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ABSTRACT 

Humanized and variant anti-VEGF antibodies and various 
uses therefor are disclosed. The anti-VEGF antibodies have 
strong binding affinities for VEGF; inhibit VEGF-induced 
proliferation of endothelial cells in vitro; and inhibit tumor 
growth in Vivo. 
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ANTI-VEGF ANTIBODES 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention relates generally to anti-VEGF anti 
bodies and, in particular, to humanized anti-VEGF antibod 
ies and variant anti-VEGF antibodies. 

0003 2. Description of Related Art 
0004. It is now well established that angiogenesis is 
implicated in the pathogenesis of a variety of disorders. 
These include Solid tumors, intraocular neovascular Syn 
dromes Such as proliferative retinopathies or age-related 
macular degeneration (AMD), rheumatoid arthritis, and pso 
riasis (Folkman et al. J. Biol. Chem. 267: 10931-10934 
(1992); Klagsbrun et al. Annu. Rev. Physiol. 53:217-239 
(1991); and Garner A, Vascular diseases. In. Pathobiology 
of Ocular disease. A dynamic approach. Garner A, Klint 
worth G K, Eds. 2nd Edition Marcel Dekker, NY, pp 
1625-1710 (1994)). In the case of solid tumors, the neovas 
cularization allows the tumor cells to acquire a growth 
advantage and proliferative autonomy compared to the nor 
mal cells. Accordingly, a correlation has been observed 
between density of microVessels in tumor Sections and 
patient Survival in breast cancer as well as in Several other 
tumors (Weidner et al. N Engl J Med 324:1-6 (1991); Horak 
et al. Lancet 340:1120-1124 (1992); and Macchiarini et al. 
Lancet 340: 145-146 (1992)). 
0005 The search for positive regulators of angiogenesis 
has yielded many candidates, including aFGF, bFGF, TGF 
C, TGF-B, HGF, TNF-C, angiogenin, IL-8, etc. (Folkman et 
al. and Klagsbrun et al). The negative regulators So far 
identified include thrombospondin (Good et al. Proc. Natl. 
Acad. Sci. USA. 87:6624-6628 (1990)), the 16-kilodalton 
N-terminal fragment of prolactin (Clapp et al. Endocrinol 
ogy, 133:1292-1299 (1993)), angiostatin (O'Reilly et al. 
Cell, 79:315-328 (1994)) and endostatin (O'Reilly et al. 
Cell, 88:277-285 (1996)). 
0006 Work done over the last several years has estab 
lished the key role of vascular endothelial growth factor 
(VEGF) in the regulation of normal and abnormal angio 
genesis (Ferrara et al. Endocr: Rev. 18:4-25 (1997)). The 
finding that the loss of even a single VEGF allele results in 
embryonic lethality points to an irreplaceable role played by 
this factor in the development and differentiation of the 
vascular system (Ferrara et al.). Furthermore, VEGF has 
been shown to be a key mediator of neovascularization 
associated with tumors and intraocular disorders (Ferrara et 
al.). The VEGF mRNA is overexpressed by the majority of 
human tumors examined (Berkman et al. J Clin Invest 
91:153-159 (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 VEGF in eye fluids are highly corre 
lated to the presence of active proliferation of blood vessels 
in patients with diabetic and other ischemia-related retino 
pathies (Aiello et al. N. Engl. J. Med. 331:1480-1487 
(1994)). Furthermore, recent studies have demonstrated the 
localization of VEGF in choroidal neovascular membranes 
in patients affected by AMD (Lopez et al. Invest. Ophtalmo. 
Vis. Sci. 37:855-868 (1996)). Anti-VEGF neutralizing anti 
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bodies SuppreSS the growth of a variety of human tumor cell 
lines in nude mice (Kim et al. Nature 362:841-844 (1993); 
Warren et al. J. Clin. Invest. 95:1789-1797 (1995); Borg 
ström et al. Cancer Res. 56:4032-4039 (1996); and Melnyk 
et al. Cancer Res. 56:921-924 (1996)) and also inhibit 
intraocular angiogenesis in models of ischemic retinal dis 
orders (Adamis et al. Arch. Ophthalmol. 114:66-71 (1996)). 
Therefore, anti-VEGF monoclonal antibodies or other 
inhibitors of VEGF action are promising candidates for the 
treatment of Solid tumors and various intraocular neovascu 
lar disorders. 

SUMMARY OF THE INVENTION 

0007. This application describes humanized anti-VEGF 
antibodies and anti-VEGF antibody variants with desirable 
properties from a therapeutic perspective, including Strong 
binding affinity for VEGF; the ability to inhibit VEGF 
induced proliferation of endothelial cells in vitro; and the 
ability to inhibit VEGF-induced angiogenesis in vivo. 
0008. The preferred humanized anti-VEGF antibody or 
variant anti-VEGF antibody herein binds human VEGF with 
a K value of no more than about 1x10M and preferably 
no more than about 5x10M. In addition, the humanized or 
variant anti-VEGF antibody may have an ED50 value of no 
more than about 5 nM for inhibiting VEGF-induced prolif 
eration of endothelial cells in vitro. The humanized or 
variant anti-VEGF antibodies of particular interest herein 
are those which inhibit at least about 50% of tumor growth 
in an A673 in vivo tumor model, at an antibody dose of 5 
mg/kg. 

0009. In one embodiment, the anti-VEGF antibody has a 
heavy and light chain variable domain, wherein the heavy 
chain variable domain comprises hyperVariable regions with 
the following amino acid sequences: CDRH1 
(GYXFTX,YGMN, wherein X is T or D and X is N or H; 
SEQ ID NO:128), CDRH2 (WINTYTGEPTYAADFKR; 
SEQ ID NO:2) and CDRH3 (YPXYYGXSHWYFDV, 
wherein X is Y or H and X is S or T, SEQID NO:129). For 
example, the heavy chain variable domain may comprise the 
amino acid sequences of CDRH1 (GYTFTNYGMN; SEQ 
ID NO:1), CDRH2 (WINTYTGEPTYAADFKR, SEQ ID 
NO:2) and CDRH3 (YPHYYGSSHWYFDV; SEQ ID 
NO:3). Preferably, the three heavy chain hypervariable 
regions are provided in a human framework region, e.g., as 
a contiguous Sequence represented by the following for 
mula: FR1-CDRH1-FR2-CDRH2-FR3-CDRH3-FR4. 

0010) The invention further provides an anti-VEGF anti 
body heavy chain variable domain comprising the amino 
acid Sequence: EVOLVESGGGLVOPGGSLR 
LSCAASGYX FTX,YGMNWVRQAPGKGLEWVGWI 
NTYTGEPT YAADFKRRFTFSLDTSKSTAYLOMNSL 
RAEDTAVYYCAKYPXYYGXSHWYFDVWGQGTLV 
TVSS (SEQ ID NO:125), wherein X is T or D; X is N or 
H; X is Y or H and X is S or T. One particularly useful 
heavy chain variable domain sequence is that of the F(ab)-12 
humanized antibody of Example 1 and comprises the heavy 
chain variable domain sequence of SEQ ID NO:7. Such 
preferred heavy chain variable domain Sequences may be 
combined with the following preferred light chain variable 
domain Sequences or with other light chain variable domain 
Sequences, provided that the antibody So produced binds 
human VEGF. 
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0.011 The invention also provides preferred light chain 
variable domain Sequences which may be combined with the 
above-identified heavy chain variable domain Sequences or 
with other heavy chain variable domain Sequences, provided 
that the antibody so produced retains the ability to bind to 
human VEGF. For example, the light chain variable domain 
may comprise hyperVariable regions with the following 
amino acid sequences: CDRL1 (SASQDISNYLN; SEQ ID 
NO:4), CDRL2 (FTSSLHS; SEQ ID NO:5) and CDRL3 
(QQYSTVPWT, SEQ ID NO:6). Preferably, the three light 
chain hyperVariable regions are provided in a human frame 
Work region, e.g., as a contiguous Sequence represented by 
the following formula: FR1-CDRL1-FR2-CDRL2-FR3 
CDRL3-FR4. 

0012. In one embodiment, the invention provides a 
humanized anti-VEGF antibody light chain variable domain 
comprising the amino acid Sequence: 
DIQXTQSPSSLSASVGDRVTIT CSASQDISNYLNW 
YOOKPGKAPKVLIYFTSSLHSGVPSRFS GSGSGTD 
FTLTISSLOPEDFATYYCOOYSTVPWTF 
GQGTKVEIKR (SEQ ID NO:124), wherein X is M or L. 
One particularly useful light chain variable domain Sequence 
is that of the F(ab)-12 humanized antibody of Example 1 and 
comprises the light chain variable domain Sequence of SEQ 
ID NO:8. 

0013 The invention also provides a variant of a parent 
anti-VEGF antibody (which parent antibody is preferably a 
humanized or human anti-VEGF antibody), wherein the 
variant binds human VEGF and comprises an amino acid 
Substitution in a hyperVariable region of the heavy or light 
chain variable domain of the parent anti-VEGF antibody. 
The variant preferably has one or more Substitution(s) in one 
or more hypervariable region(s) of the anti-VEGF antibody. 
Preferably, the substitution(s) are in the heavy chain variable 
domain of the parent antibody. For example, the amino acid 
subsition(s) may be in the CDRH1 and/or CDRH3 of the 
heavy chain variable domain. Preferably, there are substitu 
tions in both these hypervariable regions. Such “affinity 
matured variants are demonstrated herein to bind human 
VEGF more strongly than the parent anti-VEGF antibody 
from which they are generated, Le., they have a K value 
which is significantly less than that of the parent anti-VEGF 
antibody. Preferably, the variant has an ED50 value for 
inhibiting VEGF-induced proliferation of endothelial cells 
in vitro which is at least about 10 fold lower, preferably at 
least about 20 fold lower, and most preferably at least about 
50 fold lower, than that of the parent anti-VEGF antibody. 
One particularly prefered variant is the YO317 variant of 
Example 3, which has a CDRH1 comprising the amino acid 
sequence:GYDFTHYGMN (SEQ ID NO:126) and a 
CDRH3 comprising the amino acid sequence:YPYYYGT 
SHWYFDV (SEQ ID NO:127). These hypervariable 
regions and CDRH2 are generally provided in a human 
framework region, e.g., resulting in a heavy chain variable 
domain comprising the amino acid Sequence of SEQ ID 
NO:116. Such heavy chain variable domain sequences are 
optionally combined with a light chain variable domain 
comprising the amino acid sequence of SEQ ID NO:124, 
and preferably the light chain variable domain amino acid 
sequence of SEQ ID NO:115. 
0.014 Various forms of the antibody are contemplated 
herein. For example, the anti-VEGF antibody may be a full 
length antibody (e.g. having an intact human Fc region) or 
an antibody fragment (e.g. a Fab, Fab' or F(ab')). Further 
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more, the antibody may be labeled with a detectable label, 
immobilized on a Solid phase and/or conjugated with a 
heterologous compound (Such as a cytotoxic agent). 
0015 Diagnostic and therapeutic uses for the antibody 
are contemplated. In one diagnostic application, the inven 
tion provides a method for determining the presence of 
VEGF protein comprising exposing a Sample Suspected of 
containing the VEGF protein to the anti-VEGF antibody and 
determining binding of the antibody to the Sample. For this 
use, the invention provides a kit comprising the antibody and 
instructions for using the antibody to detect the VEGF 
protein. 

0016. The invention further provides: isolated nucleic 
acid encoding the antibody; a vector comprising that nucleic 
acid, optionally operably linked to control Sequences rec 
ognized by a host cell transformed with the vector; a host 
cell comprising that vector; a proceSS for producing the 
antibody comprising culturing the host cell So that the 
nucleic acid is expressed and, optionally, recovering the 
antibody from the host cell culture (e.g. from the host cell 
culture medium). The invention also provides a composition 
comprising the anti-VEGF antibody and a pharmaceutically 
acceptable carrier or diluent. The composition for therapeu 
tic use is Sterile and may be lyophilized. The invention 
further provides a method for treating a mammal Suffering 
from a tumor or retinal disorder, comprising administering a 
therapeutically effective amount of the anti-VEGF antibody 
to the mammal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIGS. 1A and 1B depict the amino acid sequences 
of variable heavy domain (SEQID NO:9) and light domain 
(SEQ ID NO:10) of muMAbVEGF A.4.6.1, variable heavy 
domain (SEQ ID NO:7) and light domain (SEQ ID NO:8) of 
humanized F(ab) (F(ab)-12) and human consensus frame 
works (hum III for heavy subgroup III (SEQ ID NO:11); 
humk1 for light k subgroup I (SEQ ID NO:12)). FIG. 1A 
aligns variable heavy domain Sequences and FIG. 1B aligns 
variable light domain Sequences. Asterisks indicate differ 
ences between humanized F(ab)-12 and the murine MAb or 
between F(ab)-12 and the human framework. Complemen 
tarity Determining Regions (CDRs) are underlined. 
0018 FIG. 2 is a ribbon diagram of the model of human 
ized F(ab)-12 VL and VH domains. VL domain is shown in 
brown with CDRS in tan. The sidechain of residue L46 is 
shown in yellow. VH domain is shown in purple with CDRs 
in pink. Sidechains of VH residues changed from human to 
murine are shown in yellow. 
0019 FIG. 3 depicts inhibition of VEGF-induced mito 
genesis by humanized anti-VEGF F(ab)-12 from Example 1. 
Bovine adrenal cortex-derived capillary endothelial cells 
were seeded at the density of 6x10 cells/well in six well 
plates, as described in Example 1. Either muMAb VEGF 
A.4.6.1 or rhuMAb VEGF (IgG1; F(ab)-12) was added at 
the indicated concentrations. After 2-3 hours, rhvEGF165 
was added at the final concentration of 3 ng/ml. After five or 
Six days, cells were trypsinized and counted. Values shown 
are means of duplicate determinations. The variation from 
the mean did not exceed 10%. 

0020 FIG. 4 shows inhibition of tumor growth in vivo by 
humanized anti-VEGF F(ab)-12 from Example 1. A673 
rhabdomyosarcoma cells were injected in BALB/c nude 
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mice at the density of 2x10 per mouse. Starting 24 hours 
after tumor cell inoculation, animals were injected with a 
control MAb, muMAb VEGF A4.6.1 or rhuVEGF MAb 
(IgG1; F(ab)-12) twice weekly, intra peritoneally. The dose 
of the control Mab was 5 mg/kg; the anti-VEGF MAbs were 
given at 0.5 or 5 mg/kg, as indicated (n=10). Four weeks 
after tumor cell injection, animals were euthanized and 
tumors were removed and weighed. * : Significant difference 
when compared to the control group by ANOVA (p<0.05). 
0021 FIGS.5A and 5B show the acid sequences of the 
light and heavy variable domains respectively of murine 
antibody A4.6.1 (SEQ ID NO:10 for the VL and SEQ ID 
NO:9 for the VH) and humanized A4.6.1 variants hu2.0 
(SEQ ID NO:13 for the VL and SEQID NO:14 for the VH) 
and hu2.10 (SEQ ID NO:15 for the VL and SEQ ID NO:16 
for the VH) from Example 2. Sequence numbering is 
according to Kabat et al., Sequences of Proteins of Immu 
nological Interest, 5th Ed. Public Health Service, National 
Institutes of Health, Bethesda, Md. (1991) and mismatches 
are indicated by asterisks (murine A4.6.1 vs hu2.0) or bullets 
(hu2.0 vs hu2.10). Variant hu2.0 contains only the CDR 
Sequences (bold) from the murine antibody grafted onto a 
human light chain K Subgroup I consensus framework (SEQ 
ID NO:12) and heavy chain subgroup III consensus frame 
work (SEQ ID NO:11). hu2.10 was the consensus human 
ized clone obtained from phage Sorting experiments 
described herein. 

0022 FIG. 6 depicts framework residues targeted for 
randomization in Example 2. 
0023 FIG. 7 depicts the phagemid construct for surface 
display of Fab-pill fusions on phage. The phagemid encodes 
a humanized version of the Fab fragment for antibody 
A4.6.1 fused to a portion of the M13 gene III coat protein. 
The fusion protein consists of the Fab joined at the carboxyl 
terminus of the heavy chain to a single glutamine residue 
(from Suppression of an amber codon in Sup, E. coli), then 
the C-terminal region of the gene III protein (residues 
249-406). Transformation into F. E. coli, followed by Super 
infection with M13KO7 helper phage, produces phagemid 
particles in which a Small proportion of these display a 
Single copy of the fusion protein. 

0024 FIGS. 8A-E depict the double stranded nucleotide 
sequence (SEQ ID NO:99) for phage-display antibody vec 
tor phMB4-19-1.6 in Example 3 and the amino acid 
sequence encoded thereby (SEQ ID NO:100). 
0025 FIGS. 9A and 9B depict an alignment of the amino 
acid Sequences for the light and heavy variable domains 
respectively of affinity matured anti-VEGF variants in 
Example 3, compared to F(ab)-12 of Example 1 (SEQ ID 
NO's 8 and 7 for light and heavy variable domains, respec 
tively). CDRS are underlined and designated by L, light, or 
H, heavy chain, and numbers 1-3. Residues are numbered 
Sequentially in the VL and VH domains, as opposed to the 
Kabat numbering scheme. The template molecule, MB1.6 
(SEQ ID NO’s 101 and 102 for light and heavy variable 
domains, respectively) is shown, along with variants: 
H2305.6 (SEQ ID NO's 103 and 104 for light and heavy 
variable domains, respectively), Y0101 (SEQ ID NO's 105 
and 106 for light and heavy variable domains, respectively), 
and YO192 (SEQ ID NO's 107 and 108 for light and heavy 
variable domains, respectively). Differences from F(ab)-12 
are shown in Shaded boxes. 

Mar. 14, 2002 

0026 FIGS. 10A and 10B depict an alignment of the 
amino acid Sequences for the light and heavy variable 
domains respectively of affinity matured anti-VEGF variants 
from Example 3 compared to F(ab)-12 of Example 1 (SEQ 
ID NO's 8 and 7 for light and heavy variable domains, 
respectively). CDRS are underlined and designated by L, 
light, or H, heavy chain, and numbers 1-3. The variants are 
designated Y0243-1 (SEQ ID NO's 109 and 110 for light 
and heavy variable domains, respectively), Y0238-3 (SEQ 
ID NO's 111 and 112 for light and heavy variable domains, 
respectively), Y0313-1 (SEQ ID NO's 113 and 114 for light 
and heavy variable domains, respectively), and Y0317 (SEQ 
ID NO's 115 and 116 for light and heavy variable domains, 
respectively). Differences from F(ab)-12 are shown in 
shaded boxes. 

0027 FIG. 11 depicts the results of the HuVEC activity 
assay in Example 3 for variants Y0238-3, YO192 and 
Y0313-1 as well as full length F(ab)-12 from Example 1. 
0028 FIG. 12 depicts inhibition of VEGF-induced mito 
genesis by full length F(ab)-12 from Example 1 (rhuMAb 
VEGF), a Fab fragment of F(ab)-12 from Example 1 (rhu 
Fab VEGF), and a Fab fragment of affinity matured variant 
Y0317 from Example 3 (rhuFab VEGF (affinity matured)). 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0029) 
0030) The term “human VEGF" as used herein refers to 
the 165-amino acid human vascular endothelial cell growth 
factor, and related 121-, 189-, and 206-amino acid 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 of those growth factors. 

I. Definitions 

0031. The present invention provides anti-VEGFantago 
nistic antibodies which are capable of inhibiting one or more 
of the biological activities of VEGF, for example, its mito 
genic or angiogenic activity. Antagonists of VEGF act by 
interfering with the binding of VEGF to a cellular receptor, 
by incapacitating or killing cells which have been activated 
by VEGF, or by interfering with vascular endothelial cell 
activation after VEGF binding to a cellular receptor. All Such 
points of intervention by a VEGF antagonist shall be con 
sidered equivalent for purposes of this invention. 

0032) The term “VEGF receptor” or “VEGFr” as used 
herein refers to a cellular receptor for VEGF, ordinarily a 
cell-Surface receptor found on vascular endothelial cells, as 
well as variants thereof which retain the ability to bind 
hVEGF. One example of a VEGF receptor is the fms-like 
tyrosine kinase (fit), a transmembrane receptor in the 
tyrosine kinase family. DeVries et al., Science 255:989 
(1992); Shibuya et al., Oncogene 5:519 (1990). The fit 
receptor comprises an extracellular domain, a transmem 
brane domain, and an intracellular domain with tyrosine 
kinase activity. The extracellular domain is involved in the 
binding of VEGF, whereas the intracellular domain is 
involved in signal transduction. Another example of a VEGF 
receptor is the flk-1 receptor (also referred to as KDR). 
Matthews et al., Proc. Nat. Acad. Sci. 88:9026 (1991); 
Terman et al., Oncogene 6:1677 (1991); Terman et al., 
Biochem. Biophys. Res. Commun. 187: 1579 (1992). Binding 
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of VEGF to the fit receptor results in the formation of at least 
two high molecular weight complexes, having apparent 
molecular weight of 205,000 and 300,000 Daltons. The 
300,000 Dalton complex is believed to be a dimer compris 
ing two receptor molecules bound to a Single molecule of 
VEGF. 

0033. The term “epitope A4.6.1” when used herein, 
unless indicated otherwise, refers to the region of human 
VEGF to which the A4.6.1 antibody disclosed in Kim et al., 
Growth Factors 7:53 (1992) and Kim et al. Nature 362:841 
(1993), binds. 
0034). “Treatment” refers to both therapeutic treatment 
and prophylactic or preventative measures. Those in need of 
treatment include those already with the disorder as well as 
those in which the disorder is to be prevented. 
0.035 “Mammal’ for purposes of treatment refers to any 
animal classified as a mammal, including humans, domestic 
and farm animals, and Zoo, Sports, or pet animals, Such as 
dogs, horses, cats, cows, etc. Preferably, the mammal is 
human. 

0036) “Antibodies” (Abs) and “immunoglobulins” (Igs) 
are glycoproteins having the same Structural characteristics. 
While antibodies exhibit binding specificity to a specific 
antigen, immunoglobulins include both antibodies and other 
antibody-like molecules which lack antigen Specificity. 
Polypeptides of the latter kind are, for example, produced at 
low levels by the lymph system and at increased levels by 
myelomas. 

0037 “Native antibodies” and “native immunoglobulins' 
are usually heterotetrameric glycoproteins of about 150,000 
daltons, composed of two identical light (L) chains and two 
identical heavy (H) chains. Each light chain is linked to a 
heavy chain by one covalent disulfide bond, while the 
number of disulfide linkages varies among the heavy chains 
of different immunoglobulin isotypes. Each heavy and light 
chain also has regularly Spaced intrachain disulfide bridges. 
Each heavy chain has at one end a variable domain (V) 
followed by a number of constant domains. Each light chain 
has a variable domain at one end (V) and a constant domain 
at its other end; the constant domain of the light chain is 
aligned with the first constant domain of the heavy chain, 
and the light-chain variable domain is aligned with the 
variable domain of the heavy chain. Particular amino acid 
residues are believed to form an interface between the light 
and heavy-chain variable domains. 

0038. The term “variable” refers to the fact that certain 
portions of the variable domains differ extensively in 
Sequence among antibodies and are used in the binding and 
Specificity of each particular antibody for its particular 
antigen. However, the variability is not evenly distributed 
throughout the variable domains of antibodies. It is concen 
trated in three Segments called hyperVariable regions both in 
the light chain and the heavy chain variable domains. The 
more highly conserved portions of variable domains are 
called the framework region (FR). The variable domains of 
native heavy and light chains each comprise four FR (FR1, 
FR2, FR3 and FR4, respectively), largely adopting a f-sheet 
configuration, connected by three hyperVariable regions, 
which form loops connecting, and in Some cases forming 
part of, the B-sheet Structure. The hyperVariable regions in 
each chain are held together in close proximity by the FR 
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and, with the hyperVariable regions from the other chain, 
contribute to the formation of the antigen-binding site of 
antibodies (see Kabat et al., Sequences of Proteins of Immu 
nological Interest, 5th Ed. Public Health Service, National 
Institutes of Health, Bethesda, Md. (1991), pages 647-669). 
The constant domains are not involved directly in binding an 
antibody to an antigen, but exhibit various effector func 
tions, Such as participation of the antibody in antibody 
dependent cellular toxicity. The term “hypervariable region” 
when used herein refers to the amino acid residues of an 
antibody which are responsible for antigen-binding. The 
hyperVariable region comprises amino acid residues from a 
“complementarity determining region” or “CDR' (Le. resi 
dues 24-34 (L1), 50-56 (L2) and 89-97 (L3) in the light 
chain variable domain and 31-35 (H1), 50-65 (H2) and 
95-102 (H3) in the heavy chain variable domain; Kabat et 
al., Sequences of Proteins of Immunological Interest, 5th Ed. 
Public Health Service, National Institutes of Health, 
Bethesda, Md. (1991)) and/or those residues from a “hyper 
variable loop” (i.e. residues 26-32 (L1), 50-52 (L2) and 
91-96 (L3) in the light chain variable domain and 26-32 
(H1), 53-55 (H2) and 96-101 (H3) in the heavy chain 
variable domain; Chothia and Lesk J. Mol. Biol. 196:901 
917 (1987)). “Framework” or “FR” residues are those vari 
able domain residues other than the hyperVariable region 
residues as herein defined. 

0039) Papain digestion of antibodies produces two iden 
tical antigen-binding fragments, called “Fab' fragments, 
each with a Single antigen-binding Site, and a residual “Fe' 
fragment, whose name reflects its ability to crystallize 
readily. Pepsin treatment yields an F(ab')2 fragment that has 
two antigen-combining sites and is Still capable of croSS 
linking antigen. 
0040 “Fv' is the minimum antibody fragment which 
contains a complete antigen-recognition and -binding site. 
This region consists of a dimer of one heavy chain and one 
light chain variable domain in tight, non-covalent associa 
tion. It is in this configuration that the three hyperVariable 
regions of each variable domain interact to define an anti 
gen-binding site on the Surface of the V-V. dimer. Collec 
tively, the Six hyperVariable regions confer antigen-binding 
Specificity to the antibody. However, even a single variable 
domain (or half of an Fv comprising only three hyperVari 
able regions specific for an antigen) has the ability to 
recognize and bind antigen, although at a lower affinity than 
the entire binding site. 
0041. The Fab fragment also contains the constant 
domain of the light chain and the first constant domain 
(CH1) of the heavy chain. Fab' fragments differ from Fab 
fragments by the addition of a few residues at the carboxyl 
terminus of the heavy chain CH1 domain including one or 
more cysteine(s) from the antibody hinge region. Fab'-SH is 
the designation herein for Fab' in which the cysteine resi 
due(s) of the constant domains bear a free thiol group. 
F(ab'), antibody fragments originally were produced as pairs 
of Fab' fragments which have hinge cysteines between them. 
Other chemical couplings of antibody fragments are also 
known. 

0042. The “light chains” of antibodies (immunoglobu 
lins) from any vertebrate species can be assigned to one of 
two clearly distinct types, called kappa (K) and lambda ().), 
based on the amino acid Sequences of their constant 
domains. 
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0043. Depending on the amino acid sequence of the 
constant domain of their heavy chains, immunoglobulins 
can be assigned to different classes. There are five major 
classes of immunoglobulins: IgA, Ig), IgE, IgG, and IgM, 
and several of these may be further divided into subclasses 
(isotypes), e.g., IgG1, IgG2, IgG3, IgG4, IgA, and IgA2. The 
heavy-chain constant domains that correspond to the differ 
ent classes of immunoglobulins are called C, Ö, e, Y, and u, 
respectively. The Subunit Structures and three-dimensional 
configurations of different classes of immunoglobulins are 
well known. 

0044) The term “antibody' herein is used in the broadest 
Sense and specifically covers monoclonal antibodies (includ 
ing full length monoclonal antibodies), polyclonal antibod 
ies, multispecific antibodies (e.g., bispecific antibodies), and 
antibody fragments So long as they exhibit the desired 
biological activity. 
0.045 “Antibody fragments' comprise a portion of a full 
length antibody, generally the antigen binding or variable 
domain thereof. Examples of antibody fragments include 
Fab, Fab', F(ab'), and Fv fragments; diabodies; linear 
antibodies, Single-chain antibody molecules, and multispe 
cific antibodies formed from antibody fragments. 
0046) The term “monoclonal antibody” as used herein 
refers to an antibody obtained from a population of Substan 
tially homogeneous antibodies, i.e., the individual antibod 
ies comprising the population are identical except for poS 
Sible naturally occurring mutations that may be present in 
minor amounts. Monoclonal antibodies are highly specific, 
being directed against a single antigenic Site. Furthermore, 
in contrast to conventional (polyclonal) antibody prepara 
tions 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 
particular method. For example, the monoclonal antibodies 
to be used in accordance with the present invention may be 
made by the hybridoma method first described by Kohler et 
al., Nature 256:495 (1975), or may be made by recombinant 
DNA methods (see, e.g., U.S. Pat. No. 4,816,567). The 
"monoclonal antibodies' may also be isolated from phage 
antibody libraries using the techniques described in Clack 
son et al., Nature 352:624-628 (1991) and Marks et al., J. 
Mol. Biol. 222:581-597 (1991), for example. 
0047 The monoclonal antibodies herein specifically 
include “chimeric' antibodies (immunoglobulins) in which 
a portion of the heavy and/or light chain is identical with or 
homologous to corresponding Sequences in antibodies 
derived from a 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 (U.S. Pat. No. 4,816,567; and 
Morrison et al., Proc. Natl. Acad. Sci. USA 81:6851-6855 
(1984)). 
0.048 “Humanized” forms of non-human (e.g., murine) 
antibodies are chimeric antibodies which contain minimal 
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Sequence derived from non-human immunoglobulin. For the 
most part, humanized antibodies are human immunoglobu 
lins (recipient antibody) in which hyperVariable region resi 
dues of the recipient are replaced by hyperVariable region 
residues from a non-human species (donor antibody) Such as 
mouse, rat, rabbit or nonhuman primate having the desired 
Specificity, affinity, and capacity. In Some instances, frame 
work region (FR) residues of the human immunoglobulin 
are replaced by corresponding non-human residues. Further 
more, humanized antibodies may comprise residues which 
are not found in the recipient antibody or in the donor 
antibody. These modifications are made to further refine 
antibody performance. In general, the humanized antibody 
will comprise Substantially all of at least one, and typically 
two, variable domains, in which all or substantially all of the 
hyperVariable regions correspond to those of a non-human 
immunoglobulin and all or substantially all of the FR are 
those of a human immunoglobulin Sequence. The human 
ized 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 Jones et 
al., Nature 321:522-525 (1986); Reichmann et al., Nature 
332:323-329 (1988); and Presta, Curr. Op. Struct. Biol. 
2:593-596 (1992). 
0049) “Single-chain Fv” or “sliv" antibody fragments 
comprise the V and V. domains of antibody, wherein these 
domains are present in a single polypeptide chain. Generally, 
the Fv polypeptide further comprises a polypeptide linker 
between the V and V. domains which enables the SFV to 
form the desired structure for antigen binding. For a review 
of SFv see Pluckthun in The Pharmacology of Monoclonal 
Antibodies, vol. 113, Rosenburg and Moore eds. Springer 
Verlag, New York, pp. 269-315 (1994). 
0050. 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 light chain variable domain (V) in the same polypeptide 
chain (V-V). By using a linker that is too short to allow 
pairing between the two domains on the same chain, the 
domains are forced to pair with the complementary domains 
of another chain and create two antigen-binding Sites. Dia 
bodies are described more fully in, for example, EP404,097; 
WO 93/11161; and Hollinger et al., Proc. Natl. Acad. Sci. 
USA 90:6444-6448 (1993). 
0051. The expression “linear antibodies” when used 
throughout this application refers to the antibodies described 
in Zapata et al. Protein Eng. 8(10): 1057-1062 (1995). 
Briefly, these antibodies comprise a pair of tandem Fd 
Segments (V-C1-V-C1) which form a pair of antigen 
binding regions. Linear antibodies can be bispecific or 
monospecific. 

0.052 A“variant” anti-VEGF antibody, refers herein to a 
molecule which differs in amino acid Sequence from a 
“parent' anti-VEGF antibody amino acid sequence by virtue 
of addition, deletion and/or Substitution of one or more 
amino acid residue(s) in the parent antibody Sequence. In the 
preferred embodiment, the variant comprises one or more 
amino acid Substitution(s) in one or more hyperVariable 
region(s) of the parent antibody. For example, the variant 
may comprise at least one, e.g. from about one to about ten, 
and preferably from about two to about five, Substitutions in 
one or more hyperVariable regions of the parent antibody. 
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Ordinarily, the variant will have an amino acid Sequence 
having at least 75% amino acid Sequence identity with the 
parent antibody heavy or light chain variable domain 
sequences (e.g. as in SEQ ID NO:7 or 8), more preferably 
at least 80%, more preferably at least 85%, more preferably 
at least 90%, and most preferably at least 95%. Identity or 
homology with respect to this Sequence is defined herein as 
the percentage of amino acid residues in the candidate 
Sequence that are identical with the parent antibody residues, 
after aligning the Sequences and introducing gaps, if neces 
Sary, to achieve the maximum percent Sequence identity. 
None of N-terminal, C-terminal, or internal eXtensions, 
deletions, or insertions into the antibody Sequence shall be 
construed as affecting Sequence identity or homology. The 
variant retains the ability to bind human VEGF and prefer 
ably has properties which are Superior to those of the parent 
antibody. For example, the variant may have a stronger 
binding affinity, enhanced ability to inhibit VEGF-induced 
proliferation of endothelial cells and/or increased ability to 
inhibit VEGF-induced angiogenesis in vivo. To analyze such 
properties, one should compare a Fab form of the variant to 
a Fab form of the parent antibody or a full length form of the 
variant to a full length form of the parent antibody, for 
example, Since it has been found that the format of the 
anti-VEGF antibody impacts its activity in the biological 
activity assays disclosed herein. The variant antibody of 
particular interest herein is one which displays at least about 
10 fold, preferably at least about 20 fold, and most prefer 
ably at least about 50 fold, enhancement in biological 
activity when compared to the parent antibody. 
0053) The “parent” antibody herein is one which is 
encoded by an amino acid Sequence used for the preparation 
of the variant. Preferably, the parent antibody has a human 
framework region and, if present, has human antibody 
constant region(s). For example, the parent antibody may be 
a humanized or human antibody. 
0.054 An "isolated” antibody is one which has been 
identified and Separated and/or recovered from a component 
of its natural environment. Contaminant components of its 
natural environment are materials which would interfere 
with diagnostic or therapeutic 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 the Lowry method, and most 
preferably more than 99% by weight, (2) to a degree 
Sufficient to obtain at least 15 residues of N-terminal or 
internal amino acid Sequence by use of a Spinning cup 
sequenator, or (3) to homogeneity by SDS-PAGE under 
reducing or nonreducing conditions using Coomassie blue 
or, preferably, Silver Stain. Isolated antibody includes the 
antibody in Situ within recombinant cells Since at least one 
component of the antibody's natural environment will not be 
present. Ordinarily, however, isolated antibody will be pre 
pared by at least one purification Step. 

0.055 The term “epitope tagged” when used herein refers 
to the anti-VEGF antibody fused to an “epitope tag”. The 
epitope tag polypeptide has enough residues to provide an 
epitope against which an antibody thereagainst can be made, 
yet is short enough Such that it does not interfere with 
activity of the VEGF antibody. The epitope tag preferably is 
Sufficiently unique So that the antibody thereagainst does not 
Substantially cross-react with other epitopes. Suitable tag 
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polypeptides generally have at least 6 amino acid residues 
and usually between about 8-50 amino acid residues (pref 
erably between about 9-30 residues). Examples include the 
flu HA tag polypeptide and its antibody 12CA5 (Field et al. 
Mol. Cell. Biol. 8:2159-2165 (1988)); the c-myc tag and the 
8F9, 3C7, 6E10, G4, B7 and 9E10 antibodies thereto (Evan 
et al., Mol. Cell. Biol. 5(12):3610-3616 (1985)); and the 
Herpes Simplex virus glycoprotein D (gD) tag and its 
antibody (Paborsky et al., Protein Engineering 3(6):547-553 
(1990)). In certain embodiments, the epitope tag is a “sal 
vage receptor binding epitope'. AS used herein, the term 
“Salvage receptor binding epitope” refers to an epitope of the 
Fc region of an IgG molecule (e.g., IgG, IgG, IgGs, or 
IgG) that is responsible for increasing the in Vivo Serum 
half-life of the IgG molecule. 
0056. The term “cytotoxic agent” as used herein 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., I'', I', Y” and Re"), 
chemotherapeutic agents, and toxins Such as enzymatically 
active toxins of bacterial, fungal, plant or animal origin, or 
fragments thereof. 
0057. A “chemotherapeutic agent” is a chemical com 
pound useful in the treatment of cancer. Examples of che 
motherapeutic agents include Adriamycin, Doxorubicin, 
5-Fluorouracil, Cytosine arabinoside (“Ara-C), Cyclophos 
phamide, Thiotepa, Taxotere (docetaxel), BuSulfan, 
Cytoxin, Taxol, Methotrexate, Cisplatin, Melphalan, Vin 
blastine, Bleomycin, Etoposide, Ifosfamide, Mitomycin C, 
Mitoxantrone, Vincreistine, Vinorelbine, Carboplatin, Teni 
poside, Daunomycin, Carminomycin, Aminopterin, Dacti 
nomycin, Mitomycins, Esperamicins (see U.S. Pat. No. 
4.675,187), Melphalan and other related nitrogen mustards. 
0058. The term “prodrug” as used in this application 
refers to a precursor or derivative form of a pharmaceuti 
cally active Substance that is less cytotoxic to tumor cells 
compared to the parent drug and is capable of being enzy 
matically activated or converted into the more active parent 
form. See, e.g., Wilman, “Prodrugs in Cancer Chemothera 
py’Biochemical Society Transactions, 14, pp. 375-382, 
615th Meeting Belfast (1986) and Stella et al., “Prodrugs: A 
Chemical Approach to Targeted Drug Delivery,” Directed 
Drug Delivery, Borchardt et al., (ed.), pp. 247-267, Humana 
Press (1985). The prodrugs of this invention include, but are 
not limited to, phosphate-containing prodrugs, thiophos 
phate-containing prodrugs, Sulfate-containing prodrugs, 
peptide-containing prodrugs, D-amino acid-modified pro 
drugs, glycosylated prodrugs, B-lactam-containing pro 
drugs, optionally Substituted phenoxyacetamide-containing 
prodrugs or optionally Substituted phenylacetamide-contain 
ing prodrugs, 5-fluorocytosine and other 5-fluorouridine 
prodrugs which can be converted into the more active 
cytotoxic free drug. Examples of cytotoxic drugs that can be 
derivatized into a prodrug form for use in this invention 
include, but are not limited to, those chemotherapeutic 
agents described above. 
0059) The word “label” when used herein refers to a 
detectable compound or composition which is conjugated 
directly or indirectly to the antibody. The label may itself be 
detectable by itself (e.g., radioisotope labels or fluorescent 
labels) or, in the case of an enzymatic label, may catalyze 
chemical alteration of a Substrate compound or composition 
which is detectable. 
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0060. By “solid phase' is meant a non-aqueous matrix to 
which the antibody of the present invention can adhere. 
Examples of Solid phases encompassed herein include those 
formed partially or entirely of glass (e.g. controlled pore 
glass), polysaccharides (e.g., agarose), polyacrylamides, 
polystyrene, polyvinyl alcohol and Silicones. In certain 
embodiments, depending on the context, the Solid phase can 
comprise the well of an assay plate; in others it is a 
purification column (e.g. an affinity chromatography col 
umn). This term also includes a discontinuous Solid phase of 
discrete particles, such as those described in U.S. Pat. No. 
4,275,149. 

0061. A "liposome” is a small vesicle composed of 
various types of lipids, phospholipids and/or Surfactant 
which is useful for delivery of a drug (such as the anti-VEGF 
antibodies disclosed herein and, optionally, a chemothera 
peutic agent) to a mammal. The components of the liposome 
are commonly arranged in a bilayer formation, Similar to the 
lipid arrangement of biological membranes. An "isolated” 
nucleic acid molecule is a 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 Source 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 nucleic acid 
molecules therefore are distinguished from the nucleic acid 
molecule as it exists in natural 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. 

0062) 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. 

0.063) Nucleic acid is “operably linked' when it is placed 
into a functional relationship with another nucleic acid 
Sequence. For example, DNA for a presequence or Secretory 
leader is operably linked to DNA for a polypeptide if it is 
expressed as a preprotein that participates in the Secretion of 
the polypeptide; a promoter or enhancer is operably linked 
to a coding Sequence if it affects the transcription of the 
Sequence, or a ribosome binding site is operably linked to a 
coding Sequence if it is positioned So as to facilitate trans 
lation. 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 accom 
plished 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. 

0064. As used herein, the expressions “cell,”“cell line,” 
and “cell culture” are used interchangeably and all Such 
designations include progeny. Thus, the words “transfor 
mants” and “transformed cells” include the primary subject 
cell and cultures derived therefrom without regard for the 
number of transfers. It is also understood that all progeny 
may not be precisely identical in DNA content, due to 
deliberate or inadvertent mutations. Mutant progeny that 
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have the same function or biological activity as Screened for 
in the originally transformed cell are included. Where dis 
tinct designations are intended, it will be clear from the 
COnteXt. 

0065 
0066. The examples hereinbelow describe the production 
of humanized and variant anti-VEGF antibodies with desir 
able properties from a therapeutic perspective including: (a) 
strong binding affinity for the VEGF antigen; (b) an ability 
to inhibit VEGF-induced proliferation of endothelial cells in 
vitro; and (c) the ability to inhibit VEGF-induced angiogen 
esis in Vivo. 

0067 Antibody affinities may be determined as described 
in the examples hereinbelow. Preferred humanized or vari 
ant antibodies are those which bind human VEGF with a K. 
value of no more than about 1x10"M; preferably no more 
than about 1x10M; and most preferably no more than 
about 5x10M. 

II. Modes for Carrying out the Invention 

0068 Aside from antibodies with strong binding affinity 
for human VEGF, it is also desirable to select humanized or 
variant antibodies which have other beneficial properties 
from a therapeutic perspective. For example, the antibody 
may be one which inhibits endothelial cell growth in 
response to VEGF. In one embodiment, the antibody may be 
able to inhibit bovine capillary endothelial cell proliferation 
in response to a near maximally effective concentration of 
VEGF (3 ng/ml). Preferably, the antibody has an effective 
dose 50 (ED50) value of no more than about 5 nM, prefer 
ably no more than about 1 nM, and most preferably no more 
than about 0.5 nM, for inhibiting VEGF-induced prolifera 
tion of endothelial cells in this “endothelial cell growth 
assay', i.e., at these concentrations the antibody is able to 
inhibit VEGF-induced endothelial cell growth in vitro by 
50%. A preferred “endothelial cell growth assay” involves 
culturing bovine adrenal cortex-derived capillary endothe 
lial cells in the presence of low glucose Dulbecco's modified 
Eagle's medium (DMEM) (GIBCO) supplemented with 
10% calf serum, 2 mM glutamine, and antibiotics (growth 
medium), essentially as described in Example 1 below. 
These endothelial cells are seeded at a density of 6x10 cells 
per well, in 6-well plates in growth medium. Either parent 
anti-VEGF antibody (control), humanized or variant anti 
VEGF antibody is then added at concentrations ranging 
between 1 and 5000 ng/ml. After 2-3 hr, purified VEGF was 
added to a final concentration of 3 ng/ml. For Specificity 
control, each antibody may be added to endothelial cells at 
the concentration of 5000 ng/ml, either alone or in the 
presence of 2 ng/ml bFGF. After five or six days, cells are 
dissociated by exposure to trypsin and counted in a Coulter 
counter (Coulter Electronics, Hialeah, Fla.). Data may be 
analyzed by a four-parameter curve fitting program 
(KaleidaGraph). 
0069. The preferred humanized or variant anti-VEGF 
antibody may also be one which has in Vivo tumor Suppres 
Sion activity. For example, the antibody may SuppreSS the 
growth of human A673 rhabdomyosarcoma cells or breast 
carcinoma MDA-MB-435 cells in nude mice. For in vivo 
tumor studies, human A673 rhabdomyosarcoma cells 
(ATCC; CRL 1598) or MDA-MB-435 cells (available from 
the ATCC) are cultured in DMEM/F12 supplemented with 
10% fetal bovine serum, 2 mM glutamine and antibiotics as 
described in Example 1 below. Female BALB/c nude mice, 
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6-10 weeks old, are injected subcutaneously with 2x10 
tumor cells in the dorsal area in a volume of 200 ul. Animals 
are then treated with the humanized or variant antibody and 
a control antibody with no activity in this assay. The 
humanized or variant anti-VEGF MAb is administered at a 
dose of 0.5 and/or 5 mg/kg. Each MAb is administered twice 
weekly intra peritoneally in a Volume of 100 ul, Starting 24 
hr after tumor cell inoculation. Tumor Size is determined at 
weekly intervals. Four weeks after tumor cell inoculation, 
animals are euthanized and the tumors are removed and 
weighed. Statistical analysis may be performed by ANOVA. 
Preferably, the antibody in this “in vivo tumor assay” 
inhibits about 50-100%, preferably about 70-100% and most 
preferably about 80-100% human A673 tumor cell growth at 
a dose of 5 mg/kg. 

0070. In the preferred embodiment, the humanized or 
variant antibody fails to elicit an immunogenic response 
upon administration of a therapeutically effective amount of 
the antibody to a human patient. If an immunogenic 
response is elicited, preferably the response will be Such that 
the antibody Still provides a therapeutic benefit to the patient 
treated therewith. The humanized or variant antibody is also 
preferably one which is able to inhibit VEGF-induced angio 
genesis in a human, e.g. to inhibit human tumor growth 
and/or inhibit intraocular angiogenesis in retinal disorders. 

0071 Preferred antibodies bind the “epitope A4.6.1” as 
herein defined. To Screen for antibodies which bind to the 
epitope on human VEGF bound by an antibody of interest 
(e.g., those which block binding of the A4.6.1 antibody to 
human VEGF), a routine cross-blocking assay Such as that 
described in Antibodies, A Laboratory Manual, Cold Spring 
Harbor Laboratory, Ed Harlow and David Lane (1988), can 
be performed. Alternatively, epitope mapping, e.g. as 
described in Champe et al., J. Biol. Chem. 270:1388-1394 
(1995), can be performed to determine whether the antibody 
binds an epitope of interest. 

0.072 The antibodies of the preferred embodiment herein 
have a heavy chain variable domain comprising an amino 
acid sequence represented by the formula: FR1-CDRH1 
FR2-CDRH2-FR3-CDRH3-FR4, wherein “FR1-4” repre 
sent the four framework regions and “CDRH1-3’ represent 
the three hyperVariable regions of an anti-VEGF antibody 
variable heavy domain. FR1-4 may be derived from a 
“consensus Sequence” (i.e. the most common amino acids of 
a class, Subclass or Subgroup of heavy or light chains of 
human immunoglobulins) as in the examples below or may 
be derived from an individual human antibody framework 
region or from a combination of different framework region 
Sequences. Many human antibody framework region 
Sequences are compiled in Kabat et al., Supra, for example. 
In one preferred embodiment, the variable heavy FR is 
provided by a consensus Sequence of a human immunoglo 
bulin Subgroup as compiled by Kabat et al., Supra. Prefer 
ably, the human immunoglobulin Subgroup is human heavy 
chains subgroup III (e.g. as in SEQ ID NO:11). 
0073. The human variable heavy FR sequence preferably 
has Substitutions therein, e.g. wherein the human FR residue 
is replaced by a corresponding nonhuman residue (by “cor 
responding nonhuman residue' is meant the nonhuman 
residue with the same Kabat positional numbering as the 
human residue of interest when the human and nonhuman 
Sequences are aligned), but replacement with the nonhuman 
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residue is not necessary. For example, a replacement FR 
residue other than the corresponding nonhuman residue may 
be selected by phage display (see Example 2 below). Exem 
plary variable heavy FR residues which may be substituted 
include any one or more of FR residue numbers: 37H, 49H, 
67H, 69H, 71 H, 73H, 75H, 76H, 78H,94H (Kabat residue 
numbering employed here). Preferably at least two, or at 
least three, or at least four of these residues are Substituted. 
A particularly preferred combination of FR substitutions is: 
49H, 69H, 71 H, 73H, 76H, 78H, and 94H. 

0074. With respect to the heavy chain hyperVariable 
regions, these preferably have amino acid Sequences as 
follows: 

0075). CDRH1 

0076), GYXXXX,YGXN (SEQ ID NO:117), 
wherein X is D, T or E, but preferably is D or T, X 
is F, W, or Y, but preferably is F: X is T, Q, G or S, but 
preferably is T, X is H or N; and X is M or 1, but 
preferably is M. 

0.077 CDRH2 

0078 WINTXTGEPTYAADFKR (SEQ ID NO:118), 
wherein X is Y or W, but preferably is Y. 

0079) CDRH3 

0080) YPXYXXXXHWYFDV (SEQ ID 
NO:119), wherein X is H or Y; X is Y. R. K., I, T, E, 
or W, but preferably is Y; X is G, N, A, D, Q, E, T, K, 
or S, but preferably is G., X is S, T, K, Q, N, R, A, E, 
or G, but preferably is S or T, and X is S or G, but 
preferably is S. 

0081. The heavy chain variable domain optionally com 
prises what has been designated “CDR7” herein within (i.e. 
forming part of) FR3 (see FIGS. 9B and 10B), wherein 
CDR7 may have the following amino acid sequence: 

0082) CDR7 

0083) XSXDXXXXTX, (SEQ ID NO:120), 
wherein X is F, I, V, L, or A, but preferably is F: X is 
A, L, V, or I, but preferably is L., X is T, V or K, but 
preferably is T, X is S or W, but preferably is S, Xs is 
S, or K, but preferably is K; X is N, or S, but preferably 
is S; and X, is V, A., L or I, but preferably is A. 

0084. The antibodies of the preferred embodiment herein 
have a light chain variable domain comprising an amino acid 
sequence represented by the formula: FR1-CDRL1-FR2 
CDRL2-FR3-CDRL3-FR4, wherein “FR1-4” represent the 
four framework regions and “CDRL1-3’ represent the three 
hyperVariable regions of an anti-VEGF antibody variable 
heavy domain. FR1-4 may be derived from a “consensus 
Sequence” (i.e. the most common amino acids of a class, 
Subclass or Subgroup of heavy or light chains of human 
immunoglobulins) as in the examples below or may be 
derived from an individual human antibody framework 
region or from a combination of different framework region 
Sequences. In one preferred embodiment, the variable light 
FR is provided by a consensus Sequence of a human immu 
noglobulin Subgroup as compiled by Kabat et al., Supra. 
Preferably, the human immunoglobulin Subgroup is human 
kappa light chains subgroup I (e.g. as in SEQ ID NO:12). 
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0085. The human variable light FR sequence preferably 
has Substitutions therein, e.g. wherein the human FR residue 
is replaced by a corresponding mouse residue, but replace 
ment with the nonhuman residue is not necessary. For 
example, a replacement residue other than the corresponding 
nonhuman residue may be selected by phage display (See 
Example 2 below). Exemplary variable light FR residues 
which may be substituted include any one or more of FR 
residue numbers: 4L, 4.6L and 71 L (Kabat residue number 
ing employed here). Preferably only 4.6L is substituted. In 
another embodiment, both 4L and 4.6L are Substituted. 
0086) With respect to the CDRs, these preferably have 
amino acid Sequences as follows: 
0087 CDRL1 
0088 XAXXXX SNYLN (SEQ ID NO:121), 
wherein X is R or S, but preferably is S; Xis S or N, 
but preferably is S; X is Q or E, but preferably is Q; 
X is Q or D, but preferably is D; and X is I or L, but 
preferably is I. 

0089) CDRL2 
0090 FTSSLHS (SEQ ID NO:122). 

0091 CDRL3 
0092) QQYSXXPWT (SEQ ID NO:123), wherein 
X, is T, A or N, but preferably is T, and X is V or T, but 
preferably is V. 

0093 Preferred humanized anti-VEGF antibodies are 
those having the heavy and/or light variable domain 
Sequences of F(ab)-12 in Example 1 and variants thereof 
such as affinity matured forms including variants Y0317, 
Y0313-1 and Y0238-3 in Example 3, with Y0317 being the 
preferred variant. Methods for generating humanized anti 
VEGF antibodies of interest herein are elaborated in more 
detail below. 

0094 A. Antibody Preparation 
0.095 Methods for humanizing nonhuman VEGF anti 
bodies and generating variants of anti-VEGF antibodies are 
described in the examples below. In order to humanize an 
anti-VEGF antibody, the nonhuman antibody starting mate 
rial is prepared. Where a variant is to be generated, the 
parent antibody is prepared. Exemplary techniques for gen 
erating Such nonhuman antibody Starting material and parent 
antibodies will be described in the following sections. 
0096) (I) Antigen Preparation 
0097. The VEGF antigen to be used for production of 
antibodies may be, e.g., intact VEGF or a fragment of VEGF 
(e.g. a VEGF fragment comprising “epitope A4.6.1”). Other 
forms of VEGF useful for generating antibodies will be 
apparent to those skilled in the art. The VEGF antigen used 
to generate the antibody, is preferably human VEGF, e.g. as 
described in Leung et al., Science 246:1306 (1989), and 
Houck et al., Mol. Endocrin. 5:1806 (1991). 
0098 (ii) Polyclonal Antibodies 
0099 Polyclonal antibodies are preferably raised in ani 
mals by multiple Subcutaneous (Sc) or intraperitoneal (ip) 
injections of the relevant antigen and an adjuvant. It may be 
useful to conjugate the relevant antigen to a protein that is 
immunogenic in the Species to be immunized, e.g., keyhole 
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limpet hemocyanin, Serum albumin, bovine thyroglobulin, 
or Soybean trypsin inhibitor using a bifunctional or deriva 
tizing agent, for example, maleimidobenzoyl SulfoSuccin 
imide ester (conjugation through cysteine residues), N-hy 
droxySuccinimide (through lysine residues), glutaraldehyde, 
succinic anhydride, SOCl, or RN=C=NR, where R and 
R" are different alkyl groups. 
0100 Animals are immunized against the antigen, immu 
nogenic conjugates, or derivatives by combining, e.g., 100 
Aug or 5 lug of the protein or conjugate (for rabbits or mice, 
respectively) with 3 volumes of Freund's complete adjuvant 
and injecting the Solution intradermally at multiple sites. 
One month later the animals are boosted with /S to /10 the 
original amount of peptide or conjugate in Freund's com 
plete adjuvant by Subcutaneous injection at multiple sites. 
Seven to 14 days later the animals are bled and the serum is 
assayed for antibody titer. Animals are boosted until the titer 
plateaus. Preferably, the animal is boosted with the conju 
gate of the same antigen, but conjugated to a different 
protein and/or through a different cross-linking reagent. 
Conjugates also can be made in recombinant cell culture as 
protein fusions. Also, aggregating agents. Such as alum are 
Suitably used to enhance the immune response. 

0101 (iii) Monoclonal Antibodies 
0102 Monoclonal antibodies may be made using the 
hybridoma method first described by Kohler et al., Nature, 
256:495 (1975), or may be made by recombinant DNA 
methods (U.S. Pat. No. 4,816,567). 
0103) In the hybridoma method, a mouse or other appro 
priate host animal, Such as a hamster or macaque monkey, is 
immunized as hereinabove described to elicit lymphocytes 
that produce or are capable of producing antibodies that will 
Specifically bind to the protein used for immunization. 
Alternatively, lymphocytes may be immunized in vitro. 
Lymphocytes then are fused with myeloma cells using a 
Suitable fusing agent, Such as polyethylene glycol, to form a 
hybridoma cell (Goding, Monoclonal Antibodies: Principles 
and Practice, pp.59-103 (Academic Press, 1986)). 
0104. The hybridoma cells thus prepared are seeded and 
grown in a Suitable culture medium that preferably contains 
one or more substances that inhibit the growth or Survival of 
the unfused, parental myeloma cells. For example, if the 
parental myeloma cells lack the enzyme hypoxanthine gua 
nine phosphoribosyl transferase (HGPRT or HPRT), the 
culture medium for the hybridomas typically will include 
hypoxanthine, aminopterin, and thymidine (HAT medium), 
which substances prevent the growth of HGPRT-deficient 
cells. 

0105 Preferred myeloma cells are those that fuse effi 
ciently, Support stable high-level production of antibody by 
the Selected antibody-producing cells, and are Sensitive to a 
medium Such as HAT medium. Among these, preferred 
myeloma cell lines are murine myeloma lines, Such as those 
derived from MOP-21 and M.C.-11 mouse tumors available 
from the Salk Institute Cell Distribution Center, San Diego, 
Calif. USA, and SP-2 or X63-Ag8-653 cells available from 
the American Type Culture Collection, Rockville, Md. USA. 
Human myeloma and mouse-human heteromyeloma cell 
lines also have been described for the production of human 
monoclonal antibodies (Kozbor, J. Immunol., 
133:3001(1984); Brodeur et al., Monoclonal Antibody Pro 
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duction Techniques and Applications, pp. 51-63 (Marcel 
Dekker, Inc., New York, 1987)). 
0106 Culture medium in which hybridoma cells are 
growing is assayed for production of monoclonal antibodies 
directed against the antigen. Preferably, the binding Speci 
ficity of monoclonal antibodies produced by hybridoma cells 
is determined by immunoprecipitation or by an in Vitro 
binding assay, Such as radioimmunoassay (RIA) or enzyme 
linked immunoabsorbent assay (ELISA). 
0107 The binding affinity of the monoclonal antibody 
can, for example, be determined by the Scatchard analysis of 
Munson et al., Anal. Biochem., 107:220 (1980). 
0108. After hybridoma cells are identified that produce 
antibodies of the desired specificity, affinity, and/or activity, 
the clones may be Subcloned by limiting dilution procedures 
and grown by Standard methods (Goding, Monoclonal Anti 
bodies. Principles and Practice, pp.59-103 (Academic 
Press, 1986)). Suitable culture media for this purpose 
include, for example, D-MEM or RPMI-1640 medium. In 
addition, the hybridoma cells may be grown in Vivo as 
ascites tumors in an animal. 

0109 The monoclonal antibodies secreted by the Sub 
clones are Suitably Separated from the culture medium, 
ascites fluid, or Serum by conventional immunoglobulin 
purification procedures Such as, for example, protein 
A-Sepharose, hydroxylapatite chromatography, gel electro 
phoresis, dialysis, or affinity chromatography. 

0110 DNA encoding the monoclonal antibodies is 
readily isolated and Sequenced using conventional proce 
dures (e.g., by using oligonucleotide probes that are capable 
of binding specifically to genes encoding the heavy and light 
chains of the monoclonal antibodies). The hybridoma cells 
serve as a preferred source of such DNA. Once isolated, the 
DNA may be placed into expression vectors, which are then 
transfected into host cells Such as E. coli cells, simian COS 
cells, Chinese hamster ovary (CHO) cells, or myeloma cells 
that do not otherwise produce immunoglobulin protein, to 
obtain the Synthesis of monoclonal antibodies in the recom 
binant host cells. Recombinant production of antibodies will 
be described in more detail below. 

0111 (iv) Humanization and Amino Acid Sequence Vari 
antS 

0112 Examples 1-2 below describe procedures for 
humanization of an anti-VEGF antibody. In certain embodi 
ments, it may be desirable to generate amino acid Sequence 
variants of these humanized antibodies, particularly where 
these improve the binding affinity or other biological prop 
erties of the humanized antibody. Example 3 describes 
methodologies for generating amino acid Sequence variants 
of an anti-VEGF antibody with enhanced affinity relative to 
the parent antibody. 

0113 Amino acid sequence variants of the anti-VEGF 
antibody are prepared by introducing appropriate nucleotide 
changes into the anti-VEGF antibody DNA, or by peptide 
Synthesis. Such variants include, for example, deletions 
from, and/or insertions into and/or Substitutions of, residues 
within the amino acid sequences of the anti-VEGF antibod 
ies of the examples herein. Any combination of deletion, 
insertion, and Substitution is made to arrive at the final 
construct, provided that the final construct possesses the 
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desired characteristics. The amino acid changes also may 
alter post-translational processes of the humanized or variant 
anti-VEGF antibody, Such as changing the number or posi 
tion of glycosylation sites. 

0114. A useful method for identification of certain resi 
dues or regions of the anti-VEGF antibody that are preferred 
locations for mutagenesis is called "alanine Scanning 
mutagenesis,” as described by Cunningham and Wells Sci 
ence, 244:1081-1085 (1989). Here, a residue or group of 
target residues are identified (e.g., charged residues Such as 
arg, asp, his, lys, and glu) and replaced by a neutral or 
negatively charged amino acid (most preferably alanine or 
polyalanine) to affect the interaction of the amino acids with 
VEGF antigen. Those amino acid locations demonstrating 
functional sensitivity to the substitutions then are refined by 
introducing further or other variants at, or for, the Sites of 
Substitution. Thus, while the Site for introducing an amino 
acid Sequence variation is predetermined, the nature of the 
mutation per Se need not be predetermined. For example, to 
analyze the performance of a mutation at a given Site, ala 
Scanning or random mutagenesis is conducted at the target 
codon or region and the expressed anti-VEGF antibody 
variants are Screened for the desired activity. Alanine Scan 
ning mutagenesis is described in Example 3. 

0115 Amino acid Sequence insertions include amino 
and/or carboxyl-terminal fusions ranging in length from one 
residue to polypeptides containing a hundred or more resi 
dues, as well as intrasequence insertions of Single or mul 
tiple amino acid residues. Examples of terminal insertions 
include an anti-VEGF antibody with an N-terminal methio 
nyl residue or the antibody fused to an epitope tag. Other 
insertional variants of the anti-VEGF antibody molecule 
include the fusion to the N- or C-terminus of the anti-VEGF 
antibody of an enzyme or a polypeptide which increases the 
serum half-life of the antibody (see below). 
0116. Another type of variant is an amino acid substitu 
tion variant. These variants have at least one amino acid 
residue in the anti-VEGF antibody molecule removed and a 
different residue inserted in its place. The Sites of greatest 
interest for Substitutional mutagenesis include the hyperVari 
able regions, but FR alterations are also contemplated. 
Conservative Substitutions are shown in Table 1 under the 
heading of “preferred substitutions”. If such substitutions 
result in a change in biological activity, then more Substan 
tial changes, denominated “exemplary Substitutions' in 
Table 1, or as further described below in reference to amino 
acid classes, may be introduced and the products Screened. 

TABLE 1. 

Original Exemplary Preferred 
Residue Substitutions Substitutions 

Ala (A) val; leu; ile val 
Arg (R) lys; gln; asn lys 
Asn (N) gln; his; asp, lys: gln 

arg 
Asp (D) glu; asn glu 
Cys (C) ser; ala Se 
Gln (Q) asn; glu aS 
Glu (E) asp; gln. asp 
Gly (G) ala ala 
His (H) asn; gln; lys; arg arg 
Ile (I) leu; val; met; ala; leu 

phe; norleucine 



US 2002/0032315 A1 

TABLE 1-continued 

Original Exemplary Preferred 
Residue Substitutions Substitutions 

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

Lys (K) arg; gln; asn arg 
Met (M) leu; phe; ille leu 
Phe (F) leu; val; ille; ala; tyr tyr 
Pro (P) ala ala 
Ser (S) thr thr 
Thr (T) Se Se 
Trp (W) tyr; phe tyr 
Tyr (Y) trp; phe; thr; ser phe 
Val (V) ille; leu; met; phe; leu 

ala; norleucine 

0117 Substantial modifications in the biological proper 
ties of the antibody are accomplished by Selecting Substitu 
tions 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 confor 
mation, (b) the charge or hydrophobicity of the molecule at 
the target site, or (c) the bulk of the side chain. Naturally 
occurring residues are divided into groups based on common 
Side-chain properties: 

0118 (1) hydrophobic: norleucine, met, ala, val, leu, 
ille; 

0119 (2) neutral hydrophilic: cys, ser, thr; 
0120 (3) acidic: asp, glu; 
0121 (4) basic: asn, gin, his, lys, arg; 
0122) (5) residues that influence chain orientation: 
gly, pro; and 

0123 (6) aromatic: trp, tyr, phe. 
0.124 Non-conservative substitutions will entail 
eXchanging a member of one of these classes for another 
class. 

0.125. Any cysteine residue not involved in maintaining 
the proper conformation of the humanized or variant anti 
VEGF antibody also may be substituted, generally with 
Serine, to improve the oxidative Stability of the molecule and 
prevent aberrant crosslinking. Conversely, cysteine bond(s) 
may be added to the antibody to improve its stability 
(particularly where the antibody is an antibody fragment 
Such as an Fv fragment). 
0126. A particularly preferred type of substitutional vari 
ant involves Substituting one or more hyperVariable region 
residues of a parent antibody (e.g. a humanized or human 
antibody). Generally, the resulting variant(s) Selected for 
further development will have improved biological proper 
ties relative to the parent antibody from which they are 
generated. A convenient way for generating Such Substitu 
tional variants is affinity maturation using phage display (See 
Example 3 herein). Briefly, several hypervariable region 
Sites (e.g. 6-7 Sites) are mutated to generate all possible 
amino Substitutions at each Site. The antibody variants thus 
generated are displayed in a monovalent fashion from fila 
mentous phage particles as fusions to the gene III product of 
M13 packaged within each particle. The phage-displayed 
variants are then Screened for their biological activity (e.g. 
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binding affinity) as herein disclosed. In order to identify 
candidate. hyperVariable region Sites for modification, ala 
nine Scanning mutagenesis (see Example 3) can be per 
formed to identified hyperVariable region residues contrib 
uting Significantly to antigen binding. Alternatively, or in 
addition, it may be beneficial to analyze a crystal Structure 
of the antigen-antibody complex to identify contact points 
between the antibody and human VEGF. Such contact 
residues and neighboring residues are candidates for Substi 
tution according to the techniques elaborated herein. Once 
Such variants are generated, the panel of variants is Subjected 
to Screening as described herein and antibodies with Superior 
properties in one or more relevant assays may be selected for 
further development. 

0127. Another type of amino acid variant of the antibody 
alters the original glycosylation pattern of the antibody. By 
altering is meant deleting one or more carbohydrate moieties 
found in the antibody, and/or adding one or more glycosy 
lation Sites that are not present in the antibody. 
0128 Glycosylation of antibodies is typically either 
N-linked or O-linked. N-linked refers to the attachment of 
the carbohydrate moiety to the Side 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 attach 
ment of the carbohydrate moiety to the asparagine Side 
chain. Thus, the presence of either of these tripeptide 
Sequences in a polypeptide creates a potential glycosylation 
Site. O-linked glycosylation refers to the attachment of one 
of the SugarS N-aceylgalactosamine, galactose, or Xylose to 
a hydroxyamino acid, most commonly Serine or threonine, 
although 5-hydroxyproline or 5-hydroxylysine may also be 
used. 

0129. Addition of glycosylation sites to the antibody is 
conveniently accomplished by altering the amino acid 
Sequence Such that it contains one or more of the above 
described tripeptide sequences (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). 
0.130 Nucleic acid molecules encoding amino acid 
Sequence variants of the anti-VEGF antibody are prepared 
by a variety of methods known in the art. These methods 
include, but are not limited to, isolation from a natural 
Source (in the case of naturally occurring amino acid 
Sequence variants) or preparation by oligonucleotide-medi 
ated (or site-directed) mutagenesis, PCR mutagenesis, and 
cassette mutagenesis of an earlier prepared variant or a 
non-variant version of the anti-VEGF antibody. 

0131 (v) Human Antibodies 
0.132. As an alternative to humanization, human antibod 
ies can be generated. For example, it is now possible to 
produce transgenic animals (e.g., mice) that are capable, 
upon immunization, of producing a full repertoire of human 
antibodies in the absence of endogenous immunoglobulin 
production. For example, it has been described that the 
homozygous deletion of the antibody heavy-chain joining 
region (J) gene in chimeric and germ-line mutant mice 
results in complete inhibition of endogenous antibody pro 
duction. Transfer of the human germ-line immunoglobulin 
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gene array in Such germ-line mutant mice will result in the 
production of human antibodies upon antigen challenge. 
See, e.g., Jakobovits et al., Proc. Natl. Acad. Sci. USA, 
90:2551 (1993); Jakobovits et al., Nature, 362:255-258 
(1993); Bruggermann et al., Year in Immuno., 7:33 (1993); 
and U.S. Pat. Nos. 5,591,669, 5,589,369 and 5,545,807. 
Human antibodies can also be derived from phage-display 
libraries (Hoogenboom et al., J. Mol. Biol., 227:381 (1991); 
Marks et al., J. Mol. Biol., 222:581-597 (1991); and U.S. 
Pat. Nos. 5,565,332 and 5,573,905). As discussed above, 
human antibodies may also be generated by in Vitro acti 
vated B cells (see U.S. Pat. Nos. 5,567,610 and 5,229,275) 
0133 (vi) Antibody Fragments 

0134. In certain embodiments, the humanized or variant 
anti-VEGF antibody is an antibody fragment. Various tech 
niques have been developed for the production of antibody 
fragments. Traditionally, these fragments were derived via 
proteolytic digestion of intact antibodies (see, e.g., 
Morimoto et al., Journal of Biochemical and Biophysical 
Methods 24:107-117 (1992) and Brennan et al., Science 
229:81 (1985)). However, these fragments can now be 
produced directly by recombinant host cells. For example, 
Fab'-SH fragments can be directly recovered from E. coli 
and chemically coupled to form F(ab')2 fragments (Carter et 
al., Bio/Technology 10:163-167 (1992)). In another embodi 
ment, the F(ab') is formed using the leucine zipper GCN4 
to promote assembly of the F(ab') molecule. According to 
another approach, Fv, Fab or F(ab')2 fragments can be 
isolated directly from recombinant host cell culture. Other 
techniques for the production of antibody fragments will be 
apparent to the skilled practitioner. 

0135 (vii) Multispecific Antibodies 
0136. In some embodiments, it may be desirable to 
generate multispecific (e.g. bispecific) humanized or variant 
anti-VEGF antibodies having binding specificities for at 
least two different epitopes. Exemplary bispecific antibodies 
may bind to two different epitopes of the VEGF protein. 
Alternatively, an anti-VEGF arm may be combined with an 
arm which binds to a triggering molecule on a leukocyte 
such as a T-cell receptor molecule (e.g., CD2 or CD3), or Fc 
receptors for IgG (FcyR), such as FcyRI (CD64), FcyRII 
(CD32) and FcyRIII (CD16) so as to focus cellular defense 
mechanisms to the VEGF-expressing cell. Bispecific anti 
bodies may also be used to localize cytotoxic agents to cells 
which express VEGF. These antibodies possess an VEGF 
binding arm and an arm which binds the cytotoxic agent 
(e.g., Saporin, anti-interferon-C., Vinca alkaloid, ricin A 
chain, methotrexate or radioactive isotope hapten). Bispe 
cific antibodies can be prepared as full length antibodies or 
antibody fragments (e.g., F(ab')2 bispecific antibodies). 
According to another approach for making bispecific anti 
bodies, the interface between a pair of antibody molecules 
can be engineered to maximize the percentage of het 
erodimers which are recovered from recombinant cell cul 
ture. The preferred interface comprises at least a part of the 
C3 domain of an antibody constant domain. In this method, 
one or more Small amino acid Side chains from the interface 
of the first antibody molecule are replaced with larger side 
chains (e.g., tyrosine or tryptophan). Compensatory "cavi 
ties of identical or similar size to the large side chain(s) are 
created on the interface of the Second antibody molecule by 
replacing large amino acid Side chains with Smaller ones 
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(e.g., alanine or threonine). This provides a mechanism for 
increasing the yield of the heterodimer over other unwanted 
end-products such as homodimers. See WO96/2701 1 pub 
lished Sep. 6, 1996. 
0.137 Bispecific antibodies include cross-linked or “het 
eroconjugate' antibodies. For example, one of the antibodies 
in the heteroconjugate can be coupled to avidin, the other to 
biotin. Heteroconjugate antibodies may be made using any 
convenient croSS-linking methods. Suitable croSS-linking 
agents are well known in the art, and are disclosed in U.S. 
Pat. No. 4,676,980, along with a number of cross-linking 
techniques. 
0.138 Techniques for generating bispecific antibodies 
from antibody fragments have also been described in the 
literature. For example, bispecific antibodies can be pre 
pared using chemical linkage. Brennan et al., Science 229:81 
(1985) describe a procedure wherein intact antibodies are 
proteolytically cleaved to generate F(ab') fragments. These 
fragments are reduced in the presence of the dithiol com 
plexing agent Sodium arsenite to Stabilize vicinal dithiols 
and prevent intermolecular disulfide formation. The Fab' 
fragments generated are then converted to thionitrobenzoate 
(TNB) derivatives. One of the Fab'-TNB derivatives is then 
reconverted to the Fab'-thiol by reduction with mercaptoet 
hylamine and is mixed with an equimolar amount of the 
other Fab'-TNB derivative to form the bispecific antibody. 
The bispecific antibodies produced can be used as agents for 
the selective immobilization of enzymes. In yet a further 
embodiment, Fab'-SH fragments directly recovered from E. 
coli can be chemically coupled in vitro to form bispecific 
antibodies. Shalaby et al., J. Exp. Med. 175:217-225 (1992). 
0.139 Various techniques for making and isolating bispe 
cific antibody fragments directly from recombinant cell 
culture have also been described. For example, bispecific 
antibodies have been produced using leucine Zippers. KOS 
telny et al., J. Immunol. 148(5):1547-1553 (1992). The 
leucine Zipper peptides from the Fos and Jun proteins were 
linked to the Fab" portions of two different antibodies by 
gene fusion. The antibody homodimers were reduced at the 
hinge region to form monomers and then re-oxidized to form 
the antibody heterodimers. This method can also be utilized 
for the production of antibody homodimers. The “diabody” 
technology described by Hollinger et al., Proc. Natl. Acad. 
Sci. USA 90:6444-6448 (1993) has provided an alternative 
mechanism for making bispecific antibody fragments. The 
fragments comprise a heavy-chain variable domain (V) 
connected to a light-chain variable domain (V) by a linker 
which is too short to allow pairing between the two domains 
on the same chain. Accordingly, the V and V. domains of 
one fragment are forced to pair with the complementary V 
and V domains of another fragment, thereby forming two 
antigen-binding sites. Another Strategy for making bispecific 
antibody fragments by the use of single-chain Fv (sEv) 
dimerS has also been reported. See Gruber et al., J. Immunol. 
152:5368 (1994). Alternatively, the bispecific antibody may 
be a "linear antibody produced as described in Zapata et al. 
Protein Eng. 8(10): 1057-1062 (1995). 
0140 Antibodies with more than two valencies are con 
templated. For example, trispecific antibodies can be pre 
pared. Tutt et. al., J. Immunol. 147:60 (1991). 
0141 (viii) Other Modifications 
0142. Other modifications of the humanized or variant 
anti-VEGF antibody are contemplated. For example, it may 
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be desirable to modify the antibody of the invention with 
respect to effector function, So as to enhance the effective 
neSS of the antibody in treating cancer, for example. For 
example cysteine residue(s) may be introduced in the Fc 
region, thereby allowing interchain disulfide bond formation 
in this region. The homodimeric antibody thus generated 
may have improved internalization capability and/or 
increased complement-mediated cell killing and antibody 
dependent cellular cytotoxicity (ADCC). See Caron et al., J. 
Exp Med. 176:1191-1195 (1992) and Shopes, B.J. Immunol 
148:2918-2922 (1992). Homodimeric antibodies with 
enhanced anti-tumor activity may also be prepared using 
heterobifunctional cross-linkers as described in Wolff et al., 
Cancer Research 53:2560-2565 (1993). Alternatively, an 
antibody can be engineered which has dual Fc regions and 
may thereby have enhanced complement lysis and ADCC 
capabilities. See Stevenson et al., Anti-Cancer Drug Design 
3:219-230 (1989). 
0143. The invention also pertains to immunoconjugates 
comprising the antibody described herein conjugated to a 
cytotoxic agent Such as a chemotherapeutic agent, toxin 
(e.g., an enzymatically active toxin of bacterial, fungal, plant 
or animal origin, or fragments thereof), or a radioactive 
isotope (i.e., a radioconjugate). 
0144 Chemotherapeutic agents useful in the generation 
of Such immunoconjugates have been described above. 
Enzymatically active toxins and fragments thereof which 
can be used include diphtheria A chain, nonbinding active 
fragments of diphtheria toxin, eXotoxin A chain (from 
Pseudomonas aeruginosa), ricin A chain, abrin A chain, 
modeccin A chain, alpha-Sarcin, AleuriteS fordii proteins, 
dianthin proteins, Phytolaca americana proteins (PAPI, 
PAPII, and PAP-S), momordica charantia inhibitor, curcin, 
crotin, Sapaonaria officinalis inhibitor, gelonin, mitogellin, 
restrictocin, phenomycin, enomycin and the tricothecenes. A 
variety of radionuclides are available for the production of 
radioconjugated anti-VEGF antibodies. Examples include 
212Bi, 131I, 131In, 90Y and 186Re. 
0145 Conjugates of the antibody and cytotoxic agent are 
made using a variety of bifunctional protein coupling agents 
Such as N-Succinimidyl-3-(2-pyridyldithiol) propionate 
(SPDP), iminothiolane (IT), bifunctional derivatives of imi 
doesters (such as dimethyl adipimidate HCL), active esters 
(Such as disuccinimidyl Suberate), aldehydes (such as glu 
tareldehyde), bis-azido compounds (Such as bis (p-azido 
benzoyl) hexanediamine), bis-diazonium derivatives (Such 
as bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocyan 
ates (such as tolyene 2,6-diisocyanate), and bis-active fluo 
rine compounds (such as 1,5-difluoro-2,4-dinitrobenzene). 
For example, a ricin immunotoxin can be prepared as 
described in Vitetta et al., Science 238:1098 (1987). Carbon 
14-labeled 1-isothiocyanatobenzyl-3-methyldiethylene tri 
aminepentaacetic acid (MX-DTPA) is an exemplary chelat 
ing agent for conjugation of radionucleotide to the antibody. 
See WO94/11026. 

0146 In another embodiment, the antibody may be con 
jugated to a “receptor’ (Such Streptavidin) for utilization in 
tumor pretargeting wherein the antibody-receptor conjugate 
is administered to the patient, followed by removal of 
unbound conjugate from the circulation using a clearing 
agent and then administration of a “ligand” (e.g., avidin) 
which is conjugated to a cytotoxic agent (e.g., a radionu 
clide). 
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0147 The anti-VEGF antibodies disclosed herein may 
also be formulated as immunolipoSomeS. Liposomes con 
taining the antibody are prepared by methods known in the 
art, such as described in Epstein et al., Proc. Natl. Acad. Sci. 
USA 82:3688 (1985); Hwang et al., Proc. Natl Acad. Sci. 
USA 77:4030 (1980); and U.S. Pat. Nos. 4,485,045 and 
4,544.545. Liposomes with enhanced circulation time are 
disclosed in U.S. Pat. No. 5,013,556. 
0.148 Particularly useful liposomes can be generated by 
the reverse phase evaporation method with a lipid compo 
Sition comprising phosphatidylcholine, cholesterol and 
PEG-derivatized phosphatidylethanolamine (PEG-PE). 
Liposomes are extruded through filters of defined pore size 
to yield liposomes with the desired diameter. Fab' fragments 
of the antibody of the present invention can be conjugated to 
the liposomes as described in Martin et al., J. Biol. Chem. 
257:286-288 (1982) via a disulfide interchange reaction. A 
chemotherapeutic agent (Such as Doxorubicin) is optionally 
contained within the liposome. See Gabizon et al., J. 
National Cancer Inst.81 (19): 1484 (1989). 
014.9 The antibody of the present invention may also be 
used in ADEPT by conjugating the antibody to a prodrug 
activating enzyme which converts a prodrug (e.g., a peptidyl 
chemotherapeutic agent, see WO81/01145) to an active 
anti-cancer drug. See, for example, WO 88/07378 and U.S. 
Pat. No. 4,975,278. 
0150. The enzyme component of the immunoconjugate 
useful for ADEPT includes any enzyme capable of acting on 
a prodrug in Such a way So as to covert it into its more active, 
cytotoxic form. 
0151. Enzymes that are useful in the method of this 
invention include, but are not limited to, alkaline phos 
phatase useful for converting phosphate-containing pro 
drugs into free drugs, arylsulfatase useful for converting 
Sulfate-containing prodrugs into free drugs, cytosine deami 
nase useful for converting non-toxic 5-fluorocytosine into 
the anti-cancer drug, 5-fluorouracil; proteases, Such as Ser 
ratia protease, thermolysin, Subtilisin, carboxypeptidases 
and cathepsins (Such as cathepsins B and L), that are useful 
for converting peptide-containing prodrugs into free drugs, 
D-alanylcarboxypeptidases, useful for converting prodrugs 
that contain D-amino acid Substituents, carbohydrate-cleav 
ing enzymes Such as B-galactosidase and neuraminidase 
useful for converting glycosylated prodrugs into free drugs, 
B-lactamase useful for converting drugs derivatized with 
B-lactams into free drugs, and penicillin amidases, Such as 
penicillin V amidase or penicillin G amidase, useful for 
converting drugs derivatized at their amine nitrogens with 
phenoxyacetyl or phenylacetyl groups, respectively, into 
free drugs. Alternatively, antibodies with enzymatic activity, 
also known in the art as “abzymes', can be used to convert 
the prodrugs of the invention into free active drugs (see, e.g., 
Massey, Nature 328:457-458 (1987)). Antibody-abzyme 
conjugates can be prepared as described herein for delivery 
of the abzyme to a tumor cell population. 
0152 The enzymes of this invention can be covalently 
bound to the anti-VEGF antibodies by techniques well 
known in the art such as the use of the heterobifunctional 
crosslinking reagents discussed above. Alternatively, fusion 
proteins comprising at least the antigen binding region of an 
antibody of the invention linked to at least a functionally 
active portion of an enzyme of the invention can be con 
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Structed using recombinant DNA techniques well known in 
the art (see, e.g., Neuberger et al., Nature 312:604-608 
(1984)). 
0153. In certain embodiments of the invention, it may be 
desirable to use an antibody fragment, rather than an intact 
antibody, to increase tumor penetration, for example. In this 
case, it may be desirable to modify the antibody fragment in 
order to increase its serum half life. This may be achieved, 
for example, by incorporation of a Salvage receptor binding 
epitope into the antibody fragment (e.g., by mutation of the 
appropriate region in the antibody fragment or by incorpo 
rating the epitope into a peptide tag that is then fused to the 
antibody fragment at either end or in the middle, e.g., by 
DNA or peptide synthesis). See WO96/32478 published Oct. 
17, 1996. 
0154) The salvage receptor binding epitope generally 
constitutes a region wherein any one or more amino acid 
residues from one or two loops of a Fc domain are trans 
ferred to an analogous position of the antibody fragment. 
Even more preferably, three or more residues from one or 
two loops of the Fc domain are transferred. Still more 
preferred, the epitope is taken from the CH2 domain of the 
Fc region (e.g., of an IgG) and transferred to the CH1, CH3, 
or V region, or more than one Such region, of the antibody. 
Alternatively, the epitope is taken from the CH2 domain of 
the Fc region and transferred to the C region or V region, 
or both, of the antibody fragment. 
O155 In one most preferred embodiment, the salvage 
receptor binding epitope comprises the Sequence: PKNS 
SMISNTP (SEQ ID NO:17), and optionally further com 
prises a Sequence Selected from the group consisting of 
HQSLGTQ (SEQ ID NO:18), HQNLSDGK (SEQ ID 
NO:19), HQNISDGK (SEQ ID NO:20), or VISSHLGQ 
(SEQ ID NO:21), particularly where the antibody fragment 
is a Fab or F(ab'). In another most preferred embodiment, 
the Salvage receptor binding epitope is a polypeptide con 
taining the sequence(s): HQNLSDGK (SEQ ID NO:19), 
HQNISDGK (SEQ ID NO:20), or VISSHLGQ (SEQ ID 
NO:21) and the sequence: PKNSSMISNTP (SEQ ID 
NO:17). 
0156 Covalent modifications of the humanized or variant 
anti-VEGF antibody are also included within the scope of 
this invention. They may be made by chemical Synthesis or 
by enzymatic or chemical cleavage of the antibody, if 
applicable. Other types of covalent modifications of the 
antibody are introduced into the molecule by reacting tar 
geted amino acid residues of the antibody with an organic 
derivatizing agent that is capable of reacting with Selected 
Side chains or the N- or C-terminal residues. Exemplary 
covalent modifications of polypeptides are described in U.S. 
Pat. No. 5,534,615, specifically incorporated herein by ref 
erence. A preferred type of covalent modification of the 
antibody comprises linking the antibody to one of a variety 
of nonproteinaceous polymers, e.g., polyethylene glycol, 
polypropylene glycol, or polyoxyalkylenes, in the manner 
set forth in U.S. Pat. Nos. 4,640,835; 4,496,689; 4,301,144; 
4,670,417; 4,791,192 or 4,179,337. 
0157 B. Vectors, Host Cells and Recombinant Methods 
0158. The invention also provides isolated nucleic acid 
encoding the humanized or variant anti-VEGF antibody, 
vectors and host cells comprising the nucleic acid, and 
recombinant techniques for the production of the antibody. 
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0159 For recombinant production of the antibody, the 
nucleic acid encoding it may be isolated and inserted into a 
replicable vector for further cloning (amplification of the 
DNA) or for expression. In another embodiment, the anti 
body may be produced by homologous recombination, e.g. 
as described in U.S. Pat. No. 5,204.244, specifically incor 
porated herein by reference. DNA encoding the monoclonal 
antibody is readily isolated and Sequenced using conven 
tional procedures (e.g., by using oligonucleotide probes that 
are capable of binding Specifically to genes encoding the 
heavy and light chains of the antibody). Many vectors are 
available. The vector components generally include, but are 
not limited to, one or more of the following: a signal 
Sequence, an origin of replication, one or more marker 
genes, an enhancer element, a promoter, and a transcription 
termination Sequence, e.g., as described in U.S. Pat. No. 
5,534,615 issued Jul. 9, 1996 and specifically incorporated 
herein by reference. 
0160 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 eubacteria, Such as Gram-negative 
or Gram-positive organisms, for example, Enterobacteri 
aceae Such as Escherichia, e.g., E. coli, Enterobacter, 
Erwinia, Klebsiella, Proteus, Salmonella, e.g., Salmonella 
typhimurium, Serratia, e.g., Serratia marceScans, and Shi 
gella, as well as Bacilli such as B. Subtilis and B. licheni 
formis (e.g., B. licheniformis 41 P disclosed in DD 266,710 
published Apr. 12, 1989), Pseudomonas such as P. aerugi 
nosa, 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 31537), and E. coli W3110 
(ATCC 27.325) are suitable. These examples are illustrative 
rather than limiting. 
0.161 In addition to prokaryotes, eukaryotic microbes 
Such as filamentous fungi or yeast are Suitable cloning or 
expression hosts for anti-VEGF antibody-encoding vectors. 
Saccharomyces cerevisiae, or common baker's yeast, is the 
most commonly used among lower eukaryotic host micro 
organisms. However, a number of other genera, Species, and 
Strains 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. drosophilarum (ATCC 36,906), K. ther 
motolerans, and K. marxianus; yarrowia (EP 402.226); 
Pichia pastoris (EP 183,070); Candida; Trichoderma reesia 
(EP244,234); Neurospora crassa, Schwanniomyces such as 
Schwanniomyces Occidentalis, and filamentous fungi Such 
as, e.g., NeuroSpora, Penicillium, Tolypocladium, and 
Aspergillus hosts Such as A. nidulans and A. niger. 
0162 Suitable host cells for the expression of glycosy 
lated anti-VEGF antibody are derived from multicellular 
organisms. Examples of invertebrate cells include plant and 
insect cells. Numerous baculoviral Strains and variants and 
corresponding permissive insect host cells from hosts Such 
as Spodoptera frugiperda (caterpillar), Aedes aegypti (mos 
quito), Aedes albOpictus (mosquito), Drosophila melano 
gaster (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 Bombyx mori NPV, and such viruses may be 
used as the virus herein according to the present invention, 
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particularly for transfection of Spodoptera frugiperda cells. 
Plant cell cultures of cotton, corn, potato, Soybean, petunia, 
tomato, and tobacco can also be utilized as hosts. 

0163. However, interest has been greatest in vertebrate 
cells, and propagation of vertebrate cells in culture (tissue 
culture) has become a routine procedure. Examples of useful 
mammalian host cell lines are monkey kidney CV1 line 
transformed by SV40 (COS-7, ATCC CRL 1651); human 
embryonic kidney line (293 or 293 cells subcloned for 
growth in Suspension culture, Graham et al., J. Gen Virol. 
36:59 (1977)); baby hamster kidney cells (BHK, ATCCCCL 
10); Chinese hamster ovary cells/-DHFR (CHO, Urlaub et 
al., Proc. Natl. Acad. Sci. USA 77:4216 (1980)); mouse 
sertoli cells (TM4, Mather, Biol. Reprod. 23:243-251 
(1980)); monkey kidney cells (CVIATCCCCL70); African 
green monkey kidney cells (VERO-76, ATCC CRL-1587); 
human cervical carcinoma cells (HELA, ATCC CCL 2); 
canine kidney cells (MDCK, ATCC CCL 34); buffalo rat 
liver cells (BRL 3A, ATCC CRL 1442); human lung cells 
(W138, ATCC CCL 75); human liver cells (Hep G2, HB 
8065); mouse mammary tumor (MMT 060562, ATCC 
CCL51); TRI cells (Mather et al., Annals N.Y. Acad. Sci. 
383:44-68 (1982)); MRC 5 cells; FS4 cells; and a human 
hepatoma line (Hep G2). 

0164. Host cells are transformed with the above-de 
scribed expression or cloning vectors for anti-VEGF anti 
body production and cultured in conventional nutrient media 
modified as appropriate for inducing promoters, Selecting 
transformants, or amplifying the genes encoding the desired 
Sequences. 

0165. The host cells used to produce the anti-VEGF 
antibody of this invention may be cultured in a variety of 
media. Commercially available media such as Ham's F10 
(Sigma), Minimal Essential Medium (MEM), (Sigma), 
RPMI-1640 (Sigma), and Dulbecco's Modified Eagle's 
Medium (DMEM), Sigma) are suitable for culturing the 
host cells. In addition, any of the media described in Ham et 
al., Meth. Enz. 58:44 (1979), Barnes et al., Anal. Bio 
chem. 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 
87/00195; or U.S. Pat. Re. 30,985 may be used as culture 
media for the host cells. Any of these media may be 
Supplemented as necessary with hormones and/or other 
growth factors (Such as insulin, transferrin, or epidermal 
growth factor), Salts (Such as Sodium chloride, calcium, 
magnesium, and phosphate), buffers (Such as HEPES), 
nucleotides (Such as adenosine and thymidine), antibiotics 
(such as GENTAMYCINTM drug), trace elements (defined as 
inorganic compounds usually present at final concentrations 
in the micromolar range), and glucose or an equivalent 
energy Source. Any other necessary Supplements may also 
be included at appropriate concentrations that would be 
known to those skilled in the 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. 

0166 When using recombinant techniques, the antibody 
can be produced intracellularly, in the periplasmic Space, or 
directly secreted into the medium. If the antibody is pro 
duced intracellularly, as a first Step, the particulate debris, 
either host cells or lysed fragments, is removed, for example, 
by centrifugation or ultrafiltration. Carter et al., Bio/Tech 
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nology 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 
(PMSF) over about 30 min. Cell debris can be removed by 
centrifugation. Where the antibody is secreted into the 
medium, Supernatants from Such expression Systems are 
generally first concentrated using a commercially 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. 
0.167 The antibody composition prepared from the cells 
can be purified using, for example, hydroxylapatite chroma 
tography, gel electrophoresis, dialysis, and affinity chroma 
tography, with affinity chromatography being the preferred 
purification technique. The Suitability of protein A as an 
affinity ligand depends on the Species and isotype of any 
immunoglobulin Fc domain that is present in the antibody. 
Protein A can be used to purify antibodies that are based on 
human y1, y2, or Y4 heavy chains (Lindmark et al., J. 
Immunol. Meth. 62:1-13 (1983)). Protein G is recommended 
for all mouse isotypes and for human Y3 (Guss et al., EMBO 
J. 5:15671575 (1986)). The matrix to which the affinity 
ligand is attached is most often agarose, but other matrices 
are available. Mechanically stable matrices Such as con 
trolled pore glass or poly(styrenedivinyl)benzene allow for 
faster flow rates and Shorter processing times than can be 
achieved with agarose. Where the antibody comprises a C3 
domain, the Bakerbond ABXTM resin (J. T. Baker, Phillips 
burg, N.J.) is useful for purification. Other techniques for 
protein purification Such as fractionation on an ion-exchange 
column, ethanol precipitation, Reverse Phase HPLC, chro 
matography on Silica, chromatography on heparin 
SEPHAROSETM chromatography on an anion or cation 
exchange resin (Such as a polyaspartic acid column), chro 
matofocusing, SDS-PAGE, and ammonium Sulfate precipi 
tation are also available depending on the antibody to be 
recovered. 

0168 Following any preliminary purification step(s), the 
mixture comprising the antibody of interest and contami 
nants 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 concentra 
tions (e.g., from about 0-0.25M salt). 
0169 C. Pharmaceutical Formulations 
0170 Therapeutic formulations of the antibody are pre 
pared for Storage by mixing the antibody having the desired 
degree of purity with optional physiologically acceptable 
carriers, excipients or stabilizers (Remington's Pharmaceu 
tical Sciences 16th edition, Osol, A. Ed. (1980)), in the form 
of lyophilized formulations or aqueous Solutions. Accept 
able carriers, excipients, or Stabilizers are nontoxic to recipi 
ents at the dosages and concentrations employed, and 
include bufferS Such as phosphate, citrate, and other organic 
acids, antioxidants including ascorbic acid and methionine; 
preservatives (such as octadecyldimethylbenzyl ammonium 
chloride; hexamethonium chloride; benzalkonium chloride, 
benzethonium chloride; phenol, butyl or benzyl alcohol; 
alkyl parabens Such as methyl or propyl paraben; catechol; 
resorcinol, cyclohexanol, 3-pentanol; and m-cresol); low 
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molecular weight (less than about 10 residues) polypeptides; 
proteins, Such as Serum albumin, gelatin, or immunoglobu 
lins, hydrophilic polymerS Such as polyvinylpyrrolidone; 
amino acids Such as glycine, glutamine, asparagine, histi 
dine, arginine, or lysine, monosaccharides, disaccharides, 
and other carbohydrates including glucose, mannose, or 
dextrins, chelating agents Such as EDTA, SugarS Such as 
Sucrose, mannitol, trehalose or Sorbitol, Salt-forming 
counter-ions Such as Sodium; metal complexes (e.g., Zn 
protein complexes); and/or non-ionic Surfactants Such as 
TWEENTM, PLURONICSTM or polyethylene glycol (PEG). 
0171 The formulation herein may also contain more than 
one active compound as necessary for the particular indica 
tion being treated, preferably those with complementary 
activities that do not adversely affect each other (see Section 
F below). Such molecules are suitably present in combina 
tion in amounts that are effective for the purpose intended. 
0172 The active ingredients may also be entrapped in 
microcapsule prepared, for example, by coacervation tech 
niqueS or by interfacial polymerization, for example, 
hydroxymethylcellulose or gelatin-microcapsule and poly 
(methylmethacylate) microcapsule, respectively, in colloidal 
drug delivery Systems (for example, liposomes, albumin 
microSpheres, microemulsions, nano-particles and nanocap 
Sules) or in macroemulsions. Such techniques are disclosed 
in Remington's Pharmaceutical Sciences 16th edition, Osol, 
A. Ed. (1980). 
0173 The formulations to be used for in vivo adminis 
tration must be sterile. This is readily accomplished by 
filtration through sterile filtration membranes. 
0.174 Sustained-release preparations may be prepared. 
Suitable examples of Sustained-release preparations include 
Semipermeable matrices of Solid hydrophobic polymers con 
taining the antibody, which matrices are in the form of 
shaped articles, e.g., films, or microcapsule. Examples of 
Sustained-release matrices include polyesters, hydrogels (for 
example, poly(2-hydroxyethyl-methacrylate), or poly(Viny 
lalcohol)), polylactides (U.S. Pat. No. 3,773.919), copoly 
mers of L-glutamic acid and Y ethyl-L-glutamate, non 
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-glycolic acid enable release of mol 
ecules 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. Rational Strategies can be devised for 
Stabilization depending on the mechanism involved. For 
example, if the aggregation mechanism is discovered to be 
intermolecular S-S bond formation through thio-disulfide 
interchange, Stabilization may be achieved by modifying 
Sulfhydryl residues, lyophilizing from acidic Solutions, con 
trolling moisture content, using appropriate additives, and 
developing Specific polymer matrix compositions. 

0175 D. Non-therapeutic Uses for the Antibody 

0176) The antibodies of the invention may be used as 
affinity purification agents. In this process, the antibodies are 
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immobilized on a Solid phase Such a SephadeX resin or filter 
paper, using methods well known in the art. The immobi 
lized antibody is contacted with a Sample containing the 
VEGF protein (or fragment thereof) to be purified, and 
thereafter the Support is washed with a suitable solvent that 
will remove substantially all the material in the sample 
except the VEGF protein, which is bound to the immobilized 
antibody. Finally, the Support is washed with another Suit 
able solvent, such as glycine buffer, pH 5.0, that will release 
the VEGF protein from the antibody. 
0177 Anti-VEGF antibodies may also be useful in diag 
nostic assays for VEGF protein, e.g., detecting its expression 
in Specific cells, tissues, or Serum. Such diagnostic methods 
may be useful in cancer diagnosis. 
0.178 For diagnostic applications, the antibody typically 
will be labeled with a detectable moiety. Numerous labels 
are available which can be generally grouped into the 
following categories: 

0179 (a) Radioisotopes, such as S, 'C, I, H, 
and ''I. The antibody can be labeled with the 
radioisotope using the techniques described in Cur 
rent Protocols in Immunology, Volumes 1 and 2, 
Coligen et al., Ed. Wiley-Interscience, New York, 
New York, Pubs. (1991) for example and radioac 
tivity can be measured using Scintillation counting. 

0180 (b) Fluorescent labels such as rare earth che 
lates (europium chelates) or fluorescein and its 
derivatives, rhodamine and its derivatives, dansyl, 
Lissamine, phycoerythrin and Texas Red are avail 
able. The fluorescent labels can be conjugated to the 
antibody using the techniques disclosed in Current 
Protocols in Immunology, Supra, for example. Fluo 
rescence can be quantified using a fluorimeter. 

0181 (c) Various enzyme-substrate labels are avail 
able and U.S. Pat. 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 spec 
trophotometrically. Alternatively, the enzyme may 
alter the fluorescence or chemiluminescence of the 
Substrate. Techniques for quantifying a change in 
fluorescence are described above. The chemilumi 
neScent Substrate becomes electronically excited by 
a chemical reaction and may then emit light which 
can be measured (using a chemiluminometer, for 
example) or donates energy to a fluorescent acceptor. 
Examples of enzymatic labels include luciferases 
(e.g., firefly luciferase and bacterial luciferase; U.S. 
Pat. No. 4.737,456), luciferin, 2,3-dihydrophthala 
Zinediones, malate dehydrogenase, urease, peroxi 
dase such as horseradish peroxidase (HRPO), alka 
line phosphatase, f-galactosidase, glucoamylase, 
lysozyme, Saccharide oxidases (e.g., glucose oxi 
dase, galactose oxidase, and glucose-6-phosphate 
dehydrogenase), heterocyclic oxidases (such as 
uricase and Xanthine oxidase), lactoperoxidase, 
microperoxidase, and the like. Techniques for con 
jugating enzymes to antibodies are described in 
O'Sullivan et al., Methods for the Preparation of 
Enzyme-Antibody Conjugates for use in Enzyme 



US 2002/0032315 A1 

Immunoassay, in Methods in Enzym. (ed J. Langone 
& H. Van Vunakis), Academic press, New York, 
73:147-166 (1981). 

0182) Examples of 
include, for example: 

0183 (i) Horseradish peroxidase (HRPO) with 
hydrogen peroxidase as a Substrate, wherein the 
hydrogen peroxidase oxidizes a dye precursor (e.g., 
orthophenylene diamine (OPD) or 3,3',5,5'-tetram 
ethyl benzidine hydrochloride (TMB)); 

0184 (ii) alkaline phosphatase (AP) with para-Ni 
trophenyl phosphate as chromogenic Substrate; and 

0185 (iii) B-D-galactosidase (B-D-Gal) with a chro 
mogenic Substrate (e.g., p-nitrophenyl-3-D-galac 
tosidase) or fluorogenic Substrate 4-methylumbel 
liferyl-B-D-galactosidase. 

enzyme-Substrate combinations 

0186 Numerous other enzyme-substrate combinations 
are available to those skilled in the art. For a general review 
of these, see U.S. Pat. Nos. 4,275,149 and 4,318,980. 
0187. Sometimes, the label is indirectly conjugated with 
the antibody. The skilled artisan will be aware of various 
techniques for achieving this. For example, the antibody can 
be conjugated with biotin and any of the three broad 
categories of labels mentioned above can be conjugated with 
avidin, or vice versa. Biotin binds selectively to avidin and 
thus, the label can be conjugated with the antibody in this 
indirect manner. Alternatively, to achieve indirect conjuga 
tion of the label with the antibody, the antibody is conju 
gated 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. 

0188 In another embodiment of the invention, the anti 
VEGF antibody need not be labeled, and the presence 
thereof can be detected using a labeled antibody which binds 
to the VEGF antibody. 
0189 The antibodies of the present invention may be 
employed in any known assay method, Such as competitive 
binding assays, direct and indirect Sandwich assays, and 
immunoprecipitation assayS. Zola, Monoclonal Antibodies. 
A Manual of Techniques, pp. 147-158 (CRC Press, Inc. 
1987). 
0.190 Competitive binding assays rely on the ability of a 
labeled Standard to compete with the test Sample analyte for 
binding with a limited amount of antibody. The amount of 
VEGF protein in the test sample is inversely proportional to 
the amount of standard that becomes bound to the antibod 
ies. 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 
analyte that are bound to the antibodies may conveniently be 
Separated from the Standard and analyte which remain 
unbound. 

0191 Sandwich assays involve the use of two antibodies, 
each capable of binding to a different immunogenic portion, 
or epitope, of the protein to be detected. In a Sandwich assay, 
the test sample analyte is bound by a first antibody which is 
immobilized on a Solid Support, and thereafter a Second 
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antibody binds to the analyte, 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. 
0.192 For immunohistochemistry, the tumor sample may 
be fresh or frozen or may be embedded in paraffin and fixed 
with a preservative Such as formalin, for example. 
0193 The antibodies may also be used for in vivo diag 
nostic assayS. Generally, the antibody is labeled with a radio 
nuclide (such as '''In, Tc, “C, I, I, H, Por S) 
So that the tumor can be localized using immunoscintiog 
raphy. 

0194 E. Diagnostic Kits 
0.195 As a matter 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 chro 
mophore or fluorophore). 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 to 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 lyophilized, including 
excipients which on dissolution will provide a reagent 
Solution having the appropriate concentration. 
0196) F. Therapeutic Uses for the Antibody 
0.197 For therapeutic applications, the anti-VEGF anti 
bodies of the invention are administered to a mammal, 
preferably a human, in a pharmaceutically acceptable dos 
age form Such as those discussed above, including those that 
may be administered to a human intravenously as a bolus or 
by continuous infusion over a period of time, by intramus 
cular, intraperitoneal, intra-cerebroSpinal, Subcutaneous, 
intra-articular, intrasynovial, intrathecal, oral, topical, or 
inhalation routes. The antibodies also are Suitably adminis 
tered by intra tumoral, peritumoral, intralesional, or perile 
Sional routes, to exert local as well as Systemic therapeutic 
effects. The intraperitoneal route is expected to be particu 
larly useful, for example, in the treatment of ovarian tumors. 
0198 For the prevention or treatment of disease, the 
appropriate dosage of antibody will depend on the type of 
disease to be treated, as defined above, 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 treatments. 

0199 The anti-VEGF antibodies are useful in the treat 
ment of various neoplastic and non-neoplastic diseases and 
disorders. Neoplasms and related conditions that are ame 
nable to treatment include breast carcinomas, lung carcino 
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mas, gastric carcinomas, esophageal carcinomas, colorectal 
carcinomas, liver carcinomas, ovarian carcinomas, theco 
mas, arrhenoblastomas, cervical carcinomas, endometrial 
carcinoma, endometrial hyperplasia, endometriosis, fibrosa 
rcomas, choriocarcinoma, head and neck cancer, nasopha 
ryngeal carcinoma, laryngeal carcinomas, hepatoblastoma, 
Kaposi's Sarcoma, melanoma, skin carcinomas, heman 
gioma, cavernous hemangioma, hemangioblastoma, pan 
creas carcinomas, retinoblastoma, astrocytoma, glioblas 
toma, Schwannoma, oligodendroglioma, medulloblastoma, 
neuroblastomas, rhabdomyosarcoma, Osteogenic Sarcoma, 
leiomyosarcomas, urinary tract carcinomas, thyroid carci 
nomas, Wilm's tumor, renal cell carcinoma, prostate carci 
noma, abnormal vascular proliferation associated with pha 
komatoses, edema (Such as that associated with brain 
tumors), and Meigs' Syndrome. 
0200) Non-neoplastic conditions that are amenable to 
treatment include rheumatoid arthritis, pSoriasis, atheroscle 
rosis, diabetic and other proliferative retinopathies including 
retinopathy of prematurity, retrolental fibroplasia, neovas 
cular glaucoma, age-related macular degeneration, thyroid 
hyperplasias (including Grave's disease), corneal and other 
tissue transplantation, chronic inflammation, lung inflam 
mation, nephrotic Syndrome, preeclampsia, ascites, pericar 
dial effusion (Such as that associated with pericarditis), and 
pleural effusion. 

0201 Age-related macular degeneration (AMD) is a 
leading cause of Severe visual loSS in the elderly population. 
The exudative form of AMD is characterized by choroidal 
neovascularization and retinal pigment epithelial cell 
detachment. Because choroidal neovascularization is asso 
ciated with a dramatic worsening in prognosis, the VEGF 
antibodys of the present invention are expected to be espe 
cially useful in reducing the severity of AMD. 

0202 Depending on the type and severity of the disease, 
about 1 lug/kg to about 50 mg/kg (e.g., 0.1-20 mg/kg) of 
antibody is an initial candidate dosage for administration to 
the patient, whether, for example, by one or more Separate 
administrations, or by continuous infusion. A typical daily or 
weekly dosage might range from about 1 lug/kg to about 20 
mg/kg or more, depending on the factors mentioned above. 
For repeated administrations over Several days or longer, 
depending on the condition, the treatment is repeated until a 
desired Suppression of disease Symptoms occurs. However, 
other dosage regimens may be useful. The progreSS of this 
therapy is easily monitored by conventional techniques and 
assays, including, for example, radiographic tumor imaging. 

0203 According to another embodiment of the invention, 
the effectiveness of the antibody in preventing or treating 
disease may be improved by administering the antibody 
Serially or in combination with another agent that is effective 
for those purposes, Such as tumor necrosis factor (TNF), an 
antibody capable of inhibiting or neutralizing the angiogenic 
activity of acidic or basic fibroblast growth factor (FGF) or 
hepatocyte growth factor (HGF), an antibody capable of 
inhibiting or neutralizing the coagulant activities of tissue 
factor, protein C, or protein S (see Esmon et al., PCT Patent 
Publication No. WO91/01753, published Feb. 21, 1991), an 
antibody capable of binding to HER2 receptor (see Hudziak 
et al., PCT Patent Publication No. WO 89/06692, published 
Jul. 27, 1989), or one or more conventional therapeutic 
agents Such as, for example, alkylating agents, folic acid 
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antagonists, anti-metabolites of nucleic acid metabolism, 
antibiotics, pyrimidine analogs, 5-fluorouracil, cisplatin, 
purine nucleosides, amines, amino acids, triazol nucleo 
Sides, or corticosteroids. Such other agents may be present 
in the composition being administered or may be adminis 
tered Separately. Also, the antibody is Suitably administered 
Serially or in combination with radiological treatments, 
whether involving irradiation or administration of radioac 
tive Substances. 

0204. In one embodiment, vascularization of tumors is 
attacked in combination therapy. The antibody and one or 
more other anti-VEGF antagonists are administered to 
tumor-bearing patients at therapeutically effective doses as 
determined for example by observing necrosis of the tumor 
or its metastatic foci, if any. This therapy is continued until 
Such time as no further beneficial effect is observed or 
clinical examination shows no trace of the tumor or any 
metastatic foci. Then TNF is administered, alone or in 
combination with an auxiliary agent Such as alpha-, beta-, or 
gamma-interferon, anti-HER2 antibody, heregulin, anti-he 
regulin antibody, D-factor, interleukin-1 (IL-1), interleu 
kin-2 (IL-2), granulocyte-macrophage colony Stimulating 
factor (GM-CSF), or agents that promote microvascular 
coagulation in tumors, Such as anti-protein C antibody, 
anti-protein Santibody, or C4b binding protein (see Esmon 
et al., PCT Patent Publication No. WO 91/01753, published 
Feb. 21, 1991), or heat or radiation. 
0205 Since the auxiliary agents will vary in their effec 
tiveness it is desirable to compare their impact on the tumor 
by matrix Screening in conventional fashion. The adminis 
tration of anti-VEGF antibody and TNF is repeated until the 
desired clinical effect is achieved. Alternatively, the anti 
VEGF antibody is administered together with TNF and, 
optionally, auxiliary agent(s). In instances where Solid 
tumors are found in the limbs or in other locations Suscep 
tible to isolation from the general circulation, the therapeutic 
agents described herein are administered to the isolated 
tumor or organ. In other embodiments, a FGF or platelet 
derived growth factor (PDGF) antagonist, Such as an anti 
FGF or an anti-PDGF neutralizing antibody, is administered 
to the patient in conjunction with the anti-VEGF antibody. 
Treatment with anti-VEGF antibodies optimally may be 
Suspended during periods of wound healing or desirable 
neovascularization. 

0206 G. Articles of Manufacture 
0207. In another embodiment of the invention, an article 
of manufacture containing materials useful for the treatment 
of the disorders described above is provided. The article of 
manufacture comprises a container and a label. Suitable 
containers include, for example, bottles, Vials, Syringes, and 
test tubes. The containers may be formed from a variety of 
materials. Such as glass or plastic. The container holds a 
composition which is effective for treating the condition and 
may have a sterile access port (for example the container 
may be an intravenous Solution bag or a vial having a 
Stopper pierceable by a hypodermic injection needle). The 
active agent in the composition is the anti-VEGF antibody. 
The label on, or associated with, the container indicates that 
the composition is used for treating the condition of choice. 
The article of manufacture may further comprise a Second 
container comprising a pharmaceutically-acceptable buffer, 
Such as phosphate-buffered Saline, Ringer's Solution and 
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dextrose Solution. It may further include other materials 
desirable from a commercial and user Standpoint, including 
other buffers, diluents, filters, needles, Syringes, and package 
inserts with instructions for use. 

EXAMPLE 1. 

0208. This example describes the production of human 
ized anti-VEGF antibodies with desirable properties from a 
therapeutic Standpoint. 

Materials and Methods 

0209) Cloning of Murine A4.6.1 MAb and Construction 
of Mouse-Human Chimeric Fab: 

0210. The murine anti-VEGF mAb A4.6.1 has been pre 
viously described by Kim et al., Growth Factors 7:53 (1992) 
and Kim et al. Nature 362:841 (1993). Total RNA was 
isolated from hybridoma cells producing the anti-VEGF 
Mab A.4.6.1 using RNASol (TEL-TEST) and reverse-tran 
scribed to cDNA using Oligo-dT primer and the SuperScript 
II system (GIBCO BRL, Gaithersburg, Md.). Degenerate 
oligonucleotide primer pools, based of the N-terminal amino 
acid Sequences of the light and heavy chains of the antibody, 
were Synthesized and used as forward primerS. Reverse 
primers were based on framework 4 Sequences obtained 
from murine light chain Subgroup kV and heavy chain 
subgroup II (Kabat et al. Sequences of Proteins of Immuno 
logical Interest 5th ed. Public Health Service, National 
Institutes of Health, Bethesda, Md. (1991)). After poly 
merase chain reaction (PCR) amplification, DNA fragments 
were ligated to a TA cloning vector (Invitrogen, San Diego, 
Calif.). Eight clones each of the light and heavy chains were 
Sequenced. One clone with a consensus Sequence for the 
light chain VL domain and one with a consensus Sequence 
for the heavy chain VH domain were subcloned respectively 
into the peMX1 vector containing the human CL and CH1 
domains (Werther et al. J. Immunol 157:4986-4995 (1996)), 
thus generating a mouse-human chimera. This chimeric 
F(ab) consisted of the entire murine A4.6.1 VH domain 
fused to a human CH1 domain at amino acid SerH113 and 
the entire murine A4.6.1 VL domain fused to a human CL 
domain at amino acid LySL107. Expression and purification 
of the chimeric F(ab) were identical to that of the humanized 
F(ab)s. The chimeric F(ab) was used as the standard in the 
binding assayS. 
0211 Computer Graphics Models of Murine and Human 
ized F(ab): 
0212 Sequences of the VL and VH domains (FIGS. 1A 
and 1B) were used to construct a computer graphics model 
of the murine A4.6.1 VL-VH domains. This model was used 
to determine which framework residues should be incorpo 
rated into the humanized antibody. A model of the human 
ized F(ab) was also constructed to verify correct Selection of 
murine framework residues. Construction of models was 
performed as described previously (Carter et al. Proc. Natl. 
Acad. Sci. USA 89:4285-4289 (1992) and Eigenbrot et al. 
J.Mol. Biol. 229:969-995 (1993)). 
0213 Construction of Humanized F(ab)s: 
0214. The plasmid peMX1 used for mutagenesis and 
expression of F(ab)s in E. coli has been described previously 
(Werther et al., Supra). Briefly, the plasmid contains a DNA 
fragment encoding a consensus human k Subgroup I light 
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chain (VLkI-CL) and a consensus human Subgroup III heavy 
chain (VHIII-CH1) and an alkaline phosphatase promoter. 
The use of the consensus sequences for VL and VH has been 
described previously (Carter et al., Supra). 

0215) To construct the first F(ab) variant of humanized 
A4.6.1, F(ab)-1, Site-directed mutagenesis (Kunkel et al., 
Proc. Natl. Acad. Sci. USA 82:488-492 (1985)) was per 
formed on a deoxyuridine-containing template of peMX1. 
The Six CDRS according to Kabat et al., Supra, were changed 
to the murine A4.6.1 Sequence. F(ab)-1 therefore consisted 
of a complete human framework (VL k subgroup I and VH 
Subgroup III) with the six complete murine CDR sequences. 
Plasmids for all other F(ab) variants were constructed from 
the plasmid template of F(ab)-1. Plasmids were transformed 
into E. coli strain XL-1 Blue (Stratagene, San Diego, Calif.) 
for preparation of double- and single-stranded DNA. For 
each variant, DNA coding for light and heavy chains was 
completely Sequenced using the dideoxynucleotide method 
(Sequenase, U.S. Biochemical Corp., Cleveland, Ohio). 
Plasmids were transformed into E. coli strain 16C9, a 
derivative of MM294, plated onto Luria broth plates con 
taining 50 ug/ml carbenicillin, and a single colony Selected 
for protein expression. The Single colony was grown in 5 ml 
Luria broth-100 mg/ml carbenicillin for 5-8 hat 37° C. The 
5 ml culture was added to 500 ml AP5-50 ug/ml carbenicillin 
and allowed to grow for 20 h in a 4 L baffled shake flask at 
30° C. AP5 media consists of: 1.5 g glucose, 11.0 g Hycase 
SF, 0.6 g yeast extract (certified), 0.19 g MgSO4 (anhy 
drous), 1.07 g. NH4C1, 3.73 g KCl, 1.2 g NaCl, 120 ml 1 M 
triethanolamine, pH 7.4, to 1 L water and then Sterile filtered 
through 0.1 mm Sealkeen filter. Cells were harvested by 
centrifugation in a 1 L centrifuge bottle at 3000x g and the 
Supernatant removed. After freezing for 1 h, the pellet was 
resuspended in 25 ml cold 10 mM Tris-1 mM EDTA-20% 
sucrose, pH 8.0. 250 ml of 0.1 M benzamidine (Sigma, St. 
Louis, Mo.) was added to inhibit proteolysis. After gentle 
stirring on ice for 3 h, the sample was centrifuged at 40,000x 
g for 15 min. The Supernatant was then applied to a protein 
G-Sepharose CL-4B (Pharmacia, Uppsala, Sweden) column 
(0.5 ml bed volume) equilibrated with 10 mM Tris-1 mM 
EDTA, pH 7.5. The column was washed with 10 ml of 10 
mM Tris-1 mM EDTA, pH 7.5, and eluted with 3 ml 0.3 M 
glycine, pH 3.0, into 1.25 ml 1 M Tris, pH 8.0. The F(ab) 
was then buffer exchanged into PBS using a Centricon-30 
(Amicon, Beverly, Mass.) and concentrated to a final volume 
of 0.5 ml. SDS-PAGEgels of all F(ab)s were run to ascertain 
purity and the molecular weight of each variant was verified 
by electrospray mass Spectrometry. 

0216 Construction and Expression of Chimeric and 
Humanized IgG: 

0217 For generation of human IgG1 variants of chimeric 
(chIgG1) and humanized (hugG1) A4.6.1, the appropriate 
murine or humanized VL and VH (F(ab)-12, Table 2) 
domains were Subcloned into Separate, previously described, 
pRK vectors (Eaton et al., Biochemistry 25:8343-8347 
(1986)). The DNA coding for the entire light and the entire 
heavy chain of each variant was verified by dideoxynucle 
otide Sequencing. 

0218 For transient expression of variants, heavy and 
light chain plasmids were co-transfected into human 293 
cells (Graham et al., J. Gen. Virol. 36:59-74 (1977)), using 
a high efficiency procedure (Gorman et al., DNA Prot. Eng. 
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Tech. 2:3-10 (1990)). Media was changed to serum-free and 
harvested daily for up to five days. Antibodies were purified 
from the pooled Supernatants using protein A-Sepharose 
CL-4B (Pharmacia). The eluted antibody was buffer 
exchanged into PBS using a Centricon-30 (Amicon), con 
centrated to 0.5 ml, sterile filtered using a Millex-GV 
(Millipore, Bedford, Mass.) and stored at 4 C. 
0219 For stable expression of the final humanized IgG1 
variant (rhuMAb VEGF), Chinese hamster ovary (CHO) 
cells were transfected with dicistronic vectors designed to 
coexpress both heavy and light chains (Lucas et al., Nucleic 
Acid Res. 24:1774-79 (1996)). Plasmids were introduced 
into DP12 cells, a proprietary derivative of the CHO-K1 
DUX B11 cell line developed by L. Chasin (Columbia 
University), via lipofection and selected for growth in GHT 
free medium (Chisholm, V. High efficiency gene transfer in 
mammalian cells. In: Glover, D M, Hames, B. D. DNA 
Cloning 4. Mammalian Systems. Oxford Univ. Press, Oxford 
pp. 1-41 (1996)). Approximately 20 unamplified clones were 
randomly chosen and reseeded into 96 well plates. Relative 
Specific productivity of each colony was monitored using an 
ELISA to quantitate the full length human IgG accumulated 
in each well after 3 days and a fluorescent dye, Calcien AM, 
as a Surrogate marker of viable cell number per well. Based 
on these data, Several unamplified clones were chosen for 
further amplification in the presence of increasing concen 
trations of methotrexate. Individual clones Surviving at 10, 
50, and 100 nM methotrexate were chosen and transferred to 
96 well plates for productivity screening. One clone, which 
reproducibly exhibited high specific productivity, was 
expanded in T-flaskS and used to inoculate a spinner culture. 
After Several passages, the Suspension-adapted cells were 
used to inoculate production cultures in GHT-containing, 
Serum-free media Supplemented with various hormones and 
protein hydrolysates. Harvested cell culture fluid containing 
rhuMAb VEGF was purified using protein A-Sepharose 
CL-4B. The purity after this step was ~99% . Subsequent 
purification to homogeneity was carried out using an ion 
eXchange chromatography Step. The endotoxin content of 
the final purified antibody was <0.10 eu/mg. 

0220) F(ab) and IgG Quantitation: 
0221 For quantitating F(ab) molecules, ELISA plates 
were coated with 2 ug/ml goat anti-human IgG Fab (Orga 
non Teknika, Durham, N.C.) in 50 mM carbonate buffer, pH 
9.6, at 4 C. overnight and blocked with PBS-0.5% bovine 
Serum albumin (blocking buffer) at room temperature for 1 
h. Standards (0.78-50 ng/ml human F(ab)) were purchased 
from Chemicon (Temecula, Calif.). Serial dilutions of 
samples in PBS-0.5% bovine serum albumin-0.05% 
polysorbate 20 (assay buffer) were incubated on the plates 
for 2 h. Bound F(ab) was detected using horseradish per 
oxidase-labeled goat anti-human IgG F(ab) (Organon 
Teknika), followed by 3,3',5,5'-tetramethylbenzidine 
(Kirkegaard & Perry Laboratories, Gaithersburg, Md.) as the 
substrate. Plates were washed between steps. Absorbance 
was read at 450 nm on a Vmax plate reader (Molecular 
Devices, Menlo Park, Calif.). The standard curve was fit 
using a four-parameter nonlinear regression curve-fitting 
program. Data points which fell in the range of the Standard 
curve were used for calculating the F(ab) concentrations of 
Samples. The concentration of full-length antibody was 
determined using goat anti-human IgG Fc (Cappel, 
Westchester, Pa.) for capture and horseradish peroxidase 
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labeled goat anti-human Fc (Cappel) for detection. Human 
IgG1 (Chemicon) was used as Standard. 
0222 VEGF Binding Assay: 
0223 For measuring the VEGF binding activity of 
F(ab)s, ELISA plates were coated with 2 tug/ml rabbit F(ab') 
to human IgGFc (Jackson ImmunoResearch, West Grove, 
Pa.) and blocked with blocking buffer (described above). 
Diluted conditioned medium containing 3 ng/ml of KDR 
IgG (Parket al., J. Biol. Chem. 269:25646-25645 (1994)) in 
blocking buffer were incubated on the plate for 1 h. Stan 
dards (6.9-440 ng/ml chimeric F(ab)) and two-fold serial of 
samples were incubated with 2 nM biotinylated VEGF for 1 
h in tubes. The Solutions from the tubes were then trans 
ferred to the ELISA plates and incubated for 1 h. After 
washing, biotinylated VEGF bound to KDR was detected 
using horseradish peroxidase-labeled Streptavidin (Zymed, 
South San Francisco, Calif. or Sigma, St. Louis, Mo.) 
followed by 3,3',5,5'-tetramethylbenzidine as the Substrate. 
Titration curves were fit with a four-parameter nonlinear 
regression curve-fitting program (KaleidaGraph, Synergy 
Software, Reading Pa.). Concentrations of F(ab) variants 
corresponding to the midpoint absorbance of the titration 
curve of the standard were calculated and then divided by 
the concentration of the Standard corresponding to the 
midpoint absorbance of the Standard titration curve. ASSayS 
for full-length IgG were the same as for the F(ab)s except 
that the assay buffer contained 10% human serum. 
0224 BIAcore TM Biosensor Assay: 
0225 VEGF binding of the humanized and chimeric 
F(ab)s were compared using a BIAcore TM biosensor (Karls 
son et al. Methods: A Comparison to Methods in Enzymol 
ogy 6:97-108 (1994)). Concentrations of F(ab)s were deter 
mined by quantitative amino acid analysis. VEGF was 
coupled to a CM-5 biosensor chip through primary amine 
groups according to manufacturer's instructions (Pharma 
cia). Off-rate kinetics were measured by Saturating the chip 
with F(ab) (35ul of 2 uM F(ab) at a flow rate of 20 ul/min) 
and then switching to buffer (PBS-0.05% polysorbate 20). 
Data points from 0-4500 sec were used for off-rate kinetic 
analysis. The dissociation rate constant (k) was obtained 
from the slope of the plot of ln(RO/R) versus time, where R0 
is the Signal at t=0 and R is the Signal at each time point. 
0226 On-rate kinetics were measured using two-fold 
serial dilutions of F(ab) (0.0625-2 mM). The slope, K, was 
obtained from the plot of ln(-dR/dt) versus time for each 
F(ab) concentration using the BIAcore TM kinetics evaluation 
Software as described in the Pharmacia Biosensor manual. R 
is the signal at time t. Data between 80 and 168, 148, 128, 
114, 102, and 92 sec were used for 0.0625, 0.125, 0.25, 0.5, 
1, and 2 mM F(ab), respectively. The association rate 
constant (k) was obtained from the slope of the plot of K. 
versus F(ab) concentration. At the end of each cycle, bound 
F(ab) was removed by injecting 5ul of 50 mM HCl at a flow 
rate of 20 ul/min to regenerate the chip. 
0227 Endothelial Cell Growth Assay: 
0228 Bovine adrenal cortex-derived capillary endothe 

lial cells were cultured in the presence of low glucose 
Dulbecco's modified Eagle's medium (DMEM) (GIBCO) 
supplemented with 10% calf serum, 2 mM glutamine, and 
antibiotics (growth medium), essentially as previously 
described (Leung et al. Science 246:1306-1309 (1989)). For 
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mitogenic assays, endothelial cells were Seeded at a density 
of 6x10 cells per well, in 6-well plates in growth medium. 
Either muMAb VEGF A.4.6.1 or rhuMAb VEGF was then 
added at concentrations ranging between 1 and 5000 ng/ml. 
After 2-3 hr, purified E.coli-expressed rhvEGF165 was 
added to a final concentration of 3 ng/ml. For Specificity 
control, each antibody was added to endothelial cells at the 
concentration of 5000 ng/ml, either alone or in the presence 
of 2 ng/ml bFGF. After five or six days, cells were dissoci 
ated by exposure to trypsin and counted in a Coulter counter 
(Coulter Electronics, Hialeah, Fla.). The variation from the 
mean did not exceed 10%. Data were analyzed by a four 
parameter curve fitting program (KaleidaGraph). 
0229) 
0230 Human A673 rhabdomyosarcoma cells (ATCC; 
CRL 1598) were cultured as previously described in 
DMEM/F12 supplemented with 10% fetal bovine serum, 2 
mM glutamine and antibiotics (Kim et al. Nature 362:841 
844 (1993) and Borgström et al. Cancer Res. 56:4032-4039 
(1996)). Female BALB/c nude mice, 6-10 weeks old, were 
injected subcutaneously with 2x10 tumor cells in the dorsal 
area in a volume of 200 ul. Animals were then treated with 
muMAb VEGF A.4.6.1, rhuMAb VEGF or a control MAb 
directed against the gp120 protein (Kim et al. Nature 
362:841-844 (1993)). Both anti-VEGF MAbs were admin 
istered at the doses of 0.5 and 5 mg/kg; the control MAb was 
given at the dose of 5 mg/kg. Each MAb was administered 
twice weekly intra peritoneally in a volume of 100 ul, 
Starting 24 hr after tumor cell inoculation. Each group 
consisted of 10 mice. Tumor size was determined at weekly 
intervals. Four weeks after tumor cell inoculation, animals 
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were euthanized and the tumors were removed and weighed. 
Statistical analysis was performed by ANOVA. 

Results 

0231 Humanization: 
0232 The consensus sequence for the human heavy chain 
Subgroup III and the light chain Subgroup k I were used as 
the framework for the humanization (Kabat et al., Supra) 
(FIGS. 1A and 1B). This framework has been successfully 
used in the humanization of other murine antibodies (Wer 
ther et al., Supra; Carter et al., Supra; Presta et al. J. Immunol. 
151:2623-2632 (1993); and Eigenbrot et al. Proteins 18:49 
62 (1994)). CDR-H1 included residues H26-H35. The other 
CDRS were according to Kabat et al., Supra. All humanized 
variants were initially made and Screened for binding as 
F(ab)s expressed in E. coli. Typical yields from 500 ml 
shake flasks were 0.1-0.4 mg F(ab). 
0233. The chimeric F(ab) was used as the standard in the 
binding assays. In the initial variant, F(ab)-1, the CDR 
residues were transferred from the murine antibody to the 
human framework and, based on the models of the murine 
and humanized F(ab)s, the residue at position H49 (Ala in 
human) was changed to the murine Gly. In addition, F(ab)S 
which consisted of the chimeric heavy chain/F(ab)-1 light 
chain (F(ab)-2) and F(ab)-1 heavy chain/chimeric light chain 
(F(ab)-3) were generated and tested for binding. F(ab)-1 
exhibited a binding affinity greater than 1000-fold reduced 
from the chimeric F(ab) (Table 2). Comparing the binding 
affinities of F(ab)-2 and F(ab)-3 suggested that framework 
residues in the F(ab)-1 VH domain needed to be altered in 
order to increase binding. 

TABLE 2 

Binding of Humanized Anti-VEGF F(ab') Variants to VEGF 

EC50 F(ab)-X 
EC50 chimeric 

Fab) 

Variant Template Changes Purpose Mean S.D. N 

chim- Chimeric 1.O 
F(ab) F(ab) 
F(ab)-1 Human Straight CDR swap >1350 2 

FR AlaFH49Gly 
F(ab)-2 Chimera Light Chain >145 3 

F(ab)-1 Heavy Chain 
F(ab)-3 F(ab)-1 Light Chain 2.6 O1 2 

Chimera Heavy Chain 
F(ab)-4 F(ab)-1 ArgH71 Leu CDR-H2 conformation >295 3 

Asnf3Thr Framework 
F(ab)-5 F(ab)-4 LeuL46Val VL-VH interface 80.9 6.5 2 
F(ab)-6 F(ab)-5 Leu78Ala CDR-H1 conformation 36.4 4.2 2 
F(ab)-7 F(ab)-5 IleH69Phe CDR-H2 conformation 45.2 2.3 2 
F(ab)-8 F(ab)-5 IleH69Phe CDR-H2 conformation 9.6 O.9 4 

Leu78Ala CDR-H1 conformation 
F(ab)-9 F(ab)-8 GlyH49Ala CDR-H2 conformation >150 2 
F(ab)-10 F(ab)-8 Asnf6Ser Framework 6.4 1.2 4 
F(ab)-11 F(ab)-10 LysH75Ala Framework 3.3 0.4 2 
F(ab)-12 F(ab)-10 ArgH94Lys CDR-H3 conformation 1.6 O6 4 

Anti-VEGF F(ab) variants were incubated with biotinylated VEGF and then transferred to 
ELISA plates coated with KDR-IgG (Park et al., supra). 
Murine residues are underlined; residue numbers are according to Kabat et al., Supra. 
Mean and standard deviation are the average of the ratios calculated for each of the indepen 
dent assays; the EC50 for chimeric F(ab) was 0.049 + 0.013 mg/ml (1.0 nM). 
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0234 Changing human residues H71 and H73 to their 
murine counterparts in F(ab)-4 improved binding by 4-fold 
(Table 2). Inspection of the models of the murine and 
humanized F(ab)S Suggested that residue L46, buried at the 
VL-VH interface and interacting with CDR-H3 (FIG. 2), 
might also play a role either in determining the conformation 
of CDR-H3 and/or affecting the relationship of the VL and 
VH domains. When the murine Val was exchanged for the 
human Leu at L46 (F(ab)-5), the binding affinity increased 
by almost 4-fold (Table 2). Three other buried framework 
residues were evaluated based on the molecular models: 
H49, H69 and H78. Position H69 may affect the conforma 
tion of CDR-H2 while position H78 may affect the confor 
mation of CDR-H1 (FIG. 2). When each was individually 
changed from the human to murine counterpart, the binding 
improved by 2-fold in each case (F(ab)-6 and F(ab)-7, Table 
2). When both were simultaneously changed, the improve 
ment in binding was 8-fold (F(ab)-8, Table 2). Residue H49 
was originally included as the murine Gly, when changed to 
the human consensus counterpart Ala the binding was 
reduced by 15-fold (F(ab)-9, Table 2). 
0235. In F(ab)-10 and F(ab)-11 two residues in frame 
work loop 3, FR-3, were changed to their murine counter 
parts: ASnH76 to murine Ser (F(ab)-10) and Lysh75 to 
murine Ala (F(ab)-11). Both effected a relatively small 
improvement in binding (Table 2). Finally, at position H94 
human and murine Sequences most often have an Arg (Kabat 
et al., Supra). In F(ab)-12, this Arg was replaced by the rare 
Lys found in the murine antibody (FIG. 1A) and this 
resulted in binding which was less than 2-fold from the 
chimeric F(ab) (Table 2). F(ab)-12 was also compared to the 
chimeric F(ab) using the BIAcore TM system (Pharmacia). 
Using this technique the K of the humanized F(ab)-12 was 
2-fold weaker than that of the chimeric F(ab) due to both a 
slower k and faster k. (Table 3). 
0236 Full length mAbs were constructed by fusing the 
VL and VH domains of the chimeric F(ab) and variant 
F(ab)-12 to the constant domains of humank light chain and 
human IgG1 heavy chain. The full length 12-IgG1 (F(ab)-12 
fused to human IgG1) exhibited binding which was 1.7-fold 
weaker than the chimeric IgG1 (Table 4). Both 12-IgG1 and 
the chimeric IgG1 bound slightly less well than the original 
murine mAb A4.6.1 (Table 4). 

TABLE 4 

Binding of Anti-VEGF IgG Variants to VEGF 
IgG1/chigG1 

Variant Mean S.D. N 

chIgG1 1.O 2 
murIgG1 0.759 O.OO1 2 
12-IgG1 1.71 O.O3 2 

Anti-VEGF IgG variants were incubated with biotinylated VEGF and 
then transferred to ELISA plates coated with KDR-IgG (Park et al., 
(1994), supra). 
chIgG1 is chimeric IgG1 with murine VL and VH domains fused to 
human CL and IgG1 heavy chains; the EC50 for chIgG1 was 0.113 + 
0.013 ug/ml (0.75 nM). 
murIgG1 is muMAbVEGF A461 purified from ascites. 
12-IgG1 is F(ab)-12 VL and VH domains fused to human CL and IgG1 
heavy chains. 

0237 Biological Studies: 
0238 rhuMAb VEGF and muMAb VEGF A.4.6.1. were 
compared for their ability to inhibit bovine capillary endot 
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helial cell proliferation in response to a near maximally 
effective concentration of VEGF (3 ng/ml). As illustrated in 
FIG. 3, the two MAbs were essentially equivalent, both in 
potency and efficacy. The ED50 values were respectively 
50+5 ng/ml and 48+8 ng/ml (-0.3 nM). In both cases 90% 
inhibition was achieved at the concentration of 500 ng/ml 
(-3 nM). Neither muMAb VEGF A.4.6.1 nor rhuMAb 
VEGF had any effect on basal or bFGF-stimulated prolif 
eration of capillary endothelial cells, confirming that the 
inhibition is specific for VEGF. 
0239). To determine whether such equivalency applies 
also to an in Vivo System, the two antibodies were compared 
for their ability to suppress the growth of human A673 
rhabdomyosarcoma cells in nude mice. Previous Studies 
have shown that muMAb VEGF A.4.6.1 has a dramatic 
inhibitory effect in this tumor model (Kim et al. Nature 
362:841-844 (1993) and Borgström et al. Cancer Res 
56:4032-4039 (1996)). As shown in FIG. 4, at both doses 
tested (0.5 and 5 mg/kg), the two antibodies markedly 
Suppressed tumor growth as assessed by tumor weight 
measurements four weeks after cell inoculation. The 
decreases in tumor weight compared to the control group 
were respectively 85% and 93% at each dose in the animals 
treated with muMAb VEGFA.4.6.1 versus 90% and 95% in 
those treated with rhuMAb VEGF. Similar results were 
obtained with the breast carcinoma cell line MDA-MB 435. 

EXAMPLE 2 

0240. In this example, the murine anti-VEGF antibody 
A4.6.1 discussed above was humanized by randomizing a 
Small set of framework residues and by monovalent display 
of the resultant library of antibody molecules on the surface 
of filamentous phage in order to identify high affinity 
framework Sequences via affinity-based Selection. 

Materials and Methods 

0241 Construction of Anti-VEGF Phagemid Vector, 
pMB4-19: 

0242. The murine anti-VEGF mAb A4.6.1 is discussed 
above in Example 1. The first Fab variant of humanized 
A4.6.1, hu2.0, was constructed by Site-directed mutagenesis 
using a deoxyuridine-containing template of plasmid pAK2 
(Carter et al. Proc. Natl. Acad. Sci. U.S.A. 89:4285-4289 
(1992)) which codes for a human VKI-CK light chain and 
human VIII-C1 y heavy chain Fd fragment The trans 
planted A4.6.1 CDR Sequences were chosen according to the 
Sequence definition of Kabat et al., Supra, except for CDR 
H1 which included residues 26-35. The Fab encoding 
Sequence was Subcloned into the phagemid vector 
phOHamg3 (Bass et al. Proteins 8:309-314 (1990) and 
Lowman et al. Biochemistry 30:10832-10838 (1991)). This 
construct, pMB4-19, encodes the initial humanized A4.6.1 
Fab, hu2.0, with the C-terminus of the heavy chain fused 
precisely to the carboxyl portion of the M13 gene III coat 
protein. pMB4-19 is similar in construction to pl)H188, a 
previously described plasmid for monovalent display of Fab 
fragments (Garrard et al. Biotechnology 9:1373-1377 
(1991)). Notable differences between pMB4-19 and 
pDH188 include a shorter M13 gene III segment (codons 
249-406) and use of an amber stop codon immediately 
following the antibody heavy chain Fd fragment. This 
permits expression of both Secreted heavy chain or heavy 
chain-gene III fusions in SupB Suppressor Strains of E. coli. 
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0243 Expression and Purification of Humanized A4.6.1 
Fab Fragment: 

0244 E. coli strain 34B8, a nonsuppressor, was trans 
formed with phagemidpMB4-19, or variants thereof. Single 
colonies were grown overnight at 37 C. in 5 mL 2YT 
containing 50 lug/mL carbenicillin. These cultures were 
diluted into 200 mL AP5 medium (Chang et al. Gene 
55:189-196 (1987)) containing 20 tug/mL carbenicillin and 
incubated for 26 hr at 30° C. The cells were pelleted at 
4000x g and frozen at -20° C. for at least 2 h. Cell pellets 
were then resuspended in 5 mL of 10 mM Tris-HCl (pH 7.6) 
containing 1 mM EDTA, shaken at 4 C. for 90 min and 
centrifuged at 10,000x g for 15 min. The Supernatant was 
applied to a 1 mL Streptococcal protein G-Sepharose column 
(Pharmacia) and washed with 10 mL of 10 mM MES (pH 
5.5). The bound Fab fragment was eluted with 2.5 mL 100 
mM acetic acid and immediately neutralized with 0.75 mL 
1 M Tris-HCl, pH 8.0. Fab preparations were buffer-ex 
changed into PBS and concentrated using Centricon-30 
concentrators (Amicon). Typical yields of Fab were ~1 mg/L 
culture, post-protein G purification. Purified Fab Samples 
were characterized by electrospray mass spectrometry, and 
concentrations were determined by amino acid analysis. 

0245 Construction of the Anti-VEGF Fab Phagemid 
Library: 

0246 The humanized A4.6.1 phagemid library was con 
Structed by Site-directed mutagenesis according to the 
method of Kunkel et al. Methods Enzymol. 204:125-139 
(1991)). A derivative of pMB4-19 containing TAA stop 
triplets at V codons 24, 37, 67 and 93 was prepared for use 
as the mutagenesis template (all sequence numbering 
according to Kabat et al., Supra). This modification was to 
prevent Subsequent background contamination by wild type 
Sequences. The codons targeted for randomization were 4 
and 71 (light chain) and 24, 37, 67, 69, 71, 73, 75, 76, 78, 
93 and 94 (heavy chain). 
0247. In order to randomize heavy chain codons 67, 69, 
71, 73, 75, 76, 78, 93 and 94 with a single mutagenic 
oligonucleotide, two 126-mer oligonucleotides were first 
preassembled from 60 and 66-mer fragments by template 
assisted enzymatic ligation. Specifically, 1.5 nmol of 5' 
phosphorylated oligonucleotide 503-1 (5'-GAT TTC AAA 
CGT CGT NYT ACT WTT TCT AGA GAC AAC TCC 
AAAAACACABYTTAC CTG CAGATG MC-3' (SEQID 
NO:22)) or 503-2 (5'-GATTTC AAA CGT CGT NYT ACT 
WTTTCTTTAGACACC TCC GCAAGCACABYT TAC 
CTG CAG ATGAAC-3' (SEQ ID NO:23)) were combined 
with 1.5 nmol of 503-3 (5'-AGC CTG CGC GCT GAG 
GAC ACT GCC GTC TAT TAC TGT DYAARG TAC CCC 

CAC TAT TAT GGG-3' (SEQ ID NO:24)) (randomized 
codons underlined; N=A/G/T/C; W=A/T, B=G/T/C; D=G/ 
A/T; R=A/G; Y=C/T). Then, 1.5 nmol of template oligo 
nucleotide (5'-CTC AGC GCG CAG GCT GTT CAT CTG 
CAG GTA-3' (SEQ ID NO:25)), with complementary 
sequence to the 5' ends of 503-1/2 and the 3' end of 503-3, 
was added to hybridize to each end of the ligation junction. 
Taq ligase (thermostable ligase from New England Biolabs) 
and buffer were added, and the reaction mixture was Sub 
jected to 40 rounds of thermal cycling, (95 C. 1.25 min; 50 
C. for 5 min) So as to cycle the template oligonucleotide 
between ligated and unligated junctions. The product 126 
mer oligonucleotides were purified on a 6% urea/TBE 
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polyacrylamide gel and extracted from the polyacrylamide 
in buffer. The two 126-mer products were combined in equal 
ratio, ethanol precipitated and finally solubilized in 10 mM 
Tris-HCl, 1 mM EDTA. The mixed 126-mer oligonucleotide 
product was labeled 504-01. 

0248 Randomization of select framework codons (V4, 
71; V 24, 37, 67, 69, 71, 73, 75, 76, 93, 94) was effected 
in two steps. Firstly, V randomization was achieved by 
preparing three additional derivatives of the modified 
pMB4-19 template. Framework codons 4 and 71 in the light 
chain were replaced individually or pairwise using the two 
mutagenic oligonucleotides 5'-GCT GAT ATC CAG TTG 
ACC CAGTCCCCG-3' (SEQID NO:26) 5'-and TCTGGG 
ACG GATTAC ACT CTG ACC ATC-3' (SEQ ID NO:27). 
Deoxyuridine-containing template was prepared from each 
of these new derivatives. Together with the original tem 
plate, these four constructs coded for each of the four 
possible light chain framework Sequence combinations 
(Table 5). 
0249 Oligonucleotides 504-1, a mixture of two 126-mer 
oligonucleotides (see above), and 5'-CGT TTG TCC TGT 
GCARYT TCT GGCTATACC TTCACC AACTAT GGT 
ATGAACTGG RTC CGT CAG GCC CCG GGTAAG-3' 
(SEQ ID NO:28) were used to randomize heavy chain 
framework codons using each of the four templates just 
described. The four libraries were electroporated into E. coli 
XL-1 Blue cells (Stratagene) and combined. The total num 
ber of independent transformants was estimated at >1.2x10, 
approximately 1,500-fold greater than the maximum number 
of DNA sequences in the library. 
0250) A variety of systems have been developed for the 
functional display of antibody fragments on the Surface of 
filamentous phage. Winter et al., Ann. Rev. Immunol. 12,433 
(1994). These include the display of Fab or single chain Fv 
(ScFV) fragments as fusions to either the gene III or gene 
VIII coat proteins of M13 bacteriophage. The system 
Selected herein is similar to that described by Garrard et al., 
Biotechn, 9,1373 (1991) in which a Fab fragment is monov 
alently displayed as a gene III fusion (FIG. 7). This system 
has two notable features. In particular, unlike ScFVS, Fab 
fragments have no tendency to form dimeric Species, the 
presence of which can prevent Selection of the tightest 
binders due to avidity effects. Additionally the monovalency 
of the displayed protein eliminates a Second potential Source 
of avidity effects that would otherwise result from the 
presence of multiple copies of a protein on each phagemid 
particle. Bass and Wells, Proteins 8:309 (1990) and Lowman 
et al., Biochemistry 30:10832 (1991). 
0251 Phagemid particles displaying the humanized 
A4.6.1 Fab fragments were propagated in E. coli XL-1 Blue 
cells. Briefly, cells harboring the randomized pMB4-19 
construct were grown overnight at 37 C. in 25 mL 2YT 
medium containing 50ug/mL carbenicillin and approxi 
mately 10" M13KO7 helper phage (Vieira & Messing 
Methods Enzymol. 153:3-11 (1987)). Phagemidstocks were 
purified from culture Supernatants by precipitation with a 
Saline polyethylene glycol Solution, and resuspended in 100 
uL PBS (-10' phagemid/mL) 
0252) Selection of Humanized A4.6.1 Fab Variants: 
0253) Purified VEGF (100 ul at 10 ug/mL in PBS) 
was coated onto a microtiter plate well overnight at 4 C. 
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The coating Solution was discarded and this well, in addition 
to an uncoated well, were blocked with 6% skim milk for 1 
h and washed with PBS containing 0.05% TWEEN 20TM 
(detergent). Then, 10 uL of phagemidstock, diluted to 100 
uL with 20 mM Tris (pH 7.5) containing 0.1% BSA and 
0.05%TWEEN 20TM, was added to each well. After 2 hours 
the wells were washed and the bound phage eluted with 100 
uL of 0.1 M glycine (pH 2.0), and neutralized with 25ull of 
1M Tris pH 8.0. An aliquot of this was used to titer the 
number of phage eluted. The remaining phage eluted from 
the VEGF-coated well were propagated for use in the next 
Selection cycle. A total of 8 rounds of Selection was per 
formed after which time 20 individual clones were selected 
and sequenced (Sanger et al. Proc. Natl. Acad. Sci. U.S.A. 
74:5463-5467 (1977)). 
0254) Determination of VEGF Binding Affinities: 
0255 ASSociation (k) and dissociation (k) rate con 
stants for binding of humanized A4.6.1 Fab variants to 
VEGF, were measured by Surface plasmon resonance 
(Karlsson et al. J. Immun. Methods 145:229-240 (1991)) on 
a Pharmacia BIAcore instrument. VEGF was covalently 
immobilized on the biosensor chip via primary amino 
groupS. Binding of humanized A4.6.1 Fab variants was 
measured by flowing solutions of Fab in PBS/0.05% 
TWEEN 20TM over the chip at a flow rate of 20 u/min. 
Following each binding measurement, residual Fab was 
stripped from the immobilized ligand by washing with 5 till 
of 50 mM aqueous HCl at 3 ul/min. Binding profiles were 
analyzed by nonlinear regression using a simple monovalent 
binding model (BIAevaluation software v2.0; Pharmacia). 

Results 

0256 Construction of Humanized A4.6.1: 
0257 An initial humanized A4.6.1 Fab fragment was 
constructed (hu2.0, FIGS. 5A and 5B), in which the CDRs 
from A4.6.1 were grafted onto a human VKI-VIII frame 
work. All other residues in hu2.0 were maintained as the 
human sequence. Binding of this variant to VEGF was so 
weak as to be undetectable. Based on the relative affinity of 
other weakly-binding humanized A4.6.1 variants, the K for 
binding of hu2.0 was estimated at >7 uM. This contrasts 
with an affinity of 1.6 nM for a chimeric Fab construct 
consisting of the intact V and V domains from murine 
A4.6.1 and human constant domains. Thus binding of hu2.0 
to VEGF was at least 4000-fold reduced relative to the 
chimera. 

0258. Design of Antibody Library: 
0259. The group of framework changes to the human 
framework sequence herein is shown in Table 5 and FIG. 6. 

TABLE 5 

Key Framework Residues Important for Antigen Binding and 
Targeted for Randomization 

Human VKI, Murine 
Framework VIII consensus A4.6.1 
residue residue residue Randomization 

V: 4 Met Met Met, Leu 
71 Phe Tyr Phe, Tyr 

VH: 24 Ala Ala Ala, Val, Thr 
37 Val Val Val, Ile 

24 
Mar. 14, 2002 

TABLE 5-continued 

Key Framework Residues Important for Antigen Binding and 
Targeted for Randomization 

Human VKI, Murine 
Framework VIII consensus A4.6.1 
residue residue residue Randomization 

67 Phe Phe Phe, Val, Thr, Leu, Ile, Ala 
69 Ile Phe Ile, Phe 
71 Arg Leu Arg, Leu 
73 Asp Thr ASPb, Thrb 
75 Lys Ala Lys, Ala 
76 Asn Ser Asn', Ser 
78 Leu Ala Leu, Ala, Val, Phe 
93 Ala Ala Ala, Val, Leu, Ser, Thr 
94 Arg Lys Arg, Lys 

Amino acid diversity in phagemid library 
V71, 73, 75, 76 randomized to yield the all-murine (L71/T73/A75/S76) 

or all-human (R71/D73/K75/N76) VIII tetrad 

0260 A concern in designing the humanized A4.6.1 
phagemid library was that residues targeted for randomiza 
tion were widely distributed across the V and V. 
Sequences. Limitations in the length of Synthetic oligonucle 
otides requires that Simultaneous randomization of each of 
these framework positions can only be achieved through the 
use of multiple oligonucleotides. However, as the total 
number of oligonucleotides increases, the efficiency of 
mutagenesis decreases (i.e. the proportion of mutants 
obtained which incorporate Sequence derived from all of the 
mutagenic oligonucleotides). To circumvent this problem, 
two features were incorporated into the library construction. 
The first was to prepare four different mutagenesis templates 
coding for each of the possible V framework combinations. 
This was simple to do given the limited diversity of the light 
chain framework (only 4 different Sequences), but was 
beneficial in that it eliminated the need for two oligonucle 
otides from the mutagenesis Strategy. Secondly, two 126 
base oligonucleotides were preassembled from Smaller Syn 
thetic fragments. This made possible randomization of V 
codons 67, 69, 71, 73, 75, 76, 93 and 94 with a single long 
oligonucleotide, rather than two Smaller ones. The final 
randomization mutagenesis Strategy therefore employed 
only two oligonucleotides simultaneously onto four different 
templates. 

0261 Selection of Tight Binding Humanized A4.6.1 
Fabs: 

0262 Variants from the humanized A4.6.1 Fab phagemid 
library were selected based on binding to VEGF. Enrichment 
of functional phagemid, as measured by comparing titers for 
phage eluted from a VEGF-coated versus uncoated micro 
titer plate well, increased up to the Seventh round of affinity 
panning. After one additional round of Sorting, 20 clones 
were Sequenced to identify preferred framework residues 
Selected at each position randomized. These results, Sum 
marized in Table 6, revealed Strong consensus amongst the 
clones selected. Ten out of the twenty clones had the 
identical DNA sequence, designated hu2.10. Of the thirteen 
framework positions randomized, eight Substitutions were 
selected in hu2.10 (V71; V37, 71, 73, 75, 76, 78 and 94). 
Interestingly, residues V37 (lie) and 78 (Val) were selected 
neither as the human VIII or murine A4.6.1 Sequence. This 
result Suggests that Some framework positions may benefit 
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from extending the diversity beyond the target human and 
parent murine framework Sequences. 

TABLE 6 

Sequences Selected from the Humanized A4.6.1 Phagemid Fab Library 

Residue substitutions 

- V - - Wi 

Variant 4 71 24 37 67 69 71 73 75 76 78 93 94. 

murine M. Y. A V F F L T A S A. A. K. 
A4.6.1 
hu2.0 M F A V F I R N K. N. L. A. R. 
(CDR 
graft) 

Phage-selected clones: 

hu2.1(2) Y I V K 
hu2.2(2) L. Y I V K 
hu2.6(1) L - - I T - L T A S W - K 
hu2.7(1) L I V K 
hu2.10 - Y - I - - L T A S V - K 

(10) 

Differences between hu2.0 and murine A4.6.1 antibodies are underlined. 
The number of identical clones identifies for each phage-selected sequence 
is indicated in parentheses. Dashes in the sequences of phage-selected 
clones indicate selection of the human VLKI-VIII framework sequence 
(i.e. as in hu2.0). 

0263. There were four other unique amino acid sequences 
among the remaining ten clones analyzed: hu2.1, hu2.2, 
hu2.6 and hu2.7. All of these clones, in addition to hu2.10, 
contained identical framework Substitutions at positions V 
37 (Ile), 78 (Val) and 94 (LyS), but retained the human VIII 
consensus Sequence at positions 24 and 93. Four clones had 
lost the light chain coding sequence and did not bind VEGF 
when tested in a phage ELISA assay (Cunningham et al. 
EMBO J. 13:2508-251 (1994)). Such artifacts can often be 
minimized by reducing the number of Sorting cycles or by 
propagating libraries on Solid media. 
0264. Expression and Binding Affinity of Humanized 
A4.6.1 Variants: 

0265 Phage-selected variants hu2.1, hu2.2, hu2.6, hu2.7 
and hu2.10 were expressed in E. coli using Shake flaskS and 
Fab fragments were purified from periplasmic extracts by 
protein G affinity chromatography. Recovered yields of Fab 
for these five clones ranged from 0.2 (hu2.6) to 1.7 mg/L 
(hu2.1). The affinity of each of these variants for antigen 
(VEGF) was measured by Surface plasmon resonance on a 
BIAcore instrument (Table 7). Analysis of this binding data 
revealed that the consensus clone hu2.10 possessed the 
highest affinity for VEGF out of the five variants tested. 
Thus the Fab phagemid library was selectively enriched for 
the tightest binding clone. The calculated K for hu2.10 was 
55 nM, at least 125-fold tighter than for hu2.0 which 
contains no framework changes (K>7 uM). The other four 
selected variants all exhibited weaker binding to VEGF, 
ranging down to a K of 360 nM for the weakest (hu2.7). 
Interestingly, the K for hu2.6, 67 nM, was only marginally 
weaker than that of hu2. 10 and yet only one copy of this 
clone was found among 20 clones Sequenced. This may have 
due to a lower level of expression and display, as was the 
case when expressing the soluble Fab of this variant. How 
ever, despite the lower expression rate, this variant is useful 
as a humanized antibody. 
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TABLE 7 

VEGF Binding. Aftinity of Humanized A4.6.1 Fab Variants 

kon koff KD K(A4.6.1) 
Variant M-1s-1/10 101s1 nM KD(mut) 

A4.6.1 chimera 5.4 O.85 1.6 >4OOO 
hu2.0 ND ND 7OOO** 

Phage selected clones: 

hu2.1 0.70 18 260 170 
hu2.2 O.47 16 340 210 
hu2.6 O.67 4.5 67 40 
hu2.7 O.67 24 360 230 
hu2.10 O.63 3.5 55 35 
*h2.1OV 2.0 18 9.3 5.8 

*hu2.1OV = hu2.10 with mutation V Leu-> Val 
Estimated errors in the Biacore binding measurements are +/+25%. 
**Too weak to measure; estimate of lower bound 

0266. Additional Improvement of Humanized Variant 
hu2.1: 

0267. Despite the large improvement in antigen affinity 
over the initial humanized variant, binding of hu2.10 to 
VEGF was still 35-fold weaker than a chimeric Fab frag 
ment containing the murine A4.6.1 V and V domains. This 
considerable difference Suggested that further optimization 
of the humanized framework might be possible through 
additional mutations. Of the Vernier residues identified by 
Foote & Winter J. Mol. Biol. 224:487-499 (1992), only 
residues V46, V2 and V 48 differed in the A4.6.1 versus 
human VKI-VIII framework (FIGS.5A and 5B) but were 
not randomized in our phagemid library. A molecular model 
of the humanized A4.6.1 Fv fragment showed that VL46 sits 
at the V-V interface and could influence the conformation 
of CDR-H3. Furthermore, this amino acid is almost always 
leucine in most VK frameworks (Kabat et al., Supra), but is 
valine in A4.6.1. Accordingly, a Leu->Val Substitution was 
made at this position in the background of hu2.10. Analysis 
of binding kinetics for this new variant, hu2.10V, indicated 
a further 6-fold improvement in the K for VEGF binding, 
demonstrating the importance of Valine at position V 46 in 
antibody A4.6.1. The K for hu2.10V (9.3 nM) was thus 
within 6-fold that of the chimera. In contrast to V 46, no 
improvement in the binding affinity of hu2.10 was observed 
for replacement of either V 2 or V 48 with the corre 
sponding residue from murine A4.6.1. 

EXAMPLE 3 

0268. In this example, CDR randomization, affinity 
maturation by monovalent Fab phage display, and cumula 
tive combination of mutations were used to enhance the 
affinity of a humanized anti-VEGF antibody. 

0269 Construction of Humanized Antibody pY1101: 
0270 Phage-displayed antibody vector phMB4-19-1.6 
(see FIGS. 8A-E) was used as a parent. In this construct, 
anti-VEGF is expressed as a Fab fragment with its heavy 
chain fused to the N-terminus of the truncated g3p. Both the 
light and heavy chains are under the control of phoA 
promoter with an upstream St Signal-Sequence for Secretion 
into the periplasm. Point mutations outside the CDR regions 
were made by Site-directed mutagenesis to improve affinity 
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for VEGF with oligonucleotides HL-242, HL-243, HL-245, 
HL-246, HL-254, HL-256, and HL-257 as shown in Table 8 
below: 

TABLE 8 

Oligos for Directed Mutations 

Oligo Substitution/ 
Number Region Comments Sequence 
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mixture of A, G, C, and T while S is an equal mixture of G 
and C) for saturation mutagenesis. VL1 and VH3 were 
chosen as potential candidates for affinity enhancement 

HL-242 W.L M4L 5'-GATATCCAGTTGACCCAGTCCCCG-3' (SEQ ID NO: 29) 

HL-243 WL L46W 5'-GCTCCGAAAGTACTGATTTAC-3 '' (SEQ ID NO:30) 

HIL-245 WH CDR-7 5'-CGTCGTTTCACTTTTTCTGCAGACACCT 

CCAGCAACACAGTATACCTGCAGATG-3 '' (SEQ ID NO:31) 

HL-2 4 6 WH R98K 5'-CTATTACTGTGCAAAGTACCCCCAC-3 '' (SEQ ID NO:32) 

HL-254 WL Y71F 5'-GGGACGGATTTCACTCTGACCATC-3' 

(SEQ ID NO:33) 

HL-256 WH 137W 5'- 
GGTATGAACTGGGTCCGTCAGGCCCC-3' 
(SEQ ID NO:34) 

HL-25 WH CDR-7 5'- 
A72L. CGTCGTTTCACTTTTTCTTTAGACACCT 
S6K CCAAAAGCACAGCATACCTGCAGATGAA 

N77S C-3' (SEQ ID NO:35) 

0271) The resulting variant was termed YO101 (FIGS. 9A 
and 9B). 
0272 Construction of the First Generation of Antibody 
Phage Libraries: 

0273 To prevent contamination by wild-type sequence, 
templates with the TAA Stop codon at the targeted Sites for 
randomization were prepared and used for constructing 
libraries by Site-directed mutagenesis with oligonucleotides 
using the degenerate NNS codon (where N is an equal 

(FIGS. 9A and B). Within the CDRs, two libraries were 
constructed from the pY0101 template. VL1 was mutated 
using stop-template oligonucleotides HL-248 and HL-249 
(Table 9) and library oligonucleotides HL-258 and HL-259 
(Table 10). Similarly, three libraries were constructed for 
VH3 using stop template oligonucleotides HL-250, HL-251, 
and HL-252 (Table 9), and library oligonucleotides HL-260, 
HL-261, and HL-262 (Table 10). Library construction is 
Summarized in Tables 9 and 10 below. 

TABLE 9 

Template Oligos for Mutagenesis 

Oligo Region 
Number Comments Sequence 

HL-248 WL1 

HL-249 WL1 

HL-250 WH3 

HL-251 WH3 

HL-252 WH3 

HL-263 WH1 

HL-264 WH2 

YC-80 WH3 

YC-100 CDR 

YC-102 WH2 

5'-GGGTCACCATCACCTGCTAAGCATAATAATAATAAAGCAACTATTTAAACTGG-3 '' (SEQ ID NO:36) 

5'-GCGCAAGTCAGGATATTTAATAATAATAATAATGGTATCAACAGAAACCAGG-3 '' (SEQ ID NO:37) 

5'-GTCTATTACTGTGCAAAGTAATAACACTAATAAGGGAGCAGCCACTGG-3 '' (SEQ ID NO:38) 

5'-GGTACCCCCACTATTATTAATAATAATAATGGTATTTCGACGTCTGGGG-3 '' (SEQ ID NO:39) 

5'-CACTATTATGGGAGCAGCCACTAATAATAATAAGTCTGGGTCAAGGAACCCTG-3' (SEQ ID NO: 40) 

5'-TCCTGTGCAGCTTCTGGCTAATAATTCTAATAATAAGGTATGAACTGGGTCCG-3' (SEQ ID NO: 41) 

5'-GAATGGGTTGGATGGATTAACTAATAATAAGGTTAACCGACCTATGCTGCGG-3 '' (SEQ ID NO: 42) 

5'-CTGTGCAAAGTACCCGTAATATTAATAATAATAACACTGGTATTTCGAC-3' (SEQ ID NO: 43) 

5'-CGTTTCACTTTTTCTTAAGACTAATCCAAATAAACAGCATACCTGCAG-3' (SEQ ID NO:44) 

5'-GAATGGGTTGGATGGATTTAATAATAATAAGGTGAACCGACCTATG-3' (SEQ ID NO: 45) 
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0274) 

TABLE 10 
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Random Oligos for Library Construction 

Oligo Region 
Number Comment Sequence 

HL-258 WL1 5'-GGGTCACCATCACCTGCNNSGCANNSNNSNNSNNSAGCAACTATTTAAACTGG-3 '' (SEQ ID NO:46) 

HL-259 WL1 5'-GCGCAAGTCAGGATATTNNSNNSNNSNNSNNSTGGTATCAACAGAAACCAGG-3 '' (SEQ ID NO: 47) 

HL-260 WH3 5'-GTCTATTACTGTGCAAAGNNSNNSCACNNSNNSGGGAGCAGCCACTGG-3 '' (SEQ ID NO : 48) 

HL-261 WH3 5'-GGTACCCCCACTATTATNNSNNSNNSNNSTGGTATTTCGACGTCTGGGG-3 '' (SEQ ID NO: 49) 

HL-262 WH3 5'-CACTATTATGGGAGCAGCCACNNSNNSNNSNNSGTCTGGGGTCAAGGAACCCTG-3' (SEQ ID NO: 50) 

HL-265 WH1 5'-TCCTGTGCAGCTTCTGGCNNSNNSTTCNNSNNSNNSGGTATGAACTGGGTCCG-3 '' (SEQ ID NO:51) 

HL-266 WH2 5'-GAATGGGTTGGATGGATTAACNNSNNSNNSGGTNNSCCGACCTATGCTGCGG-3 '' (SEQ ID NO:52) 

YC-81 WH3 5'-CTGTGCAAAGTACCCGNNSTATNNSNNSNNSNNSCACTGGTATTTCGAC-3 '' (SEQ ID NO:53) 

YC-101 CDR 5'-CGTTTCACTTTTTCTNNSGACNNSTCCAAANNSACAGCATACCTGCAG-3' (SEQ ID NO:54) 

YC-103 WH2 5'-GAATGGGTTGGATGGATTNNSNNSNNSNNSGGTGAACCGACCTATG-3 '' (SEQ ID NO:55) 

0275. The products of random mutagenesis reactions 
were electroporated into XL1-Blue E.coli cells (Stratagene) 
and amplified by growing 15-16 h with M13KO7 helper 
phage. The complexity of each library, ranging from 2x10" 
to 1.5x10, was estimated based upon plating of the initial 
transformation onto carbenicillin plates. 
0276. Initial Affinity Selections: 
0277 For each round of selection, approximately 10'- 
10" phage were screened for binding to plates (Nunc 
Maxisorp 96-well) coated with 2 tug/mL VEGF (recombi 
nant; residue 9-109 version) in 50 mM carbonate buffer, pH 
9.6 and blocked with 5% instant milk in 50 mM carbonate 
buffer, pH 9.6. After 1-2 hour binding at room temperature, 
in the presence of 0.5% bovine serum albumin and 0.05% 
TWEEN 20TM in PBS, the phage solution was removed, and 
the plate was washed ten times with PBS/TWEENTM (0.05% 
TWEEN 20TM in PBS buffer). Typically, to select for 
enhanced affinity variants with Slower dissociation rates, the 
plates were incubated with PBS/TWEENTM buffer for a 
period of time which lengthened progressively for each 
round of selection (from 0 minute for the first round, to 3 h 
for the ninth round of selection). After the PBS/TWEENTM 
buffer was removed, the remained phages were eluted with 
0.1M HCl and immediately neutralized with /3 volume of 
1 M Tris, pH 8.0. The eluted phages were propagated by 
infecting XL1-Blue E.coli cells (Stratagene) for the next 
Selection cycle. 

0278 Sequencing data revealed that both VL1 libraries, 
even after the eighth/ninth round of Sorting, remained 
diverse, tolerating various type of residues at the Sites of 
randomization. In contrast, the VH3 libraries retained only 
wild type residues or had very conservative Substitutions. 
This Suggested that the VL1 was more exposed to Solvent 
and lay outside the binding interface. In contrast, VH3 did 
not show dramatically different Sidechain Substitutions, and 
therefore might be more intimately involved in antigen 
binding. 

0279) Phage-ELISA Assay of Binding Affinities: 
0280 From each of these libraries, representative clones 
(those represented by abundant sequences) were assayed for 
their affinities relative to that of parent clone pYO101 in a 
phage-ELISA assay. In Such an assay, phages were first 
Serially diluted to determine a fractional Saturation titer 
which was then held constant and used to incubate with 
varying concentrations of VEGF (starting at 200 nM to 0 
nM) in solution. The mixture was then transferred onto plate 
precoated with VEGF (2 tug/mL) and blocked with 5% 
instant milk, and allowed to equilibrate for 1 hour at room 
temperature. Thereafter, the phage Solution was removed 
and the remaining bound phages were detected with a 
Solution of rabbit anti-phage antibody mixed with goat 
anti-rabbit conjugate of horse radish peroxidase. After an 
hour incubation at room temperature, the plate was devel 
oped with a chromogenic Substrate, o-phenylenediamine 
(Sigma). The reaction was stopped with addition of 73 
volume of 2.5 M HSO. Optical density at 492 nm was 
measured on a spectrophotometric plate reader. 
0281 Although all of the selected clones from these five 
libraries showed either weaker or similar affinities than that 
of wild type pYO101 in phage-ELISA assay, one particular 
variant (pY0192) from library HL-258 displayed an appar 
ent advantage (about 10 fold) in the level of expression or 
phage display relative to pY0101. This clone contained 
mutations S24R, S26N, O27E, D28O, and 129L in the VL 
region (FIG.9A). In addition, this variant was found to have 
a spurious mutation, M34I, in VH. This variant showed no 
significant difference in binding affinity to VEGF as com 
pared with the pYO101 variant. To improve the level of 
Fab-display on phage, and the Signal-to-noise ratio for 
phage-ELISA assays, the corresponding Substitutions in 
pYO192 at VL1 were incorporated into the template back 
ground for constructing both CDR Ala-mutants and the 
second generation of anti-VEGF libraries. 
0282 Ala-Scanning the CDRs of Anti-VEGF: 
0283) To determine the energetics contributed by each of 
the amino acids in the CDR regions and thus better select 
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target residues for randomization, the CDR regions were 
Screened by Substituting alanine for each residue. Each Ala 
mutant was constructed using site-directed mutagenesis with 
a Synthetic oligonucleotide encoding for the Specific alanine 
substitution. Where Ala was the wild-type residue, Ser was 
Substituted to test the effect of a sidechain Substitution. 
Phage clones having a single Ala mutation were purified and 
assayed in phage-ELISA as described above. Results of the 
Ala-Scan demonstrated that Ala-Substitution at various posi 
tions can have an effect, ranging from 2 to >150 fold 
reductions, on antigen binding affinity compared to pYO192. 
In addition, it confirmed a previous observation that VH3, 
but not VL1, was involved in antigen binding. Results of the 
CDR Ala-scan are Summarized in Table 11 below. 

TABLE 11 

Relative VEGF Affinities of Ala-Scan Fab Variants 

Residue IC50 (mut Residue IC50 (mut 
VL IC50 (wt) VH IC50 (wt) 

R24A 1. G26A 2 
A25S 1. Y27A 34 
N26A 1. T28A 1. 
E27A 1. F29A 16 
O28A 1. T3OA 1. 
L29A 1. N31A >150 
S3OA 2 Y32A >150 
N31A 2 G33A 6 
Y32A 2 34A 6 
L33A 2 N35A 66 
N34A 4 

WSOA >150 
FSOA I51A 4 
TS1A NS2A >150 
S52A TS3A 9 
S53A YS4A 9 
L54A T55A 4 
HSSA G56A 
S56A E57A 2 

P58A 
O89A 4 TS9A 3 
O90A 3 Y6OA 2 
Y91A 14 A61S 
S92A A62S 
T93A D63A 
V94A 2 F64A 
P95A 3 K65A 
W96A >150 R66A 
T97A 

Y99A >150 
P1 OOA 38 
H101A 4 

Y1O2A 4 

Y1O3A 5 
G104A 2 
S105A 
S106A >150 
H107A 2 
W108A >150 
Y1O9A 19 
F110A 25 
D111A 2 

0284 All variants are in the background of pYO192 
(“wt”; see FIGS. 9A-B). IC50's were determined in a 
competitive phage-ELISA assay. 
0285) The largest effects of Ala substitutions are seen in 
CDRs H1, H2, and H3, including Y27A (34-fold reduction 
in affinity), N31A, Y32A, W50A, N52A, Y99A, S106A and 
W108A (each >150-fold reduction); N35A (66-fold reduc 
tion), P100A (38-fold reduction) and F110A (25-fold reduc 
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tion). In contrast, only one VL Substitution had a large 
impact on binding affinity, W96A (>150-fold reduction). 
These results point to the three VH CDRs as the main 
energetic determinants of Fab binding to VEGF, with some 
contribution from VL3. 

0286) Design of Second-Generation CDR Mutation 
Libraries: 

0287. Two additional libraries which randomized exist 
ing residues in anti-VEGF version YO192 were designed 
based upon inspection of the crystal structure. In VH2, 
residues 52-55 were randomized because they lie within the 
binding interface with VEGF. An additional region of the 
Fab, termed “CDR7” (see FIG. 10B), was also targeted for 
randomization because Several residues in this loop, while 
not contacting VEGF, do have contacts with the VH loops of 
the antibody. These represented potential sites for affinity 
improvement through Secondary effects upon the interface 
residues. Residues L72, T74, and S77 were randomized in 
this CDR7 library. 
0288 Also based upon the crystal structure, one of the 
original CDR libraries was reconstructed to re-test the 
potential for affinity maturation in the VH1 CDR. Residues 
27, 28, and 30-32 were randomized using the new YO192 
background. 

0289 Second-Generation Selections of Anti-VEGF 
Libraries: 

0290 Based on Ala-scan results as well as the crystal 
structure of the antigen-antibody (F(ab)-12) complex, a total 
of seventeen libraries were constructed using the pYO192 
template and stop-template oligonucleotides (which code for 
a stop codon at the Sites targeted for randomization) YC-80, 
YC-100, YC-102, HL-263, and HL-264 (Table 9 above). 
The corresponding randomization oligonucleotides (which 
employ NNS at the sites targeted for randomization) were 
YC81, YC-101, YC-103, HL-265, and HL-266 (Table 10 
above). The resulting transformants yielded libraries with 
complexities ranging from 6x107 to 5x10 which suggests 
that the libraries were comprehensive in covering all pos 
sible variants. Phage libraries were sorted for 7-8 rounds 
using conditions as described in Table 12 below. 

TABLE 12 

Conditions for Secondary Selections of Fab Variants 

Round of Incubation Incubation Incubation 
Selection Time (hr) Solution Temp. (C.) 

1. O O room temp. 
2 1. ELISA buffer room temp. 
3 2 1 uM VEGF/ELISA room temp. 
4 18 1 uM VEGF/ELISA room temp. 
5 37 1 uM VEGF/ELISA room temp. 
6 17 hr (G) room temp.? 1 uM VEGF/ELISA room temp.f 

30 hr (a 37° C. 37° C. 
7 63 1 uM VEGF/ELISA 37° C. 
8 121 1 uM VEGF/ELISA 37° C. 

0291 ELISA buffer contained 0.5% bovine serum albu 
min and 0.05% TWEEN 20TM in PBS. VEGF was included 
in the incubation buffer to minimize rebinding of phages to 
VEGF coated on the surface of the plate. Sorting of these 
libraries yielded phage enrichments over 7 to 8 rounds of 
Selection. 
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0292 Phage-ELISA Assays of Second Generation 
Clones: 

0293. After eight round of selections, ten to twenty 
clones from each library were isolated from carbenicillin 
containing plates harboring E. coli (XL1) colonies which 
had been infected with an eluted phage pool. Colonies were 
isolated and grown with helper phage to obtain Single 
stranded DNA for sequencing. CDR Substitutions selected 
for more favorable binding to VEGF were deduced from the 
DNA sequences of phagemid clones. A Sampling of Selected 
clones is shown in Table 13 below. 

TABLE 13 

Protein Sequences of Anti-VEGF Variants from Second Generation 
Fab-Phage Libraries 

Variants from library YC-81 

Name VH3 sequence (residues 99-111) 

YO238-1 YPYYRGTSHWYFD (SEQ ID NO:56) 
YO238-2 YPYYINKSHWYFD (SEQ ID NO. 57) 
YO238-3 YPYYYGTSHWYFD (SEQ ID NO. 58) 
YO238-4 YPYYYNOSHWYFD (SEQ ID NO. 59) 
YO238-5 YPYYLAKSHWYFD (SEQ ID NO: 60) 
YO238-6 YPYYRDNSHWYFD (SEQ ID NO: 61) 
YO238-7 YPYYWGTSHWYFD (SEQ ID NO: 62) 
YO238-8 YPYYRONSHWYFD (SEQ ID NO: 63) 
YO238-9 YPYYROSSHWYFD (SEQ ID NO: 64) 
YO238-10 YPYYRNTSHWYFD (SEQ ID NO: 65) 
YO238-11 YPYYKNTSHWYFD (SEQ ID NO: 66) 
YO238-12 YPYYIERSHWYFD (SEQ ID NO: 67) 
YO228-21 YPYYRNASHWYFD (SEQ ID NO: 68) 
YO228-22 YPYYTTRSHWYFD (SEQ ID NO: 69) 
YO228-23 YPYYEGSSHWYFD (SEQ ID NO: 70) 
YO228-24 YPYYRORGHWYFD (SEQ ID NO: 71) 
YO228-26 YPYYTGRSHWYFD (SEQ ID NO: 72) 
YO228-27 YPYYTNTSHWYFD (SEQ ID NO: 73) 
YO228-28 YPYYRKGSHWYFD (SEQ ID NO: 74) 
YO228-29 YPYYTGSSHWYFD (SEQ ID NO: 75) 
YO228-30 YPYYRSGSHWYFD (SEQ ID NO: 76) 
YO229-20 YPYYTNRSHWYFD (SEQ ID NO: 77) 
YO229-21 YPYYRNSSHWYFD (SEQ ID NO: 78) 
YO229-22 YPYYKESSHWYFD (SEQ ID NO: 79) 
YO229-23 YPYYRDASHWYFD (SEQ ID NO:80) 
YO229-24 YPYYROKGHWYFD (SEQ ID NO: 81) 
YO229-25 YPYYKGGSHWYFD (SEQ ID NO: 82) 
YO229-26 YPYYYGASHWYFD (SEQ ID NO: 83) 
YO229-27 YPYYRGESHWYFD (SEQ ID NO: 84) 
YO229-28 YPYYRSTSHWYFD (SEQ ID NO: 85) 

Mar. 14, 2002 

TABLE 13-continued 

Variants from library HL-265 

Name VH1 sequence (residue 26-35) 

YO243-1 GYDFTHYGMN (5/10 clones) (SEQ ID NO: 86) 
YO243-2 GYEFQHYGMN (SEQ ID NO: 87) 
YO243-3 GYEFTHYGMN (SEQ ID NO: 88) 
YO243-4 GYDFGHYGMN (SEQ ID NO: 89) 
YO243-5 GYDFSHYGMN (SEQ ID NO: 90) 
YO243-6 GYEFSHYGMN (SEQ ID NO: 91) 

Variants from library YC-101 

Name VH “CDR7” sequence (residues 70-79) 

YO244-1 FSVDVSKSTA (SEQ ID NO:92) 
YO244-2 FSLDKSKSTA (SEQ ID NO: 93) 
YO244-3 FSLDVWKSTA (SEQ ID NO: 94) 
YO244-4 FSIDKSKSTA (;95) 

0294 The sequence of the randomized region only is 
shown as deduced from DNA sequencing. 
0295). When a number of clones were tested along with 
the parent clone pYO192 in phage-ELISA assay, none 
showed a distinctive improvement over the parental clone. 
This could be explained by the time-scale on which the assay 
was performed (<3 hours). 
0296. In order to quantify improvement in antigen bind 
ing over parent clone, several anti-VEGF variants DNA 
were transformed into E. coli strain 34B8, expressed as Fab, 
and purified by passing the periplasmic shockate through a 
protein G column (Pharmacia) as described in Example 2 
above. 

0297 CDR Combination Variants: 
0298 To improve VEGF binding affinity further, muta 
tions found by phage display were combined in different 
CDRS to create multiple-CDR mutants. In particular, the 
mutations identified in the most affinity-improved phage 
variants from VH1, VH2, and VH3 libraries were combined 
(Table 14) in order to test for additivity of their contributions 
to binding affinity. 

TABLE 1.4 

Parent 

Name clone 

YO313-1 YO243-1 

YO317 YO313-1 

YO313-3 YO238-3 

comments 

YC-115 (VH3: 

H101Y and S105T) 

YC-116 (VH3; 

T105S) 

Combination CDR Anti-VEGF Wariants 

Mutagenesis oligo / 
Sequence 

5'-GCAAAGTACCCGTACTATTATGGGAC 

GAGCCACTGGTATTTC-3' (SEQ ID NO: 96) 

YC-108 (revert VL15'-GTCACCATCACCTGCAGCGCAAGTCA 
back to wild type) GGATATTAGCAACTATTTAAAC-3 '' (SEQ ID 

NO:97) 

5'-CCGTACTATTATGGGAGCAGCCACTG 

GTATTTC-3' (SEQ ID NO: 98) 
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0299 Mutations from the indicated parental vectors were 
combined with those from the indicated oligonucleotide by 
Site-directed mutagenesis to yield the combination variants 
listed. 

0300 Version Y0317 is equivalent to YO313-1 except 
that the background mutation in VL1 was removed and its 
sequence reverted back to that in pY0101. The effects of 
mutating H101Y and S105T were tested by constructing a 
reversion mutant from Y0238-3. 

0301 BIAcore Analysis: 

0302) The VEGF-binding affinities of Fab fragments 
were calculated from association and dissociation rate con 
stants measured using a BIAcore-2000TM surface plasmon 
resonance System (BIAcore, Inc., Piscataway, N.J.). A bio 
sensor 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, N.J.) 
instructions. VEGF was buffered exchanged into 20 mM 
Sodium acetate, pH 4.8 and diluted to approximately 50 
Aug/mL. An aliquot (35 u ) was injected at a flow rate of 2 
lil /min to achieve approximately 700-1400 response units 
(RU) of coupled protein. Finally, 1 M ethanolamine was 
injected as a blocking agent. 

0303 For kinetics measurements, two-fold serial dilu 
tions of Fab were injected in PBS/TWEENTM buffer (0.05% 
TWEEN 20TM in phosphate buffered saline) at 25° C. at a 
flow rate of 10 ul/min. On rates and off rates were calcu 
lated using Standard protocols (Karlsson et al. J. Immun. 
Methods 145:229-240 (1991)). Equilibrium dissociation 
constants, Kd's from Surface plasmon resonance (SPR) 
measurements were calculated as koff/kon. Data are shown 
in Table 15 below. 

TABLE 1.5 

Kinetics of Fab-VEGF binding from BAcore " measurements 

Kon koff Kd Kd (wt)/ 
Variant (10/M/s) (10'?s) (nM) Kd (mut) 

YO244-1 3.4 2.7 8 3.6 
YO244-4 5.2 1.7 3.3 O.9 
YO243-1 6.7 O.45 O.7 4.1 
YO238-3 1.7 sO.04* sO.2% c14* 
YO238-7 1.5 sO.O6* sO4* is 7.3% 
YO238-10 1.6 O.09 O.6 4.8 
YO238-5 O.8 O.08 O.9 3.2 
YO238-1 2.6 O.09 0.4 7.3 
YO313-1 3.5 sO.054* sO.15* s2O: 
YO313-3 1.2 O.081 O.65 4.5 

*The dissociation rate observed probably reflects an upper limit for the 
true dissociation rate in these experiments, since the off-rate is approach 
ing the limit of detection by BIAcore. 

0304) The BIAcore TM data in Table 15 show that several 
variants had improved affinity over YO192. For example, a 
CDRH1 variant, Y0243-1, showed 4.1 fold enhanced affin 
ity, arising from mutations T28D and N31 H. Variant 
Y0238-3 showed at least a 14 fold improvement in binding 
affinity over Y0192. Both CDRH3 mutations contribute to 
the improved affinity of Y0238-3 because reversion of T105 
to S (variant YO313-3) reduces the affinity of Y0238-3 from 
0.15 nM to 0.65 nM (see Table 15). The greater affinity 
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enhancement relative to YO192 was seen for YO313-1, 
which contained CDRH3 mutations combined with CDRH1 
mutations. 

0305 Cell-Based Assay of VEGF Inhibition: 
0306 Several versions of the A4.6.1 anti-VEGF antibody 
were tested for their ability to antagonize VEGF (recombi 
nant; version 1-165) in induction of the growth of HuVECs 
(human umbilical vein endothelial cells). The 96-well plates 
were seeded with 1000 HuVECs per well and fasted in assay 
medium (F12:DMEM 50:50 supplemented with 1.5% dia 
filtered fetal bovine serum) for 24 h. The concentration of 
VEGF used for inducing the cells was determined by first 
titrating for the amount of VEGF that can stimulate 80% of 
maximal DNA synthesis. Fresh assay medium containing 
fixed amounts of VEGF (0.2 nM final concentration), and 
increasing concentrations of anti-VEGF Fab or Mab were 
then added. After 40 h of incubation, DNA synthesis was 
measured by incorporation of tritiated thymidine. Cells were 
pulsed with 0.5 uCi per well of 3H-thymidine for 24 h and 
harvested for counting, using a TopCount gamma counter. 
0307 The results (FIG. 11) show that the full-length IgG 
form of F(ab)-12 was significantly more potent in inhibiting 
VEGF activity than the Fab form (here, YO192 was used). 
However, both variants Y0238-3 and YO313-1 showed even 
more potent inhibition of VEGF activity than either the 
Y0192 Fab or F(ab)-12 Mab. Comparing the Fab forms, 
variant YO313-1 appeared >30-fold more potent than the 
wild-type Fab. It should be noted that the amount of VEGF 
(0.2 nM) used in this assay is potentially limiting for 
determination of an accurate IC50 for the mutant. For 
example, if the binding affinity (Kd) of the mutant is in fact 
<0.2nM, the IC50 in this experiment will appear higher than 
under conditions of lower VEGF concentration. The result 
therefore Supports the conclusion that the affinity-improved 
variant is at least 30-fold improved in affinity for VEGF, and 
that it effectively blocks VEGF activity in vitro. Since the 
variant Y0317 differs from YO313-1 only in the reversion of 
the VL1 sequence to wild-type (FIG. 10A), it is predicted 
that Y0317 will have similar activity to Y0313-1. 
0308 Variant Y0317 (Fab) and humanized variant F(ab)- 
12 from Example 1 (full length and Fab) were compared for 
their ability to inhibit bovine capillary endothelial cell 
proliferation in response to a near maximally effective 
concentration of VEGF using the assay described in 
Example 1. As illustrated in FIG. 12, Y0317 was markedly 
more effective at inhibiting bovine capillary endothelial cell 
proliferation than the full length and Fab forms of F(ab)-12 
in this assay. The YO317 affinity matured Fab demonstrated 
an ED50 value in this assay which was at least about 20 fold 
lower than F(ab)-12 Fab. 

What is claimed is: 
1. A humanized anti-VEGF antibody which binds human 

VEGF with a K value of no more than about 1x10M. 
2. A humanized anti-VEGF antibody which binds human 

VEGF with a K value of no more than about 5x10M. 
3. A humanized anti-VEGF antibody which has an ED50 

value of no more than about 5 nM for inhibiting VEGF 
induced proliferation of endothelial cells in vitro. 

4. A humanized anti-VEGF antibody which inhibits 
VEGF-induced angiogenesis in Vivo. 
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5. The humanized anti-VEGF antibody of claim 4 wherein 
5 mg/kg of the antibody inhibits at least about 50% of tumor 
growth in an A673 in vivo tumor model. 

6. The humanized anti-VEGF antibody of claim 1 having 
a heavy chain variable domain comprising the following 
hyperVariable region amino acid Sequences: CDRH1 
(GYXFTX-YGMN, wherein X is T or D and X is N or H; 
SEQ ID NO:128), CDRH2 (WINTYTGEPTYAADFKR; 
SEQ ID NO:2) and CDRH3 (YPXYYGXSHWYFDV, 
wherein X is Y or H and X is S or T, SEQ ID NO:129). 

7. The humanized anti-VEGF antibody of claim 6 com 
prising the amino acid sequence of SEQ ID NO:7. 

8. The humanized anti-VEGF antibody of claim 6 having 
a heavy chain variable domain comprising the following 
hypervariable region amino acid sequences: CDRH1 (GYT 
FTNYGMN; SEQ ID NO:1), CDRH2 (WINTYT 
GEPTYAADFKR, SEQ ID NO:2) and CDRH3 
(YPHYYGSSHWYFDV; SEQ ID NO:3). 

9. The humanized anti-VEGF antibody of claim 1 having 
a light chain variable domain comprising the following 
hyperVariable region amino acid Sequences: CDRL1 
(SASQDISNYLN; SEQ ID NO:4), CDRL2 (FTSSLHS; 
SEQ ID NO:5) and CDRL3 (QQYSTVPWT, SEQ ID 
NO:6). 

10. The humanized anti-VEGF antibody of claim 9 com 
prising the amino acid sequence of SEQ ID NO:8. 

11. The humanized anti-VEGF antibody of claim 1 having 
a heavy chain variable domain comprising the amino acid 
sequence of SEQID NO:7 and a light chain variable domain 
comprising the amino acid sequence of SEQ ID NO:8. 

12. An anti-VEGF antibody light chain variable domain 
comprising the amino acid Sequence: 
DIQXTQSPSSLSASVGDRVTITCSA SQDISNYLNW 
YOOKPGKAPKVLIYFTSSLHSGVPSRFS GSGSGTD 
FTLTISSLOPEDFATYYCOOYSTVPWTF 
GQGTKVEIKR (SEQ ID NO:124), wherein X is M or L. 

13. An anti-VEGF antibody heavy chain variable domain 
comprising the amino acid Sequence: 
EVOLVESGGGLVOPG 
GSLRLSCAASGYX FTX,YGMNW VROAPGK 
GLEWVG WINTYTGEPT YAADFKRRFTF 
SLDTSKSTAY 
LQMNSLRAEDTAVYYCAKYPXYYGX SHWYFD 
VWGQGTLV TVSS (SEQ ID NO:125), wherein X is T or 
D; X is N or H; X is Y or H and X is S or T. 

14. A variant of a parent anti-VEGF antibody, wherein 
said variant binds human VEGF and comprises an amino 
acid Substitution in a hyperVariable region of a heavy chain 
variable domain of Said parent antibody. 

15. The variant of claim 14 wherein said parent antibody 
is a human or humanized antibody. 

16. The variant of claim 14 which binds human VEGF 
with a K value of no more than about 1x10M. 

17. The variant of claim 14 which binds human VEGF 
with a K value of no more than about 5x10M. 

18. The variant of claim 14 wherein the Substitution is in 
CDRH1 of the heavy chain variable domain. 

19. The variant of claim 14 wherein the Substitution is in 
CDRH3 of the heavy chain variable domain. 
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20. The variant of claim 14 which has amino acid Sub 
Stitutions in both CDRH1 and CDRH3. 

21. The variant of claim 14 which binds human VEGF 
with a K value less than that of Said parent antibody. 

22. The variant of claim 14 which has an ED50 value for 
inhibiting VEGF-induced proliferation of endothelial cells 
in vitro which is at least about 10 fold lower than that of said 
parent antibody. 

23. The variant of claim 18 wherein the CDRH1 com 
prises the amino acid sequence: GYDFTHYGMN (SEQ ID 
NO:126) 

24. The variant of claim 19 wherein the CDRH3 com 
prises the amino acid sequence: YPYYYGTSHWYFDV 
(SEQ ID NO.127). 

25. The variant of claim 14 wherein the heavy chain 
variable domain comprises the amino acid Sequence of SEQ 
ID NO:116. 

26. The variant of claim 25 further comprising the light 
chain variable domain amino acid sequence of SEQ ID 
NO:124. 

27. The variant of claim 26 comprising the light chain 
variable domain amino acid sequence of SEQ ID NO:115. 

28. The humanized anti-VEGF antibody of claim 1 which 
is a full length antibody. 

29. The humanized anti-VEGF antibody of claim 28 
which is a human IgG. 

30. The humanized anti-VEGF antibody of claim 1 which 
is an antibody fragment. 

31. The antibody fragment of claim 30 which is a Fab. 
32. A composition comprising the humanized anti-VEGF 

antibody of claim 1 and a pharmaceutically acceptable 
carrier. 

33. A composition comprising the variant anti-VEGF 
antibody of claim 14 and a pharmaceutically acceptable 
carrier. 

34. Isolated nucleic acid encoding the antibody of claim 
1. 

35. A vector comprising the nucleic acid of claim 34. 
36. A host cell comprising the vector of claim 35. 
37. A process of producing a humanized anti-VEGF 

antibody comprising culturing the host cell of claim 36 So 
that the nucleic acid is expressed. 

38. The process of claim 37 further comprising recovering 
the humanized anti-VEGF antibody from the host cell 
culture. 

39. A method for inhibiting VEGF-induced angiogenesis 
in a mammal comprising administering a therapeutically 
effective amount of the humanized anti-VEGF antibody of 
claim 1 to the mammal. 

40. The method of claim 39 wherein the mammal is a 
human. 

41. The method of claim 39 wherein the mammal has a 
tumor. 

42. The method of claim 39 wherein the mammal has a 
retinal disorder. 


