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IMMUNOGLOBULIN VARIANTS AND USES THEREOF

RELATED APPLICATIONS

This application is a non-provisional application filed under 37 CFR 1.53(b)(1),
claiming priority under 35 USC 119(¢) to provisional application number 61/105,086 filed
October 14, 2008, provisional application number 61/152,131 filed February 12, 2009,
provisional application number 61/171,768 filed April 22, 2009, and provisional application
number 61/220,514 filed June 25, 2009, the contents of which are incorporated herein by

reference.

FIELD OF THE H2<H.Z,EOZ

The present invention relates generally to the field of molecular biology. More
specifically, the present invention relates to IgG immunoglobulin variants with altered

biological properties and methods of using the same.

BACKGROUNP OF THE INVENTION

Over the years the use of immunoglobulins as therapeutic agents has increased
dramatically. Immunoglobulin (Ig) molecules which constitute an important part of the
immune system are of great interest because they (1) react with a diverse family of ligands,

{2) possess different effector functions and (3) are of great biological importance. Today - .

uses of antibody based drugs include treatment of cancer, autoimmune disecases as well as

various systemic and infectious diseases. Also, immunoglobulins are useful as in vivo
diagnostic tools, for example, in diagnostic imaging procedures.
- 1gG is the most prevalent immunoglobulin class in humans and other mammals and

is utilized in various types of immunotherapies and diagnostic procedures. Human 1gGy is

- the most commeonly used antibody for therapeutic purposes. Currently many antibodies in

clinical trials are directed against tumor associated antigens. In particular, anti-VEGF
neutralizing antibodies have been shown to suppress the growth of a variety of human
turnor cell lines in nude mice (Kim ef al. Nafure 362:841-844 (1993); Warren et al. J. Clin.
Invest. 95:1789-1797 (1995); Borgstrém et al. Cancer Res. 56:4032-4039 (1996), and
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Melnyk et al. Cancer Res. 56:921-924 (1996)) and also inhibit intraocular angiogenesis in
models of ischemic retinal disorders (Adamis et al, Arch. Ophthalmol. 114:66-71 (1996)).
Indeed, a humanized anti-VEGF antibody, bevacizumab (AVASTIN®, Genentech, South
San Francisco, CA) is the first U.S. FDA-approved therapy designed o inhibit
angiogencsis. -

Despite its potential, one of the problems with immunoglobulin immunotherapy has.
been the persistence of immunoglobuling in the circulation. The rate of immunogiobulin
clearance &83_% affects the amount and frequency of dosage of the immunoglobulin.
Increased dosage and frequency of dosage may cause adverse effects in the patient and also
increase medicat costs.

The mechanism of IgG catabolism in the circulation wm.m been elucidated through
studies related to the transfer of passive immunity from mother to fetus/neonate through the
placenta or yolk sa¢ or through colostrum (maternofetal transfer of IgG via transcytosis) in
rodents (Brambell, Lancet, ii:1087-1093, 1966; Rodewald, J. Cell Biol., 71:666-670, 1976;
Morris et al., In: Antigen Absorption by the Gut, pp. 3-22, 1978, University Park Press,
Baltimore; Jones et al,, J. Clin. Invest., 51:2916-2927, 1972). The neonatal Fc receptor
(FcRn) plays an important role in the transcytosis and homeostasis of IgG in mammals.
FcRu is structurally homologous to major histocompatibility complex (MHC) class 1
molecules and ocma.m\.a of a szmgnﬁ.oambm o chain and B;-microglobulin (32m). Previous
studies in knockout mice illustrated that the serum half-life of IgG in FcRn- or B2m-
deficient mice was greatly reduced (Roopenian et al., J Immunol 170(7), 3528-3533, 2003;
Israel et m?. Immunology 89(4), mqu-u.ﬂm, 1996}, demonstrating the protective role of FcRn

in regulating the level of circulating IgG. Various site-specific mutagenesis experiments in

the Fo region of mouse 1gGs have led to identification of certain critical amino acid residues

involved in the interaction between IgG and FcRn (Kim et al., Eur. J. Immunol., 24:2429-
2434, 1994; Medesan et al., Eur. J. Immunol., 26:2533, 1996; Medesan et al., J, Immunol.,
158:2211-2217, 1997). Additionally, various publications describe methods for obtaining
physiologically active molecules whose hatf-lives are modified either by introducing or
modifying an FeRu-binding region of the IgGs (WO 97/43316; U.S. Pat. No. 5,869,046;
U.S. Pat. No. mhﬂ.bwmw WO 96/32478; WO2006053301; U.S, Pat, No. q.omw.qm& U.s.
Pat. No. 7,371,826).

At the molecular level, FeRn binds the Fe portion of IpG in the Cy2-Cy3 domain

region. The Fe-FcRn interaction is highly pH dependent; 1gGs bind FeRn with high affinity
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at pH 6, but ag the pH is raised to 7.4, the binding affinity drops considerably. This pH
dependent interaction is responsible for protecting IgG from degradation. Specifically,
pinocytosed IgG is captured by FcRa in the acidi¢ endosome, recycled back to the cell

surface and then released back into the circulation at a physiological serum pH of 7.4 (Ober

-gt al. Proc Natl Acad Sci U S 4 101(30), 11076-11081, 2004; Ober et al. J Immunol 172(4),

2021-2029, 2004; Prabhat et al. Proe Natl Acad Sci U S 4 104(14), mmmo-mwoh, 2007). 1gG
that is not bound by FoRan is targeted to the lysosome and degraded. As FcRn is important
in regulating IgG homeostasis, modulating the interaction between Fc and FcRn through
protein engineering is one method for improving the pharmacokinetics of therapeutic
antibodies (Shields et al. J Biol Chem 276(9), 6591-6604, 2001; Dall'Acqua et al. Nat
Biotechnol 15(7), 637-640, 1997; Dall'Acqua et al., J Fmmunol 169(9), 5171-5180, 2002,
Hinton et al. J Biol Chem 279(8), 6213-6216, 2004; Hinton ef al. J Immunol 176(1), 346~
356, 2006; Datta-Mannan et al. Drug Metab Dispos 35(1), 86-94, 2007; Datta-Mannan e
al. J Biol Chem 282(3), 1709-1717, 2007). A number of studies in mice, rhesus and
cynomolgus monkeys have demonstrated that increasing the pH-6 binding affinity of IgGs

can prolong half-life (Dall'‘Acqua et al. Nat Biotechnol 15(7), 637-640, 1997; Dali'Acqua et

al., J Immunol 169(9), 5171-5180, 2002; Hinton et al. J Biol Chem 279(R), mﬁu..am.mau
2004; Hinfon ef al. J Immunol 176(1), 346-356, 2006). Furthermore, other studies have
also demonstrated that FeRn binding affinity at pH 7.4 is anadditional determinant of IgG
pharmacokinetics. Specifically, certain variants with increased pH-7.4 binding affinity to
mouse FecRn exhibited increased clearance (i.e., decreased half-ife) in mice (Dall'Acqua et
al., J Immunol 169(9), 5171-5180, 2002). Nevertheless, the detailed relationship between ,
FcRn affinity .mua half-life has not been elucidated, as all of the previous studies involved a
small number of variants, within a limited range of FcRn affinities. The maximal half-life
extension achievable through engineering the F¢:FcRn interaction is unclear.

Despite the fact that adherence to (compliance with) drug treatment is important, it
is estimated that half of those for whom medicines are prescribed do not take them in the
recommended way. For example, a recent research showed that as many as one-third of
women taking breast cancer drugs developed in the past 10 years do not complete their
recommended five-year course. Some of the causes for poor compliance include
forgetfulness, physical difficulty in complying (e.g. traveling to or moving away from place
of treatment), _.bomwéagoﬁ adverse side effect, complicated regimen and cost of drugs.

Poor adherence to drug treatment can lead to achieving less than the full health benefits
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medicines can provide to patients. For example, not completing the recommended course of
cancer treatment could lead to a recurrence of the disease and a reduced chance of survival.

Strategies to improve drug compliance include making it more convenient for

patients to finish the recommended course of treatment. One of the ways this may be

accomplished for patients under immunotherapy treatment is by increasing the duration of
time that immunoglobulins are in circulation. The rate of immunoglobulin clearance
directly affects the amount and frequency of dosage of the immunoglobulin. Therefore,
developing an immunoglobulin that confers increased in vivo half-life may decrease the
amount and/or frequency of dosage, thus minimizing the inconvenience as well as any
additional medical costs.

Accordingly, it would be highly advantageous to have modified immunoglobulins
that confer increased in vivo half-life for therapeutic purposes.. The present invention

addresses these and other needs, as will be apparent upon review of the following disclosure.

SUMMARY

The disclosure provides novel IgG variants and uses thereof. A number of IgG
variants are provided in the disclosure. For example, the present disclosure discloses novel
IgG variants comprising a human IgG Fc region comprising two or more amino acid
substitutions relative to a wild-type human IgG Fc region at two or more of amino acid
residues 251, 252, 307, 308, 378, 428, 430, 434, and 436, numbered according to the EU
index as in Kabat, wherein the variant IgG has an increased half-life compared to the half-
life of an IgG having the wild-type human IgG Fc region, and wherein at least two of the
amino acid substitutions are at amino acid residue 251, 252, 307, 308, 378, 428, 430, 434, or
436, and an amino acid substitution at amino acid residue 251 is a substitution with aspartic
acid or glutamic acid, an amino acid substitution at amino acid residue 252 is a substitution
with tyrosine, an amino acid substitution at amino acid residue 307 is a substitution with
glutamine, an amino acid substitution at amino acid residue 308 is a substitution with
proline, an amino acid substitution at amino acid residue 378 is a substitution with valine, an
amino acid substitution at amino acid residue 428 is a substitution with leucine, an amino
acid substitution at amino acid residue 430 is a substitution with alanine or lysine, an amino

acid substitution at amino acid residue 434 is a
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substitution with alanine, serine or tyrosine, and an amino acid substitution at amino acid
residue 436 is a substitution with isoleucine.

In certain embodiments, the human IgG Fe region comprises an amino acid

- .substitution at amino acid 251, wherein the amine acid substitution at amino acid 251 is the

substitution with aspartic acid or glutamic acid. In certain embodiments, the human IpG Fe
region comprises an amino acid substitution at amino acid 307, wherein the amino acid
substitution at amino acid 307 is the substitution with glutamine. In certain embodiments,
the human IgG Fc region comprises an amino acid substitution at amino acid 308, wherein
the amino acid substitution at amino acid 308 is the substitution with proline. In certain
embodiments, m.a human IgG Fc region comprises an amino acid substitution at amino acid
378, wherein the amino acid substitution at amino acid 378 is the substitution with valine,
In certain embodiments, the human IgG Fe region comprises an amino acid substitution at
amino acid 436, wherein the amino acid substitution at amino acid 436 is the substitution
with isoleucine. In cerfain embodiments, the variant IgGs have a higher binding affinity for
FcRn than the IgG having the wild-type human 1gG Fc region.

In one embodiment, the human IgG Fc region comprises the amino acid substitution
at amino acid 307 with glutamine and the amino acid substitution at amino acid 434 with
alanine. In ong embodiment, the human 1gG Fc region comprises the amino acid
substitution at amino acid 307 with giutamine and the amino acid substitution at mBMmo. acid
434 with serine. In one embodiment, the human 1gG Fe region comprises the amino acid
substitution at amino acid 308 with proline and the amino acid substitution at amino acid
434 with alanine. In one embodiment, the human IgG Fc region compriscs the amino acid
substitution at amino acid 252 with tyrosine and the amino acid ngmﬁmom at amino acid
434 with alanine. In one embodiment, human IgG Fe region comprises the amino acid
substitution at amino acid 378 with valine and the amino acid substitution at amino acid
434 with alanine. In one embodiment, the human IgG Fc region comprises the amino acid
substitution at amino acid 428 with leucine and the amino acid substitution at amine acid
434 with alanine. In one embodiment, the human IgG Fe region comprises the amino acid
substitution at amino acid 434 with alanine and the amino acid substitution at amino acid
436 with isoleucine. In one embodiment, the human IgG Fe H.m%os comprises the amino
acid substitution at amino acid 308 with proline and the amino acid substitution at amino

acid 434 with tyrosine. In one embodiment, the human IgG Fe region comprises the amino
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acid substitution at amino acid 307 with glutamine and the amino acid substitution at amino
acid 436 with isoleucine.

The present disclosure also discloses novel IgG variants comprising a human IgG Fe
region comprising three or more amino acid substitutions relative to a wild-type human IgG
Fc region at three or more of amino acid residues 251, 252, 307, 308, 378,380, 428, 430,
434, and 436, numbered according to the EU index as in Kabat, wherein the variant IgG has
an increased half-life compared to the half-life of an IgG having the wild-type human IgG Fe
region, and wherein at least three of the amino acid substitutions are at amino acid residue
251,252,307, 308, 378, 380, 428, 430, 434, or 436, and an amino acid substitution at amino

acid residue 251 is a substitution with aspartic acid or glutamic acid, an amino acid

substitution at amino acid residue 252 is a substitution with tyrosine, an amino acid

substitution at amino acid residue 307 is a substitution with glutamine, an amino acid
substitution at amino acid residue 308 is a substitution with proline, an amino acid
substitution at amino acid residue 378 is a substitution with valine, an amino acid
substitution at amino acid residue 380 is a substitution with alanine, an amino acid
substitution at amino acid residue 428 is a substitution with leucine, an amino acid
substitution at amino acid residue 430 is a substitution with alanine or lysine, an amino acid
substitution at amino acid residue 434 is a substitution with alanine, serine, tyrosine or
histidine, and an amino acid substitution at amino acid residue 436 is a substitution with isoleucine.

In another aspect, there is provided a variant [gG comprising a human IgGl Fc region
comprising two or more amino acid substitutions relative to a wild-type human IgG1 Fc region at
two or more of amino acid residues 251, 252, 307, 308, 378, 380, 428, 434, and 436, numbered
according to the EU index as in Kabat, wherein the variant IgG has an increased half-life compared
to the half-life of an IgG having the wild-type human IgG Fc region, and wherein the Fc region
comprises

an amino acid substitution at amino acid 307 with glutamine and an amino acid substitution
at 434 with alanine;

an amino acid substitution at amino acid 307 with glutamine and an amine acid substitution
at 378 with valine;

an amino acid substitution at amino acid 307 with glutamine and an amino acid substitution
at 436 with isoleucine;

an.amino acid substitution at amino acid 308 with proline and an amino acid substitution at

434 with alanine;
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an amino acid substitution at amino acid 308 with proline and an amino acid substitution at
434 with tyrosine;

an amino acid substitution at amino acid 378 with valine and an amino acid substitution at
434 with alanine;

an amino acid substitution at amino acid 434 with alanine and an amino acid substitution at
436 with isoleucine;

an amino acid substitution at amino acid 252 with tyrosine, an amino acid substitution at
amino acid 308 with proline, and an amino acid substitution at 434 with tyrosine;

an-‘amino acid substitution at amino acid 307 with glutamine, an amino acid substitution at
amino acid 380 with alanine, and an amino acid substitution at 434 with serine;

an amino acid substitution at amino acid 307 with glutamine, an amino acid substitution at
amino acid 38Q with alanine, and an amino acid substitution at 434 with alanine;

an amino acid substitution at amino acid 307 with glutamine, an amino acid substitution at
amino acid 378 with valine, and an amino acid substitution at 436 with isoleucine; or

an amino acid substitution at amino acid 251 with aspartic acid, an amino acid substitution
at amino acid 307 with glutamine, an amino acid substitution at amino acid 428 with leucine, an
amino acid substitution at amino acid 434 with histidine, and an amino acid substitution at 436 with
isoleucine.

In certain embodiments, the human IgG Fc region comprises an amino acid substitution at
amino acid 251, wherein the amino acid substitution at amino acid 251 is the substitution with
aspartic acid or glutamic acid. In certain embodiments, the human TgG Fc region comprises an
amino acid substitution at amino acid 307, wherein the amino acid substitution at amino acid 307 is
the substitution with glutamine. In certain embodiments, the human 1gG Fe region comprises an
amino acid substitution at amino acid 308, wherein the amino acid substitution at'amino acid 308 is
the substitution with proline. In certain embodiments, the human IgG Fe region comprises an amino
acid substitution at. amino acid 378, wherein the amino acid substitution at amino acid 378 is the
substitution with valine. In certain embodiments, the human IgG Fc region comprises an amino acid
substitution at amino acid 436, wherein the amino acid substitution at amino acid 436 is the
substitution with isoleucine. In certain embodiments, the variant IgGs have a higher binding affinity

to FcRn compared to the IgG having the wild-type human TgG Fc region.

6a
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In one embodiment, the human IgG Fc region comprises the amino acid substitution at
amino acid 307 with glutamine, the amino acid substitution at amino acid 380 with alanine and the
amino acid substitution at amino acid 434 with serine. In one embodiment, the human [gG Fe
region comprises the amino acid substitution at amino acid 307 with glutamine, the amino acid
substitution at amino acid 380 with alanine and the amino acid substitution at amino acid 434 with
alanine. In one embodiment, the human IgG Fc region comprises the aniino acid substitution at
amino acid 252 with tyrosine, the amino acid substitution at amino acid 308 with proline and the
amino acid substitution at amino acid 434 with tyrosine. In one embodiment, the human IgG Fe
region comprises the amino acid substitution at amino acid 251 with aspartic acid, the amino acid
substitution at amino acid 307 with glutamine and the amino acid substitution at amino acid 434
with histidine.

In certain embodiments, the present disclosure provides the variant IgGs or fragments
thereof further comprising an amino acid substitution at position 297 to alanine.

In certain embodiments, the variant TgG of the present disclosure has a higher birding
affinity for FcRn than the IgG having the wild-type human lgG Fc region. In-certain embodiments,
the variant IgG has a higher binding affinity for FcRn at pH 6.0 than at pH 7.4. In certain
embodiments, the variant IgG is a human or humanized IgG. In certain embodiments, the variant
IgG is IgGy, 1gGy, IgGs or IgGy. In certain embodiments, the IgG Fe region of the variant [gG is-an
IgGh; IgGa, IgGs or I1gGy Fe region. In certain embodiments, the IgG Fe region of the variant 1gGis
an 1gG, Fe region.

In certain embodiments, the variant IgG is an anti-VEGF antibody. In certain embodiments,
the variant IgG is a variant of bevacizumab. In certain embodiments, the IgG having the wild-type
human IgG Fc region is bevacizumab. In certain embodiments, the wild-type human IgG Fe region
is the Fc region of bevacizumab. In certain embodiments, the variant [gG comprises the heavy chain
variable domain (SEQ ID NO:1) and light chain variable domain (SEQ ID NO:2). In certain
embodiments, the variant IgG comprises the heavy chain variable domain (SEQ ID NO:3) and light
chain variable domain (SEQ ID NO:4). In certain embodiments, the variant IgG comprises the
heavy. chain variable domain (SEQ ID NO:7) and light chain variable domain (SEQ ID NO:8g).

In another aspect, there is provided a pharmaceutical composition comprising the variant
lgGs described herein and a pharmaceutically acceptable carrier. Tn another aspect, there is

provided a kit comprising the variant IgG described herein, in a container, and instructions for use.
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In certain embodiments, the half life of the variant IgG is increased by at least 50%,
100%, 150%,200%, 300% or greater compared to an IgG having the wild-type human 1gG
Fc region. In certain embodiments, the half life of the variant IgG is increased by at least 2
fold compared to an IgG having the wild-type human IgG Fc region. In certain
embodiments, the half life of the variant IgG is increased by at M.@mmﬁ 3 fold compared to an . .
IgG having the wild-type human IgG Feregion, In certain embodiments, the half life of the
variant IgG is increased by at least 4 fold compared to an IgG having the wild-type human
1gG Fe region, In certain embodiments, the IgG having the wild-type human IgG Fc region
is bevacizumab. In certain aﬂ&o&ﬂs.oﬁm” the half life of the variant IgG is the mean half-
life of bevacizumab. In certain embodiments, the mean half-life of bevacizumab is about
10 to 12 days as measured in cynomolgus monkeys, or about 3 weeks as measured in
homans.

In certain embodiments, variant IgGs comprising a human IgG Fc region are
provided, wherein the human IgG Fc region comprises amino acid substitutions relative to a
wild-type human IgG Fc region at amino acid residues 307 and 434, numbered according to
the EU index as i Kabat, wherein the variant IgG has an H.._so_.\qmm& half-life compared to

the half-life of an 1gG having the wild-type human IgG Fc region, and wherein the amino

~acid substitution at amino acid residue 307 is a substitution with glutamine, and the amino

acid substitution at amino dcid residue 434 is a substitution with alanine. In one
embodiment, the variant IgG 1s variant [gG, comprising the heavy chain variable domain
(SEQ ID NO:1) and light chain variable domain (SEQ ID NO:2), and comprising a human
igG, Fc reglon comprising amino acid substitutions relative to a wild-type human 1gG, Fc
region at amino acid residues 307 and 434, numbered according to the EU index as in
Kabat, wherein the variant IgG has an increased half-life compared to the half-life of an
1gG; having the wild-type human IgG; Fe region, and whercin the amino acid substitution.
at amino acid residue 307 is a substitution with glutamine, and the amino acid substitution
at amino acid residue 434 is a substitution with alanine.

In another embodiment, variant IgGGs comprising a human 1gG Fe region.are
provided, wherein the human IgG Fc region comprises amino acid substitutions relative to a
wild-type human IgG Fc region at amino acid residues 307 and 434, numbered according to
the EU index as in Kabat, wherein the variant IgG has an increased half-life compared to

the half-life of an IgG having the wild-type human IgG Fe region, and wherein the amino
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acid substitution at amino acid residue 307 is a substitution with glutamine, and the amino acid
substitution at amino acid residue 434 is a substitution with serine.

In another embodiment, variant IgGs comprising a human IgG Fe¢ region are provided,
wherein the human IgG Fe region comprises amino acid substitutions relative to a wild-type human
IgG Fc region at amino acid residues 308 and 434, numbered according to the EU index as in Kabat,
wherein the variant IgG, has an increased half-life compared to the haif-life of an IgG having the
wild-type human IgG Fc region, and wherein the amino acid substitution at amino acid residue 308
is a substitution with proline, and the amino acid substitution at amino acid residue 434 is a
substitution with alanine.

In another aspect, there is provided a variant IgG1 comprising a human IgG1 Fc region
comprising amino acid substitutions relative to a wild-type human IgG1 Fc region at amino acid
residues 308 and 434, numbered according to the EU index as in Kabat, wherein the variant IgG1
has an increased half- life compared to the half- life of an IgG1 having the wild- type human IgG1
Fc region, and wherein the amino acid substitution at amino acid residue 308 is a substitution with
proline, and the amino acid substitution at amino acid residue 434 is a substitution with alanine.

In another embodiment, variant IgGs comprising a human IgG Fc region are provided,
wherein the human IgG Fe region comprises amino acid substitutions relative to a wild-type human
IgG Fe region at amino acid residues 307, 380 and 434, numbered according to the EU index as in
Kabat, wherein the variant IgG has an increased half-life compared to the half-life of an IgG having
the wild-type human IgG Fc¢ region, and wherein the amino acid substitution at amino acid residue
307 is a substitution with glutamine, the amino acid substitution at amino acid residue 380 is a
substitution with alanine, and the amino acid substitution at amino acid residue 434 is a substitution
with serine.

In certain embodiments, the variant IgG comprising a human TgG Fe region described above
has a higher binding affinity for FcRn than the IgG having the wild-type human IgG Fc region. In
certain embodiments, the variant IgG has a higher binding affinity for FcRn at pH 6.0 than at pH
7.4. In certain embodiments, the variant IgG is a human or humanized IgG. In certain
embodiments, the variant IgG is 1gGy, 1gGs, IgG; or [gGy. In certain embodiments, the [gG Fc
region of the variant IgG is an 1gGy, 1gG,, IgGs or IgGy Fe region. In certain embodiments, the IgG
Fc region of the variant IgG is IgG, Feregion. In certain embodiments, the variant IgG is an anti-
VEGF antibody. In certain embodiments, the variant IgG is a variant of bevacizumab, In cerfain
embodiments, the IgG having the wild-type human IgG Fc region is bevacizumab, In certain
embodiments, the wild-type human IgG Fc region is the Fc region of bevacizumab. In certain
embodiments, the variant IgG comprises the heavy chain variable domain (SEQ ID NO:1) and light
chain variable domain (SEQ ID NO:2). In certain embodiments, a pharmaceutical composition
comprising any of the variant IgGs comprising a human [gG Fe region and a pharmaceutically
acceptable carrier are provided herein. A kit comprising any of the
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variant IgGs comprising a human IgG Fe region, in a container, and instructions for use is also
provided herein.
In certain embodiments, variant IgGs comprising a human IgG, Fc region are provided,

wherein the variant [gGs comprise the heavy chain variable domain (SEQ ID NO:1} and light chain
variable domain (SEQ ID NO:2) and wherein the human IgG, Fc region comprises an amino acid
substitution relative to a wild-type human IgG, Fe region at amino acid residue 434, numbered
according to the EU index as in Kabat, wherein the variant [g( has an increased half-life compared
to the half-life of an 1gG having the wild-type human IgG, Fc region, and the variant IgG hasa
higher binding affinity for FcRn compared to binding affinity for FcRn of the IgG having the wild-
type human IgG, Fec region, and wherein the amino acid substitution at amino acid residue 434 is a
substitution with histidine. In certain embodiments, the variant IgG is variant IgG,.

In certain embodiments, the half life of a variant IgG of the present disclosure is increased
by at least 50, 55. 60, 65, 70, 75, 80, 85, 90, 95, or 100% compared to the half life of the IgG having
the wild-type human IgG Fe region. In one embodiment, the half life of a variant 1gG of the present
disclosure is increased by at least 50% compared to the half life of the IgG having the wild-type
human IgG Fe region. In another embodiment, the half life of a variant IgG of the present disclosure
is increased by at least 75% compared to the half life of the IgG having the wild-type human IgG Fc
region. In yet another embodiment, the half life of a variant IgG of the present disclosure is
increased by at least 100% compared to the half life of the IgG having the wild-type human IgG Fe
region.

In certain embodiments, the half life of a variant IgG of the present disclosure is at least
about 15, 20, 25, 30, 35, or 40 days, In one embodiment, the half life of a variant IgG of the present
disclosure is at least about 15 days. In another embodiment, the half life of a variant IgG of the
present disclosure is at least about 20 days. In another embodiment, the half life of a variant [gG of
the present disclosure is at least about 25 days. In another embodiment, the half life of a variant IsG
of the present disclosure is at least about 30 days. In another embodiment, the haif life of a variant
1gG of the present disclosure is at least about 35 days. In another embodiment, the halflife of a
variant [gG of the present disclosure is at least about 40 days. Tn certain embodiments, the variant
IgG is variant TgG,.

In certain embodiments, the half life of a variant IgG of the present disclosure is the half life
as measured in humans. In certain embodiments, the half life of a variant IgG of the present

disclosure is the half life as measured in cynomolgus monkeys. In certain
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embodiments, the wild-type IgG or the IgG having the wild-type human IgG Fc region is
bevacizumab. In certain embodiments, the half-life of bevacizumab is about 10 to 12 days as
measured in cynomolgus monkeys, or about 20 days as measured in humans,

A number of methods of using IgG variants are provided in the disclosure. Methods of
freating tumor in a subject are provided. For example, methods comprise administering to the
subject an effective amount of any variant IgGs described above and herein. In certain
embodiments, the variant igG is an anti-VEGF antibody. In certain embodiments, the variant IgG is
a variant of bevacizumab. In certain embodiments, the methods further comprise administering to
the subject an effective amount of a chemotherapeutic agent,

In another aspect, there is provided use of a variant IgG described herein in the manufacture
of a medicament for treating tumor in a subject.

Methods of inhibiting VEGF activity in a subject are provided in the disclosure. For
example, methods comprise administeting to said subject an effective amount of any variant [gGs
described above and herein. In certain embodiments, the VEGFE activity is angiogenesis,

In another aspect, there is provided use of a variant Ig( described herein in the manufacture
of a medicament for treating a disease or condition in a subject where VEGF activity is
angiogenesis.

Methods of modulating vascular permeability in a subject are provided in the disclosure.
For example, methods comprise administering to said subject an effective amount of any variant
TgGs described above and herein.

Methods of treating a non-neoplastic disorder in a subject are provided in the disclosure.
For example, methods comprise administering to said subject an effective amount of any variant
IgGs described above and herein. In certain embodiments, the non-peoplastic disorder is an
autoimmune disease. In certain embodiments, the non-neoplastic disorder is Alzheimer’s disease.
In certain embodiments, the subject is diagnosed with age-related macular degeneration.

Methods of treating a HER expressing tumor in a subject are provided in the disclosure.

For example, methods comprise administering to said subject an effective amount of any variant
IgGs described above and herein. In certain embodiments, the variant IgG comprises the heavy
chain variable domain (SEQ ID NO:7) and light chain variable domain (SEQ ID NO:8).

Methods of inhibiting or preventing growth of cancer cells in a subject are provided in the
disclosure. For example, methods comprise administering to said subject an effective amount of
any variant [gGs described above and herein.

In another aspect, there is provided use of a variant IgG described herein in the manufacture
of a medicament for inhibiting or preventing growth of cancer cells in a subject.

Methods of administering to a subject an effective amount of a variant IgG are
provided in the disclosure. These methods of administration can be used in combination
with other methods (e.g., methods of treatments) described herein. In certain embodiments,

11
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methods comprise administering to said subject an effective amount of any variant IgGs
described above and herein, and wherein the variant IgG is administered to the subject
every 4 weeks or at longer intervals. In certain embodiments, the variant IgG is
administered every 5 weeks or longer. In certain embodiments, the variant IgG 18
administered every 6 weeks or-longer. In certain embodiments, the variant 1gG is
administered every 7 weeks or longer. In certain embodiments, the variant IgG is
administered every 8§ weeks or longer. In certain embodiments, the variant IgG is
administered every 9 weeks or longer. In certain .mE@o&BmEm, the variant IgG is
administered every 10 weeks or longer. In certain m@@o&‘amw\“m. the variant IgG is
administered every 11 weeks or longer. In certain embodiments, the variant IgG is
administered every 12 weeks or longer. In certain embodiments, methods comprise
mmga.manuw to said subject an effective amount of any variant IpGs, wherein the variant
Ig( is administered less frequently than the recommended or prescribed dosage frequency

of the IgQ having the wild-type human IgG Fc region. In certain embodiments, the IgG

having the wild-type human IgG Fc region is bevacizumab. In certain embodiments, the

~variant IgG, e.g., a variant of bevacizumab, is administered less frequently thian the

prescribed dosage frequency of bevacizumab.

In certain embodiments, the variant 1gG is initially mmE_.bmmwom& every m.im%@ and
later administered every 4 weeks or longer. In certain embodiments, the variant IgG is
initially administered every 3 weeks, and later administered every 6 weeks or longer. In
certain embodiments, the variant IgG 1s initially administered every 4 weeks, and later
administered every 8 weeks or longer. In certain embodiments, the variant IgG is initially
administered every 5 weeks, and later administered every 10 weeks or longer. In certain
embodiments, the variant IgG is initially administered every 6 weeks, and later
administered every 12 weeks or longer. In certain embodiments, the variant IgG, e.g., a
variant of bevacizumab, is initially administered with the prescribed dosage frequency of
bevacizumab, and later administered less frequently than the prescribed dosage of
bevacizumab,

In certain embodiments of the methods described heremn, the variant IgG is an anti-
VEGF antibody. In one embodiment, the anti-VEGF antibody comprises the heavy chain
variable domain (SEQ ID NO:1) and light chain variable domain Ammb IDNO:2). In

another embodiment, the anti-VEGF antibody is a variant of bevacizumab.
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In certain embodiments, the variant IgGs of the disclosure are administered to the
subject intravenously. In certain embodiments, the variant 1gGs of the disclosure are
administered to the subject subcutaneously.

In certain embodiments of the methods described herein, the subject is human. In
certain embodiments, the subject is diagnosed with cancer. In certain embodiments, the
cancer is selected from the group consisting of non-small cell lung cancer, renal cell
carcinoma, ovarian cancer, glioblastoma, breast cancer, and colorectal cancer.

Also provided herein are methods of treating a benign, pre-cancerous or non-
metastatic cancer in a subject, which comprise administering to the subject an effective
amount of a variant IgG. In certain embodiments, the administration of the variant IgG
prevents the benign, pre-cancerous, or non-metastatic cancer from becoming an invasive or
metastatic cancer. For example, the benign, pre-cancerous or non-metastatic cancer can be a
stage 0, stage I, or stage Il cancer, and in certain embodiments, the administration of the
variant JgG prevents the benign, pre-cancerous or non-metastatic cancer from progressing to
the next stage(s), e.g., a stage I, a stage 11, a stage III or stage IV cancer. In certain
embodiments, the variant [gG is administered for a time and in an amount sufficient to treat
the benign, pre-cancerous, or non-metastatic tumor in the subject or to prevent the benign,
pre-cancerous, or non-metastatic tumor from becoming an invasive or metastatic cancer. In
certain embodiments, administering the variant IgG reduces tumor size, tumor burden, or the
tumor number of the benign, pre~-cancerous, or non-metastatic tumor. The variant IgG can
also be administered in an amount and for a time to decrease the vascular density in the
benign, pre-cancerous, or non-metastatic tumotr.

As described herein, the methods of the disclosure can be used to treat, e.g., a stage 0
(e.g., a carcinoma in situ), stage I, or stage Il cancer. The methods of neoadjuvant and
adjuvant therapy can be used to treat any type of cancer, e.g., benign or malignant. Tn certain
embodiments of the disclosure, the cancer is a solid tumor, including, but not limited to,
colon cancer, breast cancer, prostate cancer, renal cancer, lung cancer (e.g., non-small cell

lung cancer), melanoma, ovarian cancer, pancreatic cancer, gastrointestinal cancer, head and

neck cancer, liver cancer and soft tissue cancers (e.g., B cell lymphomas such as NHL and
multiple myeloma and leukemias such as chronic lymphocytic leukemia). In another
embodiment, the benign, pre-cancerous, or non-metastatic tumor is a polyp, adenoma,
fibroma, lipoma, gastrinoma, insulinoma, chondroma, osteoma, hemangioma,
lymphangioma, meningioma, leiomyoma, rhabdomyoma, squamous cell papilloma,
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acoustic neuromas, neurofibroma, bile duct cystanoma, leiomyomas, mesotheliomas,
teratomas, myxomas, trachomas, granulomas, hamartoma, transitional cell papilloma,
pleiomorphic adenoma of the salivary gland, desmoid tumor, dermoid cystpapilloma,
cystadenoma, focal nodular hyperplasia, or a nodular regenerative hyperplasia. In another
embodiment, the methed is desirably used to treat an adenoma. Non-limiting examples of
adenomas include liver cell adenoma, renal adenoma, metanephric adenoma, bronchial
adenoma, alveolar adenoma, adrenal adenoma, pituitary adenoma, parathyroid adenoma,
pancreatic adenoma, salivary gland adenoma, hepatocellular adenoma, gastrointestinal
adenoma, tubular adenoma, and bile duct adenoma.

The disclosure also features methods that comprise administering to a subject an

effective amount of a variant IgG to prevent occurrence or recurrence of a benign, pre-
cancerous, or non-metastatic cancer in the subject. In certain embodiments of the disclosure,
the subject is at risk for cancer, polyps, or a cancer syndrome. In one example, the subject
has a family history of cancer, polyps, or an inherited cancer syndrome. In certain
embodiments of the disclosure, the subject is at risk of developing a benign, pre-cancerous,
or non-metastatic tumor. In certain embodiments, the method prevents occurrence or
recurrence of said benign, pre-cancerous or non-metastatic cancer in a subject who has never
had a tumor, a subject who has never had a clinically detectable cancer, or a subject who has
only had a benign tumor.

In another embodiment, methods of preventing or reducing the likelihood of
recurrence of a cancer in a subject that includes administering to the subject a variant IgG
for a time and inan amount sufficient to prevent or reduce the likelihood of cancer
recurrence in the subject are provided. The disclosure includes a method of preventing the
recurrence of a cancer in a subject having a tumor that includes the steps of removing the
tumor (e.g., using definitive surgery) and thereafter administering to the subject a variant
IgG. The disclosure includes methods of preventing the regrowth of a tumor in a subject
that includes the steps of removing the tumor (e.g., using definitive surgery) and thereafter
administering to the subject a variant [gG. In a related embodiment, the disclosure includes
a method of preventing recurrence of cancer in a subject or reducing the likelihood of cancer
recurrence in a subject that optionally includes administering to the subject an effective
amount of a variant IgG prior to surgery, performing definitive surgery, and administering an
effective amount of a variant IgG following the surgery wherein the administration of the
variant IgG after the surgery prevents recurrence of the cancer or reduces the likelihood of
cancer recurrence. In
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another related embodiment, the disclosure includes a method of preventing recurrence of
cancer in a subject or reducing the likelihood of cancer recurrence in a subject that includes
administering to the subject an effective amount of a variant IgG in the absence of any
additional anti-cancer therapeutic agent, wherein the administering prevents recurrence of
cancer in a subject or reduces the likelihood of cancer recurrence in a subject.

For each of the above aspects, the tumor can be any type of tumor including but not

limited to the solid tumors, and particularly the tumors and adenomas, described herein. The
subject can have a dormant tumor or micrometastases, which may or may not be clinically
detectable. In one embodiment, the variant IgG is administered for a time and in an amount
sufficient to reduce neovascularization of a dormant tumor or micrometastases. In another
embodiment, the variant IgG is administered for a time and in an amount sufficient to
prevent occurrence of a clinically detectable tumor, or metastasis thereof, or to increase the
duration of survival of the subject.

In one embodiment, the variant IgG is a monotherapy. In another embodiment, the
subject has been previously treated for the tumor, for example, using an anti-cancer therapy.
In one example, the anti-cancer therapy is surgery. In another embodiment, the subject can
be further treated with an additional anti-cancer therapy before, during (e.g.,
simultaneously), or after administration of the variant IgG. Examples of anti-cancer
therapies include, without limitation, surgery, radiation therapy (radiotherapy), biotherapy,
immunotherapy, chemotherapy, or a combination of these therapies.

In embodiments where the subject has undergone definitive surgery, the variant IgG
is generally administered after a period of time in which the subject has recovered from the
surgery. This period of time can include the period required for wound healing or healing of
the surgical incision, the time period required to reduce the risk of wound dehiscence, or the
time period required for the subject to return to a level of health essentially similar to or
better than the level of health prior to the surgery. The period between the completion of the
definitive surgery and the first administration of the variant IgG can also include the period
needed for a drug holiday, wherein the subject requires or requests a period of time between
therapeutic regimes. Generally, the time period between completion of definitive surgery
and the commencement of the variant IgG therapy can include less than one week, I week, 2
weeks, 3 weeks, 4 weeks (28 days), 5 weeks, 6 weeks, 7 weeks, § weeks, 3 months, 4
months, 5 months, 6 months, 7 months, 8 months, 9 months, 10 months, 11 months, 1 year,
2 years, 3 years, or more. In one embodiment, the period of time between definitive
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surgery and administering the variant IgG is greater than 2 weeks and less than 1 year. In
one embodiment, the petiod of time between definitive surgery and administering the variant
IgG is greater than 4 weeks (28 days).

In certain embodiments, each of the above aspects can further include monitoring the
subject for recurrence of the cancer.

The disclosure also provides methods of neoadjuvant therapy prior to the surgical
removal of operable cancer in a subject, e.g., a human patient, comprising administering to
the patient an effective amount of a variant IgG where the patient has been diagnosed with a
tumor or cancer. The variant IgG can be administered alone or in combination with at least
one chemotherapeutic agent.

The disclosure also includes a method of treating a subject with operable cancer that

includes administering to the subject an effective amount of a variant TgG prior to surgery
and thereafter performing surgery whereby the cancer is resected. In one embodiment, the
method further includes the step of administering to the subject an effective amount of a
variant IgG after surgery to prevent recurrence of the cancer.

In another embodiment, the disclosure concerns a method of neoadjuvant therapy
comprising administering to a subject with operable cancer an effective amount of a variant
1gG and at least one chemotherapeutic agent prior to definitive surgery.

In another embodiment, the disclosure includes a method of reducing tumor size in a
subject having an unresectable tumor comprising administering to the subject an effective
amount of a variant [gG wherein the administering reduces the tumor size thereby allowing
complete resection of the tumor. Tn one embodiment, the method further includes
administering to the subject an effective amount of a variant IgG after complete resection of
the tumor.

In another embodiment, the disclosure concerns a method of treating cancer in a
subject comprising the following steps: a) a first stage comprising a plurality of treatment
cycles wherein each cycle comprises administering to the subject an effective amount of a
variant IgG and at least one chemotherapeutic agent at a predetermined interval; b) a
definitive surgery whereby the cancer is removed; and ¢) a second stage comprising a
plurality-of maintenance cycles wherein each cycle comprises administering to the subject an
effective amount of a variant IgG without any chemotherapeutic agent at a predetermined
interval. In one embodiment, the first stage comprises a first plurality of treatment cycles
wherein a variant IgG and a first chemotherapy regimen are administered followed by a

second
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plurality of treatment cycles wherein a variant IgG and a second chemotherapy regimen are
administered.

The disclosure provides methods comprising administering to a subject with
metastatic or nonmetastatic cancer, following definitive surgery, an effective amount of a
variant IgG. In certain embodiments, the method further includes the use of at least one
chemotherapeutic agent.

In one embodiment, the method comprises the following steps: a) a first stage
comprising a plurality of treatment cycles wherein each cycle comprises administering to the
subject an effective amount of a variant IgG and at [east one chemotherapeutic agent at a
predetermined interval; and b) a second stage comprising a plurality of maintenance cycles
wherein each cycle comprises administering to the subject an effective amount of a variant
IgG without any chemotherapeutic agent at a predetermined interval. In one embodiment,
the first stage comprises a first plurality of treatment cycles wherein a variant IgG and a first
chemotherapy regimen are administered, followed by a second plurality of treatment cycles
wherein a variant IgG and a second chemotherapy regimen are administered.

In certain embodiments, the variant IgG is an anti-VEGF antibody that binds to
VEGF or reduces VEGFE expression or biological activity. The anti-VEGF antibody, or
antigen-binding fragment thereof, can be a monoclonal antibody, a chimeric antibody, a fully
human antibody, or a humanized antibody. In certain embodiments, exemplary antibodies
useful in the methods of the disclosure include bevacizumab (AVASTIN®), G6-31, B20-4.1,
B20-4.1.1, and fragments thereof.

In certain embodiments, the variant IgG is humanized anti-HER2 monoclonal
antibody HERCEPTIN®. In certain embodiments, the variant IgG 1s chimeric anti-CD20
antibody Rituxan®, anti-IgE antibody XOLAIR®, anti-CD20 antibody, anti-CD11a antibody
Raptiva®, anti-Her?2 antibody Omnitarg®, an anti-oxLDL antibody, anti-CD4 antibody
MTRX1011A, an anti-HCV antibody, an anti- IL-17A/F antibody, an anti-A-beta antibody,
an anti-DR6 antibody, anti-human cytomegalovirus ({ICMV) antibody, anti-HER receptor
tamily antibody, an anti-tissue factor antibody, MI.N-02 antibody, humanized anti-CD 18
F(ab"); antibody, or a humanized anti-IgE IgG; antibody rhuMab-E25. In certain
embodiments, the variant IgG is a bispecific antibody wherein target antigens are [L-4 and
IL-13. In certain embodiments, the variant IgG is an antibody targeting an epitope of staph

aureus.
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Although the subject can be treated in a number of different ways prior to, during, or
after the administration of the variant IgG, in certain embodiments, the subject is treated.
without surgery or chemotherapy. In other embodiments, treatment with the variant IgGisa
monotherapy or a monotherapy for the duration of the variant IgG treatment period, as
assessed by the clinician or described herein.

In other embodiments, treatment with the variant IgG is in combination with an

additional anti-cancer therapy, including but not limited to, surgery, radiation therapy,
chemotherapy, differentiating therapy, biotherapy, immune therapy, an angiogenesis
inhibitor, and an anti-proliferative compound. Treatment with the variant IgG can also
include any combination of the above types of therapeutic regimens. In certain
embodiments, cytotoxic agents, anti-angiogenic and anti-proliferative agents can be used in
combination with the variant IgG. Tn one embodiment, the anti-cancer therapy is
chemotherapy. In-certain embodiments, the chemotherapeutic agent and the variant IgG are
administered concurrently.,

In certain embodiments, the methods of the disclosure are advantageous in treating.
and preventing early stage tumors, thereby preventing progression to the more advanced
stages resulting in a reduction in the morbidity and mortality associated with advanced
cancer. The method of the disclosure are also advantageous in preventing the recurrence of
a tumor or the regrowth of a tumor, for example, a dormant tumor that persists after removal
of the primary tumor, or in reducing or preventing the occurrence or proliferation of
micrometastases.

For the methods of the disclosure, the cancer may be a solid tumor, e.g., such as,
breast cancer, colorectal cancer, rectal cancer, lung cancer, renal cell cancer, a glioma (e.g.,
anaplastic astrocytoma, anaplastic oligoastrocytoma, anaplastic oligodendroglioma,
glioblastoma multiforme), kidney cancer, prostate cancer, liver cancer, pancreatic cancer,
soft-tissue sarcoma, carcinoid carcinoma, head and neck cancer, melanoma, and ovarian
cancer.

The methods of the disclosure can also include monitoring the subject for recurrence
of the cancer or tumor.

Other features and advantages of the disclosure will be apparent from the following
Detailed Description, the drawings, and the claims.

Any embodiment described herein or any combination thereof applies to any and all
variant IgGs and methods of the disclosure described herein.
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BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 Pancls A-B: Binding of anti-VEGF wild-type (WT) and anti-VEGF variants
to human FcRn at pH 6.0. Two separate experimental runs with different levels of FcRn ‘

coupled on the chips were performed. For each run, steady state response unit is plotted as

- a function of variant concentrations to estimate the dissociation constants.

Fig. 2 Dissociation constants of the anti-VEGF wild-type (WT) and anti-VEGF
variants against human FcRn at pH 6.0. Kp was estimated from the two different runs
shown in Figure 1. ‘

Fig. 3: Binding of anti-VEGF wild-type (WT) and anti-VEGF variants to human
FcRn at pH 7.4, Steady state response unit is plotted as a function of anti-VEGF variant
concentrations, |

Fig. 4 Panels A-D: Binding of anti-VEGF wild-type and anti-VEGF variants to
(A) human FcRn at pH 6.0, (B) human FcRn at pH 7.4, (C) cyno FcRn ‘at pH 6.0 and (D)
cyno FeRn at pH 7.4. ..

Fig. §: Kinetics parameters and monovalent dissociation constants (Kp) of various
anti-VEGF variants against human FcRn at pH 6.0 and 25°C. Wommmm are representative of
three independent experiments.

Fig. 6: Kinetics parameters and monovalent dissociation constants (Kp) of various
anti-VEGF <mnmna. against cyno FcRn at pH 6.0 and ,_Mmoo. Results are representative of
three independent experiments.

Fig. 7 Pancls A-B: The dissociation rate (Ko} of (A) human FcRn and (B) cyno
FcRn against different anti-VEGF variants at different pHs,

Fig. 8: Surmary of the human FcRn affinity improvement of the anti-VEGE
<mnm,2m over anti-VEGF ;&m..go. ‘Data are summarized from Figures 4 and 3,

Fig. 9 Panels A-B: The VEGF binding of (1) anti-VEGF wildtype and anti-VEGF
varients (2) N434I, (3) T307Q/N434A, (4) T307Q/N4348, (5) T307Q/E380A/N434S and
(6) V308P/N434A. (A) The VEGF binding of the antibodies determined by injecting anti-
VEGF wildtype and anti-VEGF variants over a VEGF-A g coated sensor chip at 37°C
using BlAcore® 3000. (B) masmoﬂm.nmgm for the 50nM and 100nM injections. Each
sensorgram bascline was offset by 4RU for better viewing.

Fig. 10: The in-vitro HUVEC proliferation inhibition of AVASTIN®, anti-VEGF

wildtype (bevacizumab) and anti-VEGEF variants. Human umbilical vascular endothelial
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Growth curves of HM-7 tumors for 0.5 and 0.05mg/kg treatment groups. (C) Serum anti-
VEGEF antibody concentrations at the end of treatment (day 18 for anti-ragweed and day 21
for the anti-VEGF treatment groups). Concentrations were measured using the VEGF
m&;ﬁm ELISA. Data are represented as the mean = standard deviation.

Fig. 19 Panels A-E: A repeat efficacy study of anti-VEGF wildtype and
T307Q/N434A (QA) variant in treating HM-7 xenografts implanted s.c. info RAG2 KO;
hum-X VEGF KI double-homozygous mice. 5, 0.5 and 0.05mg/kg of wildtype and
T307Q/N434A variant and Smg/kg of anti-ragweed control were administered
intraperitoneal twice weekly. (A) Growth curves of HM-7 tumors. Diata are represented as
the mean + standard error. (B) Growth curves of HM-7 tumors for 0.5 and 0.05mgrkg
treatment groups. Data are represented as the mean + standard error. (C) Terminal weights

of HM-7 tumors determined at the end of treatment (day 16 for anti-ragweed, day 19 for

0.05mg/kg group, and day 22 of the remaining groups). Data are represented as the mean

standard error. (D) Serum anti-VEGF antibody concentrations at the end of treatment.
Concenirations were measured using the human Fc capture ELISA. Data are represented as
the mean + standard deviation. (E) Ratio of antibody concentration in tumors to thatin
blood. Tumor antibody concentrations were determined by Emmwﬁmbm the total amount of
tumor lysates and the amount of anti-VEGF antibody in the tumor lysates. Data are
represented as the mean + standard deviation.

Fig. 20 Pancls A-D: The third efficacy study of anti-VEGF wildtype and
T307Q/N434A (QA) variant in treating HM-7 xenografts implanted s.c. into RAG2 KO;
hum-X VEGF K1 double-homozygous mice, 5, 0.5 and 0.05mg/kg of wildtype and
T307Q/N434A and Smg/kg of anti-ragweed control were administered intraperitoneal twice
weekly. ‘(A) Mean tumor volume for each group at the end of treatment (day 22). Data are
represented as the mean =+ standard error. (B) Terminal weights of HM-7 tumors. Data are
represented as the mean + standard. error. (C) Serum anti-VEGFE w..amuo% concentrations at
the end of treatment. Concentrations were measured using the anti-human Fc capture
ELISA. Data are represented as the mean + standard deviation. (D) Ratio of antibody
concentration in tumors to that in blood. Tumor antibody concenirations were determined
by measuring the total amount of tumor lysates and the amount of anti-VEGF antibody in
the tumor lysates. Data are represented as the mean =+ standard deviation,

Fig. 21 Panels A-D: Efficacy of anti-VEGF wildtype and T307Q/N434A (QA)
variant in treating HT-55 xenografts implanted s.c. into RAG2 KO; hum-X VEGF KI
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Fig, 24: Monovalent &mwo&mﬁon constants (Kp) of anti-HER2 (traztuzumab) IgG,
Fc variants to human FcRn at pH 6.0 and 25°C using BlAcore. Results are representative of
two independent experiments.

Fig. 25: Expression levels of FcRn in different human tumor cell lines, Five

million cells of each cell line were used for the experiment. Raji cells (human B-cell

: Hﬁvwoﬁmu were used as a negative control, while soluble human FcRn protein, which is

missing the 7kDa transmembrane and cytoplasmic regions, was blotted as a positive
control. Dilutions of soluble FoRn protein were used as the standard to mmmam@. the FcRn
expression level. Results shown here are representative of at least three independent
experiments.

~ Fig. 26: pH-dependent binding of anti-HER?2 (traztuzumab) IgG; Fc variants to
human FcRn. Variants were constructed with mutations at L2571, 1314, and E430. The
binding was measured at pH ranging from 6 to 7.2 using BlAcore at 25°C. The affinity
ratios of the variants relative to anti-HER2 IgG, wildtype were determined g.a.?oﬁoa asa
function of pH.

Fig. 27 Panels A-C: Binding of anti-FIER2 (traztuzumab) 1gG, wild-type, variant
TI07Q/NA34A, variant 1.251D/T307Q/NA34H and variant
L251D/T307Q/M428L/N434H/Y 4361 against human FcRan at (A) ﬁm 6.0, (BYpH 7.1, and
() @m. 7.4. The En&sm was measured using BlAcore at 25°C. There was no detectable
binding of variant L251D/T307Q/N434H to human FcRn at pH 7.4 in Fig. 27C.

Fig. 28: The dissociation rate (ko) of human FcRn against various anti-VEGF and
anti-HER2 variants at different pHs. The anti-VEGF variants are T307Q/N434A,
T307Q/N434S. T307Q/E380A/N434S and V308P/N434A. The anti-HER2 variant is
L251D/T307Q/M428L/N434H/Y436]. The k¢ values at different pHs were fitted against
pH for each variant to yicld the slope of the best-fit ling (equation: log(kors) = slope x pH
+y-intercept).

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to novel variants of Fe domains, including those found
in antibodies, Fc fusions, and immuno-adhesins, that have an increased in vivo half-life.
These variants comprise a human IgG Fe region, or fragment thereof that binds to an FcRa,

that contains one or more amino acid modifications relative to a wild type human IgG Fc

23
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application. All references cited herein, including patent applications and publications, are

incorporated by reference in their entirety.

Definitions o

For purposes mm interpreting this specification, the following definitions will apply
and whenever appropriate, ﬁ,ﬁﬁw used in the singular will also u.b.nmz% Ew plural and vice
versa. 1t is to be understood that the terminology used herein is for the purpose of

describing particular embodiments only, and is not intended to be limiting. In the event that

“any definition set forth below conflicts with any document incorporated herein by reference,

the definition set forth below shall control,

Throughout the present specification and claims, the numbering of the residues in an
wgﬁusom?gmn heavy chain is that of the EU index as in Kabat et al., Sequences of |
Proteins of Immunological Interest, 5th Ed. Public Health Service, National Institutes of
Health, Bethesda, Md. (1991), expressly incorporated herein by reference. The “EU index
as in Kabat” refersto the residue numbering of the human IgG, md. antibody.

The term "in vivo half-life" or “the half life of the antibody in vive” as used herein
refers to a biological half-1if¢ of a particular type of IgG molecule or its fragments
containing FcRn-binding sites in the circulation of a given animal and is represented by the
time required for the circulating concentration of a molecule to decrease by 50%. In certain
embodiments, when the concentration of a given IgG is plotted as a function of time, the
curve is usually biphasic with a rapid o-phase which represents an equilibration. of the
injected IgG molecules between the intra-and extra~vascular space, and a longer B-phase
which represents the elimination of the IgG molecules from the intravascular space. In
certain embodiments, the term "in vivo half-life" corresponds to the half life of the IgG
molecules in the f-phase. In certain embodiments, the concentration versus time curve of a
given IgG is triphagic, with corresponding distribution into an o~phase and B-phase, anid
terminal elimination represented by a y-phase. Therefore, in certain embodiments, in vive
half-life corresponds to the haif-life of the terminal elimination phase, or the y -phase. In
certain embodiments, the concentration versus time curve of a given IgG is monophasic,
with a single climination phase. Therefore, in certain embodirrents, in vive half-life
corresponds to the half-life of the single elimination phase.

By “parent polypeptide” or “wild-type polypeptide” as used herein is meant an
unmodified polypeptide, a naturally occurring polypeptide, or an engineered modified

25
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region refers to Fe region which lacks one ot more of the Fe region amino acid
modifications disclosed herein, In certain embodiments, the wild-type human IgG Fe
region refers to Fe region with one or more Fe region amino acid modifications not
disclosed herein. In certain embodiments, the wild-type Ig( is bevacizumab. In certain
oB@omEpmmﬁ the wild-type antibody is an antibody fragment that does not contain an Fe
region. In certain embodiments, the variant IgG of such ima..@ﬁa antibody is an F¢ fusion
protein comprising Fab domain fragments of the wild-type antibody, or the %Bmmw or
domains of 2 non-antibody protein, and an Fc domain fragment comprising one or more of
the Fc region modifications disclosed herein. In certain embodiments, the wild-type human
1gG Fe region refers to an IgG Fo region with Fe mutation 1.251D or 1251D/434H, but has
no other Fe region amino acid modifications disclosed herein.

By “variant,” “variant protein” or “protein variant” as used herein is meant a protein

- that differs from that of a parent protein by virtue of at least one amino acid modification.

Protein variant may refer to the protein itself, a composition comprising the protein, or the
amino sequence that encodes it. In certain embodiments, the protein variant has at least one
amino acid modification compared to the parent polypeptide, e.g. from about one to about
ten amino acid modifications. In certain embodiments, the protein variant has at least two
amino acid modifications in the IgG Feregion. In certain embodiments, the protein variant
has at least three amino acid modifications in the IgG Fe region. The protein variant
sequence herein will preferably possess at least about 80% homology with a parent protein
sequence, and most preferably at least about 90% homology, more preferably at least about
95% homology. Protein variants may also comprise non-natural amino acids, ag defined
below. The term “protein variant™ includes immunoglobulin variant and antjbody variant as
described herein.

The term “immunoglobulin variant,” “variant immunoglobulin,” “variant IgG” or
"IgG variant" as used herein is meant an immunoglobulin sequence that differs from that of
a parent or wild-type immunoglobulin sequence by virtue of at least one amino acid
modification. In certain embodiments, variant IgG has at least two amino acid
modifications in the Fe region relative to wild-type IgG. In certain @BHuo&EoEP variant

IgG has at least three amino acid modifications in the Fc nammmn relative to wild-type IgG.

In certain embodiments, variant IgG is a variant antibody. In certain embodiments, the

variant IgG is an anti-VEGF antibody. In one embodiment, the variant IgG is a variant of

27
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glutamine (Gln); glutamic acid (Glu); glycine (Gly); histidine (His); isoleucine (Ile): leucine
(Leu); lysine @%m_u.w methionine {(Met); phenylalanine (Phe); proline (Pro); serine (Ser);
threonine (Thr); tryptophan (Trp); tyrosine (Tyr); and valine (Val). Tn certain embodiments,

the MaE acement residue is not cysteine. Substitution with one or more non-naturally

occurring amino acid residues is also encompassed by the definition of an amino acid

substitution herein.,

A “non-naturally oonmﬁ.mm amino acid residue” refers to a residue, other than those
naturally occurring amino acid residues listed above, which is able to covalently bind
adjacent amino acid residues(s) in a polypeptide chain. Examples of non-naturally

occurring amino acid residues include norleucine, ornithine, norvaline, homoserine and

' other amino acid residue analogues such as those described in Ellman et al, Meth. Enzym.

202:301-336 A_GEV“ US Patent No. 6,586,207, WO 98/48032; WO 03/073238; U S.
Publication No. 2004-0214988A1; WO 05135727A2; WO 05/74524A2; J. W. Chin et al,,
(2002), Journal of the American Chemical Society 124:9026-9027; J, W. Chin, & P. G.

Schultz, (2002), ChemBioChem 11:1135:1137; and J. W. Chin, ef al., (2002), PICAS

United States of America 99:11020-11024, all entirely incorporated by reference.

An “amino acid insertion” refers to the incorporation of at least one amino acid into
a ?mamﬁnﬁmmom amino acid mmmsmnnm. While the insertion will usually consist of the
insertion of one or two amino agid residues, the present application contemplates larger
“peptide insertions”, e.g. insertion of about three to about five or even up to about ten
amino acid residues. The inserted residue(s) may be naturally occurring or non-paturally
onoﬁ.aum as disclosed above. |

An “amino acid deletion” refers to the removal of at least one amino acid Hnmazo
froma wanaoﬁnﬂmﬁoa arnino acid sequence.

In certdin embodiments, the term “increase,” “increased half life” or “increased in
vivo half life” refers to an overall increase of at least about 25%, 30%, 40%, 50%, 60%,
0%, 75%, 80%, 85%, 90%, 95%, 100%, 150%, 200%, 300% or greater, in the in vivo half
life of a variant 1gG of the invention defected by standard art known methods such as those
described herein, as compared to a wild-type IgG or an IgG having the wild-type human
IgG Feregion. In certain nB.co&m.EEm, the term increase refers to the increased in vive half
life of the variant IgG, wherein the increase is at least about 1.25X, 1.5X, 1.75X, 2X, 3%,
4%, mM_ or 10X or greater as compared to a wild-type IgG or an IgG having the wild-type
human IgG Fe region. In certain embodiments, the wild-type IgG or the IgG having the
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antibody includes the antibody in situ within recombinant cells since at least ane component
of the antibody's natural cnvironment will not be @ﬂomm&. Ordinarily, however, isolated
antibody will be m.a.o@mnon by at least one purification step,

"Native antibodies" are usually heterotetrameric m_%n,ovaoﬁnmsw of about 150,000
daltons, composed of two.identical light (L) chains and two identical hecavy (H) chains.
Each tight 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 (V1) 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 chain and heavy chain variable domains,

The term "constant domain" refers to the portion of an immunoglobulin molecule
P

. baving a more conserved amino acid sequence relative to the other portion of the

immunogiobulin, the variable domain, which contains the antigen binding site, The
constant domain contains the Cyl, Cy2 and Cp3 domains of the heavy ow&.u and the CHL
domain of the light chain, |

The “variable region” or *variable domain” of an antibody refers to the amino-
terminal domains of the heavy or light chain of the antibody. The variable domain of the
heavy chain may be referred to as “Vy.” The variable domain of the light chain may be
referred to as “Vi.” These domains are gencrally the most variable parts of an antibody and
contain the antigen-binding sites.

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 concentrated in three
segments called hypervariable regions (HVRs) both in the light-chain and the heavy-chain
variable domains, The more highly conserved portions of variable domains are called the
framework regions (FR). The variable domains of native heavy and light chains each
comprise four FR regions, largely adopting a beta-sheet configuration, connected by three

HVRs, which form loops connecting, and in some cases forming part of, the beta-sheet
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The terms “full length antibody,” “intact antibody” and “whole antibody” are used
herein interchangeably to refer to an antibody in its substantially intact form. The terms
particularly refer to an antibody with heavy chains that contain an Fc region.

A “naked antibody” for the purposes herein is an aptibody that is not conjugated to a
cytotoxic moiety or radiolabel.

:}é&o% fragments” comprise a monﬁu of an intact antibody, preferably
cormprising the antigen binding region thereof. In certain embodiments, antibody fragments
comprise an mﬁu region or a portion of Fc region comprising one or more Fc region
medification disclosed herein. Examples of antibody fragments include Fab, Fab', F(ab",,
and ['v fragments; diabodies; linear antibodies; single~chain antibody molecules; and
E:E%nm_.mo antibodies formed from antibody fragments.

Papain digestion of antibodies produces two identical antigen-binding fragments,
called “Fab” fragments, each s&m a single antigen-binding site, and a residual “Fc”
fragment, whose name reflects its ability to crystallize readily. Pepsin treatment ﬁowam an
F(ab’); fragment that has two antigen-combining sites and is still capable of cross-linking:
antigen. , | ‘

“Fv” is the minimum antibody fragment which contains a complete antigen-binding
site. In one embodiment, a two-chain Fv species consists of a dimer of one heavy- and one
light-chain <wmm_u_o domain in tight, non-~-covalent association. In a single-chain Fv (scFv)
species, one heavy- and one light-chain variable domain can be covalently linked by a
flexible peptide linker such that the light and heavy chains can associate in a “dimeric”
structure analogous to that in a two-chain Fv species. It is in this oObmmE.,mmoﬁ that the
three HVRs of each variable domain interact to define an antigen-binding site on the surface
of the VH-VL dimer. Collectively, the six HVRs confer antigen-binding specificity to the
antibody. However, even a single variable domain (or half of an Fv comprising only three
HVRs specific-for an antigen) has the ability to recognize and bind antigen, although at a
lower affinity than the entire binding site.

The Fab fragment contains the heavy- and light-chain variable domains and also
contains the constant domain of the light chain and the first constant domain (CHI) of the
heavy chain. Fab’ fragments differ from Fab fragments by the addition of a few residues at
the carboxy terminus of the heavy chain CH1 domain including one or more cysteines from
the antibody hinge region. Fab’-SH is the designation herein for Fa 'in which the cysteine

residue(s) of the constant domains bear 4 free thiol group, F(ab’), antibody fragments
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which typically include different antibodies directed against different determinants
{epitopes), each monoclonal antibody of a monoclonal antibody preparation is directed
against a single determinant on an antigen. In addition to their specificity, monoclonal
antibody preparations arc advantageous in that they are typically uncontaminated by other
immunoglobulins. ‘ . |

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
a variety of techniques, including, for example, the hybridoma method (e.g., Kohler and
Milstein, 2&%.9 256:495-97 (1975); Hongo et al., Hybridoma, 14 (3): 253-260 {19635),
Harlow et.al., Antibodies: A Laboratory Manual, (Cold Spring Harbor Laboratory Press,
2nd ed. 1988), Hammerling ef al,, in: Monoclonal Antibodies and T-Cell Hybridomas 563-
681 (Elsevier, N.Y ., 1981)), recombinant DNA metheds (see, €.g., U.S. Patent No.
4,816,567), phage-display technologies (see, e.g., Clackson et al., Nature, 352: 624-628
C@@S, Marks et al., J..Mol. Biol. 222: 581-597 (1992); Sidhu ez al., J. Mol. Biol. 338(2):
mm@.ﬁo @caww Lee et al., J. Mol Biol. 340(5): 1073-1093 (2004); Fellouse, Proc. Natl.

Acad, Sci. USA 101(34): 12467-12472 (2004); and Lee et al., J. Tnmunol, Methods 284(1-

2): 119-132(2004), and technologies for producing human or human-like antibodies in
animals that have parts or ali of the human immunoglobulin loci or genes encoding human
immunoglobulin sequences (see, e.g., WO 1998/24893; WO 1996/34096; WO 1996/33735;
WO EE:DE: Jakobovits et al., Proc. Natl. Acad. Sci. USA 90: 2551 (1993); Jakobovits
et al., Nature mmm” 255-258 (1993); Bruggemann et al., Year in Immunol, 7:33 (1993); U.S.
Patent Nos. 5,545,807, 5,543,806; 5,569,825; 5,625,126, 5,633,425, and 5,661,016; Marks
et al., Bio/Technology 10: 779-783 (1992); Lonberg et al., Nature 368: 856-859 (1994);
Morrison, Nature 368: 812-813 (1994); Fishwild et al., Nature Biotechnol. 14: 845-851
(1996); Neuberger, Nature Biotechnol. 14: 826 (1996); and Lonberg and Huszar, Intern.
Rev. Immunol. 13: 65-93 (1995).

The monoclonal antibodies herein specifically include "chimeric” antibodies in
which & 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
wm&oz_wu. 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
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preparation of human monoclonal antibodies are methods described in Cole et ¢/,
Monoclonal Antibodies and Cancer Therapy, Alan R, Liss, p. 77 (1985); Boerner et al., J.
Immunol., 147(1):86-95 (1991). Sec also van Dijk and van de Winkel, Curr. Opin.
Pharmacol., 5. 368-74 (2001). Human antibodies can be prepared by administering the
antigen to a trapsgenic animal that has been modified to produce such amtibodics in
response to antigenic oﬁmmamw.a., but whose endogenous loci have been disabled, ez..
immunized xenomice {see, e.2., U.S. Pat. Nos. 6,075,181 and 6,150,584 regarding
XENOMOUSE™ technology). See alsa, for cxamaple, Li ef al, Proc. Nasl: Acad. Sci. LS4,
133:3557-3562 (2006} regarding human antibodies gensrated via & human B-celf
bybridoma technology.

- A “species-dependent antibody™ is one which has a stronger binding affinity for an
antigen from a first mammalian species than it has for a homologue .cm that antigen from a
second mammalian specics. Zouﬁmzw“ the species-dependent antibody "binds specifically"
to a human antigen (i.e. has a binding affinity (Kd) value of no more than about 1 x 10-7 M,
preferably no more than about 1 x 10-8 M and most preferably no more than about 1 x 10-9
M) but has a binding affinity for a homologue of the antigen from a second nonhuman
mammalian species which is at least about 50 fold, or at least about 500 fold, or at least
about 1000 fold, weaker than its binding affinity for the human antigen. The species-
dependent mnmg@ can be any of the various types of antibodies as defined above, but
preferably is'a humanized or human antibody.

The term “hypervariable region,” “HVR,” or “HV,” when used hereiui refers to the
regions of an antibody variable domain which are hypervariable in sequence and/or form
structurally defined loops. Generally, antibodies comprise six HVRs; three EAEQ VH {H1,
H2, H3), and three in the VL (L1, L2, L3). In native antibodies, H3 and L3 display the most
diversity of the six HVRs, and H3 in particular is believed to play a unique role in
conferring fine specificity to antibodies. See, e.g., Xu et al., fmmunity 13:37-45 (2000},
Johnson and Wu, in Methods in Molecular Biology 248:1-25 (Lo, ed., Human Press,
‘Totowa, NJ, 2003). Indeed, naturally occurring camelid antibodies consisting of a heavy
chain only are functional and stable in the absence of light chain. See, e.g,, Hamers-
Casterman et al., Nature 363:446-448 Q.owwvm Sheriff et al., Nature Struct, Biol. 3:733-736
(1996).

A number of HVR delineations are in use and are encompassed herein. The Kabat

Complementarity Determining Regions (CDRs) are based on sequence variability and are
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Kabat) after heavy chain FR residue 82. The Kabat numbering of residucs may be
determined for a given antibody by alignment at regions of homology of the sequence of the
antibody with a “standard” Kabat numbered sequence.

The Kabat numbering system is generally used when referring to a residue in the
variable domain (approximately residues 1107 of the light chain and residues 1-113 of the
heavy chain) (e.g., Kabat et al., Sequences of Immunological Interest, 5th Ed, Public Health
Service, National Institutes of Health, Bethesda, Md. (1991)), The “EU numbering system”
or “EU index” is generally used when referring to aresidue in an immunoglobulin heavy
chain constant region {e.g., the EU index reported in Kabat et al, supra). The “EU index as

in Kabat” refers to the residue numbering of the human IgG, EU antibody. Unless stated

. othérwise herein, references to residue numbers in the variable domain of antibodies means

residue numbering by the Kabat numbering system. Unless stated othervise herein,

references to residue numbers in the constant domain of antibodies means residue

numbering by the EU numbering system (see e.g., PCT Publication No, W0O200607394 .

An “affinity matured” antibody is one 'with one or more alterations in one or more-.
HVRs thereof which result in an improvement in the affinity of the antibody for antigen,
compared to a parent antibody which does not possess those alteration(s). In one
embodiment, an affinity matured antibody has nanomolar or even picomolar mmmmﬁam for
the target antigen. Affinity matured E&g&mm may be produced using certain @B,ommﬁmm
known in the art. For example, Marks et al. Bio/Technology 10:779-783 (1992) describes
affinity maturation by VH and VL domain shuffling. Random mutagenesis of HVR and/or
framework residues is described by, for example, Barbas ef al. Proc Nat. Acad. Sci. USA
91:3809-3813 (1994); Schier et al. Gene 169:147-155 (1995); Yelion et al. J. Immunol.
155:1994-2004 (1995); Jackson et af,, J. Immunol. 154(7):3310-9 (1995); and Hawkins et
al, J. Mol. Biol. 226:889-896 (1992).

A “blocking™ mmm_uomw or an “antagonist” antibody is one which inhibits or reduces
biological activity of the antigen it binds. Certain blocking antibodies or antagonist
antibodies substantially or completely inhibit the biological activity of the antigen,

An “agonist antibody,” as used herein, is an antibody which partially or fully mimics
at least one of the functional activities of a polypeptide of interest.

“Growth inhibitory” antibodies are those that prevent or reduce proliferation of &

cell expressing an wsmm@_.w to which the antibody binds.
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efe. Such effector functions generally require the Fe region to be combined with a binding

domain {e.g., an antibody variable domain) and can be assessed nsing various assays.

A “native sequence Fc region” comprises an amino acid sequence identical to the
amino acid sequence of an Fc region found in nature. Native sequence human Fc regions
include a native sequence human IgG; Fe region (non-A and A allotypes); native sequence
human IgG, Fc region; native sequence human IgGs Fe region; and native sequence human
1gG4 Fe region as well as naturally occurring variants thereof (see e.g., SEQ ID NO:11 to
SEQ ID'NO:17).

A “variant Fc region” comprises an amino acid sequence which differs from that of
a native sequence Fc region by virtue of at least one amino acid modification, In certain
embodiments, variant Fe region comprises an amino acid sequence which differs from that
of a native sequence Fe region by one or more amino acid substitution(s). In certain
embodiments, the variant Fc region has at least one amino acid substitution compared to the
Fe region of a wild-type IgG or a wild-type antibody. In certain embodiments, the ﬁmmﬁm
Fc region has two or more amino acid substitutions in the Fc region of the wild-type
antibody, In certain embodiments, the variant Fe region has three or more amino acid
substitutions in the Fc region of the wild-type antibody. In certain embodiments, the variant
Fe region has at least one, two or three or more Fc region amino acid substitutions
described herein. n certain embodiments, the variant Fc region herein will ﬂmeomm. at least
about 80% homology with a native sequence Fc region and/or with an Fe region of a parent
polypeptide. In certain embodiments, the variant Fc region herein will possess at least
about 90% homology with a native sequence Fc region and/or with an Fc region of & parent
polypeptide. In certain embodiments, the variant Fc region herein will possess at least
about 95% homology with a native sequence Fe region and/or with an Fc region of a parent
polypeptide.

"Fe receptor” or “FcR” describes a receptor that binds to the Fo region of an
antibody. Tn some embodiments, an FcR is a native human FcR. In some embodiments, an
FoR is one which binds an 1gG antibody (a gamma receptor) and includes receptors of the
FeyRl, FeyRTI, and FeyRTI subclasses, including allelic variants and alternatively spliced
forms of those receptors. FcyRII receptors include FoyRIIA (an __mﬂ?mmam receptor™) and
FcyRIB (an “inhibiting receptor™), which have similar amino acid sequences that differ
primarily in the cytoplasmic domains thereof. Activating receptor FeyRHA contains an

immunoreceptor tyrosine-based activation motif (TTAM) in its.cytoplasmic domain.
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include PBMC and NK cells. Alternatively, or additionally, ADCC activity of the molecule
of interest may be assessed i vivo, e.g., in an animal model such as that disclosed in Clynes
et al. PNAS (USA) 95:652-656 (1998).

“Complement dependent cytotoxicity” or “CDC” refers to the lysis of a target cell in
the presence of complement. Activation &. the classical complement pathway is initiated by
the Eﬁm.wbm of the first component of the complement system (Clg) to antibodies (of the
appropriate subclass), which are bound o their cognate antigen. To assess complement
activation, a CDC assay, e.g., as described in Gazzano-Santoro et al., J. Immunol. Methods .
202:163 (1996}, may be performed. Polypeptide variants with altered Fc region amino acid
sequences (polypeptides with a variant Fc region) and increased or decreased Clq binding
capability are described, e.g., in US Patent No. 6,194,551 B1 and WO 1999/51642. See
also, e.g., Idusogie et al. J Imminol. 164: 4178-4184 (2000).

A polypeptide variant with “altered” FcR binding affinity or ADCC activity is one
which has either enhanced or diminished FcR binding activity and/or ADCC activity
compared to a parent polypeptide or to a polypeptide comprising a native sequence Fc
region. The polypeptide variant which “displays increased binding” to an FcR binds at least
one FcR with better affinity than the parent polypeptide. The polypeptide variant which
“displays decreased binding” to an FcR, binds at least one FeR with lower affinity than a
parent polypeptide. Such variants which display decreased binding to an FcR may possess
little or no appreciable binding to an FeR, e.g., 0-20% binding to the FcR compared to a
native sequence IgG Fe region. |

The polypeptide variant which “mediates antibody-dependent cell-mediated
cytotoxicity (ADCC) in the presence of human effector cells more effectively” than a parent
antibody is one which in vitro or in vivo is substantially more effective at mediating ADCC,
when the amounts of polypeptide variant and parent antibody used in the assay are
essentially the same. mnsoab% such variants will be identified using the in vitro ADCC
assay as herein disclosed, but other assays or methods for determining ADCC activity, eg.
in an animal model etc., are contemplated.

“Binding affinity” generally refers to the strength of the sum total of noncovalent
wieractions between a single binding site of a molecule (e.g., sn antibody) and its binding

partner (e.g., an antigen). Unless indicated otherwise, as used herein, “binding affinity”

tefers to intrinsic binding affinity which reflects a 1:1 interaction between members of a

binding pair (e.g., antibody and antigen). The affinity of a molecule X for its partner Y can
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An “on-rate,” “rate of association,” “association rate,” or “k.,” according to this
mvention can also be determined as described above using a BIACORE ®-2000 or a
BIACORE ®-3000 system (BIAcore, Inc., Piscataway, NJ).

The term *‘substantially similar” or “substantially the same,” as used herein, denotes
a sufficiently high degree of similarity between two numeric values such that one of skill in
the art would consider the difference between the two values to be of little or no biological
and/or statistical ampwmoﬁ.zm within the context of the biological characteristic measured by
said values (e.g., Kd values). In certain embodiments, the difference between said two
values is, for example, less than about 50%, less than about 40%, less than about 30%, less
than about 20%, and/or less than about 10% as a function of the reference/ comparator
value.

The phrase :mmvammm&@. reduced,” or “substantially different,” as used herein,
denotes a sufficiently high degree of difference between two numeric values such that one
of skill in the art would consider the difference between the twa values to be of statistical
significance within the context of the biological characteristic measured by said values
(e.g., Kd values). In certain embodiments, the difference between said two values is, for
cxample, greater than about 10%, greater than about 20%, greater than about 30%, greater
than about 40%, and/or greater than about 50% as a function mm the value for the
reference/comparator molecule.

An “acceptor human framework” for the purposes herein is a framework comprising

the amino acid sequence of 2 VL or VH framework derived from a human immunoglobulin

framework or 2 human consensus framework. An acceptor human framework “detived

from” a human immunoglobulin framework or a human consensus framework may
comprise the same amino acid sequence thereof, or it may contain pre-existing amino acid’
sequence changes. In some embodiments, the number of pre-existing amino acid changes
are 10 or less, 9 or less, 8 or less, 7 or less, 6 or less, 5 or less, 4 or less, 3 orless, or 2 or
less. Where pre-existing amino acid changes are present in a VH, preferably those changes
oceur at only three, two, or one of positions 71, 73H and 78H; for instance, the amino acid
residues at those positions may be 71A, 73T and/or 78A. Inone embodiment, the VL

acceptor human framework is identical in sequence to the VL human immuneglobulin

framework sequence or human consensus framework sequence,

A “human consensus framework” is a framework which represents the most

commonly occurring amino acid residues in a selection of human immunoglobulin VL or

15
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"Polynucleotide," or "nucleic acid,” as used herein, refer to polymers of nucleotides
of any length, and include DNA and RNA. The nucleotides can be deoxyribonucleotides,
ribonucleotides, modified nucleotides or bases, and/or their analogs, or any substrate that
can be incorporated into a polymer by DNA or RNA polymerase or by a synthetic reaction.
A polynucieotide may comprise modified nucleotides, such as methylated nucleotides and
their analogs. If present, modification to the nucleotide structure may be imparted before or
after assembly of the polymer. The sequence of nucleotides may be interrupted by non-
nucleotide components. A polynucleotide may comprise modification(s) made after
synthesis, such as conjugation to 2 label. Other types of modifications include, for example,
“caps,” substitution of one or more of the naturally occurring nucleotides with an analog,
internucleotide modifications such as, for example, those with uncharged linkages (e.¢.,
methyl phosphonates, phosphotriesters, phosphoamidates, carbamates, ezc,) and with
charged linkages (e.g., phosphorothioates, phosphorodithioates, efc.), those containing
@_amamﬁ moieties, such ag, for cxample, proteins Am,. £., nucleases, toxins, antibodies, signal
peptides, ply-L-lysine, etc.), those with intercalators (e.g., acridine; psoralen, etc.), those
containing chelators {e.g., metals, radioactive metals, boron, oxidative metals, erc.), those
containing alkylators, thase with modified linkages (e.g., &ug anomeric nucleic acids,
efc.), as well as unmodified forms of the mowﬂw&mo&mwm@. Further, any of the hydroxyl
groups ordinarily present in the sugars may be replaced, for example, by phosphonate
groups, phosphate groups, protected by standard vﬂoﬁmomﬁm, groups, or activated to prepare
additional linkages to additional nucleotides, or may be conjugated to solid or semi-solid
supports. The 5% and 3’ terminal OH can be phosphorylated or substituted with amines or
organic capping group moieties of from 1 to 20 carbon atoms. Other hydroxyls may also be
derivatized to standard protecting groups. chaaco_ocmmow can also contain analogous
forms of ribose or deoxyribose sugars that are generally known in the art, including, for
example, 2°-0-methyl-, 2-O-allyl-, 2°-flucro- or 2"-azido-ribose, carbocyclic sugar analogs,
a-anomieric sugars, epimeric sugars such as arabinose, xyloses or lyxoses, pyranose Sugars,
furanose sugars, sedoheptuloses, acyclic analogs, and basic mucleoside analogs such as
methyl riboside. One or more phosphodiester linkages may be replaced by alternative
linking groups. These alternative linking groups include, but are not limited to,
embodiments wherein phosphate is replaced by P(0)S (“thicate”), P(S)S (“dithioate™),
(O)NR; (“amidate™), P(O)R, P(O)OR’, CO, or CH2 (“formacetal’), in which each R or R’
is independently H or substituted or unsubstituted alkyl (1-20 C) optionally containing an
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As used herein, “codon set” refers to a set of different nucleotide triplet sequences
used to encode desired variant amino acids. A set of oligonucleotides can be synthesized,
for example, by solid phase synthesis, including sequences that represent all possible
combinations of nucleotide triplets provided by the codon set m_zn_ that will encode the
desired group of amino acids. A standard form of codon designation is that of the TUB
code, which is known in the art and described herein. A codon set typically is represented
by 3 capital letters in italics, e.g,, NNK, NNS, XYZ, DVK and the like. A “non-random
codon set”, as used herein, thus refers to a codon set that encodes select amino acids that
fulfill wm.&w_.ar preferably completely, the criteria for amino acid selection as described
herein. Synthesis of oligonucleotides with selected nucleotide "degeneracy" at certain
positions is well known in that art, for example the TRIM approach (Knappek et al. (1999)
J. Mol. Biol. 296:57-86), Garrard & Henner (1993) Gene 128:103). Such sets of
oligonucieotides having certain codon sets can be synthesized using commercial nucleic -
acid synthesizers (available from, for example, Applied Biosystems, Foster City, CA), or
can be obtained commercially (for example, from Life Technologies, Rockville, MD).
Therefore, a set of oligonucleotides synthesized having a particular codon set will typically
include a plurality of oligonucleotides with different sequences, the differences established
by the codon set within the overall sequence. Oligonucleotides, as used according to the
invention, have sequences that allow for E.&&&,Nmaos to a variable domain nucleic acid
template and also can, but does not necessarily, include restriction enzyme sites useful for,
for example, cloning purposes,

The expression "linear antibodies" refers to the antibodies deseribed in Zapats ez al.
(1995 Protein Eng, 8(10):1057-1062). mmom%, these antibodies comprise a pair of tandem
Fd segments (VH-CHI-VH-CH1) which, together with complementary light chain
polypeptides, form a pair of antigen binding regions. Lincar antibodies can be bispecific or
monospecific.

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

"Phage display" is a technique by which polypeptides are displayed as fusion
proteins to at least a portion of coat protein on the surface of phage; e.g., filamentous phage,

particles. A utility of phage display lies in the fact that large libraries of randomized protein
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modeled structure of the antibody or antigen binding fragment, as potentially available for

solvent access and/or contact with a molecule, such as an antibody-specific antigen. These

positions are typically found in the CDRs and on the exterior of the protein. The solvent

accessible positions of an antibody or antigen binding fragment, as defined herein, can be
detcrmined using any of a number of algorithms known in the art. In one cmbodiment,
solvent accéssible positions are determined using coordinates from a 3-dimensional model
of an antibody, preferably using a computer program such as the Insightll program
(Accelrys, San Diego, CA). Solvent accessible positions can &.mo be determined using
algorithms known in the art (e.g., Lee and Richards (1971) J. Mol. Biol. 55, 379 .and
Comnolly (1983) J. Appl. Cryst. 16, 548). Determination of solvent accessible positions can
be performed using software suitable for protein Soao.msm and 3-dimensional structural
information obtained from an m&muo%. Software that can be utilized for these purposes
inctudes SYBYL Biopolymer Module software (Tripos Associates). Generally, where an,
algorithm (program) requires a user input size parameter, the “size” of a probe which is
used in the calculation is set at about 1.4 Angstrom or smaller in radius. In addition,
determination of solvent accessible regions and area methods using software for personal
computers has been deseribed by Pacios (1994) Comput. Chem. 18(4): 377-386.

“Percent (%) amino acid sequence identity” with respect to a refererice nolypeptide
qu y P poiypep

‘sequence is defined as the percentage of amino acid residues in a candidate sequence that

are identical with the amino acid residues in the reference polypeptide sequence, after
aligning the sequences and introducing gaps, if necessary, to achieve the maximum percent
mo@@wao identity, and not .Smmﬂmiwm any conservative substitutions as part of the
mnaconnm identity. Alignment for purposes of determining percent amino acid sequence
identity can be achieved in various ways that are within the skill in the art, for instance,
using publicly available computer software such as BLAST, BLAST-2, ALIGN or
Megalign (DNASTAR) software. Those skilled in the art can determine appropriate
parameters for aligning sequences, including any mumonﬂg needed to achieve maximal
alignment over the full length of the sequences being compared. For purposes herein,
however, % amino acid scquence identity valucs are generated using the sequence
comparison computer program ALIGN-2. The ALIGN-2 sequence comparison computer
program was authored by Genentech, Inc., and the source code has been filed with user
documentation in the U.S. Copyright Office, Washington D.C., 20559, where it is registered
under U.S. Copyright Registration No. TXUS510087. The ALIGN-2 program is publicly
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The truncated native VEGF has binding affinity for the KDR and Flt-1 receptors
comparable to native VEGF,
A “VEGF antagonist” refers to a molecule capable of neutralizing, blocking,

inhibiting, abrogating, reducing or interfering with VEGF activities including, but not

Timited to, its binding to one or more VEGE receptors. VEGF antagonists include, without

limitation, anti-VEGF antibodies and antigen-binding fragments thereof, receptor molecules
and derivatives which bind specifically to VEGF thereby sequestering its binding to one or
more receptars, anti-VEGF receptor antibodies, VEGE receptor antagonists such as small
molecule inhibitors of the VEGFR tyrosine kinases and immunoadhesins that binds to
VEGF such as VEGF Trap. The term “VEGF antagonist,” as used herein, specifically
includes molecules, including antibodies, antibody fragments, other binding polypeptides,
peptides, and non-peptidé small molecules, that bind to VEGF and are capable of
neutralizing, blocking, inhibiting, abrogating, reducing or interfering with VEGF activities.
Thus, the term “VEGF activities” specifically includes VEGF mediated biological activities
of VEGF.. ‘

The terms “biological activity” and “biologically active” with regard to VEGF
polypeptide or “VEGF activity” refer to physical/chemical vn@mﬂm@m and biological
functions associated with full-length and/or truncated <mmw. In certain embodiments,
VEGF activity is Hnﬁs_bm and/or stimulating and/or promoting angiogenesis. In certain
embodiments, VEGF activity is inducing and/or stimulating and/or ?oaommm
neovascularization. In certain embodiments, VEGF activity is inducing and/or modulating
vascular permeability. In certain embodiments, VEGF activity is inducing and/or
stimulating and/or promoting endothelial cell migration and/or endothelial cell
proliferation.

Anti-VEGF neutralizing antibodics suppress the growth of a variety of human tamor
cell lines in nude mice (Kim et al., Nature 362:841-844 (1993);, Warren et al., J, Clin.
Invest. 95:1789-1797 (1995); Borgstriém et al., Cancer Res. 56:4032-4039 (1996); Melnyk
et al., Cancer Res. 56:921-924 (1996)) and also inhibit intraocular angiogenesis in models
of ischemic retinal disorders. Adamis e al., drch. Ophthalmol. 114:66-71 (1996).

The term “anti-VEGF antibody” or “an mu.mmuom% that binds to VEGF” refers to an
antibody that is capable of binding to VEGF with sufficient affinity and specificity that the
antibody is useful as a diagnostic and/or therapentic agent in targeting VEGF. For example,

the anti-VEGF antibody of the invention can be used as a therapeutic agent in targeting and
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antibodies see U.S. Pat. Nos. 7,060,269, 6,582,959, 6,703,020, 6,054,297, W(098/45332;
WO 96/30046; W094/10202; EP 0666868B1; U.S. Patent Application Publication Nos.
2006009360, 20050186208, 20030206899, 20030150317, 20030203409, and

200501 H.B‘wmw and Popkov et al., .woxxaah of Immunological Methods 288:149-164 @comc.. .

The term “B20 series polypeptide™ as used herein refers to a polypeptide, including
an antibody that binds to VEGF. B20 series polypeptides includes, but not limited to,
antibodies derived from a sequence of the B20 antibody or a B20-derived antibody
described in US Publication No. 20060280747, Gm. Publication No. 20070141065 and/or
US Publication No. 20070020267, the content of these patent applications are expressly
incorporated herein by reference. In one embodiment, B20 series polypeptide is B20-4.1 as
described in US Publication No. 20060280747, US Publication No. 20070141065 and/or
US Publication No. 20070020267. In another embodiment, B20 series polypeptide is B20-
4.1.1 described in PCT Publication No. WO 2009/073160, the entire disclosure of which is
expressly incorporated herein by reference.

The term “G6 series polypeptide” as used herein refers to a polypeptide, including
an antibody that binds to <mmm (6 series polypeptides includes, but not limited to,
antibodies derived from a sequence of the G6 antibody or a G6é-derived antibody described
in US Publication No, 20060280747, US Publication No. 20070141065 and/or US
Publication No. wocqoom.cwmq. G6 series polypeptides, as described in US Publication No.
20060280747, US Publication No. 20070141065 and/or US Publication No. 20070020267
include, but niot limited to, G6-8, G6-23 and G6-3 1.

An “angiogenic factor or agent” is a growth factor which stimulates the
development of blood vessels, e.g., promote angiogenesis, endothelial cell growth, stabilly
of blood vessels, and/or <%o&omauwmmm, efc. For example, angiogenic ‘mmo»ow.wu include, but
are not limited to, e.g., VEGF and members of the VEGF family (VEGF-B, VEGF-C and
VEGF-D), PIGF, PDGF family, fibroblast growth factor family Ammum&, TIE ligands
(Angiopoietins), ephrins, delta-like ligand 4 (DLLA), Del-1, fibroblast growth factors:
acidic (aFGF) and basic (bFGF), follistatin, granulocyte colony-stimulating factor (G-CSF),
hepatocyte maoiw. factor (HGF) /scatter factor (SF), Interleukin-8 (IL-8), leptin, midkine,

‘ neuropilins, placental growth factor, platelet-derived endothelial cell growth factor (PD-

ECGF), platelet-derived growth factor, especially PDGF-BB or PDGFER -beta, pleiotrophin
(PTN), progranulin, proliferin, transforming growth factor-aipha (TGF-alpha), transforming
growth factor-beta (TGP-beta), tamor necrosis factor-alpha (TNF-alpha), etc. It would also
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The terms “cell proliferative disorder” and “‘proliferative disorder” refer to disorders
that are associated with some degree of abnormal cell proliferation, In one embodiment, the
cell proliferative disorder is cancer.

"Tumor," ag used herein, refers to all neoplastic cell growth and proliferation,
whether malignant or benign, and all pre-cancerous and cancerous cells and tissues. The
terms “cancer”, “cancerous”, “cell proliferative disorder”, “proliferative disorder’ and
“tumor” are not mutually exclusive as referred to herein.

The tumor can be a solid tumor or a non-solid or soft tissue tumor. Examples of
soft tissue tumors include leukemia (e.g., chronic myelogenous leukemia, acute
myelogenous leukemia, adult acute lymphoblastic leukemia, acute myelogenous leukemia,
mature B-cell acute lymphoblastic Hn:w&mw, chronic lymphocytic leukemia, polymphocytic
leukemia, or hairy cell leukemia), or lymphoma (e.g., non-Hodgkin's lymphoma, cutaneous

. T-cell lymphoma, or Hodgkin's disease). A solid tumor includes any cancer of body tissues

other than blood, bone marrow, or the lymphatic system. Solid tumors can be further
separated into those of epithelial cell origin and those of non-epithelial cell origin.
Examples of solid tumors include tumors of oow_oP breast, prostate, lung, kidney, liver,
pancreas, ovary, head and neck, oral cavity, stomach, m:oaomcs, small intestine, large
intestine,’ m.mmﬁ,oiﬁwm&m& tract, anus, gall bladder, labium, nasopharynx, skin, uterus, male
manm& organ, urinary organs, bladder, and skin. Solid tumors of non-epithelial oimE
include sarcomas, brain tfumors, and bone tumors,

The terms "cancer" and “cancerous” refer to or describe the physiological condition,
in mammals that is typically characterized by unregulated cell growth. Examples of cancer
inchude but are not limited to, carcinoma, _uﬂéwogm, blastoma, sarcoma, and leukemia or
lymphoid malignancies. More particular examples of such cancers include, but not limited
to, squamous cell cancer (e.g., epithelial squamous cell cancer), lung cancer including
small-cell lung cancer, non-small cell lung cancer, adenocarcinoma of the lung and
squamous carcinoma of the lung, cancer of the peritoneum, hepatocellular cancer, gastric or
stomach cancer including gastrointestinal cancer and gastrointestinal stromal cancer,
pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder
cancer, cancer of the urinary tract, hepatoma, breast cancer, colon cancer, rectal cancer,
colorectal cancer, endometrial or uterine carcinoma, salivary gland carcinoma, kidney or
renal cancer, prostate cancer, vulval cancer, thyroid cancer, w%mmo carcinoma, anal

carcinoma, penile carcinoma, melanoma, superficial spreading melanomma, lentigo maligna
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differentiated, or undifferentiated. Well-differentiated cells are quite normal appearing and
resemble the normal cells from which they originated. Undifferentiated cells are cells that
have become so abnormal that it is no longer possible to determine the origin of the cells.

Epithelial cancers generally evolve from a benign tumor to a preinvasive stage Q.m._.
carcinoma in sity), to a malignant cancer, which has penetrated the basement membrane and
invaded the subepithetial stroma.

By “dysplasia” is meant any abnormal growth or development of tissue, organ, or
cells. In certain embodiments, the dysplasia is high grade or precancerous.

By “metastasis” is meant the spread of cancer from its primary site to other places in
the body. Cancer cells can break away from a primary tumor, penetrate into lymphatic and

blood vessels, circulate through the bloodstream, and grow in a distant focus (metastasize)

‘in normal tissues elsewhere in the body. Metastasis can be local or distant, Metastasis is a

sequential process, contingent on tumor cells breaking off from the primary tumor, traveling
through the bloodstream, and stopping at a distant site. At the new site, the cells establish 2
blood supply and can grow to form a life-threatening mass. Both stimulatory and inhibitory
molecular pathways within the tumor cell regulate this behavior, mwa interactions between
the tumor cell and host cells in the distant site are also significant.

By “micrometastasis” is meant a small number of cells that have spread from the
primary tumor to other parts o.m the body. Micrometastasis Qm% or Em%. not be detected in a
screening or diagnostic test,

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

Reference to a tumor or cancer as a “Stage 0,” “Stage 1,” “Stage I1,” “Stage IT,” or
“Stage IV” indicates clagsification of the tumor or cancer using the Overall Stage Grouping
or Roman Numeral Staging methods known in the art. Although the actual stage of the
cancer 1s dependent on the type of cancer, in general, a Stage 0 cancer is an in situ lesion, a
Stage [ cancer is small localized tumor, a Stage II and 111 cancer is a local advanced tumor
which exhibits involvement of the local @nﬂuw nodes, and a Stage IV cancer represents
metastatic cancer, The specific stages for each type of tumor is known to the gkilled

clinician.
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hyperplasias (including Grave's disease), corneal and other tissue transplantation,
inflammatory diseases, chronic inflammation, lung inflammation, acute lung injury/ARDS,
sepsis, chronic occlusive pulmonary disease, primary pulmonary r%@ﬁos.m_.‘mu_ malignant
pulmonary effusions, atheroma, edema following burns, trauma, radiation, stroke, hypoxia
or ischemia, edema from myocardial infarction, ischemic injury, damage following &
cerebral ischemic event, cerebral edema (e.g., associated with acute stroke/ closed head
injury/ trauma), thrombus caused by platelet aggregation. fibrotic om edemia diseases such
as hepatic cirrhosis, lung fibrosis, carcoidosis, throiditis, hyperviscosity syndrome systemic,
synovial inflammation, pannus formation in RA, myositis ossificans, hypertropic bone
formation, bone associated pathologies such as osteoarthritis, rickets and osteoporosis,
refractory ascites, bone or joint inflammation, Myelodysplastic ..m%w&.oam_ .mvummmo anemia,
kidney or liver; T-cell mediated hypersensitivity disease, Paget's disease, polycystic kidney
discase, 3rd spacing of fluid diseases (pancreatitis, compartment syndrome, burnis, bowel
disease), chronic inflammation such as IBD (Crohn's discase and ulcerative colitis), renal
disorders, renal allograft rejection, graft versus host disease or transplant rejection,
inflammatory bowel disease, acute and chronic nephropathies (including proliferative -
glomerulonephritis and diabetes-induced renal disease), nephrotic syndrome, undesired or
aberrant tissue mass growth (non-cancer), obesity, adipose tissue mass growth, hemophilic
joints, Eﬁm&owﬁo scars, inhibition of hair growth, Osler Weber-Rendu m%mﬁw.onsmu
pyogenic granuloma retrolental fibroplasias, scleroderma, trachoma, vascular adhesions,
synovitis, hypersensitivity reaction of the skin, skin disorders including psoriasis and
no_.meﬂ, eczema, photoaging (e.g. caused by UV radiation of human skin), hypertrophic
scar formation, reproductive conditions such as endometriosis, ovarian hyperstimulation
syndrome, polycystic ovarian Em@mwm“ preeclampsia, dysfunctional uterine bleeding, or
menometrorrhagia, utetine fibroids, premature labor, ascites, pericardial effusion (such as
that associated with pericarditis), pleural effusion, endotoxic shock and fungal infection,
certain microbial infections including microbial pathogens selected from adenovirus,
hantaviruses, Borrelia burgdorferi, Yersinia spp., Bordetella pertussis and psychiatric
disorders {e.g. schizophrenia, bipolar depression, autism, and attention deficit disorder).

A "respiratory disease" involves the respiratory system and includes chronic .
bronchitis, asthma including acute asthma and allergic asthma, cystic fibrosis,

bronchiectasis, allergic or other rhinitis or sinusitis, .alpha. I-antitrypsin deficiency, coughs,
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As used herein, “treatment” (and variations such as “treat” or “treating’) refers to
clinical intervention in an attempt to alter the natural course of the individual or cell being
treated, and can be performed either for prophylaxis or during the course of clinical
pathology. Desirable effects of treatment include preventing occurrence o recurrence of
disease, alleviation of symptoms, diminishment of any direct or.indirect pathological
consequerices of the disease, preventing metastasis, decreasing the rate of disease
progression, amelioration or palliation of the disease state, and remission or improved
prognosis. In some embodiments, variant IgGs of the invention are used to delay
development of a disease or disorder or to slow the progression of a disease or disorder.

An “individual,” “subject,” or “patient” is a vertebrate. In certain embodiments, the
vertebrate is a mammal. Mammals include, but are not limited to, farm animals (such as
cows), sport animals, pets {such as cats, dogs, and horses), primates, mice and rats. o™
certain embodiments, a marnmal is a hurnan.

The term “pharmaceutical formulation™ or “pharmaceutical composition” refers to a
preparation which is in such form as to permit the biological activity of the active ingredient
to be effective, and which contains no additional components which are unacceptably toxic
to a subject to which the formulation would be administered. Such formulations may be
sterile. See also section entitled Dosages, Formulations, and Duration.

A “sterile” formulation is aseptic or free from all living microorganisms and their
spores.

The term “effective amount” or “therapeutically effective amount” refers to an
amount of a drug effective to treat a disease or disorder in a subject. In certain
embodiments, an effective amount refers to an amount effective, at mo,ﬁwmmm..wsu for periods
of time necessary, to achieve the desired therapeutic or prophylactic result. A
therapeutically effective amount of a substance/molecule of the invention may vary
according to factors such as the disease state, age, sex, and weight of the individual, and the
ability of the substance/molecule, to elicit a desired response in the individual, A
therapeutically effective amount encompasses an amount in which any toxic or detrimental
effects of the substance/molecule are outweighed by the therapeutically beneficial effects.
In the case of cancer, the effective amount of the drug may reduce the mumber-of cancer
cells; reduce the tumor size; inhibit (i.e., slow to some extent and typically stop) cancer cell
infiliration into peripheral organs; inhibit (. e., slow to some extent and typically stop)

tumor metastasis; inhibit, fo some extent, tumor growth; allow for treatment of the tumor,
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inhibit or reduce the growth or metastasis of cancerous cells or to ameliorate or alleviate
one or more symptoms associated with cancer. The treatment is considered therapeutic if
there is, for example, a reduction in the growth or metastasis of cancerous cells,
amclioration of one or mere symptoms associated with cancer, or a decrease in mortality
and/or morbidity following administration of an antibody, a fusion protein, a conjugated
molecule, or a composition of the invention. Antibodies, fusion proteins or compositions of
the invention can be tested for their ability to reduce tumor formation in in vitro, ex vivo,
and in vivo assays. For cancer therapy, efficacy in vivo can, for example, be also measured
by assessing the duration of survival, time to disease progression (TTP), the response rates
(RR), duration of response, and/or quality of life. See also section entitled Efficacy of the
Treatment,

Efficacy in treating inflammatory disorders may be demonstrated by detecting the
ability of an antibody, 2 fusion protein, a conjugated molecule, or a composition of the
mvention to reduce ot inhibit the inflammation in an anjmal or to ameliorate or alleviate
one or more symptoms associated with an inflammatory disorder. The treatment is
considered therapeutic if there is, for example, a reduction is in inflammation or
mBmmoEnoq.._... of one or more muaﬁ.ogm following administration of an msm@o%“. a ?Eou
protein, a ooE.c_m,Hoa 10 »moim. ot a composition of the invention.

Efficacy in treating or preventing viral infection may be demonstrated by detecting
the ability of an antibody, a fusion protein, a conjugated molecule, or a composition of the
invention to inhibit the replication of the virus, to inhibit transmission or prevent the virus
from omEE_mEmm itself in its host, or to prevent, mBm:ow,ﬁo or alleviate one or more
mgﬁoﬁm associated with viral infection. The treatment is considered therapeutic if there
is, for exarmple, a reduction is viral load, amelioration of one or more symptoms or a
decrease in mortality and/or morbidity following administration of an antibody, a fusion
protein, a conjugated molecule, or a composition of the invention. Antibodies, fusion
proteins, conjugated molecules, or compositions of the invention can alse be tested for their
ability to inhibit viral replication or reduce viral load in in vitro and in vive assays.

Efficacy in treating or preventing bacterial infection may be demonstrated by
detecting the ability of an antibody, a fusion protein or a composition of the invention to
inhibit the bacterial replication, or to prevent, ameliorate or alleviate one or more symptoms
associated with bacterial infection. The treatment is considered therapeutic if there is, for

example, a reduction is bacterial numbers, amelioration of one or more symptoms or a

65



99

‘199U20 JO 0ULLNISI JURISIP Pue jeuoi3al [e0o] 9pnjoul Usd S(J Jo sisdeue oy ut
POST sJu0AQ J1 Y, “Adeior poudisse 10} JO SISEq 213 U0 Payen[ead e syuayed “o't ‘grdoupd

umub.,oiuﬂﬂ oq1 0% mﬂﬁ.&oow pozAfene st S “UONUIAT] Sy} JO 109dSe SUO U "SISOTSeIp

|PIITUI WO 10 JUSUIEST) JO UOHBRINL WOy “22.'STeak 0] Moqe ‘s1eak ¢ noqe ‘sreak i Jioqe

‘SIROA € INOQE ‘1894 7 JNOQE “18aK T TOQE S ONs Swi) JO poted puLp € 10§ (Isouwd o)

JO W1 JROYHA SaTje Surmrewnay 1usned oy 0} 13521 (SIQ) [PAIAIS 331 ABASICT,,
*1§93 uel-30] PalFLEns oY}
Smsn pondinos 218 [EAIAINS TF SIOUAIRLIIP ATE PUB POYOUL wiep-ueydey] ou3 Aq pajeurnse
2q UBO [RAIAME (SO [RAIAINS TjeIeA0 Pue (Sdd) JeAlAInS 9L vorsserdoxd (saqQ)

[PALAINE S0) 9SBISIP SSPRIOUL PUE "2AI[E Suruieuel [ustyed O} 0} SI9J0I JeAlANS,, .

‘A108ans

.S.w a[qeIns ﬁnm uedao Areunid oy 01 PSTLUCD ST HOIM J90uED $1 300UE2 9]qe1ad(),,
"519p1081p OruadoiSur Ul §]a550A POOI( JUYJ JO IOQINT IO 971 9Y}
10 “sourny £1eumid Y JO 9218 oY} ‘SOSELISEISUI JO 9718 10 9ouesord a1y ‘parear Smeq 1opIosIp
21 70 SwopdwIAs 9T} 01 18§21 Ued JIGIYUL 10 JNPIY 381818 IO ‘%56 ‘%06 ‘%S8 “%SL JO
ASEAINAP [[RISAO UE 9SNBO 0 KGR ) JUBSW ST  JIGH{UL 10 201PaL,, Aq “JUSUIPOGUIS JSYOUE
104 U] 1078013 10 04(C JO 9SBAIOIP [[BIVAC UE S§MEQ 0F AJTIGE Sy JUESTH S1 JIGIHUL 10
sonpax,, £q ‘JUSWIPOUS IBUIoUe T 198318 10 %,(7 JO 35BIIIIP [[RISAC e wmﬁo 01 Ayiae
53 YOUBIW ST JIQIIUI 10 291Pal,, £q “SIULINTPOGUID UiLLIS0 U "90URIJAL E O paseduroo se

JURCWIE J0/pUE ‘wonouny ‘AJIAI0E UE 391D 0 5BIIIIP O} ST JIGIYUL 10.-201Pas,, O,
JUAUGEL}
Suumor(oj swy 3o jutod woard © 18 A1jE1I0W PASEaiIap 10/pue ‘5yel ssuodsa 1881y
‘[BATAINS [[RISAO POSEIIOUI ‘[RAIAINS 0X]-TowssarS0xd “5'2 Juonyess Furmolo} uonzuasald
5517-3583SIP JO HSUS] A} UI S6BIIOUT LIOPIOSIP ST T3LM PoYBIR0§SE STI0}AWAS 910U IO JTO
Jo qusyxe SWIOS 0 JoT]o1 ‘UOISI] 95BISIP Y} JO UOHBI(R IO TOISSaI50L S U JJusad ‘0} 9ABY
30U S20P jnq ‘ABUL YORM ‘5suodseI SUNIHI-0JNE JO 2589109p ‘peoids aseastp jo (Furddos
2191dmoo 10 TMOp STLMOS “GORONPAL ‘5°7) UONIGIYUY (§aNSSL: 10/pUs suedzo [eroyduad

Jusoelpe 01Uz TORRNUI [129 25essTp Jo (Burddoss 2191duwmos 10 TMOp FUIMmojs ‘wononpa “2°7)

TWONIGIUL ‘9ZIS TS| Ul aoﬁ%ﬁ ‘swoydwAs 10/pue SOPOSIID ISLISIP JO ISUING Iyl .

nononpaI Ysaire 2121dI00 Puk UMOp Sulmols Supnoul ‘mo15521301d 2SBISIP JO JUIXI SWOS
o) ‘woriqiym ©8-2 ‘symodpud snouea BuIssasse Aq PAmSEIUI 3 WD JYSUL] [T
“HOTURATI 943 JO noRIsodnoo & 1o wiojpoid

wosny & ‘Apoquue Ue JO UONEOSHITUPE JULMOT[0} AIPIGIow Jo/pus A41Te1I0UI UL 28BAIOOP

0¢

S

0T

51

01



10

15

20

occurrence of secondary cancer, and death from any cause in patients without a prior event
(e.g., breast cancer recurence or second primary cancer).

“Overall survival” refers to the patient remaining alive for a defined period of time,
such as about 1 year, about N years, about 3 years, about 4 years, about 5 years, about 10
yéars, efc., from H.Bm.mmow of treatment or from initial diagnosis. .

By “extending survival” is meant Emﬂomﬁdm DFS and/or OS in a treated patient
relative to an untreated patient, or relative to a control treatment protocol, such as treatment
only with the chemotherapeutic agent. Survival is monitored for at least about six months,
or at least about 1 year, or at least about 2 years, or at least about 3. years, mn at least about 4
years, or at least about 5 years, or at least about 10 years, ete., following the initiation of
treatment or following the initial diagnosis.”

The term “concurrently” 1s used herein to refer {0 administration of two or more
therapeutic agents, where at least part of the administration overlaps in time. Accordingly,
concurrent administration includes a dosing regimen when the administration of one or
more agent(s) continues after discontinuing the administration of one or more other
agent(s).

By “monotherapy” is meant a therapcutic regimen that includes only a single
therapeutic agent for the treatment of the cancer or tumor during the course of the treatment
petiod, In certain embodiments, monotherapy using a variant IgG means that the variant”
TIgG is administered in the absence of an additional anti-cancer therapy during that treatment
period.

By “maintenance therapy™ is meant a therapeutic regimen that is given to reduce the
likelihood of discase recurrence or progression. Maintenance ”wﬂ.ma..omb be provided for
any length of time, including extended time periods up to the life-span of the subject.
Maintenance therapy can be provided after initial therapy or in conjunction with initial or
additional therapies. Dosages used for maintenance therapy can vary and can include
diminished dosages as compared to dosages used for other types of therapy.

“Neoadjuvant therapy” or “preoperative therapy” herein refers to therapy given prior
to surgery. The goal of neoadjuvant therapy is to provide immediate systemic treatment,
potentially eradicating micrometastases that would otherwise proliferate if the standard
sequence of surgery followed by systemic therapy were followed. Neoadjuvant therapy
may also help to reduce tumor size thereby allowing complete resection of initially

unresectable turmors or preserving portions of the organ and its functions. Furthermore,
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agents such as EDTA; sugar alcohols such as mannitol or sorbitol; salt-forming counterions
such as sodium; and/or nonionic surfactants such as TWEEN™, polyethylene glycol (PEG),
and PLURONICS™,

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 a variant IgG) {o 2 mammal.

The components of the liposome are commonly arranged in a bilayer formation, similar to
the lipid arrangement of biological membranes.

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

The term "cytotoxic agent” as used herein refers to a substance that inhibits or

St

prevents a cellular function and/or causes cell death or destruction. The term is intended to
include radioactive isotopes (e.g., At*%, 11 1'% y%, W.o;m“.?w;m, mBE“ Bi*? p32 ppt?
and radioactive isotopes of Lu), chemotherapeutic agents (e.g., methotrexate, adriamicin,
vinca alkaloids (vincristine, vinblastine, etoposide), doxorubicin, melphalan, mitomycin C,
chlorambucil, daunorubicin or other intercalating agents, enzymes and fragments thereof
such as nucleolytic enzymes, antibiotics, and toxins such as small molecule toxins or
enzymatically active toxins of bacterial, fungal, plant or animal origin, including fragments
and/or variants thercof, and the various antitumor or anticancer agents disclosed belaw.
Other cytotoxic agents are described below. A tumoricidal agent causes destruction of
tumor cells, In certain embodiments, the variant IgG may be conjugated with a cytotoxic

agent.
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streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites
such as methotrexate, gemcitabine (GEMZAR®), tegafur (UFTORAL®), capecitabine
OﬁmHOU}@u, an epothilone, and 5-fluorouraci! (5-FU); combretastatin; folic acid analogues
such as denopterin, methotrexate, pteropterin, trimetrexate; purine analo gs such as
fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as
ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine,
enocitabine, floxuridine; androgens such as calusterone, dromostanolone propionate,
epitiostancl, mepitiostane, testolactone; anti-adrenals wﬁow as aminoglutethimide, mitotane,
trilostane; folic acid replenisher such as frolinic acid; moww_ﬁosﬂ aldophosphamide
glycoside; aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate;
defofamine; demecoleine; diaziquone; elfornithine; elliptinivm acetate; an epothilone;
ctoglucid; gallium nitrate; hydroxyurea; lentinan, lonidainine; meﬁmﬁwﬂoam such as
maytansine and ansamitocing; mitoguazone; mitoxantrone; mopidanmol; nitraerine; -
pentostatin; phenamet; pirarubicin; losoxantrone; 2-ethylhydrazide; procatbazine; PSK®
polysaccharide complex (JHS Natural Products, Eugene, OR); razoxane, rhizoxin;
sizofiran; spirogermanium; tenuazonic acid; trinziquone; mh._,w,:ﬁorwoﬂoﬁnﬁwﬁmﬁmwﬁ
trichothecenes (especially T-2 toxin, verracurin A, roridin A and anguidine); urethan;
vindesine (ELDISINE®, m.FmeHZ@vw dacarbazine; mannomustine; mitobronitol;
mitolactol: pipobroman; m.moﬁomﬁﬂ arabinoside (“Ara-C”); Ewoacmw taxoid, e.g., paclitaxel
(TAXOL®), albumin-engineered nanoparticle formulation of paclitaxel (ABRAXANE™),
and docetaxel Q&Oﬂmﬁ@vw chloranbucil; 6-thinguanine; mercaptopurine; methotrexate;
platinum agents such as Q%Em? oxaliplatin (e.g., mwo%bﬂz@.v, and carboplatin; vincas,
which prevent tubulin polymerization from forming microtubules, including vinblastine
(VELBAN®), vincristine (ONCOVIN®), vindesine (ELDISINE®, FILDESIN®), and
vinorelbine (NAVELBINE®), etoposide (VP-16); ifosfamide; mitoxantrone; leucovoring
novantrone; edatrexate; daunomycin; aminopterin; ibandronate; topoisomerase inhibifor
RFS 2000; diflnoromethylornithine (DMFO); retinoids such as retinoic acid, including
bexarotene (TARGRETIN®); bisphosphonates such as clodronate (for example,
BONEFOS® or OSTAC®), etidronate (DIDROCAL®), NE-58095, zoledronic
gcid/zoledronate ANOEM,EV@v“ alendronate (FOSAMAX®), pamidronate A;mvg@v.,
tiludronate (SKELID®), or risedronate (ACTONEL®); troxacitabine (a 1,3-dioxolane
nucleoside cytosine analog); mmmmnmmm aligonucleotides, particularly those that inhibit

expression of genes in signaling pathways implicated in aberrant cell proliferation, such as,
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therapy vaccines, for example, ALLOVECTIN® vaccine, LEUVECTIN® vaccine, and
VAXID® vaccine; PROLEUKIN® 1]L-2; LURTOTECAN® topoisomerase 1 inhibitor;
ABARELIX® rmRY; Vinorelbine and Esperamicins (see U.S. Pat, No. 4,675,187), and
pharmaceutically acceptable salts, acids or derivatives of any of the above; as well as
combinations of two or more of the above.

A "growth _.bE_umoQ agent" when used herein refers to a compound or composition
which inhibits growth of a cell (such as a cell expressing VEGF) either in vitro or in vivo.
Thus, the growth inhibitory agent may be one which signifi canfly reduces the percentage of
cells (such as a cell mﬁunmmmmnm VEGF) in S.phase. Examples of growth inhibitory agents
include agents that block cell cycle progression (at a place other then S phase), such as
agents that induce G1 arrest and M-phase arrest. Classical M-phase blockers include the
vincas (vincristine and vinblastine), taxanes, and topoisomerase II inhibitors such as
doxorubicin, epirubicin, daunorubicin, etoposide, and bleomycin. Those agents that arrest
G1 also spill over into S-phase arrest, for example, DNA alkylating agents such as
tamoxifen, prednisone, dacarbazine, mechlorethamine, cisplatin, methotrexate, 5-
fluorouractl, and ara-C, Further information can be found in Mendelsohn and lsrael, eds.,
The Molecular Basis of Cancer, Chapter 1, erititled "Cell cycle regulation, oncogenes, and
antineoplastic drugs" by Murakami et al. (W .B. Saunders, Philadelphia, 1995), e.g., p. 13.
The taxanes (paclitaxel and docetaxel) are anticancer drugs both derived from the yew tree,
Docetaxel (TAXOTERE®, Rhone-Poulenc Rorer), derived from the European yew, is a
semisynthetic analogue of paclitaxel (TAXOL®, Bristol-Myers Squibb). Paclitaxel and
docetaxel promote the assembly of microtubules from tubulin dimers and stabilize
microtubules by preventing depolymerization, which results in the inhibition of mitosis E. |
cells.

By “radiation therapy” is meant the use of directed gamma rays or beta rays to
induce sufficient damage to a cell so as to limit its ability to function normally or to destroy
the cell altogether. It will be-appreciated that there will be many ways known in the art fo
determine the dosage and duration of treatment. Typical treatments are given as a one time
administration and typical dosages range from 10 to 200 units (Grays) per day.

The "pathology” of a disease includes all phenomena that compromise the well-
being of the patient. For cancer, this includes, without limitation, abnormal or

uncontroliable cell growth, metastasis, interference with the normat functioning of
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label, may catalyze chemical alteration of a substrate compound or composition which is

detectable.

Antibodies

Antibedies are proteins which exhibit binding specificity to a specific antigen.
Native antibodies are usually heferotetrameric glycoproteins of about 150,000 mm.xosro;
composed of two identical light (L) chains and two identical heavy (H) chains. Each light
chain is linked to a heavy c¢hain by one covalent disulfide wow_nr while the number of
disulfide linkages variés between 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 (Vy) 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.

Depending on the amino acid sequence of the constant region of their heavy chains,
antibodies or immunogiobulins can be assigned to different classes. There are five major
classes of immunoglobulins: TgA, IgD, IgE, IeG and IgM, and several of these may be
further &&mma into subclasses o.moJ%a,&. e.g. IgGy, 1gGy, IgGa, and IgGy; TgA, and IpA,. A
variety of human IgGy, IgGy, IgGs, and IgGy allotypes have been described (reviewed by
M.-P. LeFranc and G. LeFranc in: *The Human IgG Subclasses,” F. Shakib {ed.), pp. 43-78,
Pergamon Press, Oxford (1990)). The different isotypes of the IgG class, including 1gGi,
1gGos, 1gGa, and 1gGy, have unique physical, biological, and clinical propertics. Human -
IgG, is the most commonly used antibody for therapeutic purposes, and the majority of
engineering studies have been constructed in this context.

The present application is dirccted to variant IgG immunoglobulins that include
amino acid modifications that alter the biological properties of the IgG. The variant
immunoglobulins of the present application include antibodies that comprise a modified Fe
region that display longer half [ives in vivo compared to the wild-type antibodies.

In certain embodiments, the haif life of a variant IgG of the present invention is
increased by at least 50% compared to the half life of the IgG having the wild-type human
IgG Fe region. In certain embodiments, the half life of a variant IgG of the present

75



9L

syuowSeyy Apoqnue Jo uononpord o1} 10] sonbuyody W) AUBIND T[99 ISOY JURUIGIN00T
wmoyy A[osIp paje]ost oq ued syuewfely U(,qe)d ‘goroxdde toour 01 Sup1000y ((2661)
LOT-€91:01 4Sojouton g/otg *1v 12 1ape))) SyHAMSey ¢ qe) UL} 01 pofdnos Ajjeonmusyo pue
1j07 " WOIY PIISA0ISI A[IIIP 9q URD SpusSel] HS-qed 'STUSWIPOqUIS UIRIa0 U] "SaLBqI]
o8eqd £poqriue o1 WALy pelwlost 9q Ued sjuotidery Apoquuy "SHUSUIILRY 53] JO SIUNOWE
231e] Jo nononpoid o[198] SUp BUIMO[E S 7700 *F WO PIRIOAS PUe T Passaidxs 9

TTe uo syuswSely APOqRUE A0S PUB AJ ‘qe. 'S[]90 I50Y JUBIGUI03] Aq ARoaxip paoupout
20 M0 TEd SjuowWef 050y ‘xoaamor] ‘((S86T) 18:6ZT Pouatos “Te 10 uruualg pue (Z661)

L1T~LOT 4T Spoysapy jooisdydorg puv jponuaydorg fo joutmof “Te 12 OJ0WLIO “8'2 225)

soTpoquue 198 JO UoysoSip 9114]09301d BIA PIALIOP S10M spuswifel) 250y} “A[RUomIpeLL,
‘sTuawSeyy Apoquue Jo uononpoxd 3§ 107 podojoasp T3 SABY SONDIUGO) SNOLRA

*sonbruros; JURUIQUIO21 A IO “TONSIBIP dHPWAZUS SB Yans ‘Susoul [RUONIPRY

£q poreranad sq Aew syuewSery Apoqnuy suoidal o4 Busudmos (SOI]) suynqo[Sonnunut

J0BLIeA JO SUSWS R 21) 318 SjuswiSel} Apoquue S¢) “SJUSUNPOQLES UIRIIAD U]

“areyo £ApaY 213 3O UOLFS1 JURISTOD S PUR m_.uom.mﬁ 04 ‘su0iBai 04 osudunos ey} ssTpoquIuR

are 210y Jeproned 3O sjuswiSey Apoqpue sessednosus nonuLAUL JUSEId oY,

SuaumIsHLY Apoquuy

-sAouOW SNS[OWIOUAD UT PAINSEIW S SITf JTBY 211 51 WOYUSAT Juosaxd oy Jo
03[ JurLeA oY) JO 91T J[¢Y 971 ‘SIEOWIPOGUIS U1BJI0 U] "SUSIRY U PRINSEIUI Se Sfi] 3|8y U3
st uonuaAu] JussaId 913 Jo N3] JueLRA 33 JO 911 JBY S} ‘SIUSUWIPOQUIS URiIa0 U] ‘
| ‘1031 jurLIEA $T OS] JURLIBA 9T ‘STUSUIIPOQLUS &mtoo u
‘SABD (O INOGE JSBI I8 51 HONUAATI Juasaxd 3Y) JO HI] JUBLIEA © JO 3JI] 1Ly S} ‘SIUSUIPOQUID
UIelS0 U 'SABD $¢ INOQE I5ES] B SI NONUSAUE Tu831d a1} Jo DIT FURLIRA € JO 3Y1] J[¢Y
31 ‘SIUSWIIPOGUIS BIEHA0 W] "sAwp Qg 10qE 1589] T8 §1 uonuaAui Juasaxd oy) jo HI| jusLRA
 JO 9] J1¢Y 5]} ‘SIUSWIPOGUIS UiRMa0 Uf “SABD $7 IMOGe 15BS] 18 ST TOTHAW Juasald ot
70 3] IHBLIRA B JO JT] J[EY O ‘SIUSIUIPOqUIS TTBMI0 U] "SAUD (g IMOGE 1S8a] I8 ST UOHUSATH
yussaid oy Jo DT weLes B JO 9FI] J[oY 91 ‘SIUSIIPOGUIS UIBLS) U "SABD ¢ 1OQR 1589]

Y& S1 UOTIURAU] yuasard a3 3o DT JUBTIEA © JO JT] JTBY o1} *SIUSTUTPOUID UIRHId0 UY

-nordar o] OI uewny 2dL1-prim sy;-

Surarg D] oM Jo 551 J[BY 94 03 poredod 8,001 1589] 18 £q PISEIIOUT ST UOTUAATY JuosaId
o1 30 NJ[ TURLIRA B JO oJI] JIEY SU3 ‘SIUSWIPOQUIS TIeHes T "Totdar o4 NI ueumny odAy
-pia o Smaey OS] oup Jo 1] J1eY 93 03 paxedition 94¢/, 188 18 AQ POSBIIOTL ST TOTUIAU]

514

0T

St

01

Ly



10

15

20

30

will be apparent to the skilled practitioner, The antibody fragment may also be a "linear
antibody”, e.g., as described in U.S. Pat. No. 5,641,870, for example. Such lincar

antibodies may be monospecific or bispecific.
Humanized Antibodies

The invention encompasses humanized antibodics. In certain embodiments, the
humanized antibodies are humanized variant IgGs with one or more amino acid
modifications in the Fe region relative to wild-type IgG. Various methods for humanizing
non-human antibodies are known in the art. For example, a humanized wmﬁco& can have
one or more amino acid residues introduced into it from a source which is non-human,
These non-human amino acid residues are often referred to as "import" residues, which are
typically taken from an “import” variable domain. Humanization omm be essentially
performed following the method of Winter and co-workers (Jones ez al, (1986) Nature
321:522-525; Riechmann ef al. (1988) Nature 332:323-327; Verhoeyen et al. (1988)
Science 239:1534-1536), by substituting hypervariable region sequences for the
corresponding sequences of a human antibody. Accordingly, such "humanized" antibodies

are chimeric antibodies (U.S. Patent No. 4,816,567) wherein substantially less than an intact

'human variable domain has been substituted by the corre sponding sequence from a non-

human species. In practice, humanized antibodies are typically human antibodies in which
some hypervariable region residues and possibly some FR residues are substituted by
residucs frem analopous sites in rodent antibodies.

The choice of human variable domains, both light and heavy, to be used in making
the humanized mmmvo&om can be important to reduce antigenicity, According to the so-
called "best-fit" method, the sequence of the variable domain of a rodent antibody is
screencd against the entire library of known human variable-domain sequences. The human
sequence which is closest to that of the rodent is then accepted as the human framework for
the humanized .mna.@o&\. See, e.g., Sims et @l (1993) J. fmmunol. 151:2296; Chothia et al.
(1987) J. Mol. Biol 196:901. Another method uses a particular framework derived from
the consensus sequence of all human antibodies of a particular subgroup of light or heavy
chains. The same framework may be used for several different humanized antibodies. See,
¢.g., Carter et al. (1992) Proc. Natl. Acad. Sci. USA, 89:4285; Presta et al. (1993) J.
Immunol,; 151:2623.
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will result in the production of human antibodies upon antigen challenge. See, e.g.,
Jakobovits et al., Proc. Natl Acad. Sci USA, 90Q: 2551 (1993); Jakobovits ef al., Nature,
362: 255 (1993); Bruggermann et al,, Year in Inununol,, 7: 33 (1993). ‘
Gene shuffling can also be used to derive human antibodies from non-human, ¢.g.
rodent, antibodies, where the human antibody has similar affinities and specificities to the
starting non-human antibody. According to this method, which is also called "epitope
imprinting", either the heavy or light chain variable region of a non-human antibody
fragment obtained by phage display techniques as described herein is replaced with a
repertoire of human V domain genes, creating a population of non-human chain/human
chain scFv or Fab chimeras. Selection with antigen results in isolation of & non-human
chain/human chain chimeric scFv or Fab wherein the human chain restores the antigen
binding site destroyed upon removal of the corresponding non-human chain in the primary
phage display clone, i.e. the epitope governs (imprints) the choice of the human chain
partner. When the process is repeated in order to replace the remaining non-human chain, a
human antibody is obtained (see PCT WO 93/06213 published April 1, 1993). Unlike
traditional humanization of non-human antibodies by CDR grafting, this technique provides

completely human antibodies, which have no FR or CDR residues of non-human origin.
Bispecific Antibodies

‘Bispecific antibodies are monoclonal antibodies that have binding specificities for at
least two different antigens. In certain embodiments, the bispecific antibodies are E%moﬁn
antibodies with one or more amino acid modifications in the Fe region relative to wild-type
antibody.” In certain embodiments, bispecific antibodies are human or humanized
anttbodies. In certain embodiments, one of the binding specificities is for VEGF and the
other is for any other antigen. In certain embodiments, bispecific antibodies may bind to
two different epitopes of VEGF. Bispecific antibodies may also be used to localize
cytotoxic agents to cells which express VEGF. These msﬁmuo&om. possess a VEGF-binding
arm and an arm which binds a cytotoxic agent, such as, e.g., saporin, anti-interferon-a,
vinca alkaloid, ricin A chain, methotrexate or radioactive isotope hapten. In certain
antibodies, the binding specificities are for IL-4 and IL-13. Bispecific antibodies can be
prepared as full length antibodies or antibody fragments comprising Fc region.

Methods for making bispecific antibodies are known in the art. Traditionally, the

recombinant production of bispecific antibodies is based on the co-expression of two
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recombinant cell culture. The interface comprises at least a part of the Cy3 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 "cavities" of identical or similar size to the mmmmw side
chain(s) are created on the iterface of the second antibody molecule by replacing large
amino acid side chains with smaller ones (e.g. alanine or threoning). This provides a
mechanism for increasing the yield of the heterodimer over other unwanted end-products
such as homodimers.

Bispecific antibodies include cross-linked or "heteroconjugate” antibodies. For
example, one of the antibodies in the heteroconjugate can be coupled to avidin, the other to
biotin. Such antibodies have, for example, been proposed to target immune system cells to
unwanted cells (US Patent No. 4,676,980), and for treatment of HIV infection (WO
91/00360,- WO 92/00373, and EP 03089). Heteroconjugate antibodies may be made using
any convenient cross-linking method. Suitable cross-linking agents are well known in the
art, and are disclosed in US Patent No. 4,676,980, along with a number of cross-linking -
techniques. o

The "diabody" technology described by Hollinger et al., Proc. Nail. Acad. Sci. US4,
90:6444-6448 (1993) has provided an alternative mechanism for making bispecific
antibody fragments. The fragments comprise a gw@.&&.ﬂ. <m.ﬁmmEm domain (VH)
connected to a light-chain variable domain (VL) by a linker which is too short to allow
pairing between the two domains on the same chain. Accordingly, the VH and VL domains
of one fragment are forced to pair with the oogﬁgoﬁﬂ.% VI. and VH domains of another
fragment, thereby forming two antigen-binding sites. Another strategy for making bispecific
antibody fragments by the use of single-chain Fv (sFv) dimers has also been reported. See
Gruber et al., J. Immunol., 152:5368 (1994).

Antibodies with more than two valencies are contemplated. For example, trispecific
antibodies cen be prepared. Tutt et al. J. Immunol. 147; 60 (1991),

Multivalent Aniibodies

A multivalent antibody may be internalized (and/or catabolized) faster than a
bivalent antibody by a cell expressing an antigen to which the antibodies bind. The
antibodies of the present invention can be multivalent antibodies (which are other than of

the IgM class) with three or more antigen. Es&wpm sites (e.g. tetravalent antibodieg), which
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acid modifications in the Fc region not described herein. Modified amino acid sequences of
the variant IgGs may be prepared by introducing appropriate changes into the nucleotide
sequence encoding the antibody, or by peptide synthesis. Such modifications include, for
example, deletions from, and/or insertions into and/or substitutions of, residues within the
amino acid sequences of ﬁo antibody. Any combination of deletion, insertion, and
substitution can be made to arrive at the final construct, provided that the final construct
possesses the desired characteristics. The amino acid alterations may be introduced in the
subject antibody amino acid mﬂamaoo at the time that sequence is made.

A useful method for identification of certain residues of regions of the antibody that
are preferred locations for mutagenesis is called "alanine scanning mutagenesis” as
described by Cunningham and Wells (1989) Science, 244:1081-1085. Here, a residue or
group of target residues are identified (e.g., charged residues such as arg, asp, his, lys, and
w@ and replaced by a neutral or negatively charged amina acid (e.g., alanine or
polyalanine) to affect the interaction of the amino acids with antigen. Those amino acid
locations demonstrating functional sensitivity to the substitutions then are refined by
introducing further or other modifications at, or for, the sites of substitution. Thus, while
the site for introducing an amino acid sequence modification 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 gite, ala momEmsm or random mutagenesis is conducted at the target
codon or region and the expressed immunoglobulins are screened for the desired activity.

Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions
ranging in length from one residue to polypeptides containing a hundred or more residues,
as well as intrasequence insertions of single or multiple amino acid residues. Examples of
terminal insertions include an antibody with an N-terminal methionyl residue. Other
insertional modifications of the antibody molecule include the fusion to the N- or C-
terminus of the antibody to an enzyme (e.g. for ADEPT) or a polypeptide which increases
the serum half-life of the antibody. |

In certain embodiments, variant 1gG of the present invention is altered to increase or
decrease the extent to which the antibody is glycosylated. Glycosylation of polypeptides is
typically either N-linked or O-linked. N-linked refers to the attachment of a carbohydrate
moiety to the side chain of an asparagine residue. The tripeptide sequences asparagine-X-
sering and m@mﬁmﬁmbﬂ.ﬁgmoimp where X is any amino acid except proline, are the

recognition sequences for enzymatic attachment of the carbohydrate moiety to the

g3
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Appl No US 2003/0157108 A1, Presta, L; and WO 2004/056312 A1, Adams et al.,
especially at Example 11), and knockout cell lines, such as alpha-1,6-fucosyltransferase
gene, FUUTS, knockout CHO cells (see, e.g., Yamane-Ohnukd et al. Biotech. Bioeng. 87: 614
(2004); Kanda, Y. et &L, Biotechnol. Bipeng., 94(4):680-688 (2006); and
W02003/085107). |

Antibody modifications are further provided with bisected oligosaccharides, e.g., in
which a biantennary oligosaccharide attached to the Fc region of the antibody is bisected by
GleNAc. Such m_&@oaw variants may have reduced fucosylation and/or improved ADCC
function. Examples of such antibody. modifications are described, e.g., in WO
2003/011878 (Jean-Mairet et al); US Patent No. 6,602,684 (Umana ef al.); and US
2005/0123546 (Umana et al.). Antibody modifications with at least one galactose residue
in the oligosaccharide attached to the Fc region are also provided. Such antibody
modifications may have improved CDC function. Such antibody modifications are
described, e.g., i WO 1997/30087 (Patel et al), WO 1998/58964 (Raju, S.); and WO
1999/22764 (Raju, S.).

In certain embodiments, the invention contemplates an antibody modifications that
possesses some but not all effector functions, which make it a desirable candidate for many
m@wmo_mmoum in which the half life of the antibody ir vivo is important yet certain effector
functions (such as complement and Eu.,oov are E.Eoo%me or deleterious. In certain
embodiments, the Fc activities of the antibody are measured to ensure that only the desired
properties are maintained. /n vitro and/or in vive cytotoxicity assays can be conducted to
confirm the reduction/depletion of CDC and/or ADCC activities. For example, Fo receptor
(FcR) binding assays can be conducted to ensure that the antibody lacks FeyR binding
{hence likely lacking ADCC activity), but retains FcRa E&Em ability. The primary cells
for mediating ADCC, NK cells, express FeyRIII only, whereas monocytes express FeyR],
FeyRID and FeyRIHL. FcR expression on hematopoietic cells is summarized in Table 3 on
page 464 of Ravetch and Kinet, Arnu. Rev. Immunol. 9:457-92 (1991). Non-limiting
examples of in vitro assays to assess ADCC activity of a molecule of interest is described in
U.S. Patent No. 5,500,362 (see, e.g. Hellstrom, L., ef al. Proc. Nat’l Acad. Sci. USA
83:7059-7063 .Q.@w@v and Hellstrom, 1 et af., Proc. Nat'l Acad. Sci. Qw.m 82:1499-1502
(1985); 5,821,337 (see Bruggemann, M. ef al., J. Exp. Med. 166:1351-1361 (1987)).
Alternatively, non-radioactive assays methods may be employed @mw. for example, ACTI™

non-radioactive cytotoxicity assay for flow cytometry (CellTechnology, Inc. Mountain
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Original Exemplary Preferred
Residue __Substitutions Substitutions
Ile (T Leu; Val; Met; Ala; Leu
Phe; Norleucine
Leu (L) Norleucine; Ile; Val; lle
Met; Ala; Phe
| Lys (K) Arg; Gin; Asn Arg
Met (M) Leu; Phe; lie Len
Phe (F) Trp; Leu; Val; lle; Ala; Tyr Tyr
Pro (P) Ala Ala
Ser (S) Thr Thr
Thr (T) Val, Ser Ser
Trp (W) Tyr; Phe | Tyr
Tyr (¥) Trp; Phe; Thr; Ser Phe
Val (V) He; Leu; Met; Phe: Len
Ala; Norleucine

Modifications in the biological properties of an antibody may be accomplished by
selecting substitutions that affect (a) the structure of the polypeptide backbone in the area of
the substitution, for example, as a sheet or helical conformation, {(b) the charge or
hydrophobicity of the molecule at the target site, or (¢) the bulk of the m.mam chain, Amino
acids may be grouped according to similarities in the propertics of their side chains (in A. L.
Lehninger, in Biochemistry, second ed., pp. 73-75, Worth Publishers, New York (1975)):

(1) non-polar; Ala (A), Val (V), Leu (L), Ile (I), Pro (P), Phe (F), Trp (W), Met (M)

(2) uncharged polar: Gly (G), Ser (:S), Thr (T), Cys (C), Tyr (Y), Asn (N), Gln (Q)

(3) acidic: Asp (D), Glu (E)

(4) basic: Lys (K), Arg (R), His(H)

Alternatively, naturally occurring residues may be divided into groups based on
common side-chain properties:

(1) hydrophobic: Zoz@ﬁﬁ.ﬂmv Met, Ala, Val, Leu, Ile;

(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;

(3) acidic: Asp, Glu;

{4) basic: His, Lys, Arg,

(5) residues that influence chain orientation: Gly, Pro;

(6) aromatic: Trp, Tyr, Phe.
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In accordance with this description and the teachings of the art, it is contemplated

that in certain embodiments, an antibody modification of the invention may comprise onge

or more alterations as compared to the wild-type counterpart variant IgG (e.g., a variant IgG

of the invention without any additional alteration in its amino acid sequence). These

antibody modifications comprising additional alterations would nonetheless retain

- substantially the same characteristics required for therapeutic utility as compared to the

wild-type counterpart variant IgG. In certain embodiments, the wild-type counterpart
variant IgG is a variant of bevacizumab.,

In another aspect, the invention provides antibody modifications comprising
modifications in the interface of Fc polypeptides comprising the Fc region, wherein the
modifications facilitate and/or promote heterodimerization. These modifications comprise
introduction of a protuberance into a first Fe polypeptide and a cavity into a second Fc
polypeptide, wherein the protuberance is positionable in the cavity so as to promote.
complexing of the first and second Fc polypeptides. Methods of generating antibodies with
these modifications are known in the art, e.g., as described in U.S. Pat, No. 5,731,168,

In yet another aspect, it may be desirable to create cysteine engineered antibodies,
e.g., “thioMAbs,” in which one or more residues of an antibody are substituted with
cysteine womﬁcomm In certain embodiments, the mn@mﬁﬁoaa@ma:om oceur at accessible sites
of the mﬁmwo%. By substituting those residues with cysteine, reactive thiol groups are
thereby positioned at accessible sites of the antibody and may be used to conjugate the
antibody to other moieties, such as drug moieties or linker-drug moieties, as described
further herein. In certain embodiments, any one or more of the following H.wmﬁsam.am%dm
substituted with cysteine: V205 (Kabat numbering) of the light chain; A118 (EU
numbering) of the heavy chain; and S400 (EU numbering) of the heavy chain Fc region.

Antibody Derivatives

In certain embodiments, the variant IgGs of the present invention can be further
modified to contain additional nonproteinaceous moieties that are known in the art and
readily available. In certain cmbodiments, the variant IgG may be conjugated with a
cytotoxic agent. In certain embodiments, the variant IgG to which the cytotoxic agent is
bound is internalized by the cell, resulting in increased therapeutic efficacy of the conjugate
in killing the cancer cell to which it binds. In one embodiment, the cytotoxic agent targets

or interferes with nucleic acid in the cancer cell.

89



06

ue oju psteIodlodu 9G few s8] TuBLIRA 94} SPOOUS EYY SPIOR O19[oNU Y, "KIDINUS IS}
W 9oua1ajas £q payeaodioom yoq (Su0S 2 A1 ByOf) AS0]03T IBMOSOTN TI §090101]
JUaLI’} pue ‘(1007 “JIOA MON ‘ssa1] Al0jRIoqe] 10G1ef] Suudg pro) ‘suetug) pa

ouf TENEERY A3opp0GeT V--SUIuo])) JR[nog]0j Tl PIQUIOSSP 16 W] 3ST puly ABlU 3By} SPOYIOW
30 £391xeA ® pUB ‘S0INPa001d TMOUN-T/oM BUISN 100 PILAIRD 3Ie $9010eid 353G, "PoAISIP

31 ‘pofesse pue possardxo ‘ST[00 1501 OJUI PSTOD 9 US AT 183 pue ‘seouanbos soquisw
oY) 9POOUS JEY} SPIOR DIP[OTIU JBIID 0} PIST 2. §eouanbes N3] JueLILA SU} ‘SIRWIPOGUID

RO U “1E S Ul TMOW] poylewd Aur Aq spetl o uwd $NJ] JUBLIEA 34,

SOy juntin A u«ﬁ&w

"PAIIY 2Ie Aejom snodseuiordaou

~Kpoquue oy o) Tewrrxoxd sjfe0 YoM 18 ameedui) B oy £3ot0m1 snosoemei0rdnon

24} 1807 YDIYM Inq ‘S[[90 AIBUIPIO WiiRY JOU OP JBy) SHSUS[ARM ‘0] POIUI]

Jou S04 ‘SSPNJOUI Pue ‘IUS[PARM AUB JO O fews wonerper 541, ((S00Z) SO9T 00911

:Z01 FSN 108 "POOY PON 0044 v 17 W) SQIIOUBY U0GIE0 B §1 LHorow snossguisjosduoy

oﬁ. “EOUNPOqUIS SUO U "papianid 018 wonwipel o) amsodxe Aq pa1ey A[aAnoeles aq Avu
e} A3et0w snoaoentsjoiducy pus Apoqiiue ue Jo moﬁmz.&ou JUAUITPO( LIS JSTI0TR U]

010 ‘SUOLIPEOO POTLOP Jopun Aderow; € w1 past aq

T[4 SATIRALISD ApOquue 91} I9ouM poacidint 2q 0y £poquue At Jo sTonoun; Jo sanradord

1eqnopred o) ‘03 PITIUI] 10U 0q ‘BUIPNIOUI SUOHLISPISUOD. UO PISE( PIUTLINOP q URD

"UOnEZIIPALSP 10] pasn siawA|od yo 2d43 Jo/pur IDGUINT ST} “[ISUSF U 'SOFRIOUL JUSIIIIP

10 SUUES SY 9q weo K91} ‘poyeNE ole 1owkjod ouo uey) o10w J1 pue ‘Ama Lew Apoquue

53 03 payoeye sowAjod JO JoqUMU S, "POYIUBIQUN 10 PAYDURI] 09 ABLE PUR JyTlem

Fepnostowr Aue Jo aq Awua sowAjod oy, “10yBm UL bﬁ.ﬁmﬁ SI 0] onp SULIOBINURTE U]

saBejueape saey Lew epAyopreunordoid 100413 ouslAiaklog "JORIAY) SRINXIUI PUE [OYoale

1hu1akiod ‘(Joxoaky3 “-8-9) sjokjod pareidpodxakiod ‘s1owkjod-0o PTXO SUSIAYIR/OPIXO

smeiAdordAjosd ‘sremAjodouroy 100418 eusiidordord ‘J0o418 susihmediod(ouoprionidd

TAuia-w)kjod 10 renxap pue ‘(s1owkjodoo wropuer 10 srwAjodowioy 0G0}

spoeounmeijod ‘rswA[odos spupAque SR /AUS[AYIe ‘aueX0Ly-g° ¢! [-A10d ‘SurlOXOIp

-¢ “1-410d ‘suoprionid Kuiakjod fjoqoore Aumakiod ‘wenyap “umo?zoo%ﬁogoﬁmo

100418 oustAdord/100418 susiAge Jo stamklodoo (DFJ) 100418 suatiyiediod ‘o payru] j0u

ore yaq ‘opnpout stewA]od ajqnjos Jojem. Jo sepdurexs Sugnmy-uoN ‘ssowA]od S[qnfos Jerem

sTe ApOqOUE 31} JO TOIIRZHBALIOP JOF S]GBIMS SOUQIOUL 0T “SJUSUIIPOQUES UTEHI9D U]

02

Gl

01



10

15

20

30

@M@.Rmaom vector in order to express the protein. Expression vectors typically include a
protein aperably linked, that is, placed in a functional relationship, with control or
regulatory sequences, selectable markers, any fusion partners, and/or additional elements.
The variant IgGs may be produced by culturing a host cell transformed with nucleic acid,
preferably an expression vector, containing nucleic acid éncoding Em variant 1gGs, under
the appropriate conditions to induce or cause expression of the protein. A wide varicty of
appropriate host cells may be used, including but not limited to mammalian cells, bacteria,
insect cells, and yeast. For example, a variety of cell lines that may find use are described
in the ATCC cell line catalog, available from the American Type Culture Collection,
incorporated by reference herein in its entirety, The methods of introducing exogenous
nucleic acid into host cells are well known in the art, and will vary with the host cell used.
~ In certain embodiments, variant IgGs are purified or isolated after expression.
Antibodies may be-isolated or purified in a variety of ways known to those skilled in the art,
Standard punfication methods include chromato @W@Em techniques, electrophoretic,
immunological, precipitation,-dialysis, filtration, concentration, and chromatofocusing
techniques, As is well known in the art, a variety of natural proteins bind antibodies, for
example bacierial proteins A, G, and L, and these proteins may find use in purification.
Often, purification H@ be enabled by a particular fusion partner. For example, proteins
may be purified using glutathione resin if a GST fusion is employed, Ni*? affinity
chromatography if a His-tag is employed, or immobilized anti-flag antibody if a flag-tag is
used. For general guidance in suitable purification techniques, see Antibody Purification:
Principles and Practice, 3" Ed., Scopes, Springer-Verlag, NY, 1994, incorporated by .

reference herein in its entirety.
Screening Variant igGs

Variant IgGs of the present invention may be screened using a variety of methods,
including but not Emited to those that use in vitro.assays, in vivo and mmm&mm& assays, and
selection technologies. Automation and high-throughput mowomsmﬁm technologies may be
utilized in the screening procedures. Screening may employ the use of a fusion partner or
label, for example an immune label, isotopic label, or small molecule label such as a

fluorescent or calorimetric dye.
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dyes, immunochemical, cytochemical, and radioactive reagents. Transcriptional activation
mmay also serve as a method for assaying function in cell-based assays. Alternatively, cell-
based screens are performed using cells that have been transformed or transfected with
nucleic acids anno&sm the variants. That is, varjant IaGs are not added exogenously to the
cells. . ‘ . | .

The biological properties of the variant IgGs may be characterized in cell, tissue,
and whole organism experiments. Drugs are often tested in animals, including but not
limited to mice, rats, rabbits, dogs, cats, pigs, and monkeys, in order to measure a drug's

efficacy for treatment against a disease or digsease model, or to measure a .&.dm,m

. pharmacokinetics, toxicity, and other properties. The animals may be referred to as disease

models. Therapeutics are often tested in mice, including but not limited to nude mice,

SCID mice, xenograft mice, and transgenic mice (including knockins and knockouts). Such
experimentation may provide meaningful data for determination of the potential of the
protein to be used as a therapeutic. Any organism, preferably mammals, may be used for
testing. For example because of their genetic similarity to humans, monkeys can be snitable
therapeutic models, and thus may be used to test the efficacy, toxicity, pharmacokinetics, or
other property of the vanant IgGs. Tests of the in humans are ultimately required for
approval as drugs, and thus of course these experiments are contemplated. Thus the varant
IeGs may be tested in humans to determine their therapeutic efficacy, toxicity,

immunogenicity, pharmacokinetics, and/or other clinical properties.
Therapeutic Uses of Variant IgGs

The variant IgGs may find use in a wide range of products. In certain embodiments
the IgG variant is a therapeutic, a &wmacwmo, or a research reagent. The variant IgG may”
find use in an antibody composition that is monoclonal or polyclonal. In certain
embodiments, the variant IgGs are used to block, antagonize or agonize the target antigen,
such as VEGF, In certain embodiments, the variant IgGs are used fo block or neutralize
VEGF activity. In one embodiment, the VEGF activity is angiogenesis.

The variant IgGs may be used for various therapeutic purposes, including but not
limited to treating patient with neoplastic and/or so;;.mmowmmmmo diseases as defined herein
under “Definitions.” In certain embodiments, neoplastic disease is cancer, In certain
embodiments, patients are first treated with wild-type IgG and later treated with variant

1gG. In one embodiment, the patients are first treated with bevacizumab and then later
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integrin (formerly LDP-02, Genentech/Millennium Pharmaceuticals); humanized anti-CD
18 F(ab'"), antibody; and a humanized anti-IgE IgG; antibody rhuMab-E25
(Genentech/Norvartis/Tanox Biosystems).

The additional clinical products and candidates which may be so modified include,
but are not limited to, a chimeric anti-CD20 antibody approved to treat Zoslmoamﬁs_m
lymphoma; an anti-CD20 antibody HuMax-CD20 (Genmab); anti-CD20 antibody AME-
133 (see for example, U.S. Pat, No. 5,500,362, incorporated by reference in its entirety,
Applied Molecular m<om¢mo§ hA20 (Immunomedics, Inc,), HumaLYM Quqmnm_‘w and
wwoqoumw (PCT/US2003/040426, incorporated by reference in its entirety). A number of
antibodics that target members of the family of epidermal growth factor receptors, including
EGFR (ErbB-1), Her2/neu (FrbB-2), Her3 (ErbB-3), Herd (ErbB-4), may also benefit from
the modifications to Fc region described in the present invention. For example the IgG
variants may find use in an antibody that is substantially similar to ERBITUX® (cetuximab,
Imclone) (U.S. Pat, No, .ﬁrﬁwhmuw WO 96/40210, both incorporated by reference in their
entirety); a chimeric anti-EGFR antibody in clinical trials for a variety of nmbo@m,mw ABX-
m@m (U.S. Pat. No. 6,235,883, incorporated by reference in its entirety,
Abgenix/Immunex/Amgen); HuMax-EGFr (U.S. Ser. No. 10/172,317, incorporated by
reference in its entirety, Genmab); 425, EMD355900, EMD62000, and EMD72000 Azﬂ.ow.
K.GaA) (U.S. Pat. No. 5,558,864; Murthy ef al. 1987, Arch Biochem mmoﬁmu‘q. 252(2).549-
60; Rodeck et al., 1987, J Cell Biochem. 35(4):315-20; Kettleborough et al., 1991, Protein
Eng. 4(7):.773-83, all incorporated by reference in their entirety); ICR62 (Institute of Cancer
Research) (WO 95/20045; Modjtahedi et al., 1993, /. Cell Biophys. 1993, 22(1-3):129-46;
Modjtahedi et al., 1993, Br J Cancer. 1993, 67(2):247-53; Modjtabedi et al, 1996, Br J
Cancer, 73(2):228-35; Modjtahedi ef af, 2003, Int J Cancer, 105(2):273-80, all
incorporated by reference in their entirety); TheraCIM hR3 (YM Biosciences, Canada and
Ceniro de MBbEmo_ommm Molecular, Cuba a .S. Pat. Nos. 5,891,996, 6,506,883, Mateo et al,
1997, Immunotechnology, 3(1):71-81), all incorporated by reference in their entirety); mAb-
806 (Ludwig Institute for Cancer Research, Memorial Sioan-Kettering) (Jungbluth et af,
2003, Proc Natl Acad Sci U S 4. 100(2):639-44); KSB-102 (K8 Biomedix, incorporated by
reference in its entiretyy; MR1-1 (IVAX, National Cancer Institute) (WO 0162931A2,
Eoo%owmwmn by reference in is entirety); and SC100 (Scancell) (WO 01/88138 incorporated
by reference in its entirety). In certain aawommﬁmﬁmu the IgG variants of the @ﬂwmm.ﬁ

invention may find use in CAMPATH® (alemtuzumab, Genzyme Corporation), a

25



96

DAL “(suorow) Apognue J1dA10IpI-nue Ue ‘7O (S[eannecewireyd DH) sorpoquue
(JI) 103083 vonesdow ofeydosoriu-Tine {(S[eoynsorULEyd OC) APOqIUE £7(D)-Hus UB
7S T-DH QI (STRoUTSsRILIPY HAT) £POGIIR 0301 U2 ] [-DFI {(S[EoyneceuLEyq

DD Apoquue FID-1Te UB (qRIIXIoud[0) [¢T-DEI (sTeonnsoeuueyq

HEQ) APOqUE ToPaD-1Te Te “[§ -DHAI (qPumon) OV L-XENIE (wfiry/qeuron)
BUIOYAIUAT-XBIANL] ((S20UII0S00ATD) PIOFKE/XAIRPAIAl/QRIGHIL)) APOqUE | Iseursedoyy
“[jue TE J00Ue))-XBNNY {(Xaiepop /qeiuusn) weu-xewn {(usSuy/qeusn)
Apoqyue ¢1TI-Iue 0e ‘S -XeNNH J(qeumsn) Apoquue $()-1ue e H(D

~XVIANTH $(o1] ‘s90ustog swouan) mpmnyA3oomyas ], Apoqymy a3pugquie)) Apoquue
T IV EI-BUE Ue ‘QyW]y-TIV L Sou] S50US10G awousn) uswny] /A8ojouyss [, Apoqruy
98puquieD) Apoquue sA{g-Lue Ue n@.méﬁmom%g “(ASojompa ] Apoquuy S3pLIqUIED)
Apoqume TurXEIOF-NuL e ‘€1Z-1V) (owznon/A3ojouyoa, Apoquuy e3pLiqure))

£

Apoquue [¢I01-puE we ‘TEI-LVD ((noqqy/A3ojouyas | Apoquuy 93puquas)) Lpoquue
Z1-TI-0e Te 560 $(SB0joutoa). Apoquiry S8puqmE)) 76 1-LV APOqUNE 7g-IOL-HuR
(ueBorg) gy gL Apoqnue (I4.LT) 101deoat vaq uixojoydwAi-nue (uadolg) v |
“VTA £poquue upSenn [-yIA-HE (ueSorg) Apoque £-w1aq-p-wqdie puz (7-vIA) 189G
~p-eydie-nEe Te (qEUmzIEret ‘ NTIDLINY ATTPI0) JNEVSAL (ewosyuy) (LoyISY)

unerdory [, ‘(ewosyuy) [-OENH {(ewosnuy) (SorTSV) qeNoBuy (rmosnuy) (0ss 1)

xa191 Apoquue [ DIN-HIR {(ewosyuy) (IDJWNHNE-X06 ‘67S1¥) qeuownimad Apoqrus
IDNW-Hue te {(xueBqy) [VIN-XEV Apognus g1 )NN-Uue [(x[uesqy) §T-X gV Apoqyue

gT-nue {(xuelqy) 190-X gV Apoquue /1 (D-nue {(ueBury /xeumumy ‘1dooioueo)

o TIENG uoisty of eydBANL-H0E (YI2N[9D) ( TAVIIANH APoquue ANL-nue

vHB] poziuewny (Hoqqy ‘qewInuiiepe) ‘v IINNH Apoquue eqdje N -Hue (100017
‘qelixiun) FAVIINGYE Apoquue wqdie INL-HUe (Sununmppsjy ‘qeumziared)
oSIDVNAS (SnieAoN ‘qeumxiiseq) o TOTTOAILS “(A11/20000u8)) ‘qeumxioqe) 0 dOT
(usgorg ‘ydeoryere) @HAIATNY APOquUE UOISTY 3 £V T-1Ue ue {04 M AJ0sI1eD)
upwes0zo qeumzmwes Apoquue (weroxd £9d) ue ‘ YV IOTAN £Lpoquue

£EQ0-1UR (DY SULIBYOS/IHAL ‘WeldXIy qRIIOWNIQL) (NI TVAHZ APequue 07D

“Tyue {(Q0SUYO[ 79 UOSWYOf/Joaj0Le OHG) KPoquuE §D-BUR Uk (10 SUOPOGHQ)

. cqQ-qeuowmomur {(worsuadayy) derf-IDTA 01 wﬂﬁﬂ jou Ing Fupnjoul ‘SyEpIpuUR

pue spnpoxd Jeatur}d IO 0} JE[Ius %:&Eaﬁpﬁm ore Eﬁ. STOISNJ 9, 10 SSIPOGUUE JO
Ajo1reA B UL 950 puy ABW uonueAui yuasaid o) Jo sjueteA HBF] o], ‘erwuaina] opsooyduik]

STHOIYD [[99-g JO Jusunesr 107 pascidde Apjue1mo APOquuR [RUOIO0UOW PIZIUBTURY

5¢

0¢

&1

01



5

10

15

20

30

1C11, an anti-KDR antibody (Imclone); DC101, an anti-flk-1 antibody (Imclone); anti-VE
cadherin antibodies (Imclone); CEA-CIDE® (labetuzumab), an anti-carcinoembryonic
antigen (CEA) antibody (Immunomedics); LYMPHQOCIDE® {Epratuzumab), an anti-CD22
antibody (Immunomedics); AFP-Cide ﬂEBmmoBo&n&w MyelomaCide Aggznoém&omﬂ
LkoCide (Immunomedics), ProstaCide (Tmmunomedics); MDX-010, an anti-CTLA4
antibody hgmmmﬁwx MDX-060, an anti-=CD30 antibody (Medarex); MDX-070 (Medarex);
MDX-018 (Medarex); OSIDEM® (IDM-1}, an anti-Her2 antibody (Medarex /Tmmuno-

* Designed Molecules); CNTO 148, an anti-TNFa antibody (Medarex/Centocor/J&J); CNTO

1275, an anti-cytokine antibody (Centocor/J&1); MOR101 and MOR 102, anti-intercellular
adhesion molecule~1 (ICAM-1, also known as CD54) antibodies (MorphoSys); MOR201,
an anti-fibroblast growth factor receptor 3 (F DEﬂ.fwu antibody (MorphoSys); NUVION®
(visilizumab}, an anti-CD3 antibody (Protein Design Labs); HuZAF®, an anti-gamma
interferon antibody (Protein Design Labs); antibodies to a5 integrin (Protein Design
Labs); anti-IL-12 (Protein Design Labs); ING-1, an anti-Ep-CAM antibody (Xoma); and
MLNO1, an anti-beta2 integrin antibody (Xoma), all of the above-cited references in this
paragraph are expressly incorporated herein by reference. . .

The variant 1gGs with modifications in the IgG Fc region of the present invention
may be incorporated into .9@ aforementioned clinical candidates and products, or into
antibodics and Fc fusions that are mmwﬁ.msmm:% similar to them. The variant IgGs of the
present invention may also be incorporated into versions of the aforementioned clinical
candidates and products that are humanized, affinity matured, engineered, or modified in
some other way. ‘ |

In certain embodiments, the variant IgGs of the present invention may find
use in the treatment of benign, pre-cancerous, or non-metastatic cancers; for the
treatment of dormant tumeors or micrometases; for the prevention of tumor
recurrence or re-growth; or for treatment or prevention of cancer in a subject at risk

for developing cancer. For example, variant [gGs comprising Fc modifications as

*described herein may be used for adjuvant therapy for the treatment of a subject

with nonmetastatic cancer, following definitive surgery or for neoadjuvant therapy
for the treatment of & subject with an operable cancer where the therapy is provided
prior to the surgical removal of operable cancer in the subject. While the

therapeutic applications are separated below Ew<mﬁﬁo.? neoadjuvant therapy, and
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Localized is cancer that is limited to the organ in which it began, without evidence
of spread.

Regional is cancer that has spread beyond the original QSBNQV site to nearby
lymph nodes or organs and mmmcom.

Distant is cancér that hag m@amm from the primary m:,.o to distant organs or distant
lymph nodes.

Unknown is used to describe cases for which there is not owocmr information to
indicate a stage,

In addition, it is common for cancer to nog..s months or years after the primary
tumor has been removed. Cancer that recurs afier all visible tumor has béen eradicated, is
called recurrent disease. Disease that recurs in the area of the primary tumor is locally
recurcent, and disease that recurs as metastases i8 referred to as a distant recurrence, A
dormant tumor is a tumor that exists in a quiescent state in which tumor cells are present
but tumor progression is not clinically apparent. Micrometastases are a small metastases or
a number of cells that have spread from the primary tumor to other parts of the body.
Micrometastasis may or may not be detected in a screening or diagnostic test. The methods
of the invention are useful for preventing the occurrence of dormant tumors or
micrometastases or the recurrence of the \Egﬁ_ﬁ for example, in a setting where a dormant
tumor or micrometastases is present but may or may not be clinically detected.

The methods of the invention are also useful for the treatment of early cancers
including but not limited fo benign, pre-cancerous, or non-metastatic tumors. This includes
any stage 0, 1, or I tumor; any non-metastatic stage I tumor; any condition that typically
precedes or develops into a cancer, including but not limited to, dysplasia; and any tumor
that temains localized at the site of origin and has mon_mmm_#mﬂ.mn“. invaded, or metastasized
to distant sites. Examples of benign, pre-cancerous, or non-metastatic tumors include a
polyp, adenoma, fibroma, lipoma, gastrinoma, insulinoma, chondroma, osteoma,
hemangioma, lymphangioma, meningioma, leiomyoma, rhabdomyoma, squamous cell
papilloma, acoustic neuromas, neurofibroma, bile duct cystanoma, leiomyomas, |
mesotheliomas, teratomas, myxomas, trachomas, granulomas, hamartoma, transitional cell
papilloma, pleiomorphic adenoma of the salivary gland, desmoid tumor, dermoid
o%wgmvwmogﬁ cystadenoma, focal nodular hyperplasia, and nodular regenerative

hyperplasia.
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variety of risk factors known to be associated with cancer and many of them are described
herein. In addition, & subject known to have an inherited cancer syndrome is considered to

be at risk for developing a cancer.
Neoadjuvant Therapy

The invention provides methods of necadjuvant therapy prior to the surgical
removal of operable cancer in a subject, e.g., a human patient, comprising administering to
the patient (e.g., where the patient has been. diagnosed with a tumor and/or cancer) an
effective amount of a variant IgG. In certain embodiments, the variant IgG 1is an anti-VEGF
antibody. In one embodiment, the variant IgG is a variant of bevacizumab. In one
embodiment, the variant IgG comprises the complementarity determining regions of
bevacizumab. In another embodiment, the variant IgG comprises the heavy chain variable
domain (SEQ ID NO:1) and light:chain variable domain (SEQ ID NO:2). Inyet another
embodiment, the variant IgG comprises the heavy chain variable domain (SEQ ID NO:7)
and light chain variable domain (SEQ ID NO:8). |

In certain embodiments, the variant IgG is administered in combination with at least
one chemotherapeutic agent. The additional step of administering to the subject an
ammm,o.%m amount of a variant IgG after surgery to prevent recutrence.of the cancer can also
be employed with the neoadjuvant therapies described herein. Forthe methods that include
the additional mﬁ% of administering to the subject an effective amount of a variant 1gG after
surgery, msw of the adjuvant methods described herein can be used.

For example, one method includes treating cancer in a subject comprising the
following steps: a) a first stage comprising a plurality of treatment cycles wherein each
cyele comprises administering to the subject an effective amount of a variant IgG and,

optionally, at least one chemotherapeutic agent at a predetermined interval; b) a definitive

- surgery whereby the cancer is removed; and, optionally, ¢) a second stage comprising a

plurality of maintenance cycles wherein each cycle comprises administering to the subject

an effective amount of a variant IgG with or without any chemotherapeutic agent at a

predetermined interval,

In one embodiment of an administration schedule, the neoadjuvant therapy

comprises a first step wherein a variant IgG and one or more chemotherapeutic agents are

administered to the patients in a plurality of neoadjuvant cycles, followed by a surgery to
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weeks, 6 weeks, 7 weeks, 8 weeks, 3 months, 4 months, 5 months, 6 months, 7 months, 8
months, 9 months, 10 months, 11 months, 1 year, 2 years, 3 years, or more. In one
embodiment, the peried of time between definitive surgery and administering the variant
IgG is greater than 4 weeks (28 days) and less than 1 year.

In one administration schedule, the adjuvant therapy comprises a first stage wherein

a variant IgG and one or more chemotherapeutic agents are administered to the patients in a

plurality of treatment cycles; and a second stage wherein a variant IgG is used as a single

agent in a plurality of maintenance cycles. In certain embodiments, variant 1gG is variant of
bevacizumab and a treatment cycle can be eight weeks, which means patients receive one
dose of chemotherapy and one dose of variant bevacizumab every eight weeks. In certain
embodiments, treatment cycle can also be twelve weeks, which means Hu.mﬁmng receive one
dose of chemotherapy and one dose of variant bevacizumab, every twelve week. In certain
embodiments, the adjuvant therapy lasts for at least one year from the initiation of the
treatment, and the subject’s progress will be followed after that time. The progress of the

therapy is easily monitored by conventional techniques and assays.
Dosages, Formulations, and Duration

The ﬁﬁm& IgG composition will be mogﬂﬁoﬁ dosed, and administered in a
faghion consistent with good medical practice. Factors for consideration in this context
include, but not limited to, the particular disorder being treaied, the particular mammal
being treated, the clinical condition of the individual patient, the cause of the disorder, the
site of delivery of the agent, the method of administration, the mowma:mmm of administration,
and other factors known to medical practitioners. For the prevention or treatment of
disease, the appropriate dosage of a variant 1g(, e.g., an antibady, of the invention (when
used alone or in combination with one or more other additional Eoﬁﬁmzmo agents) will
depend on the type of disease to be treated, the type of antibody, 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 variant IgG is suitably administered to the patient

at one time or over a series of treatments.
Pharmaceutical formulations herein may also contain more than one active

compound as necessary for the particular indication being ireated, preferably those with
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therapeutically effective amount of the drug can accomplish one or a combination of the
following to reduce (e.g., by 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100% or morc)
the number of cancer cells in the tumor; to reduce the size of the tumor; to reduce the tumor
burden; to inhibit (i.e., to decrease to some extent and/or stop) cancer cell infiltration into
peripheral organs; to reduce vessel density in the tumor; to inhibit fumor metastasis; to
reduce or inhibit tumor growth or tumeor cell proliferation; to reduce or prevent the growth
of a dormant tumor; to reduce or prevent the growth or proliferation of a micrometastases;
to reduce or @832 the re-growth of a tumor after treatment or removal (e.g., in adjuvant
therapy); to increase or extend the DFS or OS of a subject mﬂmo%ﬁz@ to or diagnosed with
a benign, precancerous, or non-mefastatic tumor or a malignant tumor; to reduce the size of

a tumor to allow for surgery (e.g., in neoadjuvant therapy); and/or to relieve to some extent

- one or more of the symptoms associated with the cancer. In some additional embodiments,

the variant IgG can be used to prevent the occurrence or recurrenee of cancer in the subject.

For the prevention or {reatment of a disease, the appropriate dosage of a variant IgG
of the invention (when used alone or in combination with one or more other additional
therapeutic agents) will depend on the type of disease to be treated, the type of antibody, the
severity and course of the discase, whether the variant 1gG is administered for preventive or
therapeutic purposes, previous therapy, the patient's clinical history and response to the
variant IgG, and the discretion of the attending physician. In certain cmbodiments, the
variant IgG is suitably administered to the patient at one time or over a series of treatments.
Depending on the type and severity of the disease, about 1 pg/kg to 20 mg/kg (e.g.,
0.1mg/kg-15mg/kg) of variant IgG can be an initial candidate dosage for administration to
the patient, whether, for example, by one or more separate administrations, or by
confinuous infusion, One typical daily dosage might range from about 1 pg/kg to 100
mg/kg or more, depending on the factors mentioned above. For repeated administrations
over several days or longer, depending on the condition, the treatment would generaily be
sustained until a desired suppression of discase symptoms occurs. In one embodiment,
depending on the condition, the treatment is sustained until the cancer is treated, as
measured by the methods described herein or known in the art, One exemplary dosage of
the variant IgG would be in the range from about 0.05 mg/kg to sbout 20 Em\Wm.. Thus, one
or more doses of about 0.5 mgrkg, 2.0 mg/kg, 4.0 mg’ke, 7.5 mg/kg, 10 mglkg or 15 mg/kg
{or any combination thereof) may be administered to the wmﬂoﬂ Such doses may be

administered intermittently, e.g., every three, every eight or every twelve weeks (e.g, such
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In certain embodiments, the variant IgG is administered every 14 days or at longer
intervals. In certain embodiments, the variant IgG is administered cvery 21 days or longer.
In certain embodiments, the variant IgG is administered every 28 days or longer. In certain
embodiments, the variant IgG is administered every 60 days or longer. In certain
embodiments, the variant IgG is administered every month or at longer intervals. In certain
emboediments, the variant IgG is administered every two month or longer. In certain
gmbodiments, the variant IgG E administered every three months or longer.

In certain embodiments, the patient is treated with a combination of the variant IsG
and one or more other therapeutic agent(s). The combined administration includes co-
administration or concurrent administration, using separate formulations or a single
pharmaceutical formmilation, and consecutive administration in cither order, wherein
optionally there is a time period:while both (or all) active agents simultaneously exert their
biological activities. The ommoom.ad amounts of therapeutic agents administered in
combination with a variant IgG will be at the physician’s or veterinarian’s discretion.
Dosage administration and adjustment is done to achieve maximal management of the
conditions to be treated. The dose will additionally depend on such factors as the type of
therapeutic agent to be used and the specific wmmmﬁ being treated. In certain embodiments,
suitable dosages for the variant IgG are those presently used for its wild-type IgG and can
be lowered due to the increased half life and/or the combined action (synergy) of the variant

1gG and the additional therapeutic agent used. Tn certain embodiments, the combination of

the inhibitors potentiates the efficacy of a single inhibitor. The term "potentiate” refers to

an improvement in the efficacy of a therapeutic agent at its common or approved dose.

In certain embodiments, dosing regimens discussed herein are used in combination
with a chemotherapy regimen. In certain embodiments, the chemotherapy regimen involves
the traditional high~dose intermittent administration. In certain embodiments, the
chemotherapeutic agents are administered using smaller and more frequent doses without.
scheduled breaks (“metronomic chemotherapy™).

In certain embodiments, the patient is treated with a combination of the variant IgG
and one or more chemoatherapeutic agent(s). In certain embodiments, the chemotherapeutic
agent may be administered prior to, or following, administration of the variant IgG. ? one
embodiment, the timing between at least one administration of the chemotherapeutic agent
and at least one administration of the variant Ig(G is approximately 1 month or less. Tn one

embodiment, the timing between 4t least one administration of the chemotherapeutic agent
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tumnor recurrence. The variant IgG, e.g., an anti-VEGF antibody, can be administered in
combination with another anti-cancer therapy (é.g., prior to, with, or after the variant IgG)
and one or both therapies can be continued as a maintenance therapy.

Additional measurements of therapeutic efficacy in the treatment of cancers are
desciibed in U.S. Patent Application Publication No. 20050186208, |

Variant IgG of the invention (and any m&&ﬂcsm_ therapeutic agent) can be
administered by any suitable means, including parenteral uA subcutaneous, intraperitoneal,
infracerobrospinal, infrapulmonary, and intranasal, and, if desired for local treatment,
intralesional adminjstration. Parenteral infusions include intramuscular, intravenous,
infraarterial, intraperitoneal, or subcutaneous administration. In certain embodiments, the
variant IgG, e.g., an antibody, is suitably administered by pulse “H.bmsmmom, wm&o&mﬂw ?ﬁr
declining doses of the variant 1gG. Dosing can be by any suitable route, e.g. by injections,
such as intravenous or subcutaneous injections, depending in part on whether the
administration is brief or oE.cEn. In certain embodiments, the variant IgG is administered
to a subject intravenously, e.g., as a bolus or by continuous infusion over a period of time,

The location of the binding target of a variant IgG, ¢.g., an antibody, of the
invention may be taken into consideration in preparation and administration of the variant
IgG. When the binding target of a variant IgG is located in the brain, certain embodiments
of the invention provide for the <.mmma IeG to qwﬁﬁm the blood-brain barrier. mm.ﬁﬂ& art-
known approaches exist for transporting molecules across the biood-brain barrier,
including, but not limited to, physical methods, lipid-based methods, stem cell-based
methods, and receptor and owmmnmgmmmm.go%_oamw o

Physical methods of transporting a variant IgG, e.g., an antibody, across the blood-
brain barrier include, but are not limited to, o.ﬁaﬁ?ﬁ%ﬁm the blood-brain bartier entirely,
or by creating openings in the bleod-brain barrier. Circumvention H_:Qwo% include, but are
not limited to, direct injection into the brain (see, e.g., Papanastassiou et al., Gene Therapy
9: 398-406 (2002Y), interstitial E?&oaoowﬁnmo?murmﬁmom delivery (see, e.g., Bobo et al,,
Proc. Natl. Acad. Sci. US4 91; 2076-2080 {1994}), and implanting a delivery device in the
brain (see, e.g., Gill ct al., Nature Med. 9. 589-595 (2003); and Gliadel Wafers™,
Guildford Pharmaceutical). Methods of creating openings in the barrier E.o?am. but are not
limited to, Eqmmo:b@ (see, e.g., U.S. Patent Publication No. 2002/0038086), osmotic
pressure (e.g., by administration of hyperionic mannitol (Neuwelt, E. A., Jmplication of the
Blood-Brain Barrier and its Manipulation, Vols 1 & 2, Plenum Press, N.Y. (1989)),
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include buffers such as phosphate, citrate, Emﬂ&ﬂn and other organic acids; antioxidants
including ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyl
amimonium chloride; hexamethonium chloride; benzalkonium chloride, benzethonium
chloride; phenol, butyl or mgmﬁ alcohol; alkyl parabens such as methyl or propyl paraben;
catechol; resorcinol; cyclohexanol; 3-pentanol; and. m-cresol); low molecular weight (less
than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobuling; hydrophilic polymers rﬁ.wom as polyvinylpyrrolidone; amino acids such as
glycine, glutamine, asparagine, histidine, arginine, or Iysine; Emmo_,mmonga%m“ |
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 Siwm.wxmm (e.g., Nm.ﬁaoﬁﬁ.u complexes), and/or non-
ionic surfactants such as TWEEN™, PLURONICS™ or polyethylene glycol (PEG).

The active ingredients may also be entrapped in microcapsule prepared, for
example, by.coacervation techniques or by interfacial po @Bomwmmo? 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 nanocapsules) or in
macroemulsions. Such techniques are disclosed in Remington: The Science and Practice of
Pharmacy 20th edition (2000).

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

m:ﬁ&ﬂ&ém_mmmo preparations may be prepared. Suitable examples of sustained-
release preparations inchide semipermeable matrices of solid hydrophobic polymers
ooia.ﬁsm.&w.wﬁmﬁommo,c:mﬁ of the invention, 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(vinylalcohol)), polylactides (U:S. Pat. No. 3,773,919), copolymers 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 molecules for over 100 days, certain hydrogels release proteins for

shorter time periods. When encapsulated immunoglobulins remain in the body for a Jong
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50% in a 2-dimensional analysis is the standard cut-off for declaring a response. However,
the inhibitors of the invention may cause inhibition of metastatic spread without shrinkage
of the primary tumor, or may simply exert a tumouristatic effect. Accordingly, approaches
to determining efficacy of the therapy can be employed, including for example,
meastrement of plasma or urinary markers of angiogenesis and measurement of response

through radiological imaging.
Combination Therapies

Therapeutics described herein may be administered with other therapeutics
concomitantly, {.e., the therapeutics described herein may be co-administered with other
gﬁmﬁ% or therapeutics, including for example, small molecules, other biologicals,
radiation therapy, surgery, etc. .

In certain embodiments, an 1gG variant is the only therapeutically active agent
administered to a patient. In certain embodiments, the 1gG variant is administered in
combination with one or more other therapeutic agents, including but not limited to anti-
angiogenic agents, chemotherapeutic agents, cytokines, growth inhibitory agents, anti-

hormonal agents, kinase inhibitors, cytotoxic agents, cardioprotectants, or other therapeutic

. agents. The lgG variants may be administered concomitantly with one or more other

therapeutic regimens. I certain embodiments, the IgG variant may be administered in

conjunction with one or more antibodies, which may or may not be an IgG variant. In

certain embodiments, the IgG variants can be employed in combination with still other

therapeutic techniques such as surgery.

In certain embodiments, additional agents, e.g., anti-cancer agents or therapeutics, or
mum-mwmmomasmﬁm_mwosﬁ can also be &.Ewwmmﬂmﬂmg in combination with variant IgG fo treat
various neoplastic or non-neoplastic conditions. In one embodiment, the neoplastic or non-
neoplastic condition is characterized by pathological disorder associated with aberrant or
undesired angiogenesis. The variant IgGs of the invention can be administered scrially or in
combination with another agent that is effective for those purposes, either in the same
composition or as separate compositions using the same or different administration routes.

Anti-angiogenic therapy in relationship to cancer is a cancer treatment strategy
aimed at inhibiting the development of tumor blood vessels required for providing nutrients
to support tumor growth. In certain embodiments, because angiogenesis is involved in both

primary tumor growth and metastasis, the anti-angiogenic treatment provided by the
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In certain embodiments, the variant 1gG is used as adjuvant therapy for the treatment
of a nonmetastatic cancer following definitive surgery. In this example, the variant IgG can
be provided with or without at least one additional chemotherapeutic agent,

In certain embodiments, the variant IgG is used as neoadjuvant therapy for the
treatment of an operable cancer prior to surgery. In this example, the variant IgG can be
provided prior to surgery with or without at least one additional chemotherapeutic agent.

In certain embodiments, the variant JgG and the one or more other therapeutic
agents can be administered simultaneously or sequentially in an amount and for a time
sufficient to reduce or eliminate the occurrence or recurrence of a tutnor, a dormant tumor,
or a micrometastases. The variant 1gG and the one ot more other therapeutic agents can be
administered as maintenance therapy to prevent or reduce the likelihood of recurrence of the
turmor. ‘

In certain embodiments, the invention features the use of a variant IgG with one or

‘more chemotherapeutic agents (e.g., a cocktail). Non-limiting examples of

chemotherapeutic agents are described herein under Definitions, Preparation and dosing
schedules for such chemotherapeutic agents may be used according to manufacturers’
instructions or as determined empirically by the skilled practitioner, see also, section

entitled Dosages, Formulations, and Duration.

Articles of Manufacture

In another aspect of the invention, an article of manufacture containing materials useful
for the treatment, prevention andfor diagnosis of the disorders described above is provided. The
article of manufacture comprises a container and a label or package insert on or associated with
the container. Suitable containers include, for example, bottles, vials, syringes, ezc. The
containers may be formed from a variety of materials such as glass or plastic. The container
holds a composition which is by itself or combined with another composition effective for
treating, preventing and/or diagnosing 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 label or package insert indicates that the composition is
used for treating the condition of choice. In certain embodiments, the article of manufacture
may comprise (a) a first container with a composition contained therein, wherein the
composition comprises a variant IJgG of the invention; and (b) a second container with a

compogition contained therein, wherein the composition comprises a further cytotoxic or
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Table 2

um.mﬂ Variant

T307Q
A378V
“ N434A
N434H
N434S
Y4361
T307Q/A378V
T307Q/N434A
T307Q/N434S
T307Q/Y436]
T307Q/A3T8V/Y436]
T307Q/E380A/N4348
V308P/N434A™
N434A/Y436]

Plasmids containing the variants’ heavy chain and wildtype light ¢hain were co-
transfected into the adenovirus-transformed human embryonic kidney cell line 293 by
FUGENE® (Roche, Basel, Switzerland) according to the manufacturing protocol. After 24
hour of incubation with the transfection GOEEQW%. transfected cell were then cultured with
either serum free B_m&m.m.wg supplemented with 10mg/L of insulin and trace elements for
5 days or 1.3X GEM N Medium with 5mM Glutamine. Supernatant were collected, and
conditioned with IM TRIS pH 8.0 and 5M sodium chloride (NaCl} fo give a final
concentration of 30mM TRIS and 50mM NaCl. Conditioned supematant were then
purified using Protein A chromatography. Bound IgG; was eluted from the Protein A
colamn w&w 0.1M glycine buffer pH 3.0. Next, purified 1gG; were concentrated and
injected over a Superdex-200 size exclusion chromatography column to remove any
aggregates. Monometic IgG: fractions were pooled together and later used for the binding
studies. Anti-VEGF wild-type and anti-VEGF variants IgG; concentrations were calculated
using absorbance reading at 280nM, and an absorbance of 1.5 was estimated to be 1mg/ml
of 1gGh.
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variants, with concentrations ranging from 15uM to 0.7nM, were flowed over a FcRn
coated chip at 30pl/min for various times to achieve steady state and then were allowed to-
dissociate from the chip for Smin. For the pH 7.4 run, variants, with concentrations ranging
from 30uM to 30nM, were injected over the FcRn coated chip at 20ul/min for <§o¢w times
5  to achieve steady state and then released for 2min, Variants were also flowed over an
unconjugated spot on the sensor chip to allow subtraction of background non-specific
binding from the binding to FcRn-coupled chip. Chip was regenerated with 30sec pulse of -
0.1IM TRIS pH 8.3 in between injections. Steady state RU for each injection was recorded
at the end of each me..mnm on phase, and apparent dissociation constants (apparent Kp) were
10 later estimated as the IgG concentrations that achieved 50% of maximum RU.

Results w.m Figure 1A and 1B, resulting from two different runs, show that all the
variants have improved FcRn affinity over wildtype at pH 6. Estimates of the apparent
dissociation constants (Kp) are shown in Figure 2. As the FcRn coupling density differed -
for the two runs, the avidity level was different, resulting in slightly different apparent Kp

15 values for the same variant. However, the affinity ranking of these variants remained the
same for different runs, Figure 3 shows that all of the anti-VEGE variants tested exhibit
higher neutral pH binding to human FcRn compared to the wildtype, The affinity ranking
ow the variants based on pH 7.4 binding corresponded éxr. the m.mmiq ranking determined
using pH 6 binding. | |

20 Table 3

IgG; Variant

N434H
T307Q/N434A
T307Q/N434S
T307Q/E380A/N434S
V308P/N434A

The human and cyno FcRn binding of the anti-VEGF wild-type (WT) and anti-
VEGE variants shown in Table 3 were further evaluated using this agsay format. Human or
cyno FcRn was coated on sensor chips. Anti-VEGF wild-type and anti-VEGF varfants
25 were injected over the FeRn coated chips at 25°C in either pH 6.0 or pH 7.4 buffer. Steady
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Example 4: FcRn binding studies: Injection of human or cyno FeRn aver 106G

variants

In the binding format using a BlAcore 3000 instrument (GE healthcare, Piscataway,
NI), anti-VEGF wild-type (Bevacizumab) and anti-VEGF variants were conjugated to
different flowcells of the sensor .oEHw using an amine coupling kit. Specifically, CM5
sensor chip was activated with EDC/NHS for 7 min at S5ul/min. 10 to 50pg/ml of antibodies
were injected for 30 sec o 2 min at a flow rate of 10ul/min over the activated chip fo give a
maximum binding response unit (RU) of 50 to 200. After conjugation, FcRn coupled chip
was blocked by an injection of 351 of 1M ethanolamine hydrochloride at Sul/min.

The running buffer for the binding experiments was PBS pH 6.0/0.01% P20/0.02%
sodium azide (NaNz), Soluble human or cyno FcRa dilutions from 20 uM to 0.15 nM were
injected atf a flow rate of 30ud/min for 10 min over the antibody-coated sensor chip at 25°C.
Steady-state WQM were recorded at the end ow the injection. The chip was regenerated with
a 30 sec puise of 0.1 M TRIS pH 8.5/0.15 M NaCl. FcRn was also injected over an
unconjugated surface for background subtraction. The kinetic parameters and the
anoe,mm.ma equilibrium binding constants (Kp) were o&om_mﬁmm.wmmam the BlAevaluation
software (GE healthcare, Piscataway, NJ).

Resulis in Figure 5 and Figure 6 show that all of the anti-VEGF variants have
improved FeRn affinity over wildtype to both human and cyno FoRn at pH mo The affinity
improvements were due to both increases in association rate constants and decreases in
dissociation rate constants. Overall, FcRn affinity improvements of the anti-VEGF variants
over wildtype ﬁwmsm different binding assays are summarized in Figure 8. Figare 8 shows
that V308P/N434A variant has the highest FcRn affinity among the variants listed in Table
3, followed by T307Q/E380A/N4348, T307Q/N4348, and T307Q/N434A, N434H variant

has the teast amount of FeRn affinity improvement over wildtype.

‘Example 3: Dissociation rates of the anti-VEGF and antji-HER2 variants at different
pHs

To measure the dissociation rates at various pH's, 200nM to 2uM of human or cyno
FcRn were first injected over antibody-conjugated floweell at 30ul/min in PBS pH
6.0/0.01% P20/0.02% NaNj for 5 min fo achieve steady state. Then PBS buffer at pHs

ranging from 6 to 7.4 were injected at 30pl/min over the flowcell for 8min to allow the

L2l
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Example 7+ In-vifro inhibition of cell proliferation

Various concentrations of anti-VEGF wildtype (Bevacizumab) and anti-VEGF
variants were pre-incubated with recombinant human VEGF at room temperature for 1 hr.
The concentrations of anti-VEGF wildtype (Bevacizumab) and anti-VEGF variants ﬂ.wwmnu
from 33nM to 0.051M. The concentration of recombinant human VEGF was 0.26nM. The
complexes were then presented to the human umbilical vascular endothelial cells (HUVEC)
in culture at 37°C and 5% CO;. Viabilities of HUVEC after 4 days of culture were assessed
_u.% incubating the cells with 20% of ALAMAR BLUE® dye (Trek Diagnostic Systems,
Cleveland, OH) for 6 hr at 37°C and 5% CQ;. Fluorescence of ALAMAR BLUE® was
then detected with a Molecular Devices (Sunnyvale, CA) mijcroplate reader, As shown in
Figure 10, all of the variants have the same level of proliferation inhibition as the wildtype
and AVASTIN®, again confirming that the Fc Eﬁmmosm do not affect the variant’s ability
to neutralize VEGF. - ,,

Example 8; Pharmacokinetic studies in cynomolgus monkeys

Thirty-six male and thirty-six female naive cynomolgus monkeys, weighed 2 — 5 kg
and were 2 to 7 years old at pre-study physical examination, were assigned to six treatment
groups each consisting of six males and six fermales. Animals were assigned to treatment
groups using 2 computerized blocking procedure designed to achieve body weight balance
with respect to freatment groups. Only animals that appeared to be healthy and that were
free of obvious abnormalities were used in the study. All animals received a single
intravenous bolus dose via saphenous vein followed by a 0.9% saline flugh on day 1. The
dose level mmm...mx groups was 5 mg/kg. Blood samples (approximeately 1.0 mL) from the
femoral vein were collected pre-dose and post-dose at 0.5, 2, 4, 8 hours, 1, 2, 4, 7, 10, 14,
21,28, 35, 42, 49, 56 and 70 days. The serum concentration-time curves for all groups
were constructed using the mean serum concentration of n=11 to 12 m.E.E.&m per group.
Serum samples collected in this experiment were analyzed using an ELISA protocol

described in Example 9.
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of the beta phase (beta half-life); Cypu = maximum observed concentration; CL = clearance;
V1= volume of the central compartment; V= volume of distribution at steady state.

For all dose groups, model selection was based on goodness of fit by visual
inspection of the observed versus c&&ﬁg serum concentration-time profile for each
animal, examination of the weighted residuals sum of squares, and examination of the
standard error and coefficient of variation for each parameter. PK parameters were
presented as the mean =+ standard deviation (SD) of each group.

Figure 12 shows the tabulated pharmacokinetics parameters for the anti-VEGF
wildtype and five variants, N434H, T307Q/N434A, T307Q/N434S, T307Q/E380A/N434S
and V308P/N434A, following a single IV dose of 5 mg/kg to cynomolgus monkeys. The
(terminal) half-lives of variants are about 1.6- to 2.2- fold longer than the half-life of
wildtype, with T307Q/N434A variant having the longest half-life of 24.9 days. To our
knowledge, the half-life of the variant T307Q/434A, about 25 days, Hmm_u.ﬂumnim the longest half-life
of a human IgG in cynomolgus monkey yet reported.

The relationship between hatf-life and FcRn affinity is shown in Figure 13. K.oamm»

increase in pH 6.0 FcRn affinity results in prolonged terminal half-life, as evidenced by

N434H-and T307Q/N434A variants. However, additional increase in pH 6.0 FcRn affinity

(T307Q/N4348, T307Q/E380A/N434A and V308P/N434A) does not further improved
half-life, as slower dissociation rate and increased affinity at neutral pH may compensate
for the benefit brought forth from the acidic-pH affinity increase. Instead, there is a trend
towards reduced half-life at higher FcRn affinities at pH 6.0,

Example 11: Pharmacokinetic studies in transgenic mice

The strain of mice used in the study is Mu. VEGFhuX.K1.R1.B6.129.
MuVEGFhuMUTX {(+/+) knock-in, RAG2 (-/-) knock-out mice contain two alleles of
humanized. forms of VEGF, which can be neutralized by wild-type anti-VEGF antibody
(Bevacizumab). RAG2 (~/-) mice are immuno-deficient and do not generate functional T
and B cells. Human tumors can be grown in these mice, which express humanized forms of
VEGF in the absence of an overt immune response toward the tumor cells. Thus, VEGF
derived from the human tumor and mouse stromal cell will be neutralized by g&m.@@o anti-
VEGF antibody (Bevacizumab), which does not neutralize mrine VEGF. The PK of anti-
VEGF wild-type and anti-VEGF variant T307Q/N434A were evaluated in these non-tamor

bearing transgenic mice.
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colorectal carcinoma HM-7 cell line is a derivative of LS 174T. The Calu-6 and FIM-7
were grown in Ham’s F12, low glucose DMEM 1:1. Colo-205 and HT-55 were grown in
RPMI 1640 medium. Both media were supplemented with 10% v/v FBS, 1% v/v
penicillin/streptomycin (Invitrogen, Carlsbad, CA), 2 mM L-glutamine (Invifrogen,
Carlsbad, CA) and 1 pg/ml FUNGIZONE™ (Invitrogen, Carlsbad, CA). Cells were grown

at 37°C in 5% CO, until confluent, harvested, and resuspended in sterile Matrigel at 50 x

10° cells per ml. Xenografis were established in 6-to 8-weck-old RAG2 KO; hum-X
VEGF KI double-homozygous mice (Genentech, South San Francisco, Q.Pv by dorsal flank
S.C. 5. ection of 5 x10° cells per mouse and allowed to grow. The treatment with antibody
i.p..atthe dose of 5, 0.5 and 0.05 mg/kg twice weekly were initiated 24 h after tumor cell
inoculation. The transplanted tumors were measured twice weekly along the longest axis
and the perpendicular axis as described. For each day on which tumors were measured, the
tumor volume for each mouse was calculated, and the mean tumor volumes from the contral
antibody group (anfi-Ragweed) and each anti-VEGF group were compared by Student's ¢
test, at a level of P < 0.05. Mice were killed when tumor volume reached 2,000 mm”,

. Results from the first HM-7 xenografts study are shown in Figure 18, Figures 18A
and 18B show that the variant T307Q/N434A was able to achieve maximum inhibition of
tumor growth at both 0.5 Hmm\r“m as well as 5 mp/kg treatment groups. Although the wild-
type did inhibit tumor growth at both doses, it did not achieve maximum inhibition om .
tumor growth at 0.5 mg/kg. These results suggest that the T307Q/N434A variant is more
efficacious than wildtype at 0.5mg/kg in treating HM-7 xenografts, despite similar levels of
serurn Ig(G conceniration (Fig. 18C). A repeat efficacy study of HM-7 xenografts shown in
Figure 19 confirms that the T307(Q/N434A variant is more efficacious than wildtype at 0.5
and 0.05mg/kg treatment groups. Indeed, the T307Q/N434A variant showed greater
inhibition of tumor growth in all treatment groups comparcd to the wild-type (Fig. 19A and
19B). The increased efficacy may be due to the higher blood-normalized antibody |
concentration in tumeors for T307Q/N434A. trested group compared to wildtype (Fig. 19E).
The third efficacy study of HM-7 xenografts shown in Figure 20 further validates the
superior efficacy of T307Q/N434A over wildtype at 0.5 and 0.05mg/kg treatment groups.

For the HT-55 xenografts study, T307Q/N434A variant showed greater inhibition of
tumor growth compared to wild-type in 0.05mg/kg treatment groups (Fig. 21) suggesting
that T307Q/N434A is more mwmomomo& than ?m&&%m at 0.05mg/kg treatment groups. For
the Colo-205 study, Figure 228 shows a significant difference in growth curves between
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sparse stroma {see Liang, W, C. et al., J Biol Chem 281, 951-961 (2006)), while Calu-6 tumors
induced strong host stromal response and was relatively stroma-rich (see Tejada, M. L. et af,,
Clin Cancer Res 12, 2676-268% (2006)). The presence of mouse stromal cells, which express
murine FcRn, may mask the improved recycling of an 1gG variant by human tumor celis.
This may lead to the lower concentrative effect in human xenografts having a greater

component of murine stroma, for-example, Calu-6.

- Example 13: Detection of antibody concentrations in serums and tumors of

transeenic mice by ELISA

Two different ELISA assay formats with either two different antibody capture
reagents Q\m.mm or anti-human IgG, Fc) coated on plates were used to detect antibody
concentrations in transgenic mice, Maxisorp ELISA plates (Thermo Fisher Scientific,
Rochester, NY) were coated with either 0.5 ng/mi of recombinant human VEGF or
0.25pg/ml (Fab’2) rabbit anti-human IgG; Fe (Jackson ImmunoResearch, West Grove, PA)
in 50mM carbonate buffer, pH 9.6, at 4°C overnight. Plates were blocked with PBS, 0.5%
BSA, 10ppm Proclin, pH 7.2 for 1 hr af room temperature and then washed with wash
buffer (PBS/0.05% Tween 20/pH 7.2), Two folds serially diluted standards (Bevacizumab
for VEGF format or human IgG; for Fc format} down to 12.5ng/ml as well as 3-folds
serially diluted cyno serum samples (starting at 1:10) in PBS buffer containing 6.5% bovine
serum albumin, 0.05% Tween 20, SmM EDTA pH 8.0, 0.25% Oﬂ?w.m: 0.2% bovine
gemma globulin, 10ppm Proclin and 0.35M NaCl were added to the blocked plates and

incubated for 2 hrs at room temperature with shaking. Plates were washed 6 times, and
bound drug was deiected with goat (Fab’2) anti-human IgG (Fe specific)-HRP conjugate
(Jackson) diluted _H..mcﬁ to 1:60K in assay buffer (PBS, pH q.} 0.5% BSA, 0.05% Tween’
20, 10ppm Proclin) for 1hr at room temperature with shaking. Plates were then washed 6
times again, followed by the addition of tetramethyl benzidine substrate (Moss, Pasadena,
MD) for color development, The reaction was stopped after 20 minutes by the addition of
1M phosphoric acid (H3POQ4). Plates were read on a Molecular Devices microplate reader at
a wavelength of 450-620 nm.
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lysis buffer and bound proteins were eluted with a 2X loading buffer (Invitrogen, Carlsbad,
CA). Proteins were separated on a 4-12% BIS-TRIS gel (Invitrogen) and blotted onto a
nitrocellulose membrane (Invitrogen). The membrane was blocked with 3% nonfat milk in
PBS and probed with Ing/ml of rabbit anti-human m,ow.n antibody (Santa Cruz, Santa Cruz,
CA) at room temperature for 1 hr, then with goat anti-rabbit IgG-peroxidase conjugate at
1:10*dilution (Pierce) for 1 hr at room temperature. Membrane was washed with
PBS/0.05% Tween in between blocking and antibody incubation steps. The FcRn protein
was visualized by the ECL detection kit (GE Healthcare, Piscataway, NI). See Figure 25.

RESULTS and DISCUSSION

Two separate binding experiments with differcnt anti-VEGF variants were
performed at o.mow PH, pH 6.0 and pH 7.4. The steady state binding response unit (RU) as a
function of concentration for pH 6.0 and pH 7.4 was plotted in Figure 1 and Figure 2,
mspeatively, Hﬁoﬁ &mmoﬂ.mngnocamﬁm (Kp) at pH 6.0 were estimated from Figure 1 and
summarized in Figure 2. The dissociation constants of the same variant calenlated from
two different runs were slightly different. For instance, variant N434A had a Kp of 550nM
in the first run, but its Kp fiom the second run was 250nM. The difference was due to the
avidity effect in the assay format which involved flowing a bivalent antibody over an FcRn-
coupled chip, The level of avidity contribution to the dissociation constant depended on the
level of FcRn coupled onto the chips, with higher level of FeRn coupling resulting in more
avidity. This might explain the higher affinity observed in the second run, which had about
two fold higher RU than the first run. Although there was avidity effect in the assay setup,
this format most resembled the natural binding pracess inside the cells, where pinocytosed
bivalent antibodies are allowed to bind to the membrane bound FcRn. While the absolute
Kn might differ from run to run, the affinity ranking of these variants were consistent even
with different level of FoRn coupled. Both Figure 1 and Figure 2 showed that
V308P/N434A consistently had the highest affinity among the variants tested and all of
variants tested have improved binding to FcRn at pH 6.0.

The affinitics of the anti-VEGF variants to FcRn at:pH 7.4 are much lower than
their affinities at pH 6.0, Since the binding affinity at wm. 7.4 was 43.5? the dissociation
constants of the variants at pH 7.4 were not determined. However, Figure 3 showed that

the affinity ranking of these variants at pH 7.4 was the same as the ranking at pH 6.0,
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WHAT IS CLAIMED IS:

i. A variant IgG comprising a human IgG1 Fe region comprising two or more amino acid
substitutions relative fo a wild-type human IgG1 Fe region at two or more of amino acid residues
251, 252, 307, 308, 378, 380, 428, 434, and 436, numbered according to the EU index as in
Kabat, wherein the variant IgG has an increased half-life cornpared to the half-life of an IgG
having the wild-type human IgG Fc region, and wherein the Fe region comprises

an amino acid substitution at amino acid 307 with glutamine and an amino acid

substitution at 434 with alanine;

an amino acid substitution at amino acid 307 with glutamine and an amino acid
substitution at 378 with valine;

an amino acid substitution at amino acid 307 with glutamine and an amino acid
substitution at 436 with isoleucine;

an amino acid substitution at-amino acid 308 with proline and an amino acid substitution
at 434 with alanine;

an amino acid substitution at amino acid 308 with proline and an amino acid substitution
at 434 with tyrosine;

an amino acid substitution at amino acid 378 with valine and an amino acid substitution
at 434 with alanine;

an amino acid substitution at amino acid 434 with alanine and an amino acid substitution
at 436 with isoleucine;

an amino acid substifution at amino acid 252 with tyrosine, an amino acid subsiitution at
amino acid 308 with proline, and an amino acid substitution at 434 with tyrosine;

an amino acid substitution at amino acid 307 with glutamine, an amino acid substitufion
at amino acid 380 with alanine, and an amino acid substitution at 434 with serine;

an amino acid substitution at amino acid 307 with glutamine, an amino acid substitution
at amino acid 380 with alanine, and an amino acid substitution at 434 with alanine;

an amino acid substitution at amino acid 307 with glutamine, an amino acid substitution
at amino acid 378 with valine, and an amino acid substitution at 436 with isoleucine; or

an amino. acid substitution at amino acid 251 with aspartic acid, an amino acid
substitution at amino acid 307 with glutamine, an amino acid substitution at amino acid 428 with
leucine, an amino acid substitution at amino acid 434 with histidine, and an amino acid
substitution at 436 with isoleucine.

2. The variant IgG of claim 1 comprising the amino acid substitution at amino acid 308 with
proline and the amino acid substitution at amino acid 434 with alanine,

3. The variant IgG of claim 1 which has a higher binding affinify for FcRn than the TgG
having the wild-type human IgG1 Fc region.
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4. The variant IgG of claim | which has a higher binding affinity for FcRn at pH 6.0 than at
pH 7.4.

5. The variant IgG of claim 1 which has an equal or higher efficacy than the IgG having the
wild-type human 1gG1 Fe region.

6. The variant [gG of claim 5 which has a higher efficacy than the IgG having the wild- type
human IgG1 Fc region.

7. The variant 1gG of claim 1 which is a human or humanized IgG.
8. The variant IgG of claim 1, wherein the variant IgG is an anti-VEGF antibody.
9. The variant [gG of claim 1, wherein the variant IgG is a variant of bevacizumab.

10.  The variant IgG of claim 1 comprising the heavy chain variable domain comprising SEQ
ID NO:1 and the light chain variable domain comprising SEQ ID NO:2.

Il. A pharmaceutical composition comprising the wvariant IgG of claim 1 and a
pharmaceutically acceptable carrier.

12. A kit comprising the variant IgG of claim 1, in a container, and instructions for use.

13. A variant IgG1 comprising a human IgG1 Fe region comprising amino acid substitutions
relative to a wild-type human IgG1 Fc region at amino acid residues 308 and 434, numbered
according to the EU index as in Kabat, wherein the variant [gGl has an increased half- life
compared to the half- life of an IgG1 having the wild- type human IgG1 Fc region, and wherein
the amino acid substitution at amino acid residue 308 is a substitution with proline, and the
amino acid substitution at amino acid residue 434 is a substitution with alanine.

14.  Use of a variant 1gG of claim 8 in the manufacture of a medicament for treating tumor in
a subject.

15.  Use of a variant IgG of claim 8 in the manufacture of a medicament for treating a disease
or condition in a subject where VEGF activity is angiogenesis.
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16.  Use of a variant IgG of claim 8 in the manufacture of a medicament for inhibiting or
preventing growth of cancer cells in a subject.

17. The use of claim 14, 15, or 16, wherein the variant IgG is to be administered to the
subject every 4 weeks or longer.
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