3, making it likely that maintaining CDR-L3 is important for maintaining HER2
binding. In the case of hDR3, 2 out of the 7 unique 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 format (Sidhu et al.,
2004} was used to screen for high affinity clones for hVEGF and to study the VEGFR1-
blocking profiles. Briefly, Maxisorp Immunoplates were coated with 2 pg/mi RVEGF 4,
overnight at 4°C and biocked with 1% (w/v) BSA for | hour. Phagemid clones in £ coli
XL1-Blue were grown in 150 pl of 2YT broth supplemented with carbenicillin and M13-KO7
helper phage: the cultures were grown with shaking overnight at 37°C in a 96-well format.
Culture supernatants containing phage were diluted five-fold in PRST (PBS with 0.05%
Tween 20 and 0.5% (w/v) BSA) with or without the addition of 100 nM EVEGF 4 for affinity
screen. For receptor blocking screens, hVEGF coated wells were incubated with or without
VEGFR!I Domain 1-3 (D1-3} and VEGFRI Domain 2 (D2) before adding five-foid dituted
phage supernatant (Liang et al.. 2006; Wiesmann et al., 1997, After incubation for | hour at
room temperature (RT}, the mixtures were fransferred 1o the coated plates with hWVEGF 4 and
mcubated for 10 minutes. The plate was washed with PBT (PBS with 0.05% Tween 20) and
incubated for 30 minutes with anti-M13 antibody horseradish peroxidase conjugate diluted
5000-fold 1o | nM in PBST. The plates were washed, developed with TMB substrate for
approximately five minutes, quenched with 1.0 M H:PO,, and read spectrophotometrically at
450 nm. In the single-spot affinity assay, the ratio of the absorbance in the presence of
solution-phase hVEGF 4 10 that in the absence of solution-phase hVEGF,4 was used as an
indication of the affinity. A low ratio would indicate that most of the Fab-phage were bound
to solution-phase hVEGF qo in the initial incubation stage and, therefore, were unavailable for
capture by immobilized hVEGF . The high-throughput affinity assay results of the first 41
unique clones are summarized in Figure 12. Similarly, for the blocking assay, & low ratio
indicated that the binding of a clone to hVEGF, i is blocked by the hVEGF .46 - VEGFR 1
interaction, indicating that some clones have an overlapping binding site (epitope) on VEGF
with the respective VEGF receptor fragments (Figures 134 and 13B) and these clones are

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

The same principle as described in the previous section was applied to enable
isolation of clones with high affinity for h'WEGF and Her?2 for further characterization {Figure
14A). The high-throughput single point competitive ELISA was used to screen for high
affinity clones for hVEGF and Her2 by coating Maxisorp Immunoplates with 2 pg/mi
hVEGF g5, and Her2-ECD overnight at 4°C, followed by blocking with 1% (w/v) BSA for 1
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 1 hour at room temperature, the
solutions were applied to the coated immunoplates 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 DR3-
binding and DR3/Her2 bi-specific phage ciones from the initial single spot ELISA screen and
VEGF binding clones from the combined plate and solution selection. Phage clones were
propagated from a single colony by growing in 25 ml of 2YT culture supplemented with
carbenicillin and KO7 helper phage overnight at 30°C. Phage purified by precipitation in
PEG/NaCl were first diluted serially in PBST and tested for binding to an antigen-coated
plate. The dilution that gave 50-70% saturating signal was used in the solution binding assay
im which phage were first incubated with increasing concentration of antigen for one to two
hours and then transferred to antigen-coated piates for 10-135 minutes to capture the unbound
phage. ICs; was calculated as the concentration of antigen in solution-binding stage that
inhibited 50% of the phage from binding to immebilized antigen (Lee et al., 2004a). Figure
14B depicts the curves from which the [Cs, was calculated for the analvzed hVEGF binding
clones from the plate sorting strategy. The [Cs, values ranged from 22 nM to >1 uM (Figure
14B). The ICs, values for the RVEGF binders isolated by combined plate and solution based
selection ranged from 4! nM-226 nM (Figure 9). [Cs, values of DRS-binding clones ranged
from 20 nM to > uM. The ICy, values for hWWEGF/Her?2 bi-specific clones are summarized
in Figure 15,

Example 3. Characterization of Antibodies from the Light Chain Library
Conversion of scFvs to Fabs

To test whether conversion of the scFvs’2 as displayed on phage to Fabs affected the

affinity of the binding clones from the library, 2 clones (3-7 anti- hRVEGF and 4-1 anti-hDR3)
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were chosen for conversion to Fab and displaved on phage. The V| region of phagemid DNA
for selected hVEGF 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 inio a
similarly digested vector (pAP2009) designed for the phage display of Fab hudD5 by fusion
to the C-terminal domain of the M13 gene-3 minor coat protein (Lee et al., 2004b}. The
resulting bi-cistronic phagemid contains the light chain fused to an epitope (gD) tag at the C-
terminus and heavy chain (Vi and Cy 1) fused to the gene for M 13 minor coat protein (p3) C-
terminatly under the control of the alkaline phosphatase promoter. The first open reading
frame encoded a polypeptide consisting of the stll secretion signal followed by the Fab4D$
light chain, with the CDRs replaced by those of 3-7 ant-hVEGF and 4-1 amti-hDR3 scFv'2,
followed by a g-tag epitope. The second open reading frame encoded a fusion polypeptide
consisting of the following: the stll secretion signal, the Fab4D)3 heavy chain, an amber
{TAG) stop codon, a Gly/Ser linker sequence and c-terminal domain of g3 protein (cP3).
Expression in £ cofi XL-1 Blue co-infected with M13-KO7 resuited in the production of
M13 bacteriophage displaying Fab versions of 3-7 and 4-1 scFv'2. Competitive phage
ELISAs were used to estimate the affinities of the phage-dispiayed scFvs and Fabs for
KVEGF and hDRS as [Csy values, The data from the two different formats were in good
agreement (data not shown).

To enzble display of bH1 Fab on the surface of M13 bacteriophage, plasmid
pAP2009 was modified to 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 L.C and HC library, respectively. Separate heavy chain and light chain alanine and
homolog scanning libraries were constructed as previously described (Vajdos et al., J. Mol.
Biol. 320:415, 2002). The degeneracy ranged from 1x10° to 1x10° and the actual library size
from 6x10° 1o 4x10". The libraries were constructed as described above. Two to three
rounds of selection were performed on immobilized targets (VEGF, HER2-ECD, protein L, or
anti-gD mlgG) (Vajdos et al,, I. Mol. Bicl. 320:415, 2002). Target binding clones were
screened by phage ELISA for target binding followed by DNA sequencing and sequence
afignment to calculate the wild-type/mutation ratios at each position. The ratios from
sequence analysis of approximately 100 unique sequences of VEGF and HER2 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 to vield the Foynye values. As
only the Fab heavy chain is fused 1o the phage coat. the phage display of the gD tag, which is
fused to the light chain, is indicative of proper folding and association of light chain and

heavy cham. Consistently, protein L binding to a non-linear epitope on the light chain of the
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Fab also resulted in similar wild-type/mutation ratios as g} tag selections. Fune values were
converted to AAG using the formula AAG=RTIn(K, ../ pmud = R LIA(F uma) 85 described in
Vajdos et al, (1. Mol. Biol. 320:415, 2002},

Expression of library binders as free human Fab and 12G

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 human 1gG expression in mammalian cells
(Lee et al,, 2004a). Fab protein was generated by growing the transformed 34B8 £. coli cells
m complete C.R.A.P. medium at 30°C for 26 hours as described (Presta et al., 1997), The
higGs were expressed by transient transfection of 293 celis and higG was purified with
protein A affinity chromatography (Fuh et al., J. Biol. Chem, 27311197, 1998). The | L £
coli cultures were purified with protein G affinity chromaiography. 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 protein A affinity column followed by
cation exchange chromatography as previously described {Muller et al., 1998). Protein
concentrations were determined spectrophotometrically, The final vield for Fab was typically
(18-15 mg/] purified from a smali-scale shake flask growth. lgG production vield was
medium to high at 6.7-60 mg/l in small-scale culture (Figure 17). The purified proteins were
first characterized using size exclusion chromatography and light scattering to ensure that the
proteins did not exhibit significant levels of protein aggregation (<5%}.

Briefly, the Fabs and higGs expressed were screened by ELISA for binding their
respective antigen(s). All but one variant were found to bind their cognate antigen{s). Cicne
4-6 lost hDRS binding ability when converted to Fab and higG. Selected anti-VEGF clones,
raised against the shorter form hVEGF ., were tested for binding to hVEGF s using standard
ELISA {H3, H4_N, H4_D higG), and competitive ELISA (bH1, 3-1, 3-6, 3-7 higG). G6
higG (Fuh et al,, 2006) was used as a positive control (Figures 18A and 18B). As expected,
all clones bound hVEGF 4.

To study the extent of protein aggregation selected clones were analyzed by Size-
Exclusion chromatography (SEC) followed by Light Scattering (L) Analysis as purified Fab
and IgG. The samples were assayed in PBS at a concentration of (.5 mg/m! (hIgG) and |
mg/ml (Fab). A maximum of 5% aggregation was observed for zll sampies at the given
concentration (Figure 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 out at the expected
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time point, which suggested these reformatied IgG and Fab exhibit aggregation and or non-
specific interaction with the resin (data not shown). These clones were taken out of the set of
clonegs that underwent further analvsis.

To rule out cross-reactivity and non-specific binding, we studied binding of selectad
hlgG at high concentration (100 nM) to a panel of immobilized a panel of protein targets
including whole cell lysates, the cognate antigens, and homologues in a standard ELISA
assay. In addition to antigen, we immobilized a murine version of hWVEGF 10 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 | hour. The higGs (or
Fabs) were diluted in PBST t0 a concentration of 100 or 500 nM and transferred to the coated
piates. After a I-hour incubation, the plates were washed and incubated with HRP-
conjugated protein A, The binding signals were developed by addition of TMB substrate for
approximately 5 minutes, guenched with 1M H-P(O,, and read spectrophotometrically at Ayq,.
The hlgGs tested bound specifically to their antigen(s). Clones bH1 and 3-1 exhibited cross-
reactivity to murine VEGF (mVEGF) (Figure 19).

To test whether the bi-specific antibodies bH1, H3 (anti-hVEGF/Her2), and D1 {anti-
hDR5/Her2) could simultaneously bind their cognate antigens or if the antigens compete for
antibody binding, hVEGF and hDRS were immobilized at a concentration of 2 ug/ml. A
fixed concentration of higG was incubated with serial dilutions of Her2-ECD foliowed by
capture of the higl on the immobilized antigen. In each case, Her2-ECD binding was found
competitive with binding to the other antigens (Figure 20).

To accurately determine the affinity of [gGs and Fabs (i.e., anti-hVEGF and anti-
hVEGF/Her2 Fab and IgG isolated from the libraries) and to study the binding profiies in real
time, we used surface plasmon resonance (SPR) assays on a BlAcore™-3000 (BlAcore,
Uppsala, Sweden) machine with immobilized hVEGF, mVEGF, DRS. and Her2-ECD CM5
sensor chips at response units (RUY of 40-300 depending on the analyte studied.
Immobilization was performed as described (Chen et al., 1999}, To minimize avidity effects
of the bivalent 1gG analytes, a lower density of ligand was targeted on the sensor chip in these
cases. Samples of increasing concentrations ranging from a concentration approximately 10-
fold below to 10-fold above the estimated K, (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
mstrument drift by subtracting RU from ligand-conjugated flow-cell injected with sample
buffer (PBS with 0.05% Tween 20}. For kinetic analysis of the Fabs, a 1:1 Langmuir binding
model of was used to calcuiate the &, and k. When necessary {at high anaivie

concentrations} & 11 Langmuir binding mode! with mass-transfer limitation was applied. For
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the IgG analytes, a btvalent analyte binding model with or without mass-transfer limitation
was used (BlAcore Evaluation Software 3.2). In the case of H3 hig(, 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 concentration. The Kp was estimated as the ECy. A sumraary 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 analyzed
(bHI1, H3, H4_N, H4_D) showed low micromolar to micromotar affinities for hZVEGE. In
contrast, the affinities for Her2 ranged from 8-59 nM (Fab).

To determine whether the fight chain of anti-hVEGF binders bH1, H3, and H4 N
could bind hVEGF 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 light chain variable
domains mio a 2C4 Fab expression vector pfB0524, thus replacing 2C4 light chain variable
domain. The Fabs were expressed as previously described. The bH1/2C4 and H3/2C4
chimeric Fabs did not express at detectable levels. The H4 N/2C4 chimeric Fab proiein was
isolated and tested for binding to hVEGF (bH1 original specificity) and Her2 (bH1, 2C4
original specificity). No binding was detected to hVEGF and IHer? by a standard ELISA
binding assay (Figure 22). The results indicate that the heavy chain of bH1 is required for

antigen binding.

Comparison of anti-hVEGF epitopes

In an attempt to roughly map out the epitopes of the anti-hVEGF antibodies on
RVEGF, we studied the ability of these newly isolated anti-VEGF antibody to compete with
other hVEGF binding antibodies and VEGF receptors with known binding sites (Fuh et al.,
2006; Muller et al,, 1998; Wiesmann et al., 1997). The assays were done in a competitive
ELISA format where the VEGFR1 (Fit) Domain 1-3 and anti-h VEGF antibodies Avastin®
{1gG), B20-4.1 (1gG), G6 (Fab), and KDR Domain -7 Fe fusion protein were immobilized
on Maxisorp immunoplates at 2 pg/ml. The solution competition binding assay used
biotinylated VEGF equilibrated with serial dilutions of purified 1gG proteins, and the
unbound biotin-VEGF was captured with immobilized Fab or 12G coated on Maxisorb plates
and was detected with streptavidin-conjugated HRP (Lee et al., J. Mol. Biol. 340:1073, 2004).
Antibodies that block hVEGF from binding other hVEGF-binding antibodies or hVEGF.
receptors are likely to share over-lapping epitopes, High concentrations (uM) of the bi-
specific hVEGF/Her2-binding antibody, bH 1. enabled complete blocking of hVEGF binding
to its receptors, VEGFR1 and VEGFRZ, suggesting bH1 epitope overlaps sufficiently with
VEGFRT (Figure 23) and VEGFR2 (Figure 23). In addition, bH1 blocks hVEGF binding 1o
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B20-4.1 (Figure 24). H3, H4 N, and H4_D) also block hV EGF-binding to both receptors,
which points to similar epitopes as bH1 (Figure 23). The incomplete blocking profiles are
hikely to be a consequence of their relatively low affinity for RVEGF (Figure 21). 3-1,1in
contrast, does not block hVEGY from binding VEGFR1, even at the highest concentration
(0.5 uM) (Figure 23). Furthermore, we could not detect 3-1 hlgG biocking of the Avastin®
antibody (Figure 25). However, 3-1 hlgG biock hVEGF binding to VEGFR2 (KDR) {Figure
23) as weil as 1o B20-4.1 (Figure 24). These results indicate that 3-1 has a unique epitope

compared to the other antibodies.

Example 4. Structure-Function Studies of bH1, anti-hVEGF/Her2 Bi-specific antibody
To elucidate the nature of the bH1 interaction with its two antigens, VEGF and
HERZ, structural and functional studies was performed. The Herceptin® antibody and bH]
differ in CDR-LT (VINTA™ vs. FPPRSISGY™; SEQ ID NOS:35 and 36) and CDR-L2
(SASF™ vs. WYGSY™; SEQ 1D NOS:37 and 38). The bH1 anti-VEGF/Her2 was chosen as
representative for structural characterization based on its dual specific nature and its relatively
high affinity for VEGF and Her2. In order to study the functional and structural epitopes on
VEGF and Her2, we crystallized the bH! Fab in complex with VEGF 40 and the extraceiiular
domain of hHer2 and solved the structures of the two complexes by X-ray crystallography, In
addition, we performed alanine and homolog shotgun scanning anatysis using combinatorial

phage displayed libraries as described {Vajdos et al.. 2002).

bH1 Fab Expression, Purification, Crystallization and Data Collection

The receptor-binding portion of human VEGF, consisting of residues 8-109, was
expressed, refoided and purified as described previously (Christinger et al., 1996),

Residue 1-624 of the extra cellular domain of Her2 was expressed and purified as previously
described (Frankhin et al., 2004; Hudziak and Ulirich, 1991).

For targe-scale bH1 Fab preparation, whole celf pellet was obtained from a ten lter £
coli fermentation. 220 grams of cell paste was thawed into 1 L PBS, 25mM EDTA, 1mM
PMSF. The mixture was homogenized and then passed twice through a microfluidizer. The
suspension was then centrifuged at 12k in 230 ml aliquots for 90 minutes. The protein was
then loaded onto a Protein G column (25 ml) equilibrated with PBS at § mi/minute. The
column was washed with equilibration buffer and then eluted with 0.58% acetic acid. The
fractions were assayed by SDS PAGE (data not shown). Fractions containing bH 1! Fab were
pooied and then loaded onto a 56 m! Cation Exchange SP Sepharose column (Pharmacia)

cquilibrated 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 5.5.
Fractions containing the Fab were identified by SDS-PAGE (data not shown), and pooled.
bHI Fab eluted at 2 NaCl concentration of approximately 6.5 M. The Fab concentration was
determined by measuring the Agy. The final vield for bH1 Fab was 67 mg/l fermenter
growth,

Complexes were obtained by mixing the purified bH1 Fab and VEGF or Her2 ECD in
2:1 molar ratio and purified by size-exclusion chromatography (SP-200, Pharmacia) in 25
mM Tris-HCI, pH 7.5 and 0.3 M sodium chloride for VEGF-Fab complex and with 25 mM
Tris-HCI, pH 8 and 0.15 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 trials. Initial hanging-drop
experiments using the vapor-diffusion method ar 19 °C resulted in small isomorphous crystals
from 14 different conditions within 1 week in the case of the bH1-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 crystallization of bH1 Fab-VEGF (8-109), equal volumes of protein complex
solution (10.6 mg/mi protein. 300 mM NaCl, 25 mM Tris-HCI pH 7.5) and crystallization
buffer containing 0.15 M D, L Makic Acid pH 7.0, 20% PEGaas; was mixed and equilibrated
at 19°C. Large crystals appeared after 24 hours which belonged to space group €222, with
cell dimensions of a=100.6, b=198.0, ¢=77.7. The crystal forms contained | Fab and | VEGF
monamer in the asymmetric unit. Prior to data collection the crystals were cryo-protected by
transter between drops containing 5%, 10%, and 15% glycerotl in artificial mother liguor,
followed by a flash freeze in liquid nitrogen. Data was collected to 2.6 A at the beam line
5.0.1 of the Advanced Light Source (Berkeley).

Crystals of bH1 Fab-Her2(1-624) was obtained by mixing protein solution (11
mg/ml, 25 mM Tris pH 8 and 150 mM sodium chloride} with crystatiization buffer containing
25% wiv PEGaese, 0.1M MES pH 6.5, Crystals appeared after 12 hours that belonged to 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 in liquid nitrogen with 20% Ethviene Glvco! as ervo-protectant. Data was collected to

2.9 A at the beam line 5.0.1 of the Advanced Light Source (Berkeiev),

Data Processing, Stracture Determination, and Refinement

The data was processed using Denzo and Scalepack (Otwinowski, 1997). Th

L]

structures of bH1 Fab complexes was solved by Phaser (L. C. Storoni, 2004; Read, 2001).
The bHI-Fab-VEGF(8-109) complex was solved using coordinates of VEGF [rom a
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previously described VEGF-Fab complex (2FJG) and Fab fragments containing either the
variable domains V\/V; or the constant domains Cpy, /Cy of the Hercentin® antthody Fab-Her?
complex (IN§Z). Fragments of HerZ and the variable domain of the Herceptin® antibody
Fab from the Her2-Fab complex IN8Z were used as search models when solving bH [-Her2
structure. The constant domain of the bH1 Fab could nat be found using the Herceptin®
antibody Fab constant portion as a search model (IN8Z3 and had to be docked manually
guided by the Herceptin® antibody Fab-Her2 complex structure. Model building and
refinement were performed using the programs Refmac (Collaborative Computational Project,
1994) and Coot (Emsley and Cowtan, 2004), respectively. Stereochemical parameters were
analyzed using MolProbity (Lovell ef al., Proteins 50:437 (2003}). The structures were
refined 10 Ryuue=0.22 and Ry =0.27 for the Fab-VEGF-complex and Rou,.=0.25 and Ry,
=0.31 for the Fab-Her2-complex. A crystal structure of bH! Fab in complex with VEGF as
well as Her2-ECD was modeled. Some bH1 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 contact with the
antigen) for the two antigens on the same antibody 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 Her?2 on an essentially
identical epitope as the Herceptin® antibody.

The crystal structures of bH1 Fab bound 1o the extracellular domain (ECD) of HER?
(residue [-624) and to the VEGF 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 bH1
Fab/HERZ2 crystal structure superimposed with the Herceptin® antibody/HER? complex, and
the crystal structure of the bH1 Fab/VEGF complex.

In the bHI/HERZ complex. the Fab binds to domain IV of HERZ in a manner similar
to the Herceptin® antibody {Cho et al., Nature 421:756, 2003): the two complexes
superimpose with a root mean square deviation (r.m.s.d.) of Co. positions 0f 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., Cell
91:695, 1997; Muller et al., Proc. Natl. Acad. Sci. USA 94:7192, 1997). Consistently, the
bH1 blocking of VEGF binding to its receptors was observed (Figure 27). For the data
shown in Figure 27, biotinylated human VEGF s was equilibrated with increasing
concentrations of 1gG (x-axis). Unbound hVEGF 4; was captured on immobilized VEGFR2-
ECD Fe fusion and detected spectrophotometrically (optical density at 450 nm, y-axis).

As shown in Figure 28, the binding sites for VEGF and HERZ on bH1 overlap
extensively. Twelve out of the fourteen residues that engage HER2 also contact VEGF. Both

binding sites inciude CDR residues from the HC as well as LC. In the HER? complex, 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 bH ! are similar
and differ only in the CDR-L1 and -L2 regions where the Herceptin® antibody sequence is
not conserved in bH!I (Figure 28). In Figure 28, residues on the bH1 or the Herceptind®
antibody Fab surface are shaded according 1o the extent buried by VEGF or HER?2 (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 residves differ
between bH1 and the Herceptin® antibody. The white dotted line depicts the divide of light

and heavy chain.

Table 3. Crystallographic Studies

bHI Fab/BVEGYF complex bHI Fab/HERY-ECD compiey

Data Collection Statistics

Space group 22 P22

Unnt Cell (A) 1=100.6 b=108.0, «=77.7 a=G23 p=il51, ¢=2081
Beamline, wavelength ALS3GL ALS 501
Resolenon (A} 500-04 500-2.8

Revm® 0.090 10.65] 0005 {0.658)
Number of Ohservationgs 151689 192051

Unigue Reflecnons 24765 34148
Cempleteness (%)% 00 & (190) 100506y

[RTRE RN 18030 185 {363

Refinernent Statisfics

Cemen of assymumenic untt

12 VEGFE dimer,

U Her2-ECTY monomser. | Fab

Resotution (A3 30.0-26 wene
Reftection used 23977 1277
R Facior”. Rfree 019 023 0.32,028
RMS Deviation Bonds (A 0011 o018
RMS Deviation Angles (%) .2 1.3
Ramarhandran Stanstics

Favoured Remons (%o 96 3% &G 08,

Abiowed Regrons (%) 59 4% 87 9%

Cruthers (%5} 0.6% T 1%
WNumber of Residues 3% 1017
Wumbers of waters 14 £
Nuber of Sugary 4 3
Number of Ligandslons 1 (Glveerol) 1 {MESY

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

R Factor™= I FO-F¢ L1 FO. Rfrec is calculated as R except for 5% of the reflections excluded
from all refinements.

* Values in parenthesis denote values of the highest resolution sheli.
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The conformation of bH1 Fab in compiex with HER2 is markediv similar 1o that of
the VEGF-bound Fab (rm.s.d.= 0.7A, Ca). The CDRs of both bH1 Fab structures
superimpose well with each other and with the parent Herceptin® antibody Fv and bH1 Fv
(HER2) rm.s.d.= 0.6A, the Herceptin® antibody Fv and bIH] Fv (VEGF) rmus.d= 1.2A.
The CDR-L1 is an exception and differs significantly in the two complex structures, the
deviation is 4.6 A (Ca of residues 27-32). Figure 30 shows that the CDR conformations of
bHI Fab bound to VEGF are marked!y 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.,=4.6 for bH1 residues 27-32) (Figure 31).
In the HER2 complex, 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, He3Gc and Tyr32, have different conformations and play
different roles in bH1 binding to HER2 or VEGF. In the HER2 complex, the side chain of
tle30c¢ is buried in the hvdrophobic core formed by CDR-L1 and CDR-L3 residues. In the
VEGF complex, this side chain forms hyvdrophobic contacts with VEGF. The Ca of Tyr32 is
in the same position in the two structures, but its side chain is rotated ~130 degrees. In the
HERZ 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-LT and
CDR-L3. The CDR-LI conformation is further stabilized by hydrogen bonds between Tyrd2
and the LC framework residue Gly72. The structural analysis confirms that Tyr32 is critical
for VEGF binding as mutation to either alanine or phenvlalanine is not tolerated. Contrary to
VEGF binding, mutation of Tyr32 to alanine (back to the Herceptin® antibody residue) s
preferred for HERZ binding. Superposition of the two complexes reveals that VEGF would
clash with Tyr32 of CDR-L1 in its HER2 bound state (Figure 31). In Figure 31 the side
chains of residues Tyr32, lle30c, Tie29, and Glv72 are shown as sticks. Residues with
temperature factors higher than average are shown in darker shading (residues 28-30b).
Hydrogen bonding between Tyr32 and Gly72 is illustrated by a dotted line.

The above results indicate that the capability to rearrange CDR-L] is necessary for
the bi-specificity of bH1. Similar conformational flexibility of CDR-L1 has been shown 1o
play a role in antigen recognition of natural antibodies (Jimenez et al., Proc. Natl. 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 crystai structure coordinates (PDB codes, 3BDY, 3BET, IN&Z)
using PYMOL (Delano Scientfic, San Carlos, CA).
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bH1 Shotpun scanning

To study the antigen-binding sites of bi11Fab, shotgun scanning combinatorial
mutagenesis using phage-displayed Fab libraries was performed (Vajdos et al., 1. Mol. Biol.
3200413, 2002; Weiss et al,, Proc. Natl. Acad. Sci, USA 97:8650. 20003, Binding selections
on the antigens (hVEGE and Her2-ECD) to isolate functional clones followed by DNA
sequencing enabled caleulations of wild-type/mutant ratios at each varied position (Vajdos et
al.. 2002). These ratios were then used to determine the contribution of each scanned side-
chain to VEGF and Her2 binding. The results enabled mapping of the functional paratope for
binding VEGF and Her2,

bH1 Shotgun 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 a homolog residue or wild type (Homolog Scan). The nature of the genetic code
required some other substitutions to be included in the library in addition to Wt/Alanine or
Wt'Homlog residues (Figure 33). Separate heavy chain and light chain alanine and homolog
scanning libraries were constructed. The libraries are described in Figure 34, The

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

Construction of shotgun scanning libraries

As noted above, to enable display of bH1 Fab on the surface of M13 bacteriophage, a
previously described plasmid AP2009 designed to display hudD5Fab on phage fused to the C-
terminal domain of the M13 gene-3 minor coat protein, was modified to encode bH [ Fab
using standard molecular biology techniques. The C-terminus of the light chain contained an
epitope (2D} tag. “Stop template” versions of the bH1 Fab was used as library template
(Sidhu et al., 2004). The light chain alarine and homolog scanning library had stop codons in
CDR-L1, CDR-L2 and CDR-L3 and the heavy chain zlanine and homolog libraries contained
stop codons in each heavy chain CDR. The libraries were constructed by previousiy
described methods (Sidhu et al., 2004} using Kunkel mutagenesis (Kunkel et al., 1987) on the

respective stop templates.

Library selection

NUNC 96-well Maxisorp immunoplates were coated with 5 pg/ml capture target
(hVEGF g , Her2-ECD or anti-gD mlgG) and blocked with | % BSA (w/v) in PBS. Phags
from the above-described librarics were propagated with KO7 heiper phage (NEB) as

described (Lee et al,, 2004a). The library phage solutions were added to 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 ¢.1 M HCI for 30
munutes. 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 Hibraries
except LC-Ala and LC-Hom sorted on hVEGF, 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 LC-Ala was screened for hVEGF
binding in phage ELISA (Sidhu et al., 2000). Clones that exhibited hWEGF ELISA signals at
teast two-fold over signals on a control plates coated with BSA were selected for sequencing.
The LC-Hom library was subjected to 1 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
translated and aligned (Data not shown). The number of sequences from each library subject

te analysis is summarized in Table 4 below.

Table 4. Number of Sequences Analvzed

Library Total Sequences
LCA-VZb 51
LCH-V3 75
LCA-H2 97
LCH-H2 50
LCA-gD t1z
LCH-gb> 120
LCaA~pL 60
LCH-pL 65
HCA-V2 100
HCH-V2 96
HCA-H2 81
HCH-H2 96
HCA-gD 105
HCH-gD 105
P HCA-pl 102
HCH-pi 99 |
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The Wt'Mut ratios were caiculated at each varied position (Figure 35 and Figure 36} thus
allowing calculation of the F,u.,., values as listed (Figure 35 and Figure 36) which are
corrected for display by division of the ratios from target selection by those from the display
solection as deseribed (Vajdos et al, 2002), A Fopmy value greater than | indicates that Wt is
preferred at this position and Fume smaller than 1 indicates the mutation is preferred. Fouma
>5 indicate its important role in antigen binding. The importance of each scanned CDR
residue is iliustrated in Figures 37A-37D. The result demonstrates that residues from both
heavy chain and light chain contribute energetically to the binding of both antigen (Her2 and
RVEGF) binding. The impact of bH1 light chain and heavy chain residues on Her2 binding
was compared to that of its parent antibody hudDS (Kelley and O'Connell, 1993) (Figure 38),

Figure 39A and Figure 39B show shotgun alanine- and homolog scanning of bii|
Fab for binding 1o VEGF and HER2. The effects of mutation of alanine (m] 3, or addittonal
mutations (m2, m3; due to limitations of shotgun-alanine codons), or to a homelogous aminc
acid (m4) are calculated as the ratio of occurrence of wild-type and mutants (wt/mut) among
the clones binding to human VEGF (Figure 39A) or HER2 (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 {m1). The “*»
mdicates the extent of the bH1 residues that are buried upon VEGF or HER2 complex
formation (*25-49% of accessible area buried, **50-75% of accessible area buried,
***areater than or equal to 75% of accessibic area buried).

The residues that contribute significantly fo the energetic interactions make up the
functional paratopes, which constitute a subset of the structural binding sites. In contrast to
the extensive overlap between the sites of antigen contact the twe functional paratopes show
fimited overlap (Figures 32 and 48). In particular, based on shotgun scanning mutagenesis.
the AAG values (y-axis, keal/mol) are plotted for each mutation to alanine (black bar) or a
homologous amino acid (white bar) for VEGF (Fignre 40A) or HER2 (Figure 40B) hinding.
The “t” represents a lower limit, as mutations were not observed at this position. The «*
indicates the extent of the bH1 residue surface area buried upon VEGF or HER2 complex
formation. (*25-49% buried, **50-75%, ***>75%). The VEGF binding interaction is
mediated primarily by the LC CDRs with Tyr32 of CDR-L] and His91 of CDR-L3 as the
core hot spot (AAG . > 1.5 keal/mol), HERZ binding 1s mainly contributed 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
lettering, AAG Z 1.5 keal/mol; intermediate shading and black lettering, | = AAG <1.5

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

For VEGF binding and HER2 binding, the functional paratope residues are
distributed across HC and LC signifying the synergy of the two chains, Trp95 of CDR-H3 is
the only common hot spot residue for the two interactions (AAG a5 keal/moly. As noted
above, the VEGF binding interaction is mediated primarily by the LC CDRs while HER?
binding is dominated by HC CDRs. Compared to the Herceptin® antibody, b with weaker
HERZ binding affinity (300 fold) mainiains the same core hot spot residues for HER2 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 coniributing
hudD5/Her2 binding are still important for bl 1/Her2 binding (AAG>1.5 kcal/mol). There are
some changes. Light chain residues have more shuffiing 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 bH1-VEGF and bH | -Her2 complexes.

In short, the interaction of bH! with the two structurally unreiated large proteins is
characterized by the engagement of a distinct set 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 (L 1)
facilitates the accommodation of both HERZ and VEGF, The mechanism is reminiscent of
the molecular versatility observed in multi-specific antibodies binding unrelated small haptens
or peptides. Previous studies describe multi-specificity mediated either by differential
positioning of the small ligands at spatially distinct regions of a single antibody conformation
(Setht 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 to

antibodies that bind two unrelated protein antigens.

bHI affinity maturation

In an attempt fo investigate whether the VEGF-binding affinity of bH | could be
mereased by optimization of the light chain sequence before the structural and functional
results becamne available, a library was constructed where the CDR residues at highly solvent-
accessible positions based on the crystal structure of h4D5* Fab (Eigenbrot et al., 20013,
which is assumed to closely 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 librarics.” A

solution-based selection method was used to select for higher affinity VEGF-binders as
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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 30 nM in the first round 0 20 oM in the second round. 13% clones were sequenced from
the fast 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 1o identify
clones that bound to VEGF, Her2-ECD, and anti-gD) mlgG but not to BSA. The VEGE-
ELISA binding signals were normalized by the anti-gD) ELISA signals to estimate the relative
affinity of the VEGF binding clones. 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-displayed Fabs as previously described. The bH |
variants show improved VEGF binding-affinity compared to the parent bH1 clone.
Interestingly, some clones have slightly improved 1Cs; values for Her2 binding even though
that affinity-based selection for Her2 was not performed. This shows that it is possible to
aftinity mature the bH1 clone for VEGF binding without affecting Her?2 binding ability
significantly. There are some VEGF-affinity improved 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 to Her2 despite the fact that heavy chain is
the mair contributor to the binding energy based on the bH1-Her2 complex structure and
shotgun alanine scanning analysis. The sequences and ICs, values of the characterized clones
are summarized in Figure 41, The finding that most sequences were unique suggests that the
light chain sequence of these variants is not yet fully optimized for VEGF binding and that it
15 possible to further affinity-improve bH1 clorne by additional rounds of selection.

As shown in Table 5, significant affinity improvement of a single Fab for two
antigens is achievable and generally appiicable. For instance, the Ky for human VEGF was
increased from 250 (bH1: 1gG)to 41 (bHI-81; IgG) or 16 nM (bH 1-44; [gG) and the Ky for
HER2 was increased from 21 (bH1; 1gG) to 7 (bH1-81; 12G) or | nM (bH1-44; igG)y.

The aflinity was improved by introducing mutations in the HC and LC CDRs of bH 1.
The positions were selected based on the information about the functional paratopes for
VEGF and HER2 described herein. The bHI variants were isolated in two steps by selection
and screeing 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 a library by
randomizing residues of bH1-81. In particular. oligonucleotides were designed that
randomized sites in the HC and the LC of bH1-81 (Table 5} to encode ~50% wild-type and
50% of ali other 19 amino acids at each 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 1gG antibodies were expressed in £ Coli
and 293 celis respectively, and purified as described herein. Surface plasmon resonance
(SPR} measurements with BiAcore3000 were used 1o determine the binding affinities of Fab
fragments and [gG antibodies as described in Lee et al. (J. Mol. Biol. 340:1073, 20045 To
study the affinity of the antibody as monovalent Fub fragments, the antigens (hVEGF 1,
murine VEGF,q;, and HER2 ECD) were immobilized at low density on a BlAcore CM3 chip.
Serial dilutions of Fab fragments were contacted with the immobilized antigens and the

binding responses measured by SPR. A 1:] Langmuir binding mode! was used to calculate

10 the kg, ko, and K. To determine the K of the IgG antibodies, the JgG was captured on
BiAcore CMS chip by immobilized anti-Fe antibody and exposed to serial dilutions of
hVEGF, g, murine VEGF g3, and HER2-ECID}. For HERZ a simple 111 Langmuir binding
model was used to determine the K, while VEGF required a bivalent analvte model. All the
experiments were performed at 30°C,

Table 5 shows the randomized positions in boid and summarizes the CDR sequences
(SEQ ID NOS:1-9 and 39-41) of bHI, bH1-81. and bH1-44 and their affinities (as determined
by surface plasmon resonance).
Table 5. Variants of bH1 with improved dual affinity B
: Kl (nhd}
Laght Cham |
] hYEGH mYEGE TEERZ
Antibody CORL COR-12 CDR-L.
m o oo e & e te e w e e e e e Fab Fab Fab
B8 8F X E s B8 w2 7oty Poso¥os %2 % ot s
B e KA 1 5 4Gy w4 s ¥ oL YiH Y T Y F P 300 =000 2 2
bit 254 Ealeis] .
R ALK T F LR | .
HHIR} . IR o4 NI tse i
praq | N AKRT : $F CIETIRNE TNt &
20
Heawvy Cham
Antibndy CIR-H! CDR- M2 ChR-H:
£ R & 3 28 5 % § o3 %2z ozog 82 £ 8 ozog
ROT K B 7T YiR T Y 7 T R GY FTORIW G & B ETETY T AR
b
piti-gt
A s G £ B ¥ ¥
ND= not determined.
30 The monovalent affinity of the antibodies for human VEGF 14, murine VEGF g, and

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

{Kq) for each binding interaction. The receptor-binding fragment of VEGF (VEGF g5} was

used in the BlAcore experiment because the bHI variants bind the full-length protein
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(VEGF 45) and VEGF g9 with similar affinity in solution competition experiments (data not
shown). Different assay formats and evaluation models were used to caleulate the K for Fab
fragments/IgG antibodies as described herein. The different assay/evaluation formats vielded

consistent dissociation constants for the individual interactions.

Example 5. Analysis of IgG activity in cell assays

To determine whether the bH1 and 3-1 antibodies could inhibit AVEGF s induced
proliferation of human umbilical vein endothelial (HUVEC) cells, they were tested in a
proliferation assay. Human umbilical vein endotheliai cells (HUVEC) (Cambrex, East
Rutherford, NJ} were grown and assayed 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 Dulbecco's modified Eagle's/F-12 mediom (1:1) 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 jevel of VEGE
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 pulsed with 0.5 pCi/well of ["H]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
signaling and subsequent proliferation, The Avastin® antibody {(anti-VEGF) was used as a
positive controf and the Herceptin® antibody as a negative control (Figure 42).

To study binding of bi-specific anti-Her2/VEGF antibodies to Her2 expressed on
mammalian celis, the binding of bH1 and bH3 antibodies to NR6 fibroblast cells over-
expressing Her2 (NR6-Her2) was studied by Flow Cytometry. One million NR6-Her2 celis
were incubated with 00 pg/ml Fab and IgG for 1 hour, followed by incubation with an
Alexad88-conjugated murine anti-human lgG antibody for | hour. As negative controls, Fab
and IgG binding to non-expressing NR6 cells was studied. As demonstrated in Figure 43,
bHT and bH3 bind specifically to Her2 on NR6 cells as Fab and as IgG.

Figure 44 shows the results of competitive binding experiments for bH! to VEGF or
HERZ. bHI inhibited VEGF induced proliferation of human umbilical vein endothelial cells
(HUVEC) with an ICs of 200 nM, which is consistent with its affinity of 300 nM, and the
proliferation of HERZ-expressing breast cancer cell line BT474 after S-day incubation, albeit
with lower efficiency than the Herceptin® antibody due to its reduced affinity (Figare 45).
The Herceptin® 126 antibody and bevacizumab (anti-VEGF) served as controls. Ag shown
it Figure 45, bHI-81 and bH1-44 antibodies inhibit VEGF-induced proliferation of HUVEC

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

To camy out these experiments, VEGF-stimutated HUVECS were treated with
increasing concentrations of human 1gG 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" celis 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 cells were then
incubated at 37°C for five days, followed by addition of 10% AlamarBlue (Biosource
International, Camarilio, CA) according to the manufacturer's instructions. The antibody-
dependent inhibition of profiferation of the HERZ expressing cells was determined by

measuring the fluorescent signal after 6 hours,

Exampie &. Analysis of binding specificity

The binding specificity of the antibodies derived from the LC library was determined.
IgGs binding 1o various immobilized purified proteins or cell lysates including the cognate
antigens was assayed by ELISA. The antigens were immobilized and incubated with hlgG at
a concentration of 15 pg/mL for an hour. Bound 1gG were detected spectrophotometrically
(optical density at 438 nm; y-axis; Figure 46). The protemns included in the assay were (left
to right in Figure 46); vascular endothelial growth factor A {VEGF), murine vascular
endothelial growth factor (murine VEGF), vascular endothelial growth factor C, (hVEGF-(,
vascular endothelial growth factor D, (hWWEGF-D). HER2 extracellular domain {HER2 ECD),
epidermal growth factor receptor extraceliular domain (hEGFR), ErbB3/HER? extracellular
domain (HER3 ECD), human death receptor 5 (hDRS), bovine serum albumin (BSA), Casein,
Fetal Bovine Serum (FBS), Neutravidin, 5% milk, mouse fibroblast cell lysate, and mouse
fibroblast cell lysate spiked with hVEGF-A or HER2 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 VEGF, HER3 ECD, Neutravidin, 3% milk, cell
tysate spiked with hVEGF-A, and cell lysate spiked with HER2 ECD.

The ability of various antibodies (Avastin® antibody, Herceptin® antibody, bH1,
bH3, bH4, bHI-81, and bH1-44) to block VEGF binding to VEGF receptors was also
determined (Figure 47). Biotinylated human VEGF s (Figure 47A) or murine VEGF 44
(Figure 47B) were equilibrated with increasing concentrations of 12G (x-axis). Unbound

VEGF was captured on immobilized human VEGFR2-ECD Fc fuston 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 to compete for binding to bH 1-44
bispecific Igl antibody in solution (Figure 48). Human bH1-44 Ig( antibody at a
concentration of 0.1 nM was incubated with 0.1 nM biotinytated human VEGF 4 in the
presence of increasing concentrations of HER2 ECD. bH 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 (Figure
48A). Human bH1-44 [2G at a concentration of 0.2 nM was incubated with (.6 aM
biotinylated HERZ2 in the presence of increasing concentrations of human VEGF ... bH1-44
was captured by immobilized anti-human Fe and bH{-44-bound biotin-HER2 detected with
streptavidin-HRP (Figare 48B).

The specific binding of bHI and bH1-44 to cells as also detected by using FACS
(Fluorescence Activated Cell Sorting: Figure 49). The bispecific antibodies (bH1 and biH 1~
44) bind to HERZ expressing mouse fibroblast (NR$) cells (Figare 49B) but not to HER?
negative NR6 cells (Figure 49A). 0.5-1 million cells were incubated with 15 pg/mL 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 a FACS
Calibur flow cytometer. bHI and bHI1-44 do not cross react with the ral ortholeg of HERZ. as
no binding was detected to mouse fibroblast cells transfected with rat neu (rat ortholog of
HERZ).

To further characterize the specificity of the bH1 antibody variants bH[-81 and bH -
44, immunoprecipitation experiments were conducted and the bH ! antibody variants were
shown to specifically immunoprecipitate VEGF or HER2 from mouse fibroblast (NR6)
lysates, but not other protzins (Figure 50}, NR6 cells were non-specifically biotinylated,
lysed, and cell membrane proteins detergent solubilized. Cell lysates corresponding to 5-10
million cells/fmL of NR6 cells, NR6 cells spiked with 0.1 pg/mL biotinvlated VEGF, 5 or
HERZ2 over expressing NR6 cells were incubated with 15 pg/ml antibody. The antibody was
captured using proteinA-coated sepharose beads and bound proteins eluted. The eluted
protems were separated by SDS-PAGE. Cell lysates corresponding te approximately 235-
50,000 cells and immunopreciptate from approximately 0.12-0.25 million cells were loaded
onto the gel. Captured biotinviated proteins were detected by Western blotting using

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

To assess whether the dual activity of these antibodies im virro transiates 1o a
corresponding activity in vive, we employed mouse xenografl tumor models known to be
responsive (o treatment by anti-VEGF antibody (Colo203, a colorectal cancer cell line) or
Herceptin® antibody (BT474M1, breast cancer cell line). In particular. Colo205 xenografis
were used in nu/nu mice and BT474M1 xenografts were used in beige nude XID mice. All
animal studies were in accordance with the guidelines of the American Association for
Accreditation of Laboratory Animal Care and the Genentech Institutional 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 cells suspended in
Hank's Buffered Salt Solution (HBSS) and matrigel (1:1) mixure were injected into the
mammary fat pad of Harlan beige nude X1D mice (Indiznapolis, INY implanted with an
estradiof pellet subcutaneousty. For Colo205 xenografts, 5x10° Colo205 cells in HBSS were
subcutaneousiy injecied ino Charies River nu/nu mrice {Hollister, CA). When the mean
tumor size reached ~200 mm’, the mice were randomly grouped into 7 groups of § mice
(BT474MT) or 10 mice (Colo205). Antibodies were administered intraperitoneally once a
week. The tumor sizes were measured twice a week., Volumes were calculated as V70.5ah”
{a is the longest dimension of the tumor and b perpendicular to a). The statistical evaluation
used one-way analysis followed by two-tailed student 1 tests. Adjustment of the alpha level
due to multiple comparisons (Bonferront) did not alter the significance of our conclusions.
Partial responses (PR} were defined as a response of 50-00% reduction in turmor volume
compared to VU. Serum samples were coliected 7 days after the first and third reatment, The
concentration of human antibody was determined using ELISA. Donkey anti-human 1gG Fe
was immobilized on an immuno plate. Dilutions of serum and an antibody standard wers
incubated on the plate for 2 hours, Beound antibody was detected by Horseradish Peroxidase
conjugated goat anti-human IgG Fe followed by TMB Substrate/| M Phosphoric Acid. The
plates were read at 450/620 nm. Sample concentrations were determined using a 4-parameler
algorithm.

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

after the start of treatment, indicating normal pharmacokinetics (Table 6).
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Table 6. Antibody serum levels

Antibody Concentration {(ug/ml)

Group Mean SD
Control 1gG 10 mg/kg 65 | 14
Herceptin® 10 mg/kg X 47
Anti-VEGF 10 mg/kg 20 ' 8
Anti-VEGF+Herceptin® 4} 25
10410 mg/kg
bHI1-44 10 mg/kg 30 {2
bH1-44 20 mg/kg 37 9

For each group, n=35; 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 Colo205 growth (p=0.12, n=10}. As expected.
the combination treatment showed similar efficacy as anti-VEGF alone. bH1-44 antibody
administered at 10 and 20 ma/kg/week vielded dose-dependent responses. In the BT474M1
model, significant tumor growth inhibition was observed in the group of mice treated with
bH1-44 antibody (10 my/kg/week, p= 0.0005, n = 8 and 20 mg/kg/iweek, p = 0.0001, n = 7).
Like the groups dosed with Herceptin® antibody or Herceptin®/antiVEGF combination,
more than half of the tumors treated with bH1-44 antibody showed regression of more than
50% from the initial velume (i.e., partial response. Figure 513, Anti-VEGF alone, on the
other hand, oniy exhibited modest growth inhibitory effects on BT474M [ compared to
control (p=0.06, n=7} and exhibited no partial response. The bispecific bH1-44 antibody was
thus shown to inhibit two distinct mechanisms important for tumor growth in vivo.

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

growth in vivo,

Example 8. Characterization of VEGF and HERZ binding interfaces with bH1 and
bH1-44

To further compare the structural characteristics of bH1 and bH1-44, the VEGF and
HER2 binding interfaces with these antibodies were identified. The structural contacts Fsted
in Table 7 were identified based on the crystal structure coordinates 3BDY (bH1/VEGF) and
3BE1 (bHI/HER2). The binding interface was calculated using the program XSAE. This

program defined the interface as polar, hyvdrophobic, and mixed. Table 7 Jists the bii]

-5
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residues with >25% of the total surface area buried upon HERZ or VEGF binding. Table 7
also lists the VEGF and HER2 residues within 4.5A of the bH residues. The surface area of
each residue that is buried upon complex formation was calculated using IMOL based on the
coordinates of the crystal structures 3BDY, 3BE1, and IN8Z (PDB). The polar and
hydrophobic interface areas reported in Table 11 reflect the polar interface area and half of
the mixed. The hydrophaobic interface area reported consists of the hydrophobic areas and
haif of the mixed.

The crystal structure and alanine scanning showed that bH 1 retains the same binding
epitope on HERZ as the Herceptin® antibody (Bostrom et al., 2009). The crystal structure of
Herceptin® Fab in complex with HER2 superimposes well onto the bH1/HER2 complex
(rm.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 hotspots of bH|
and bH1-44 (Bostrom et al., 2009; Kelley and O'Connell, 1993) (Table 14, Figure 62), The
interfaces berween bHI/VEGF and bHI/HERZ bury 1566 A’ and 1579 A”, respectively, and
are mainly hydrophobic (60% and 63%, respectively). The Herceptin®/HER2 binding
interface has similar size and composition as the bHI/HER? interface (1524 A%, 60%
hydrophobic, Table 11), and is also characterized by high shape complementarity (Table 8)
(Bostrom et al., 2009).

Table 7. List of structurai contacts of the complex of bH1 Fab/HER2 ECD and
bHI/Fab/VEGF 0. The table lists residues with >25% of the total surface area buried upon
HER2 and VEGF binding. The VEGF and HERZ residues within 4.5 A of the bH1 residues
are listed, The surface area of each residue that is buried upon complex formation was
calculated using IMOL based on the coordinates of the crystal structures 3BDY, 3BE!, and

INSZ (PDB).

bH1 residue b:réigrziz} HERT residues contacting bH1 b’;?;g‘;‘r;ﬁi) VEGF residues contacting bH1

Y33 48 ES58 ¥373 87 HE&o
R50 97 E358 D560 F573 35 H86

- Y52 30 HEs

f:% Y56 i 42 P557 ESSR

£ mss s ESSE Q561

= wos 100 P3T7I F373 61 HE6 Q87
GYY 43 D570 P87 K393 75 K48 183 Q89
Y 1G6a 86 35370 PE7Y PSTI FSTU3 35 I83 K84 PES HBo Q87 G88 Q89
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528 39 151 (G52 E93
129 77 RE2Z H90 197 (92
§3¢ 65 H9G 191
G31 85 GEE QRY HO9O 191
E ¥32 57 D370 PSTE AG00 Co0l (602 &y QBSG HB0
Ei Wwsg 62 K593 P603 39 FI7 M81 Q89
-% Y53 44 P03 C6B4 PROS 74 F17 M18 191
HY1 90 P571 PS72 L3 GBE Q89
Y92 55 K569 P57t Ps72 76 Y45 KE4 GEB (B9 HeG
T3 61 K84 QBT GB8
T94 68 D560 ps72 55 H&e 87

The shape complementarity (represented as Sc in Table 8) between the antibody and the
antigen was determined as described (Lawrence et al., 1993). The high shape complermnentarity in
the bHI/VEGF and bHI/HERZ2 complexes, similar to the complementarity between 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-bound
conformation or VEGF with bH1 in its HER2-bound form reveals little shape complementarity
observed when juxtaposing an antibody with an unrelated antigen. (Sc¢ ~ 0.35; Lawrence et al.,
1993). The results demonstrate the extent to which bH1 rearranges to accommodate the two

different antigens.

Table 8, Different surface conformations of bH1 for binding HERZ and VEGF,

Shape complementarits in antibody/antigen complexes

Antibody Antigen S¢™

Herceptia HER 0

bH| HERZ G
WEL YVEGE N1
LETIVEGF-bousd confornuation HER> 0459
B (HER 2 -bound conformasnion VEGE 04

¥ Sew=hMedian Shape Complenentansy Sausne

The affinity of bH1 was improved by selecting the high affinity variant bH1-44 from
phage-displayed antibody libraries of bH1. Shotgun alanine scanning mutagensis
demonstrated that bl11-44 conserved the hotspot for antigen binding of bH1 (Tables 9A-B,
10, and 14). Shotgun alanine scanning mutagenis of bi1-44 was performed using the

techniques described above for the shotgun alanine scanning mutagenesis of bH1.
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In Tables 9A-B the effects of mutation (o alanine (m1), or additional mutations {m2Z,
m3; due to limitations of shotgun codons), or to a homologous amine acid (m4) are calculated
as the ratio of occurrence of wild type (wt) or wt/mut for VEGF (Table 94% or HERZ (Table
9B) binding clones. When the wt was alanine, it was substituted by glycine (m1). The
wi/mut ratios arc corrected for protein folding/expression effects by division with wt/mut
ratios from display selection to obtain the F values. Display selection was performed
independently 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 10, the antibody residues of bH1 and bH1-44 that contact VEGF and/or
HERZ in the crystal structure are listed. The energetic hotspots for binding are defined by the
antibody restdues that result in AAG ., greater than approximately 10% of the total binding
energy of the mteraction,

The data in Tabie 11 indicate that the polarity and size of the binding interfaces are
simitar between bHI/VEGE, bHI/HER2, and the Herceptin®/HERZ complex. The palarity
of each interface was analvzed 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.

Bisplay Selection {(Protei
L}

A7 T T 3 T
wiimi wiml wim3 wimd wiim! wi/m2 wim3 wifmd Fotm! Fwifm? Fwi/m3 Fwifmd 458G £AG 248G 848G

WHIN eunl wwml o ot

Antigen selection (VEGF) Fwim values AAG gy (heal/ moft

CBR-LE
a2z G316 vn 12 0% 09 04 238 G4 i 263 G5 b6 G04 1.8 05
N2B T8 06 35 12 68 6% Lo R4 28 &7 35 Gv o 06 02 7 -1

129 390 390 3% 360 0% 3T G4 0% 463 398 3.y 427 023 24 13 22
A3G 28 NA ONA 17 G4 NA NA 02 &3 99 1 1.4
KiBs 3. 27 848 16 14 37 it 02 20 0y T8 87 04 G 12 13
T36b TOONA NA 14 (Y NA O ONA 03 7.7 712 0.6
3¢ i6G 53 G353 49 23 21 07 10 71 2.6 6.7 G812 06 002 61
836d 157 NA  NA 740 17 ONA  NA (5 9.1 1504 13 3.6
G31 240 NA ONA MO 246 NA NA 30 G4 43 13 194
Y32 460 230 466 740 @5 19 03 16 99] 124 152X 45% 27 15 30 23
CDR-L2

WS¢ 460 153 460 Y40 23 LS 24 11 204 102 192 851 L& 14 17 25
G5l 40 NA NA 7406 73 NA NA 75 33 9% 07 ]
852 57 NA  NA 30 a4} Na o Na 7S 39 48 0.8 g
F53 220 440 147 57 L8 J4 14 04 116 181 08 135 1S 17 14 13




HY1 73440 440 730 06 01 03 26 1563 BEGO 1540 270 ¢ oat 30 20
Y92 480G 480 48D 138 3& 63 10 18 12¢ } 6 467 LR I S I N
893 PG NA NA 17 380 NA O NA L 24 G4 07 b6 R
$94 57 NA NA 34 10 WA NA 09 53 3 1.6 0.8
CDR-HI
8§36 12 NA  NA 17 12 NA NA 13 1.0 b3 00 4.2
G3t 24 NA NA 56 12 NA NA S50 20 P G4 1
132 0.5 NA Na 05 0% NA NA 06 0.5 09 G4 R
Y33 162 16 22 1235 14 20 08 23 7.1 G.5 16 55 1% <04 06 10

COR-H2
RS0 66 49 205 64 21 37040 13 0.3 0.7 03 63 07 02 07 08
YS2 P& 360 75 14 260 25 tg 27 0.9 119 43 B3 00 15 08 04

853 4 NA NA 10 12 NA NA i L2 R 6.0
54 12 NA NA 07 04 NA NA 10 34 0y 07 -3
Y56 82 65 €9 07 16 23 13 12 58 28 33 06 L0 06 10 -03

R58 Is 18 81 13 2% 2% 49 27 07 0.8

4 GF 02 02 03 B4

CDR-H}
WOS 1390 139G 87 2430 08 02 63 45 1853 A%57 272 §37T 3} g 90 24
Y96 6.5 NA NA 14 21 HNA KA 13 g2 HEUNE 0.0
G997 08 NA NA 20 09 NA NA 57 09 s -0 {14
VOB 23 ONA ONA 12 13 NA NA 08 L& T4 13 92
GYY 2P NA NA 30 12 NA NA 1% 17 EN I 23
Fi6g 62 95 54 22 20 20 08 . 30 4.7 54 L2 07 0% 10 0

Yi0ra 272 272 151 22 13 13 06 09 179 [RE& 266 23 LT 17 19 4%

NA = Mutation not included.

Tabie 9B. Shotgun alanine- and homolog-scanning of bH1-44 Fab for binding 1o HERZ.

PR - " -
Antigen Selection (HER2) Disphay Eﬂ?le[c;wn {Protein Fwt/mut values AMG gy (keabimek)

wiml wim2 wim3 wimd wiml wiin? wtm3 wimé Fwiym) Pwims Fwims Fwiima 006 280 AAG AAC s

wAHRT WY wiimed

Q17 0% 10 06 ¥4 0% 09 G4 28 1.2 £ 13 O3 0 00 O A d
N2% b3 6% 12 11 66 09 1o g4 2.0 .G 12 01 a0 01 w12
12% IS 19 ©¢8 0& 0% 07 04 04 1.8 30 1.7 Lo 03 066 03 06
AJG 63 NA  ONA G 0G4 NA  NA G2 .8 6.5 42 1l
K3Ga L3 26 18 L1 14 31 1r 02 il G.8 te 60 00 01 03t
T30b Lo WA NA G2 09 NA  NA DS IR 406 O 0.2
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B36c 44 53 18 1S 23 21 07 16 L8 26 26 18 04 06 D6 03
$30d 0% NA NA 10 17 NA NA 05 03 21 G4 24
G320 MA NA 22 26 NA NA 30 038 67 b 02
¥3Z 00 10 602 1% GS 1Y 03 e 4t 65 0 204k 04 16 00
UDR-1.2
W50 81 243 Rt 910 23 15 24 11 36 162 34 B0 08 1% 07 16
GST 84 NA NA 445 73 NA Na 75 12 59 0l ()
$52 84 NA NA 66 4] NA NA 75 21 0y 04 -0
FS3 31 98 20 04 1% 24 14 04 16 40 15 10 03 08 062 00
CDR-L3
HOY L7 580 580 55 005 01 03 26 340 11600 2030 2t 2% 42 31 04
Y92 225 904 900 41 38 63 10 28 5% 142 876 1S 11 16 27 02
893 1S ONA NA 28 36 NA NA 235 05 104 01
884 303 NA NA 73 LG NA  NA 09 207 g1 24 12
CDR-H1 o
$36 13 NA ONA 10 12 ONA NA 3 10 0% 00 -0
G315 NA NA 33 12 NA NA 30 13 07 01 02
T3 066 NA NA 15 09 NA NA 06 G7 6 02 66
Y33 1500 1560 1300 57 b4 26 08 23 1043 750 1793 25 28 246 11 05
CDR-HI
RS6 1508 1500 (500 1340 24 13 700 13 707 1136 20 1005 15 28 0S5 27
v52 10 15 09 12 20 25 18 27 05 06 L5 04 G4 D3 04 05
$83 10 NA NA 11 12 NA NA i1 0% PO -0 50
E54 12 NA NA 22 04 NA NA 15 34 2707 45
Y56 490 1470 1470 09 16 23 13 12 312 640 1123 67 10 15 28 4o
R5§ 237 1420 1420 660 21 23 40 27 112 614 288 248 14 24 20 10
CDR-H3
W95 1500 1500 1500 1340 0§ 02 03 45 2000 400 4700 296 30 39 36 16
V86 0% NA NA 12 21 NA NA i3 04 08 05 G
G97 18 NA NA 69 00 Na Na& 37 20 12 04 o)
VoL D6 NA NA IS 15 NA NA 0§ 04 BE 03 3
G965 NA NA 213 12 NA NA I8 52 120 106 13
FI08 1450 3450 290 1330 20 206 0% 18 713 LI 313 %30 25 25 28 25
Yi00s 1490 1490 1490 6% 1.5 L3 06 09 98¢ 1015 2627 78 7 37 53 13




Table 19. The structural and functional paratopes for VEGF and HERZ.

VEGF only  HER2 only Shared
LC-S30b  HC-YS6  LC-Y32
LC-136c  HC-RSE  LC-Ws0
= LC-s30d LC-YS3
2 Leon LC-HY
;;:; LC-T93 LC-¥92
§ LC-194
E HC-¥33
£ HC-R50
7 HC-W95
HC-G99
HC-Y 1002
_ LO-T94  LC-WS50
= LCI2e
S LC-S30b  HC-Y33  HC-WOS
£ LCS30d HO-RSO
T LcG3l HC-YSG
g LCYR2  HORSS
é LC-GST  HC-G99
LC-HOT  HC-Flow
LO-Y92  HC-Y100a
O Lc¢ HCY3s  Leonel
T LC-T306  HCO-RSG  LC-S94
T OLCS30d HC-YS6  HC-Wos
S LCGH HORSS
;ﬁ‘: LC-Y32  HC-FI00
§ LC-WS6  HC-Yi00a
2 LCFS3
g icvw
HEC-Y 106z

Table 11. The polarity and size of the binding interfaces of bH1/VEGF. bH1/HER2, and

Herceptin®/HER2 complexes.

bHI Fab VEGT binding tnrerfrce

bH! Fab HEK? bisding meerface

Hercepin Fab HIRZ vindivg tnterince

bHI  VEGF CombinedPercent (5% BELL HERD Cembined?ercent (% Herceprin HERS £ ombimed Percent oo
Pular LE 283 6" < e 2R Ty, A 0% 6.4 W
Hydrophobic 43% 482 B0 L 27 % a5 63" 41 &9 388 G
Total Ta% T LG TG U LiTe 47 o 1824

fa—
fa—
Lok
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HERZ/VEGF dual specific bHI-44 antibody maintains the HER2 binding kinetics of the
Herceptin® antibody

Surface plasmon resonance was performed to study the binding kinetics of bH1 and its
Fab variants to immobilized VEGF or HERZ (Table 12). An SPR-based assay was performed
using a BiAcore 3000, VEGF ;s and HER2 extraceliular domains were immobilized on CMS5
chips at a density that aliowed for an Rmax in the range of 50-150 RU. Seria! dilutions of
Fabs in PBS with 0.05% Tween20 were injected at 30 ul/min. The binding responses were
corrected by subtracting responses from a blank fiow cell and by normalizing for buffer
effects. A 1:1 Langmuir fitting model was used o estimate the k, (onrate) and kg {offrate).
T'he Kp values were determined from the ratios of k, and k,.

The bHT Fab/VEGF interaction is characterized by a relativeiy high on-rate

affinity of the bBHI/HERZ interaction (Kp = 26 nM, ko, =9.6x10% k,5=2.4x ] 0%y is 52-fold
tower than the Herceptin®/HER2 interaction (Kp = 0.5 nM, k,,=7.1x 0, ko=3.5%10™) with a
slower on-rate and faster off-rate. The affinity improved bH 1 variants, bl 1-81 and bH1-44,
displayed improvements in both the on-rates and offerates of the VEGF and HER?2
interactions. The high affinity clone bH1-44 binds HER2 with an affinity similar o
Herceptin® (Kp=0.2 nM, Table 12

Table 12 depicts the kinetic profiles of the bH1 variants and the Herceptin® antibody
determined by surface plasmon resonance measurement using BiAcore at 30°C. In these
experiments, Fabs were bound to immobilized VEGF or HER2, and the on-rate ( k.}, off-rate
(kq). and dissociation constant (Kp) were determined using a 111 Langmuir binding fitting
model. The bH1-44 antibody has a similar kinetic profile and affinity for HER? as the
Herceptin® antibody. The two double mutants (bH1-44 [20A = Y32A and bH1-44 R50A <
R38A} that lost binding to VEGF or HERZ retained the kinetic profile and affimity for the

other antigen.

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

VEGF 5 HER2 ECD
ka (I/Ms) kd (1/s) KpinM) | ka(1/Ms) kd(1/s)  Kg (aM)
Herceptin® Fab - : NE TIE-05  3.5E-04 0.5 +- 0.06
Herceptin® (R30A) ) . NB YAEL0A 2003 24
Fab ’ =7 e
Herceptin® (R38A) 1 : NB | S9B+04  73E-04 12
Fab ’ : ' 2
Herceptin® :
. : i ) N
(RSOA=RSBA) Fab NE B
bH1 Fab JTE04 0013 300487 | G608 24E-03 26 /- 28
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bH1-81 [ZE+05 0007 S8+~12 | 22B405  14E-03 6406
RS
BHI44 Fab | 40EF0S 0001 3+-03 | 376-05  80B0s 02 °
BHI-44 (Y324) Fab : : weak | 62E+05  35E05 0.1
44 (129A+Y32A)
pRi-as (129ATYE2A) . NB | 42E405 B3E05 02 +-0.07
PHIMERSOATRIBA) 55E405 0001 34007 : - NB

NB = No binding detectabie.

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

The enthalpy (AH) and entropy (AS) changes for the interactions between the bH|
Fab variants and the two antigens, VEGF (the receptor binding domain of VEGF, VEGF_46)
and HERZ extracellular domain (ECD) were also determined (Figure 59A-F, Figure 60,
Table 13}, using tsothermal titration calorimetry (ITC).

Microcalorimetric measurements of the interactions between Fabs and human
VEGF, g5 and the extracehular domain of HER2 were performed on a VP-ITC titration
calorimeter (Microcal Inc.} as described {Starovasnik et al., 1999). Protein solutions were
extensively 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 100-226 uM were titrated into antigen sofutions (HER2-ECD or
VEGF g9) at a concentration of 10-22 uM. This concentration of antigen was required for
precise enthalpy measurements, but precludes 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 calculated.

The dissociation constants (K} determined by surface plasmon resonance (Table 12
were used to calculate the binding free energy (AG) according to:
AG = RT In (Kp}
The entropy change upon association (AS) was calculated according to:
45 = (AH-AG)T, where T 1s 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 linear
regression by plotting AH as a function of the temperature (Figure 62).

The interactions of the dual specific antibody, bH1, with either of its two antigens,

VEGF and HER2 were first characterized, The binding of bH1 with VEGF and HER2
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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 keal/mol for VEGF and HERZ.
respectively, Fable 13, Figure 60) with 2 highly favorabice entropy change contributing to the
binding energy (~TAS=—6.6 and —7.6 kcal/mol for VEGF and HERZ, respectively, Table 13,
Figure 60),

Table 13 depicts the AG (binding free energy), AS (entropy chan ge), and AH
(enthalpy change) in keal/mol. The affinities shown were measured in at least two
independent experiments using kinetic analysis by BlAcore at 30°C. The AH was measured
using I'TC and fepresents the average of two or three independent measurements followed by
the standard deviations. The AG and AS were calculated as described above.

The high affinity variants BH1-81 and bH1-44 displaved similar thermodynamic
profiles as bH1. Their interactions with VEGF and HER? were also characterized by
favorable enthalpy and entropy (Table 13, Figure 60). For the VEGF interaction, the affinity
improvement was associated with a significantly more favorable enthalpy change (AH =-7.1
for bBH1-44 versus —2.4 keal/mo! for bHI at 30°C) and a sh ghtly less positive enropy change
(~TAS =-6.6 for bH1-44 versus —4.7 for bH1 at 30 °C, Table 13, Figure 60). The improved
affinity for HER2 was also associated with a more favorable enthalpy change (AH = ~53

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

Table 13. Antigen binding affinities and thermodynamics for the bH1 variants and the

Herceptin® antibody,

VEGF s HER2-ECD

Kp Kg
(nM) aG AH -TAS (M}

Herceptin® - - . . 0.5 -129+4006 -136+-02 034403
bHI 308 H04-02 244007 66507 26 -105+-04 24005 TG
bH1-81 58 A0 62400 J3 803 6 -1 44005 -3 -1.6
bHi-44 3 GIIE 4007 T =03 W4T H-03 0 02 1354403 534404 <81+ 03
bH1-44
{LC-129A/Y32A)

bH1-44 .
(HCR30A/RS8A) © ~Her-G1 7 3

&G AH -TAS

- - - . 02 -135+403 -64+n05 T6+-06

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

fn contrast to the dual specific antibodies, the HER2/Herceptin® interaction is
characterized by a large favorable enthalpy change (AH = -13.6 keal/mol) without any
significant entropy change (~TAS =-0.3 kcal/mol, Figure 60, Table 13) (Kelley et al., 1992).

Although bH1-44 interacts with HER2 with similar affinity ag Herceptin®, the binding free
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energy is made up of a greater entropy component (~TAS= 8.1 kcal/mol, 30°C) and 2
smaller enthalpy component (AH=-53 kcal/moi, 30°C). The distinct thermodynamic
properties conirast the many similarities in HER2 binding characteristics between Herceptin®
and bH1-44, which include 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 HER2 are simiiar to those of bH1 and bH1-44, there are some clear
differences.

Table 14 shows the bHI1, bH1-44, and the Herceptin® antibody hotspots for HER2
binding determined by alanine scanning mutagenesis. The mutagenesis was performed as
described in Kelley etal,, 1993, The numbers in Table 14 represent the change in binding
free energy (AAG. .mu) when the residue is mutated to alanine. The hotspot residues i Table
14 zre shaded and are defined as AAG greater than or equal to 10% of the wotal 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 to have made some
fundamental changes to the antigen-binding site that affect the interaction with HER2. The
dual specific antibodies accommodate the ntroduced mutations by utilizing a different HER?
recognition strategy that results in equally high affinity for HER2 as Herceptin®. I is
interesting to note that except for LC-Ser%4 of bH1-44 the mutations that improved the
affinity for HER2 more than 100-fold compared to bH1 are not parts of the binding hotspot,

but appear to optimize the existing interactions.

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 paremt Herceptind®, a series of
expeniments were performed to study following three Fab/antigen interactions: bH1-44 with
VEGF or HERZ, and Herceptin® with HER2. The heat capacities of the dual specific

interactions was measured by determining the enthalpy of binding (AH) at multiple

capacity (ACp) is a function of AH and Temperature (T} and can be described by the
eguation:
ACp=8(AHY 8T

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

regression (Figure 62, Table 15). ACp of bH1-44 was determined io 400 cal/molK for the
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interaction with VEGF, and —440 cal/moiK for the interaction with HER2. The large negative
heat capacities indicate the importance of the hydrophobic effect as previously described
{Kauzmann, 1959), which is consistent with the hvdrophobic nature of the structural
interfaces in the two complexes (Table 11). The ACp for Herceptin®/HER2, 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 stil! indicates the important role of the
hydrophaobic 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 (ASsqrv), entropy changes from the foss of rotational and translational
degree of freedom (ASg+). and entropy changes due to the changes in configurational and

conformational dynamics of the interacting molecules (ASqons).

(1) ASyor=ASson v ASrT AScony

Typicalty, only ASsov is positive while ASpy and ASqowr are both negative. The cratic
entropy term, ASgy, for the association of two molecules can be estimated 1o -~ & cal/Kmol as
described (Murphy et al., 1994). ASqs.y can be assumed to be dominared by the hydrophobic

effect due to the burial of apolar surface area and can be described as a function of ACp:

ASconr can thus be estimated as:

{3} ASconr = AStor~ ASgr— ASeoLv

According 1o equation (3), ASqq.y 1s estimated to 96 calmol 'K for bH ] 44/ VEGF,
105 caimol 'K for bH1-44/HER2, and 89 calmol” K™ for Herceptin®/HER? (Tabie 15).
This translates to ASeanr of 72 calmol K for bHI-44/VEGF, 70 caimol 'K for bH -
44/HERZ, and 80 calmol 'K for Herceptin®/HERZ2 (Table 15),

To examine the overall structural stability of the dual specific Fabs compared to its
parent Hercepuin®, thermal denaturation experiments using differential scanning calorimetry
(DSC} were performed. Thermal denaturation experiments were performed on a differential
scanning calorimeter from Microcal Inc. Fabs were diatyzed against 10 mM sodium acetate
pH 5, 150 mM sodium chloride. The solutions were adjusted 1o a concentration of 6.5 mig/mi

and heated to 95°C at a rate of 1°C/min. The melting profiles were baseline corrected and
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normalized. The meiting 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 vartamis (77.2°C,
75.6°C, T4.3°C for bHI, bHI-81, and bH1-44, respectively, Table 16) are stightly 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 HER2

Interestingly, the dual specific antibodies derive the majority of their binding energv
from entirely distinct regions of the shared VEGF/HER? binding site. These data show that
the VEGF or HERZ 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 b1 for VEGF and HER2 overlap significantly, but shotgun
atanine mutagenesis of bH1 and bH1-44 demonstrated that the VEGFE and HER?2 interactions
are mediated by two unique sets of CDR residues with ittle overlap (Figures 34 and 57,
Tables 9A, 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 HERZ (F igures 54
and 57, Tables YA, YB, and 10, including LC-11e29, LC-Tyr32, which are impaortant for
VEGF binding, and HC-Arg50, HC-Arg58 for HER2 binding (Figures 54 and 57, Tables ¢
and 10). To confirm the unique importance of the side chains of these residues in cach
interaction, each residue was mutated to alanine in the bl 144 (LC-He2%, LO-Tyr32, HC-
Arg50, HC-Arg58) or the Herceptin® (HC-Arg50, HC-Arg58) scaffolds, individually or in
combination, and expressed the mutants as Fabs and 1gGs.

Vectors that encoded bH1-44 or Herceptin® Fabs fused to the N-terminus of genelil
via the heavy chain was used as the templates for Kunkel mutagenesis (Kunkel et al., 1987).
Oligonucleotides were designed to introduce the desired alanine mutations at selected
positions. 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 leGs 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 bH 1-44 scaffold impaired binding to varying degrees (data
not shown}. The most striking single mutation was LC-Y22A, which significantly disrupied

VEGE binding while maintaining HER2 binding affinity and kinetics (Table 12, Figure 58,
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and Figure 63). The double mutations 129A+Y32A (LC) or RSGA+RS8A (HC) almost
completely disrupted binding to VEGF or HERZ, respectively, while maintaining the binding
affinity and kinetics for the other antigen (Table 12, Figure 58, and Figure 63}, The alanine
mutations HC-R30A, HC-R58A in the Herceptin® scaffold alse disrupted binding to HERZ
to various extents, while the double mutant HC R30A~RS8A showed no detectable HER?
binding (Table 12}

The thermodynamic parameters of the double mutants were next analyzed and
compared to the values for bH1-44. The binding free energy of bH1-44 mutants LC-
[29A+Y32A and HC-RSOA~RS8A with HER2 or VEGF, respectively, result from favorabie
contributions of enthalpy and entropy (AH=7.7 and -TAS=-3.9 for VEGF, AH=—6 4 and —
TAS=-7.6 for HER2, Table 13, Figure 60), which is approximately equivalent to bt11-44
measured at 30°C (Table 13, Figure 60). Hence, the double mutants displayed the same

thermodynamic and kinetic profiles as bH1-44.

Structeral basis for the functions of the specificity-altering residues

Next, the crystal structures of BH1 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, kinetics, and binding thermodynarmics for the other. The CDR-L1 of bH
contains the majority of the changes in sequence from Herceptin® and is important for VEGF
binding. The conformations of CDR-L1 of bH1 differ significantly in the two complex
structures; the average deviation is 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 (r.m.s.d.= 0.7 A, for 39§ backbone atoms, Cq). The CDR-L1 loop constitntes 26%
of the surface area buried by VEGF while this loop is situated at the periphery of the HER?
paratope and minimally invelved in HERZ contact,

Superposition of the two complexes indicated that VEGF would clash with Tyr32 and
the adjacent residues of CDR-L1 in its HER2-bound conformation. The main chain ., 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 lle29 appear to play structural roles in enabling the
conformation of CDR-L1 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 woward HERZ, it does not appear 1o be involved in productive antigen contacts. 1e29
1s far away from HER2, with its side chain exposed to solvent and mutation of He29 and

Tyril to Ala, 1s well tolerated for HER2 binding,
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Table 14, Comparison of bH1, bH1-44, and Herceptin® hotspots for HER2 binding

determined by alanine scanning mutagenesis

AAG (keal/mel

Hesidue bHINVEGE HIG4VEGE bBHIHER? bHI44/HER? Herceprin

37
28
29
kil
Ma
36k
N 30c
T 3d
M

WO WD TR LR .’
b Pd bt A b bl G fod bt

(el
4

K ek ad Tad
T i O

S ph

¢

Heavy € hain
th U Th L th
O S e A b O

K=

94

g7

98
104
194a

G5 U1
.03 0.6 403 o4 3
11 © 23 00 G 3
02 11 ¢1 40
2

g2 RE B3 003 06
a2 41 4 0o oz
WG 44 03 00 G4
0y N
45 -7 .

{4 1 -0 & -0 a2
<05 01 G.06 AT 0
G 47 G & (1
G2 1 "1

73 ‘s £ % 4t

'
L

5.9 008 T

"bH1/bH1-44 residues that differ from the Herceptin® antibody. “Indicates a contact residue in the

bHI/VEGF or bHI/HER2 complex structures. (-} Indicates that the Herceptin® antibody has no

residug at this position,
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Table 15. Thermodynamic parameters of the VEGF and HER? interactions.

ACp AStot ASconf ASdesolv ASrt
{cal/Kmol)  cal/Kmol)  {cal/Kmo) (cal/Kmoly  (cal/Kmol)
bH1-44/VEGF -404 16 -T2 G6 -8
bHI1-44/HERZ -44¢ 27 iy 105 -8
Herceptin®/HER2 -370 0.8 -80 89 -8

AScony™ ASyor — ASgay — ASgy as described by Murphy er. af, Protemns, 1994, ASgn was estimated to
-8 cal/molK for a simple binding reaction. ASgy, \, = AS*~ ACpIn(T/Ts*), where T=303.15,
Ts*=385.15 and AS*~D,

Table 16. Melting Temperatures (Ty) of the dual specific Fabs and the Herceptin® antibody

Fab Tw (°C)
Herceptin 82.5
bH1 77.2
bH1-8] 75.6
bH1-44 74.3

The structure of the uniguely important residues for HER2 binding in the bHI/HER2
complex were also examined. The side chains of ArgS0 and Arg58 pack against acidic
residues on HERZ (GluS58 and Asp560) in the bHI-HER? structure {Figure 64). The
mteractions appear to be highiy side chain-specific, as mutations 10 Lws as well as Als are
disruptive (Bostrom et al., 2009). In the VEGF structure, however, ArgSh and ArgS§ are
solvent exposed and far away from VEGF, and mutations to Ala or Lys are weil wlerated

{Bostrom et al., 2009},
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All patents, patent applications, patent application publications, and other
publications cited or referred to in this specification are herein incorporated by reference o
the same extent as if each independent patent, patent application, patent application
publication or publication was specifically and individually indicated to be incorporated by
reference.

What is claimed is;



CLAIMS

1. Anisolated antibody comprising a hypervariable region (HVR) L1 sequence
comprising the sequence NIAKTISGY (SEQ ID NO:1}, wherein said antibody specifically
binds human epidermal growth factor receptor 2 {(HIER2) and vascular endothelial growth

factor (VEGF).

2. The antibody of claim 1, wherein said antibody further comprises one or two HVR
sequences selected from the group consisting of:

(1 HVR-L2 comprising the sequence WGSFLY (SEQ 1D NO:2); and

(it) HVR-L3 comprising the sequence HYSSPP (SEQ ID NO:3),

3. The antibody of claim 1, wherein said antibody further comprises, one,
two, or three HVR sequences selected from the group consisting of:
{1} HVR-HI comprising the sequence NIKDTY (SEQ I NO:4);
§5) HVR-H2 comprising the sequence RIYPTNGYTR {SEQ ID NO:5): and
(111) HVR-H3 comprising the sequence WGGDGFYAMD (SEQ ID NO:63.

4. The antibody of claim |, wherein said antibady further COMPrises, One,
two, or three HVR sequences selected from the group consisting of’
(1) HVR-HT comprising the sequence NISGTY (SEQ ID NOTY;
{11} HVR-H2 comprising the sequence RTYPSEGYTR (SEQ 1) NO:8): and
(iii} HVR-H3 comprising the sequence WYGVGFYAMD (SEQ ID NO:9).

5. The antibody of claim I, wherein said antibody binds human and murine VEGF

with a Kd of 150 nM or stronger and HER2 with a Kd of 7 nM or stroneer.

6. The antibody of claim 1, wherein said antibody inhibits VEGF-induced cel}

proliferation and proliferation of a HERZ expressing cell relative to & control.

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

8. An isolated antibody, wherein said antibody binds human and murine VEGF with

a Kd ol 150 nM or stronger and HER2 with a Kd of 7 nM or stronger, and wherein said



antibody inhibits VEGF-induced cell proliferation and proliferation of 2 HERZ expressing cell

relative to a control,

S. The antibody of claim 8, wherein said antibody binds human and murine VEGF

with a Kd of 36 nM or stronger and HER2 with 2 Kd of I nM or stronger.

10. An isolated antibody fragment, wherein said antibody fragment binds human
VEGF with 2 Kd of 58 nM or stronger and HER2 with s Kd of 6 oM or stronger, and wherein
said antibody fragment inhibits VEGF-induced cell proliferation and proliferation of a HER?

expressing cell relative to a control.

1. The antibody fragment of claim 10, wherein said antibody fragment binds human
and murine VEGF with a Kd of 33 nM or stronger and HERZ with 2 Kd of 0.7 nM or

stronger.

12, The antibody fragment of claim 10 or 11, wherein said fragment is an Fab

fragment.

13. Anisolated antibody, wherein said antibody comprises HVR-L1, HVR-L2,
HVR-L3, HVR-HI, HVR-H2, and HVR-H3, wherein each. in order. comprises the sequence
of SEQIDNO:1, 2,3, 4, 5, and 6, and wherein said antibody specifically binds HER?2 and
VEGE.

14. An isolated antibody, wherein said antibody comprises HVR-L1, HVR-L2.
HVR-1.3, HVR-HI, HVR-H2, and HVR-H3, wherein each, in order, comprises the sequence
of SEQ ID NG:1, 2, 3, 7, 8, and 9, and wherein said antibody specificaliv binds HER? and
VEGF,

13, An isolated antibody comprising an HIVR L} sequence comprising the sequence
XXX KXo X e XY (SEQ 1D NO:83), wherein X, is any amuno acid except Asp, X is any
amino acid except Pro, X4 is any amino acid except Arg, X is any amino acid excent Ser, and

wherein said antibody specifically binds HER? and VEGF,

16. The 1solated antibody of claim 15, wherein X, is Asn, X: is Al X is Lys, Xsis

Thr, or any combination thereof.



i7. The isolated antibody of claim 15 or 16, wherein X518 Thr, X5 1s Ser, and Xy is
Gly.

18. The 1solated antibody of any one of claims 15-17, wherein said antibody further
comprises one or two HVR sequences selected from the group consisting of;
(i) HVR-L2 comprising the sequence WGSFLY ( SEQ ID NO:2); and
(i) HVR-L3 comprising the sequence HYSSPP (SEQ ID NO:3).

15. The isolated antibody of any one of claims 15-17, wherein said antibody further
comprises one. two, or three HVR sequences selected from the group consisting of
(1) HVR-HT comprising the sequence NIKDTY {(SEGQ ID NOr4ay;
(i) HVR-H2 comprising the sequence RIYPTNGYTR (SEQ ID NO:5Y; and
(i1} HVR-H3 comprising the sequence WGGDGFYAMD ( SEQ ID NO:6).

20. The isolated antibody of any one of claims 15-17, wherein said antibody further
comprises one, two, or three HVR sequences selected from the group consisting of’
(i) HVR-HI1 comprising the sequence NISGTY ( SEQ ID NO:7y;
(il) HVR-H2 comprising the sequence RIYPSEGY TR {(SEQ ID NO:R): and
(1i1) HVR-H3 comprising the sequence WVGVGEYAMD {SEQ ID NG9y

21. The isolated antibody of any one of claims 15-17, wherejn said antibody binds
human and murice VEGF with a Kd of 150 nM or stronger and HER2 with a Kd of 7 nM or

stronger.

22. The isolated antibody of anv one of claims 15-17, wherein sad antibody inhibits
VEGF-induced cell proliferation and proliferation of a HER2 expressing cell relative to a

control,

23. The isolated antibody of any onc of claims 15-17, wherein said antibody inhibits

VEGF binding to VEGFR2,

24. The isolated antibody of any one of claims [5-17, wherein said antibody further
comprises an HVR H2 sequence comprising the sequence RX,X X XX XX XoR {SEQID
NO:84), and wherein said antibody specifically binds HER2 and VEGF.



25. Anp isolated antibody comprising an HVR-H2 sequence comprising the sequence
R XXX X XX XoR (SEQ ID NO:85), wherein X is any anuno acid except Thr and X, is

any anmuno acid except Asn, and wherein said antibody specifically binds HER2 and VEGF,

26. The isolated antibody of claim 235, wherein X is Ser. Xe 18 Giu, or X5 18 Ser and
Xgis Glu.

27. The isolated antibody of claim 25 or 26, wherein X is Tyr.

28. The isolated antibody of any one of claims 25-27, wherein said antibody further
comprises one or two HVR sequences selected from the group consisting of
(i) HVR-H! comprising the sequence NISGTY (SEQ I NO:;
(if) HVR-H3 comprising the sequence WVGVGFYAMD (SEQ ID NG9

29. The 1solated antibody of any one of claims 25-27, wherein said antibody further
comprises one, two, or three HVR sequences selected fram the group consisting of:
(1) HVR-L1 comprising the sequence NIAKTISGY (SEQ ID NO:1);
{11} HVR-L2 comprising the sequence WGSFLY (SEQ ID N2y,
(i1} HVR-L3 comprising the sequence HYSSPP (SEQ 1D NO:33.

30. The isolated antibody of any one of claims 25-27, wherein said antibody binds
human and murine VEGF with a Kd of 150 oM or stronger and HER2 with a K.d of 7 nM or

stronger.

31. The isolated antibody of any one of claims 25-27, whercin said antibody inkibits
VEGF-induced cell proliferation and proliferation of a HER2 expressing cell relative to a

contro!,

32. The isolated antibody of any one of claims 25-27, wherein said antibody inhibits
VEGF binding 1o VEGFR2.

33. The antibody of any one of claims 1-9 or 13-32, wherein said antibody is &

monoclonal antibody.

34. The antibody of any one of claims 1-9 or 13-32, wherein said antibody is an IgG

antibody.



35. A fragment of the antibody of any one of claims 19 or 13-32, wherein said
fragment specifically binds HER2 and VEGF.

36. The fragment of claim 35, wherein said fragment is a Fab fragment or a single

chain variable fragment (scFv),

37. The antibody or antibody fragment of any of claims 1-36. wherein at least a

portion of the framework sequence is a human consensus framework sequence.

38. A polynucieotide encoding an antibody or antibody fragment of any of claims 1-

39. A polynucleotide encoding an HVR-L1 sequence comprisin g the sequence

NIAKTISGY (SEQ ID NO:1).

40. A polynucleotide encoding an HVR-LI sequence comprising the sequence
NIAKTISGY (SEQ ID NO:1), and (i} an HVR-L2 sequence comprising the seguence
WGSFLY (SEQ ID NO:2), or (if) an HVR-L3 sequence comprising the sequence HYSSPP
{SEQ I NO:3), or both (1) and (ii).

41. The polynucleotide of claim 39 or 40, wherein said polynucleatide further
encodes one, two, or three HVR scquences selected from the group consisting of:

(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

(111} an HVR-H3 comprising the sequence WGGDGFY AMD (SEQ I N(:6).

42. The polynucleotide of claim 39 or 40, wherein said polynucleotide further
encodes one, two, ot three HVR sequences selected from the group consisting of:

(i} an HVR-HI comprising the sequence NISGTY (¢ SEQ ID NO:T;

(ii) an HVR-H2 comprising the sequence RIYPSEGYTR (SEQ ID NO8); and

(iii}) an HVR-H3 comprising the sequence WVGVGFYAMD (SEQ ID NG:9).

43. A polynucleotide encoding an HVR-HI sequence comprising the sequence
NISGTY (SEQ D NO:T).
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44, A polynucleotide encoding an HVR-H2 sequence comprising the sequence
RIYPSEGYTR (SEQ ID NO:8Y.

45. A polynucleotide encoding an HVR-H3 sequence comprising the sequence

WYGVGFYAMD (SEQ ID NO:9).

46. A polynucleotide encoding an HVR-HI sequence comprising the seguence
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
1D NO:9),

47. A polynucieotide encoding an HVR-L1 sequence comprising the sequence
XEX XX XXX XY (SEQ ID NO:83), wherein X, s any amino acid except Asp, X5 is any

amino acid except Pro, X, 1s any amino acid except Arg, X; is any arine acid except Ser.

48. A polynucleotide encoding an HVR-L! sequence comprising the sequence
Rl X XX XXX, Y {(SEQ 1D NO:83), wherein X, is any amino acid except Asp, Xy 1s any
amino acid except Pro, X is any amino acid except Arg, X; is any amino acid except Ser and
(1} an HVR-L2 sequence comprising the sequence WGSFLY (SEQ T ND:2), or ( i} an HVR-
L3 sequence comprising the sequence HYSSPP (SEQ ID NO:3), or both {1) and {11}

49. The polynuclectide of claims 47 or 48, wherein X, is Asn, X; is Ala, X, is Lvs,

Xs1s Thr, X5 is Ser, X; is Gly. or any combination thereof.

56. A polynucieotide encoding an HVR-H2 sequence comprising the sequence
R KX K PG KR (SEQ 1D NO:85), wherein X is any amino acid except Thr and X, 1s

any amino acid except Asn,

51. A polynucieotide encoding an HVR-Hi sequence comprising the sequence
NISGTY (SEQ ID NO:7); an HVR-H2 sequence comprising the sequence
RAXXaX s XeXoXsXoR (SEQ ID NO:83), wherein Xs is any amino acid except Thr and X, 1s
any amine acid except Asn; and an HVR-H3 sequence comprising the SequUEnce
WVGVGFYAMD (SEQ ID NO:9).

52. The polynucleotide of claims 50 or 51, wherein X. ie Ser, X is Glu, ¥y is Tyr, or

any combination thereof.



53. A polypeptide comprising an HVR-L1 sequence comprising the sequence
NIAKTISGY (SEQ ID NO:1).

54. A polypeptide comprising an HVR-L] sequence comprising the sequence
KK X XX X XeXo Y (SEQ ID NO:83), wherein X, is any armino acid except Asp, X; is any

amino acid except Pro, X is any amino acid except Arg, X is any amino acid except Ser,

55. A 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 1D NO:2}, or (ii) an HVR-L3 sequence comprising the sequence HYSSPP
(SEQ ID NO:3), or both (i) and (ii).

56. A polypeptide comprising an HVR-L1 sequence comprising the sequence
XXX XX Xo X XoY (SEQ 1D NO:83), wherein Xy 15 any amino acid except Asp, X; is any
amino acid except Pro, X4 is any amino acid except Arg, X is any amino acid except Ser ,
and (i) an HVR-L2 sequence comprising the sequence WGSFLY (SEQ TD NO:2), or (i1} an
HVR-L3 sequence comprising the sequence HYSSPP {SEQ ID NG:3), or both (i) and (11).

57. The polypeptide of claims 54 or 36, wherein X, is Asn, X, is Ala, X, is Lys, X:is

Thr, X5 15 Ser, X; is Gly, or any combination thereof.

58. The polypeptide of claim 54, 55, 56, or 57, wherein said polypeptide further
comprises one, two, or three HVR sequences selected from the group comsisting of:

(i) an HVR-HI comprising the sequence NIKDTY (SEQ ID NO:4y;

(11) an HVR-H2 comprising the sequence RIYPTNGYTR (SEQ ID NC:8Y; and

(ii1) an HVR-H3 comprising the sequence WGGDGFYAMD ( SEGQ I NO:6).

59. The polypeptide of claim 34, 55, 56, or 57, wherein said polypeptide further
comprises one, two, or three HVR sequences selected from the group consisting of:

(i} an HVR-HI comprising the sequence NISGTY (SEQ ID NO:Ty

(it) an HVR-H2 comprising the sequence RIYPSEGYTR (SECQ TD NO:8Y; and

(i) an HVR-H3 comprising the sequence WVGVGEYAMD (SEQ ID NO:9)Y.

60. A polypeptide compnising an HVR-H1 sequence comprising the sequence
NISGTY (SEQ ID NO:7).
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61. A polypeptide comprising an HVR-H2 sequence comprising the sequence
RIYPSEGYTR (SEQ ID NO:8).

62. A polypeptide comprising an HVR-H3 sequence comprising the sequence
WVGVGFYAMD (SEQ ID NO:9y,

63. A polypeptide comprising an HVR-H2 sequence comprising the sequence
RX, XXX XXX XeR (SEQ ID NO:85), wherein X is any amino acid except Thr and X, is
any amino acid except Asn.

64. A polypeptide comprising an HVR-H1 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 WVGVGFYAMID (SEQ

1D NO:9y,

65. A polypeptide comprising an HVR-H1 sequence comprising the sequence
NISGTY (SEQ ID NO:7); an HVR-H2 sequence comprising the sequence

any amino acid except Asn; and an HVR-H3 sequence comprising the sequence

WVGVGEFYAMD (SEQ 1D NO:9).

66. The polypeptide of claims 62 or 65, wherein X, is Ser, Xs 15 Ghe, Xgis Tyr, o7

any combination thereof,

67. A vector comprising the polynucleotide of any one of claims 38-52.

68. The vector of ¢laim 67, wherein the vector is an EXPTESSION VECtOT,

69. A host cell comprising a vector of claim 67 or 68.

70. The host cell of claim 69, wherein the host cell is prokaryotic,

71, The host cell of claim 69, wherein the host cell is eukaryofic.

72. The host cell of claim 71, wherein the host cell is mammalian



73. A method of producing the antibody er antibody fragment of any one of claims 1-
37, said method comprising culturing a host cel} that comprises a vector comprising the

polynucieotide of any one of claims 38-52 and recovering said antibody.

74. The method of claim 73, wherein the host cell is prokarvotic.

75. The method of claim 73, wherein the host cell is eukarvotic.

76. The method of claim 75, wherein the host cell is mammalian.

71. A method of treating a ramor in  subject, said method comprising administering to said
subject the antibody or antibody fragment of any one of claims 1-37, wherein said administering is for

a time and in an amount sufficient to treat or prevent said tumor in said subject.

78. The method of claim 77, wherein said tumor is 2 colorectal tumor, a breast cancer, a lung

cancer, a renal cell carcinoma, a glioma, a gliobiastoma, or an ovarian cancer.

79. The method of claim 77, further comprising administering fo said subject an

additional anti-cancer therapy.

80. The methed of claim 79, wherein said additional anti-cancer therapy comprises
another antibody or antibody fragment. a chemotherapeutic agent, a cytoloxic agent, an anti-
angiogenic agent. an immunosuppressive agent, a prodrug, a cytokine, a cytokine antagonist,
cytotoxic radiotherapy, a corticosteroid, an anti-emetic, 2 cancer vaceine, an anaigesic, or a

growth-inhibitory agent.

81. The method of claim 79, wherein said additional anti-cancer therapy is
administered prior to or subsequent to the administration of the antibody or antibody fragment

of any one of claims 1-37.

82. The method of claim 79, wherein said additional anti-cancer therapy is

administered concurrently with the antibody or antibody fragment of any one of claims 1-37.

83. A method of reating an autoimmune disease in a subject, said method

comprising administering to said subject the antibody or antibody fragment of anv one of

..._.
tsd
N



claims 1-37, wherein said administering is for a time and in an amount sufficient to treat or

prevent said autoimmune discase in said subject.

84. A method of treating a non-malignant disease involving abnormal activation of
HERZ in a subject, said method comprising administering to said subject the antihody or
antibody fragment of any one of claims 1-37, wherein said administering is for a time and in

an amount sufficient to treat or prevent szid non-malignant disease in saic subject.

85. The method of claim 77, 83, or 84, wherein the subiect is a human,

,_.4
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FIG. 5B-1
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FIG. 5B-2
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Sorting Binding Protein Titer  Enrichment  OD/mL
Round condition
bind 4 hrs. Human Fe fusion 1.8 X 108 21
1 wash 4X hVEGF 1.5 X 108 18.3
BSA hDR5 -~ long 8 X 10° 20.9
L -3 (short L1's) 4.8 X 105
L -4 (iong L1's) 1 X 106
y, bind 3hrs. Human Fc fusion 5.2 X 10° 1.86 26.6
wash 5X hVEGF 3.6 X 108 1.33 18.2
BSAjovalbumin  hDRS5 - long 4.2 X 10° 1.05 15.4
3 bind 3hrs. Human Fe fusion 9 X 10° 1.5 16.2
wash 10X hVEGF 8 X 10° 0.75 8.17
BSA/milk hDR5 - long 1.4 X 104 2.8 17.3
4 bind 2 hrs. Human Fc fusion 5.5 X 10° 22.9 25.3
wash 12X hVEGF 7.4 X 'io-? 96.1 14.8
casein hDR5 - long 45X 107 8182 9.7
5 bind 1.75 hrs.  Human Fc fusion 1.4 X 106 14
wash 12X hVEGF 2.2 X 107 110
BSA hDR5 - long 6.5 X 107 325
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FIG. 12

” VEGF {100nM] single spot
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FIG. 14A
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FIG. 18A

Competition ELISA, hVEGF 155
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FIG. 22A

Binding ELISA, immobilized Her2-ECD
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FIG. 22B

Binding ELISA, immobilized hVEGF
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FIG. 23A
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FIG. 24

Blocking of B20-hVEGF interaction
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FIG. 25

Blocking of B20-hVEGF Interaction
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FIG. 26

bH1 Fab/HER2
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FIG. 29
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FIG. 30
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FIG. 35

Fwifmut values
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wiimtwi/m2 wt/m3wtfmd  wi/mlwt/m2 wi/m3 wt/m4 m m2 m3 m4

Q27 1.39 0.97 Q27 1.44

D28 2.38 (80 172 {129 D28 138 [4.65]¢

126 833 833 132 [0.94]' 195 300 098 {115 128 427 278 135 (081

P30 1.83 427 1.8 133 P30 158 322

. R30a 191 350 283 090 238 081 084 193 R30e 080 384 275 047
CORLT saop 475 (0.85)"  1.06 (11)7 5306 4.49 (0.80]7
30c 767 7.67 105 4800 323 280 100 1.03 130c 237 274 1.05 {468}

$30d  8.80 1227 144 (1.3 szod 809 {a.38)"

43t 9.20 (38514 2.00 2800 G311 480 {1334

Y32 1400 4200 1400 (3857 144 189 113 082F v3az 972 2217 1244 {470F

W50 220 147 460 780 420 120 188 177 W50 524 1727 2708 4413
CDR.L2 Gs1 9.2 7680 3.00 200 G510 307 38,00
S52 1.8 78 180 161 SE2 1.4 4.83

Y53 53 320 53 07 267 200 108 083 Y53 200 1600 493 008

H81 480 480 230 78 287 209  Z09 (1.881% HY1  17.25 2204 11.02 {»425N

Y92 410 82 410 12 235 174 072 050 Y82 1739 472 5755 2.33
COR-L3 195 g0 1.1 1.02 150 193 086 0.74
T4 B {0581 085 (1.28) T84  1.16 {0.48)°

K30 436 182 300 150 331 185 187 1.4 KIG 137 16 180 1

D31 219 083 1.83 093 D31 135 0.68

COR-HT 130 a2 210 150 084 T2 055 327
Y33 250 026 621 585 148 131 155 247 Y33 189 Q20 0.4 237

R5G 0.83 055 1100 157 113 053 900 088 RS0 058  1.04  1.27 1860

Y52 435 7400 925 118 217 183 183 091 Y82 201 4554 560 130
COR-H2 153 (g 068 093 058 53 042 119
N54 065 020 081 068  0.987 107 188 102 N4 067 019 033 087

Y56 533 640 492 083 385 3.3 192 076 Y56 1239 205 286 1.08

R58 0.83 055 2400 118  1.1Z2 076 242 209  R58 074 071 993 057

We5s 102 »102 156 96 383 1.12 069 046 WOS 281 =814 227 209

(96 1.86 527 133 13%  GO9B 139 3.80
COR-H3 g7 133 488 189 123 G97 082 3.95
D98 0.96 164 1.00 0.94 D98 096 174

G99 030 057 117 188 G9s 026 0.28

FI00 1150 2300 096 860 338 220 1.83 250 FI00 340 1045 055 3.44

Y1002 475 5700 190 027 231 235 143 048 Y100a 226 2423 132 059




40/78

FIG. 36

Fwtfmut values
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FIG. 37C
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FIG. 43A
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bH1 binding to VEGF
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FIG. 45A
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FIG. 47A
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FIG. 48A
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FIG. 50
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FIG. 51A
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FIG. 55A FIG. 55B
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FIG. 56
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FIG. 57
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FIG. 58A
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FIG. 63A
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FIG. 64A FIG. 64B
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