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Anti-VEGF Antibodies

This application claims benefit from United States Provisional Application Nos.'60/491,377, filed
August 1, 2003; 60/316,495, filed November 1, 2003; 60/570,912, filed May 12, 2004; 60/571,239, filed
May 13, 2004; 60/576,315, filed June 1, 2004; and 6(/580,757, filed June 18, 2004,

FEELD OF THE INVENTION

This invention relates generally to anti-VEGE selected polypeptide sequences and antibodies with

beneficial properties foor research, therapeutic and diagnostic purposes.

BACKGROUND OF THE INVENTION.

Angiogenesis and VEGF

Angiogenesis is an important cellular event in which vascutar endothelial cells proliferate, prune
and reorganize to form new vessels from preexisting vascular network. There are compeliing evidences that
the development of 2 vascular supply is essential for normal and pathological proliferative processes
(Folkmar and Klagsbrun (1987) Science 235:442-447). Delivery of oxygen and nutrients, as well as. the
removal of catabolic products, represent rate-imiting steps in the majority of growth processes occurring in
multicellular organisms. Thus, it has bcc.n generally assumed that the vascular compartment is necessary,
albeit but not sufficient, not only for organ development and differentiation during embryogenesis, but also
for wound healing and reproductive functions ip the adult

Angiogenesis is also implicated in the pathogenesis of a variety of disorders, including but not

limited to, proliferative retinopathies, age-related macular degeneration, tumors, theumatoid asthritis RA),

and psoriasis. Anglogenesis is a cascade of process consisting of 1) degradation of the extracelinlar matrix

of a local venue after the refease of protease, 2) proliferation of capillary endothelial cells, and 3) migration
of capillary tubules toward the angiogenic stimulus. Ferrara et al. {1992} Endocrine Rev. 13:18-32.

In view of the remarkable physiological and pathological importance of angiogenesis, much work
has bees dedicated to the elucidation of the factors capable of regulating this process. Itis suggested that the
angiogenesis process is regulated by a balance between pro- and anti- angiogenic molecules, and is dersiled
in various diseases, especialiy cancer. Carmeliet and Jain (2000) Nature 407:249-257. .

Vascular endothelial cell growth factor (V EGF), a potent mitogen for vascular endothelial cells, has
been reported as a pivotal regulator of both nommal and abnormal an giogenesis. Ferrara and Davis~Smyth-
(1997)Endocrine Rev. 18:4-25; Ferrara (1999) 1. Mol. Med. 77:527-543. Compared to other growth factors
that contribute to the processes of vascular formation, VEGF is unigue in its high specificity for endothelial
cells within the vascular system. Recent evidence indicates that VEGF is essential for embryonic

vasculogenesis and angiogenesis. Carmeliet et al. (1996) Nature 380:435-439: Ferrara et al. (1996) Nature
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380:439-442. Furthermore, VEGF is required for the cyclical blood vessel proliferation in the female
reproductive tract and for bone growth and cartilage formation. Ferrara et al. (1998) Nature Med. 4:336-
340, Gerbey et al, (1999) Nature Med. 5:623-628.

In addition to being an angiogenic factor in angiogenesis and vasculogenesis, VEGF, as a
pleiotropic growth factor, exhibits multiple biological effects in other physiological processes, such as
endothelial cell survival, vessel permeability and vasodilation, maonocyte chemotaxis and c_alcium mftux.
Ferrara and Davis-Smyth (1997), supra. Moreover, recent studies have yeported mitogenic effects of VEGF
on a few non-endothelial cell types, such as retinal pigment epithelial cells, pancreatic duct cells and
Schwann cells. Guerrin et al. (1995) J. Cell Physiol. 164:385-394; Oberg-Welsh et al. (1997 Mol. Cell.
Endocrinol. 126:123-132; Sondell et al. (1999} J. Neurosci. 19:5731-5740. _

Substantial evidence also implicates VEGF s critical role in the development of conditions or
diseases that involve pathological angiogenesis. The VEGF mRNA is overexpressed by the majority of
human mmors examined (Berkman et al. J Clin Invest 91:153-150 (1993); Brown et al. Human Pathol...
26:86-91 (1995); Brown et al. Cancer Res. 53:4727-4735 (1993); Mattern et al. Brit. J. Cancer. 73:931-934
(1996); and Dvorak et al. Am J. Pathol. 146:1029-1039 (1995)). Also, the concentration of VEGE in eye
fluids are highly correlated to the presence of active proliferation of blood vessels.in patients with diabetic
and other ischemia-related retinopathies (Aiello et al. N. Engl. J. Med. 331:1480-1487 (1994)). Farthermore,
recent studies have demonstrated the localization of VEGF in choroidal neovascular membranes in patients
affectsd by AMD (Lopex et al. Invest. Oplitalmo. Vis. Sci. 37:855:868 (1996)).

The recognition of VEGF as a primary regulator of angiogenesis in pathological conditions has led

- tontumerous attempts to block VEGF activities. Inhibitory anti-VEGF receptor antibodies, soluble receptor

constructs, antisense strategies, RNA aptamers against VEGF and low molecular weight VEGF receptor
tyrosine kinase (RTK) inhibitors have afl been proposed for use in interfering with VEGF signaling
(Siemeister et al. Cancer Metastasis Rev. 17:241-248 (1998). Indeed, anti-VEGE newiralizing antibodies
have been shown to suppress the growth of 2 variety of human tumor cell lines in nude mice (Kim eral.
Nature 362:841-844 (1993); Warren et ol. J. Clin. Invest. 95:1789-1797 (1995); Borgstrom ef al. Cancer
Res. 56:4032-4039 (1996); and Melnyk-ef ol Cancer Res. 56:921-924 (1996}) and also inhibit intraccular
angiogenesis in maodels of ischemic retinad disorders (Adamis ef al. Arch. Ophithalmol. 114:66-71 (1996)).
Therefore, anti-VEGF monoclonal antibodies or other inhibitors of VEGYE action are promising candidates
for the treatment of solid tumors and various intraccular neovascular disorders. Although the VEGF
molecule is upregulated in tomor cells, and its receptors are upregulated in tamor infiltrated vascular

endothelial cells, the expression of VEGFE and its receptors remain low in normal cells that are not associated

with angiogenesis,

Therapeutic Antibodies _

Monoclonat antibodies can be manufactured using recombinant DNA tﬁchﬂology. Widespread use
has been made of monoclonal antibodies, particularly those derived from rodents, however nonhuman
antibodies are frequently antigenic in humans. The art has attempted fo overcome this problem by
constructing “chimeric” antibodies in which 2 nonhuman antigen-binding domain is coupled to 4 human
constant domain (Cabilly et al., U.S. patent No. 4,816,567). The isotype of the human constant domain may

be selected to tailor the chimeric antibody for pzﬁﬁcipatioa in antibody-dependent cellular cytotoxicity .

2
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(ADCC) and complement-dependent cytotoxicity, In a further effort to resolve the antigen binding
functions of antibodies and to minimize the use of heterologous sequences in human antibodies, humanized
antibodies have been generated for varions antigens in which subsiantia!ly less than an intact human variable
domain has been substituted at regions by the corresponding sequence from a non-human species. For
example, rodent (CDR) residues have been substitnted for the correspondin g segments of a human
antibody. In practice, humanized antibodies are typically human antibodies in which some complementarity
determining region (CDR) residues and possibly some framework region (FR) residues are substituted by
restdues from analogous sites in rodent antibodies. Jones at 'ai-, Nature 321:522-525 (1986); Riechmann et
al., Nature 332:323-327 (1988); Verhoeyen et ab., Science 23%9:1534-1536 (1988).

Several humanized anti-bumanVEGF antibodies have been successfully generated, and have shown
significant huVEGF-inhibitory activitics both in vitro and in vivo. Presta et al, (1997 Cancer Research
57:4593-4599; Chen etal. (1999 J. Mol Biol. 293:865-881. One specific humanized anti-VEGE antibody,
the Avastin™ antibody, is currently used in several clinical trials for treating various solid tumors; and
another high-affinity variant of the humanized anti-VEGF antibody is currently clinically tested for treating
choroidal neovascularization refated age macular degeneration (AMD). '

Prior to administering a therapeutic antibody o human, preclinical $0idigs in nonhuman mammals
are generally desired to evaluate the efficacy and/or toxicity of the antibody. Ieally, the antibodies subject
to these studies are capable of recognizing and reacting with high potency to a target antigen endogenous to

the host animal such as mouse or nonhuiman primate.

Phage Display

Phage display technology has provided a powerful tool for generating and selecting novel proteins
that bind to a ligand, such as an antigen. Using the iechniquc: of phage display, large libraries of protein
variants can be generated and Iépidiy sorted for those sequences that bind to a target antigen with high
affinity. Nucleic acids encoding variant polypeptides are fused to a nucleic acid sequence encoding a viral
coat protein, such as the gene I protein or the gene VIH protein. Monovalent phage display systems where
the nucleic acid sequence encoding the protein or polypeptide is fused to a nucleic acid sequence encoding a
partion of the gene Il protein have been developed, (Bass, S., Proteins, 8:309 (1990); Lowman and Wells,
Methods: A Companion to Methods in Enzymolegy, 3:205 (1991)). In 2 monovalent phage display system,
the gene fusion is expressed at low levels and wild type gene Yl proteins are also expressed so that
infectivity of the particles is retained. Methods of Igencraﬁng peptide Iibraries and écrcening those libraries
have been disclosed in many patents (e.g., U.S. Patent No. 5,723,286, 11.S. Patent No. 5,432,018, US.
Patent No. 5,580,717, U.S. Patent No. 5,427,908 and U.S. Patent No. 5,498,530).

The demonstration of expression of peptides on the snrface of filamentons phage and the
expression of functional antibody fragments in the periplasm of E. colf was important in the development of
antibody phage display Ebrarics, (Smith et al., Science (1985), 228:1315: Skerra and Pluckthun, Science

{1988), 240:1038). Libraries of antibodies or antigen binding polypeptides have been prepared in a number
of ways including by altering a single gene by inserting random DNA sequences or by cloning a family of
related genes. Methods for displaying antibodies or antigen binding fragments using phage display have
been described in ULS. Patent Nos. 5,750,373, 5,733,743, 5,837,242, 5,969,108, 6,172,197, 5,580,717, and
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3,658,727, The library is then screened for expression of antibodies or antigen binding proteins with desired
characteristics.

Phage display technology has several advantages over conventional hybridoma and recombinant
methods for preparing antibodies with the desired characteristics. This technology allows the development
of large librares of antibodies with diverse sequences in less tirne and without the vse of animals, C
Preparation of hybridomas or preparation of humanized antibodies can easnly require several months of
preparation. In addition, since no immunization is required, phage antibody libraries can be generated for '
ahtigens which are toxic or have low antigenicity (Hogenboom, Immunotechniques { 1988:), 4:1-26). Phage
antibody libraries can also be used to generate and identify novel therapeutic antibodies.

Phage display libraries have been used to generate human antibodies from immunized, non-
tmmunized humans, germ line sequences, or naive B cell Ig repertories (Barbas & Burton, Trends Biotech
(1996), 14:230; Griffiths et al., EMBO I. (1994), 13:3245; Vaughan et al., Nat. Biotech. (1996), 14:309;
Winter EP 0368 684 B1). Naive, or nonimmaune, antigcn binding Hbraries have been generated usin g a
vanely of tymphoidal tissues. Some of these libraries are commercially available, such as those developed
by Cambridge Antibody Technology and Morphosys (Vaughan et 21.(1996) Nature Biotech 14:309; Kpappik :
et al. (1999) J. Mol. Biol. 296:57). However, many of these libraries have limaited:diversity.

The ability to identify and isolate high affinity antibodies from a phage display library is important
in isolating novel antibodies for therapeutic use. Isolation of high affinity antibodies from a Bbrary is
dependent on the size.of the library, the efficiency of production i bacterial eells and the diversity of the-
library. See, fore.g., Knappik et ak., §. Mol. Biol. (1999), 296:57. The size of the library is decreased by
inefficiency of production due to improper folding of the antibody or antigen binding protein and the
presence of stop codons. Expression in bacterial cells can be inhibited if the antibody or #antigen binding
domain is not properly folded. Expression can be improved by mutating residues in tirns at the surface af
the variable/constant interface, or at selected CDR residnes. (Dengetal, I. Biol. Chem. (1994), 269:9533,
Ulrich et al., PNAS (1995), 92:11907- 11911, Forsberg et a1, I. Biol. Chem. (1997), 272 :12430). The
sequence Vof the. framework region is a factor in providing for proper fo}diﬁg when antibody phage libraries
sre produced in bacierial cells. _

Generating a diverse libréry of antibodies or antigen binding proteins is also important to isolation
of high affinity antibodies. Libraries with diversification in limited CDRs have been generated using a
variety of approaches. See, for e.g., Tomiinson, Natre Biotech. (2000, 18:989-994. CDRS3 regions are of
interest in-part because they often are found to parﬁcipa‘te_ in antigen binding. CDR3 regions on the heavy
chain vary greatly in size, sequence and structural conformation.

Others have also generated diversity by randomizing CDR regions of the varable heavy and Jight
chains using a1l 20 amino acids at each position. It was thought that using all 20 amino acids would result in
a large diversity of sequences of variant antibodies and increase the chance of identifying novel antibodies,
(Barbas, PNAS 91:3809 (1994); Yelion, DE, J. Immunology, 155:1994 (1995); Jackson, JR., J. Immunology,
154:3310-(1995) and Hawkias, RE, J. Mol. Biology, 226:889 {1992)).

There have also been attempts to create diversity by restricting the group of amino zcid
substitutions in some CDRs to reflect the amino acid distribution in naturally occurting antibodies. See,
Garrard & Henner, Gene (1993), 128:103; Knappik et al., J. Mel. Biol. (1999), 296:57. However, these

attempts have had varying success and have not been applied in a systematic and quantitative manner.
4



Creating diversity in the CDR regions while minimizing the number of amino acid
changes has been a challenge.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide novel antibodies and polypeptide
sequences.

In a first aspect, there is provided a synthetic antibody capable of binding to rodent
VEGF and human VEGT with Kd values within 10 fold of the other and wherein the antibody
is capable of inhibiting the bindings of VEGF to a VEGF receptor.

In a second aspect, there is provided an antibody capable of binding to rodent VEGF
and human VEGT with Kd values within 10 fold of the other, wherein the antibody contacts
no more than 80% of the surface area of G88 of human VEGF and wherein the antibody is
capable of inhibiting the binding of VEGF to a VEGF receptor.

In a third aspect, there is provided an antibody capable of binding to rodent VEGF
and human VEGF with Kd values within 10 fold of the other, wherein the antibody is capable
of inhibiting the binding of VEGF to a VEGF receptor, and wherein the antibody comprises a
CDR-H3 comprising the contiguous amino acid sequence X X;FXyX5X¢X5, wherein X;is Y
orF; XoisVor A XaisFor Y; XsisLor A; XgisPor Ajand X518 Y or I

In a fourth aspect, there is provided an antibody capable of binding to rodent VEGF
and human VEGF with Kd vaiues within 10 fold of the other, wherein the antibody comprises
the CDR-H3 sequence of any one of the antibodies of Figures 2, 7,24-29, and 34-43.

In a fifth aspect, there is provided an antibody capable of binding to rodent VEGF and
human VEGF with Kd values within 10 fold of the other, wherein the antibody comprises a
heavy chain or light chain variable region or both comprising a sequence of any one of the
antibodies of Figures 2, 7, 24-29, and 34-43.

In a sixth aspect, there is provided an antibody capable of binding to rodent VEGF
and human VEGF with Kd values within 10 foid of the other, wherein the antibody comprises
(a) a CDR-1.1 comprising the contiguous amino acid sequence X;XX3XuXsL, wherein: X
and X» are any amino acid; either X5 or Xy or X;and Xgare R; and Xsis S or A; (b) a CDR-
L2 comprising a contiguous amino acid sequence X; X3 X3, wherein X; 1s S or A or (; and
X5 and X; is any amino acid residue; and (¢) a CDR-L3 comprising a contiguous amino acid
sequence SX; X; X;5PL, wherein X, and X, are any amino acid residue; and X315 S or A,

In a seventh aspect, there is provided an isolated nucleic acid encoding the antibody
as defined above.

In an eighth aspect, there is provided a vector comprising the nucleic acid as defined
above.

In a ninth aspect, there is provided a host cell comprising the vector as defined above.

In a tenth aspect, there is provided a method of selecting an hVEGF antibody from a
library of synthetic antibodies, wherein the antibody is capable of binding to rodent VEGEF
and human VEGF with Kd values within 10 fold of the other, the method comprising: (a)
generating the library of synthetic antibodies having a designed diversity in at least one of the
CDRs; (b) contacting the library with hVEGF to form binders; (c) separating the binders from
the nonbinders, and eluting the binders from the target hWEGF and incubating the binders in
a solution with decreasing amounts of the target hWEGF in a concentration from about 0.1
nM to 10600 nM; and (d) selecting the binders that can bind to the lowest concentration of the
target VEGF and that have an affinity of about 500 pM to 2 nM.

In an eleventh aspect, there is provided a process of producing an antibody
comprising culturing the host cell as defined above so that the nucleic acid is expressed.



In a twelfth aspect, there is provided a use of an antibody as defined above in the
manufacture of a medicament for treating a disorder associated with pathological
angiogenesis.

In a thirteenth aspect, there is provided a use of an Fab antibody as defined above in
the manufacture of a medicament for freating a mammal suffering from or at risk of
developing an inflammatory or immune disorder.

In a fourteenth aspect, there is provided a use of an antibody as defined above in the
preparation of a medicament for treating a mammal suffering from or at risk of developing
edema.

In a fifteenth aspect, there is provided a method of detecting VEGF in a biological
sample, comprising: a) contacting the sample with an antibody according as defined above;
and b) detecting binding of the antibody to the sample.

In a sixteenth aspect, there is provided a diagnostic kit, comprising: a container, and
an antibody as defined above.

Disclosed are antibodies capable of binding to rodent VEGF and human VEGF with
Kd values within 10 fold of each value and are capable of inhibiting the binding of VEGF to
a VEGF receptor. According to one embodiment, the antibody is capable of binding to either
one or both of a Gly88Ala (G88A) or a Gly88Ser (G88S) human VEGF mutant with a Kd
value that is within 10 fold of the Kd value of unmutated human VEGF.

Also disclosed are antibodies that are capable of binding to a human VEGY and a
mouse VEGF with Kd values that are 10nM or less at 25°C and are capable of inhibiting the
binding of VEGF to a VEGF receptor. According to another embodiment the Kd values are
2nM or less. According to another embodiment, the Kd values are 0.InM or less. According
to another embodiment, an antibody disclosed herein binds VEGF with a Kd of no more than
about 1 nM, or no more than about 500 pM.

Also disclosed are antibodies that are capable of binding to a human VEGF and to
either one or both G88A and G88S mutants of human VEGE with Kd values that are 10nM or
less and are capable of inhibiting the binding of VEGF to a VEGF receptor. In another
embodiment, the antibodies bind to a human VEGF and to either one or both human VEGF
G88A and G88S mutants with Kd values that are 10nM or less.

According to another embodiment, an antibody disclosed herein has an on-rate (kgn)
for binding to human and/or mouse VEGF that is 1.0 or more (10 M 1. According to
another embodiment, the on-rate is 5.0 or more (10 M 8. According to yet another
embodiment, the on-rate is 10.0 or more (10 M7 ™.

‘According to another embodiment, the disclosed antibodies contact less than 80% of
the total surface area (angstrom’) of G88 of human VEGF. According to another
embodiment, the disclosed antibodies contact less than 70% of the total surface arca
(angstrom®) of G88 of human VEGF. According to another embodiment, the disclosed
antibodies contact less than 60% of the total surface area (angstrom”) of G88 of human
VEGF. According to another embodiment, the disclosed antibodies contact less than 1% of
the total surface area (angstrom®) of G88 of human VEGF. Such antibodies are generally
capable of also binding mouse VEGF.

The VEGF receptor to be inhibited from binding to VEGF can be the VEGF receptor
1 (Flt-1), VEGF receptor 2 {(KDR) or both receptors.

According to one embodiment, an antibody disclosed herein contacts the 20s helix of
VEGF. According to another embodiment, an antibody disclosed herein
contacts the 80s loop of VEGF. According to yet another embodiment, an antibody disclosed
herein contacts the 20s helix and the 80s loop of human VEGF. According to one
embodiment, an antibody disclosed herein has relative affinity for or 1s capable of contacting

5a



any one of residues F17, M18, Q22, Y25, D63, L66, C104 and P106 of human VEGE.
According to another embodiment, an antibody disclosed herein has relative affinity for or is
capable of contacting F17, M18, Q22, Y25, D63, L66, C104 and P106 of human VEGF.
According to another

5b



embodiment, an antibody disclosed herein has relative affinity for or is capable of contacting
residues F17 and Y21 of human VEGF. According to another embodiment, an antibody
disclosed herein has further relative affinity for or is capable of contacting Y25 of VEGF.
According to another embodiment, an antibody disclosed herein has relative affinity for or is
capable of contacting M18 and Q89 human VEGF. According to another embodiment, an
antibody disclosed herein has relative affinity for or is capable of contacting M8, Y21 and
Y25 of human VEGF. According to a preferred embodiment, an antibody disclosed herein
has a combination of three or more of any one of the above-mentioned embodiments.

In a further embodiment, an antibody disclosed herein has a functional epitope
described herein. According to one embodiment, the functional epitope of an antibody
disclosed herein includes residue F17 of human VEGF. According to another embodiment,
the functional epitope of an antibody disclosed herein includes residues F17 and 183 of
human VEGF. According to a further embodiment, the functional epitope of includes
residues F17, 183 and Q89 of human VEGF. According to one embodiment, the functional
epitope of an antibody disclosed herein includes residues 17 and MI8 of human VEGF. In a
further embodiment, the functional epitope includes residues F17, Mi8 and 189 of human
VEGF. According to one embodiment, the functional epitope of an antibody disclosed herein
includes residues F17, Y21 and Y25 of human VEGF. According to a further embodiment,
the functional epitope includes residues F17, Y21, Q22, Y25, D63 and 183 of human VEGF.
According to an alternative embodiment, the functional epitope includes residues F17, Y21,
Y25 and Q89 of human VEGF. According to a further embodiment, the functional epitope
includes residues F17, M18, D19, Y21, Y25, Q89, 151, K101, E103, and C104 of human
VEGF. According to vet another embodiment, the functional epitope includes residues F17,
Y21, Q22, Y25, D63, 183 and Q89 of human VEGF. A functional epitope of an antibody
disclosed herein can include a combination of any of the residues selected from the group
consisting of F17, M18, Y21, Q22. Y25, K48, D63, 1.66, M81, 183, H86, Q89, 191, C104
and P106 of human VEGF. According to another embodiment, the functional epitope
includes residues F17, M1 8, Y21, Q22, Y25, K48, D63, Lo6, M81, 183, H86, 89, 191,
C104 and P106 of human VEGF.

According to one embodiment, an antibody disclosed herein comprises a CDR-H3
comprising the contiguous amino acid sequence X;XFXXsXeX; (SEQ ID NO: 915),
wherein

X:1i8 Y or F;

Xois VorA;

XsisForY;

XsisLor A;

XsisPor A;and

Xs;18Y or F.

According to another embodiment, the antibody further comprises a CDR-H2 having
a contiguous amino acid sequence GX,TPXsG (SEQ ID NO. 1), wherein

Xz 1s al or V or other hydrophobic amino acid; and

X5 18 any amino acid residue.

According to vet another embodiment, the antibody still further comprises a CDR-H!

having a contigous amino acid sequence X X,Xs5.IH (SEQ ID NO: 2), wherein X is any
amino acid residue;



X,i8Y or F; and

Xz31s Wor L.

According to one preferred embodiment, the antibody further comprises the CDR-L1,
CDR-1.2 and CDR-L3 of any one of the antibodies of Figure 7. According to another
embodiment, the CDR-L1 is located at approximately residues 28-33, the CDR-L2 is located
at approximately residues 50-55; and the CDR-L3 is located at approximately residues 91-96.
According to another embodiment, the CDR-H1 is located at approximately residues 30-33,
the CDR-H2 is located at approximately residues 50-58; and the CDR-L3 is located at
approximately residues 94-100a. According to one preferred embodiment, the antibody
comprises the framework regions of the G6 antibody, the G6-23 antibody or the G6-31
antibody. According to another embodiment, the antibody comprises the light chain CDRs or
the light chain variable region of the G6 antibody, the G6-23 antibody or the G6-31 antibody.

According to one embodiment, an anfibody disclosed herein is an antibody
comprising:

(a) a CDR-L1 comprising the contiguous amino acid sequence X;XX3XuXsL (SEQ
ID NO. 916), wherein:

X\ and X; are any amino acid;

Either X5 or X4 or both X5 and Xy are R

XsisSor A;and

(b) a CDR-L2 comprising a contiguous amino acid sequence X;X,X; (SEQ 1D NO,
917), wherein

XiisSorA orG;and

X, and X3 is any amino acid residue; and

{c) a CDR-L3 comprising a contigous amino acid sequence SX;X;X3PL (SEQ ID NO.
918), wherein X, and X, are any amino acid residue; and

X315 S or A.

According to one preferred embodiment, the antibody comprises the framework
regions of the B20-4.1 antibody or the B20-4 antibody. According to another embodiment,
the antibody comprises the CDRs or the variable region of the B20 heavy chain variable
region. According to another embodiment, the X;XX5 (SEQ ID NO. 917) of the CDR-L2 is
encoded by X:ASX4LX¢ (SEQ ID NO. 919), wherein X and X4 are any amino acid.
According to another embodiment, the CDR-L1 is Jocated at approximately residues 28-33,
the CDR-L2 is located at approximately residues 50-55; and the CDR-L3 is located at
approximately residues 91-96. According to another embodiment, the CDR-H1 is located at
approximately residues 30-33, the CDR-H2 is located at approximately residues 50-58; and
the CDR-L3 is located at approximately residues 94-100a.

Also contemplated is an antibody comprising a CDR-H3 sequence of any one of the
antibodies of Figures 2, 7, 24-29 and 34-43 and optionally further comprising a CDR-H2
and/or a CDR-H1 of the same antibody from Iigures 2, 7, 24-29 and 34-43. Also,
contemplated is an antibody selected from the group consisting of a G6 series antibody, a
B20 series antibody, YADS series antibody and a YS series antibody. Further, another
antibody disclosed herein is an antibody comprising a variable region of any one of the
antibodies of Figures 2, 7, 24-29 and 34-43.

According to one preferred embodiment, the disclosed antibodies are synthesized by
recombinant methods rather than produced directly from a hybridoma or derived from an
anfibody sequence from a hybridoma. In one preferred embodiment, the antibody binds to
hVEGF with a Kd value of no more

7



than about 2 nM, no more than about 1 nM, or no more than about 500 pM. According to one
embodiment, antibody is a monoclonal antibody. According to another embodiment, the
antibody s a multi-specific antibody (e.g., a bispecific antibody).

In a further embodiment of the invention, the high affinity anti-hVEGF antibody is
also capable of binding to a VEGF from a non-human mammal species with Kd values
comparable to, or at least within tenfold of, the Kd value for its hVEGF binding. Such
antibodies with cross-species high binding affinities are particularly useful for preclinical
research as well as diagnostic and therapeutic applications. Some of the antibodies intended
for therapeutic use were generated using a target human antigen as the immunogen. The
resultant antibody may be "species-dependent”, i.e. while binding specifically to human
antigen, it may be much less effective at binding a homologue of that antigen from a
nonhuman mammal. This is found herein to be problematic, particularly where the nonhuman
mammal is one in which preclinical studies of the antibody are to be carried out. An example
is the anti-VEGF antibody, the Avastin™ antibody, used for treating cancers. While the
Avastin™ antibody had a strong binding affinity for human VEGF (ie. K4 1.8 nM), the
affinity for murine VEGF was unsuitable for conducting experiments in mouse models.

In one embodiment, the antibodies are synthetic antibodies comprising at least one
variant CDR 1in its variable domains, wherein the variant CDR comprises variant amino acid
in at least one solvent accessible and highly diverse amino acid position, wherein the variant
amino acid is encoded by a nonrandom codon set, and wherein at least 70% of the amino
acids encoded by the nonrandom set are target amino acids for that position in known
antibody variable domains. The antibody may have a heavy chain variable domain which
comprises at least 1, 2 or 3 variant CDRs selected from the group consisting of CDR HI, H2
and H3. Preferably the heavy chain variable domain comprises a variant CDR H3. The
antibody may also have a light chain variable domain which comprises at least 1, 2 or 3
variant CDRs selected from the group consisting of CDR LI, L.2 and L3.

According to another embodiment, an antibody disclosed herein binds human VEGF
and a rodent VEGF with a desired affinity but does not bind to any one or all of the VEGF-
related homologues selected from the group consisting of human VEGF-B, human VEGF-D,
and human P1GF-2.

According to one preferred embodiment, an antibody disclosed herein has a
combination of three or more of any one of the above-mentioned embodiments. According to
another embodiment, a Fab antibody disclosed herein is conjugated to an agent the will
increase the half-life of the Fab antibody. According to one preferred embodiment, the agent
is a polypeptide comprising the sequence DICLPRWGCLW. In a preferred embodiment, the
disclosed antibodies do not bind to P1GYF, VEGF-D or VEGF-B.

Also disclosed is a method of selecting a hZVEGF antibody from a library of synthetic
antibodies comprising: a) generating the library of synthetic antibodies having a designed
diversity in at least one of the CDRs; b) contacting the library with hVEGF to form binders;
¢) separating the binders from the nonbinders, and eluting the binders from the target h\WWEGF
and incubating the binders in a solution with decreasing amounts of the target hVEGF in a
concentration from about 0.1 nM to 1000 nM; and d) selecting the binders that can bind to the
lowest concentration of the target VEGE and that have an affinity of about 500 pM to 2 nM.
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Also contemplated are variants of the synthetic antibodies with improved binding
affinities to hVEGF or to VEGF of non-human species, or both. Various forms of the
antibody and variants thereof are contemplated herein. For example, the antibody mutant may
be a full length antibody (e.g. having a human immunoglobulin constant region) or an
antibody fragment (e.g. a Fab or F(ab') 2). Furthermore, the antibody mutant may be labeled
with a detectable label, immobilized on a solid phase and/or conjugated with a heterologous
compound (such as a cytotoxic agent).

Diagnostic and therapeutic uses for the antibody are contemplated. In one diagnostic
application, there is disclosed a method for determining the presence of a protein of interest
comprising exposing a sample suspected of containing the protein to the antibody mutant and
determining binding of the antibody mutant to the sample. For this use, there is disclosed a kit
comprising the antibody mutant and instructions for using the antibody mutant to detect the
protein.

Further disclosed are: isolated nucleic acid encoding the antibody; a vector
comprising the nucleic acid, optionally, operably linked to control sequences recognized by a
host cell transformed with the vector; a host cell transformed with the vector; a process for
producing the antibody comprising culturing this host cell so that the nucleic acid is
expressed and, optionally, recovering the antibody mutant from the host cell culture (e.g.
from the host cell culture medium).

Also disclosed is a composition comprising the antibody and a pharmaceutically
acceptable carrier or diluent. This composition for therapeutic use is sterile and may be
lyophilized. Also contemplated is the use of an antibody or polypeptide disclosed herein 1n
the manufacture of a medicament for treating an indication described herein. The
composition can further comprise a second thereapeutic agent such as a chemotherapeutic
agent, a cytotoxic agent or an anti-angiogenic agent.

Disclosed is a method for treating a mammal, comprising administering an effective
amount of the antibody to the mammal. The mammal to be treated in the method may be a
nonhuman mammal, ¢.g. a primate suitable for gathering preclinical data or a rodent (e.g.,
mouse or rat or rabbit). The nonhuman mammal may be healthy (e.g. in toxicology studies)
or may be suffering from a disorder to be treated with the antibody of interest. In one
embodiment, the mammal is suffering from or is at risk of developing abnormal angiogenesis
(e.g., pathological angiogenesis). In one specific embodiment, the disorder 1s a cancer
selected from the group consisting of colorectal cancer, renal cell carcinoma, ovarian cancer,
lung cancer, non-small-cell hing cancer (NSCLC), bronchoalveolar carcinoma and pancreatic
cancer. In another embodiment, the disorder is a disease caused by ocular neovascularisation,
e.g., diabetic blindness, retinopathies, primarily diabetic retinopathy, age-induced macular
degeneration and rubeosis. In another embodiment, the mammal to be treated 1s suffering
from or is at risk of developing an edema (e.g., an edema associated with brain fumors, an
edema associated with stroke, or a cerebral edema). In another embodiment, the mammal is
suffering from or at risk of developing a disorder or illness selected from the group consisting
of rheumatoid arthritis, inflammatory bowel disease, refractory ascites, psoriasis, sarcoidosis,
arterial arteriosclerosis, sepsis, burns and pancreatitis. According to another embodiment, the
mammal is suferring from or is at risk of developing a genitourinary illness selected from the
group consisting of polycystic ovarian disease (POD), endometriosis and uterine fibroids.
The amount of antibody administered will be a therapeutically effective amount to treat the
disorder. In dose escalation studies, a variety of doses of the antibody may be administered 1o
the mammal. In another embodiment, a



therapeutically effective amount of the antibody is administered to a human patient to treat a
disorder in that patient. In one preferred embodiment, the disclosed antibodies useful for
treating inflammatory or immune diseases described herein (e.g., rtheumatoid arthritis) are
Fab or scFv antibodies, especially Fab or scFv antibodies derived from the G6 series of
antibodies or the B20 series of antibodies. Antibodies that do not cause aggregation of VEGF
and do not aggregate themselves such as the B20 series of 1gG antibodies are particularly
useful in treating inflammatory and immune diseases. Accordingly, such antibodies are can
be can be used in the manufacture of a medicament for treating an inflammatory or immune
disease. A mammal that is suffering from or 1s at risk for developing a disorder or illness
described herein can be treated by adminstering, a second therapeutic agent, simultancously,
sequentially or in combination with, an antibody disclosed herein. It should be understood
that other therapeutic agents, in addition to the second therapeutic agent, can be administered
to the mammal or used in the manufacture of a medicament for the desired indications.

These antibodies and polypeptides can be used to understand the role of host stromal
cell collaboration in the growth of implanted non-host tumors, such as in mouse models
wherein human tumors have been implanted. These antibodies and polypeptides can be used
in methods of identifying human tumors that can escape anti-VEGF treatment by observing
or monitoring the growth of the tumor implanted into a rodent or rabbit after treatment with
an anti-VEGF antibodies of this invention. The disclosed antibodies and polypeptides can
also be used to study and evaluate combination therapies with anti-VEGF antibodies
disclosed herein and other therapeutic agents. The disclosed antibodies and polypeptides can
be used to study the role of VEGF in other diseases by administering the antibodies or
polypeptides to an animal suffering from the disease of a similar disease and determining
whether one or more symptoms of the disease are alleviated.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic tllustration of various types of antibody fragments useful for
phage display.

Figure 2 compares residue changes within heavy chain CDRs of the template
antibody h4D5 and the four selected novel synthetic antibodies. Also compared are VEGF
bindings of the four antibodies.

Figure 3 depicts the abilities of VEGF receptors (FItl-d2 and KDR) to block VEGF
bindings of the novel anti-VEGF antibodies. Y0959A, an anti-VEGF variant, was used as
control.

Figure 4 shows that the G6 antibody specifically binds to both hVEGE and mVEGF,
but not to VEGF-related antigens.

Figure 5 shows that G6 can effectively block both hVEGE and mVEGE binding to
the KDR receptor. Fab-12 and Y0317 were used as controls.

Figure 6 shows effects of G6 on VEGF-induced HUVEC proliferation.

Figure 7 illustrates steps of generating high affinity anti-VEGF antibodies and the list
of residues and binding affinities related to various affinity-improved G6 variants.

Figure 8 compares VEGF bindings of G6, G6-23 and Fab-12. Association rates {on-
rate) to both hVEGF and mVEGF were measured over time; the calculated Kon, Koff and Kd
are listed.

Figure 9 compares VEGF binding on-rates of G6 and further improved variants of
(G6-23.
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Figure 10 depicts effects of VEGF antagonists (G6-23 and Flt1-3Fc) on neonate mice body
weights and survival rates.

Figure 11 depicts effects of G6-23 on tumor growth in nude mice with xenografted human tumer
cells (KM12 cells and SW480 cells), as measured by tumor volumes over mimber of ireatment days.

Figure 12 shows VEGF expressions (both hVEGF and mVEGF) in KM12 xenograft mice in the
presence or absence of G6-23, _ :

Figure 13 depicts effects of VEGF antagonists (G6-23 apd Fit1-3Fc) on tumor growth in nude mice
with xenografted mouse tumor (LL2), as measured by tumor volumes over number of treatment days.

Figures 14A and B describe codons designed for shotgun scanning codons of G6 and G6-23. For
each scan, degenerate shotgun coedons for (A) heavy and (B) lLight chain were designed to encode the wild-
type amino acid and alanine (m1) in alanine-scan or similar amino acid {md) in homolog-scan for both G6
and G6-23 Fab. The shotgun codons are represented by the TUB code (K=G/T, M=A/C, R=AIG, S=GIC,
V=ASCIG, W=AIT, Y=C/T). More substitutions (m2, m3, and m5) occurred in some residues due to the
nature of the genetic code. In the case of wild-type alanine, the shotgun codon was desigmed to encode
alanine and glycine. Each residue on CDRs is denoted by the single-letter code for amino acid, followed by
amunber denoting its position according to the scheme of Kabat et al., lQS?’.‘lﬁ“ﬁosiﬁons where the
sequences of G6 and G6-23 differ were shown in two letters, e.g. Q89K denotes position 89 which is Gla or
Lys in G6 or G6-23, respectively. Asterisks(*) indicate both alanine- and homolog-scan codons encode a
common, substibtion.

Figure 15 provides information regarding the construction of G6 and G6-23 shotgun scanning,
libraries: The shotgun scanning libraries were performed to mutate codons for the indicated residues on the
heavy (be) or light (I¢) chain of G6 and (G6-23 with either alanine- or homolog-scan shotgun codons (Figure
14A and B). In total, cight Hbraries were constructed vsing the mutagenic oligonucleotides as shown in
Example 1. The theoretical diversity of each library, total numbers of amino acid combinations encoded by
the mutagenic oﬁgénucleotides, was exceeded at least 100-fold by the actual diversity of the constructed
library. |

Figures 16A and B describe the results of the G6 and G6-23 heavy chain shotgua scan. The effect
of eachl matation (Figure 14A and B} on the heavy chain CDR residues of (A) G6 and (B) G6-23 was
evaluated by calculating wt/mut ratios from sequences of functionat clones, either from the alanine-scan
libraries (m1, m2, and m3) or the homelog-scan libraries (m4 and m5), isclated after binding selection fo
either 'VEGF (target selection) or an anti-gD tag antibody (display selection). To provide a quantitative
estimate of the effect of each mutation on the binding afﬁnity of Gb and G6-23 for hVEGF, the function
ratio (Fwi/ut) at-each mutation site was derived from dividing the wt/mut ratio from target selection by
that from display selection. Deleterious effects are indicated by Fwi/mut values greater than 1.0, and
mutations that result in significantly deleterious effects (Fwt/mut >10) are shown in bold text. Several
mutations wcré-not observed amongst the target selection and only a Tower limit could be defined For its
wt/mut ratio; therefore, the Fwi/mut value was indicated as a greater sign.

Figures 17A and B describe the results of the G6 and G6-23 light chain shotgun scan. The effect of
each mutation (Figures 14A and B) on the light chain CDR residues of (A) G6 and (B) G6-23 was evaluated
by calculating wi/mut ratios from sequences of functional clones, either from the alanine-scan libraries {ml,

m2, and m3) or the homolog-scan libraries (m4 and m3), isolated after binding selection to either hZVEGE
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{target selection) or an anti-gi} tag antibody {display selection). To provide a quantitative estimate of the
effect of each mutation on the binding affinity of G6 and G6-23 for 'VEGE, the function ratio {Fwt/mut) at
each mutation site was derived from dividing the wt/mut ratio from target selection by that from display
selection. Deleterious effects are indicated by Fwt/mut values greater than 1.0, and mutations that result in
significantly deleterious effects (Fwt/mut >10) are shown in bold text.
' Figure 18 is a comparison of relative binding activities for FabG6 and G6-23 point iutants to
hVEGF with function values (Fwt/mut) from shotgun scanning. The retative binding activities of each
mutant protein to hVEGF were evaluated with IC50,mut/IC50,wt ratio, a measure of the fold reduction in
nVEGF binding activity due to each point mutation. The IC50, wt values for G6 and G6-23 are 2.5nM and
20pM respectively. The ratio without showing the standard error is estimated the error.is +5%. The ratios of
significantly deleterious mutations could not be precisely quantitated because no mhibition was observed at
the highest concentrairion of hVEGF (1uM and 0.1uM for G6 and G6-23 respectively) used in the assay and
were only shown as a lower Hmit (>400 and >5000 for G6 and G6-23 mutants respectively) for foid
reduction in hVEGF binding. The function values (Fwt/mut) of shotgun scanning were from Figures 16 and
17. DDGmut-wt values for both mutagenesis scanning were calculated using the equation as indicated in the
legend of Figures 22A and B.

Figure 19 describes the relative binding affinities for as measured by phage ELISAs for phage-
derived hVEQF,. 49 single alanine mutant to bind different versions of anti-hVEGF antibodies or hWVEGF
receptors (G6, G6-23, and B20-4 Fabs, monoeclonal antibody A4.6.1 and receptors Fit-1 (1-3), Flt-1p; and
KDR-ig, respectively). The effects of phage-derived single alanine mutants of hVEGF on the binding
affinity of anti-hVEGF antibody and hVEGF receptor were assessed as the relative IC50 values, which are
calculated as ICsg 41/ID 50 w1 from phage ELISAs. A number greater than 1.0 indicated reduction in binding
affinity and any variant with significant relative IC50 values greater than 10 was highlighted as bold text.
The-:‘ICSO,M values for G6 and (G6-23 are 2.50M and 20pM respectively. The ratio without showing the
standard error is estimated that the average error is +/-5%. Because phage ELISAs required substantial
binding of the mutant phagemid to its protein target {0 generate a measurable signal, non-binders (NB) could
not be precisely quantitated but may be interpreted to have a greafly reduced binding affinity (greater than
1000 1C50 value)., Asterisk (*) indicated the alanine scanning data on hVEGF for Fab-12 and hVEGF
receptors were from Muller et al., (1997) PNAS US4 84: 7192-7197 and Li et al., (2000} Cancer Res.
57:4593.4599.

Figures 20A and B describe results from the FabG6 and G6-23 heavy chain shotgun scan, Fwt/mut
values measured the effects of FabG6 and G6-23 heavy chain CDRs alanine (black bars) or homolog (white
bars) substitutions on binding affinity for hWWEGF. Shotgun scanning data for (A) FabG6 heavy chain were
from Figure 16A, and for (B) FabG6-23 heavy chain were from Figure 16B.

Figures 21A and B describe results from the FabG6 and G6-23 light chain shotgun scan. Fwt/mut
values measured the effects of Fab(Gé and G6-23 light chain CDRs alanine (black bars) or homolog (white
bars) substitutions on binding affinity for htVEGF. Shotgun scanning data for {(A) FabGé light chain were
from Figure 17A, and for (B} FabGe6-23 light chain were from Figure 17B.

Figures 22A and B report the DDGAla-wt values for the FabG6 and G6-23 shotgun scan.
DDGAla-wt values measuring the effects of {(A) FabG6 and (B) FabG6-23 CDRs alanine substitutions on
binding affinity for hZWEGF were calculated using biophysical equation (DDGAlz-wt = RTIn(Ka,wt/Ka,Ala)
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= RTIn{Fwt/Ala)) as previously described (Weiss et al., (2000) PNAS (784 97:8950-8954) and Fwt/Ala
values were from Figures 16 and 17.

Figure 23 describes the results of sensograms for injection of 100nM Fab at 25°C over hVEGF
immobilized on BlAcore chip. It demonstrated the on-rate improvement for G6 variant with alanine
substitution at position 58 of CDR-H2. Additional on-rate improvement also can be observed for this variant
with valine substitution at position 51 of CDR-H2. This figure was generated using GraphPad Prism 4.0
version software (http://www. graphpad .com).

Figure 24 shows the amino acid sequences of the G6 Fab light chain and the G6 Fab heavy chain,
respectively (SEQ 1D NO. 28-29). The underiines indicates residues in the CDR1-LC, CDR2-LC and CDR3-
LC or CDRI-HC, CDR2-HC or CDR3-HC according to the Kabat numbering systern.

Figure 25 shows the amino acid sequence of the G6-23 Fab light chain and of the (G6-23 Fab heavy
chain as well as the amino acid sequences of the G6-31 and G6-8 Fab light chains (SEQ ID NO. 30-33). The
underlines indicate the position of the CDRs according to the Kabat numbering system.

Figure 26 shows the amino acid sequences the amino acid sequences of the G6-23.1 and (G36-23.2 Fab
light and heavy chains (SEQ ID NO. 34-36). The underlines indicate the position of the CDRs according to
the Kabat numbering system, (CDRH3,3EQ ID'NO:93()

Figure 27 shows the amino acid sequence of the B20 Fab light and heavy chains (SEQ ID NO. 37-
38). The underlines indicate the position of the CDRs according to the Kabat numbering system
{CDRH3,3EQ 1> NO:932).

Figure 28 shows a ssmmary of high affinity binders of VEGF derived from a B20-based library (SEQ
ID NO. 85-140).

Figure 29 shows the amino acid sequence of the B20-4 and B20-4.1 Fab light and heavy chains (SEQ
ID NO. 39-41).

Figure 30 shows the affinity improvement of the anti-mVEGF Fab G6 by light chain
randomization. (A) the sensograms for injection of 500nM Fab at 37°C over mVEGF immobilized BIAcore
chip demonstrate the off rate and on rate improvements; {B) the observed rate (K, s"‘) of complex
formation between G6 and variant Fabs and mVEGF as the rate of the decrease of fluorescence intensity was
plotted against the concentrations of mVEGF {nM) used and the slope based on the pseudo-first-order
analysis was the on rate (x 10° M7 s).

Figure 31 shows that G6 can effectively block both hVEGF and mVEGF binding to Flt-1 receptor.
Fab-12 and Y0317 were used as controls,

Figure 32 shows on-rates, off-rates, Kd values and IC50 values for Fab protein-human VEGF or
Fab protein-mouse VEGF interactions at 25°C and 37°C using surface plasmon resonance (SPR) methods
with BIAcore or solution binding assays with competition ELISA or fluorescence quenching with Fab-12
and Y0317 as comparison. “NB” indicates non-binder. “ND” indicates not determined.

Figure 33A-E shows the inhibition of HM7 tumor growth in nude mice after administration with the
G6 antibody, the G6-31 antibody, the Y0317 antibody and the Avastin™™ antibody at (A) 0.1mg/kg dose
twice weekly, (B) 0.25mg/kg dose twice weekly, (C) 0.5mg/kg dose twice weekly; (D) 2mg/kg twice
weeklyand (E) 5Smg/kg dose twice weekly, An anti-ragweed antibody was used as a control,

Figure 34 shows a summary of various G6 (A} light chain and (B) heavy chain variants based on

sequence and 1C50 analysis (SEQ ID NOS 361-488). The wild type HC50 reflects the mean of the values
obtained in the different experiments. Varied amino acid positions are shown in bold. Residues differing from
wild type G6 are highlighed. The residues are denoted by the single-letter amino acid code and a number
denoting its position according to the scheme of Kabat et al., 1987
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Figure 35 shows a surmmnary of various G6-23 (A) light chain and (B) heavy chain variants based
on sequence and IC50 analysis (SEQ ID NO. 141-272). The wild type IC50 reflects the mean of the values
obtained in the different experiments. Varied amino acid positions are shown in bold. Residues differing from
wild type G6 are highlighed. The residues are denoted by the single-letter amino acid code and a number
denoting its position according to the scheme of Kabat et al., 1987

Figure 36 shows portions of the amino acid sequences of YADS-1, YADS-2 and Y ADS-3 antibodies
and other clones (SEQ ID NO. 489-560). Represented are sequences of three hVEGF binders selected from
the’Y ADS-II library. Residues that were not randomized in the library are grey shaded.

Figure 37 shows amino acid sequences of a group of Y ADS series antibodies (SEQ 1D NO. 273-332).
Represented are sequences of unique clones obtained from the sorting of library YADS-A against hWEGF.
Residues that were not randomized in the library are grey shaded.

Figure 38 shows amino acid sequences of a group of YADS series antibodies (SEQ 1D NO. 333-360). .
Represented are sequences of unique clones obtained from the sorting of library YADS-B against hVEGF.
Residues that were not randomized in the library are grey shaded.

Figure 39 shows the Fab sequences of YADS2 and YADS3 antibodies (SEQ 1D NO. 21-24). Bolded
portions indicate variable region residies. Underlined portions indicate approximate residues of CDR-L1,
CDR-L2, CDR-L3, CDR-H1, CDR-H2 or CDR-H3.

Figure 40 shows NNK variants of the YADS2 antibody (SEQ ID NO. 723-794), “x” indicates a
STOP codon or an unreadable sequence.

Figure 41 shows amino acid sequences of a group of Y'S series antibodies (SEQ ID NO. 795-914).
They represent sequences of binders obtained from sefection of Hbrary YS-A and YS-B.

Figare 42 shows CDR sequences from anti-VEGF antibodies of the YS libraries (SEQ ID NO. 561-
722). Clones 1-52 were selected from library B, while clones 53-63 were selected from library A. From left to
rght, columns 1-3 of CDR-L3 refer to positions 91, 92, 93, 94 and 96, respeciively; columns 1-5 of CDR-HI
refer to positions 28, 30, 31, 32, and 33; columns 1-6 of CDR-I2 refer to positions 50, 52, 53, 54, 56 and 58;
and columns 1-15 of CDR-H3 refer to positions 95, 96, 97, 98, 99, 100 and 100a-i according to Kabat
numbering.

Figure 43 shows the sequence of the YS1 Fab. Portions in bold indicate residues in the variable
region (SEQ 1D NO. 42-43).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

1. Definitions

The term "antibody” is used in the broadest sense and specifically covers monoclonal antibedies (including full
length monoclonal antibodies), polyclonal antibodies, multispecific antibodies (e.g., bispecific antibodies), and
antibody fragments so long as they exhibit the desired biological activity. A “G6 series polypeptide”
according to this invention is a polypeptide, including an antibody according to this invention, that is derived
from a sequence of a G6 antibody or G6-derived antibody according to any one of Figures 2, 7, 24-26 and 34-
35 and binds to human VEGF with a desired affinity according to this invention {e.g., 10nm or less, 2nM or
less, 1oM or less, 0.1nM or less, 500pM or less for the Fab version of the antibody at 25°C). A “B20 series
polypeptide” according to this invention is a polypeptide, including an
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antibody according to this invention, that is derived from a sequence of the B20 antibody or a B20-derived
antibody according to any one of Figures 27-29 and binds to VEGF with a desired affinity according to this
invention. A “YADS series polypeptide” or “YADS polypeptide” according to this invention is a
polypeptide, including an antibody according to this invention, that is derived from a sequence of the YADS
antibody according to any one of Figures 36-40 and binds to VEGE with a desired afﬁnity according to this
invention. A “YADS-2 series polypeptide” or “YADS2 polypeptide” according td'thig inventionis a
polypeptide, including an antibody according to this invention, that is derived from a sequence of the

Y ADS2 antibody according to Figure 36 or Figure 39andbinds to VEGF with a desired affinity according
this invention. A “YADS-3 series polypeptide” or “YADS3 polypeptide” according to this invention is a
polypeptide, including an antibody according to this invention, that is derived from a sequences of the
YADS3 antibody according to Figure 36 or Figure 39 and binds to VEGF with a desired affinity according
to this invention. “YS series polypeptide” or “YS polypeptide” according to this invention is a polypeptide,
including an antibody according to this invention, that is derived from a sequence of a YS antibody
according to Figure 41-43 and binds to VEGF with a desired affinity according to this invention. According
to one preferred embodiment, the G series polypeptide, B20 series polypeptide, the YADS series
polypeptide, the YADS2 series polypeptide , the YAIS3 series polypeptide 6F thie Y'S series polypeptide
binds to human and a nos-hiiman mammalian VEGF with a Xd value that is within 10 foid of each other.
According to one embodiment, the kD values for those antibodies binding to human VEGF and 2 mouse
VEGF are 100M or less. v another embodiment, the antibodies bind te human VEGF arid mfmse"V-EGF-
with Kd values of 2ZoM or less. In another embodiment, the antibodies bind to human VEGF with Kd values
of 1nM or less. The atfinifies of such G6 series, B20 series, YADS and YS series polypeptides for VEGF
can be improved by methods, e.g., such as the phage display techniques taught herein.

As used herein, "antibody variable domain” refers to the portions of the light and heavy chains of
antibody‘moleculcs that include amino acid sequences of Complementarity Determining Regions (CDRs;
ic., CDR1, CDRZ, and CDR3), and Framework Regions (FRs). Vprefers to the variable domain of the
heavy chain. Vi, refers to the variable domain of the light chain. According to the methods used in this
invention, the amino acid positions assigned to CDRs and FRs may be defined according to Kabat _
{Sequences of Proteins of Immumnological Interest (National lestitﬁtes of Health, Bethesda, Md., 1987 and f .
1991)). Amino acid numbering of antibodies or antigen binding fragments is also according to that of Kabat,

As used herein, the term “Complementarity Determining Regions (CDRs; is., CDR1, CDR?2, and
CDR3) refers to the amino acid residues of an antibody variable domain the presence of which are necessary
for antigen binding. Each variable domain typically has three CDR regions identified as CDR1, CDRZ and
CDR3. Each complementarity determining region may comprise amino acid residues from a
“complementarity determining region” as defined by Kabat {i.¢. about residues 24-34 (1.1), 50-56 (L2) and
89-97 (L3) in the light chain vaﬁable domain and 31-35 (H1), 50-65 (H2) and 95-102 (H3) in the heavy
chain variable domain; Kabat et al., Sequerices of Proteins of Immunological Interest, 5th Ed. Public Health
Service, National Institutes of Health, Bethesda, MD. (1991)) andfor those residues from a “hypervariable
ioop” (i.e. about residues 26-32 (L1), 50-52 (1.2) and 91-96 (L.3) in the Tight chain variable domain and 26-
32 (K1), 53-55 (H2) and 96-101 {13} in the heavy chain variable domain; Chothia and Lesk J. Mol. Biol.

156:501-017 (1987)). In some instances, 4 complementarity determining region can include amino acids
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from both a CDR region defined according to Kabat and a hypervariable loop. For example, the CDRH1 of
the heavy chain of antibody 415 includes amino acids 26 to 35.

“Framework regions™ (héreinaftcr FR) are those variable domain residues other than the CDR
residues. Each variable domain typically has four FRs identified as FR1, FR2, FR3 and FR4, If the CDRs
are defined according to Kabat, the Hght chain FR residues are: positioned at about residues 1-23 (LCER1),
35-49 (LCFR2), 57-88 (LCFR3), and 98-107 (LCFR4) and the heavy chain FR residues ate positioned about
at residues 1-30 (HCFR1), 36-49 (HCFR2), 66-94 (HCFR3), and 103-113 (HCFRA4) in 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 (LCFR 1), 33-49 (LCEFR2), 53-90 (LCFR3), and 97-107 (LLCFR4) in the
kight chain and the beavy chain FR residues are positioned about at residues 1-25 (HCFR1), 33-52 (HCFR2),
56-95 (HCFR3), and 102-113 (HCFR4) in the heavy chain residues. In some instances, when the CDR
comprises amino 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 CDRH]1 includes amino acids H26-H35, the
heavy chain FR1 residues are at positions -25 an_d the FR2 residues are at positions 36-49.

As used herein, “codon set” refers to a set of different nucleotide triplet sequences used to encode
desired variant amino acids. A set of oligonuclectides can be synthesized, forexample, by solid phase
synthesis, including sequences that represent all possible combinations of nucleotide triplets provided by the
cadon set and that will encode the desired group of amino acids. A standard form of codon designation is
that of the [UR code, which is known in-the art and desciibed herein. A codon set typically is represented
by 3 capital letters in italics, eg. NNK, NNS, XYZ, DVE and the like. A “nonsrandom codon set”, as used
herein, thus refers to a codor set that encodes select amino acids that fulfill partiaily, preferably completely,
the criteria for amino acid selection as described herein. Synthesis of oligonucieotides with selected
nucleotide "degeneracy” at certain positions is well known in that art, for example the TRIM approach
(Knappek et al.; J. Mol Bio-l- (1999), 296:57-86); Garrard & Henner, Gene (1993), 128:103). Such sets of
oligonucleotides having certain codon sets can be synthesized using commercial nucleic acid synthesizers
{available from, for example, Applied Biosystems, Foster City, CA), or can be obtained commercially (for
examplé, from Life Technologies, Rockville, MD). Therefore, a set of oligonucleotides synthesized having
a particular codon set will typically include a plurality of oligonucleotides with different sequences, the

differences established by the codon ser within the overall sequence. Olgonucleotides, as used according to

* the invention, have sequences that allow for hybridization to a variable domain nucleic acid template and

also can, but does not necessarily, include restriction enzyme sites useful for, for example, cloning PUTpOses.

An "Fv" fragment is an antibody fragment which contains a complete antigen recognition and
binding site. This region consists of a dimer of one heavy and one light chain variable domain in tight
association, which can be covalent in nature, for example in scFv. Itis in this configuration that the three
CDRs of each variable domain interact to define an antigen binding site on the surface of the V-V, dimer.
Collectively, the six CDRs or a subset thereof confer antigen binding specificity to the antibody. However,
even a single variable domain (or héif of an Fv comprising only three CDRs specific for an anti gen) has the
ability to recognize and bind antigen, although usually at a lower affinity than the entire binding site.

The "Fab" fragment contains a variable and constant domain of the light chain and a variagble

domain and the first constant domain (CHLI) of the heavy chain. Fab’), antibody fragments comprise a pair
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of Fab fragments which are generally covalently linked near their carboxy termini by hinge cysteines
between them. Other chemical couplings of antibody fragments are also known in the art,

"Single-chain Fv" or "scFv" antibody fragments comprise the Vi and Vy, domains of antibody,
wherein these domains are present in a single polypeptide chain, Generally the Fy polypeptide further
comprises a polypeptide linker between the Vi and V;_domains, which enables the scFv to form the desired
structure for antigen binding. For a review of scFv, see Pluckthun in The Pharmacology of Monoclonal
Ann’bodi.es, Vol 113, Rosenburg and Moore eds. Springer-Verlag, New York, pp. 269-315 (1994),

The term "diabodies” refers to small antibody fragments with two antigen-binding sites, which
fragments comprise a heavy chain variable domain (V) connected to a lght chain variable domain (VP in
the same polypeptide chain (Vy and V1), By using a linker that is too short to allow pairing between the two
domains on the sarme chain, the domains are forced to pair with the complementary domains of apother
chain and create two antigen-binding sites. Diabodies are described more fully in, for example, EP 404,097;
WO 93/11161; and Hollinger et al., Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993),

The expression "linear antibodies” refers to the antibodies described in Zapata et al., Protein Eng.,
8(10):1057-1062 (1995). Briefly, these antibodies comprise 2 pair of tandem Fd segments (V a-Cil-Vy-
Cyl) which, together with complementary light chain polypeptides, form a paif 't antigen binding regions.
Linear antibodies can be bispecific or monospecific.

The term "menoclonal antibody” as used herein refers to an antibody obtained from a population of
substantially hemogeneous antibodies, ie., the-individual antibodies comprising the population are identical
except for possible naturally occurring mutations that may be present in minor amounts. Monoclonal
antibodies ave highly specific, being directed against a single antigenic site. Furthermore, in contrast to
conventional (polyclonal) antibody preparations which typically include different antibodies directed against
different determinants (epitopes), each monoclonal antibody is directed against a single determinant on the
antigen. The modifier "monoclonal” indicates the character of the antibody as being obtained from a
substantially homogeneous population of antibodies, and is not to be construed as requiring production of
the antibody by any particalar method. For example, the monoclonal antibodies to be used in accordance
with the present invention may be made by the hybridorﬁa method first described by Kohler er al,, Nature
256:495 (1975), or may be made by recombinant DN A methdd‘s {see, e.g., U.S. Patent No. 4,816,567). The
“monoclonal antibodies” may also be isolated from phage antibody Hbraries using the technigues. deseribed
in Clackson et al., Nature 352:624-628 (1991} and Marks et al, J. Mol. Biol. 222:581-597 (1991}, for
example. .

The monoclonal antibodies herein specifically include *chimeric® antibodies {immunoglebulins) in
which a portion of the heavy and/for light chain is identical with or homelogous to corresponding sequences
in antibodies derived from 2 particular species or belonging to a particular antibody class or subclass, while
the remainder of the chain{s) is identical with or homologous to corresponding sequences in antibodies
derived from another species or belonging to another antibody class or subclass, as well as fragments of such
antibodies, so long as they exhibit the desired biological activity ({1.S. Patent No. 4,816,567; and Morrison
et al., Proc. Natl. Acad. Sei. USA 81:6851-6855 (1984)).

"Hursanized" forms of non-human {e.g., muting) antibodies are chimeric antibodies which contain
minimal sequence derived fromnon-human immunoglobulin. For the most part, himanized antibodies are

hurnan immunoglobulins (recipient antibody) in which residues from a hypervariable region of the recipiest
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are replaced by residues from a hypervariable region of a non-human species {(donor antibody) such as
mouse, rat, rabbit or nonhuman primate having the desired specificity, affinity, and capacity. In some
instances, Fv framework region (FR) residues of the human immunoglobulin are replaced by carresponding
Bon-munan residues. Furthermore, humanized antibodies may comprise résidue;s which are noi found in the
recipient antibody or in the donor antibody. These modifications are made to farther refine antibody
performance. In general, the humanized antibody will comprise substantially all of at leasil:' one, and
typically two, variable domains, in which all or substantially all of the hypervariable loops costespond to
those of a non-human immunoglobulin and all or substantially all of the FR fegions. are tﬁbse of a human
immunoglobulin sequence. The humanized antibody optionally also will comprise at least a portion of an
immunoglobulin constant region (Fc), typically that of a human immunoglobulin. For further details, see
JYones et al., Natwre 321:522-525 (1986); Riechmann et al., Narure 332:323-329 (1988); and Presta, Curr.
Op. Struct. Biol 2:593-596 (1992).

A “species-dependent antibody” is one which has a stron ger binding affinity for an antigen from a
first mammalian species than it has for a homologue of that antigen from a second mammalian species.
Normally, the species-dependent antibody "binds specifically” to a human antigen (i.e. has a binding affinity
(K val.ue.of no-mere than about § x.107 M, preferably nto moresthan about-1 #:30° M and most preferdbly
no more than about 1 x 10° M) but has a binding affinity for a homologue of the antigen from a second
nonhuman marmalian species which is at least about 50 fold, or at least about 500 fold, or at least about
1000 fold, weaker than its binding affisity for the human antigen, The species-dependent antibody can be
any of the various types of antibodies as dcﬁned.above, but preferably is a himanized of human antibody.

_As used herein, “antibody mutant” or “antibody variant” refers to an amino acid sequence variant of
the species-dependent antibody wherein one or more of the amino acid residues of the species-dependent
antibody have been modified. Such mutants necessarily have less.than 100% sequence identity or similarity
with the species-dependent antibody. In a preferred embodiment, the antibody mutant will have an amino
acid sequenée haﬁng at least 75% amino acid sequence identity or similarity with the amino acid sequence
of either the heavy or light chain variable domain of the species-dependent antibody, more preferably at Jeast
80%, more preferably at least 5%, more preferably at feast 90%, and most preferably at least 95%. Identity
or similarity with respect to this sequence is defined herein as the percentage of amino acid residoes in the
candidate sequence that are identical (i.e same residue) or similar {f.e. amino acid residue from the same
group based on common side-chain properties, see below) with the species-dependent antibody residues,
after aligning the sequences and introducing gaps, if necessary, to achieve the maximum percent sequence
identity. None of N-terminal, C-terminal, or internal extensions, deletions, or insertions into the antibody
sequence outside of the variable domain shall be construed as affecting sequence identity or similarity.

To increase the half-ife of the antibodies or polypeptide containing the amino acid sequences of
this invention, one can attach 2 salvage receptor binding epitope to the antibody (especially an antibody
fragment), as described, e.g., in US Patent 5,739 .277. For example, a pucleic acid molecule encoding the
salvage rcccptor bmdmg epitope can be linked in frame to'a nucleic acid encoding a pol ypeptide sequence of
this invention so that the fusion protein expressed by the engineered nucleic acid molecule comprises the
salvage receptor binding epitope and a polypeptide sequence of this invention, As used herein, the term
*salvage receptor binding epitope” refers to an epitope of the Fe region of an [gG molecule (e. g, IgGy, 1G,,
I8Gs, or TgGy) that is responsible for increasing the in vivo serum hatf-life of the Iz molecule (e.g., Ghetie,
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Vet al, (2000) Ann. Rey, humunol. 18:739-766, Table 1). Antbodies with substimtions in an Fc region
thereof and increased serum half-Hives are also described in WOO0/42072 (Presta, L.}, WO 02/060919;
Shields, R.L., et al., (2001) JBC 276(9):6591-6604; Hinton, P.R., (2004) JBC 27%(8):6213-6216). In
another embodiment, the seram half-life can also be increased, for example, by attaching other polypeptide
sequences. For example, antibodies of this invention or other polypeptide containing the amino acid
sequences of this invention can be attached to serum albumin or a portion of serum albumin that binds to the
FcRa receptor or a serum albomsn binding peptide so that senm albumin binds to the antibody or
polypeptide, e.g., such polypeptide sequences are disclosed in WO01/45746. In one prcférred embodiment,
the serum albumin peptide to be attached comprises an amino acid sequence of DICLPRWGCLW. In
another embodiment, the hali-life of a Fab according fo this invention is increased by these methods. See
also, Dénm’s, M.S., et al, (2002) JBC 277(38):35035-35043 for serum albumin binding peptide sequences.

An "isolated" antibody is one which has been identified and separated and/or recovered from 2
component of its natural environment. Contaminant components of its natural environment are materials
which would interfere with diagnostic or thcrabeutic uses for the antibody, and may include enzymes,
hormones, and other proteinaceous or nonproteinaceous solutes. In preferred embodiments, the antibody
will be purified (1) to greater than 95% by weight of antibody as determined by #he Lowry methad, and most
preferably more than 99% by weight, (2) to a degree sufficient to obtain at least 15 residues of N-terminal or
mternal amino acid sequence by use of a spinsing cup sequenator, or (3} to homogeneity by SDS-PAGE
under reducing or ponreducing conditions using Coomassie blue or, preferably, silver stain. Jsolated
antibody includes the antibody in situ within recombinant cells since at least one component of the
antibody’s natural environment will not be present. Ogdinarily, however, isolated antibody will be prepared
by at least one purification step.

An “angtogenic factor or agent” is a growth factor which stimulates the development of blood
vessels, e.g., promote angiogenesis, endothelial cell growth, stabiliy of blood vessels, and/or vasculogenesis,
etc, For example, angiogenic factors, include, but are not limited to, e.g., VEGF and members of the VEGE
family, PIGE, PDGF family, fibroblast growth factor family (FGFs), TIE ligands (Angiopoieting), ephrins,
Del-1, fibroblast growth factors: acidic (aFGF) and basic (bFGI), Follistatin, Granuloeyte colony-
stimulating factor (G-CSE), Hepatécyte growth factor (HGT) /scatter factor (SF), Interlenkin-8 (1L-8),
Leptin, Midkine, Placental growth factor, Platelet-derived endothelial cell growth factor (PD-ECGH),
Platelet-derived growth factor, especially PDGF-BB or PDGFR-beta, Pleiotrophin (PTN), Progranilin,
Profiferia, Transforming prowth factor-alpba (TGF-alpha), Transforming growth factor-beta (TGF-beta),
Tﬁmor AECIosis facior—alpha (TNF-aipha), Vascular endothelial growth factor (VEGF)/vascular permeability
factor (VPF), ete. It would also include factors that accelerate wound healing, such as growth hormone,
insulin-like growth factor-I (IGF-I), VIGF, epidermal growth factor (EGF), CTGF and members of its
family, and TGF-alpha and TGF-beta. See, e.g., Klagsbrun and D’ Amore, Aniu. Rev. Physiol., 53:217-39
{1991}; Streit and Detmar, Oncogene, 22:3172-3179 (2003); Ferrara & Alitalo, Nature Medicine
5(12):1359-1364 (1999); Tonini et al., Oncogene, 22:6549-6556 (2003) {e.g., Table 1 Hsting known
angiogenic factors); and, Sato Int. J. Clin. Oncol., 8:200-206 (2003},

An "apti-angiogenesis agent” or “angiogenasis inhibitor” refers to a small molecular weight
substance, an polynucleotide, an polypeptide, an isolated protein, a recombinant protein, an antibody, or

conjugates or fusion proteins thereof, that inhibits angiopenesis, vasculopenesis, or undesirable vascular
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permeability, either directly or indirectly. It should be understood that theanti-angiogenesis agent includes
those agents that bind and block the angiopenic activity of the angiogenic factor or its receptor. For
example, an anti-angiogenesis agent is an antibody or other antagonist to-an angiogenic agent as defined
above, e.g., antibodies to VEGF—A or to the VEGFE-A receptor (e.g., KDR receptor or Fli-1 receptor), anti-
PDGER inhibitors such as Gleevec™ (Imatinib Mesylate). Anti-angiogensis agents also include native
angiogenesis inhibitors , ¢,g., angiostatin, endostatin, ete. See, e.g., Klagsbrun and 1° Amore, Annu. Rev.
Physiol., 53:217-39 (1991); Streit and Detmar, Oncogene, 22:3172-3179 (2003) (e.g., Table 3'listing anti-
angiogenic therapy in malignant melanoma); Ferrara & Alitalo, Nature Medicine 5(12)_:13594364 {1999);
Tonini et al,, Oncogene, 22:6549-6556 (2003) {e.g., Table 2 lsting known antiangiogenic factors); and, Sato
Int. J. Clin. Oncol., 8:200-206 (2003) {e.g., Table 1 lists anti-angiogenic agents used in clinical frials),

The “Kd” or “Kd value™ according to this invention is in one preferred embodiment measured by a
radiolabeled VEGF binding assay (RIA) performed with the Eab version of the antibody and 2 VEGF
molecule as described by the following assay that measures solution binding affinity of Fabs for VEGF by
equilibrating Fab with a misnimal concentration of (**I)-labeled VEGF(109) in the presence of a titration
series of unlabeled VEGF, then capturing bound VEGF with an anti-Fab antibody-coated plate (Chex, et al.,
(1999) J. Mol Biol 293:865-881). To establish conditions for the assay, miciofiss plates (Dynex) are coated
overnight with 5 ug/mi of a capturing anti-Fab antibody (Cappel Labs) in 50 mM sodium carbonate (pH
9.6), and subsequently blocked with 2% (w/v) bovine serum albumin in PBS for two to five hours at room
femperature (approximately 23°C). In 2 non-adsorbant plate (Nunc #269620), 100 pM or 26 pM
[lﬁ'ﬁVEGF(IOQ) are mixed with serial dilutions of a Fab of interest, e.g., Fab-12 (Presta et al., (1997)
Cancer Res. 57:4593-4599). The Fab of interest is then incubated overni ght; however, the incubation may
continue for 65 hours to insure that equilibrium is reached. Thereafier, the mixtures are transferred to the
capture plate for incubation at room temperature for one hour. The solution is then removed and the plate
washed eight times with 0.1% Tween-20 m PBS. When the plates. had dried, 150 Wfwell of scintillant
(chroScmt 20; Packard) is added, and the plates are counted on a2 Topcount gamma counter (Packard) for
fen minutes. Concentrations of each Fab that give less than or equal to 20% of maximal binding are chosen
for use in competitive binding assays. According to another embodiment the Kd or Kd value is measured
by using surface plasmon resonance assays using a BLAcore ™-2000 or a BlAcore™.-3000 {BlAcore, Inc,,
Piscataway, NJ) at 23°C with immobilized hVEGF (8-109) CMS5 chips at ~10 response units (RU). Briefly,
cartboxymethylated dextran biosensor chips (CMS5, BlAcore Inc.) are activated with N-ethyl-N*- (3-
dimemylamin0pr0pyl)—carbodiimide hydrochloride (EDC) and N-hydroxysuccinimide (NHS) according to
the supplier’s instructions. Human VEGF is diluted with 10mM sodium acetate, pH 4.8, into Suglml
(~0.2uM) before injection at a flow rate of 5ul/minute to achieve approximately 10 response units (RU) of
coupled protein. Following the injection of human VEGF, 1M ethanclamine is injected to block unreacted
groups. For kinetics measurements, two-fold serial dilutions of Fab (0.78 nM to 500 nM) are injected in
PBS with 0.05% Tween 20 (PRST) at 25°C at a flow rate of approximately 25ul/min. Association rates (k,,)
and dissociation rates (ko) are calculated using a simple one-to-one Langmuir binding model (BIAcore
Evaluation Software version 3.2) by simulaneous fitting the association and dissociation sensorgram. The
equilibrivm dissociation constant (Kd) was calculated as the ratio kyfkos. See, e.g., Chen, Y., et al., (1999
J. Mol Biol 293:865-881. If the on-rate exceeds 10° M S by the surface plasmon resonance assay above,

20



10

15

20

25

30

35

40

Docket No. P2072R1 . '

WO 2005/01235900 b E LE£5, 5 jom PCT/IS2004/024662

then the on-rate is can be determined by using a fluorescent quenching technigue that measures the increase
or decrease in fluorescence emission intensity (e)‘;ciration =285 nm; emission = 340 nm, 16 nm band-pass)
at 25°C of a 20nM anti-VEGF antibody (Fab form) in PBS, pH 7.2, in the presence of ncreasing
concentrations of human VEGF short form (8-109) or mouse VEGF as measured in a spectrometer, such as

a stop-flow equipped spectrophometer (Aviv Instruments) or a 8000-series SLM-Aminco spectrophotometer

{ThermoSpectronic) with a stitred cuvette.

An “on-rate” or “rate of association” or “association rate” or “k,,” according to this invention is
preferably determined with same surface plasmon resonance technique described above using a BIAcore™.
2000 or a BlAcore™-3000 {BlAcore, Inc., Piscataway, NJ) at 25°C with immobilized hVEGF (B-109) CM5
chips at ‘~10 response units (RU). Briefly, carboxymethylated dextran biosensor chips (CM5, BlAcore Inc.)
are activated with N-ethyl-N'- (3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC) and N-
hydroxysuccinimide (NHS} according to the supplier’ s instructions. Human VEGF is diluted with 10mM
sodium acetate, pH 4.8, into Sng/mi (~0.2uM) before injection at a flow rate of Sul/minute to achieve
approximately 10 response units (RU) of coupled protein. Following the injection of 1M ethanolamine o]
block unreacted groups. For kinetics measurements, two-fold serial dilutions of Fab (0.78 oM to 500 nM)
are injected in PBS with 0.05% Tween 20 (PBST) at 25°C at a flow rate of approximately 25ul/min.
Association rates (k) and dissociation rates (ko) ave calenlated using a simple one-to-one Langmuir
binding model (BIAcore Evaluation Software version 3.2) by simultancous fitting the association and
dissaciation sensorgram. The equilibrinm dissociation constant (Kd) was calculated as the ratio kyk,, See,
e.g- Chen, Y., et al., (1999) J. Mol Biol 293:865-881. However, if the on-rate exceeds 10° Mt st 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 m; emission = 340 am, 16 nm band-pass) at 25°C of 2 20nM anti-VEGF antibody (Fab form) in PBS,
pH 7.2, in the presence of increasing concentrations of human short form (8-109) or mouse VEGF as
measured in a a spsctrometer, such as a stop-flow equipped spectrophometer (Aviv Instruments) or a. 8600-

series SLM-Aminco spectrophotemeter (ThermoSpectronic) with 2 stirred cuvette.

A “functional epitope” according to this invention refers to amino acid residues of an antigen that
contribute energetically to the binding of an antibody. Mutation of any one of the energetically contributing
re—sidues of the-antigen (for example, mutation of wild-type VEGF by alanine or homolog mutation) will
disrupt the binding of the antibody such that the relative affinity ratio (ICSOmutant VEGHICS50wild-type
VEGF) of the antibody will be greater than 5 (see Example 2). In a preferred embodiment, the relative
afﬁmty ratio is determined by a solation binding phage displaying ELISA. Briefly, 96-well Maxisorp
immunoptates (NUNC) are coated overnight at 4°C with an Fab form of the antibody to be tested at a
concentration of 2ug/ml in PBS, and blocked with PBS, 0.5% BSA, and 0.05% Tween20 (PBT) for2h at
room temperature. Serial dilutions of phage displaying hVEGF alanine point mutants (residues 8-109 form)
or wild type BVEGF (8-109) in PBT are first incubated on the Fab-coated plates for 15 min af room |
temperature, and the plates are washed with PBS, 0.05% Tween20 (PBST). The bound phage is deftected
with an anti-M13 monoclonal antibody horseradish peroxidase (Amershari Pharmacia) conjugate diluted
1:5000-in PBT, developed with 3,3, 5,5 -tetramethylbenzidine (TMB, Kirkegaard & Perry Labs,
Gaithersburg, MD) substrate for approximately 5 min, quenched with 1.0 M H3PQ,, and 1ead
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spectrophotometrically at 450 nm. The ratio of IC50 values (IC50,a1a/1C50,wt) represents the fold of
reduction in binding affinity (the relative binding affinity).

For competitive binding assays, Maxisorb plates are coated and blocked as above, and serial
threefold dilutions of unfabeled VEGF(109) are made in PBS/Tween buffer in 2 Nunc plate,
{’”HVEGF(IO% is added, followed by a&dition of a fixed concentration of the Fab of interest. The. final
concentrations of the Fab of interest are 100 pM and 10 pM, respectively. After .inc_ubation;(as ahove),
bound VEGF is capiured and quantified as described above. The binding data is analyzed using a computer
program to perform Scatchard analysrs (P. Munson et al., (1980) Anal. Bzocirem. (1980) 107:220-239) for
determination of the dissociation bmdmg constants, K.

As used herein, “library” refers to a plurality of antibody or antibody fragment sequences (for
example, polypeptides of the invention), or the nucleic acids that encode these sequences, the sequences
being different in the combination of variant amino acids that are mtroduced into these sequences accordmg
to the methods of the invention. : .

"Phage display" is a technique by which variant polypeptides are displayed as fusion proteins to at
least a portion of coat protein on the surface of phage, e.g., fitamentous phage, particles. A utility of phage
display lies in the fact that Jarge Libraries:of randomized protein variants can be-zapidly and efficiently sorted
for those sequences that bind to a target antigen with high affinity. Display of peptide and protein libraries
on phage has besn used for screening millions of polypeptides for ones with specific binding preperties.
Polyvalent phage display methods have been used for displaying smiall random peptides and small proteins
through fusions to either gene I or gene VITI of filamentous phage. Wells and Lowman, Cuarr. Opin.
Struce. Biol,, 3:355-362 (1992), and references cited therein, Ina monovalent phage display, a protein or
peptide library is fused to a gene I or a portion thereof, and expressed at low levels in the presence of wild
type gene I protein so that phage particles display one copy or none of the fusion proteins. Avidity effects
are reduced relative to polyvalent phage so that sorting is on the basis of intrinsic ligand affimty, and
phagemid vectors are used, which simplify DNA manipulations. Lowman and Wells, Methods: A
companion to Methods in Enzymology, 3:205-0216 {1991).

A "phagemid" is a plasmid veetor having a bacterial origin of replication, e. &, ColElL and a copy
of an intergenic region of  bacteriophage. The phagemid may be used on any known bacteriophage,
including filamentous bacteriophage and lambdoid bacteriophage. The plasmid will also generally contain a
selectable marker for antibiotic resistance. Segments of DNA. cloned into these vectors can be propagated as
plasmids. When cells harboring these vectors are provided with all genes necessary for the production of
phage particles, the mode of replication of the plasmid changes to rolling circle replication to generate
capies of one strand of the plasmid DNA and package phage particles. The phagemid may form infections
or non-infectious phage particles. This term includes phagemids which contain a phage coat proiein gene or
fragment thereof finked to a heterologons polypeptide gene as a gene fusion such that the heterologous
polypeptide is displayed on the surface of the phage particle.

The term "phage vector” neans a double stranded replicative form of 2 bacteriophage containing a
heterologous gene and capable of replication. The phage vector has a phage origin of replication allowing
phage replication and phage particle formation. The phage is preferably a filamentous bacteri-ophége. sach
as an M13, f1, fd, Pf3 phage or a derivative -the_réof, or a lambdeid phage, such ag lambda, 21, ph‘iEO, phi81,
82, 424, 434, eic., or a derivative thereof,
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As used herein, “solvent accessible position” refers to a position of an amino acid residue in the
variable regions of the heavy and light chains of a source antibody or antigen binding fragment that is
determined, based on structure, ensemble of structures and/or modeled structure of the antibody or antigen
binding fragment, as potentially available for solvent access and/or contact with a molecule, such as an
antibody-specific antigen. These positions are typically found in the Clsz and on the exterior of the
protein. The solvent accessible positions of an antibody or antigen binding fragment, as defined herein, can
be determined using any of a number of algorithms known in the art. Preferably, solvent dccessible
positions are determined using coordinates from a 3-dimensional model of an antibody, preferably using a
computer program such as the Insightl program (Accelrys, San Diego, CA). Solvent accessible positions
can also be determined using algorithms known in the art {e.g-, Lee and Richards, J. Mol. Biol. 55, 379
(1971) and Connolly, J. Appl. Cryét. 16, 548 (1983)). Determination of solvent accessible positions can be
performed using software suitable for protein fnedel-in g and 3-dimensional structural information obtained
from an antibody. Software that can be ntilized for these purposes includes SYBYL Biopelymer Module
software (Tripos Assaciates). Generally and preferabl ¥, where an algorithm (program) reguires a user input
size parameter, the “size” of a probe which is used in the calculation is set at about 1.4 Angstrom or smaller
in radivs, In addition, determination of solvent accessible regions and arep nethi%s using sofiware for
personal computers has been described by Pacios ((1994) "ARVOMOL/CONTOUR: molecular surface
areas and volumes on Personal Computers.” Compur. Chem. 18(4): 377-386: and (1995). "Variations of
Suzface Areas and Volumes in Distinct Moleoular Surfaces of Biomelediles." J, Mol. Model. 1: 46-53.)

"Treatment” refers to both therapeutic treatment and prophylactic or preventative measures. Those
in need of treatrment inchude those already with the disorder as well as those in which the disorder is 1o be
prevented,

A “disorder" is any condition that would benesfii from treatment with the antibody. For example,
mammals who suffer from or need prophylaxis against abnormal angiogenesis (excessive, inappropriate or
uncontrolled angiogenesis) or vascular permeability. This includes chronio and acute disorders or diseases
including those pathological conditions which predispose the mainmal to the disorder in question. Non-
limiting examples of disorders to be treated herein include malignant and berign tumors; non-levkemias and
lymphoid malignancies; neuronal, glial, astrocytal, hypothalamic and other glandular, macrophagal,
epithelial, stromal and blastocoelic disorders; and inflammatory, angiogenic and immunologic disorders,

The term abnorsual angiogenesis occurs when new blood vessels either grow excessively,
insufficiently or inappropriately (e.g., the location, timing or onset of the an ziogenesis being undesired from
a medical standpoint) in a diseased state or such that it causes a diseased state. Excessive, inappropriate or
uncontrotled angiogenesis occurs when there is new blood vessel growth that contributes to the worsening of
the diseased state or causes a diseased state, such as in cancer, especially vascularized solid tumors and
metastatic tumors (including colon, lung cancer (especially smali-cel lung cancer), or prostate cancer),
diseases caused by ocular neovascularisation, especially diabetic blinduess, retinopathies, primarily diabetic
retinopathy or age-induced macular degeneration and rubeosis; psoriasis, psoriatic arthiitis,
haemangioblastoma such as haemangioma; inflammatory renal diseases, such as glomerulonephritis,
especially mesangioproliferative glomeruloneplhritis, haemolytic wremic syndrome, diabetic nephropathy or
hypertensive nephrosclerosis; varions imflammatory diseases, such as arthritis, especially rheumatoid

arthritis, inflammatory bowel disease, psorsasis, sarcoidosis, arterial arteriosclercsis and diseases occuming
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after wansplants, endomettiosis 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 in-other organs (tumor metastases). Insufficient
angiogenesis occurs when there is 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 angiegenesis that normally required for
natural healing. The present invention contemplates treating those patients that are at risk of developing the
above-mentioned illnesses.

Other patients that are candidates for receiving the antibodies or polypeptides of this invention
have, or are at risk for developing, abnormal proliferation of fibrovascular tissue, acne rosacea, acquired
immune deficiency syndrome, artery occlusion, atopic keratitis, bacterial ulcers, Bechets disease, blood
borne tumors, carotid obstructive disease, choroidal neovascularization, chronic inflammation, chronic
retinal detachment, chtonic uveitis, chromic vitritis, contact lens overwear, comeal graft rejection, corneal
neovascularization, corneal graft neovascularization, Crobn's disease, Eales disease, epidemic
keratoconjunctivitis, fungal ulcers, Herpes simplex infections, Herpes zoster infections, hyperviscosity
syndromes, Kaposi's sarcema, leakemia, lipid degeneration, Liyine's disease, oiggginal keratolysis, Mof)r'eﬁ
ulcer, Mycobacteria infections other than leprosy, myopia, ocular neovascular disease, optic pits, Osler-
Weber syndrome (Osler-Weber-Rendu, osteoarthritis, Pagets disease, pars planitis, pemphigoid,
phylectenulosis, polyarteritis, post-laser complications, protozoan infections, pseudoxanthoma elasticum,
pterygium keratitis sicca, radial keratotomy, retinal neovascularization, retinopathy of prematurity,
retrolental {ibroplasias, sarcoid, scleritis, sickle cell anemia, Sogrens syndrome, solid tumners, Stargarts
disease, Steven's Johnson disease, superior imbic keratitis, syphilis, systemic lupus, Terrien's marginal
degeneration, toxoplasmosis, traumna, tumors of Ewing sarcoma, tumors of neuroblastoma, tumors of
osieosarcoma, tumors of retinoblastoma, tumors: of rhabdomyosarcoma, ulcerative colitis, vein ceclusion,
Vitamin A deficiency and Wegeners sarcoidosis, undesired angiogenesis associated with diabetes, parasitic
diseases, abnormal wound healing, hypertrophy following surgery, injury or trauma, inhibition of hair
growth, inhibition of ovulation and corpus luteum formation, inbibition of implantation and inhibition of
embryo development in the uterus,

Aﬁ:.bangiogenesis therapies are useful in the general treatment of graft rejection, lung
inflammation, nephrotic syndrome, preeclampsia, pericardial effusion, such-as that associated with
pericarditis, and pleural effusion, diseases and disorders characterized by undesirable vascular permeability,
&.g., edema associated with brain tumors, ascites associated with malignancies, Meigs' syndrome, lung
inflammation, nephrotic syndrome, pericardial effusion, pleural effusion, permeability associated with
cardiovascular diseases such as the condtion following myocardial infarctions and strokes and the Iike.

Other angiogenesis-dependent diseases according to this invention inciude angiofibroma (abnormmal
blood of vessels which are prone to bleeding), neovascular glaucoma (growth of blood vessels in the eye),
arteriovenous malformations (abnormal communication between arteries and veins), nenunion fractures
(fractures that will not heal), atherosclerotic plaques (hardening of the arteries), pyogenic granuloma
{common skin lesion cormposed of blood vessels), scleroderma (a form of connective tissue disease),
hemangioma (funor composed of blood vessels), trachoma (leading cause of blindness in the third world),
hemoptiilic joints, vascular adhesions and hypertrophic scars (abnormal scar formation),
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The term "VEGE" or “VEGF” as used herein refers to the 165-amino acid human vascular endothelial
cell growth factor and related 121-, 189-, and 206- amino acid human vascular endothelial cell growth factors,
as described by Leung et al. Science, 246:1306 {1989), and Houck et al. Mol Endocrin., 5:1806 (1991),
together with the naturally occurring allelic and processed forms thereof. The term “VEGE” also refers to
VEGFs from non-human species such as mouse, rat or primate. Sometimes the VEGF from a specific species
are indicated by terms such as hVEGF for human VEGF, mVEGF for murine VEGF, and ete. The term
"VEGEF" is also used to refer to truncated forms of the polypeptide comprising amino acids § to 109 or 1 10 109
of the 165-amino acid human vascular endothelial cell growth factor. Reference to any such forms of VEGF
may be identified in the present application, e.g., by “VEGF (8-109),” “VEGF (1-109)” or “VEGF 45.” The
amino acid positions for a "truncated" native VEGF are numbered as indicated in the native VEGF sequence.
For example, amino acid position 17 (methionine) in truncated native VEGF is also position 17 {methionine)
in native VEGF. The truncated native VEGF has binding affinity for the KDR and Flt-1 receptors comparable
to native VEGF.

The term "VEGYF variant” as used herein refers to a VEGF polypeptide which includes one or more
amino acid mutations in the native VEGF sequence. Optionally, the one or more amino acid mutations include
amino acid substitution(s). For purposes of shorthand designation of VEGF variants described herein, it is
noted that numbers refer fo the amino acid residue position along the amino acid sequence of the putative
native VEGF (provided in Leung et al., supra and Houck et al., supra.).

The terms "cancer” and "cancerous” refer to or describe the physiological condition in marmnals that
is typically characterized by unregulated cell growth. Examples of cancer include but are not limited to,
carcinoma, lymphoma, blastoma, sarcoma, and levkemia. More particular examples of such cancers include
squamous cell cancer, small-cell lung cancer, non-small cell lung cancer, gastrointestinal cancer, pancreatic
cancer, glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder cancer, hepatoma, breast cancer,
colon cancer, colorectal cancer, endometrial carcinoma, salivary gland carcinoma, kidney cancer, renal cancer,
prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma, non-Hodgkins lymphoma, mesothelioma,
multiple myeloma and various types of head and neck cancer, "Mammal” for purposes of treatment refers to
any animal classified as a mammal, including humans, domestic and farm animals, nonhuman primates, and
700, sports, or pet animals, such as dogs, horses, cais, cows, efc.

The term “anti-neoplastic composition” refers to a composition useful in treating cancer comprising at
least one active therapeutic agent, e.g., “anti-cancer agent.” Examples of therapeutic agents (anti-cancer
agents) include, but are limited to, e.g., chemotherapeutic agents, growth inhibitory agents, cytotoxic agents,
agents used in radiation therapy, anti-angiogencesis agents, apoptotic agents, anti-tubulin agents, and other-
agents to treat cancer, such as anti-HER-2 antibodies, anti-CD20 antibodies, an epidermal growth factor
receptor (EGFR) antagonist {e.g, a tyrosine kinase inhibitor), HER1I/EGFR inhibitor (e.g., erlotinib
(Tarceva'™), platelet derived growth factor inhibitors (e.g., Gleevec™ (Imatinib Mesylate)), a COX-2 inhibitor
{e.g., celecoxib), interferons, cytokines, antagonists {e.g., neutralizing antibodies) that bind to one or more of
the following targets ErbB2, ErbB3, ErbB4, PDGFR-beta, BlyS, APRIL, BCMA or VEGF receptor(s),
TRAIL/Apo2, and other bioactive and organic chemical agents, etc. Combinations thereof are also included in
the invention.

The term "epitope tagged" when used herein refers to an antibody mutant fused to an "epitope tag". The
epitope tag polypeptide has enough residues to provide an epitope against which an antibody
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thereagainst can be made, yet is short enough such that it does not interfere with activity of the antibody
mutant. The epitope tag preferably also is fairly unique so that the antibody thereagainst does not
substantially cross-react with other epitopes. Suitable tag pol ypeptide generally have at least 6 amino acid
residues and usually between about 8-30 amino zcid residues {preferably between about 9-30 residues)..
Examples include the flu HA tag polypeptide and its antibody 12CAS (Field et al. M’o!. Cell. Biol. 8:2159-
2165 (1988)); the c-myc tag and the 8F9, 3C7, 6E10, G4, B7 and 9E10 antibodies thereagainst (Fvan et al.,
Mol. Cell. Biol. 5(12):3610-3616 (1985)); and the Herpes Simplex virus glycoprotein D (gD) tag and iig
antibody (Paborsky ef el., Protein Enginecring 3(6):547-553 (17990)). In certain embodirhents, the epitope
tag is a "salvage receptor binding epitope".

The term "cytotoxic agent” as used hercin refers to a substance that inhibits or prevents the function
of cells and/or causes destruction of cells. The term is intended to include radioactive isotopes (e.g., %,
', Y* and Re'™), chemotherapentic agents, and toxins such as enzymatically active toxins of bacterial,
fungal, plant or animal origin, or fragments thereof.

A "chemotherapeutic agent” is a chemical compound aseful in the treatment of cancer. Examples
of chemotherapeutic agents include is a chemical compound useful in the treatment of cancer. Examples of
chemotherapeunc agents include alkylating agents such as thiotepa. and CYTOXAN® cyclesphosphamée,
alkyl sulfonates such as busulfan, improsulfan and piposulfan; aziridines such as benzodopa, carboquaone,
meturedopa, and uredopa; ethylenimines and methylamelamines including altretamine, triethylenemelamine,
h-iety!enephosphoranﬁde, tricthiylenethiophospheramide and trimethyloloriielamine; acetogenins (especialty
bullatacin and bullatacinone); a camptothecin {including the synthetic analogue topotecan); bryostating
callystatin; CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic analogues); cryptophycing
{pariicularly cryptophycin 1 and cryptophycin 8); dolastatin: duocarmycin {including the synthetic
analogues, KW-2189 and CB1-TM1); eleutherobin; pancratistatin; a sarcodictyin; spongistatin; nitrogen
mustards soch as chlorambucil, chiornaphazine, cholophosphamide, estramustine, fosfamide,
mechlorethamine, mechiorethamine oxide hydrochloride, melphalan, novembichin, phenesterine,
prednimustine, trofosfamide, uracil mustard; nitrosureas such as carmustine, chiorozotocin, fotemustine,
iomustine, nimustine, and ranirmustine; antibiotics such as the enediyne antibiotics (e. g., calicheamicin, -
especially calicheamicin gammall and calicheamicin omegal1 (see, e. £.. Agnew, Chem Intl Ed. Engl., 33:
183-186 (1994)); dynemlcm including dynemicin A; bisphosphonates, such as clodronate; an esperamicing
as well as neocarzinostatin chromophore and related chromoprotein encdiyne antiobiotic chromaphares),
aclacinomysins, actinomyein, authramycin, azaserine, bleomycins, cactinomycin, carabicin, carminomycin,
carzinophilin, chromomycinis, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-ox0-L-norleucine,
ADRIAMYCIN® doxorubicin (incleding morpholino-doxorubicin, cyanomorpholino-doxombicin, 2-
pyrrolino-doxorubicin and deoxydoxorubicin), epirubicin, esorubicin, idarabicin, marcellomyein,
mitomycins such as mitomycin C, mycophenolic acid, nogalamycin, olivemycins, peplomycin,
potfiromycin, puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex,
zinostatih, zorubicin; anti-metabolites such as methotrexate and 5-fluorouracil (3-FU); folic acid analogues
such as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs such as fludarabine, 6-
mercaptopurine, thiémiprine, thioguanine; pyrimidine analogs such as ancitabine, azacitidine, 6-azavridine,
carmofur, cytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine; androgens such as calusterone,
dromostanolone _prépioqate, epitiostanol, mepitiostane, testolactone; anti- adrenals such as
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aminoglutethimide, mitotane, trilostane; folic acid replenisher such as frolinic acid; aceglatone;
aldophosphamide glycoside; aminolevulinic acid; entluracil; amsacrine; bestrabucil; bisantrens; edatraxate;
defofamine; demecolcine; diaziquone; elfornithine; elliptinium acetate; an epothilone; etoglucid; gallium
nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and ansamitocing;
mitoguazoxie; mitoxantrone; mopidanmol; nitraerine; pentostating phenamet; piraruhicing iosoxa_ntrone;
podophyllinic acid; 2- ethylhydrazide; procarbazine; PSK® polysaccharide complex (YHS Natural Products,
Eugene, OR); razoxane; rhizoxin; sizofiran; spirogermanivm; fenuazonic acid; triaziquone; 2,2,2"-
richlorotriethylamine; trichothecenes (especially T-2 toxin, verracurin A, roridin A and anguidine);
urethan; vindesine; dacarbazine; mannomustine; mitobronitol; mitolactol; pipobroman; gacytosine;
arabinoside ("Ara-C"); cyclophosphamide; thiotepa; taxoids, e.g., TAXOL® paclitaxel {Bristol- Myers
Squibb Oncology, Princeton, N.J.), A‘BR&Xﬁd‘ﬂ"ﬁTM Cremophor-free, albumin-engineered nanoparticle
formulation of paclitaxel (American Pharmaceutical Partners, Schaumberg, Blinois), and TAXOTERE®
doxetaxel (RhOne-~ Poulenc Rorer, Antony, France); chioranbucil; GEMZAR® gemcitabine; 6- thiognanine;
mercaptopurine; methotrexate; platinum analogs such as cisplatin and carboplatin; vinblastine; platinum;
etoposide (VP-16); ifosfamide; mitoxantrone; vincristine; NA VELBINE® vinorelbine; novantrone;
teniposide; edatrexate; daunomycin; aminopterin; xeloda; ibandronate: in6EEH(Camptosar, CPT-11)
(including the treatment regimen of irinotecan with 5-FU and eucovorin); topoisomerase inhibitor RFS
2000; difluorometlhylornithine (DMFQ); retinoids such as retinoic acids capecitabine; combretastating
teucoverin: (LV);-oxaliplatin, including the oxaliplatin treatment regimen{{PFOLFOXY; inhibitois 6f PKC-
alpha, Raf, H-Ras, EGFR (e.g., erlotinib {Ta.-rcevam)) and VEGF-A. that reduce cell proliferation and
pharmacentically acceptable salts, acids or derivatives of any of the above, '

Also included in this definition are anti-hormonal agents that act to regulate or inhibit hormone
action on wmors such as anti-estrogens and selective estrogen receptor moedalators (SERMs), incinding, for
exarnple, tarnoxifen (ncluding NOLVADEX® tamoxifen), raloxifene, droloxifene, 4-hydroxytamoxifen,
trioxifene, keoxifene, 1.Y 117018, onapristone, and FARESTON- toremifene; aromatase inhibitors that
inhibit the enzyme aromatase, which regulates estrogen preduction in the adrenal glands, such as, for
example, 4(5}-imidazoles, aminoghutethimide, MEGA SE® megestrol acetate, AROMASING exemestane,
formestanie, fadrozole, RIVISOR® vorozole, FEMARA® letrozole, and ARBMIDEX® anastrozole: and'
anti-androgens such as flutamide, nilatamide, bicalutamide, leuprotide, and goserelin; as well as
troxacitabine (2 1,3-dioxolane nucleoside cytosine analog); antisense oligonucleotides, particularly those
which inhibit expression of genes in signaling pathways implicated in abherant cell proliferation, such as,
for example, PKC-alpha, Raf and H-Ras; ribozymes such as 2 VEGF expression inhibitor (e.g.,
ANGIOZYME® ribozyme) and a HER2 expression inhibitor; vaccines such as gene therapy vaccines, for
example, ALLOVECTIN® vaccine, LEUVECTIN® vaccine, and VAXID® v_z{ccinc; PROLEUKIN® ril-2;
LURTOTECAN® topoisomerase 1 inhibitor; ABARELIX® rmRH; Virorelbine and Esperamicins (see U.S.
Pat. No. 4,675,187), and pharmaceutically acceptable salts, acids or derivatives of any of the above.

The term "prodrug” as used in this application refers to a precursor or derivative form of 2
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 Transactions, 14, pp. 375-382, 615th Meeting

Belfast (1986) and Stella ef al., "Prodrugs: A Chemical Approach to Targeted Drug Delivery,” Directed
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Drug Delivery, Borchardt et al., {ed.), pp. 247-267, Humana Press (1985). The prodrugs of this invention
include, but are not limited to, phosphate-containing prodrugs, thiophosphale-containing prodrugs, stl_ifate—
contaiming prodrugs, peptide-containing prodrugs, D-amino acid-modified prodrugs, glycosylated prodrugs,
p-lactam-containing prodrugs, optionally substituted phenoxyacetamide-containing prodrags or optionally
substituted phenylacetamide-containing prodrugs, 5-fluoracytosine and other 5-fluorouridine prodrugs
which can be converted into the more active cytotoxic free drug. Exampies of cytotoxic dmgs that can be
derivatized into a prodrug form for use in this invention include, but are not limited to, those
chemotherapeutic agents described above,

For the treatment of theumatoid arthritis, the patient can be treated with an antibody of the
invention in conjunction with any one or more of the following drugs: DMARDS (disease-modifying anti-
rthenmatic drugs {e.g., methotrexate), NSAL or NSAID (non-steroidal anti-inflammatory drugs), HUMIRA™
(adalimumab; Abbott Laboratories), ARAVA® (Jeflunomide), REMICADE® (infliximab; Centocor Inc., of
Malvern, Pa), ENBREL™ (etanercept; Immunex, WA}, COX-2 inhibitors. DMARDs commonly used in
RA are hydroxycloroquine, sulfasalazine, methotrexate, leflunomide, etanercept, infliximab, azathioprine,
D-penicillamine, Gold (oral), Gold (intramuscular), minocychine, cyclosporine, Staphylococcal protein A
immunoadsorplion. Adalimumab is a human monoclopal antibedy that binds tedFNFe. Infliximab isa
chimeric monoclonal antibody that binds to TNFe.. Etanercept is an “immunoadhesin” fusion protein
consisting of the extracellular ligand binding portion of the human 75 kD (p75) tamer necrosis factor
receptor (TNFR) linked to the Fc portion of 2 human IgG1. For conventional treatment of RA, see, e.g.,
“Guidelines for the management of theumatoid arthritis™ Arthritis & Rheumarism 46(2): 328-346 (February,
2002). In a specific embodiment, the RA patient is treated with a CD20 anfibody of the invention in
conjunction with methotrexate (MTX). An exemplary dosage of MTX is about 7.5-25 mg/kg/wk. MTX
can be administered orally and subcataneously.

For the treatment of ankylosing spondylitis, psoriatic arthritis and Croha's disease, the patient can
be treated with an antibody of the invention in conjunction with, for example, Remicade® (inﬂi);imab; from
Centocor Inc.; of Malvern, Pa.), ENBREL (etanercept; Immunex, WA).

For treatments for SLE, the patient can be treated with an antibody of the invention in conjunction
with, for example, a high-dose corticosteroids and/or cyclephosphamide (HDCC).

For the treatment of psoriasis, patients can be administered an antibody of this invention in
conjunction with topical treatments, such as topical steroids, anthralin, calcipotriene, clobetasol, and
tazarotene, or with methotrexate, reiinoids, cyclosporine, PUVA and UVEB therapies. In one embodiment,

the psoriasis patient is ireated with the antibody sequentially or concarrently with cyclosporine.

An "isolated” nucleic acid molecule is 2 nucleic acid molecule that is identified and separated from
at least one contaminant nucleic acid molecule with which it is ordinarily associated in the natural soutce of
the antibody nucleic acid. An isolated nucleic acid molecule is other than in the form or setting in which it
is found in nature. Isolated nucleie acid molecules therefore are disfinguished from the nucleic acid
molecule as it exists in patural cells. However, an isolated nucleic acid molecule includes a nucleic acid
molecule contained in cells that ordinarily express the antibody where, for example, the nucleic acid

molecule is in a chromosomal location different from that of natural cells.
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The expression "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.
Eukaryotic cells are known to utilize promoters, polyadenylation signals, and enhancers,

Nucleic acid is "operably linked" when it is placed into a functional rcI.atiogéhip 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 linked to a coding sequence if it affects the transcription of the sequence;
or & ribosome binding site is operably linked to a coding sequence if it is positioned 50 as to facilitate
translation. Generally, “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,

‘ As used herein, the expressions "cell," "cell Hine," and "zell culture” are used interchangeably and
all such designations include progeny. Thus, the words "transformants” and "transformed cells” include the
primary subject cell and cultures derived therefrom without regard for the nitfilig of wansfers, Itis also
understood that all progeny may nof be precisely identical in DNA content, due to deliberate or inadvertent
mutations. Mutant progeny that have the same function or biclogical activity as screened for in the
originally transformed-cell are included. Where distinct designations are infenided, it will be clear from the
COntext.

1. Modes for Carrying out the Invention

Synthetic high-Affinity Anti-VEGF Antibodies

The invention herein provides novel anti-VEGF antibodies with high binding affinity to VEGF.
Exemplary methods for generating antibodies are described in more detail in the following sections.

The novel anti-VEGF antibodies are selected using the VEGF antigen derived from a first
mammalian species. Preferably the antigen is human VEGF {(hVEGF). However, VEGFs from other
species such as murine VEGF (mVEGF) can also be used as the first target antigen. The VEGF antigens
from various mammalian species may be isolated from natural sources, In other embodiments, the fmugen is
produced recombinantly or made using other synthetic methods known in the art.

The aniibody selected will normally have a sufficiently strong binding affinity for the first VEGF
antigen. For example, the antibody may bind hVEGP with a K, value of no more than about 5 M,
preferably no more than about 2 nM, and more preferably no more than about 500pM. Antibody affidities
may be determined by a surface plasmon resonance based assay (such as the BIAcore assay as described in
Examples); enzyme-linked immunoabsorbent assay (ELISA); and competition assays (e.g. RIA's), for
exampie.

Also, the antibody may be subjected to other biological activity assays, e.g., in order to evaluate its
effectiveness as a therapeutic. Such assays are known in the art and depend on the target antigen and
intended use for the antibody. Examples inciude the HUVEC inhibition assay (as described in the Examples

below); tumor cell growth-inhibition assays (as described in WQ 89/06692; for example); antibody~
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dependent cellular cytotoxicity (ADCC) and complement-mediated cytotoxicity (CDC) assays (US Patent
5,500,3&25; and agonistic activity or hematopoiesis assays (see WO 95/27062).

To screen for antibodies which bind to a particular epitope o the antigen of interest, a routine
cross-blocking assay such as that described in Antibodies, A Laboratory Manual, Cold Spring Harbor
Laboratory, Bd Harlow and David Lane (1988), can be performed. Alternatively, cpi'tope mapping, e.g. as
described in Champe ez al., J. Biol. Chem. 270:1388-1394 (1995), can be performed to determine whether
the antibody binds an epitope of interest. _

Species-specificity of the rovel antibodies is then determined. The binding affinity of the antibody
for a homologue of the antigen used to select the antibody (where the homologue is from the “second
mammalian species”) is assessed using techniques such as those described above, In preferred
embodiments, the second mammalian species is 2 nonhuman manmal to which the antibody wili be
administered in preclinical studies. Accordingly, the second mammalian species may be a nonhuman
primate, such as rhesus, cynomolgus, baboon, chimpanzee and macaque. In other embodiment, the second
mammalian species may be a rodent (e.g., mouse or rat), cat or dog, for example. |

While the prefefred method of the instant invention for determining species-dependence (and for
evaluating antibody mutants with improved properties; see below) s to quantifyeatibody binding affinity, in
other embodiments of the invention, one or more biological properties of the synthetic antibody and
antibody variants are evaluated in addition to, or instead of, binding affinity determinations. Exemplary
such biotogical assays ate described above. Such assdys are particularly useful where they provide an
indication as to the therapeutic effectiveness of the antibod y. Normally, though not necessarily, antibedies
which show improved properties in such assays, will also have an eahanced binding affinity. Thus, in one
embodiment of the invention where the assay of choice is a biological activity assay other than an binding
affinity assay, the species-dependent antibody will normally have a “biclogical activity" using "material”
(e.g. antigen, cell, tissue, organ or whole apimal) from the second mammalian species which is at least about
50 fold, or at Jeast about 500 fold, or at feast about 1000 fold, less effective than its biological activity in a
corresponding assay using rcageﬁts from the first mammalian species.

The species-dependent antbody is then altered so as to generate an antibody mutant which has a
stronger binding affinity for the antigen from the second mammaliau species, than the species-dependent
antibody. The antibody mutant preferably has a binding affinity for the antigen from the nonhuman
mammal which is at least about 10 fold stronger, preferably at least about 20 fold stronger, more preferably
at least about 50 fold stronger, and sometimes at least about 100 fold or 200 fold stronger, than the binding
affinity of the species-dependent antibody for the anti gen. The enhancement in binding affinity desired or
required will depend on the initial binding affinity of the species-dependent antibody. Where the assay used
is a biological activity assay, the antibody mutant preferably has a biological activity in the assay of choice
witich is at least about 10 fold better, preferably at least about 20 fold better, more preferably at least about
50 fold better, and sometimes at least about 100 fold or 200 fold better, than the biological activity of the
species-dependent antibody in that assay.

To generate the antibody mutant, one or more amino acid alterations (e.g. substitutions) are
introduced in one or more of the hypervariable regions of the species-dependent antibody. Alternatively, or
in addition, one or more alterations {e.g. substitutions) of framework region residues may be introduced in

the species-dependent antibody whete these result in an improvement in the. binding affinity of the antibody
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mutant for the antigen from the second mammalian species. Examples of framework region residues to
modify include those which non-covalently bind antigen directly (Amit ef al. Science 233:747-753 (1986));
interact with/effect the conformation of 2 CDR (Chothia er al. J. Mol. Biol. 196:901-917 (1987); and/or
participate in the V - Vy interface (EP 239 400B1). In certain embodiments, modification of one or more
of such framework region residues results in an enhancement of the binding affinity of the antibody for the
antigen from the second mammalian species. For example, from about one to about five framework residues
may be altered in this embodiment of the invention. Sometimes, this may be sufficient to yield an antibody
mutant saitable for use in preclinical trials, even where nope of the hypervariable region residues have been
altered. Normally, however, the antibody mutant will comprise additional hypervariable region alteration(s).

The hypervariable region residues which are altered may be changed ran?omly, especially where
the starting binding affinity of the species-dependent antibody for the antigen from the second mammalian
species is such that such randomly produced antibody mutants can be readily screened.

One usefl procedure for generating such antibody mutants is called "alanine scanming
mutagenesis” (Curm_inghan-l and Wells Science 244:1081-1085 (1989)). Here, one or more of the
hypervariable region residue(s) are replaced by alanine or polyalanine residue(s) to affect the interaction of
the amino acids with the antigen from the second mammalian species. ThoseH¥bervariable region
residue(s) demonstrating functional sensitivity fo the substitutions then are refined by introducing further or
other mutations at or for the sites of substitutzon. Thus, while the site for introducing an amino acid
sequence vatiation is-predetermined, the nature-of the muotatiouper se need not be predetermined. The ala-
mutants produced this way are screened for their biological activity as described hércin.

Anothcr procedure for generating such antibody mutants involves affinity matoration using phage
display (Hawkins ef al. J. Mol. Biol. 254:889-896 (1992) and Lowman er al. Biochemistry 30(45):10832-
10837 (1991)). Briefly, several hypervariable region sites (2. g. 6-7 sites) are mutated to generate all possible
amino substitutions at each site. The antibody mutants thus generated are displayed in a monovalent fashion
from filamentous phage particles as fusions to the gene IIf product of M13 packaged within each particle.
The phage-displayed mutants are then screened for their biological activity {e.g. binding affinity) as herein.
disclosed.

The invention also provides a more systematic method for identifying amino acid residues to
modify. According o this method, one identifies hypervariable region residues in the species-dependent
antibody which are involved in binding the antigen from the first mammalian species and those
hypervariable region residues involved in binding a homologue of that anti gen from the second mammalian
species. To achieve this, an alanine-scan of the hypervariable region residues of the species-dependent

antibody can be performed, with each ala-mutant being testing for binding to the antigen from the first and

. second mammalian specics. Altemmatively, the X-ray crystal structures of antibody-anfigen complexes are

analyzed for contacting residues as well as surrounding residues (as described in Examples). The
hypervariable region residues involved in binding the antigen from the first mammalian spécies (e.g.
human), and those involved in binding the homelogue of the antigen from the second mammalian species
{e.g. monhuman mammal) are thereby identified. Preferably, those residue(s) significantly involved in
binding the antigen from the second mammalian species {e.g- nonhuman mammal), but not the antigen from
the first mamsmalian species (e.g. hnman), are chosen as candidates for modification.. In another

embodiment, those residue(s) significantly involved in binding the antigen from both the first and second
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marnmalian species are selected to be modified (see Example below). In yet a further but less preferred
embodiment, those residues involved in binding the antigen from the first mammalian species, but not the
second mammalian species, are selected for'modification. Such modification can involve delenon of the
residue or insertion of one or more residues adjacent to the residue. However, normally the modlﬁcatron
involves substitution of the residue for another amino acid.

Normally one would start with a conservative substitution such as those shown below under the
hcadmv of "preferred substitations”. If such subst;tutmns result in a change in biological activity (e.g.
binding affinity), then more substantia] changes, denominated “exemplary substitutions” in the following
table, or as further described below in reference to amino acid classes, are introduced and the products
screened.

Preferred substitutions:

Original Residue Exemplary | Preferred
1 Substifutions - | Substitations
Ala (A) | vai; jeu; ile val
1 Arg R) lys; gln; asn Iys
Asn (N) gla; his; Iys; arg gin
1 Asp (M) gl gly
Cys (O ser ser
Gl () ésn asn
Gin (E) asp ‘ asp
Gly (G) pro; ala .' ala
His (F) asm; glm; bys: arg arg
| Ie (D) len; val; met; ala; Teu

phe; norlencine

Leu (L) norleucine; ile; val; ile
met; ala; phe

Lys (K) arg; gln; asn arg

Met (M) leu; phe; ile leu

1 Phe (F) lew; val; ile; ala; tyr {len

| Pro (P)  lal ala

Ser (8) thr | thr
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Trp (W) tyr; phe tyr
“Tyr () trp; phe; thr; ser phe
Val (V) ile; leu; met; phe; len
ala; norleucine
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Even more substantial modifications in the antibodies biological properties are accomplished by
selecting substitutions that differ significantly in their effect on maintaining (a) the structure of the
polypeptide backbone in the area of the substitution, for example, as a sheet or helical conformation, (b) the
charge or hydrophoebicity of the molecule at the target site, or (c) the bulk of the side chain. Naturally
oceurring residues are divided into.groups based on common side-chain properties:

(1) hydrophobic: norleucine, met, ala, val, leu, ile; -

{2) neutral hydrophilic: cys, ser, thr, asn, gln;

(3) acidic: asp, ghy; T

{4) basic: his, lys, arg;

(3} residues that influence chain orientation: gly, pro; and

(6) aromatic: trp, tyr, phe.

Non-conservative substitutions will entail exchanging a member of one of these classes for another
class. .

In another embodiment, the sites selected for modification are affinity matured using phage display
(see above).

Nucleic acid molecules encoding amino acid sequence mutants are prepared by a variety of
methods kaown in the art. These methods include, bat are not ‘ﬁmitcd to, oligonuclectide-mediated (or site-
directed) mutagenesis, PCR mutagenesis, and cassette mutagenesis of an earlier prepared mutant or 2 nofi-
mutant version of the species-dependent antibody. The preferred method for making mutants is site directed
mutagenesis (sce, e.g., Kunkel, Proc. Natl. Acad. Sci. USA §2:488 (1985)).

In certain embodiments, the antibody mutant will only have a single hypervariable region residue
substituted. In other embodiments, two or more of the hypervariable region residues of the species-
dependent antibody will have been substituted, e.g. from about two to about ten hypervariable region
substitutions. For example, the murinized anti-VEGF antibody variant of the example below had four
hypervariable region substitutions.

Ordinarily, the antibody mutant with improved biological properties will have an amino acid
sequence having at least 75% amino acid sequence identity or similatity with the amino acid sequence of
either the heavy or light chain vartable domain of the: species-dependent antibody, more preferably at least
80%, more preferably at least 85%, more preferably at least 90%, and most preferably at icést 95%, Tdentity
or similarity with respect to this sequence is defined herein as the percentage of amino acid residues in the
candidate sequence that are identical (i.e same residue) or similar (i.e. amino acid residue from the same
group based on common side-chain properties, sez above) with the species-dependent antibody residues,

after aligning the sequences and introducing gaps, if necessary, to achieve the maximum percent sequence
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identity. None of N-terminal, C-terminal, or internal extensions, deletions, or insertions into the antibody
sequence outside of the variable domain shall be construed as affecting sequence identity or similarity,
Following production of the antibody mutant, the biological activity of that molecule relative (o the
species-dependent antibody is determined. As noted above, this may involve determining the binding
5 affinity and/er other biological activities of the antibody. In a preferred embodiment of the invention, a
panel of antibody mutants are prepared above and are screened for binding affinity for the antigen from the
second mammalian species. One or more of the antibody mutanfs selected from this initial screen are
optionally subjected to one or more further biological activity assays to confirm that the aﬁtibody mutant(s)
with enhanced binding affinity are indeed useful, e.g. for preclinicat studies. In preferred embodiments, the
10 antibody mutant retzins the ability to bind the anti gen from the first mammalian species with a binding
affinity similar to the species-dependent antibody. This may be achieved By avoiding altering hypervariahle
region residues involved jn binding the antigen from the first mammalian species. In other embodiments,
the antibody mutant may have a significantly altered binding affinity for the anfigen from the first
mammalian species (e.g. the binding affinity for that antigen is preferably better, but may be worse than the
15 species-dependent antibody). i
The antibody mutant(s) so selected may be subjected to fusther madifeations, oftentimies
depending on the intended use of the antibody. Such modifications may involve further alteration of the
armino acid sequence, fusion to heterologous polypeptide(s) and/or covalent modifications such as those
elaborated below. With respect to amino acid sequence dli¢rations, exeniplary modifications are elaborated
200 above. For example, any cysteine residue not involved in malntaining the proper conformation of the
antibody mutant also may be substituted, generally with serine, to improve the oxidative stability of the
molecule and prevent aberrant cross linking. Conversely, cysteine bond(s) may be added to the antibody to
improve its stability (parricularly where the antibody is an antibody fragment such as an Pv fragment).
Anorher type of amino acid mutant has an altered glycosylation pattern. This may be achieved by deleting
25 one or more carbohydrate moieties found in the antibody, and/or adding one or more glycosylation sites-that
are not present in the antibody. Glycosylation of antibodies is tyiaicaﬂy either N-linked or O-linked. N-
linked refers to the attachment of the carbohiydrate moiety to. the sidie chain of an asparagine residue. The
tripeptide sequences asparagine-X-serine and asparagine-X-threonine, where X is any amino acid except
proline, are the recognition sequences for enzymatic attachment of the catbohydrate moiety to the asparagine
30 side chain. Thus, the presence of either of these tripeptide sequences in a polypeptide creates a potential
glycosylation site. O;Iinked glycosylation refers to the attachment of one of the sugars N-
aceylgalactosamine, galactose, or xylose to 2 hydroxyamino acid, most commonly serine or threonine,
although 3-hydroxyproline or 5-hydroxylysine may also be used. Addition of glycosylation sites to the
antibody is conveniently accomplished by altering the amino acid sequence such that it contains one or more
35 of the above-described tripeptide séquences (for N-linked glycosylation sites). The-alteration may also be
made by the addition of, or substitution by, one or more serine or threonine residues to the sequence of the
original antibody. (for O-linked glycosylation sites).
Techniques for producing antibodies, which may be species-dependent and therefore require

modification according to the techniques elaborated herein, follow: _
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A. Generation of High-Affinity Anti-VEGF Antibodies From Synthetic Antibody Phapge Librates

The invention also provide a method for penerating and selecting novel high-affinity anti-VEGF
antibodies using a unique phage display approach. The approach involves generation of synthetic antibody
phage libraries based on single framework template, design of sufficlent diversities within variable domains,
display of polypeptides having the diversified variable domains, selection of candidate antibodies with high
affinity to target VEGF antigen, and isolation of the sclected antibodies. '

Details of the phage display methods can be found, for example, in the provisional 1.5, Application
No. 60/385,338 (filed June 3, 2002) and relating applications, the entire disclosures of which are expressly
incorporated herein by reference.

in one aspect, the antibody libraries used in the invenﬁon can be generated by mutating the solvent
accessible andfor highly diverse positions in at least one CDR of an antibody variable domain. Some or all
of the CDRs can be mutated using the methods provided herein. In some embodiments, it may be preferable
to generate diverse antibody libraries by mutating positions in CDRH1, CDRHZ and CDRH3 to form a
single Tbrary or by mutating positions in CDRL3 and CDRH3 to form a single lbrary or by mutating
positions in CDRL3 and CDRH1, CDRH2 and CDRH3 to form a single Hbrary.

A library of antibody variabls domains can be generated, for cxa:ﬂéi;:?fl:;a\dng mutations in the
solvent accessiple and/or highly diverse positions of CDORHI1, CDRH2 and CDRH3. Another library can be
generated having mutations in CDRL1, CDRL2 and CDRL3. These libraries can also be used in
conjunction with each other to generaie binders of desired affinities. For example, affer one or more rounds
of selection of heavy chain libraries for binding to a target antigen, a light chain library can be replaced into
the population of heavy chain binders for further rounds of selection to increase the affinity of the binders.

Preferably, a Iibrary is created by substitution of original amino acids with variant amine acids.In
the CDRH3 region of the variable region of the heavy chain sequence. The resulting library can contain a
plurality of antibody sequences, wherein the sequence diversity is primarilj; in the CDRH3 region of the
heavy chain sequence. .

In one aspect, the library is created in the context of the humanized antibody 4D3 sequence, or the
sequence of the framework amino acids of the humanized antibody 4D5 sequence. Preferably, the library is
created by substittition of at Jeast residues 95-100a of the heavy chain with amino acids encoded by the DVK
codon set, wherein the DVK codon set is used to encode a set of variant amino acids for every one of these
positions. An cxampic of an oligonucleotide set that is useful for creating these substitations coxﬁprises the
sequence (DVK),. In some embodiments, a library is created by substitution of residues 95-100a with amino
acids encoded by both DVE and NNK codon sets. An example of an oligonucleotide set that is useful for
creating these substitutions comprises the sequence (DVK)s (NNK). In znother embodiment, a library is

- created by substitution of at least residues 95-100a with amino acids encoded by both DVK and NNK codon

sets. An example of an oligonucleotide set that is useful for creating these substitutions comprises the
sequence (DVE)s (NNK). Another example of an oligonucleotide set that is useful for creating these
substitutions comprises the sequence (NNK)‘;. Other examples of suitable oligonucleotide sequences can be-
determined by one skilled in the art according to the criteria described herein.

In another embodiment, different CDRH3 designs are utilized to isolate high affinity binders and to
isolate binders for a variety of epitopes. The range of lengths of CDRH3 generated in this library is 1140 13
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amino acids, although lengihs different from this can also be generated. H3 diversity can be expanded by
using NNK, DVK and NVK codon sets, as well as more limited diversity at N and/or C-terminal.

Diversity can also be generated in CDRHI and CDRH2. The desi gns of CDR-HI and H2
diversities follow the strategy of targeting to mimic natural antibodies repertoire as described with
modification that focas the diversity more closely matched to. the natural diversity than previous design.

For diversity in CDRH3, multple libraries can be constructed separately with different lengths of
H3 and then combined to select for binders w0 target antigens. The multiple Iibraries can be pooled and
sorted using solid support selection and solution sorting methods as described previously and hetein below.
Muitiple sorting satrategies may be employed. For example, one variation involves sorﬁng on target bound
to a solid, followed by sorting for a tag that may be present on' the fusion polypeptide (eg. anti-gD tag) and
followed by another sort on target bound to solid. Alternativel ¥, the libraries can be sorted first on target
bound 10 a solid surface, the eluted binders are then sorted using solution phase binding with decreasing
concentrations of target antigen. Utilizing combinations of different sorting methods provides for
minimization of selection of only highly expressed sequences and provides for selection of a number of
different high affinity clones,

High affinity binders for the terget VEGF antigen can be isolated fromdlie librarics, Limiting
diversity in the H1/H2 region decreases degeneracy about 10 to 10° fold and allowing more H3 diversity
provides for more high affinity binders. Utilizing libraries with different types of diversity in CDRH3 (eg.
wilizing DVEK or NVT) provides for isolation of binders that may bind to different epitopes of a target
antigen.

Of the binders jsolated from the pooled libraries as described above, it has been discovered that
affirity may be further improved by providing limited :ﬁver;;ity in the light chain. Light chain diversity is
generated in this embodiment as follows in CDRLI: amino acid position 28 is encoded by RDT; amino acid
position 29 is encoded by RKT; amino acid position 30 is encoded by RVW; amino acid position 31 is
encoded by ANW, amino acid position-32 is encoded py THT; optionally, amino acid position 33 is encoded
by CTG ; in CDRL2: amino acid position 50 is encoded by KBG; amino acid position 53 is encoded by
AVC; and optionally, amine acid position 55 is encoded by GMA ; in CDRL3: amino acid position 91 is
encoded by TMT or SRT or both; amino acid position 92 is encoded by DMC; amino acid position 93 is
encoded by RVT; amino acid position 94 is encoded by NHT; and amino acid position 96 is encoded by
TWT or YKG or beth. '

In another embodiment, a library or Hbrasies with diversity in CORHI, CDRH?2 and CDRH3
regions is generated. In this embodiment, diversity in CDRH3 is generated using a variety of lengths of FI3

 regions and using primarily codon sets X¥YZ and NNK or NNS. Libraries can be formed using individual

oligonucleotides and pooled or oligonucleotides can be pooled to form a subset of libraries. The libraries of
this embodimest can be sorted against target bound to solid. Clones isolated from multiple sorts can be
screened for specificity and affinity using ELISA assays. For specificity, the clones can be screened against
the desired target antigens as well as other noniarget anﬁgéns. Those binders to the target VEGF antigen
can then be screened for affinity in solution binding competition ELISA assay or spot competition assay.
High affinity binders can be isolated from the Ebrary utilizing XYZ codon sets prepared as described above.
These binders can be readily produced as antibodies or antigen binding fragments in high yield in cell
culture.
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In some embodiments, it may be desirable to generate libraries with a greater diversity in lengths of
CDRH3 region. For example, it may. be desirable to generate libraries with CDRH3 regions ranging from
about 7 to 19 amino acids. '

High affinity binders isolated from the libraries of these embodiments are readily produced in
bacterial and eukaryotic cell culture in high yield. The vectors can be designed to médily Temove seguences
such as g tags, viral coat profein component sequence, and/or to add in constant region sequences to
provide for production of full length antibodies or antigen binding fragments in high yield,

A library with mutations in CDRH3 can be combined with a library containing variant versions of
other CDRs, for example CDRL1, CDRL2, CDRL3, CDRH] andfor CDRHZ. Thus, for examéia, in one
embodiment, 2 CDRH3 library is combined with 2 CDRLS3 library created in the context of the humanized
4D5 antibody sequence with variant amino acids at positions 28, 29, 30,.31, and/or 32-using predetermined
codon sets, In another embodiment, a library with mutations to the CDRH3 can be combined with a library
comprising variant CORH1 and/or CDRH2 heavy chain variable domains. In one embodiment, the CDRH1
Hbrary is created with the humanized antibody 405 sequence with variant amino acids at positions 28,
30,31, 32 2nd 33. A CDRH2 Kbrary may be created with the sequence of humanized antibody 415 with
variant amino acids at positions 50, 52, 53, 54, 56 and 58 using the predeteriniti@d codon sets.

B. Vectors, Host Cells and Recémbinant Methods

The anti-VEGF antibody of the invention can be produced recombinantly, using techniques and
materials readily obtainable.

For recombinant production of an anti-VEGF antibody , the nucleic acid encoding it is isolated and
inserted into a replicable vector for further cloning (amplification of the DNA) or for expression. DNA
encoding the antibody is readily isolated or synthethized using conventional procedures (e.g., by using
oligonucleotide probes that are capable of binding specifically to DNAs eacoding the heavy and light chains
of the antibody). Many vectors are available. The vector components generally include, but are not limited
to, one or more of the following: a signal sequence, an erigin of replication, one or more marker genes, an

enthancer element, a promoter, and a transcription termination sequence.

(i} Signal sequence component _ .
The antibody of this invention may be produced recombinantly not only directly, but also as a
fusion polypeptide with a heterologous polypeptide, which is preferably a signal sequence-or other .
polypeptide having a specific cleavage site at the N —.tcrmimss of the mature protein or polypeptide. The
heterologous signal sequence selected preferably is 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 native
antibody signal sequence, the signal sequence is substituted by a prokaryotic si gnal sequence selected, for
example, from the group of the alkaline phosphatase, penicillinase, Ipp, or heat-stable enterotoxin 1T leaders.
For yeast secretion the native signal sequence inay be substitated by, e.z., the yeast invertase leader, a factor
leader (including Saccharomyces and Kluyveromyces u-factor leaders), or acid phosphatase leader, the C.

albicans glucoamylase leader, or the signal described in WO 90/13646. In mammalian cell expression,
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3
mapmalian signal sequences as well as viral secretory leaders, for example, the herpes simplex gD signal,
are available.

The INA for such precorsor region is ligated in reading frame to DNA encodin £ the antibody.

(i} Origin of replication component

Both expression and cloning vectors contain a nucleic acid sequence that enables the vector to
replicate in one or more selected host cells. Generally, in cloning vectors this sequence is one that enables
the vector to replicate independently of the host chromosomal DNA, and includes erigins-of replication or
autonomously replicating sequences. Such sequences are well known for a variety of bacteria, yeast, and
viruses. The origin of replication from the plasmid pBR322 is suitable for most Gram-negative bacteria, the
2y plasmid origin is suitable for yeast, and various viral origins (SV40, polyoma, adenovirus, VSV or BPV)
are useful for cloning vectors in mammalian cells. Generally, the origin of replication éomponcnt is not

needed for mammalian expression veetors (the SV40 origin may typically be used only because it contains

the eady promoter).

(i) Selection gene component ‘

Expression and cloning vectors may contain a selection gene, also terfuedd. a selectable markei.
Typical selection genes encode proteins that (a) confer resistance to antibiotics or otlier toxins, e.g.,
ampicillin, neomycin, methotrexate, or tetracycline, (b) complement auxotrophic deficiencies, or (c) supply
critical nutrienits not available from complex media, e.g., the gene encodin 2 D-zlanine racemase for Bacilli.

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

Another example of suitable selectable markers for mammalian cells are those that enable the
:denuﬁcauon of cells competent to take up the antbody nucleic acid, such as DHEFR, thymidine kinase,

metallothionein-I and -If, preferably primate metallothionein genes, adenosine deaminase, ormthme

- decarboxylase, efc,

For example, cells transformed with the DHFR selection gene are first identified by culturing all of
the transformants in a culture medium that contains methotrexate (MB), 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.

Alternatively, host cells (particularly wild-type hosts that contain endogenous DHFR) transformed
or co-transformed with DNA sequences encoding antibody, wild-type DHFR protein, and another selectable
marker such as aminogltycoside 3'-phiosphotransferase (APH) can be selected by cell growth in medium
containing a selection agent for the selectable marker such 2s an aminogiycosidic antibiotic, e. g- kanamycin,
neomycin, or G418, See U.S. Patent No. 4,965,199,

T

A suitable selection gene for use in yeast is the #pl gene present in the yeast plasmid YRp7
(Stinchcomb et al,, Nature, 282:39 (1979)). The trpl gene provides a selection marker for a mutant strain of
yeast lacking the ability to grow in tryptophan, for example, ATCC No. 44476 or PEP4-1. Jones, Genetics,
85:12 (1977). The presence of the tp! lesion in the yeast host cell genome then provides an effective
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environment for detecting transformation by growth in the absence of teyptophan. Similarly, Len2-deficient
yeast strains (ATCC 20,622 or 38,626) are complemented by known plasmids bearing the Leu?2 gene,

. In addition, vectors derived from the 1.6 pm circular plasmid pKI) can be used for transformation
of Kluyveromyces yeasts. Allernatively, an expression system for large-scale production of recombinant caif
chymosin was reported for K. lactis. Van den Berg, Bio/Technology, 8:135 (1990).- Stable multi-copy
expression vectors for secretion of mature recombinant human serum albumin by industriai strains of

Kluyveromyces have also been disclosed. Fleer et al., Bio/Technology, 9:968-975 (1991),

(iv} FPromoter component

Expression and cloning vectors usually contain a promoter that is recognized by the host organism
and is operably linked to the antibody rucleic acid. Promoters suitable for use with prokaryotic hosts include
the phoA promoter , B-lactamase and lactose promoter systems, alkaline phosphatase, a tryptophan (trp)
promoter systerm, and hybrid promoters such as the tac promoter. However, other known bacterial
promoters are suitable. Promoters for use in bacterial systems also will contain a2 Shine-Da} gémo D)
sequence operably Hiked to the DNA encoding the antibody.

Promoter sequences are known for eukaryotes. Virtuafly all eukaryofic genes have an AT-rich
region lacated approximately 25 to 30 bases upstream from the site where transcription is initiated. Another
sequence found 70 to 80 bases upstream from the start of transcription 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 inseztc& o eukaryotic expression vectors.

Examp!es of suitable promoting sequences for use with yeast hosts include the prometers for 3-
phosphoglycerate kinase or other glycolytic enzymes, such as enolase, glyceraldehyde-3-phosphate
dehydrogenase, hexokinase, pyruvate decarboxylase, phesphofructokinase, gicose-G-phosphate isomerase,
3-phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase, phesphoglucose isomerase, and
glucokinase.

Other yeast promoters, which are inducible promoters having the additional advanitage of
transcription-controlled by growth conditions, are the promoter regions for alcohol dehydrogenase 2,
isocytochrome C, acid phosphatase; degradative enzymes associated with nitrogen metabolism,
metallothionein, glyceraldehyde-3-phosphate dehydrogenase, and enzymes responsible for matiose and
galactose utilization. Suitable vectors and promoters for use in yeast expression are further described in EP
73,657. Yeast enhancers also are advantageously used with yeast promoters,

Antibody transcription from vectors in mammalian host cells is controlled, for exam;aie, by
promotsrs obtained from the genomes of viruses such as polyoma virus, fowlpox virus, adenovirus (such as
Adenovirus 2), bovine papilloma virus, avian sarcoma virus, cytomegalovirus, a retrovirus, hepatms—B virus
and most preferably Simian Virus 40 (SV40), from heterologons mammalian promoters, e.g,, the actin
promoter or an immunoglobulin promoter, from heat-shock promoters, provided such promoters are
compatible with the host cell systems.

The early and late promoters of the SVA40 virus are conveniently obtained as an $VA40 restriction
fragment that also contains the SV40 viral origin of replication. The immediate early promoter of the human

cytomegalovirs is conveniently obtained as a HindI¥l E restriction fragment. A system for expreésing DNA
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in mammalian hosts using the bovine papilloma virus as a vector is disclosed in U.S. Patent No. 4,419 44¢.
A modification of this system is described in U.S. Patent No. 4,601,978, See also Reyes et al., Nature
297:598-601 (1982) on expression of human f-interferon ¢DNA in mouse cells under the control of a
thymidine kinase promoter from herpes simplex virus. Altermatively, the rous sarcoma virus long terminal

repeat can be used as the promoter.

{v) Enhancer element component

Transcription of a DNA encoding the antibody-of this invention by higher euka’rﬁ;otes is often.
increased by inserting an enhancer sequence into the vector. Many enhancer sequences are now known from
mammalian: genes (globin,‘elast-ase, albumin, a-feteprotein, 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 100-270), the cytomegalovirus early promoter enhancer, the polyoma enbiancer 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 spliced into the vector at a

position 5" or 3' to the antibody-enceding sequence, but is preferably located at a site 5' from the promoter.

(vi} Transcription termination component _ Bl

Expression vectors used in enkaryotic host cells (yeast, fungi, insect, plant, animal, human, or
nucleated cells from other multicellular organisms) will also contain sequences necessary for the termination
of ttanseription and for'stabilizing the mRNA. Such sequences are cotmonly. available from the 5 and,
occasionally 3', untranslated regions of eukaryotic or viral DNAs or cDDNAs. These regions contain
nucleotide segments ranscribed as polyadenylated fragments in the untranslated portion of the mRNA
encoding the antibody. One useful transcription termination component is the bovine growth hormone

polyadenylation region. See W094/11026 and the expiession vector disclosed therein,

{vit) Selection and transformation of host cells
Suitable host cells for cloning or expressing the DNA. in the vectors herein are the prokaryote,

yeast, or higher eukaryote cells described above. Suitable prokaryotes for this purpose include eubacieria,
such as Gram-negative or Gram-positive organisms, for example, Enterobacteriaceae such as Escherichia,
e.g., E. coli, Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, ¢.g., Salmonella typhimurium, Serratia,
e.g., Serratia marcescans, and Shigella, as well as Bacilli such as B. subtilis and B. licheniformis (e.g., B.
licheniformis 41P disclosed in DD 266,710 published 12 April 1989), Pseudomonas such as P. aeruginosa,
and Streptomyces. One preferred E. coli cloning host is E, coli 294 (ATCC 31,446), although other strains
such as E. coli B, E. coli X1776 {ATCC 31,537), and E. coli W3110 (ATCC 27,325} are suitable. These
examples are itlustrative rather than limiting.

In addition to prokaryotes, cukaryotic microbes such as filamentous fungi or yeast are suitable
cloning or expression hosts for antibedy-encoding vectors. Saccharoniyces cerevisiae, or common baker's
yeast, is the most commonly used among lower eukaryotic host microorganisms. However, a number of
other genera, species, and sirains are commonly available and useful herein, such as Schizosaccharomyces
pombe; Kluyveromyces hosts such as, e.g., K. lactis, K. fragilis (ATCC 12,424), K. bulgaricus (ATCC
16,045), K. wickeramii (ATCC 24,178), K. waltii (ATCC 56,500), K. drosephilarum (ATCC 36,906), K .
thermotolerans, and K. marxianus; yarrowia (EP 402,226); Pichia pastoris (EP 183,070%; Candida;
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Trichoderma reesia (EP 244,234); Neurospora crassa; Schwanniomyces such as Schwanniomyces
occidentalis; and filamentons fungi such as, e.g., Newrospora, Penicillivm, Tolypocladium, and Aspergillus
hosts such as A. nidulans and A. niger, .

Suitable host cells for the expression of glycosylated antibody are derived from multicellular
organisms. Examples of invertebrate cells include plant and insect cells. Numcmusﬁactﬂoviral sirains and
variants and corresponding permissive insect host cells from hasts such as Spodeprera frugiperda
(caterpillar), Aedes aegypti (mosquito), Aedes albopictus (mosquito), Drosophila melanogasier (fruitfly),
and Bombyx mori have been identified. A variety of viral strains for transfection are publicly available, e.g.,
the L-1 variant of Autographa californica NPV and the Bm-5. strain of Bombryx mori NPV, and such viruses
may be used as the virus herein according to the present invention, particularly for transfection of
Spodoptera frugiperda cells. Plant cell cultures of cotton, corn, potato, soybean, petunia, tomato, and
tobaéco can also be utilized as hosts.

However, interest has been greatest in vertebrate cells, and propagation of vertebrate cells in culure
(tissue culture) has become a routine procedure. Examples of useful mammalian host cell lines are monkey
kidney €V1 line transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney Iiné (293 or
293 cells subcloned for growth in suspension calture, Graham et al., J. Gen VirsE 36:59 (1977)) ; baby
hamster kidney cells (BHE, ATCC CCL 10); Chinese hamster ovary cells/-DHFR (CHO, Utlaub ¢f al,,
Proc. Natl. Acad, Sci. USA T7:4216 (1980)) ; mouse sertoli cells (TM4, Mather, Biol. Reprod. 23:243-251
(1980) ); monkey Kidney cells (CV1 ATCC CCL 70); African green monkey kidney cells (VEROQ-76, ATCC
CR1.-1587); human cerﬁcal carcinoima cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC
CCL 34); buffalo rat liver cells (BRI 3A, ATCC CRL 1442); human Iung cels (W 138, ATCC.CCL R
human Liver cells (Hep G2, HB 8065); mouse mammary tumor (MMT 060562, ATCC CCLSD; TRI cells
(Mather et al., Annals N.Y. Acad. Sci. 383:44-G8 {1982)); MRC 5 cells; FS4 cells; and a humén hepatoma
lipe (Hep G2).

Hest cells are transformed with the above-described expression or cloning vectors for éntibody
production and cultured in conventional putrient media modified as appropriate for inducing promoters,

selecting transformants, or amplifying the genes encoding the desired sequences.

L1
{viit}  Culturing the host cells

_ The host cells used to produce the antibody of this invention may bé culturedin a variety of media.
Commercially available media such as Hawm's F10 (Sigma), Minimal Essential Medizm ((MEM), (Sigma),
RPMI-1640 (Sigma), and Dulbecco's Modified Eagle's Medium (DMEM), Sigma) are snitable for culturing
the host cells.” Inaddition, any of the media described in Ham ez al., Meth, Enz. 58-44 (1979), Barnes et al.,
Anal. Biochem.102:255 (1980}, U.S. Pat. Nos. 4,767,704; 4,657,866; 4,927,762; 4,560,655; or 5,122,469;
WO 90/03430; WO B7/00195; or U.S, Patent Re. 30,985 may be used as colture media for the host cells.
Any of these media may be supplemented as necessary with hormones and/or other growth factors {such as
insulin, transferrin, or epidermal growth factor), salts {such as sodium chloride, calcium, magnesium, and
phosphate), buffers (such 2s HEPES), nucleotides (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

suppiemnents may also be included at appropriate concentrations that would be known to those skilled in the
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art. The culture conditions, such as temperature, pH, and the like, are those previously used with the host

cell selected for expression, and will be apparent to the ordinarily skilled artisan.

(ix} Antibody purification

When using recombinant fechniques, the antibody can be produced intracellularly, in the _
penplasmic. space, or directly secreted into the medivm. If the antibody is produced intracellularly, as a first
step, the particulate debris, either host cells or lysed fragments, is removed, for cxémple, by centrifugation or
uitrafiltraton. Carter et al., Bio/Technology 10:163-167 (1992) describe a procedure for isolating antibodies
which are secreted to the periplasmic space of E. coli. Briefly, cell paste is thawed in the presence of
sodium acetate (pH 3.5}, EDTA, and phenylmethylsulfonylfluoride (PMSE) over about 30 min. Cell debris
can be removed by centrifugation. Where the antibody is secreted into the mediam, supernatants from such
expression sysiems are generally first concentrated using a commeréiaii y available protein concentration
filter, for example, an Amicon or Millipore Pellicon ultrafiltration unit, A protease inhibitor such as PMSF
may be included in any of the foregoing steps to inhibit proteolysis and antibiotics may be included to
prevent the growth of adventitious contaminants.

The antibody compasition prepared from the cells can be purified t;sii_: g, for example,
hydroxylapatite chromatography, gel electrophoresis, dialysis, and affinity (;i'irg:f:atography, with affinity
chromatography being the preferred purification techpique. The suitability of protein A as an affinity ligand
depends on the species and isotype of any immunoglobulin Fc domain that is present in the antibody.
Protein A can be used to purify antibodies that are based on human v1, v2, or v4 heavy chains (Lindmark et
al, J. Immunol. Meth. 62:1-13 (1983)). Protein G is recommended for all mouse isotypes and for human 3
{(Guss er dl., EMBO J. 5:15671575 {1986)). The matrix to which the affinity ligand is attached is most often
agarose, but other matrices are available. Mechanicaily stable matrices such as controlled pore glass or
?oly(styrencdivinyl)benzene aliow for faster flow rates and shorter processing times than can be achieved
with agarose. Where the antibody comprises 2 Cy3 domain, the Bakerbond ABX ™resin (J. T. Baker,
Phillipsbarg, NJ) is useful for purification. Other techniques for protein purification such as fractionation on
an jon-exchange column, ethanol precipitation, Reverse Phase HPLC, chromatogréphy on silica,
chromatography on hepardn SEPHAROSE™ chromatography on an anion or cation exchange‘ resin (such as
2 polyaspartic acid column), chromatofocusing, SDS-PAGE, and ammonium sulfate precipitation are also
available depending on the.antibody to be recovered. ‘

Following any preliminary purification step(s), the mixture comprising the antdbody 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 0-0.25M
salt).

C. Pharmaceutical Formulations

Therapentic formulations of the éntibody are prepared for storage by mixing the antibody having
the desired degree of purity with optional physiologically accepiable carriers, excipients or stabilizers
(Remington's Pizarmacez:ticd Sciences 16th edition, Osol, A. Ed. (1980}), in the form of lyophitized-
formulations or agueous solutions. Acceptable carriers, excipicnts, or stabilizers are nontoxic to recipients at

the dosages and concentrations employed, and include buffers such as phosphate, citrate, and other organic
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acids; antioxidants including ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyi
anunonium chloride; hexamethonium chloride; benzalkonium chloride, benzethonium chloride; phenol,
butyl or benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol; resorcinol;
cyclohexanol; 3-pentanot; and m-cresol); fow molecular weight (less than about 10 residies) polypeptide;
proteins, such as serum albumin, gelatin, or immunogiobulins; hydrophilic polymers such as
polyvinylpymrolidone; amino acids such as glycme glutamine, asparagine, hisﬂdme, argmme or lysine;
monosaccharides, disaccharides, and other carbohydratcs including glucose, mannose, or dextrins; chelating
agents such as EDTA; sugars such as sncrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such
as sodium; metal compiexes (2.g., Zn-protein complexes); and/or non-ionic surfactants such as TWEENTM,
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 complcménmry activities that do not adversely
affect each other. For example, it may be desirable to further provide an immunosuppressive agent. Such
molecules are suitably present in combination in amounts that are effective for the purpose intended.

The active ingredicnts may also be entrapped in microcapsule prepared, for example, by
coacervation lechaigues or by interfacial polymerization, for example, hydroxyiffethylcellulose.or gelatin-
microcapsule and poly-(methylmethacylate) microcapsule, respectively, in colloidal drug delivery systems
{for example, liposomes, albumin microspheres, microemulsions, nano-particles and nanocapsules) or in
macroemulsions. Such techniues are disclosed in Remington's Pharmaceutical, Sciences 16th edition, Osok,
A_Ed. (1980).

The formulations to be used for in vivo administration must be sterile. This is readil y accomplished
by filtration through sterile filiralion membranes.

Sustained-release preparations may be prepared. Suitable examples-of sustained-release
preparations include semipermeable matrices of solid hydrophobic polymers containing the antibody, which
matrices are in the form of shaped articles, e.g., films, or microcapsule. Bxamples of sustained-release
matrices inclﬁde polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or
poly(vinylalcohol}), polylactides (U.S. Pat. No. 3,773,919}, copolymers of L-glutamic acid and y ethyl-L-
glutamate, nor-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers such as
the LUPRON DEPOT™ (injectable microspheres composed of lactic acid-glycolic acid copolymer and
leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers such as ethylene-vinyl acetate
and lactic acid- glycélic acid enable release of molecules for over 100 days, certain hydrogels release.
proteins for shorter time periods. When encapsulated antibodies 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. Ralional strategics can be devised for stabilization
depending on the mechanism involved. For example, if the aggrcgati_bn mechanism is discovered to be
intermolecular 5-5§ bond formation through thio-disulfide interchange, stabilization may be achieved by
modifying sulfhydry! residues, Iyophilizing from acidic solutions, controiling moisture content, using

appropriate additives, and developing specific polymer matrix compesitions.
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D. Non-Therapeutic Uses for the Antibady

The antibodies of the invention may be used as affinity purification agents. In this process, the
antibodies are immobilized on a solid phase such a Sephadex resin or filter paper, using méthods well
known in the art. The immobilized antibody is contacted with a sample containing the antigen to be
purified, and thereafter the support 1s washed with a suitable solvent that will remove substantially all the
material in the sample except the antigen fo be purified, which is bound to the immiobilized antibody.
Finally, the support is washed with another suifable solvent, such as glycine buffer, pH 5.0, that will release
the antigen from the aatibody.

The antibodies of this invention may also be useful in diagnostic assays, e.g., for detecting
expression of an antigen of interest in specific cells, tissues, or serum.

For diagnostic applications, the aniibody typically will be labeled with a detectable moiety.
Numerous labels are available which can be'generally grouped into the following catsgories:

(a) Radioisotopes, such as 38, “C, "I, >H, and . The antibody can be labeled with the
radioisotops using the techniques described in Current Protoeols in Immunology, Volumes 1 and 2, Coligen
et al, Ed. Wiley-Interscience, New York, New York, Pubs. (1991) for example and radioactivity can be
measured using scintiHlation counting. e

(b} Fluorescent labels such as rare earth chelates (éuropium chelates) or flucrescein and its
derivatives, rhodamine and its derivatives, dansyl, Lissamine, phycoerythrin and Texas Red are available.
The fluorescent labels can be conjugated to the antibody using the technigues disclosed in Current Protocols
in Immunology, supre, for example. Fluorescence can be quantified using a fluorimeter,

* (¢} Various enzyme-substrate labels are available and U.S. Patent No. 4,275,149 provides a review
of some of these. The enzyme generally catalyzes a chemical alteration of the chromogenic substrate which
can be measured using various techniques. For example, the enzyme may catalyze a color change in a
substrate, which can be measured spectrophotometrically. Altematively,. the enzyme may alter the
fluorescence or chemiluminescence of the substrate. Techniques for quantifying a change in ﬂucfescence are
described above. The chemiluminescent substrate becomes efectronically excited by a chemical reaction
and may then emit light which can be measured (using a ch&miluminome&r, for example) or donates energy
to a fluorescent accepior. Examples of enzymatic labels include luciferases (e.g., firefly luciferase and
bacterial luciferase; 11.5. Patent No. 4,737,456), luciferin, 2.3-dihydrophthalazinediones, malate
dehydrogenase, urease, peroxidase such as horseradish peroxidase (HRPO), alkaline phosphatase, fi-
galactosidase, glucoamylase, lysozyme, saccharide oxidases (e.g., glucose oxidase, galactose oxidase, and
glucose-6-phosphiate dehydrogenase), heterocyclic oxidases (such as uricase and xanthine oxidase),
lactoperoxidase, microperoxidase, and the like. Techniques for conjugating enzymes to antibodies are
described in O'Sullivan et al., Methods for the Preparation of Enzyme-Antibody Conjugates for use in
Enzyme Immunoassay, in Methods in Enzym. (ed I. Langone & H. Van Vunakis), Academic press; New
York, 73:147-166 (1981).

Examples of enzyme-substrate combinations include, for exarple:

(i} Horseradish peroxidase (HRPO} with hydrogen parékidase as a substrate, wherein the hydrogen
peroxidase oxidizes a dye precursor (e.g.,orthophenylene diamine (OPD) or 3,3',5,5tetramethyl benzidine
hydrochloride (TMB));
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(it} alkaline phosphatase (AP) with para-Nitrophenyl phosphate as chromogenic substrate: and

(iii) B-D-galactosidase (B-D-Gal) with 2 chromogenic substrate {e.g., p-nitrophenyl-p-D-
galactosidase) or fluorogenic substrate é—methylu_m'heichryl-ﬁ—n—galactosidase.

Numerous other enzyme-substrate conibinations are available to those skilled in the art. For a
general review of these, see U.S. Patent Nos. 4,275,149 and 4,318,980,

Sometimes, the label is indirectly conjugated with the antibody. The skilled artisan will be aware
of various techniques for achiéving this. For example, the antibody can be conjugated with biotin and any of
the three iraad categories of labels mentioned above can be conjugated with avidin, or vi&e versa. Biotin
binds selectively to avidin and thus, the label can be conjugated with the antibody in this indirect manner.
Alternatively, to achieve indirect conjugation of the label with the antibody, the antibedy is conjugated with
a small hapten {e.g., digoxin) and one of the different types of labels mentioned above is conjugated with an
anti-hapten antibody (e.g., anti-digoxin antibody). Thus, indirect conjugation of the label with the antibody
can be achieved. o

In another embodiment of the invention, the antibody need not be labeled, and the presence thereof
can be detected using alabeled antibody which binds to the antibody.

The. antibodies of &e present invention may be employed in any knowrréssay method, such as
compelitive binding assays, direct and indirect sandwich assays, and immunoprecipitation assays. Zola,
Monoclonal Antibodies: A Manual of Techniques, pp.147-158 (CRC Press, Inc. 1987),

Competitive binding assays rely on the ability of a labeled standard to compete with the test sample:
analyze for binding with a limited amount of antibody. The amount of antigen in the test sample is inversely
proportional to the amount of standard that becomes bound to the antibodies. To facilitate determining the
amount of standard that becomes bound, the antibodies generally are insolubilized before or after the
competition, so that the standard and analyze that are bound to the antibodies may conveniently be separated
from the standard and analyze which remain unbound.

Sandwich assays involve the use of two antibodies, each capable of binding 1o a different
immunogenic portion, or epitope, of the protein to be detected. In a sandwich assay, the test sample analyze
is bound by a first antibody w!ﬁch is immobilized on a solid support, and thereafter 2 second antibody binds
to the analyze, thus forming an insoluble three-part complex. See, e.g.,U.S. Pat No. 4,376,110. The second
antibody may itself be labeled with a detectable moiety (direct sandwich assays) or may be measured using
an anti-immunoglobulin antibody that is labeled with a detectable moiety (indirect sandwich assay). For
example, one type of sandwich assay is an ELISA assay, in which case the detectable moiety is an enzyme,

For immunohistochemistry, the tumor sample may be fresh of frozen or may be embedded in
paraffin and fixed with a preservative such as formalin, for example.

The antibodies may also be uscd for in vive diagnostic assays, Generally, the antibody is 1abeled
with a radionuclide (such as*"'In, *Tc, MC, 3, ™% 3H, P or ¥S) ora dye so that the tumor can be
locaiizcd using immunoscintiography.

In one embodiment, a method of detecting VEGF in a biological sample (e.g., tissue, blood, sera,
spinal fluid) or a prepared biological sample can comprise the step of contacting an antibody of this
invention with the sample and observing the anti-VEGF antibody bound to the VEGF in the sample or
determining the amount of the anti-VEGFE antibody bound to VEGF in the sample. In another embodiment,

a method of defecting VEGF in a subject comprises the step of administering an antibody of this invention to-
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the subject and observing the anti-VEGF antibody bound to the VEGF in the subject or determining the
amount of the anti-VEGF antibody bound to VEGF in the subject (e.g., human, mouse, rabbit, rat, etc).

E. Diaenostic Kits

As a mauter of convenience, the antibody of the present invention can be provided in a kit, i.e., a
packaged combination of reagents in predetermined amounts with instructions for performing the diagnostic
assay. Where the antibody is labeled with an enzyme, the kit will include substrates and cofactors required
by the enzyme {(e.g., a substrate precursor which provides the detectable chromophore or ﬂuﬁrophore). In
addition, other additives may be included such as stabilizers, buffers (e.g., a block buffer or lysis buffer) and
the like. The relative amounts of the various reagents may be varied widely io provide for concentrations in
solution of the reagents which substantially optimize the sensitivity of the assay. Particularly, the reagents
may be provided as dry powders, usually Iyophilized, including excipients which on dissolution will provide

a reagent sohution having the appropriate concentraﬁ?n.

F. In Vivo Uses for the Antibody

It is conternplated that the antibody of the present invention may be used to #reat a mammal. In oﬁc
embodiment, the antibody is administered to a nonhuman mamraakfor the purposes-of Gbtaining prechisicat
data, for example. Exemplary nonhuman mammals to be treated inchide nonfivman primates, dogs, cats,
rodents and other mammals in which preclinical studies are performed. Such mammals may be established:
animal models for a disease to be treated with the antibody or may bs used to study toxicity of the antthody

of interest. In each of these embodiments, dose escalation studies may be performed in the mammal, Whera

the antibody 15 an anti-VEGF anfibody, it may be administered to a host rodent in a solid tumor model, for

example.

In addifion, or in the alternative, the antibody is used to treat 2 human, e.g. a patient soffering from
a disease or disorder who could benefit from administration of the fintibody. The conditions which can be
treated with the antibody are many and include conditions arising from or exacerbated by abnormal
angiogenesis, e.g., by excessive, inappropriate or uncontrolted angiogenesis. For example, such conditions
include, cancer such as colorectal cancer and NSCLS and others described above and inflammatory diseases
such as thewmatoid arthritis and others described above.

"The following references describe !yrﬁphomas and CLL, their diagnoses, treatment and standard
medical procedures for measuring treatment efficacy. Canellos GF, Lister, TA, Sklar JL.: The Lymphomas.
W.B.Saunders Company, Philadelphia, 1993; van Besien K and Cabanrillas, I: Clinical Manifestations,
Staging and Treatment of Non.—}{odgkjn's Lymphoma, Chap. 70, pp 1293-1338, in: Hematology , Basic
Principles and Practice, 3rd-ed. Hoffman et al. (editors). Churchill Livingstone, Philadelphia, 2000; and Rai,
K and Patel, D:Chwonic Lymphocytic Leukemia, Chap. 72, pp 1350-1362, in: Hematology , Basic Principles
and Practice, 3rd ed. Hoffman et al. {editors), Churchill Livingstone, Philadelphia, 2000, |
The parameters for assessing efficacy or success of treatment of an autoimmune or autoimmune related

disease will be known to the physician of skill in the appropriate disease. Generally, the physician of skill
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will look for reduction in the signs and symptoms of the specific disease. The following aze by way of
examples.

In one embodiment, the methods and compesitions of the invention are useful to treat rtheumatoid
arthritis. RA is characterized by inflammation of myultiple joints, cartilage loss and bone erosion that leads to
joint destruction and ultimately reduced joint function. Additionally; since RA is a sjrstemic disease, it can
have effects in other tissues such as the lungs, eyes and bone marrow. )

The VEGF binding antibodies can be used as first-line therapy in patients with e,ariy RA (e,
methotrexate (MTX) naive), or in combination with, e.g., MTX or cyclophosphamide. Or, the antibodies
can be used in freatment as second-line therapy for patients who were DMARD and/or MTX refractory, in
combination with, e.g., MTX. In one preferred embadiment, the VEGF binding antibodies of this invention
are administered to mammals who are DMARD and/or MTX refractory. The anti-VEGY antibodias are
useful to prevent and control joint damage, delay styuctural damage, decrease pain associated with
inflammation in RA, and generally reduce the signs and symptoms in moderate to severe RA. The RA
patient can be treated with the anti-VEGF antibodies of this invention prior to, after or together with
treatment with other drugs used in treating RA (see combination thgr-apy below). In cne embodiment,
patients who bad previousty failed disease-modifying antitheumatic drugs and/et had an inadequate
response to methotrexate alone are reated with an anti-VEGF binding antibody. In another embodiment, the
patients are administered an anti-VEGF antibody of this invention plus cyclophosphamide or anti-VEGF
binding antibody plus methotrexate.

One method of evaluating treatment efficacy in RA is based on American College of '
Rheumatology (ACR) criteria, which measures the percentage of improvement in tender and swollen joints,
among other things. The RA patient can be scored at for example, ACR 20 (20 percent improvement)
compared with no antibody treatment (e.g,, bascline before freatroent) or treatment with placebo. Other
ways of evaluating the efficacy of antibody treatment include X-ray scoring such as the Sharp X-may score
used to score structural damage such as bone erosion and joint space narvowing. Patients can also be-
evaluated for the prevention of or improvement in disability based on Health Assessment Questionnaire
[HAQ] score, AIMS score, SF-36 at time periods during or after reatment. The ACR 20 criteria may
include 20% improvement in both tender (painful} joint count and swollen joint count plus a 20%

improvernent in at least 3 of 5 additional measures:

1. patient’s pain assessment by visual analog scale (VAS),

2. patient’s global assessment of disease activity (VAS),

3. physician’s global assessment of disease activity (VAS),

4. patient’s self-assessed disability measured by the Health Assessment Questionnaire, and
5. acute phase reactants, CRP or ESR.

The ACR 50-and 70 are defined analogously. Preferably, the patient is administered an amount-of
anti-VEGF binding antibody of the invention alore or in combination with other agents for treating
rheumatoid arthrifis effective to achieve at least a score-of ACR 20, preferably at least ACR 30, more
preferably at least ACRS50, even more preferably at least ACR70, most preferably at least ACR 75 and
higher.

Psoriatic arthritis has unigue and distinct radiographic features. For psoriatic arthritis, joint erosion

and joint space parrowing can be evalvated by the Sharp score as well. The anti-VEGFE binding antibodies
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disclosed herein can be used to prevent the joint damage as well as reduce disease signs and symptoms of

the disorder.

The antibody is administered by any suitable means, including parenteral, subcutaneous,
intraperitoneal, intrapulmonary, and intranasal, and, if’ desired for local nmunosuppressive treatment,
intralesional administration. Parenteral infusions include intramuscular, intravenous, intraarterial,
intraperitoneal, or subcutaneous administration. In addition, the antibody is svitably administered by pulse
infusion, ﬁarticulariy with declining doses of the antibody. Preferably the dosing is givcii by injections,
most preferably intravenous or subcutaneous injections, depending in part on whether the administration is
brief or chronie.

For the prevention or treatment of disease, the appropriate dosage of antibody will depcndkan ihe
type of disease 10 be treated, the severity and course of the disease, whether the antibody is administered for
preventive or therapeutic purposes, previous therapy, the patient's clinical history and response to the
antibody, and the discretion of the attending physician. The antibody is suitably administered to the patient
at one time or over a series of reatments.

Dcpéndin g on the type and severity of the disease, about I pgfkg to-Iemglks (e.g., 0.1»2@m'glkg)
of antibody is an initial candidate dosage for administration to the patient, whether, for example, by one or
more separate administrations, or by continnous infusion. A typical daily dosage might range from about §
ug/kg to 100 mg/kg ormore, depending on thié factors gntioned above. For repeated adininisirations over
several days or longer, depending on the condition, the treatment is sustained untl a desired suppression of
disease symptoms oceurs. However, other dosage regimens may be useful. The progress of this therapy is
easily monitored by conventional techniques and assays. An exemplary dosing regimen for an anti-LFA-1
or anti-ICAM-1 antibody is disclosed in WO 94/04188. Exemplary dosing regimens and therapentic
combinations for treating cancer can be found in United States Provisional Application No. 60/474480, filed
5/30403.

The antibody compasition 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 particndar mammal being treated, the clinical condition of the individual patient, the cause of the
disorder, the site of delivery of the agent, the method of administration, the schedulin g of administration,
and other factors known to medical practitioners. The “therapeutically effective amount™ of the aﬁtihody o
be administered will be governed by such considerations, and is the MINiMum amount necessary to preveat,
ameliorate, or treat a disease or disorder. The antibody need not be, but is opticnally formulated with one or
more agents currently used to prevent or treat the disorder in question. The effective amount of such other
agents depends on the amount of antibody present in the formulation, the type of disorder or treatment, and
other factors discussed above. These are generafly 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 disease or disorder involves the lessening of one or more symptoms or medical problems
associated with the disease or disorder, In the case of cancer, the therapeutically effective amount of the
drug can accomplish one or a combination of the foﬂowing: reduce the number of cancer cells: reduce the
tumor size; inhibit (i.e., to decrease to some extent and/or stop) cancer cell infiltration into peripheral organs;

3

irhibit tumor metastasis; inhibit, to some extent, tmmor growth; and/or relieve 10 some extent one or more of
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the symptoms associated with the cancer. To the extent the drug may prevent growth and/or kill existing
cancer cells, it may be cytostatic and/or cytotoxic. In some embodiments, a composition of this invention

can be used to prevent the onset or reoccurtence of the disease or disorder in a subject or mammal.

G. Avticles of Mamifachire

In another embodiment of the invention, an article of manufacture contair_xiﬁg materials useful for
the treatment of the disorders described above is provided. The article of mannfacture comprises a container
and a label. Suitable containers include, for example, bottles, vials, syringes, and test tobes. The containers
may be formed from a variety of materials such as glass or plastic. The contziner holds a composition which
is effective for treating the condifion and may have a sterile access port (for example the container may be
an intravenous solution bag or a vial having a stopper pierceable by a hypdﬁermic injection needle). The
active agent in the composition is the antibody. The label on, or associated with, the container indicates that
the composition is used for treating the condition of cholce.  The articie of manafacture may forther |
comprise a second container comprising a pharmacentically-acceptable buffer, such as phosphate-buffered
saline, Ringer's solufion and dextrose solution. It may further include other materials desirable from
a commercial and user standpoint, including other buffers, diluents, filters, g@ggﬁgs, syringes, and package
inserts with instractions for use.

Incorporated by reference in their entirety are United States Provisional Applications from which
this application claims benefit: USSN 60/491,877, filed August 1, 2003; USSN 60/516,495, filed November
1, 2003; USSN 60/570,912, filed May 12, 2004; USSN 60/571,239, filed AM_ay 13, 2004; USSN 60/576,315,
filed June 1, 2004; and USSN 60/580,757, filed June 18, 2004.

The following examples are infended merely to llustrate the practice of the present invention and
are not provided by way of limitation. The disclosures of éﬁ:paxent and scientific lteratures cited herein are

expressly incorporated in their entirety by reference.

- EXAMPLES

Generation of the Synthetic Autibody Phage Libraries )

In general, two types of combinatorial aniibody libraries have been developed, distinguishcd by the
source of repertoires. Most libraries to date are “natural” antibody libraries which used the pamral |
repertoires as the source for its diversity, where the genes as message RNA of immune éclls frofn naive or
iminunized animals or human were ampiiﬁed and éloned into vector for phage disélay or other display
technology, such as ribosome or yeast disﬁlay. The natural antibodies usually have multiple fiameworks,
which together with variable CDRs sequences and the recombination of light chain and heavy chain made
up the diversity of the library. The size of the library determined the performance of the Iibraries since the
repertoires were in general larger '_than the Jibrary size (marks et al). The synthetic library, on the other hand,
is a new branch of library where the diversity is designed and built into the Hbrary with synthetic DNA. |
Single or multiple frameworks have been used. For single framework library, the source of the diyeﬁity

solely depends on the degeneracy of syathetic DNA designed to create the diverse CDR ldops. Both the
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diversity design and the size of the libraries are critical for the library performance, which can be measured
by the affinity of the antibodies found from the libraries.

We developed a strategy of building syathetic antibody phage library upon the template of a single
framework. Residues were selected from CDR loops that are either solvent exposed or highly variable in
natural antibodies repertoires according to Kabat database and were randomized by mimicking the natral
diversity using tailored codons. We also eéxplored restricting the randomization to heavy chain, which often
contribuie to the main binding interaction w:th antigen among natural antibodies, and found it was sufficient
to find binders to naive targets. One of the reasons to restrict the diversity is so that the gap between the
DNA degeneracy and practical phage library size is not overwhelmin gly large and the sequence space will
be covered at sufficient density. _

The first library was built on humanized 4D'5 framework with a randomized heavy chain and fixed
light chain in the format of single chain Fv (ScFv). To the target antigen murine VEGF (mVEGFE), many
uniqoe binders were found.

The libraries were then generally further improved by fine-tuning the diversity of CDR-H1 and H2
or the light chain to closely mimic the nafral divessity, and by explorng the diversity design of CDR-H3in
the Fab format of display. See Figure 1 for illustrations of different types of antihody libraries. We foiund
libraries with different designs of CDR-H3 of similar size resulted i binders of hVEGY and mVEGF with
sub-nM affinity. The affinity of these binders can be further improved 0 pM range by a second step of
randomizing their ight ehait'CDRs,

For details of strategies and methods for generating synthetic antibody libraries with single
template, see, for example, U.S. provisional application USSN 60/385,338 (filed June 3, 2002), the-entire
disciosure of which is expressly incorporated herein by reference. Thus, novel antibodies with hi gh affinity
to both human VEGF and mouse VEGF could be found in diverse synthetic antibody phage libraries based

on a single framework template.

Example 1 - G6 and B20 derived antibodies

(2) Selection of High Affinity Anti-VEGF Fab Clones

The selection procedures for high affinity anﬁ—VEé}F Fab clones con'sis.tcd of various combinations
of solid-supported and solution-binding sortings. In solid-supported sortings, the antibody phage Hbrary was
panned with target antigen coated on NUNC 96-well Maxisorp immunoplate at concentration of Sug/ml. In
solution-binding sorting method, phage library was incubated with deé:reasin £ concentration of biotinylated
antigen in solution, which then was captured by neutravidin coated on the 96-well Maxisorp plate
(2~5ug/ml). Decreasing concentration allowed more stringency in panning to fish for tighter binders. To the
target antigen mVEGE, a two%icp sorting strategy was developed such that, in step 1, poteat binders were
isolated from naive libraries by means of the solid-supported selection, and subsequently in step 2, those
stronger affinity binders could be isolated from weaker ones by the progressive solution-binding method
with decreasing target antigen concentration. To quickly screen out these binders, the high throughput
single~spot competition binding ELISA was used. Low amount of mVEGF (25nM)} was applied in this assay
to screen 16 clones from each library after the 3% round sorting. _

As the result of combining solid-suppotted and solulior_i—binding sortings, three Fab c_kmeé, Go,

B29, and C3, all from NNK library, were identified as high affinity binders. And after the 5% round sorting,
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the whole library was dominated by G6 clone. Interestingly, B20, which came from NVT Hbrary, was found
by solution-binding sorting alone. This suggested that more clones can be found by different strategies of
sorting methods, which may bias for different clones. With different library designs, more VEGT binding
clones with distinct sequences should be identified also. The four unique clones with distinct sequences were
first characterized for their binding affinity to murine and haman VEGF using competition-binding ELISA
at 25°C. 1C50 data from phage binding assays represent an estimation of their affinities, and (G6 was

identified as the highest affinity binder with IC50 at 0.5-1eM for both human and murine VEGF (Figure 2).

)] Activities and properties

A series of in vitro assays were conducted to examine properties and activities of the selected novel
anti-VEGFE antibodies.

Epitope Blocking Assay

First, the antibody phage clones were examined for their possible binding epitopeé on VEGE. A
phage-blocking assay was used, wherein the bindings of the phage clones (at constant concentration) to
mVEGF-coated wells were measured in the presence of either a fall extracellular domain (ECD) of KDR or
a second domain of Flt-1 (Flit-1g;), both at increasing coencentrations, respectivély, Full BCD.of KDR. or Flt-
1 has seven immunoglobulin-tike domains, and binds VEGF through the second and third domain. The
second domain of Fit-1 alone can bind VEGF at Kd of ZaM with known epitopes on VEGF, based on the
published erystal structire theVEGEF-VEGFR complex (Wiesmann et al. (1997) Cell 91:695-704). The Kd
of KDR ECD biading to VEGF is about S5nM. We expected that the bindings of the phage clones to be
reduced with the increasing addition of receptors, if the epitbpes for an antibody on phage overlap
significanty with receptor.

For receﬁ:ior blocking assay at protein level with purified Fab expressed from E. coli, (mouse or human
VEGT), VEGF receptor immobilized plate by coating baculoviras expressed Flt-1 ECD fragment. (Ig
domainl-3) (Fit-1p; 5) directly, or 283 cell-expressed KDR-1g fusion, which present KDR ECD (Ig domain
1-7} as Fey fusion captared with goat anti-human IgG Foy (Jackson IminunoResearch Lab, West Grove, PA)
cozted on the 96-well Maxisorp immunoplate and blocked with 0.5% BSA and 0.02% Tween20,
Biotinylated bacterially expressed hVEGF or mVEGF at 0.2 nM was first incubated with three-fold serial
diluted anti-VEGE Fabs, G6, Fab-12 (the Fab of the Avastin™ antibody), or Y0317 in PBS with 0.05%
Tween 20 (PBST). After 1 h incubation at room temperature, the mixtures were fransferred to a VEGF
receptor immobilized plate and incubated for 10 min. The VEGF-A that was not blockéd by anti-VEGF was
captured with VEGF receptor coated wells and detected by streptavidin-HRP conjugate and developed with
TMB substrate as described above. .

As shown in Figure 3, the four clones were blocked to different extents by Flt-1p; and KDR. The
results of the blocking assay suggested that these four clones might have different binding epitopes on
VEGEF that are nonetheless overlapped with receptor binding epitope. The affinities of the anifbody clones
did not correlate with the efficiency of blocking by receptor in this blocking assay. Y0959, a phage clone
with known epitope was used as a control. Among the four novel clones, G6 and B20 appeared to have
epitopes that sufficiently overlapped with those for both Flt-1 and KDR, since their bindings to mVEGF was
significantly reduced in the presence of the receptor fragments. The differencein the blocking efficient is

smnall but has been consistent with multiple agsays. Ons prediction is that G6 or B20 has epitopes that
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matches with those of receptor on VEGF much better than Fab-12 or its variants, Y0317 and Y0959 (Mulier,
Y.A., etak, (1998) Structure 6:1153-1167). Therefore, we proceeded to generate Fab protein to confirm the
binding and examine the epitope. G6 was chosen first for further study since it has the hi ghest affinity
against both mVEGF and hVEGF.

Binding Specificity and Neutralizing Activity

To determine the binding specificity of G6 Fab clone, ELSA assays were conducted using human,
mouse, rat and rabbit VEGF-A 5 as well as VEGF homologs including mouse and human placentz growth
factor (PIGF-2), mVEGF-D and human VEGF-B. Human and murine placental growth factor (PIGF-2),
murine VEGE-D, rat VEGF-A and human VEGE-B were from R&D systemn. The tested antigens were
coated on NUNC 96-well Maxisorp immunoplate at the concentration of 2ug/ml. Binding with increasing
concentrations of G6 Fab protein was measured by Protein G-horse radish peroxidase conjugate and
substrate. For example, Fab protein was prepared from E. coli harboring the plasmid of G6 Fab expression

construct under the promoter of alkaline phosphatase and secretion leader sequenices stll and purified with

.Protein G affinity column, G6 Fab binding to VEGF and its homologs were measured by direct BLISA.

VEGF homolog-coated wells (at 2ugfid in PBS concentration). were blocked with 0.5% BSA and 0.05%
Tween20 at 25°C, Fab at increasing concentrations were incubated with the VE(;;? homeolog-coated wells for
1 h at 25°C and measured with anti-human Fab antibody horse radish peroxidase conjugate diluted in PBT
buffer, then developed with TMB substiate. Solution ‘binding assays were also carried out for some proteins
by incubating 0.5 aM of G6 Fab with increasing concentrations of a VEGE homelog for 1-2 h at 25°C, and
the unbound Fab was captured with mVEGE-A coated wells and measured.  As shown in Figure 4, the G6
Fab protein binds equally well to both mVEGF and hVEGF (approximately 0.6nM and 1.4nM,
respectively). Moreover, the G6 antibody did not bind te other VEGF homologs at all, and thus is highly
specific to VEGF. The G6 Fab bound rat and rabbit VEGF with similar affinity as for mVEGF (data not
shown}.

To test if G6 not only binds to VEGF at high affinity, but also is capable of effectively blocking
VEGFs binding to VEGF receptors, blocking assays were conducted, wherein eitber hVEGF or mVEGE
was tested for its binding to KDR in the presence of increasing concentrations of the G6 Fab clone. Also
used as control were the two anti-hVEGF antibodies, Fab-12 (the Fab of Avastinm) and Y0317, that are
capable of effectively blocking hVEGF but neither bind to mVEGF nor block its activities. As shown in
Figure 5, G6 effectively blocked hVEGF’s bindiiig to KDR with an c:fﬁcacy similar to that of Fab-12 or
Y0317. Furthermore, G6 can also significantly block mVEGF s binding to KDR. In comparison, neither
Fab-12 nor Y0317 showed any biocking effect on mVEGE.

Thus, the novel anti-VEGF antibody G6 of this invention is a high affinity anti-VEGE antibody
capable of binding and blocking VEGF from both human and murine species.

Cell-Based Assay

To further determine binding specificity and blocking activities of the rovel antibody G6, a cell-
based assay using human umbilical vein endothelial cells (HUVECS) was conducted, whersin various anti-
VEGF antibodies were tested for their abilities to block either human or murine VEGE induced cell
proliferation. Basically, 96-well tissue culture plates were seeded wiih 3000 HuVECs per well and fasted in
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the assay medium (F12:DMEM 50:50 supplemented with 1.5% (v/v) diafiltered fetal boviae serain) for 24
hours. The conccn&aﬁon of VEGF used for stimulating the growth of cells was determined by first titrating
to identify the amount of VEGF that can induce 90% of maximal DNA synthesis. Fresh assay medinm with
fired amounts of VEGF (0.1nM final conceniration) and increasing concentrations of anti-VEGE Fab were
then added. After 24 hours of incubation, cells were pulsed with 0.54Ci per well of {3H} thymidine for 24
hours, and then harvested on to 96-well filter plate for counting by a TopCount gamma counter. Here the
DNA synthesis was measured by incorporation of tritiated thymidine. In this assay, the anti-VEGF
gntibodies serving as the control were Fab-12 and Y0317,

As shown in Figure 6, G6 antibody significantly reduced both hVEGF and mVEGFs abilities to
promote HUVEC proliferation. The basic fibroblast growth factor (bFGF) experiment here served as a
conérol (o demonstrate that nooe of the anti-VEGF Fabs used in this assay had any non-specific toxicity to
the host cells.

{c) Affinity Improvement of the (G6 and B20 Anti-VEGF Antibodies

Two novel antibody clones, G6 and B20, were chosen for further | improvement on binding
affinities. To improve affinity, several selected residues of the light chain CDR wcrc randomized, since both
clones came frem g library with oily randomized lieavy chain and a fixed §i ght cham Surface expesed CDE
residues and residues that are highly dwerse in the Kabat database of natural antibody sequences were
chosen. Site-directed mutagenesis was used with tailored degenerate codons to generate amino acid
diversity that mimicked the natirral immune reperteire at each CDR site on light chain (Figure 7). Sorting
was first performed by adding the library on immobilized hVEGF or mVEGF on the Maxxserp 96-well plate
to maximize the recovery of binders, followed by solation sorting with decreasin g concentration of
biotinylated hVEGF or mYEGF as two separate tracks of selection. Concentration of biotinylated VEGF
was selected based on the initial affinity of the clone to gauge the pressure of the sorting, The selection -
pressure was also increased by incubating phape binders with 1000 fold excess of Ga-biotinylated antigen in
soltution for different Iength of time at different temperature after initial incubation of the phage Iibrary Wwith
biotinylated VEGF and before capturing by neutravidin coated on 96-well Maxisorp plate. _

As an example of the above-described processes, G6 having InM affinity was subject to further
affinity improvement. The first round of sortin g used soﬁd—suppoﬂed method to capture all clones that still
bound VEGF, and then at the second round of sorting, the phage lbrary was incubated with 18M of VEGE.
Next, the solution-binding nsed InM biotinylated hVEGF to select most binders. Before capmnng, 1uM
unbiotinylated hWEGF was added and incubated at RT for 15min to compete off fast off-rate binders. Then
in the following rounds of sorting (3™ and 4%}, more selection pressure was put into solution sorting by
using less biotinylated hVEGF (0.1nM) to select and 100aM unbiotinylated hVEGF at 37C for 30min or
longer time (2hr or 6hr) to compete off high off-rate binders and fish for low off-rate binders,

The same strategy was utilized to improve B20 clone, except that less stringent condition was used
because of its Jow affinity against KZVEGF (IC50~150nM}. The mVEQF selection track followed the same
procedures and conditions as what were used with WWEGF. Enrichiment was calctlated by the eluted phage
titers ratioto selection without biotinylated target. Afier sorting, high throughput single-spot competition

binding ELISA as described above was used to quickly screen for improved affinity clones.
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ln this assay, low amount of hVEGF or mVEGF (10nM) was applied to screen 51 clones from (6-
based phage lbrary and 110 clones from B20-based phage Hbrary with the control of wild type (36 and B20
binders. Several improved G6 clones, eollectively termed G6-I1 variants, were selected out and showed.
temarkably increased binding affinity to both human and murine VEGF by over one hundred fold by
comparing the phage K50 values with wild-type clones (Figure 7). Clones with many unique sequences
were found that have improved affinity, which suggested that there are many light chains ‘that.can
accommodate the heavy éhain of the selected clones. It is also interesting to note that binding specificities of
same clones were changed. This suggests that Tight chain is able to modulate the interaction of heavy chain
with its antigen sufficiently to alter its specificities. As for the clone sequences, most G6-1I clones were
different from G6 only in their third light chain CDR (CDR-L3).

To generate Fab protein or IgG protein for affinity and activity assays, we cloned the variable
region into a Fab expression plasmid for expression in an E. coli or 2 mammalian cell-(a phagemid vector
that had been modified by deleting the sequence encoding the C-terminal domain of phage coat protein p3
and addmg a termination sequence for ribosome binding about 20 nucleatides downstream from the stop
codon af the end of heavy chain first constant domain). Fab protein was generated by growing transformed
34B8 E. coli.ccﬂs-in AP5 media at 30°C for 24 h as described (Presta, L. et al.,.£1997) Cancer Res 57:4593
4599). IgG was purified with Protein A columns and Fab was purified with Protein G affinity
chromatography. The production yield for FaE was typically 5-10mg/L. in small scate shake flask growth and
0.5-3 g/L in fermenter growth. TG production was reasonably high at 10:30 g/l small scale culfure with
some clone to clone differences. A .

Three G6-1I improved clones, G6-8, G6-23 and G6-31 (see Figure 7 for residue bhanges in light
chain CDRs), were selected to make into Fab protein for affinity measurement, epifope mapping by receptor
blocking assay, and activity study in HuVEC growth inhibition assay. For affinity determinations of anti-
mVEGE Fabs, we used surface plasmon resonance assays ona BIAcore™-2000 or a BIAcore™-3000
{BIAcore, Inc., Piscataway, NT) at 25°C and 37°C with immobilized mVEGF or hVEGE CMS5-chips at ~100
response units (RU) as described (Chen, Y., et al., (1999) J. Mol Biol 293:865-881). Briefly,
carboxymethylated dextran bioseasor chips (CMS, BlAcore Inc.) were activated with N-ethyl-N'- (3-
dimethylaminopropyl)-carbodiimide hydrochioride (EDC) and N-hydroxysuccinimide (NHS) according to
the supplier’s instructions. Homan or murine VEGF was diluted with 10mM sodium acetate, pH 4.8, into
Sug/mi (~0.2uM) before injected at a flow rate of Sul/minute to achiévé approximately 100 response units
(RU) of coupled protein. Following the injection of 1M ethanolamine to block unreacted groups. For
kinetics measurements, two-fold serial dilutions of Fab (10[)_to 0.78 oM or 3 oM to 5300 nM) were injected
n PBS with 0.05% Tween 20 (PBST) at 25°C at a.flow rate of approximately 25ul/min, Association rates
{kop) and dissociation rates (Kqg) were calculated using a simple one-to-one Langmuir binding model
{BiAcore Evaluation Software version 3.2) by simuita_neous fitting the association and disseciation
sensorgram. The equilibrium dissociation constant (Kd) was calculated as the ratio kyp'kq,.

Since the k,, of affinity improved G6 variants did not result in satisfactory statistics with.the
available binding model in BIAcore evaluation methods, solution compctition binding assays using phage-
displayed proteins were also carried ont to measure the relative affinity of those antibodies at equilibrium.
VEGF displayed on phage were incubated with serial dilutions of Fab at room temperature for 20 k to reach

equilibrium and the unbound VEGF-phage were captured with G6 Fab briefly (10 min) and measured with
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anti-M13-HRP and substrate TMB as above. A second format of solution competition binding assay was

also carried out where Fab was displayed on phage and interact with dilutions of VEGF to reach equilibrium

"(20 h) and uabound Fab were captured on VEGF coated 96-well plate and measured as above. The two

1C50s values were averaged to get binding affinities as final IC50s. Binding of Fabs to mVEGF were
assayed only with second format due to the lack of the reagent of mVEGF displaying phage.

From initial SPR experiments, it was noted that there was significant k,, improvement. For
exampie, we found that G6-23 had the most significant improvementin on-rate at 25°C and 37°C against
both human and murine VEGF, and small reduction in off-rate (Figure 8). The k,, for G6-31 imﬁroved as
compared to G6 as well (data not shown). Further, the solution competition binding‘ assays confirmed that
(36-23 was the most affinity-improved clone with its high affinity of ICS0 of 20 pM against hVEGF and
mVEGF (Figure 7).

Fluorescent quenching assays were also performed to determine the ki, rates of the higher affinity
(36 series antibadies, Therefore, three of the affinity mamired Fabs (G6-8, G6-23 and G6-3 1y were purified
as Fab proteins, and their affinities for mVEGF were compared to G6 by ustag and ﬂuo-rescence quenching

in solution for the rate of association (on rate, k) (Table 1 and Figure 30A and B).

Table 1.
Affinity
Clone ' ke (10° M8 Ko (107 5875 : ¥d (mM)
"G6 175 (1.93) 1.6 ‘ 091
G623 56.6 131 T 0.021
G6-31 21.6 0.35 0.016
G6-8 16.8 1.29 0.077

The fluorescence quenching assays were performed as follows. The change of fluorescence
intensity in complexing the Fab and VEGF was used to determine the rate of association as developed for
the on-rate determination of Fab-12 variants and VEGF (Marvin 1.S. and H.B. Loman (2003} Biochemistry
42:7077-7083). We first determined that the flucrescence intensity with an excitation wavelength of 280 nm
of G6 (ar variants}-VEGF complex was lower than the sum of individual components using an 8000-serics
SLM-Aminco spectrophometer (Thermo-Spectronic) by adding 1000M VEGF to a stirred cuvette containing
20nM Fab in PBS, pH 7.2, at 25°C. Next, increasing concentrations of VEGF (100-4002M) was mixed with
equal volumes of 40nM Fab in a stop-flow (Aviv Instruments) equipped spectrophometer to observe the rate
of the decrease of fluorescence intensity at 23C. For each experiment, nine measurements wese performed
for each concentration and fitted to a single-exponential curve. The observed rate was then plotted against
VEGF concentrations for pseudo-first order analysis, and the slope is the rate of association. Two to three
independent experiments were carried ouf and the: differences were within 50%.

The estimated k,, of the improved clones from the SPR method were ~3-6 -fold lower fhan the
measurcments by solution-based fluorescence guenching assay, whereas k,, measurements for parent G6 -
Fab from SPR was statistically sound and within 1.2-fold difference with fluorescence quenching assays. &

is possible that using BlAcore SPR technology for fast on-rate measurements was limited by the complex
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flow dynamics, or there could be some differences in protein behaviors between the parent clone and
affinity-improved clones, ihough aggregation problems were not observed with these proteins. Based on the
fluorescence assays, the three Fabs exhibited improvements over G6 in the on-rate by 6, 8 or 20-fold for G6-
8, G6-31 or G6-23, respectively, Fab-G6-31 also exhibited an ~ 4-fold improvement in the off-rate, and as a
result, the affinity of Fab-G6-31 (K= 16 pM) and Fab-(36-23 (K4 = 21 pM) was ~40-60-fold improved
compared to the G6 parent (K = 910 pM). It was consistent with the solution phase competltlon assays,
which showed a 20-60-fold improvement in IC, value for G6-31 (BOpM) or 36-23 (10 pM) in comparison
with G6 (0.67 nM). We applied the light chain affinity materation strategy to five other heavy chain
sequences and have observed 10- to 30-fold improverments in binding affinities (data not shown). Unlike
G6, many improved clones adopted new sequences for all three 1ight chain CDRs. Thus, we found that the
three G6 variants increased binding affinity to both human and murine VEGF over (6, predominantly by
the increase in the rate of association (on rate or k,,). G6-23 had the highest on rate and then followed by

G6-8 and ther G6-31. The improvement in the rate of dissociation (off rate or k.g) was 2-3 fold for G6-23,

-and 8 or 13-fold for G6-31 for hVEGF or mVEGF, respectively. Compared to Fab-12 and Y0317, G6 and

(36-23 had significantly different binding kinetics (Figure 32). G6-23 had simifar Kd as Y0317 but a faster
kinetics with fast on rate of over 10° (M“s’l)-, and-moderate mte of dissociation.(off rate or ke 8t 1-2}&10_‘4 §
!, whereas Y0317 has slow ki, at 3x10° M's™?, and very slow kg at ~5x10° ¢t {Figure 32).

The solution competition binding assay used biotinylated protein anti gens equilibrated with serial
dilutions of purified Fab or IgG proteins, and the unbiound biotin-antigén was captufed with inimobilized
Fab or ¥gG coated on Méxisorb--plates and was detected with streptavidin conjugated HRP. Alteratively Fab
or IgG proteins were equilibrated with serial dilutions of protein antigen, and the unbound Fab or IgG was
captured with immobilized antigen and detected with protein A-HRP.

For the VEGY receptor blocking assay using purified Fab, VEGF receptor was immobilized on a plate by
coating Fi-1 ECD ﬂagment (g domainl-5) (Flt-1p,.5) directly, or by first coating with goat anti-human IgG
Fey (Yackson hnmunoResearch Lab. West Grove, PA) and then treating with KDR-IgG fusion receptor
which presented KDR ECD (Ig domain 1-7) as a dimer, on 2 96-well Maxisorp immunoplate. The plate
was then blocked with 0.5% BSA and 0.02% Tween20. Sub-nanomolar concentrations of biotinylated
hVEGF or mVEG_F at .2 nM were incubated with three-fold seral dil_uted anti-VEGF Fabs, G6, G6-1F (G6-
§,23, and 31), Fab-12, or Y0317 in PBST. After 1 h incubation at room temperature, the mixmres were
transferred to the plate containing immobilized VEGF r@ceptbr and incubated for 10 min. The VEGE-A that
was not blécked by anti-VEGF was captured with VEGF receptor coated wells and detected by streptavidin-
HRP conjugate and developed with TMB substrate as described above. The resulis showed that, compared
to the original G6, the selected G6-H Fabs indeed have increased blocKing activities for both hVEGF and
mVEGF. Strong blocking had been abserved with both G6 and B20 phage display clones which suggested
that their binding epitopes on VEGF overlapped with the epitopes for receptors. G6 Fab was also shown to
block the binding of both human and murine VEGF to Fit-1 ECD (Figure 31) efficiently. In comparison,
Fab-12 can only block hVEGF but not mVEGF binding to receptor, consistent with binding specificities. An
Fab-12 variant with improved affinity for hVEGF (Kd = 20 pM), Y0317, inadvertently acquired some wesk.
affinity to mVEGF (Kd ~300 nM at 25C, Y. Cher znd H. Lowman unpublished reéults} and show a slight
receptor blocking activity to mVEGEF at high concentraﬁo:_ls.
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Inhibition of VEGF activity in the endothelial cell growth assay (HuVEC) was performed as described
above. Like G6, G6-11 specifically inhibited the growth of human umbilical vein endothelial cell stimulated by
human and murine VEGF, but not the growth stimulated by human basic fibroblast growth factor (bFGF). The
conceniration required to inhibit 50% of the growth of the cells stimulated by both human and murine VEGF
{HuVEC IC50) correlated well with the affinity measured by BlAcore or solution binding ELISA assay at
37°C. Compared with G6, G6-23 and G6-31 showed at least 100 fold improvement in inhibiting HuVECs
growth stimulated by hVEGF or mVEGF. Fab-12 and Y0317 Fabs were also measured in the same assays to
serve as controls. Fab-12 showed no measurable binding to mVEGF, whereas Y0317 Fab could bind mVEGE
at 350nM affinity. Therefore, as expected, Y0317 and Fab-12 did not show any inhibitory effects on mVEGF
mediated HUVEC growth. We showed that many G6-I1 variants with different light chain can have improved
affinity and the solution-binding assay can also predict the outcome of the potency as inhibitor in HuVEC cell
assay.

VEGF bindings of G6-23 were compared with that of G6 as well as Fab-12. As shown in Figure 8,
(G6-23 has significantly improved on-rate for binding to hoth R'VEGF and mVEGE. While the off-rate of G6-
23 is substantially similar to that of G6, the overall Kd of G6-23 is at least about 7 fold better than that of G6
for both hVEGF and mVEGF.

Example 2 - Mapping of VEGF binding sites on G6 and (:6-23 antibodies

Functional mapping of G6 and G6-23 by shoteun alanine and homolog scanning

Functional mapping of G6 and G6-23 by shotgun alanine and homolog scanning were performed to
identify residues that are important for binding hVEGF and finding residues that can be improved further for
binding VEGF. We generated combinatorial phage libraries which allowed heavy chain or light chain CDR

residues in separate libraries to be either alanine or wild type (alanine scanning), or either homologous amino
acid or wild type (homolog scanning).

Mutagenic oligonucleotides for shotgun scanning libraries

The following mutagenic oligonucleotides for shotgun alanine (A)- and homolog (H)-scan library
constructions to randomize CDR residues in G6 and G6-23 antibodies were designed using previously
described shotgun codons (Vajdos et al. (2002) J. Mol Biol 320:415-428). Equimolar DNA degeneracies are
represented in the IUB code (X=G/T, M=A/C, R=AJG, S=G/C, V=A/C/G, W=A/T, Y=C/T), and the
degenerate codons are shown in beld text. All the following oligonucleotides were generated by Genentech
DNA synthesis group.

Oligo Sequence

HI-A GCA GCT TCT GGC TTC ACC ATT KCC GMT KMT KSG ATA CAC TGG GTG CGT
CAG (SEQ ID NO: 3)

H2-A AAG GGC CTG GAA TGG GTT GCA GST ATT RCT CCT GST GST GGT KMT ACT
KMT TAT GCC GAT AGC GTC AAG GGC (SEQ IDNO: 4)

H3-A ACT GCC GTC TAT TAT TGT GCA CGC KYT GYT KYT KYT SYT SCA KMT GCT
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ATG GAC TAC TGG GGT CAA (SEQ ID NO: 5)

L1-A ACC TGC CGT GCC AGT SMA GMT GYT KCC RCT GST GTA GCC TGG TAT CAA
CAG AAA C (SEQ ID NO: 6)

12-A CCG AAG CTT CTG ATT KMT KCC GCA TCC KYT CTC KMT TCT GGA GTC CCT
TCT CGC (SEQIDNO: 7y

L3-Al GCA ACT TAT TAC TGT SMA CAA KCC KMT RCT RCT CCT SCA ACG TTC GGA
CAG GGT ACC (SEQ IDNQO: 8)

L3-A2 GCA ACT TAT TAC TGT RMA CAA GST KMT GST RMC CCT KSG ACG TTC GGA |
CAG GGT ACC (SEQ IDNO: 9)

HI-H GCA GCT TCT GGC TTC ACC ATT KCC GAM TWC YKG ATA CAC TGG GTG CGT
CAG (SEQ ID NO: 10)

H2-H AAG GGC CTG GAA TGG GTT GCA GST RTT ASC SCA KCT GST GST TWC ASC
TWC TAT GCC GAT AGC GTC AAG GGC (SEQ ID NO: 11)

H3-H ACT GCC GTC TAT TAT TGT GCA CGC TWC RIT TWC TWC MTC SCA TWC
GCT ATG GACTAC TGG GGT CAA (SEQ ID NO: 12)

LI1-H ACC TGC CGT GCC AGT SAA GAM RTT KCC ASC KCT GTA GCC TGG TAT CAA
CAG AAA C(SEQ IDNO: 13)

12-H CCG AAG CTT CTG ATT TWC KCC GCA TCC TWC CTC TWC TCT GGA GTC CCT
TCT CGC (SEQ ID NO: 14)

L3-H1 GCA ACT TAT TAC TGT VAR VAR KCC TWC ASC ASC CCT SCA ACG TTC GGA
CAG GGT ACC (SEQ ID NO; 15)

13-H2 GCA ACT TAT TAC TGT VAR VAR GST TWC KCT RAC CCT TKG ACG TTC GGA
CAG GGT ACC (SEQ ID NO: 16)

Phagemid template vectors for shotoun scanning librarv constructions

(A) phagemid pV350-2b

Phagemid pV0350-2b, which was previously used to display h4D5 Fab, a humanized antibody
against the extracefluiar domain (ECD) of EGF-related binding receptor 2 (ErbB2), monovalently on the
surface of M 13 bacteriophage and contained stop codon (TAA) in ali three CDR in heavy chain (he), served
as the template for G6 heavy chain shotgun-scan library construction.

More specifically, the phagemid pV0350-2b was derived from the pS0643 phagemid. The
phagemid vector, p80643 (also known as phGHam-g3, e.g., United States Patent 5,688,666, Example 8),
containg pBR322 and {1 origins of replication, an ampicillin resistant gene, an E. coli alkaline phosphatase
{phoA) promoter (Bass et al., (1990} Proteins 8:309-314), and a sequence encoding a stll secretion signal
sequence fused to residues 1-191 of human growth hormone (hGH) and a sequence encoding the C-terminal
residues 267-421 of protein IIf of M13 phage (hereinafter, ¢P3 or plil). The pS0643 phagemid also contains
an Xbal site and an amber stop codon following residue 191 of hGH. The stll secretion signal sequence can
export a protein fo the periplasm of a bacteria cell (¢.g., a light chain region (1.C) of an antibody). The
sequence encoding the human growth hormone (hGH) was removed from the pS0643 vector and replaced
with a Nsil/Xbal nucleic acid fragment encoding a humanized anti-Her? Fab fragment (“h4D5™ sequence)
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ligated in frame with the stll secretion signal (humAb4D5-8, see Carter et al,, (1992) PNAS 89:4285-4289
therein or U.S. Patent No. 5,821,337, for sequence). The amber stop codon between the heavy chain

fragment and cP3 was deleted, as this modification has been shown to increase the levels of Fab displayed on
phage.

The b4D5 antibody is a humanized antibody that specifically recognizes a cancer-associated
anfigen known as Her-2 (erbB2). The h4d5 sequence was obtained by polymerase chain reaction using the
humAb4DS version 8§ (“humAb4D5-87) sequence and primers engineered to give rise to a 5° Nsil site and
3" Xbal site in the PCR product (Carter et al., (1992) PNAS 89:4285-4289). The PCR product was cleaved
with Nsil and Xbal and lgated into the pS0643 phagemid vector. The h4D35 nucleic sequence encodes
modified CDR regions from a mouse monoclonal antibody specific for Her-2 in & mostly human consensus
sequence Fab framework. Specifically, the sequence contains a kappa light chain (1L.C region) upstream of
VH and CH1 domains (HC region). The method of making the anti-Ier-2 antibody and the ideniity of the
variable domain sequences are provided in U.S. Pat. Nos. 5,821,337 and 6,054,297. The pS0643 plasmid
contaiming humanized 4D5 (version 8) was still further modified. For example, a herpes simplex virus type
1 glycoprotein-I> epitope tag (gD tag - MADPNRFRGKDLGG (SEQ ID NO:_ 17) was added in frame to
the c-terminus of the LC using site-directed mutagenesis. Following the stop codon downstream of the LC,

a ribosome binding site and nuclec acid molecnle encoding a stIl signal sequence were ligated to the N-
terminus of the HC sequence. Consequently, the HC sequence is in frame with the C-terminal domain of the
p3 {cP3), a minor coat protein of M13 phage. Thus, a Fab displayed on phage can be produced from one
construct. This Fab phagemid vector is referred to as pV0350-2b and is be schematically illustrated in

Figure 1. The Light gene in pV0350-2b was further modified by mutating a few other amino acid residues,

e.g., Argb6 to a Gly and 593 to Ala.

To generate F{ab)2? displayed on phage, the PV0350-4 vector was further modified by inserting a
dimerizable leucine zipper GCN4 sequence (GRMEQLEDKVEEL! SKNYHLENEVARLKKLVGERG) (SEQ
1D NO:18) between the HC and ¢P3 sequences by cassette mutagenesis. The GCN4 leucine zipper brings two
sets of LC/HC-cP3 fusion polypeptides together in the E, coli periplasm and presents the dimer on the surface
of phage. This F(ab)’2 phagemid vector is referred to as pV0350-4 is also schematically illustrated in Figure
i.

For G6-23 heavy chain shotgun-scan library construction, phagemid pW0448-2 was constructed by
introducing (G6-23 CDRL3 sequence into pV0350-2b phagemid using Kunkel mutagenesis method (Kunkel et
al., (1991) Methods Enzymol 204:125-139)). Phagemid pW0448-1 was also generated from pV0350-2b as
template for G6 and G6-23 light chain shotgun-scanning library that contains the heavy chain variable domain
of G6 and stop codon (TAA) in all three CDRs in light chain.

Construction of shoteun scanning libraries

Phage-displayed libraries were constructed using Kunkel mutagenesis method as described (Kunkel et
al., 1991, supra). In total, eight libraries were generated: hcA-G6, hcA-G6.23, 1cA-G6 and lcA-G6.23 were
alanine scanning libraries of heavy chain (he) or light chain (Ic) of G6 and G6-23; heH-G6, hcH-G6.23, [cH-
G6, icH-G6.23 were homolog scanning libraries. The template containing TAA stop codon within all three
heavy or light chain CDRs was simultaneously repaired during the mutagenesis reaction by the above
mutagenic oligonucleotides with designed degenerate codons. After mutagenesis, 10ug of DNA
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were electroporated into £ cé[i 55320 cells (~10" cells)(Sidhu et al., 2000) Methods Enzymol 328:333-
363), which were grown overnight at 30°C in 2YT broth supplemented with- M13-KOQ7 helper phape (New
England Biolabs), 50ug/ml carbenicillin and kanamycin. Library sizes were 2-5 X 1{°. Phage were
concentrated from the culture media by precipitation with PEG/NaCl and resuspended in phosphate-buffered
saline (PBS) as described previously (Sidhu et al., 2000, supra).

Library sorting and screening assays

Protein target, VEGF or anti-gD) tag antibody (provided by Genentech research groups), wis
immobilized on NUNC (Roskilde, Denmark) 96-well Maxisorp immunoplates overnight at 4°C, and before
sorting, the plates were blocked with bovine serum albumin (BSA, Sigma) for 2 hour at room lemperature
(RT). Phage libraries from the above preparation (~10" phage/ml) were incubated in the target-coated
immunoplates for 1h at RT to allow for phage binding. Plates were then washed-15 times with PRS and
0.05% Tween 20 (PST) buffer, and bound phage were eluted with 0.1 M HCI for 15 minutes and nentralized
with 1.0 M Tris base. Eluted phage were propagated in E.coli X1.1-blue (Stratagene) for next round of
selection.

Individual clores selected from the second round of panning were growittn a 96-well plate overnight
at 37°C with 150ul of ZYT broth supplemented with S0ug/ml carbenicillin and M13-V(C§ helper phage
(1:2500)(Stratagene). The culture supernatants were directly used in phage competitive enzyme-linked
immuno-absorbant assays (phage ELISAs) t;) screen functional phage-displayed G6 or G6-23 Fab varfants
binding to target proteins coated on the plate (Sidhu et al., 200'0, suprd). The clones exhibited both positive
phage ELISA signals to VEGF antigen and anti-gD tag antibody were subjected to DNA sequence znalysis.

DNA sequencing and analysis

The functional clones from the above screening were grown i 96-well plates with 100ul of 2Y'T
bréth and 50ug/ml carbenicillin at 37°C for 2 hour. Little amount of culture supernatants {1~2ul) was served
as templates for PCRs (GeneAmp® PCR System 9700, Applied Biosystems) fo.anmplify the phagemid DNA
fragmex;lts containing the light and beavy chain genes with sequencing ﬁrimers to add M13 ¢-21) universal
sequences at the 5° end of the amplified fragments, thus facilitating the use of M13 forward primers in
sequencing reactions. Amplified DNA fragments in a 96-well format were sequenced using Big-Dye
terminator sequencing reactions and analyzed on an ABI Prism 3700 96-capillary DNA analyzer (PE
Biosystems, Foster City, CA) by Genentech DNA sequencing group. The sequences wete analyzed with the
program SGCOUNT as described previously (Weiss et al., (2000) PNAS USA 97:8950-8954).

The following number of functional clones in parenthesis sefected from each library against VEGF
antigen was subjected to DNA sequence analysis: heA-G6 (107), heA-G6-23 (124), IcA-G6 {111}, 1cA-G6-
23 (102), heH-G6 (111), heH-G6-23 (135), 1cH-G6 (106), 1cH-(G6-23 (97). For the clones from anti-gl) tag
antibody binding selection: heA-G6 (108), heA-G6-23 (130), 1cA-G6 (116}, 1cA-G6-23 (98), heH-G6 (120),
heH-G6-23 (122, IeH-G6 (111), 1eH-G6-23 (102).

Fab G6 and (G6-23 point mutants and affinity measurements

To geoerate G6 and G6-23 Fab mutants for affinity measurements, we used previously modified
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Fab expression plasmid from phage-displayed vector with an E.coli alkaline phosphatase (phoA) promoter
(Presta et al., (1997) Cancer Res 57:4593-4599). Each point mutant was constructed using the Kunkel site-
directed mutagenesis method (Kunkel et ak., 1991, supra) with oliponucleotides designed to have point
mutation within CDRs. For mutant productions, expression plasmids were transformed into 34B8 E.coli
cells, and single colony was picked and grown In complete C.R.AP. medivm (Presta et al., 1997, supra)
supplemented with 25ug/ml carbenicillin at 30°C for 24 h. The expressed recombinant proteins were purified
through a Protein G high trap column (Amersham Pharmaciz) and quantitated by UV absorption at 280 nm
(Presta et al., 1997, supra). The binding affinities of G6 and G6-23 Fab mutants were evéluated using
competitive solution binding ELISA with hVEGF displaying phage as described. The fold reduction in wild-
type VEGF phage binding activity due to each point mutation was determined by dividing the ICsp for the
Gi6 or G6-23 point mutant by the ICsq for wild-type G6 or G6-23 Fab respectively.

BIACORE™ binding analysis for FabGé and (G6-23 variants

For binding kinetics, sutface plasmon resonance (SRP) measurement with a BlAcore™-3000
{BlAcore, Inc., Piscataway, NJ) was used as previously described {Karl‘:son & Falt, (1997} J. Immunol
Methods 200:121-133). Carboxymethylated dextran biosensor chips (CM35, BIAcore Fnc.y were activated
with N-ethyl-N’- (3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC) and N-hydroxysuccinimide
(NHS) according to the supplier’s instructions. Human VEGE (hWEGF) was dilated with 10mM sodium
acetate, pH 4.8, inteSug/ml (~0.26M) before injected at # flow rate of Sulfminute to achieve approximately
100 response units (RU) of coupled protein. Following by the injection of IM cfhanolaminc to block
unreacted groups. For kinetics measurements, two-fold serial dilutions of G6 or G6-23 Fab variants (0.70M
to 100nM) were injected in PBS with 0.05% Tween 20 (PBST) at 25°C at a flow rate of 2S5ul/min.
Association rates (k,,) and dissociation rates (kyp) were caloulated using a simple one-to-one Langmuir
binding model (BIAcore™ Evaluation Software version 3.2). The equilibrivm dissociation constant (Kd)
was calcated as the ratio kog/'k. Based on the selection of the phage library, two resides in heavy chain
CDR2 appeared io prefer to be alanine or homologous amino acid: HC-Y 58 preferred to be alanine, HC-I51
preferred to be valine for binding VEGF. We therefore generated mutant protein Fab with single mutation
to confirm the finding from phage libraries. The top graph in Figure 9 shows ihat. the BYAcore analysis of
mutation 56-23-Y58A (G6-23.1) (50nM} binding to human VEGF coated chip improved the binding on-rate
compared to (6-23, which already had a much improved on-rate compared to G6. The lower graph showed
the BIAcore analysis of mutant G6-Y58A (G6-1) or G6-I51V (G6-2) to VEGF coated chip. Both had
improved on-rate compared to (6. In fact, the double mutant (Y 58A/{51 V) had an additive effect on tﬁe on-
rate improvement for G6 and G6-23.

Results of Shotgun scanning. of G6 and G6-23

The results of both shotgun scanning on G6 and G6-23 antibodies indicated that heﬁvy chain CDR
stde-chains dominated the binding interactions with hVEGE. When mapped onto the X-ray crystal structure
of (56 Fab, the functionaily important residues in combination represent a portion of the structural epitope,
which is defined by the residaes in direct contact with hVEGE. The shotgun alanine-scan results revealed

the functional epitope comprising the solvent-exposed ridge, which was composed of residues Y32, W33,
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G54, V96, F97, F98, 1.99, and Y1002 on the heavy chain and Y49 on the light chain. Interestingly, the
numbers of functionally important residues revealed by the shotgun homolog-scan were significantly smaller
and cdntained within the group of restdues that were important functionally in the shotgun alanine-scan.
These hot spots are W33, G54, V96, F97, and 199, which constitute a small patch that overfapped in both
scans, suggesting that this surface makes precise contact with'the antigen hVEGF that even homologous
amino acid substitutions were disruptive, G55 was substituted with alanine only in the homolog scan and it
was a highly disruptive, so we believe that G55 i$ also within this patch. ‘

Other functional important residues revealed by both scans on the heavy chain, G50 and T52, are not
part of the solvent-exposed surface of G6 since they are buried inside according to the structural '
information, acting as scaffolding side-chains that pack against residues in the functional epitope in order to
hold this epitope in a binding-competent conformation (C. Wiesmann, unpublished results). As for F95 in
CDR-H3 of 6, definitely, alanine substitution at this position in alanine-scan was disruptive; nonetheless,
this residue is capable of tolerating tyrosine substitution in homolog-scan, suggesting that its role is in
maintaining the structore integrity of the antigen-binding site, which has also been confirmed with structural
information.

Yor Y32, F93, and Y 100a, the structural information demonstrated that-these surface residues were.
critical and represented 30% of total heavy chain buried surfacé areas upon binding hVEGE. The alanine
substitutions at these residues were definitely disraptive for affinity with significant function ratios (Fyymu
valae) greater than 30, yet interestingly, they tolerated homologous dmine acid substitutions (Tyrfor Phe
and vise versa), suggesting that the aromatic rings for these positions were making the important interactions
with hVEGF antigen and adding or removing the hydroxyl group was not making much impact, which were
distinct frony the above scaffolding residues.

Both shotgun scans identified new mutations in the heavy chain for further affinity improvermnent,
which were 151V and Y58A. This intriguing cbservations were verified through producing’ Fab point
mutants, and testing binding activity with competitive ELISA and BIAcore™ (Figure 23 and Figure 18).
Because 151 and Y58 are not the members of structural epitope (C. Wiesmann, unpublisﬁcd results), it was
believéd that the affinity improvement, especially in on-rate, with single or double mutation was not fromy
the introduction of new contact with antigen hVEGE, but probably through optimizing the structure integdty
of CDR-H2 loop, to make it more competent for antigen binding,

Based on the structural epitope, G6 light chain CDR residues represented 25% of total stractural
epitope surface (878A)(C. Wiesmann, unpublished results). Interestingly, the only residue that showed
fonctional importance in both shotgun scanning was Y49 in CDR-L2, which only stood for 2% of the totat
strictural epitope surface, suggesting that most structural epitope residues in the light chain were not
involved in the energetic contact with hVEGF antigen. This readout implies that G6 light chain is more
important structurally than functionally since it still retained the same sequence as 415, the template used

for displaying antibody library on the phage where G6 was isolated from in the first place (Carter et al.,
1992

Example 3 — G6 and G6-23 Derived Antibodies
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(a) Libraries for Selection

Additional anti-VEGF antibodies were obtained by sorting phage from the shotgun alanine and
homolog séam;ing iibraries described in Example 2. Specifically, at parﬁ;:ula: residues, scanned residues
were allowed {0 vary as either wild type or alanine (alanine scan), or either wild type or & homologue residue
(homolog scan). (Figure 14A and B). For the G6, shotgun alanine and homolog scan ning was performed on
the G6 light chain and heavy chain separately, resulting in four libraries. For G623, shotgun alanine and
homolog scanming was performed on the G623 light chain, and shotgun homolog scanning was performed
on (G623 heavy chain, resulting in three libraries, A G623 shotgun alanine scanning library was not
prepared because, as discussed above, G623 is a high affinity antibody, with most of its residues critical for
binding located in the heavy chain. Mutating heavy chain residues to alanine, which means truncating the
heavy chain amino acid side chains, would most likely disrupt binding and result in lower affinity antibody
variants. .

{b) Selecting apti-VEGE antibodies

In the first round, a plate sorting strategy was used for sefection. Human VEGE (hVEGF, provided
by Genentech Research Groups) was immobilized on 96-well Maxisorp immunoplates (NUNC) by
incubating wells with 3 ug/m] of protein target over night at 4 °C. The plate§ W&t blocked with 1% Bovine
Serum Albumin (BSA, Sigma) for 30 min in RT, after which 1% Tween20 was added for additional 30 min.
The phage libraries described above were incubated on thie hVEGF coated immunoplates at a concentration
of ~1E13 phage/ml for 1 hin RT under agitation, to allow binding of the phage displayed Fab to the target.
Adfter binding, plates were washed 15 times with PBS supplemented with 0.05% Tween?(). Bound phage
were eluted by incubating wells with 0,1M HC1 for 30 min. Flutions were neutratized with 1.0 M Tris base,

pH 11. E. Coli XL1-blue (Siratagene) were infected with the eluted phage and M13-K07 helper phage (New

England Biolabs). The phage was propagated over night for the next round of selection.

The bacterial culture was centrifuged at 8000 rpm for 10 min in a Sorvall GSA rotor at 4 °C and the
supernatant collected. The phage was precipitated from the media by addition of 1/5 volume of PEG/NaCL
After 5 min incubation on ice the phage containing culture media was centrifuged at 10 krpm for 15 minina
Sorvall GSA rotor at 4 °C and the supernatant discarded. The remaining phage pellet was resuspended in
PBS and centrifuged at 15 krpm for 5 min in.a §5-34 rotor at 4 °C to peliet insoluble matter. The supernatant
was transferred to a new tube and the phage concentration was estimated by measurin g the absorbance at
268 nm.

The following rounds of sorting were performed by a solution-phase sorting method with
increasing stringency. Purified phape was incubated with biotinylated #'VEGF for 1 hour at RT in PBS with
0.05% Tween2( and 0.5% Superblock (Pierce). After three to ten-fold dilution with superblock, the mixture
was added to neutravidin coated wells blocked with 1% BSA (Sigma) and Tween20. The hVEGE-
conjugated biotin was allowed to bind the immebilized nevtravidin for 10 min. After capture the plate was
washed 10-15 times with 0.05% Tween20 in PBS. To study the background, i.e. nonspecific binding on the
phage to neutravidin, a control reaction lacking the biotinylated hVEGF was added to a coated well. The
stringency was increased each round by decreasing antigen concentration in solution, as well as phage
concentration or increasing temperature. Increasing number of washes is also a way to achieve more

stringent conditions. For the third and fourth round of sorting non-biotinylated hVEGF was added to the

63



10

15

20

23

30

35

40

Dacket No. P2072R 1. .

WO 2005/0123595.5 M 5 LL IS 5 = _ PCT/US2004/024662

reaction mix of biotin-hVEGF and library phage to compete off low affinity binders. By adding 1000 fold
excess of competitor for 30 min in 37 °C before capturing, stringency could be increased additionally in the
last ronnds in order to select for high affinity binders. Manipulating binding and capture times could further
increase the stringency from round to Tound.

For G623 .the starting concentration of biotinylated hVEGF was 1 nM for theheavf chain shotgon
library and 0.2 nM for the light chain shotgun-scanning library. The concentration was decreased to 0.5 oM
and 0.1 oM respectively in the last round. For G6, with lower star_ﬁng affinity than G623, library sorting was
performed with less stringent starting conditions: SnM for heavy chain libraries and 2 nM for the fight chain
libraries, which was decreased to 1.75 and 0.5 nM respectively in the last rouad of sorting.

To study the enrichment of BVEGF specific Fabs displayed on the phage, 90 ul E. Coli XL-Blue
(Stratagene) was infected with 10 ul phage elution from the captured library binding reactions as well as the
background mixtures for 30 min at 37 °C. A 5 ul culture was plated out on carbencillin supplemented plétes
and incubated at 37 °C over night. The number of phage particles in the elution could be calculated from the
number of colonies from each elution. After the last twa rounds of sorting, 50 vl of the above mentioned
culture of phagemid-containing bacteria, was plated out on carbencillin-supplemented plates aﬁd STOWD OVer
night at 37 °C. The resulting clones were subject to screening. e

{c) Single Spot Competitive BLISA

To screen for high affinity clones a high-throughput single point competitive BEISA assay in 96-
well format was performed. For both antibodies approximately a hundred clones from the last two rounds of
selection were picked randomly and screened in this assay. Phagemid containing E. Coli XLI-blue clones
were grown in 400 ul rich 2YT broth, supplemented with carbencillin and MI3-KO7 helper phage (New
England Bioiai:‘)s) by shaking over night at 37 °C. The culture supernatant of each clone was diluted five
times with 0.05% Tween20 and 0.5% BSA in PBS with addition of hVEGF as well as without. After 1h
incubation by shaking in RT, 80 ul of the reactions were transferred to hVEGF-coated mmmunoplates and
incubated for 10 min. The plate was washed 8 times with 0.05% Tween20 in PBS and incubated 30 min
with 100 ul ant-M13 antibody horseradish conjugate (New England Biolabs) diluted 5000 times in PBS
supplemented with 0.05% Tween20 and 0.5% Bovine Serum Albumin {Sigma). The plates were washed an
additional 8 times and developed with TMB substraté for 5 min, The reactions were stopped with 1.0M
H3PO, and read spectrophotometvically at 450 nm. To estimate the relative affinity, the ratio of the optical
density in the presence of hVEGF to that of the absence of hVEGF was calculated. A low ratio suggests that
most Fab displayed on on the phage bound hVEGF in solution. As a consequence little Fab can bind to the
immobilized hVEGF on the immunoplate. Clones showing lower ratio than wild type (WT) G6 or G623
were selected and, their supernatants used to infect XL1-blue. Phagenid containing bacteria were streaked
out on carbencillin plates And grown over night at 37 °C for sequencing.

- The selection of the G& heavy chain libraries resulted in no more than three unique sequences out
of the 33 clones analyzed, suggesting that most G6 heavy chain changes result in Jost of binding affinity.
Furthermore, all unique heavy chain variants derived were from the hamaolog scan library. Tt seems that
alanine mutation of G6 heavy chain residues can result in a dramatic loss of binding. ‘This intolerance to
changes in amino acid sequence selection supports the view that G6 heavy chain harbors many key residues’

for VEGF binding. The single spot assay result is summarized in Table 2.
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Table 2.
Single Spot Sumraary G623 Go )
Library LCAlz LC Hom HC Hom LCAlaand Hom  HC Ala and Hom
Number of clones screened 84 84 88 38 96
Selection Critieria Clones with significantly lower ratio (Signai +hVEGFISigné! -WVEGF} than WT
CurOff Cut off= 2 fold reduction Cut off= 5 fold reductionCut OfFf=WT ratio
Number of Clones with ratio < W1 33 17 29 56 33
Mumber of unique clones 17 12 18 53 . 3

Results from Single spot assay of G6 and G623 variaats. Similar selection crieria was used for both antibody librsies. However, lower cut off was
used for G6 LC Hbrary compared to GG HC library as HC variants were expecied to show less affinity improvment compared o W than LC vasiants,
G6 atanine and bemologe Hbraries were pooled before screeninp of heavy chain and light chain variants. The number of usique clones from the
selected pool was determined by DNA sequencing, LC=Lipht Chain, HC=Heavy Chein, WT=Wild Type. Hom=Homalog scanning Tibrasy,
Ala=Alanine scanming 1ibrary

(d) DNA Seguencing and Analysis

Clones seleécted from the single spot screening were grown in 96-well plates with 100 wi 2Y'T broth
supplemented with carbenciilin for 2 hours. 1 ul of the culture was sub}mted t0 PCR (GeneAmp® PCR
System 9700, Applied Biosystems) in order to amplify the DNA encodmg the hght chain or Hizavy chain of
the different clones. The primers used in the PCR reaction were designed to add M13 universal sequences at
the 57 end of the amplified fragment. By adding this sequence, M13 forward primers could be used in the
following sequencing reactions. After amplification in 96-well format, the DNA fragments were seguenced
by Genentech DNA sequencing group using Big-Dye terminator sequencing reactions and analyzed with an
ABI Prism 3700 96-capillary DNA analyzer. (PE Biosystems, Fosters City, CA). The heavy and light chain
sequences were aligned and identical sequences elimninated. Based on their sequence, clones were selected

for affinity determination by IC50 measurement.

(e) Affinity measorement of phage clones .
The IC50 values for the phage clones were determined by competiive phage ELISA. A single

colony of the selected clones was grown in 5 ml 2Y'T media supplemented with 50 ug/ml carbencillin for 5
hours. The culiure was then infected with M13-K07 helper phage (New England Biolabs) for 1h and
transferred to a 23 ml culture supplemented with 50 wg/mi carbencillin and 50 ug/ml kanamyein. Thé phage
was propagated over night at 37 °C. After phage purification as described above, the phage was serially
diluted with 0.05% Tween20 and 0.5% BSA in PBS and incubated on a iVEGF coated immunoplate to
assess antigen binding at different phage concentrations. The phage dilution that gave ~ 70% ."satﬁraﬁ_ng |
signal was used in the IC50 determination assay. Phage was incubated with increasing concentration of
hVEGF over night at 37 °C. The unbound phage was captured on an hVEGF coated immunoplate for 10
min. The plate was washed, and the bound phage was detected with an anti-M13 antibody horseradish
conjugate (New England Biolabs) followed by TMB development, as previously described. The hVEGF
concentration that inhibited 50% of phage binding to the immobilized antigen represented the JCS0: The
signals, which indicate bound phage, were plotted against the hBVEGF concentration, aid the data was fitted

to a competitive binding curve by non-linear regression, enabling 1Cs, determination.
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Figures 34 and 35 show the ICsp values of G6 and G6-23 variants, respectively, as well as the
alterations in sequences compared to G6 or G6-23. From the (36 pool, many binders with apparent better
affinity than wild type G6 were identified. Many more afﬁnitsr improved G6 variants were derived from the
light chain homolog library (Figure 34A). However, two higher affinity G6 variants were selected from the
heavy chain hemolog scan library (Figure 34B).

Some GO variants showed up to a2 hondred-fold affinity improvement, 3cc6rding to the ICy,
determinations. Of the few G6 heavy chain variants selected, they differed in only a few residues from wild
type G6. These heavy chain mutations were located in CDR-H1 and CDR-H?2. The ccnscﬁred nature of the
heavy chain, and CDR-H3 in particular, confirmed that most residues important for G6 bindirig to hVEGF
are present in this region. Mutations were more abundant in the G6 light chain variants. They were mainly
located in CDR-L1 and CDR-L3 regions, indicating that changing CDR-L2 residues impairs binding instead
of improving affinity. A combination of mutations in CDR-L.I and CDR-L3 seem to be favorable for
binding, allowing significant affinity improvement compared to wild type,

Most G623 variants showed similar or slightly reduced binding affinity compared to wild type
according to their ICsq values (Figure 35). The highest affinity variants were derived from both homolog and
alanine Yight chatn shotgun Library. Only a smallmumber of high affinity bindersavere idenﬁﬁed-‘ip the licayy
chain shotgun scan pool. As for G6, heavy chain residues were conserved, and only few mutations present
among the clones studied. The light chain variants also showed similar mutation—pe‘lttcm as GO variants, with
most changes lotated in CDR-L1 and COR-L3,

Example 4 - Alanine scanning of AVEGY to map anti-VEGF antibody binding sites

To understand the molecnlar basis of the cross reactivity of G6-and G6-23 and to map their
functional epiiopes, the relative binding affinities of G6 or G6-23 Fab for individual alanine-substituted
hVEGF mutants versas wild type hVEGE were measured using hVEGF displaying phage ELISA as
previousty described (Muller et al., (1997) PNAS USA 94:7192-7197). hVEGF was mutated at sites near the
binding epitopes of Fit-1, KDR, the Avastin™ antibody and Y0317 with Kunkel nutagenesis method and
phage displaying the individual mutant was generated as descrbed previously (Muller et al., (1997) PNAS
[JSA 94:7192-7197). Solution binding phage ELISAs were used to determine the relative binding éfﬁnity of
cach mutant VEGF mutaat versus wild type {(wt) VEGF on Fab G6-23, G6-23. Briefly, 96-well Maxisorp
immunoplates (NUNC) were coated overnight at 4°C with G6 or G6-23 Fab at 2 concentration of 2ugfml in
PBS, and blocked with PBS, 0.5% BSA, and 0.05% Tween20 (PRT} for 2 at room temperature. Serial
dilutions of phage displaying hVEGF mutants in PBT were first incubated on the G6-Fab-coated plates for
15 min at room temperature, and the plates were washed with PBS, 0.05% Tween20 (PBST). Bound phage
were detected with anti-M13 monoclonal antibody horseradish peroxidase (Amersham Pharmacia) conjugate
diluted 1:5000 in PBT, developed with 3,37, 5,5’—teu“£tmeﬁlylbcnziéine ({TMB, Kirkegaard & Perry Labs, -
Gaithersburg, MDY} substrate for approximately 5 min, quenched with 1.0 M H;POy, and read
spectrophatometrically at 430 nm. The relative ICsg values (ICsp a/TCs0.0) 10 tepresent the fold of reduction
in binding affinity, and evaluate the energetic contribution of individual side-chains of hWWEGEF for
interacting with G6 or G6-23 Fab were calculated.

The ratios of IC50 represented the energetic contribution of the individual side chain in the

interaction with G6 Fab (Figure 19}. The general folding of alanine mutants, especially ones that had
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significant reduction in binding G6, was verified by its near-wild type binding to other molecules that have
distinct epitopes on VEGF, such as the Avastin™ antibody, Y0317 or Flt-1, as mapped previonsly (Figure
19). 1t is evident that G6 had a distinct epitope as compared to hybridoma derived Avastin' ™ antibody. All
functionally important hVEGF residues for binding G6 were conserved between hurnan and mutine VEGF,
thus explaining in part its cross reactivity. The Fab of the Avastin ™ antibody {Fab-12) and Y0317, on the
other hand, lost most of their binding to VEGF upon alanine substitution at residue GinS,_-which is Ser in
mVEGF. To visualize the epitope on a VEGF molecule, functionally important residues for binding G6 were
highlighted on the surface of hVEGF crystal structure according to their relative affinities for G6. G6
epitope mapped to a patch that was conserved between human and mouse VEGE and dotted with a fow
energaticaily important residues, Phel7, Tyr21, Tyr, Ne83 and GIn89, which clustered in close proximity.
This is indicative of a functional epitope with an interaction “hot spot”.

We next compared the functional epitope of G6 to the structural epitope of Fab-12 (same as Y0317)
or Flt-1D2, the VEGF residues that became buried upon forming complex with these molecules based on the
crystal structure of the complex. Interestingly, thc functional epitope of G6 on VEGF matches the stractural
epitope for Flt-1D2 more closely than does the structural epitope of Fab-12. Further, G6 shared similar hot
spot as Flt-1 for VEGF since residues Phel7, Tyr21 and Tyr25 were highly impertant epergetically for both
interactions (Figure 19). Fab-12 or Y0317, on the other hand, centered on the non-conserved and
functiopally important residue, Gly88, which is believed to be the reason for its lack of binding to mVEGF,
It appeared that phage library derived antibody G6 targeted a conserved epitope on VEGF ina nearly
identical fashion as VEGF receptor, while a hybridoma for hVEGF avoided generating a self-reactive anti-
mouse antibody. There was, however, sufficient overlap between the twa epitopes of G6 and Fab-12 as the
binding of G6 and Fab-12 (Y0317) to hVEGF were mutually exclusive (data not shown).

Comparing the important sites on hVEGF for binding (G6 and G6-23 indicated that the residues
contributing most energetically, F17, Y21, and Y25 on 20's helix, and Q89A on 80’s loop, remained the
same, except the impact of residues on binding seemed to-change (Figure 19). For example, residues Y21
and Q89 when changed to alanine became a bigger hit for G6-23 than for 6. There were sites that modestly
decreased its relative impact of its side chain i binding to (G6-23 as compared to G6, e.g., 183, H86, and
DA, ‘

There was no new functionally important residues observed for the affinity-improved version, G6-
23, yeta shuffling of energetic contributions among these functionally important residues in both antibodies,
which was consistent with the finding structurally that identical positions of hVEGF were buried upon
complexing with (36 or G6-23 (structural data below). When mapping these functionally important residues
along with other moderate contributors on hVEGF structare, they appeared as a contiguous patch within the
structural epitope of Fit-1D2, which were highly conserved between human and }house VEGEF, which
explaing the fact that both antibodies had equal affinity for bath VEGF. By comparison of the footprint of
baoth structural and functional epitope for G6 on hVEGF structure, it clearly showed that heavy chain CDR
residues were the ones making contact with the positions o VEGE where alanine r_nu_tétion were disruptive,
such as the 2(’s helix and 80’loop of hVEGF, whereas light chain CDR residues contact the 60's loop of
hVEGF where the side chains were not functionally as important, .

The dilutions of phage that produced the sub-maximal binding signal (50-70%) weﬁe used in the

solution competition assay where wild type or mutant hVEGF phage in PBT buffer were first incubated with
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increasing concentration of competing G6 or G6-23 Fab for 1-2h at roam temperature, then the mixtures
were transferred to (G6-Fab-coated plates to capture the unbound phage for 15 min, and bound phage were
detected as described above. Competition curves were fit with a four-parameter non-linear regression curve-
fitting program {Kaleidagraph, Synergy Software} to determine the ICs; values which were calculated as the
concentration of G6 or G6-23 Fab in solution binding stage that inhibited 50% of the phage from binding to
immobilized G6 Fab. The ratio of the 1Csq of mutant versus wild type h'VEGF is the relative fold difference
in binding affinities, For mutants that have severe reduced binding to %:Fab—coated plate'; Fabl2 (Presta,
1997) or Fit-1p, s were used as coat to capture to mutant phage after incubations with G6 or G6-23 Fab.
Binding of hVEGF-phage to G6, (36-23 Fab, Fab12, Fab and Flt-1p..5 were mutually exclusive as tested with
wild type VEGF phage.

Example 5 - Steuctural mapping of VEGF binding sites on G and G6-23 and of G6 binding sites on
VEGF by crystallography

Expression, purification crystallization and structural analysis

Residues 8-109 of human VEGY were expressed, refolded, and purified.as previously described
{Christinger, H'W., er al., (1996). Pror. Struct. Funct -Genet. 26, 353-357).

(56 Fab was expressed in E. coli and the cell paste was thawed into PBS, 25 mM EDTA, 1 mM
PMSFE. The mixtore was homogenized and then passed twice theongh a microfluidizer. The suspediion was
then centrifuged at 12k rpm for 60 min. The protein was loaded onto a Protein G column prcviousljr
equilibrated with PBS at 5 ml/min. The column was washed with PBS to base line and then eluted with
0.58% acetic acid. Fractions containing (G6 Fab were pooled and loaded directly onto a SP-sepharose
column equilibrated with 20 mM MES, pH 5.5. The protein was eluted with a salt gradient of 0 to 0.25
M NaCl _
 G6 eluted from the SP-sepharose colummn was mixed with hVEGFS-109 and forther purified over a
Superdex 200 column equilibrated with 30 mM Tris «CL pH 7.5 and 0.4 M NaCl. Fractions containing the
complex were pooled, concentrated and used in crystallization trials. Crystals were grown at 190C using
vapor diffusion method in sitting drops. Crystallization buffer containing 2.0 M ammonium sulfate and 5%
iso-propanol were mixed in equal volume with proiein solution (8 mg/ml protein). Crystals appeared after 3
days and belonged to space group P3121 with cell dimensions of a= 117.9 A and ¢=212.6 A. These
crystal forms contained 1 complex comprising of a VEGF dimer and 2 Fab molecules in the asymmetdc
unit.

The crystals were soaked in mother liquer, dipped in artificial mother liquor containing 25%
glycerol and flash frozen in Hquid nitrogen. A 2.8 A data set was collected onr an SSRY. Synchrotron Source
on beam line 9-1. The data were reduced using programs DENZO and SCALEPACK (Otwinowski, Z.
{1993). DENZO. In Data Collection and Processing, L. Sawyer, N. Isaacs, and S. Bailey, eds. (Warrington,
UK: 1993). '

Structure Determination and Refinement

The structure was solved by molecular replacement using the coordinates of VEGF (from PDB
code 1FLTY, constant and variable domains of the anfibody in 1BY1 (Brockhaven data base) and program
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AMoRe (CCP4 1994), Model building was done with program O and refinement with Refmac (CCP4

1994). The final Rvalue and Rfree are 19.87% and 23 .92%, respectively.

The following programs were used to calculate the surface areas of interaction RESAREA version
3.2: 05/08/93 and AREAIMOL version 3.2: 19/12/95. These programs are part of the CCP4 suite

Table 4: Residues of G6 in contact with VEGF

Collaborative Computational Project, Number 4. 1994 ("The CCP4 Suite: Programs for Protein
Crystallography™ Acta Cryst. D50, 760-763). . .

The surface area of each remduc of an anti-VEGF antibody that is buried in VEGF (A } is reported
below together with the percentage of the total surface area of the residue that is buried. Also reported is the
surface area of each residue of VEGF antibod that is buried in VEGFE (A% s reported below together with
the percentage of the fotal surface area of the residue that is butied. See values for G6:VEGF, G6-23:VEGE,
Fab-12:VEGF, YADS-1:VEGF and YADS-2-VEGE complex below. In all cases, because VEGEisa dimer,
the residue numbers of VEGF referring to monomer 1 (of the VEGF dimer) are 8-109 and residue numbers
of VEGF referring to monomer 2 (of the VEGF dimer) are 1008-1109. The first columa in each table below
vecites the residue numbers of the protein being examined (either VEGE or an anti-VEGF antibody) (e.g.,
for section (a) below, PHE A 17 refers to F17, LYS A 1048 refers to K48; MET A1081 refers to MET.81 of
VEGE). The second column recites the buried surface of that residue (A%). “Fh#'third columa recites the
buried surface for that residue as a percentage of the surface area of the whole residue.

(a) VEGF:G6 complex
Table 3: Residues of VEGF in contact with €6
Residue Nr buried swriace ] buried surface in %

PHE A 17 1700 54.84 % of 31.00
MET A 18 59.00 57.84 % of 102.00
TYRA 21 62.00 100.00 % of 62.00
GLNA 22 63.00 48.51 % of 134.00
TYR A 25 54.00 70.13 % of 77.00
ASP A 63 54.00 68.35 9% of 79.00
GLU A 64 31.00 23.66 % of 131.00
LEU A 66 33.00 73.33 % of 45.00
CYS A 104 -10.00 34.48 % of 29.00
PRO A 106 § 49.00 48.51 % of 101.00
LYS A1048 40.00 86.96 % of 46.00
MET AlQ&1 17.00 94.44 % of 18.00°
ILE A1083 25.00 | 89.29 % of 28.00
LYS A1084 100 0.88 % of 114.00
PRO AIQ83 2.00 377 % of 53.00
HIS A1086 103.00 33.65 % of 192.00

' GLN A1087 | 19.00 12.18 % of 156.00
GLY A1088 13.00 38.24 % of 34.00
GLN A1089 119.00 | 88.15 % of 135.00
HIS A1090 2200 20.37 % of 108.00
ILE A1091 30.00 1 47.62 % of 63.00
CHAIN A DIFF-AREA:

825.0( 7.47 % of 11043.0 total AREA for this chain)
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Residues 1:211 refer to the light chain. Residues 1001:1223 refer to heavy chain

Residue Nr buried surface buried surface in %
ASPB 28 38.00 38.00 % of 100.00
SERB 30 23.00 47.92 % of 48.00
"TYRB 49 19.00 65.52% of 29.00
PHEB 353 25.00 21.55 % of 116,00
TYRB 92 70.00 94.59 % of 74.00
THRB 93 19.00 38.00 % of 50.00
SER B1030 17.00 21.52 % of 79.00
ASP B1031 96.00 84.21 % of 114.00
TYR B1032 24.00 41.38 % of 58.00
TRP B1033 52.00 T1.61 % of 67.00
ILE B1051 14.00 29.79 % of 47.00
PRO B1053 38.00 97.44 % of 3%.00
ALAB1054 26.00 42.62 % of 61.00
GI.Y B1055 49,00 96,08 % of 51.00
GLY B1056 39.00 97.50 % of 40.00
TYR B1057 38.00 22.35 9% of 170.00
PHE B1099 2.00 100.00 % of 2.00
PHE B1101 101.00 90.99 % of 111.00
PHE B1102 109.00 1 84.50.% of 125.00
LEU B1103 10.00 62.50 % of 16.00
PROB1104 5.06 13.16 % of 38.00
TYR B1105 42.00 66.67 % of 63.00
CHAIN B DIFF-AREA:  8356.0( 4.44 % of 19280.0 total AREA. for this chain)
TOTAL DIFF-AREA:  1681.0( 5.54 % of 30323.0 total AREA over al} chaing}
(b) VEGF:G6-23 complex

Table 5: Residues of VEGF in contact with G6-23

Residues §:109 relate to monomer 1 (of the VEGF dimer). Residues 1008:1109 to monomer 2 (of the
VEGF dimer)

Residue Nr buried surface buried surface in %
LYS A 48 35.00 64.81 % of 54.00
MET A 81 : 23.00 95.83 % of 24.00
ILEA 83 18.00 T 90.00 % of 20.00
LYSA 84 1.00 1.04 % of 96.00
PROA 85 2.00 4.76 % of 42.00
HIS A 86 ] 114.00 '55.34 % of 206.00
GLN A 87 18.00 11.18 % of 161.00
GLY A 88 ' 14.60 42,42 % of 33.00
GLN A 89 116.00 87.88 % of 132,00
HIS A S0 22.00 16.30 % of 135.00
ILE A 97 _ 33.00 49.25 % of 67.00
PHE A1017 24.00 60857 % of 35.00

1 MET A1018 56.00 46.67 % of 120.00
TYR A1021 72.00 100.00 % of 72.00

- GLN A1022 68.00 56.20 % of 121.00
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TYR A1025 58.00 67.44 % of 86.00

CYS A1061 3.0 16.67 % of 18.00

ASP A1063 46.00 58.97 % of 78.00

GLY A1065 7.00- 18.92 % of 37.00

LEU A1066 38.00 70.37 % of 54.00

GLU A1103 5.00 6.17 % of 81.00

CYSALI04 16.00 7273 % of 22.00

ARG ALI05 - 3.00 1.80 % of 111.00

PRO A1106 67.00 68.37 % of 98.00

CHAIN A DIFF-AREA:  858.0 (7.65 % of 11223.0 total ARBA for this chain)

Fable 6. Residues of G6-23 in contact with VEGF

1

10 Residues 1:211 refer to the light chain. Residues 1001:1223 refer to the heavy chain,

Residue Nr buried surface buried surface in %
ASPB 28 2500 27:17% of 92.00
SERB 30 44.00 75.86 9% of 58.00
THRB 31 6.00 10.91 % of 55.00
ALAB 32 1.0G 3333 % of 3.00
TYRB 49 21.00 ¥ 58.33 % of 36.00
PHEB 53 12100 o 1 19.27 9% of 100.00
TYRB 92 72.00 71.29 % of 101.00
SER B1030 18.00 24.00 % of 75.00
ASPR1031 96.06 84.21 % of 114.00
TYR B1032 28.00 48.28 % of 58.00
TRP B1033 47.00 73.44 % of 64.00
ILE B1051 14.00 32.56 % of 43.00
PROB1053 29.00 65.91 % of 44.00
ALA B1054 28.00 7.4 % of 49.00
GLY B1055 51.00 89.47 % of 57.00
GLY B1056 34.60 97.14 % of 35.00
TYR B1057 37.00 21.76 % of 170.00
PHE B1099 1.0¢ 33,33 % of 3.00
PHE Bi101 113.00 86.92 % of 130.00
PHE B1102 101.00 84.17 % of 120.60
LEUB1103 12.60 800 % of 15.00
PROB1104 4.00 8.00 % of 50.00
L TYRB1105 1 54.00 68.35 % of 79.00
is
CHAIN B DIFF-AREA:  857.0(4.38 % of  19547.0 total AREA for ihis chain)
TOTAL DIFF-AREA: 17150 (5.57 % of 30770.0.total AREA over all chains)
20

() VEGF: Fab-12

Table 7: Residues of VEGF in confact with Fab-12 (PDE code 1bj1)

25 Residues 8:109 relate to monomer 1 {of the VEGF dimer). Residues 1008:1109 to monomer 2 (of the

VEGF dimer)
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Residue Nr buried surface buried surface in %
TYRA 45 30.00 48.39 % of 62.00
LYS A 48 23.00 41.82 % of 55.00
GINA T9 13.00 38.24 % of 34.00
TYRA 45 30.00 48.39 % of 62.00
LYS A 48 23.00 41.82 % of 55.00
1GLN A 79 13.00 38.24 9% of 34.00
ILE A 80 1.00 100.00 % of 1.00
MET A 81 37.00 100.00 % of 37.00
ARG A 82 53.00 85.48 % of 62.00
HEA 83 30.00 71.43 % of 42.00
ILYSA 84 11.00 20000 % of 55.00
HIS A 86 77.00 37.93 % of 203.00
GILNA 87 119.60 80.95 % of 147.00
GLY A 88 38.00 100.00 % of 38.00
GLNA 89 134.00 100.00 % of 134.00
HIS A 90 114.00 100.00 % of 114.00
ILEA 91 1500 93.75 % of 80.00
GLY A 92 33.00 100.00 % of 33.00
GLUA 93 83.00 62.41 % of 133.00
MET A 94 5.00 S000°% of 10.00
PHE A1017 25.00 55.56 % of 45.00
TYR AIG2]1 16.00 21.92 % of 73.00

CHAIN A DIFF-AREA: 917.0 (8.42 % of 10895.0 total AREA for this chain}

Table 8: Residues of Fab-12 in centact with VEGF

Residues 1:211 refer to the light chain. Residues 1001:1223 refer to the heavy chain.

Residue Nr buried surface buried surface in %
TYRB 91 400 40.00 % of 10.00
SERB 92 12,00 25.00 % of 48.00
THREB §3 2.00 4.44 9% of 45.00
VALB 94 34.00 37.36 % of 91.00
TRP B 096 19.00 {1 86.36 % of 22.00
THR. B1630 5.00 11.36 % of 44.00
ASNB1031 85.00 80.19 % of 106.00
TYRB1032 22.00 5238 % of 42.00
-GLY B1033 9.00 100.00 % of 9.00
TRP B1050 53.00 91.38 % of 58.00
ASNB1052 31.00 86.11 % of 36.00
THR B1033 3.00 75.00 % of 4.00
TYRB1054 93.00 51.96 % of 179,00
THR B1055 6.00 7.41 % of 81.00
THR B1059 20.00 33.70 % of 54.00
TYR B16%9 12.00 100.00 % of 12.00
PROB1100 13.00 81.25 % of 16.00
HIS B1101 58.00 56.31 % of 103.00
TYRBI102 122.00 95.31 % of 128.00
TYRB1103 34.00 18.68 % of 182.00 -
GLY B1104 41.00 50.62 % of 81.00
SER B1105 4.00 6.67 % of 60.00
SER B1106 41.00 77.36 % of 53.00
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TRP B1108 96,00 ‘ 97.96 % of 98.00
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CHAIN B DIFF-AREA: 832.0 ( 4.29 % of 19409.0 total AREA for this chain)

TOTAL DIFF-AREA:  1749.0 ( 5.77 % of 30304.0 total AREA over all chains)

The residues having greater than 5 A” buried surface area and/or greater than 5% buried were
considered significantly contacted. These rest;lts help describe the regions in VEGF and the regions in the
antibodies that contact one another. Together with functional data relating to the binding VEGF presented
earlier, common features of the G6 sesies of antibodies and the B20 series of antibodies {structural data not
shown) can be ebserved. (6, (G6-23 and B20 antibodies, as well s others bound to both mouse and heman
VEGF with relatively high affinities, unlike Fab-12 or Y0317 (data not shown). Mutations of human VEGF
G8BA or G8SS severely effected binding of Fab-12 or YO317 to VEGFE, whereas the G6 series of antibodies
and the B20 series of antibodies (structural data not shown) wers relatively unaffected, Further, the binding
of antibodies such as Fab-12 to VEGF resulted in the surface area of G88 being, 100% buried whereas the
binding of G6 and G6-23 resulted in G88 being less than 66% baried. Thus, it is believed that although
partial contact with G88 is allowable for antibodies having the property of recognizing both mouse and
human VEGF with good affinity, it is not likely that antibodies that contact human VEGE such that the
surface area of Gly88 of human VEGF is 80% or more buried will bind to both mouse and human VEGE -
with good affinity. The functional epitope mapping results also show that the footprint-of the G series of
antibodies on VEGF is different from Fab-12 in that it has a greater '‘contact extending into the 20°s helix of
VEGF {approximately residues numbered 10-30 of human VEGF) as well a5 contacting residues in the 80s
loop (approximately residues 80-94 of human VEGF). The structural studies correlate well with the
fumctional studies (see Figure 19) in that mutations to several residues in the 20s helix decrease binding of _
the G6 and B20 series antibodies. The fanctional studies described in Figure 19 indicate that the G6 and the

B20 series antibodies interact well with residues that are important for both Flit-1 and KDR binding as
compared to A4.6.1

Example ¢ — Tetrinomial Diversity libraries _

To investigate whether a small subsets of the natural amino acids could be used to generate antigen-
binding surfaces, we constructed naive heavy chain phage—displayed libraties of antigen-binding fragments
(Fabs) based on the humanized Fab41D5 (30}, which recognizes the extracellular domain of the human
receptor tyrosine kinase ErbB2 (Fendly, B.M., er al., (1990), Cancer Res. 50:1550-%. First, 2 previously
described phagemid was modified to display bivalent Fab4D5 (Fab’-zip) on the surface of M13
bacteriophage. The gene coding for the Fab’-zip was fused to the C-terminal domain of the M13 gene-3
minor coat ﬁ)rotein and expressed under the control of the phoA promoter (Lee, V., ef al., {2004} J. Immunol.
Methods 284:119-132). The phagemid was modified by a single mutation in the li ght chain (R66G) and by
the introduction of TAA stop codons into afl thrcc heavy chain CDRs. For each library construction, the
resulting phagemid (pV-0116¢) was used as the “stop template™ in a mutagenesis reaction with

oligonucleotides designed to repair simulﬁaneousiy the stop codons and introduce designed mutations at the
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desired sites, as described previously (Sidhu, S$.5. ez al., (2004) J. Mol BRiol. 338(2):299-310; Sidhy, SS er
al.., (2000) Methods in Enzymology 328:333-363).

a. Construction of KMT Hbrary

Solvent-accessible positions within the heavy chain CDRs encoded by the phagemid were replaced
by a single type of degenerate codon, KMT, that produced equal. proportions of four amino acids (Y, A, D,
3). The number of possible tetranomiat combmauons of thc 20 namml amino acids is too great o be
investigated exhaustively, and thes, we chose combmatzons that fuiﬁlk:d two cntcna First!y, we were
restricted to combinations that could be accessed with standard DNA synthesis methods. Secendly, we
ensured that each tefranomial set contained at Ieast one small amino acid (glycine, serine or alanine), as we
reasoned that small residues would provide conformational flexibility and prevent steric crowding. A total
of 18 positions were chosen for randomization: positions 28 and 30-33 in CDR-HI; positions 50, 52, 53, 54,
56 and 58 in CDR-H2; and positions 95-100a in CDR-H3. Each constructed library contained ~10' unique
membexs, and thus, the library diversities were only about one order of magnitude less than the maximum
theoretical diversity (4" = 7x10m_). The KMT library name corresponds to the degenerate codon used;
equimolar DNA degeneracies are represented by IUB code (K= G/T, M = A/C, R = A/G, § = G/C, W =
ALY =CrD), |

b. Sorting and Binding Assai's for the KMT library

et

Phage from the naive heavy chain library was cycled throngh rounds of binding selection with

-etther humai vaseularendothelis! growih factor @VEGE)or other aﬁti;gens oir96-well Maxisorp

immunoplatcs' (NUNC}) as the capture target, as.described previously (Sidha, $.8. ef al., (2004) supra;
Sidhu, S5 et al.., (2000) Methods in Enzymology 328:333-363). Bound phage were eluted with 0.1 M HCI
for 10 min and the eluant was neatralized with 1.0.M Tris base. Phage were propogated in E. coli XL1-blue
(Stratagene) with the addition of M13-KO7 helper phage (New England Biolabs).

After three rounds of selection, individual clones were grown in a 96-well format in 500 ul of 2YT
broth supplemented with carbenicillin and M13-KO7. The culture supernatants were used in phage ELISAs
to detect positive clones that bound to antigen-coated plates but not to BSA-coated plates (Sidhu, S'.S.I etal.,
(2004) supra). Positive clones were subjected to DNA sequence analysis assessed for anti gen-specific
binding with phage enzyme-linked immunosorbant assays (ELISAE:}) (Sidhw, S.S. ez gl (2004)' supra)y.
Approximately 100 clones were screened against each antigen and specific binding clones were identified in
each case. DNA sequencing revealed the nuimber of unique clones isolated against each antigen. At least
one. tyrosine-containing library was successful against each antigen. In particular, Library—KMT was
successfizl against 3of the 4 antigens and generated 11 .uniquc clones against human vascular endothelial
growth factor (WWEGF).

c.  Second KMT library - Light Chain diversity

We cohstructed new versions of the KMT Libraty in which the CDRnfil and CDR-H? diversities
were the same as described above, but the diversity of CDR-H3 was increased by allowing for all possible
length variations ranging from 3-15 residues inserted betwesn residues 94 and 100b. Al together, the
pacted ibraries contained a diversity of ~10' unique members that were cycled through selections for
binding to hVEGE. Phage ELISA screens identified 93 HVEGF binders and DNA seqﬁencin grevealed 13
unique sequences (Figure 36). Most of the clones contained CDR-H3 sequences with seven inserted

residues, but we also identified two clones that contained longer insertions. The unique clones were
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subjected to competitive phage ELISAs (Sidhu, $.S. er al., (2004) supra) and exhibited estimated affinities
in the 10 micromolar range (data not shown).
¢ Affinity maturation of Unigne Clones from Second KMT library _

We next investigated whether the low afinity anti-VEGE clones could be affinity matured to obtain
Fabs with affinities comparable to those of natural antibodies. To this end, we recorﬁb_ined the 15 heavy
chains (Figure 36) with a light chain library in which 12 solvent-accéssible positions were replaced with the
same tetranomial KMT codon. Speciﬂcaﬁy, the following light chain positions were randomized: positions
28-32 in CDR-LI, positions 50 and 53 in CDR-L2, and positions 91-94 and 96 in CDR-L3. The libraries
contained ~10'® unique members which' greatly exceeded the theoretical diversity of possible light chains
(4% = 2x10"). The phagemid selected for the display of a heavy chain sequence and above light chain
sequence had been modified by the introduction of TAA stop codons into all three light chain CDRs. The
resulting phagemid was used as the “stop template” in a mutagenesis reaction that repaired the stop codons
and introduced desired mutations, as described above.

Phage from the light chain libraries were incubated for 2 h at room temperatore in PBS, 0.05%
Tween 20 (Sigma}, 0.5% Superblock (Piercé) with 100 nM hVEGF bictinylated with Sulfo—NHS;LC—Biotin
reagent (Pierce). Biotinylated hWWEGF and bound phage were captured for 5 Hififwith heutravidin (Picicsy
immobilized on Maxisorp immuhoplates. The plates were Waéhcd with PBS, 0.05% Tween 20 and the
bound phage were eluted and propagated for additional rounds of selection, as described above,

After selection, individual clones were grown in.a 96-well format in 500 ul of 2YT broth
supplemented with carbenicillin ahd M13-KO7. The cultore supematants were used in phage ELISAs to
detect positive clones that bound to antigen-coated plates but not to BSA-coated plates (Sidhu, S.5. er al.,
(2004) supra). Positive clones were subjected fo DNA sequence analysis.

hVEGF in solution was used for a high stringency selection. We sequenced 256 clones and
identified 64 unique light chains combined with 9 of the 15 heavy chains {top 9 sequences in Figure 36).
Competitive phage ELISAs were used to estimate affinities of clones (Sidhu, S.S. er al., (2004) supra).
Such ELISAs were carried out generally as follows. Phage clones were propagated fram a single colony by
growing in 40 ml of 2YT culture supplemented with carbenicillin and KO7 helper phage ovemight at 36°C,
Phage purified by PEG/NaCl precipitation were first serially diluted in PBST and tested for bindin 210 an
antigen-coated plate (tVEGF or mVEGP). The dilution that gave 50-70% saturating signal was used in the
solution binding asszy in which phage were first incubated with increasin g concentration of antigen for 1-2h
and then transferred to antigen coated plate to capture the unbound phage for }0-15 min. An ICgy was
calcalated as the concentration of antigen in solution binding stage that inhibited 50% of the phage fiom
binding to immobilized antigen. The three highest affinity phage clones were YADS1, YADS?2 and
YADS3, which clones were converted into Fabs.

d. YADSL, 2 and 3 Fab binding affinities

YADS]1, 2 and 3 were purified as free Fab proteins for detailed analysis. The sequence of these

Fabs are provided below. See also Figure 39.

YADS1 Light Chain N
DIQMTQSPSSLSASVGDRVTITCRASQASYSSVAWYQOKPGRKAPKLLIY AASYLYSGVPSRESGSGS
GTDFTLTISSLQPEDFATY YCQSSASPATFGQGTK VEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLN

15



NEYPREAKVQWEKVDNALQSGNSGESVTEQDSKDSTYSLSSTLTLSKADYEKHK VY ACEVTHQGLS
SPVTKSFNRGEC (SEQ. ID NO. 19)

YADS1 Heavy Chain :
MEKEKNIAFLLASMEVFSIATNAYAEVQLVESGGGLVQPGGSLRLSCAASGFDIYDDDIHWVRQAPGK
GLEWVAYIAPSYGYTDYADSVEGRFTISADTSKNTAYLQMNSLRAEDTAVYYCSRSSDASYSYSA
MBDYWGQGTLVTVSSASTEKGPSVEPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGALTSGVH
TFPAVLQSSGLYSLSSVVTVPSSSLGTOQTYICNVNHKPSNTKVDKK VEPKSCDKTH (SEQ 113 NO. 20)

YADS? Light Chain
DIOMTQSPSSLSASVGDRVTITCRASQSYAYAVA WYQOKPGKAPKLLIYDASYLYSGVPSRESGSGS
GTDFTLTISSLQPEDFATYYCQQAYSSPDTFGOGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCL

INNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHK VY ACEVTHOG
LSSPVTKSFNRGEC (SEQ ID NO. 21)

YADS?2 Heavy Chain
MKENIAFLLASMEFVEFSIATNAYABEVQELVESGGGLVQPGGSLRLSCAASGFAISDYDIHWVRQAPGK
GLEWVADIAPYAGATAYADSVKGRFTISADTSEKNTAYLOMNSLRAEDTAVY YCSRSSYAYYAAM
DYWGQGTLVTVSSASTKGPSVFPLAPSSK STSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTF
PAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHE PSNTK VDK K VEPKSCDKTH (SEQ ID NO. 22)

YADS3 Light Chain

DIQOMTOQSPSSLSASVGDRVTITCRASQASYYDVAWYQOQKPGKAPKLLIYAASYLYSGVPSRFSGSGS
GTDFTLTISSLOQPEDFATYYCQOQYYYAPATFGOQGTKVEIKRTVAAPSVFIFPPSDEQLEKSGTASVVCL
INNFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHK VY ACEVTHQG
LSSPVTKSEFNRGEC (SEQ 1D NO. 23)

YADS3 Heavy Chain
MEKENIAFLLASMEVEFSIATNAYAEVQLVESGGGLVQPGGSLRLSCAASGFSISDYDIHWVRQAPGK
GLEWVAAIAPYSGSTYYADSVEGRFTISADTSKNTAYLOQOMNSLRAEDTAVYYCSRSSYAYYSAMD
YWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEKDYFPEPVTVSWNSGALTSGVHTEP
AVLOSSGLYSLSSVVTVPSSSLGTQTYICNVNHK PSNTR VDEK VEPKSCDKTH (SEQ 1D NO. 24)

Fab proteins were purified from £. coli shake-flask cultures, as described previousty (Muller, YA et
al., (1998) Structure 6;1153-1167). Generally, the variable domains were cloned into vectors designed for Fab
expression in £. coli or transient IgG expression in mammalian cells, The Fab expression vector was derived
from the phage display phagemid by deleting the sequence enceding for ¢P3 and adding an A terminator
sequence (GCTCGGTTGCCGCCGGGCGTTTTTTAT (SEQ. 1D NO. 920)) about 20 nucleotides downstream
from the stop codon at the end of Cyl. Fab protein was generated by growing the transformed 34B8 E. coli
cells in APS media at 307C for 24 h as described (Presta, L. G., et al., (1997) Cancer Res. 57, 4593-4599).
Fab was purified with Protein G affinity chromatography. The production yield for Fab was typically 5-
10mg/L in small scale shake flask growth and 0.5-3 g/ in fermenter growth.

Binding kinetic values for the purified Fabs based on surface plasmon resonance are shown below.
hVEGF; 159 or mVEGF were immobilized on CMS chips at ~100 response units in a BlAcore 3000, as
described previously (Chen , Y., ef al., (1999} J. Mol. Riol. 293:865-881). Serial dilutions of Fab proteins (3~
500 nM) were injected, and binding responses on the hWVEGF or mVEGF flow cell were corrected by
subtraction of responses on a blank flow cell. For kinetic analysis, a 1:1 Languir model with separate fittings of
kon and Ky was used. The Ky values were estimated from the ratios of ko, and ks All three Fabs bound with
high affinity to hVEGE, but only two exhibited appreciable affinity for the highly homologous murine VEGF
{mVEGF, 90% amino acid identity). We reasoned that YADS2 and YADS3 recognized VEGF through a very
similar mechanism, as they exhibited high sequence homology in their CDRs and bound to
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both human and murine VEGE. In contrast, YADS1 likely represented a unique mode of aﬁﬁgcn

recoguition as it contained very different CDR sequences and did not recognize mVEGE.

Kinetic analysis of Fabs binding to immobilized VEGF

Fab ko (57 M) kot (51) Kq (aM) . ‘-

hVEGE wVEGF hVEGF wmVEGF  hVEGF mVEGE

YAPS1  3x1Q° ND! Sx107? ND! 1803 >1000
YADS 2  1x10f 8x16° 1x107 4x10° 1022 50108

YADS3  1xI0® X108 3x107 5x10% 20204 37+06

! Values could not be determined due to the low affinity of the interaction,

Example 7 - Crystallization, Structure Determination and Refinement of YADSI and YADS2.

We wanted fo study the structural basis for antigen recognition, and so, the crystal structures of
YADST and YADS2 in complex with hVEGE,

a. Fab protein preparation for crystal structure analysis

Whole cell broth was obtained from a 10 liter E. coli fermentation. The cells were Iysed with a
Manton-Gaulin homogenizer. The suspension was centrifuged, the supernatant was loaded on 2 protein A-
Sepharose column (Genentech, Inc.), and the column was eluted with 0.1 M acetic acid. The pH was
adjusted to 4.0 with 1L.OM Tris, pH 8.0 and the cluant was loaded on 2 SP-Sepharose colurnn (Pharmacia).
The column was washed with equilibration buffer (20 mM MES, pH 5.5) and Fab protein was eluted with a
NaCl gradient in equilibration Euffer. Residues 8-109 of human VEGF were expressed, refolded, and
purified as previously described (Christinger, H.W., et al., (1996). Prot. Struct. Funct.Gener. 26, 353-357).

The complex between each Fab and the receptor-binding fragment of hVEGF was formed and
purified, as described previcusly (Muller, Y.A., (1998), supra). The complex (in PBS, 25mM EDTA) was
concentrated to an optical density of Agge = 10. Hanging-drop experiments were performed using the vapor-
diffusion rﬁethod with 10 ul drops consisting of a 1:1 ratio of protein solution and réservoir solution. The
reservoir solution for the YADS] complex was 0.2 M ammonium sulfate, 25% PEG 3350 wiv), 0.1 M
HEPES, pH 7.5. The reservoir solution for the YADS?2 complex was 1.0 M lithivm chloride, 10% PEG
6000 (w/v), 0.1 M MES, pH 6.0. After 1-2 weeks at 19 °C, plate or spindle shaped crystals grew for the

YADST or YADS?2 complex, respectively.

Crystals were incubated in reservoir solution supplemented with 25% glycerol prior to flash
freezing. A data set was collected from a single frozen crystal at the beam line 5.0.2 of the Advanced Light
Source (Berkeley) for YADST and at the beam fine 9.2 of the Stanford Synchrotron Radiation Laboratory
(Stanford University) for YADSZ. The data was processed usiﬁ-g the programs DENZO and SCALEPACK
(Otwinowskd, 7.M., (1997) Methods Enzymol. 276:307-326).° The structuses were solved by molecular
replacement using the i}rc)gram AMoRe (CCP4 (1994) Acta Cryst. D50:760-763) and the ceordinates of a
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previously solved Fab-hVEGF complex (PDB entry 1BJ1). The stricture was refined using the progearas
REFMAC (CCP4 (1994), supra). The models were manually adjusted using program O (Jomes, T_A., et af.,
(1991) Acta Crystallogra A 47 (P12):969-995). The following programs were used ta calculate the surface
areas of interaction RESAREA versjon 3.2: 05/08/93 and AREAIMOL version 3.2: 19/12/95. These
5 programs zre part of the CCP4 suite Collaborative Computational Project, Number 4. 1994 ("The CCP4
Suite: Programs for Protein Crystallography” Acta Cryst. D50, 760-763). The erystal structures of
YADS1 and YADS2 in complex with hVEGF were solved and refined at 2.65 and 28A msolntion,

respectively (Table 9).

10 Table 9 Data collection and refinement statistics for YADST and YADS?2 hVE(IE complexes.

A, Unit cell YADS 1 YADS 2
Space group P2, 222
2 (A) 83.3 96.5
b(A) 112.5 . 1496
c () 1058 117.4
Betz (deg.) 105.8
- B. Diffraction Data
Resolution (A) 50-2.6 (2.7-2.6)  50-2.8(2.9-2.8)"
No. of reflections 156868 111731
No. of unique reflections 41828 20801
Rinecge” 0.066 (0.356)*  0.076 (0.399)°
Completeness (%) 99.9 (99.1)* 97.3 (83.2)"
C. Refinement
Ryon Reree 0.212, 0271 0.218,0.254
No. of noo-H atoms 810.4 4477
No. of waters 110 (]
msd bond length (A) 0.011 0.011
rmsd angles (deg.) 1.2 1.3

*"Values for the outer resolution shell are given in parantheses,

b

15 intensity of multiple observations.
78
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Rk = Z_[Fo(— Fy/ 3 F,, where F, and F; are the observed and calculated siructure factor amplitudes,

respectively. Ry, is the R factor for 2 randomly selected 5% of reflections which were not used in the

refinement

The surface area of each residue of an anti-VEGF antibody that is buried in VEGE (AZ) is reported
5  below together with the percentage of the total surface area of the residue that is burdied. Also reported is the
surface area of each residue of VEGF antibody that is buried in VEGT AHis reported below together with
the percentage of the total surface area of the residue that is buried. See vatues for YADS-1:VEGF and
YADS-2:VEGF complexes below. In all cases, becanse VEGF is a dimer, the residue numbers of VEGF
referring (o monomer 1 {of the VEGF dimer) are 8-109 and residue numbers of VEGF referring to mOnOmer
10 2 (of the VEGF dimer) are 1008-1109. The first column in each table below recites the residue numbers of
the protein being examined (either VEGF or an anti-VEGF antibody) {e.g., for section {a) befow, TYR A 45
refers to Y45, LYS A1016 refers to K16 of VEGF). The second column recites the buried surface of that

residue (A%). The third column secites the buried surface for that residue as a percentage of the surface area
of the whole residue

15 e
{a) VEGF:YADS-1

Table 10: Residues of VEGF in contact with YADS-1

20
Residue Nr buried surface bored surface in %
TYRA 45 8.00 20.51 % of 39.00
ILEA 46 36.00 , 37.89 % of 95.60
LYSA 48 14.00 20.90 % of 67.00
GINA 79 31.00 81.58 % of 38.00
MET A 81 24.00 75.00 % of 32.00
ARG A 82 7.00 14.58 % of 48.00
LEA 83 33.00 76.74 % of 43.00
LYSA 84 25.00 40:98 % of 61.00
PROA 85 8.00 ' -14.35 % of 55.00
HIS A 86 i 107.00 54.04 % of 198.00
GLN A 87 110.00 { 71.43 % of 154.00
GLY A 88 38.00 95.00 % of 40.00
GINA 89 163.00 88.79 % of 116.00
HIS A 90 93.00 75.61 % of 123.00
HEA 91 71.00 89.87 % of 79.00
GLYA 92 12.00 60.00 % of 20.00
GLUA %3 21.00 17.50 % of 120.00
LYS Al0l6 31.00 25.20 % of 123.00
PHE A1017 21.00 46.67 % of 45.00
MET A1018 14.00 10.14 % of 138.00
ASN AN062. . 1 10.00 38.57 % of 35.00
ASP A1063 6.00 1638 % of 94.00
GLU Al064 89.00 1 4917 % of 181.00
LYSALIOY .00 0.00 % of 165.00

CHAIN A DIFF-AREA:  912.0( 8.16 % of 11170.0 total AREA for this chain)

25  TOTALDIFF-AREA: 9120 { 8.16 % of 11170.0 total AREA over all chains
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(b) VEGF: YADS-2

Table 11: Residues of VEGF in contact with YADS-2

Residue Ny buried surface buried surface in %
ILEA 46 6.00 582 % of 68.00
LYS A 48 35.00 6064 % of €4.00
GLN A 79 17.00 4595 % of 37.00
MET A 81 29.00 , 96.67 % of 30.00
ILE A 83 32.00 86.49 % of 37.00
PRO A 85 23.00 38.60 % of 57.00
IS A 86 128.00 64.00 % of 200,00
GINA &7 32.00 73.88 % of 134.00
GLY A 88 3300 64.71 % of 34.00
GLN A 89 119.00 88.15 % of 133.00
HIS A 90 20.00 21 s of 9300
ILEA 6 15500 67.07 % of §2.00
LYSAT016 1.00 087 % of 115.00
PHE A1017 4500 190,00 % of 50,00
MET A1018 {7700 40.52 % of 116.00
TYR AT091 7.00 £97 % of 75.00
[ASP A1063 37,00 36.49 % of JA.00
GLY AT065 500 13.33 % of 45.00
LEU A1066 | 32.00 ' 55.17 % of 58.00
CYSATI04 X 12.50 % of 2400
ARG A1105 _ 7.00 T 1565 % of 124.00
PROALI06 2500 _ 37.66 % of 17.00

CHAIN A DIFF-AREA: 725.0 ( 6.17 % of 11744.0 total AREA for this chain).
TOTAL DIFF-AREA:  725.0( 6.17 % of 11744.0 total AREA over all chains)

The residues having greater than 5 A*buried surface area and/or greater than 5% buried were
considered significantly contacted. Thesé results help describe the regions in VEGF and the regions in the
antibodies that contact onc another. Together with functional data relating to the binding VEGF presented.
earlier, common features of the G6 series of antibodies YADS-2 and Y ADS-3 antibodies can be gbserved.
The binding of antibodies such as Fab-12 and YADS-1 to VEGF resulted in the surface area of G88 being
100% and 95%, respectively, buried whereas the binding of (6, (36-23 and YADS-2 resulied in G88 being
only 66% or less buried.

The Fab frameworks were essentially unchanged in comparison with the structure of the parental

Fab4D5; the C, atoms of the YADST and YADS?2 frameworks superimposed with Fab4D5 with root mean
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square deviations (rmsd) of 0.87 and 0.55 A, rcs'pcctively. The Ca atoms of the hVEGF molecules in the
two structures superimpose well onio each other with rmsds of 0.7 A for 87 Ca positions. The largest
deviation of 3.7 A occurs at residue glutamic acid 64. The loop containing this residue has inherent
flexibility as shown by Muller er al., supra.

In both complexes, antigen recognition was entirely mediated by contacts with the CDR loops. In
terms of buried surface area, YADS] used both the heavy (498 Az) and Hght chain (407 A»z), whereas
YADS?2 used mostly the heavy chain (543 A”) and a small contribution from the light chain (157 Ah.
Notably, residues at randomized positions accounted for essentially all of the buried smf&ce area (98% and
100% for YADSI and YADS2, respectively), and furthermore, the buried surface area involved almost
entircly side chain atoms (82% and 80% for YADS1 and YADS?2, respectively), Thus, both Fabs bound to
antigen through interactions that were almost entirely mediated by side chains located at positions that were
ran{iomized in the libraries.

On the hVEGF side, the structural epitopes for binding to YADS1 and YADS2 ovedap with each
other, and also, with the structural epitope for binding to domain 2 of the hVEGF receptor Fie-1 (Flt-1p,).
The YADS1 md YADS? antibodies can inhibit binding of Fit to human VEGF in vitro (data not showr),
and they are expected to inhibit binding of KDR to human VEGF too. Nonétfictess, there are significant
differences between the structural epitopes for the two Fabs, Tn particular, of the 11 residues that differ
between human and murine VEGFE, only resi;lue &8 is in contact with the Fabs, but the interactions nvolving
this residue explain the differing affinities of YADS1 and YADS2 for mVEGE. {n &-;é Y-ADS2 complex,
Gly88 is partially exposed to solvent, while in the YADS1 complex it is completely buried in the interface.
Murine VEGF contains a larger serine residune at position 88; this substitution can be readily accommodated
in the YADS2 complex, but in the YADST medel, the introduction of a serifie side chain at the buried Glyg&8
position would require major rearrangements for the complex to be prescwcd.

As described above, both Fabs bind (o antigen through contacts almost exclusively involving side
chains at varied sites. In total, the CDRs of YADS1 and Y ADS2 contain 66 residues derived from
rapdomized codons, and these residue‘s are almost equally distributed amongst the four amino acid types
allowed in the library design. However, when we consider the subset of residues that make contact with
antigen, there is & clear bias in that 16 tyrosines account for 50% of the contact residues. Indsed, all Eut two
of the tyrosines selected in the CDRs of YADS] and YADS2 make contact with antigen, and all told,
tyrosines contribute 71% of the surface area buried upon complexation with hVEGF. Thus, essentially every
selected tyrosine side chain is involved in directly mediating antigen recoguition and the other selected
amino acids.apparently play auxiliary roles.

Pespite the predominance of tyrosine in the syathetic antigen-binding sites, an sxamination of the
heavy atom (non-hydrogen) content of buried surface areas reveals that the Fab-hVEGF interfaces are no
more hydrophobic than the interface between hVEGF and Fit-1p,. On the hVEGF side, the heavy atom
composition of the buried surface area is very similar in all three cases, being composed predominanty of
carbon but also containing significant proportions of nitrogen and oxygen. Within the buried smface areas
of the Fabs, nifrogen atoms are almost entirely absent, because the side chains allowed in the libraries were
composed entirely of carbon, oxygen and bydrogen. Nonetheless, both Fabs bury a large number of oxygen
2toms upon binﬂing to hVEGF, and in both cases, the proportion of the buried surface area contributed by

carbon is congiderably less than that contributed by carbon to the buried surface area of Fli-1,. Thus, the
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predominance of tyrosine in the synthetic CDRs does not produce highly hydrophobic Fab-antigen
interfaces dominated by aromatic interactions. On the contrary, the tyrosine residues make specific contacts
with a wide variety of residues on the hVEGEF surface, and these interactions utilize both the side chain
hydroxyl groups and aromatic rings.

Thus, we circumvented the complexity of the natural immune system by using precisely defined
synthetic iibraries,. and as a result, we were able to investigate the special role that tyrosine plays in antigen-
binding sites. We generated libraries with restricted diversities and displayed the diverse éurfaces on a fixed
scaffold formed by the framework regions and bured CDR residues. Our results dramaﬁcalif,' demonstrate
that, in the context of a suitable scaffold, the tyrosine side chain is capable of mediating most of the contacts
necessary for high affinity antigen recogaition. Thus, it seemns very likely that the overabundance of
tyrosine in natural antigen-binding sites is a consequence of the side chair being pamcu}aﬂy well suited for
making productive contacts with antigen,

This supposition is also consistent with the chemical nature of tyrosine. As noted previously, the
tyrosine side chain is large enough to sweep out large volumes of space with only a few torsion angles, and
it can form hydrogen bonds, hydrophobic interactions and attractive electrostatic interactions with positively
charged groups (Zemlin, M., er al, (2003_) J. Mol, Biol. 334:733-74%9). In addition, the uncharged tyrosine
side chain avoids electrostatic repulsion effects, and its midrange hydrophilicity allows it to adapt favorably
to both hydrophilic and hydrophobic environments (Zemlin, (2003), supra; Ivanov, L, er al, (2002) in The
Antibodies, eds. Za-nctti_, M. &Capra, J. (Taylor.& Fancis, London; New York), pp.43—67;_ Mian, LS., et al,
(1991} J. Mol. Biol. 217:133-151).

We also observed that, while alanine and serine residues did not make many. direct contacts with
antx gen, they allowed for space and conformational flexibility which may be crucial for appropriate
positioning of the large tyrosine side chains. Thus, these small residues may serve an auxiliary function in
facilitating productive contacts between tyrosine and antigen. Itis worth noting that, perhaps not
coincidentally, serine is also highly abundant in natural antigen-bindin g sites (Miau, (1991), supra). Finally,
the paucity of antipen contacts mediated by aspartate suggests that it may be possible to further minimize the

chemical diversity of these synthetic antigen-binding sites.

Exampie 8 - Anti-VEGF antibodies from YADS-A and YADS-B libravies
{a) Construct_ion of ?hage-disp}ayed Fab Hbraries YADS-A and YADS-B _
Two phage displayed libraries (YADS-A and YADS-B) were constructed, as generally described in
Example 6, with a prcvibusly described phagemid designed to display bivalent Fab moieties dimerized bya
leucine zipper domain inserted between the Fab heavy chain and the Cierminal domain of the gene-3 minor

coat protein (P3C), except that the following positions of 4D5 were randomized were randomized as

follows:

Liﬁrary Randomized Positions
CDRHI1 CDRH2 . CDRH3
. 93, 96,97, 98, 99,
YADS-A - 28,30,31,32,33 30, 52, 53, 54, 56, 58
160, 100a
YADSEB 1 28,30, 31,32, 33 50, 52, 53,54, 56,58 | 95,96,97, 98,99, -
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1006, 100a

For library YADS-A, twe separate mutagenesis reactions were performed. In the first reaction,

diversity was introduced into CDR-H1, CDR H2 and CDR-H3 with oligonucleotides YADS-HI, YADS-H2

and YADS-H3-7, respectively. This resulted in the introduction of degenerate codons that encoded for the

four amino acids tyrosine, alanine, aspartate, and serine (YADS). In the second reaction, diversity was

introduced into CDR-H1, CDR H2 and CDR-H3 with oligonucleotides YTNS-HI, YTNS~HZ and YTNS-H3-

7, 1espectively. This resulted in the introduction of degenerate codons that encoded for the four amino acids

tyrosine, threonine, asparagine, and serine (YTNS), The two reactions were pooled.

For library YADS-B, 13 separate mutagenesis reactions were peformed. The reactions resulted in

the introdaction of degenerate codons that encoded for the four amino acids tyrosine, alanine, aspartate, and

serine (YADS). In each reaction, diversity was introduced into CDR-H1 and CDR-H? with oligonucieotides

YADS-HI and YADS-H2. For each reaction, one of the following ofigonucleotides was used to iniroduce
diversity inic CDR-H3: YADS-H3-3, YADS-H3-4, YADS-H3-5, YADS-H3-6, YADS-H3-7, YADS-H3-8,
YADS-H3-9, YADS-H3-10, YADS-H3-11, YADS-H3-12, YADS-H3-13, YADS-H3-14, or YADS-H3-15. The

13 reactions were pooled.

LR

For both Ebraries, the pooled mutagenesis reactions were electroporated in E. coli $8320 (Sidhu et

al., supra). The transformed cells were grown overnight in the presence of M13-KO7 helper phage (New

England Biolabs, Beverly, MA) 10 produce phage particles that encapsulated the phagemid DNA and
displayed Fab fragments on their surfaces. The size of libraries YADS-A and Y ADS-B were both 7x10°.

(b) Selection of anti-hVEGF specific antibodies from YADS-A and YADS-B naive libraties.

Phage from library YADS-A and YADS-B were cycled seperately through rounds of binding

selection to enrich for clones binding to i-VEGF. The binding selections were conducted vsing previously

described methods (Sidhu et al., supra),

NUNC 96-well Maxisorp immemoplates were coated overnight at 4 °C with capture target (5

ug/mL) and blocked for 2 h with BSA (Sigma). After overnight growth at 37°C, phage were concentrated
by precipitation with PEG/NaCl and resuspended in PBS, 0.5% BSA, 0.05% Tween 20 (Sigma), as
described previously (Sidhu et 4L, supra). Phage solutions (~10™ phage/mL) were added to the coated

immugoplates. Following a 2 hincubation to allow for phage binding, the plates were washed 10 times with

PBS, 0.05% Tween20. Bound phages were eluted with 0.1 M HCl for 10 min and the eluant was neutralized

with 1.0 M Tiis base. Bluted phage were amplified in E. coli XL1-blue and used for further rovmds of

selection.

The libraries were subjectad to 4 rounds of selection against each target protein. Individual clones

from each round were grown in a 96-well format in 500 pL of 2YT broth supplemented with carbenicillin

and M13-VCS, and the culture supernatants were used directly in phage ELISAs (Sidhu et al., supra) to

detect phage-displayed Fubs that bound to plates coated with target protein but not to plates coated with

BSA. A clone was considered 1o be a specific binder if the ELISA signal on target coated plates was at least

20 times greater than that on BSA coated plates.

83



Specific binders were sequenced, and the sequences of unique clones are shown int Figures 37 and
38 for libraries YADS-A and YADS-B, respectively. Seqguences from Figure 37 were obtained by sorting
with human VEGFE-109, Sequences from Figure 38 were obtained by sorting with murine VEGF,

Example 9 — NNK variants of YADS2

(a) Construction of phage-displayed Fab libraries by randomizing selected positions of the YADS2
anti-VEGF antibody with the NNK codon.

Phage-displayed Fab libraries were constructed using a phagemid vector that resulted in the display
of bivalent Fab moieties dimerized by a leucine zipper domain inserted between the Fab heavy chain and the
C-terminal domain of the gene-3 minor coat protein (P3C). This vector comprised the YADS2 sequence.

The humanized antibody Y AIDS2 variable domains were expressed under the control of the IPTG-inducible
Ptac promoter.

Library NNK was constructed with randomized residues in the heavy chain CDR-3 of YADS2.
The specific residues that were randomized are 530, 95, 97, 99, 100, and 100a of the heavy chain.

At each of the randomized positions, the wild-type codon was replaced by a degenerate NNK
codon (N = A/T/G/C, K = G/T in an equimolar ratio) that encoded for all 20 natural amino acids,

Libraries were constructed using the method of Kunkel (Kunkel, T. A., Roberts, }. D. & Zakour, R. A,
Methods Enzymol. (1987), 154, 367-382) with previously described methods {Sidhu, 8. 8., Lowman, H. B,,
Cuonningham, B. C. & Wells, §. A., Methods Enzymol. (2000), 328, 333-363). A unique “stop template”™
version of the Fab display vector was used to generate the NNK bibrary. We used a template phagemid
bearing the gene coding for YADS?2 fab with TAA stop codons inserted at positions 30, 33, 52, 54, 56, 57,

60, 102, 103, 104, 107, 108 of the heavy chain, Mutagenic oligonucleotides with degenerate NNK codons at
the positions to be diversified were used to simultaneously introduce CDR diversity and repair the stop

codons. Diversity was mtroduced into CDR-H3 with the oligonucieotide named NNK-H1 (GCA GCT TCT
GGC TTC GCT ATT TAT GAT TAT GAT ATA CAC TGG GTG CGT) (SEQ ID NO, 25), NNK-H2Z (CTG
GAA TGG GTT GCA NNK ATT GCT CCA TAT GCT GGT GCT ACT GCT TAT GCC GAT AGC GTC)
(SEQ ID NO. 26}, and NNK-H3 GTC TAT TAT TGT AGC CGC NNK TCT NNK GCT NNK NNK NNK
GCT ATG GAC TAC TGG) (SEQ ID NO. 27). The mutagenic oligonucleotides for all three heavy chain
CDRs were incorporated simultaneously in a single mutagenesis reaction, so that so that simultancous
incorporation of the mutagenic oligonucieotide resulted in the introduction of the designed diversity at each
position and simultaneously repaired all the TAA stop codons, thus generating an open reading frame that
encoded a Fab library member fused to a homodimerizing leucine zipper and P3C. Note that the
oligonucleotide NNK-H1 does not contain any degenerate codon and is added to the mutagenesis reaction to
repair the TAA stop codons and introduce the wild type YADS2 sequence.

The mutagenesis reactions were electroporated inte E. coli 88320 (Sidhu et al,, supra), and the
transformed cells were grown overnight in the presence of M13-KO7 helper phage (New England Biolabs,
Beverly, MA) to produce phage particles that encapsulated the phagemid DNA and displayved Fab fragments
on their surfaces. Each library contained greater than 5 x 10° unique members,

{b) Selection of specific anti-VEGF antibodies from the NNK library
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Phage from library NNK were cycled through rounds of binding selection to entich for clones
binding to human VEGF. The binding selections were conducted using previously described methods
(Sidhu et al., supra). '

NUNC 96-well Maxisorp immunoplates were coated overnight 2t 4 °C with capture target (5
itgfmL) and blocked for 2 h with Superblock 'TBS (iris-buffered saline) (Pierce), After overnight growth at
37°C, phage were concentrated by precipitation with PEG/NaCl and resuspended in Superblock TS, 0.05%
Tween 20 (Sigma), as described previously (Sidhu et al., supra). Phage solutions (~10" phage/ml) were
added to the coated immunoplaies. Following a 2 h incabation to allow for phage binding, the plates were
washed 10 times with PBS, 0.05% Tween 20. Bound phage were eluted with 0.1 M HCI for 10 min and the
eluant was neutralized with 1.0 M Tris base. Eluted phage were amplified in E. coli XI.1-blue and used for
further rounds of selection. ' ' _

The libraries were subjected to 5 rounds of selection against VEGFE. Individual clones from each
round of selection were growﬁ in a 96-well format in 500 pL. of 2Y'T broth supplemented with carbenicillin
and M13-VCS, and the culture supernatants were used directly in phage ELIS As (Sidhu et al., supra) to
detect phage-displayed Fabs that bound to plates coated with targel protein but not to plates coated with
BSA. Specific binders were defined as those phage clones that exhibiied an ELISA signal at Jeast 15-fold
greater on target-coated plates in comparison with BSA-coated plates. Individual clones were screened
after 3 to 3 rounds of selection for VEGF binding.

Individual clones representing specific binders were subjected to DNA sequence analysis, and the
sequences of the randomized CDR positions are shown in Figure 40. The affinity of the different YADS
viariants was estimated by using a “two point competitive phage ELISA”. The three best clones were
produced as soluble Fab and were tested for their affinity with respect to hVEGE. BlAcore datd was
obtained according to Chen et al., J Mol Biol. (1999), 293(4):865-81. Briefly, binding affinities were
calculated from association and dissociation rate censtants measured using a BIAcore™-3000 surface
plasmon resonance system (BIAcore, Inc,, Piscataway, N¥). A biosensor chip was activated for covalert
coupling of VEGF using N-gthyl-N-(3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC) and N-
hydroxysuccinimide (NHS) according ro the supplier's (BIAcore, Inc., Piscataway, NJ) instructions. WVEGF
or mVEGF was buffer-exchanged into 10 mM sodior acetate, pH 4.8 and diluted to approximately 30
mg/ml. Aliguots of VEGF were injected at a flow rate of 2 microl/minute to achieve approximately 200-
300 response units (R} of coupled protein. A solution of 1 M ethanolamine was injected as a blocking
agent. For kinetics measurements, twofold serial ditutions of Fab were injected in PRS/Tween buffer (6.05
% Tween2( in phosphate-buffered saline) at 25°C at a flow rate of 10 microl/minute. Equilibrium
dissociation constants, Kd values from surface plasmon resonance measurements were calculated as Ko thon

The BIAcore™ data is summarized as follows:

Clone Name EVEGE (aM) mVEGE (aM)
NNE-1 060 024

NNE=2 20 3
NNK-3 60
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Example 10 — Binomial Diversity libraries

(a) Construction of phage-displaved Fab librarjes with CDR residues randomized as only Tyr or Ser

Phage-displayed Fab libraries were constructed using a phagemid vector that resulted in the display
of bivalent Fab moieties dimerized by a lencine zipper domain inserted between the Fab heavy chain and the
C-terminal domain of the gene-3 minor coat protein (P3C). This vector comprises the bumanized antibody
4D)5 variable domains under the control of the IPTG-inducible Piac promoter as described above. The
humanized antibody 405 is an antibody which has mostly human consensus sequence framework regions in
the heavy and light chains, and CDR regions from a mouse monoclonal antibody specific for Her-2. The
method of making the anti-Her-2 antibody and the identity of Ehe variable domain sequences are provided in
U.S. Pat. Nos. 5,821,337 and 6,054,297, |

Twao libraries were constructed. Library YS-A' was constiucted with randomized residues in all
three heavy chain CDRs, while Library YS-B was constructed with randormized residues in all three heavy

chain CDRs and light chain CIDR3. The specific residues that were randomized are shown below.

Library Randomized Positions
CDRI3 | CDRHL CORHZ  J~ws CDRH3
von 28,30, 31, | 50, 52,53, 54, | 95,96, 97, 98, 99,
i 32,33 56, 58 100, 100a
728,30, 31, [ 50, 52, 53,54, | 95,96, 97, 98,95, |
YS-B 91-94, 96
- - 37,33 56, 58 100; 1002

At each of the randomized positions, the wild-type codon was replaced by a degenerate TMT codon
(M = A/C im an equimolar ratio) that encoded for Tyr and Ser in an equimolar ratio. In addition, the length
of CDRH3 was varied by using oligonucleotides that replaced the 7 wild-type codons between positions 101
1o 107 with varying numbers of TMT codons (7 to 20 for Library YS-A and 7 to 15 for Library YS-B). In
addition, the CDRL3 of Library YS-B was randomized so that 50% of the library members contained a
deletion at position number 91 while the other 50% contained the wildtype Gln residue at this position.

Librarics were constructed using the method of Kunkel (Kunkel, T, A., Roberts, J. D. & Zakour, R:
A., Methods Enzymol. (1987), 154, 367-382) with previously described methods (Sidhu, 8. 5.; Lowman, H.
B., Cunningham, B. C. & Wells, I. A., Methods Enzymol. (2000), 328, 333-363). A-unique “stop template”
version of the Fab display vector was used to generate both Iibraries YS-A and YS-B. We used a template
phagemid designated pV0350-4 with TAA stop codons inserted at positions 30, 33, 52, 54, 56, 57, 60, 102,
103, 104, 107, 108 of the heavy chain. No stops were introduced in the light chain CDR3, Mutagenic
oligonucleotides with degenerate TMT codons at the posiﬁehs to be diversified were used to simultaneousty
introduce CDR diversity and repair the stop codons. For both libraries, diversity was introduced into CDR-
HI and CDR-H2 vﬁt_h oligonucleotides HI and H2, respectively. For Libiary YS-A, diversity was
introduced inte. CDR-H3 with an equimolar mixture of oligonucleotides. For library YS-B, diversity was
introduced into CDR-H3 with an equimolar mixture of oligonucleotides. For library YS-B, diversity was
introduced into CDR-L3 with an equimolar mixture of oligonucleotides. The mutapenic oligonucleotides
for alt CDRs to be randomized were incorporated simultaneously in a single mutagenesis reaction, so that

simultaneons incorporation of all the mutagenic oligonucleotides resulted in the introduction of the designed
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diversity at each position and simultaneously repaired all the TAA stop codons, thus generating an open
reading frame that encoded a Fab library member fused to a homodimerizing leucine zipper and P3C.

The mutagenesis reactions were electroporated into E. coli $8320 (Sidhu et at., supra), and the
transfermed cells were grown overnight in the presence of M13-KO7 helper phage (New England Biolabs,
Beverly, MA} to produce phage particles that encapsulated the phagemid DNA and displayed Fab fragments

on their surfaces. Each Hbrary contained greater than 3 x 10° untque members,

(b} Selection of specific antibodies from the najve librares YS-A and YS-B

Phage from library YS-A or YS-B were cycled through rounds of binding selection 1o entich for
clones binding to targets of interest. Target proteins, human VEGF; 140 and murine VEGF were analyzed
separately with each library. The binding selections were conducted using previously described methods
(Sidhu et al., supra). .

NUNC 96-well Maxisorp immunoplates were coated overnight at 4 °C with captare target (5
fg/mL) and blacked for 2 h with Superblock TBS (tris-buffered saline) (Pierce). After overnight growth at
37°C, phage were concentrated by precipitation with PEG/NaCl and resuspended in Superblock TBS, 0.05%
Tween 20 (Sigma), as described previously (Sidhu et al., supra). Phage solurisif (~10%2 phage/mL) were
added to the coated immunoplates. Following a 2 h incubation to allow for phage binding, the plates were
washed 10 times with PBS, 0.05% Tween 20. Bound phage were eluted with 0.1 M HC for 10 min and the
cluant was neutralized with 1.0 M Tris base. Eluted phage were amplified inE. coli XL1-blue and wsed for
further rounds of selection.

The Hbraries were subjected to 5 rounds of selection against each target protein, and at each round,
titers were obtained for phage binding to efther the target protein or blank wells coated with Superblock
TBS. The titer of phage bound to target-coated wells divided by the titer of phage bound to the blank wells
was defined as an enrichment ratio used to quantify specific bindin g of phage pools to the target protein;
larger enrichment ratios indicate higher specific binding. The entichment ratios were observed after 3, 4,
or 5 rounds of selection.

Individnal clones from each round of selection were grown in 2 96-well format in 500 pLof ZYT
broth supplemented with carbenicillin and M13-VCS, and the calture supernatants were used directly in
phage ELISAs (Sidhu et al., supra) to detect phage-displayed Fabs that bound to plates coated with target
protein but not to plates coated with BSA. Specific binders were defined as those phage clones that
exhibited an ELISA signal at least 15-fold greater on target-coated plates in comparison with BSA-coated
plates. Individual clones were screened after 2 ronnds of selection for binding to buman VEGF or afier 5
rounds of selection for the other target proteins. These data were used to calculate the percentage of specific
binders, and the results for each library against each target protein. Each library produced binders against
each target protein.

Individual clones representing specific binders were subjected (0 DNA sequence analysis, and the
sequences. of the randomized CDR positions are shown in Figure 41. Tt can be seen that, for each target
protein, it was possible to select specific binders that contained only Tyr or Ser at the randomized positions
(although some non-designed mutations were observed, which were likely created during library
construction probably due to impurities in the oligonucleotides). Furthermore, the sequences of specific

binders were unique to the target profein against which they were selected.
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Two of the binders listed in Figure 41 (WWEGF binder #3 and #18) were tested for their affinity
with respect to hVEGF and mVEGF, BlAcore data was obtained according to Chen et al., J Mol Biol.
(1999), 293(4):865-81. Brefly, binding affinities of hVEGF binder #3 and #18 for hVEGF and mVEGF
were calculated from association and dissociation rate constants measured using a BIAcore ™-2000 surface

5 plasmon resonance system (BlAcore, Inc., Piscataway, NJ). A biosensor chip was activated for covalent
coupling of VEGF using N-ethyl-N-(3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC) and N-
hydroxysuccinimide (NHS} according to the supplier's (BIAcore, Inc., Piscataway, NJ) inéuuciions. hVEGF
or mVEGF was buffer-exchanged into 10 mM sedium acetate, pH 4.8 and diluted to approximately 30
mg/ml. Aliquots of VEGF were injected at a flow rate of 2 microl/minute 1o achieve approximately 200-

10 - 300 response units (RU) of coupled protein. A solution of I M ethanclamine was injected as a blocking
agent. For kinetics measurements, twofold serial dilutions of Fab were injected in PBS/T'ween buffer (0.05
% Tween20 in phosphate-buffered saling) at 25°C at a flow rate of 10 microL/minute. Equilibrivm

dissociation constants, Kd values from surface plasmon resonance measitrements were calculated as Ko MK on.
The BlAcore™ data is summarized below

15
Clone #3 hVEGF coated. on| mVEGF copteds
the chip on the chip
k, (1.5 {on-ratg) b texios Not detectable
&y {87 {off-rate) Txio? Not detectable
Kd 46 +- 17nM Not detectable.
&1uM)
Clone #18 hVEGF coated on | mVEGF coated
the chip on the chip
k, (M1.s7) {on-rate) 1108 4x104
kg (5 (aff-rate} Bx102 2x10?
Kd 64 +f-7nM 600 +/- 200nk

Examplie 11 ~ Additional anti-VEGF YS; antibodies
Library construétiqn and sorting. A phagemid designed to display bivalent Fab4D5 on the
surface of M13 bacteriophage was used to construct libraries, as described above. Oligonucleotide-directed
20 mutagenesis was used to re_pléce CDR positions with TMT degenerate codons, (M = A/C in equal

proportions). The positions chosen for randomization were as follows:

Library Randomized Positions
CDRL3 CDRHI1 CDRH2 ' CDRH3
Y8 28,30, 31, | 50,52, 53,54, 95-100 replaced
32,33 | 56,58 with 7-20 residues
: 28,30, 31, | 50,52,53,54, 95-100a replaced
YS-B 21-94, 96 .
32,33 56, 58 with 7-15 residues.

Jn CDR-H3, positions 95 through 100a were replaced with random loops of all possible lengths ranging
25 from 7 to 20 yesidues (library A) or 7 to 15 residues. (library B). Each library contained ~10’°'-unique
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members, and thus, the actual library diversities were comparable to the maximum number of unique
sequences encoded by the library designs (4x10°%).

Phage from the libraries were cycled through rounds of binding selection with antigen immobilized
ot 96-well Maxisorp immunoplates (NUNC} as the capture target, as described previously (Sidhu, S.5., et
al., (2000) Methods Enzymol. 328:333-363). After five rounds of selection, phage were produced from
individual clones grown in a 36-well format and the-culiure supernatants were used in phage ELISAs ro
detect specific binding clones. Specific binding clones were determined to be Fab-phage that bouad to the
cognate antigen but did not exhibit detectable binding to seven other proteins.

Competitive phage ELISA. A modified phage ELIS A was used to estimate the binding affinities
of Fabs (Sidhu, (2000), supra; Deshayes, K., et al., (2002) Chem. Biol. 9:495-503). Phage ELISAs were
carried out on plates coated with antigen, as described above. Phage displaying antibody fragments were
serially diluted in PBS, 0.5% (w/v) BSA, 0.1% (v/v) Tween 20, and bindin g was measured to determine a
phage concentration giving ~50% of the signal at saturation. A fixed, sub-saturating concentration of phage
was preincubated for 2 hours with serial dilutions of antigen and then transferred to assay plates coated with
antigen. After 15 minutes incubation, the plates were washed with PBS, 0.05% Tween 20 and incubated 30
minutes with horseradish peroxidase/anti-M13 antibody conjugate (1:5000 dilition) (Pharmacia). The plates
were washed, developed with TMB substrate (Kirkegaard and Perry Laboratories), quenched with 1.0 M
H3PO,, and read spectrophotometrically at 450 am. The binding affinities of the Fabs were determined as
ICqy values defined as the concentration of antigen that blocked 50% of the phage binding fo the
immobilized antigen. DNA sequencing of 184 binding clones revealed 63 unique sequences shown in
Figure 42, Interestingly, the clones from library B exhibit homology within the selected CDR-13 and CDR-
H3 sequences. In contrast, the CDR-H3 sequences of the clones from library A exhibit homology aniongst
thernselves but are very different from the sequences from library B. Thus, it appears that the nature of the
CDR-L3 sequence influenced the selection of CDR-H3 sequences, and as a result, two distinct classes of
anti-hVEGF antibodies arose from the two different libraries, The clones were screencd by competitive
phage ELISA and exhibited ICs, values ranging from approximately 60 aM to greater than 5 pM.

Protein purification and affinity analysis. The three anti-hVEGF clones with the highest
estimated affinities {top three sequences in Figure 42} were purified as free Fab proteins. Fab proteins were
p_uriﬁéd from E. coli as described previously (Muler, Y.A., et al., (1998} Structure 6:1153-1 167} See Figure
43 for Y51 Fab sequence. The binding kinetics of the purified Fabs (designated Fab-YS1, Fab-YS?2 and Fab-
Y53) were studied by surface plasmon resonance. Binding kinetics were determined by surface plasmon
resonance using a BLAcorem-30(}_() with hVEGF immcobilized on CM5 chips at ~500 response units, as
described previonsly (Chen, Y., et al., (1999} J. Mol. Bisl. 293:865-881). Seral dilu!idns of Fab proteins
were injected, and binding responses were cormrected by subtraction of responses on a blank flow cell. For
kinetic analysis, a 1:1 Langmuir model of global fittings of k,, and Jy; was nsed. The Kd values were
determined from the ratios of ko, and ks

YS1 YS2 YS3
k, (100 M5 541 6+1 S+
kd (1075 2801 11,704 9.4+ 0.1
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Fab-YS1 exhibited the highest affinity for hZVEGE (K = 60 nM), while the other two Fabs bound
approximately 5-fold less tightly due to faster off rates. The sequences of Fab-YS1 and Fab.YS2 differ in
only three positions, and thus, these three differences account for the improved affinity of Fab-YS1 in
comparison with Fab-YS2, : .

Immunohistochemistry. We next investigated the specificity of Fab-YS1 by using the protein to
visualize VEGF in mammalian cells transfected with a gene encoding for VEGF fused to green fluorescent
protein (GFF). Human A673 cells expressing murine VEGF-GFP were stained and imaged, as described
(Peden, A.A . et al., (2004 J. Cell. Biol. 164: 1063-1076). In the plus VEGF panel, Fab-YS1 was pre-
incubated for 5 minutes with 2 5-fold excess of recombinant VEGF before being incubated with the celis.
The immunohistochemical staining with Fab-YS1 precisely overapped with the finorescence signal from
the VEGF-GFP fusion (data not shown). Furthermore, the si gnal was completely blocked by incubating Fab-
YS1 with h'VEGF prior 1o the staining,

Immunoprecipitation. We also conducted immunoprecipitations of endogenons hBVEGF and
campared the. performance of Fab-YS1 to that of a highly specific, natural ansWEEGF monoclonal-antibody
(A4.6.1) (Kim, K.1., et al., (1992) Growth Factors 7:53-64). A673 cells wese metabolically labelled and
immunoprecipitations were performed from the media, as described (Kim, K.J., et al., supra) using 15 ug of
anti-GRP polyclonal autibody (Clontech), Fab-¥$1 or monocional antibody A4.6:7, The immune
complexes were eluted by boiling and resolved by SDS-PAGE on a 14% zcrylamide gel under reducing
conditions. The gel was dried and then exposed (o a phosphoimager plate overnight. Both antibodies
immunoprecipitated an identical set of bands that likely represent hVEGF variants generated by alternative
mRNA splicing (data not shown). Taken together, these results show that Fab-¥YS1 binds to hVEGH with

high affinity and specificity comparable to that of a nataral anibody, even in the complex celiutar milien,

Example 12 - In vive Activities of the Anti-VEGF Antibodies -

G6-23 inhibits neonaie mouse growth and survival, Newbors mice (C57/BL6) weréi infra-
peritoneally (Lp.) injected daily at 1 day post-patally with (G6-23 IgG (50mg/kg) or Fit-1(1-3) Fc (50mg/kg),
or appropriate controls, gpl20-Fe, PBS or no injection. The body weights were measured daily and the
suevival rate of the mice were counted. As shown in Figure 10, G6-23 reduced body weight equal potently
as mFlt-1(1-3)Fc, which is a known mVEGF antagonist. Moreover, mouse survival raies were also
equivalent between the two groups. Significantly, the results of G6-23 specifically indicated that mVEGE is
required for the growth and survival of new born mice, whereas the effect of Fit-1(1-3) Fc is less specific

since it is known to block not only mVEGE, but also placental growth factor (PIGE) and VEGF-B.

G6-23 effectively inhibits the growth of xenograft tumors in nude mice. KM12 and SW480,
two human colon-rectal cancer cell lines, were grown in cell culture first and about 10° cells from each cell
line were injected into host nude mice. When the tumor reached approximately 100mm’ in size (1 week after
injection), G6-23 or-control were injected (10mg/kg) twice weekly (six nude mice were used for each

group). The tumer sizes were measured til] day 13 after antibody injection: As shown in Figure 11, G6-23
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was significantly effective in reducing tumor volumes of both KM12 (Jeft graph) and SW480 (right graph)
cel lines,

Gene expressions for both hVEGF and mVEGF were examined in KM 12 xenograft mice. Samples
of tumors ard surrounding tissues were extracied and Tagman was used to quantify the gene expression
levels. In these xenograft models, hVEGF came from the implanted hurnan KMI2 tumor cells, whereas
mVEGE came from surrounding host stromal cells. As shown in Figure 12, samples from mmice treated with
G6-23 on day 3 and day 13 had higher gene expression levels for both 'WEGF and mVEGF compared o the
control groups. The results indicate that while mouse treated with G6-23 had reduced. tumor growth and
much decreased vascularity, expressions of both mVEGF and hVEGF were up-regulated in response fo the
reduction of angiogenesis. kt aiso indicates that at the wmor site, there is significant infiltration of mouse
stromal cells, which is a major source of VEGF for the tumor angiogencsis. Therefore, in a prechmcal
animal model such as the xenograft model described herein, an antibody capable of cross-reacting and
blocking both hVEGF and mVEGF is necessary for studying its efficacy.

Mouse (Lewis) lung carcinoma (L1.2) cells were also used in a nude mice model to test the
mhlbxtbry effect of G6-23. About 106 cells LL2 cells in a matrigel fommlanon were administered
subcutaneously in the flank of 5-weék old beige nade mice. One group of s1x nuce were thén treated with
G6-23 at 10mp/kg, injected via i.p. twice weekly for a span of 19 days. Other control agents (.c., mFi(1-3)-
1pG, rap-10) were also used to treat groups of six mice. As shown in Figure 13, G6-23 significantly reduced
therate of tumor growth with a pharmacological effect comparable to that of wFIt(1-3)-IgG, which is known
to be multi-potent in blocking not anly mVEGFE, bat also other angiogenic factors mPIGF and mVEGE-B.
Seruim levels of bioactive G6-23 was also measured. The result indicates that its levels (62-121 ug/ml) are
well within the expected range for a therapentic neutrafizing anti-VEGFT antibody.

HM-7 cells (American Type Culture Collection) were also used to study the tumor growth
inhibition in nude mice. G6 IgG antibody, G6-31 IgG antibody, the A vastin™ antibody, the Y0317 IgG
antibody used in this study were expressed in and purified from CHO cells. HM-7 cells were maintained in
cuhure with F12:DMEM medium, supplemented with 10% FBS and 1% penicillin-streptomycin and 1%
Glutamine. Cells were grown at 37°C in 5% COZ2 until confluence, harvested, counted, and washed and
iesuspeuded in sterile Metrigel at a concentration of 25x10° cells per ml. Xenografts were established in 4-
to 6-week-old female Beige Nude XID mice by injecting 5x10° of HM-7 cultured cells into the dorsal flank
of the mice and allowed to grow. After 48 hours, the tumors were palpable in all mice, and cohorts were
randomly selected (n = 10) to provide day-0 controls. The remaining mice were divided into 23 groups and
injected twice weekly with different anti-VEGF antibodies. The treatments for the sindy groups are as
follows: Group A (n=10x1): mice treated with control antibody MAB (an anti-ragweed antibody) in 0.1 ml
by interperitoneal injection twice/week with a high dose (5 mg/kg). Group B (n=10x5): mice treated with G6
IgG antibody in 0.1 ml by interperitoneal injection twice/week with the samé dose (0}, 0.25, 0.5, 2or 5
mgflg). Group C (n=10x5): mice treated with Y0317 IgG antibody in 0.1 ml by interperitoneal injection
twice/week with the same dose (0.1, 0.25,0.5, 2or 5 mgkg). Group D (n=10x5): mice treated with the
Avastin™ antibody in 0.1 ml by interperitoneal injection twice/week with the same dose {0.1,0.25,05 2 or
3 mg/kg). Group E (u=10x5): mice treated with G6-31 JgG antibody in 0.1 ml by interperitoneal injection
twicefweek with the same dose (0.1, 0.25,0:5,2or § mg/ke). The mice (n = 10 control and treated animals)
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were killed at day 4, 7, 11, 14, 17 and 21 after initiation of injecticns, and the tumors were excised and
welghed.

The results show that there was a significant suppression of temor growth when the G6, G6-31,
Y0317 and the Avastin™ antibodies were administered (p<0.5} (Figures 33A-E). The excised tissues from
the anti-VEGF antibody treated mice were smaller in size and less vascularized as compared to the tumors
excised from the control mice. As discussed above, the G6 and the G6-23 antibody unlike the Avastin™
antibody and the Y0317 antibody can bind to both human VEGF and mouse VEGF, inclucﬁng mouse
sr.romél- VEGYF which can be upreguolated upon implantation of human colorectal tumors ih mouse models.
Direct comparison of the activity of the G6 and G6-31 antibodies, which antibodies bind similar epitopes,
indicates that at most datapoints the antibody with the higher affinity for VEGF-A, the G6-31 antibody, had

increased tumor growth inhibiting properties.
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CLAIMS

WHAT IS CLAIMED 1S:

1. A synthetic antibody capable of binding to rodent VEGF and human VEGF
with Kd values within 10 fold of the other and wherein the antibody is capable of
inhibiting the binding of VEGF to a VEGF receptor.

_ 2. The synthetic antibody of claim 1, wherein the rodent VEGF is mouse
VEGF.

3. The synthetic antibody of claim I, wherein the antibody comprises at least
one variant CDR having a variant amino acid in at least one solvent accessible and highly
diverse amino acid position, wherein the variant amino acid is encoded by a nonrandom
codon set, and wherein at least 70% of the amino acids encoded by the nonrandom set are

target amino acids for that position in known antibody variable domains.

4. The synthetic antibody of claim 3, wherein the antibody has a heavy chain
variable domain, which comprises at least 1, 2 or 3 variant CDRs selected from the group
consisting of CDR H1, H2 and H3.

5. The synthetic antibody of claim 4, wheremn the antibody has a heavy chain

variable domain, which comprises a variant CDR H3.

6. The synthetic antibody of claim 3, wherein the antibody has a light chain
variable domain, which comprises at least 1, 2 or 3 variant CDRs selected from the group
consisting of CDR L1, 1.2 and 1.3.

7. The synthetic antibody of claim 1, wherein the VEGF receptor 1s a VEGF
receptor 2 (KDR).

8. The synthetic antibody of claim 1, wherein the VEGF receptor is a VEGF
receptor 1 (Fit-1).
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9. The synthetic antibody of claim 1, wherein the antibody is capable of
inhibiting the binding of VEGF to VEGF receptor 1 and VEGF receptor 2.

10.  The synthetic antibody of claim 2, wherein the antibody binds to mouse and
human VEGF with Kd valaes of 10 nM or less.

11.  The synthetic antibody of claim 10, wherein the antibody binds to mouse
and buman VEGF with Kd values of 2 nM or less.

12.  The synthetic antibody of claim 1, wherein the antibody binds to an epitope
comprising residues F17, Y21 and Y25 of human VEGF.

13, The synthetic antibody of claim 1, wherein the antibody comprises the
CDR-H3 sequence of any one of the antibodies of Figures 2, 7, 24-29, and 34-43.

14, The synthetic antibody of claim 1, wherein the antibody comprises a heavy
chain or light chamn variable region or both comprising a sequence of any one of the

antibodies of Figures 2, 7, 24-29, and 34-43.

15.  An antibody capable of binding to rodent VEGF and human VEGF with Kd
values within 10 fold of the other, wherein the antibody contacts no more than 80% of the
surface area of G88 of human VEGF and wherein the antibody 1s capable of inhibiting the
binding of VEGF to a VEGF receptor.

16.  The antibody of claim 15, wherein the antibody is capable of binding to a
human VEGF G88A mutant with a Kd value that 1s within 10 fold of the Kd value of

unmutated human VEGF.

17.  The antibody of claim 15, wherein the antibody is capable of binding a
human VEGF G88A mutant with a Kd value that is 10nM or less.
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18.  The antibody of claim 15, wherein the VEGF receptor 1s a VEGF receptor 2
(IKDR).

19.  The antibody of claim 15, wherein the VEGF receptor is a VEGF receptor 1
(FIt-1).

20.  The antibody of claim 15, wherein the antibody is capable of inhibiting the
binding of VEGF to VEGF receptor 1 and VEGF receptor 2.

21, The antibody of claim 15, wherein the rodent VEGF 1s mouse VEGF.

22, The antibody of claim 21, wherein the antibody binds to mouse and human

VEGF with Kd values of 10 nM or less.

23, The antibody of claim 22, wherein the antibody binds to mouse and human
VEGF with Kd values of 2 nM or less.

24.  The antibody of claim 15, wherein the antibody binds to human VEGF with
an on-rate (kon) of 1.0 or more (10 M'S™).

25.  The antibody of claim 15, wherein the antibody binds to the 20s helix of
VEGF.

26.  The antibody of claim 15, wherein the antibody binds to the 80s loop of
VEGF.

27.  'The antibody of claim 15, wherein the antibody binds to the 20s helix and
80s loop of VEGF.

28.  The antibody of any one of claims 15-27, wherein the antibody binds to an
epitope comprising residue F17 of human VEGF.
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29.  The antibody of claim 28, wherein the antibody has a functional epitope
comprising restdues F17 and 183 of human VEGF.

30.  The antibody of claim 29, wherein the antibody has a functional epitope
comprising residues F17, 183, and Q89 of human VEGFE.

31.  The antibody of claim 28, wherein the antibody has a functional epitope
comprising residues F17 and M18 of human VEGF.

32.  The antibody of claim 31, wherein the antibody has a functional epitope
comprising residues F17, M18, and 189 of human VEGF.

33.  The antibody of claim 28, wherein the antibody has a functional epitope
comprising residues F17, Y21, and Y25 of human VEGF.

34.  The antibody of claim 33, wherein the antibody has a functional epitope
comprising residues F17, Y21, Q22, Y25, D63, and 183 of human VEGF.

35.  The antibody of claim 33, wherein the antibody has a functional epitope
comprising residues F17, Y21, Y25, and Q89 of human VEGF.

36.  The antibody of claim 35, wherein the antibody has a functional epitope

comprising residues F17, M18, D19, Y21, Y25, Q89, 191, K101, E103 and C104 of human
VEGF.

37.  The antibody of claim 35, wherein the antibody has a functional epitope
comprising residues F17, Y21, Q22, Y25, D63, 183, and Q89 of human VEGF.

38.  The antibody of any one of claims 15-27, wherein the antibody has a
functional epitope comprising a combination of any of the residues selected from the group
consisting of F17, M18, Y21, Q22, Y25, K48, D63, 166, M81, 183, H86, Q89, 191, C104,
and P106 of human VEGF.
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39.  The antibody of claim 38, wherein the antibody has a functional epitope
comprising the residues F17, M18, Y21, Q22, Y25, K48, D63, L66, MR1, 183, H86, Q89,
191, C104, and P106 of human VEGF,

40.  An antibody capable of binding to rodent VEGF and human VEGF with Kd
values within 10 fold of the other, wherein the antibody is capable of inhibiting the binding
of VEGF to a VEGF receptor, and wherein the antibody comprises a CDR-H3 comprising
the contiguous amino acid sequence X; X,FX, XX X7, wherein

X;isYor F;

Xais VorA;

XsisForY,

XsisLor A;

Xgis P or A; and

XsisYorF.

41.  The antibody of claim 40, wherein the antibody comprises a CDR-H2
comprising a contiguous amino acid sequence GXo TPX;G, wherein
Xz is alor V or other hydrophobic amino acid; and

Xs is any amino acid residue.

42, The antibody of claim 40, wherein the antibody comprises a CDR-HI
comprising a contiguous anino acid sequence X X>XszlH, wherein

X1 is any amino acid residue;

Xy18Y orF; and

X31s Wor L.

43.  An antibody capable of binding to rodent VEGF and human VEGF with Kd
values within 10 fold of the other, wherein the antibody comprises the CDR-H3 sequence
of any one of the antibodies of Figures 2, 7, 24-29, and 34-43.

44.  An antibody capable of binding to rodent VEGF and human VEGF with Kd

values within 10 fold of the other, wherein the antibody comprises a heavy chain or light
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chain variable region or both comprising a sequence of any one of the antibodies of

Figures 2, 7, 24-29, and 34-43.

45,  The antibody of claim 43, wherein the antibody comprises the CDR-H1
sequence, CDR-H2 sequence, and CDR-H3 sequence of any one of the antibodies of
Figures 2, 7, 24-29, and 34-43.

46.  The antibody of any one of claims 40-45, wherein the antibody comprises

the framework regions of the G6 antibody.

47.  The antibody of any one of claims 40-45, wherein the antibody comprises

the framework regions of the B20-4.1 antibody.

48,  An antibody capable of binding to rodent VEGF and human VEGF with Kd

values within 10 fold of the other, wherein the antibody comprises

(a) a CDR-L1 comprising the contiguous amino acid sequence X;XoX3X4XsL,

wherein:
X; and X3 are any amino acid;
Fither X5 or X; or both X5 and X, are R; and
X518 S or A
(b) a CDR-1.2 comprising a contiguous amino acid sequence X, X,X3, wherein
Xi1sSor AorG;and
X2 and X3 is any amino acid residue; and

(c) a CDR-L3 compﬁsing a contignous amino acid sequence SX; X, X3PL,

wherein

X, and X, are any amino acid residue; and

XsisSor A,

49.  The antibody of claim 48, wherein the antibody comprises the framework
regions of the B20-4.1 antibody. '
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50.  The antibody of any one of claims 15-49, wherein the antibody is a

monoclonal antibody.

51.  The antibody of any one of claims 15-49, wherein the antibody is a
bispecific antibody.

52.  The antibody of any one of claims 15-49, wherein the antibody is a
synthetic antibody.

53.  The antibody of any one of claims 15-49, wherein the antibody is capable of
binding hVEGF with a Kd value of no more than about 2 nM.

54,  The antibody of claim 53, wherein the antibody is capable of binding
hVEGF with a Kd value of no more than about 1 nM.

55.  'The antibody, according to claim 54, wherein the antibody is capable of
binding hVEGF with a Kd value of no more than about 500 pM.

56.  The antibody of claim 44, wherein the antibody comprises the following
amino acid sequence as its heavy chain variabie domain (VH) and first heavy chain
constant domain (CH1):

EVQLVESGGGLVQPGGSLRLSCAASGFTISDYWIHWVRQAPGKGLEWVA
GITPAGGYTYYADSVKGRFTISADTSKNTAYLOQMNSLRAEDTAVYYCARF
VEFLPYAMDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLV
KDYFPEPVIVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEPKSCDKTH (SEQ ID NO. 29).

57.  The antibody of claim 44 or 56, wherein the antibody further comprises the
following amino acid sequence as its light chain:
DIQMTQSPSSLSASVGDRVTITCRASQDVSTAVAWYQQKPGKAPKLLIYSA
SFLYSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQSYTTPPTFGQGTKV
EIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQ
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SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVT
KSFNRGEC (SEQ 1D NO. 28).

58.  The antibody of claim 44, wherein the antibody comprises the following
amino acid sequence as its heavy chamn variable domain (VH):
EVQLVESGGGLVQPGGSLRLSCAASGFTINASWIHWVRQAPGKGLEWVGA
IYPYSGYTNYADSVKGRFTISADTSKNTAYLOMNSLRAEDTAVYYCARWG
HSTSPWAMDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLY
KDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEPKSCDKTH (SEQ ID NO: 38).

59.  The antibody of claim 44, wherein the antibody comprises the following
amino acid sequence as its heavy chain variable domamn (VH):
EVQLVESGGGLVQPGGSLRLSCAASGFSINGSWIFWVRQAPGKGLEWVGA
IWPFGGYTHYADSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCARW
GHSTSPWAMDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCL
VEDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQ
TYICNVNHKPSNTKVDKKVEPKSCDKTH (SEQ ID NO: 41).

60. The antibody of claim 44 or 56, wherein the antibody comprises the
following amino acid sequence as its light chain variable domain (VL):
DIOMTQSPSSLSASVGDRVTITCRASQDVSTAVAWY QQKPGKAPKLILIYSA
SFLYSGVPSRFSGSGSGTDFILTISSLQPEDFATY YCQQGYGNPFTFGQGTK
VEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNAL

QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPV
TKSFNRGEC (SEQ ID NO: 32).

61.  The antibody of claim 44 or 59, wherein the antibody comprises the
following amino acid sequence as its light cham variable domain (VL):
DIQMTQSPSSLSASVGDRVTITCRASQVIRRSLAWY QQKPGKAPKLLIYAAS
NLASGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQSNTSPLTFGQGTKYV
EIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQ
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SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVT
KSFNRGEC (SEQ ID NO: 40).

62.  The antibody of claim 44, wherein the antibody comprises the following
amino acid sequence as its light chain:
DIQMTQSPSSLSASVGDRVTITCRASQDVSTAVAWYQQKPGKAPKLLIYSA
SFLYSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCKQGY ANPWTFGQGTK
VEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLINNFYPREAKVQWKVDNAL

QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPV
TKSFNRGEC (SEQ ID NO. 30).

63.  The antibody of claim 43, Whefein the CDR-H3 sequence comprises
FVFFLPY (SEQ ID NO:929).

64.  The antibody of claim 43, wherein the CDR-H3 sequence comprises
FVFFLPYAMDY (SEQ ID NO:930).

65.  The antibody of claim 43, wherein the CDR-H3 sequence comprises
WGHSTSPW (SEQ ID NO:931).

66.  The antibody of claim 43, wherein the CDR-H3 sequence comprises
comprises WGHSTSPWAMDY (SEQ ID NO:932).

67.  The antibody of claim 43, wherein the CDR-H3 sequence comprises
ALWAFVA (SEQ ID NO:933).

68.  The antibody of claim 43, wherein the CDR-H3 sequence comprises
YFRWYMA (SEQ ID NO:934).

69.  The antibody of any one of claims 40-68, wherein the rodent VEGF is
mouse VEGF.
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70.  The antibody of claim 43, wherein the antibody is a G6 series or B20 series
antibody or Fab fragment thereof.

71, The antibody of claim 70, wherein the G6 series antibody is G6-23.

72.  The antibody of claim 70, Wherein the G6 series antibody 1s G6-31.

73.  The antibody of claim 70, wherein the B20 series antibody is B20-4.1.
74.  Aniselated nucleic acid encoding the antibody of any one of claims 1-73.
75. A vector comprising the nucleic acid of claim 74.

76. A host cell comprising the vector of claim 75.

77. A method of selecting an hVEGF antibody from a library of synthetic
antibodies, wherein the antibody is capable of binding to rodent VEGF and human VEGF
with Kd values within 10 fold of the other, the method comprising:

(a) generating the library of synthetic antibodies having a designed diversity in
at least one of the CDRs; '

(b) contacting the library with hVEGF to form binders;

(c) separating the binders from the nonbinders, and eluting the binders from the
target hVEGF and incubating the binders in a solution with decreasing amounts of the
target hVEGF in a concentration from about 0.1 nM to 1000 nM; and

(d) selecting the binders that can bind to the lowest concentration of the target

VEGEF and that have an affinity of about 500 pM to 2 nM.

78. A process of producing an antibody comprising culturing the host cell of

claim 76 so that the nucleic acid is expressed.

79.  The process of claim 78, further comprising recovering the antibody from

the host cell culture.
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