Mumanized Anfi-Factor D Antibodies and Uses Theraof

Cross Reference to Related Applications

{0001] This nan-provisional application filed under 37 CFR §1.53(b), claims the benefit
under 35 USC §119(e} to U.8. Provisional Application Serial No. 61/048,431, filed on April 28,
2008 and 1.8, Provisional Application Seriat No. 61/048,688 filed on April 28, 2008, the
contents of which are hereby incorporated by reference in their entirety.

Background of the invention _

[0002] The complement system plays a central role in the clearance of immune
complexas and the immune response 1o infectious agents, foreign antigens, virus-infected
cells and tumor cells. However, complement is also involved in pathological inflammation and
in autoimmuns diseases. Therefore, inhibition of excessive or uncontrolled activaticn of the
complement cascade could provide clinical benefit to patients with such diseases and
conditions. ‘

{00031 The complemant system encompasses two distinct activation pathways,
designated the classical and the alternative pathways (V.M. Holers, in Ciinical Immunofogy:
Principles and Fractice, ed. R.R. Rich, Mosby Press; 1996, 363-381). The classical pathway
is a calclum/magnesium-dependent cascade which is normally activated by the formation of
antigen-antibody complexes. The alternative pathway is a magnesium-dependent cascade
which is activated by deposifion and activaiion of C3 on certain susceplible surfaces (e.g. cell
wall polysaccharides of yeast and bacteria, and certain biopolymer materials), Activation of
the complement pathway generates’ biclogivally active fragments of complement protsins, e.g.
C3a, C4a and CSa anaphylatoxins and C5b-8 membrane atiack complexes (MAC), which
mediate inflammatory activities involving teukocyte chemotaxis, activation of macrophages,
neutrophils, platelets, mast cells and endothelial cslis, vascular permeability, cyiolysis, and
fissug injury.

10004} Factor [ is a highly speacific serine proteass essential for activation of the
alternative complement pathway. it clsaves factor B bound to C3b, genarating the C3b/Bb
gnzyme which is the active component of the aitermnative pathway C3/C5 converiases. Factor
T may be a suitable target for inhibifion, since iis piasma concentration in humans is very low
(1.8 ug/mti), and it has been shown to be the imiting enzyme for activation of the alternative
complerﬁent pathway (P.H. Lesavre and H.J. Miller-Eberhard. J. Exp. Med., 1878; 148:
1498-1510; J.E. Volanakis et al., New Eng. J. Med., 1885; 312: 385-401).

(0005} The down-regulation of complament activation has been demonstrated {o be
effactive in treating several disease indications in animal models and in ex vivo siudies, e.g.

systemic lupus erythematosus and glomerulonephritis (Y. Wang et al.,, Proc. Natl, Acad. Sci;



1098, 93: 8563+8588), rheumatoid arthritis (Y. Wang et al., Proc. Natl Acad. Sci, 1985; 82:
8955-88958), cardiopulmonary bypass and hemodialysis (C.S. Rinder, J. Cin. Invest,, 1945;
86: 15684-1572), hyperacute rejection in organ transp%antatibn {T.J, Kroshus et al,,
Transplantation, 1995; 60: 1194-1202), myocardial infarction (J. W. Homeister et al., J.
immunol., f993; 15G: 1055-1064; H.F. Weisman et al., Sciance, 1890; 248 146-151),
reperfusion injury {E.A. Amsterdam et al., Am. J. Physiol., 1895; 268: H448-H457), and adult
respiratofy distress syndroms (R. Rabinovict et al., J. fmmunol., 1982, 148 1744-1750). In
addiﬁon, other inflammatory condi’zidns and auvfolmmunefimmune compiax diseases are also
closely associaied with complement activation (V.M. Holers, ibid., B.P. Morgan. Eur J Clin.
Invest., 1994 24: 210-228), including thermal injury, severs asthma, anaphyiactic shock,
bowe! inflammation, uriicaria, angioedsma, vasculilis, muitiple sclerosis, myasthenia gfavis,
mambranoproliferative glomerulonephritis, and Sjégran’s syndrome.

10008} There is a need for antibody therapsutics in the field of complement-mediated
disorders, and humanized anti-Factor D antibodies, and antibody variants thersof, and
frégments therecof (e.g. anﬁgen—binding fragments), of the present invention provide high

affinity antibodies useful to meet this naed.

Summary

f0007] In one embodiment, the present disclosure relates generally to antibodies capable of
inhibiting biciogical aclivities associated with Factor D,

[0008] In one embodiment, the present disclosure relates to humanized anti-Factor D

antibodies, having a variety of therapeutically desired characteristics. The disclosure includes

the amino acid sequences of the HVRs of these humanized anti-Facior D antibodies, and thelr
corresponding nucleic acid sequences. The disclosure includes the amino acid sequences of

the variable domains of the heavy and light chain of the humanized anti-Factor D antibodies,
and their corresponding nucleic acid sequences. The disclosure includes the amino acid

sequances of the heavy and light chain of the humanized anti-Factor D antibodies, and thair
corresponding nucleic acid seguances.

[0009] In one embodiment, speéiﬁc antibodiss within the scope of this disclosure include,

without fimitation hurnanized anti-Factor D antibodies, comprising HVRs of humanized anti-
Factor D Fab clones #238, 238-1, 238-2, 238-3, 238-4, 238-5, 238-8, 238-7, 238-8, 238-0,
238-10 or 238-11. It one embodiment, the humanizaed anti-Factor D antibadies comprise the
variabie domains of the heavy and/or light chains of humanized anti-Factor D Fab clones
$238. 238-1, 238-2, 238-3, 2384, 238-5, 238-6, 238-7, 238-8, 238-G, 238-1C or 238-11. In
ong embodimernt, the humanized anti-Facior D antibodies cornprise the haavy and/or light
chains of humanized anti-Factor D Fab clones #238, 238-1, 238-2, 238-3, 238-4, 238-5, 238- |
6, 238-7, 238-§, 238-9, 238-10 or 238-11. In one embodiment, the disclosure includes the
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humanizad anti-Tactor D Fab clones #238, 238-1, 238-2, 238-3, 238-4, 238-5, 238-8, 238-7,
238-§, 238-9, 238-10 or 238-11. In one embodiment, the disclosure includes antibody

frégments {e.g. anfigen-binding fragments) of full-tength antibodies of humanized anti-Factor
O Fab clones #238, 238-1, 238-2, 238-3, 238-4, 238-5, 238-6, 238-7, 238-8, 238-9, 238-10 or
238-11. In one embodiment, the disclosure includes full-length antibodies or antigen-binding
fragments thereof, comprising the anfigen-binding seguences of the heavy chain andior the
light chain of hurnanized anti-Facior D Fa_b clones #238, 2381, 238-2, Z38-3, 238-4, 238-5,
238-6, 238-7, 238-8, 238-8, 238-10 or 238-11. In one embodiment, such anfigen-binding
seguences comprise atf least ong, two, or three of the MVRs of the heavy chain. in one
ambodimeant, such aniigeh«binding seguences comprisae at least one, two, or three of he
HVRs of the light chain.  In one embodiment, such antigen-binding sequences comprise at
tleast -a nortion or all of the heavy chain variable domain. in one embodiment, such antigen-
binding seguences comprise at least a portion or ail of the light chain varizbis domain.

f00107 In one embodiment, the present disciosure provides antibody fragmentis (e.g. antigen-
binding fragments) or full-length antibodies of humanized anti-Factor D Fab clone #1411,
comprising af least one modification of the seguence of humanized anti-Factor U Fab clone
#111, wherein such full-iength antibodies or such antigen-binding fragments corpriss the
anfigen-binding sequences of the heavy chain and/or the light chain of humanized anti-Factor
D Fab clone #111. In oné embodiment, the antibody fragments {e.g. antigen-binding
fragmenis) or fulliengih antibodies of humanized ani-Factor D Fab cione #111, comprising at
legst one modification of the sequence of humanized anti-Factor I Fab dlone #1711,
compriging the antigen-binding sequences of the heavy chain and/or the light ¢hain of
humanized arﬁ%Factor D Fab cione #111, further bind essentially to the same epiiope as
humanized antibody Fab clone #111. in one embodiment, such antigen-binding seguences
comprise at isast one, two or three of the HVRs of the heavy chein. in one embodiment, such
antigen-binding ssquences comprise at Isast one, wo or thres of the HVRs of the light chain,
in one embodiment, such ahtigen«b‘mding sagliences comprise al lsasi 2 portion or all of the
heavy chain variable domain. in one embodiment, such antigen-binding seguencas comprise
at lsast a portion or all of the fight chain variable domain. In one embodiment, such
modification in said antibody fragmenis or said fuli-length antibodiss, is in the heavy chain. in
one embodiment, such modification in sald antibody fragments or said full-length antibadies, is
in the fight chain. In one embodiment, such modification in said antibody fragments or said
full-length antibodies, is in the heavy chain variabie domain. in ong embodiment, such
modification in said antibody fragments or sald full-length antibodies, is in the light chain
variable domaln. In one embodiment, such modification in said antibody fragmenis or said

fuli-length aniibodies, is in at lzast ong, two or three of the HVRs of the heavy chain. in ons



smbodiment, such modification in said antibody fragments or said full-length antibodies, is in
al least one, two or three of the HVRs of the fight chain.

[0011] Inone embodiment, the disclosure concerns antibodies of the present disclosure, or

fragments thersof (e.g. antigen-binding fragments), which bind to Facior D with a binding
affinity of at least about 10° to 1072M.

[0012] In one embodiment, the disclosure concerns antibodies of the present disclosure, or
fragments thereof (g.g. antigen-binding fragments), wherein a Fab fragment of such

aniibodies inhibits a biological function of Factor D in & Fab fragment io Factor D molar rafic of
about 0.05:1 (0.05) to about 1001 (103, or about 0.09:1 (0.09) to about 8:1 {8), or about §.1:1
10.1) to about 8:1 (8), or about 0.18:1 (0.15) to about 8:1 (5), or about 0.19:1 (0.9} to about
4:1 (4), or about 0.2:1 (0.2) to about 31 (3}, or about 0.3:1 (0.3) to about 217 (), or about
0.4:1 {0.4) to about 1:1 (1), or about 0.5:1 (0.5) fo about 1:2 (0.5}, or about 0.6:1 (0.6) to about
1.3 (0.33), or about ¢.7:1 (0.7) to about 1:4 (0.25}, or about 0.8:1 (0.8} to about 1:5 (0.2} or
about 0.9:1 (0.8) to about 1:5 (G.17).

[0013] In one embodiment, the antibodies of the present disclosure meiude human,

humanized or chimeric antibodies.

[0014] In another embodiment, the present disclosure includes antibody fragments (e.g.
antigen-binding fragments) of humanized ant-Factor D antibodies. The antibody fragments of
the present disclosure may, for example, be Fab, Fab’, F{ab’),, scFv, (scFv},, dAb,

compismentarity determining region (CDR) fragments, linear antibodies, single-chain antibody
moiecules, minibodies, diabadies, or multispecific antibodies formed from antibody fragmenis.
10013 In other embodiments of the disclosure, the present disclosure includes composifions comprising an

antibody of the disclosure, or fragment thereof (e.g. antigen-binding fragment). In another embodiment, the

disclosure provides cell lines and vectors encoding at least a

- portion of an antibody of the disclosure, or fragment thereof (e.g. antigen-binding fragment), In

one embodiment, the disclosure includes method of making, method of producing, and method of

using antibodies, or fragments thereof (e.g. antigen-binding fragments) and compositions of

the disclosure. In one embodiment, the method of making an antibody of the disciosure, or

fragment thereof (e.g. antigen-binding fragment), wharein the method comprises () culturing
a host cell, for example @ sukaryotic or CHO cell, comprising a vector, further comprising a
polynucleotide encoding an antibody of the disclosure, or fragment thereof (e.g. antigen-binding
fragment), under conditions suifable for expression of the polynuciectide encoding the
aniibody, or fragment thereof (e.g. antigen-binding fragment) and (b) isolating the antibody, or

fragment thereof {e.g. antigan-binding fragment).



f0015a] In one aspect, there is provided a method for determining the efficacy of an

anti-Factor D antibody or an antigen-

binding fragment thereof comprising: performing an alternative pathway hemoiytic agsay and
detecting inhibition of alternative pathway hemolysis, wherein a haif minimal inhibitory
conceniration (IC'SO) vaiue of less than 80 nM of the anti-Factor D antibody or the antigen-
binding fragment thereof indicates that the anti-Factor [ antibody or the antigen-binding
fragment thereof is efficacious; wherein the anfibody or the antigen-binding fragment thereof
comprisas g light chain variable domain and a heavy chain variable domain, wharsin the
light chain variable domain comprises light chain hypervariable region (HVR)-1 comprising
ITSTOIDDDMN {SEQH 1D NO: 30), light chain HVR-2 comprising GGNTLRP (3EQ 1D NO:
3b), and light chain HVR-3 comprising LQSDSLPYT (SEQ 1D NO: 38), whersin the heavy
chain variable domain comprisas heavy chain HVR-1 comprising GYTFTNYGMN {SEQ 1D
NQ: 39), heavy chain HVR-2 comprising WINTY TGETTYADDFKS (SEQ ID NO: 40), and
haavy chain HVR-3 comprising EGCGVNN (SEQ 1D NO: 41),

wherein the anti-Factor D antibody or antibody fragment thereof further comprises
one or more of the foliowing substitutions (&) to (g):

() subsiitution of the amino acid at position 10 of SEQ ID NO: 30 with L or §;

(b} substitution of the amine acid at position 11 of SEQ D NO: 30 with A or @

{c) substitution of the amino acid af position 3 of SEQ 1D NO: 25 with S or A;

(d} substitution of the amine acid at posfiion 5 of SEQ 1D NO: 41 with A or Q; or

(&) substitution of the aminc acid at position & of SEQ 1D NO: 41 with A or Q,
andior the heavy chain variable domain comprises an E at position 1.

[00155] In another aspect, there is provided a method for determining the efficacy of an
anti-Factor D antibody or an antigen-

binding fragment thereof comprising: performing an alternative pathway hemolyfic assay and
daetecting inhibition of altemative pathway hemoilysis, wherein a half minimal inhibitory
concentration (IC50) value of less than 80 nM of the anti-Factor D antibody or the antigen-
binding fragment thereof indicates that the anti-Factor D antibody or the antigen-binding
fragment thereof is afficacious; wharein the antibody or the antigen-binding fragment theraof
comprises a light chain variable domain comprising light chain hypervariable region (HVR}-1
comprising ITSTDIDDDMN {SEQ 1D NO: 30), light chain MVR-2 comprising GGNTLRP
(SEQ 1D NO: 35), and light chain HVR-3 comprising LQSDSLPYT (SEQ 1D NO: 38), and &
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heavy chain variable domain comprising HVR-1 comprising GYTFTNYGMN (SEG 1D NO:
38), heavy chain HVR-Z comprising WINTYTGETTYADDFKG (SEQ ID NO: 40), and heavy
chain HVR-3 comprising EGGVNN (SEQ 1D NO: 41),

wherein the light chain variable domain comprise light chain framework region (FR)-
4 comprising FGQGTRVEIK (SEQ 1D NO: 51), and wherein the heavy chain variable domain
comprisésu an £ at position 1.

[0015¢] In another aspect, there is provided a method for determining the efficacy of an
anti-Factor I antibody or an antigen-

binding fragment thereof comprising; performing an aliernative pathway hemolylic assay and
datecting inhibition of alternative pathway hemolysis, wherein a half minimal inhibitory
concentration (1IC50) value of less than 80 nM of the ant-Factor D antibody or the antigen-
binding fragment thareof indicatas that the anti-Factor D antibody or the antigen-binding
fragment thereof is efficacious; whersin the antibody or the antigen-binding fragment
comprises a heavy chain variable domain comprising an amino acid seguence of SEQ 1D
NQ: 19 and a light chain variable domain comprising an amino acid sequance of SEQ 1D
NO: 7.

10015d] In another aspect, there is provided a method for determining the efficacy of an
anti-Factor I} antibody or an antigen-

binding fragment therecf comprising: performing an altemative ;:;at’nway hemolytic assay and
datecting inhibition of altermative pathway hamolysis, wharein & half minimal inhibitory
concentration (IC50) value of less than 80 nM of the anti-Factor D antibody or the antigen-
binding fragment thereof indicates that the anﬁ-.‘"—“.astor D antibody or the andigen-binding
fragment thereof is efficacious; wharein the anlibody or the antigen-binding fragment
comprises a heavy chain comprising an aminoe acid seguence of SEQ ID NO: €3 and & light

chain comprising an amine acid seguance of SEQ 1D NO: 61.

[0016] In a still further embodiment, the disclosure concerns a composition of matier

comprising an antibody of the disclosure, or fragment thereof (¢.g. antigen-binding fragment),
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as describad herein, in combination with 2 carrier. Optionally, the carrier is & pharmaceutically
acceptable carrier.

[0017] Another embodiment of the present disclosure is the use of these humanized

aniibodies or antibody fragments theraof (e.g. antigen-binding fragments), for the preparation
of & medicameant or Comgosiﬁon for the prevention andfor treatment of disorders associated
with excessive or uncontrelied complement aciivation. Thay ingiude complement activation
during cardioputmonary bypass operations; complemant activation due {o lschamia-
raperfusion following acute myocardial infarction, aneurysm, stroke, hemorrthagic shock, crush
injury, multiple organ faffure, hypobolemic shock, intestinal ischemia or other events causing
ischemia. Compiament activafion has also been shoWn o be associated with inflammatory
conditions such as savers bums, endotoxemia, seplic shock, adult respiraiory distress
syndrome, hemodialysis; anaphytactic shock, severe asthma, angiosdema, Crohn's diseass,
sickie call anemia, postsirepiococcal glomeruionaphrilis and pancreatifis. The disorder may
ba the resull of an adverse drug reaction, drug abiergy, 1L-2 induced vascular leakage
syndrome or radiographic contrast madia aliergy. It also includes autoimmune dissase such
ag systemic lupus ervthematosus, myasthenia gravis, rheumatoid arthrilis, Alzhaimer's
disease and muitiple sclerosis. In arother ambodiment, complement activation is also
associaied with transpiant rejection. In another embodiment, complement activation is alse
associated with ocular dissases (all ocular conditions and diseases the pathology of which
involve compiameant, inciuding the classical and the allernative pathway of complement), such
as, for axample, without fimitation, macular degeneralive disease, such as all stages of age-
related macular degeneration (AMD}, including dry and wet (non-exudative and exudative)
forms, diabefic retinopathy and other ischemia-relaied retinopathies, choroidal
neovascularization (CNV), uveitis, diabetic macular edema, pathological myopia, von Hippal
Lindau dissase, histoplasmoesis of the eve, Central Retfinal Vein Qcoclusion (CRVO), comeal
neovascularization, and retinal neovascuiarization. in one examples, complemeni-associaied
sye condiiions include age-related macular degeneration {AMD), including non-exudative (2.9
intermediate dry AMD or geographic atrophy (GA}) and sxudative {e.g. wet AMD (choroidal
neovascutarization (CNVY}) AMD, diabstic retinopathy (DR}, endophthalmitis ang uveitis. In 2
further example, nonexudative AMD rﬁay includs the presence of hard drusen, soft drusen,
geographic atrophy and/or pigment clumping. In another example, complemeani-associated
eye conditions inciude age-related macuiar degeneration (AMD), including early AMD (e.g.
includes muiltiple small to one or more non-extansive madium sized drusen), intermediate
AMD (e.g. includes extensive medium drusen {o one or more largs drusen} and advancad
AMD (a.g. includes gesographic atrophy or advancad wat AMD {CNV), in a further exampie,
intermediate dry AMD may include large confiuent drusen. In a further example, geographic
atrophy may include photoreceptor andfor Refinal Pigmented Epithelial (RPE) loss. ina



further example, the area of geographic afrophy may be small or large and/or may be in the
macuia area or in the peripharal retina. In one example, the complement-associated eye
condition is intermediate dry AMD, In one example, the complement-associated aye condition
is geographic strophy. In one exampie, the complement-associated sye condition is wet AMD
(choroitial neovascularization (CNVY).

[06187 In another embodiment, the disclosure provides a kit, comprising an antibody of the
disclosure, or fragment thereof (e.g. antigen-binding fragment). In one embodiment, the

disclosure provides a kit, comprising an antibody of the disclosure, or fragment thereof (e.g. antigen-
binding fragment) and instructions for use. In one embodiment, the disclosure

concerns a kit comprising an antibody of the disclosure, or fragment thereof (e.g. antigen-

binding fragment) and instructions for administering said antibody, to treat a complement-
associated disorder. In one embodiment, the disclosure provides a kit compnising a first

container comprising a composition comprising one or more ons or more antibodies of the
disclosure, or antibody fragments thereof (e.g. antigen-binding fragments}; and a second

container comprising @ buffer. In one smbodiment, the buffer is pharmaceutically acceptable.
In one embodiment, a composition comprising an antinody of the disclosure, or fragment

thereof (2.g. antigen-binding fragment) further comprises a carrier, which in soms
embodiments is pharmacsutically acceptable. in one embodiment, a kit further comprises
instructions for administering the composition (.e.g the aniibody, or antibody fragmeant thereof
(e.g. anfigen-binding fragment] to a subject, In one embodiment, a kit further comprises
instructions for use of the kil

[00191 In one embodiment, the disclosure concerns an article of manufacture containing

materials useful for the treatment, prevention and/or diagnosis of complemens-associated

disorders. In one embodiment, the disclosure concerns an article of manufaciure, comprising:

(2) a container; (b) a labe! on the container; and (c) & compoesiiion of matier comprising an
antibody, or variant thereof or fragment thereof (2.g. antigen-binding fragment), of the present
disclosure, contained with the container, wherein the label on said container indicates that the
composition can be used for tfraatment, pravantion and/or diagnesis of complement-
associated disordsrs.

{0020] In one embodiment, the disclosure provides use of an anti-Factor D antibody of the
disclosure, or antibody fragment thereof (e.g. antigen-binding fragment), nucleic acid of the
disclosure, expression vecior of the disclosure or host cell of the disclosure, in the preparation of a
medicament for the therapeutic and/or prophylactic treatment of a disease, such as a
complemsnt-associated eye condifion. In cne embodiment, the complemani-associated eve
condition s salected from age-related macuiar deganaration (AMD), including non-exudative
{e.g intermediate dry AMD or geographic afrophy (BA)) and exudative (g.g. wet AMD
{choroidal neovascularization (CNV)) AMD, diabstic retinopathy (DR}, endophthaimitis and



uveitis. In one example, the compiement-associated eye condition is infermediate dry AMD.
in one exampis, the complemant-associated eve condition is geographic atrophy. Inone
gxample, the complement-associated eve condition is wet AMD {choroidal neovascularization
(CNV)). " |
(00217 In one embodiment, the disclosure provides use of an article of manufacture of the
disclosure in the preparation of a medicament for the therapeutic and/or prophylactic treatment

of a disease, such as a compiement-associated eye condition. in one embodiment, the
complement-associated sye condition is selectad from age-related macular degeneration
(AML), inciuding non-exudative {e.g intermediate dry AMD or geographic atrophy (GA}) and
exudative (s.g. wet -AMD {choroidal neovascularization (GNVY) AMD, diabetic réﬁm}pathy
(DR), endophthalmitis and uveitis. In one example, the complament-associated sye condition
is intermediate dry AMD. in one example, the complemeant-associated eye condition is
gzographic atrophy, in one example, the complement-associated eye condition is wet AMD
{choroidal nepvascutarization (CNV)). .'

[0022] In one embodiment, the disclosure provides use of a kit of the disclosure in the preparation of a
medicament for the therapeutic and/or prophylactic treatment of a disease,

such as a complemant-associated eyes condition. In ong embodiment, the complemeant-
assoclaled eve condition is selected from age-related macular degeneration (AMDY}, including
non-exudative (g.g infermediate dry AMD or geographic afrophy (GA)) and exudative (s.g. wet
AMD (choroidal neovascularization (ONV)) AMD, dizbetic retinopathy (DR), endophthalmitis
and uvelis, In one example, the complement-associated eye condition is intermediate dry
AMD. inone example, the complement-associatad eye condition is gepgraphic alrophy. in
one example, the complernent-associated eye condition is wet AMD (choroidal

neovascularization (CNV))

Brief Description of the Figures

D023  Figures 1A-1C shows the aiignment of sequences of the variabie fight chain
domains for the following: humanized anfi-Factor D Fab clone £111 (SEQ 1D NO: 1),
humanized ant-Facior D Fabs, 238, 238-1, 238-2, 238-3, 238-4, 238-5, 238-8, 238-7, 238-8,
238-8, 238-10 and 238-11 (SEQ 1D NOs: 6-17, respeclively) and V0L Kappa | consensus
seguence (SEQ 1D NO: 68). Posllions are numberad according to Kabal and hypervariable
ragions (in accordance with Kabat + Chothiz HVR definitions) are boxed (HVRs: (1) HVYR-L1
identified as A1-AT1 (ITSTDIDDDMN (SEQ 1D NO: 30), ITSTDIDDDLN (SEQ 1D NO: 31),
ITSTDIDDRDIN (SEQ D NO: 32), ITSTDIDDDMA (SEQ 1D NO: 33) or (TETDIDDDMQ (BEQ 1D
NO: 343, {2) HVR-L2 identified as B1-B7 (GGNTLRP (SEQ D NO: 35), GEGSTLRP (SEQ 1D
NO: 38) or GGATLRP (SEQ 1D NO: 37Y), (3) HVR-L3 ideniified as C1-C8 (LQASDSLPYT (BEQ



ID NO: 38)). Amino acid changes in sach humanized anti-Factor D Fab are bold and
itaticized.

[0024] Figure 2A-C shows the alignment of sequences of the varlable heavy chain
domains for the following: humanized anti-Factor D Fab clone #111 (SEQ (D NO: 2) and
humanized anfi-Factor D Fabs, 238, 238-1, 238-2, 238-3, 238-4, 238-5, 238-8, 238-7, 238-8,
238-0, 238-10 and 238-11 (SEQ ID NOs: 18-28, respectively) and VH subgroup 7 consensus
sequence (SEQ 1D NO: 86). Positions are numbered according to Kabat and hypervariable
regions (in accordance with Kabat + Chothia HVR definitions} are boxed (HVRs: (1) HVR-H1
iderdified as D1-D10 (GYTFTNYGMN (SEQ ID NC: 39), (2} HVR-HZ identified as E1-E19
(WINTYTGETTYADDFKG (SEQ ID NO: 40}, (3) HVR-H3 identified as F1-F8 (EGGVNN (SEQ
ID NO: 41), EGGVAN (SEQ 1D NO: 42), EGGVAN (SEQ 1D NO: 43), EGGVNA {SEQ 1D NO:
44) or EGGVNGQ {SEQ ID NC: 48)). Amino acid changes in each humanized anti-Facior D
Fab are bold and italicized.

[0025] Figure 3 shows the nuclectide sequence (SEQ ID NO: 48) of the light chain of
humanized anti-Factor D Fab 238, The nucleotide sequance encodes for the light chain of
humanized anti-Facior 0 Fab 238 with the start and stop coden shown in boid and underlined.
The codon corresponding 1o the first amino acid in Figure 4 (SEQ 1D NO: 47) is bold and
italicized.

[0026] Figure 4 shows the amino acid sequence {SEQ 1D NO: 47) of the light chain for
humanized anti-Factor D Fab 238, The amino acld sequence lacks the N-terminus signal
sequence of the polypepltide encoded by BEQ 1D NO: 48 shown in Figure 3. The HVR
sequences are bold and italicized. Variable regions are regions not underdined white first
constant domain CL1 is underiined; Framework {(FR) regions and HVR regions are shown:
FR1-LC (SEQ 1D NO: 48), FR2-LC (SEQ 1D NO: 49), FR3-LC (SEQ ID NO: 50}, FR4-L.C
(SEQ 1D NO: 51), HVR1-LC (SEQ ID NO: 30 (ITSTDIDDDMN}), HVR2-L.C (SEQ 1D NO: 35
(GGNTLRPY), HVR3-LC (SEQ 1D NO: 38 (LQSDSLPYT)) and CL1 (SEQ 1D NO: 52).

f0027] Figure 5 shows the nucleotide sequence (SEQ 1D NO: 83) of the heavy chain
of humanized anti-Factor D Fab 238. The nucieotide sequence encodss for the heavy chain
of humanized ani-Factor D Fab 238 with the start and stop codon shown in boid and
underlined. The codon corresponding to the first amino acid in Figure € (SEQ 1D NO: 54yis
bold and italicized.

(0028} Figure 8 shows the amino acid sequence (SEQ 1D NO: 54) of the heavy chain
for humanized anti-Factor D Fab 238. The amino acld sequence lacks the N-terminus signal
sequence of the polypeptide encoded by SEQ 1D NO: 83 shown in Figure 5. The HVR
sequences are bold and ltalicized. Variable regions are regions not underlined while first
constant domain CH1 is underlined. Framework (FR) regions and HVR regions are shown:
FR1-HC (SEQ ID NO: 55}, FR2-HC (SEQ ID NO: 58), FR3-HC (SEQ ID NO: §7), FR4-HC
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(SEQ 1D NO: 58), HVR1-HC (SEQ ID NO: 39 (GYTFTNYGMN)), HVR2-HC (8EQ 1D NO: 40
| (WINTYTGETTYADDFKG)), HVR3-HC (SEQ ID NO: 41 (EGGVNN)) and CH1 (SEQ 1D NO:
- 59).

[0020} ' Figure 7 shows the nucleotide sequence (SEQ ID NO: 80) of the light chain of
humanized anti-Factor D Fab 238-1. The nuclectide sequence encodes for the light chain of
humanized anfi-Factor D Fab 238-1 with the start and stop codon shown in bold and
undedined. The codon corresponding to the first amino acid in Figure 8 (SEQ 1D NO: 81)1s
bold and italicized.

f0030] Figure 8 shows the amino acid sequence (SEQ 1D NO: 61) of the light chain for
humanized anti-Factor D Fab 238-1. The amino acid sequence lacks the N-ferminus signal
sequence of the polypeptide encodad by SEQ ID NO: 60 shown in Figure 7. The HVR
seqguances are bold and italicized. Variable regions are regions not underiined while first
constant domein CL1 is underlined. Framework (FR) regions and HVR regions are shown:
FR1-L.C (SEQ ID NO; 48), FR2-LC (SEQ 1D NO: 48), FR3-L.C (SEQ 1D NO: 50}, FRA-LC
(SEQ 1D NO: 51}, HVR1-LC (SEQ iD NO: 30 (ITSTDIDDDMN)), HVR2-L.C (SEQID NO: 35
(GGNTLRP}), HVR3-LC (SEQ 1D NO: 38 (LQSDSLPYT)) and CL1 (SEQ 1D NO: 52},

10031} Figure 9 shows the nucleotide sequence (SEQ ID NO: 62} of the heavy chain
of humanized anti-Factor D Fab 238-1. The nuciectide sequence encedes for the heavy chain
of humanized anti-Factor D Fab 238-1 with tha start and stop codon shown in bold and
underlined. The codon corresponding to the first amino acid in Figure 10 (SEQ ID NO: 83)1s
bold and itaiicized. ‘

[0032] Figure 10 shows the amino acid sequence (SEQ ID NO: 63) of the heavy chain
for humanized anti-Facior D Fab 238-1. The amino acid sequence lacks the N-ierminus
sighal sequence of the polypeptide encoded by SEQ 1D NO: 62 shown in Figure 8. The HVR
sequences are bold and italicized. Variabie regions are regions not underlined while first
constant domain CH1 is underiined. Framework (FR) regions and HVR regions are shown:
FR1-HC (SEQ ID NO: 84), FR2-HC (SEQ 1D NO: 56), FR3-HC (SEQ 1D NO: 57}, FR4-HC
(SEQ 1D NO: 58), HVR1-HC (SEQ 1D NO: 38 (GYTFTNYGMN)), HVR2-HC (SEQ 1D NO: 40
(WINTYTGETTYADDFKG)), HVR3-HC (SEQ ID NO: 41 (EGGVYNN}) and CH1 (SEQ 1D NO:
59).

10033] Figure 11 shows the hemolytic assay results, showing inhibition of ths
alternative compliement activity, for humanized anti-Factor D Fab clone #111 and humanized
anti-Factor D Fabs 238 and 238-1. 10y values are shown.,

[0034] Figure 12 shows the hemolytic assay resuits, showing inhibition of the
alternative pathway {AP) complement activity, for humanized anti-Factor D Fab 238, at three
serum concentrations (8.7 nM, 16.2 nM and 26.5 nM) of Factor D. Table 3 shows the ICs

(nM) and 1Cg (nM) values (values represent the averags of three repeated experiments),
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corresponding to the three serum concentrations of Factor D. The antibody to farget Factor D
molar ratios are also shown in Table 3, o
(0035} Figure 13 shows the simulated duration of inhibition of the alternative pathway
(AP} complement activation in a human eye using a single intravitreal {IVT) injection of anti-
Factor D Fab 238 at 2 2.5 mg dose {assuming & hak-life (ty) of anti-Factor D Fab 238 = 11.5
days, based on interspecies scaling from the rabbit). A single IVT injection of anti-Factor D
Fab 238 was estimated to inhibit AP complement aciivation in the retinal fissue for at ieast
about 74 days and in the vitreous humor for at least about 97 days. In Figure 13, the dashed
ling shows the simulated anti-Factor D Fab 238 concentration in the vitreous humor following
intravitreal administration. in Figure 13, the solid line shows the simulated anti-Factor D Fab
238 concentration in the retinal fissue following intravitreal administration. The difference in
the concentration in the vitreous humor and retinal tissue is based upon an estimate of the
retinal tissue pariition cosfficiant of 20%; in other words, 20% of the total drug administered o
the vitreous humor will have access ¢ the retinal tissue.

Detailad Description of the Invention

1. Befinitions

[0036] Terms used throughout this applicaiion are to be construed with ordinary and
typical meaning to those of ordinary skill in the art. However, Appticants desire that the
following terms be given the particular definition as defined below,

[0037] The phrase "substantially identical” with respect to an antibody chain
polypeplide sequence may be construed as an antibody chain exhibiting at least 70%, or 80%,
or 90% or 85% sequence identity to the reference polypeptide sequence. The term with
respact to a nucleic acid sequence may be construed as a sequence of nucleotides exhibiting
at least about 85%, or 90%, or 25% ar §7% sequence identity {o the reference nucleic acid
sequence. |

[0038] The term "identity" or "homology” shall be construed to mean the perceniage of
amino acid residues in the candidate seqguencs that are identical with the residue of a
sorresponding seguence fo which it is compared, after aligning the sequences and introducing
gaps, If necessary to achieve the maximum percent identity for the enfire sequence, and not
considering any consarvative substitutions as part of the seguence identity. Neither N- or C-
terminal extensions nor insertions shall be construed as reducing identity or homology.
Methods and computer programs for the alignment are well known in the art. Seguence
identity may be maasured using seguence analysis software,

[0039] The term "antibody“'is used in the broadest sense, and specifically covers
monocional antibodies (including fult length monocional antibodies), polyctonal antibedies, and
multispecific antibodies {s.g., bispecdific aniibodies). Antibodies {Abs) and immunoglobuiing
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(igs) are glycoprotains having the same structural characteristics. While antibodies exhibit
binding specificity 10 a spacific target, immunégiobulins inciude both antibodies and other
antibody-likke molecules which lack targal spacificily. Nafive antibodies and immunoglobuling
are usually heterotetrameric glycoproteins of about 150,000 daltons, composed of two
identical light (L) chains and two identical heavy (H) chains. Each heavy chain has at one end
a variable domain (V) followed by a number of constant domains. Each light chain has 2
variable domain at one end (V.) and a constant domain at its other end.

0640] An "isolated” antibody is one which has been identified and separated and/or
recovared from a component of its natural environment. Contaminant componsents of it
natural environment are materials which would interfere with diagnostic or therapeutic uses for
the antibody, and may include enzymes, hormones, and other profeinaceous or
nonproteinaceous soluies. In one example, the antibody will be purified {1) fo greater than
95% by weight of antibody as determined by the Lowry method, and most preferably more
than 99% by weight, {2} to a degree sufficient to obiain at least 15 residues of N-terminal or
internal amino acid sequence by use of a spinning cup sequenator, or {3} o homogeneity by
SDS-PAGE under reducing or nonreducing conditions using Coomassie blue or, preferably,
silver stain. Isolated anfibody includes the antibody in sifu within recombinant cells since at
ieast one component of the antibody's natural environment will not be present. Ordinarily,
however, isolated antibody will be prepared by at least one purification step.

[0041] As used herein, “anti-human Factor D antibody” means an antibody which
specifically binds to human Factor D in such a manner so as 1o inhibit or substantially reduce
complameni activation.

[0042] The ferrn “Factor D7 is used herein o refer to native seguence and variant
Facior D polypeptides.

[0043] A “native sequence” Factor D, is a polypeptide having the same amino acid
seguence as a Facior D polypeptide derived from naturs, regardless of #Hs mode of
preparation. Thus, native sequence Factor D can be isolated from nature or can be produced
by recombinant and/or synthetic means. In addition to 2 malure Factor D profein, such as a
mature human Facior D protein (NM_001928), the term "nafive seguence Facior D7,
specifically encompasses naturally-ocourring precursor forms of Factor D (e.g., an inaclive
preprotein, which is proteolytically cleaved o produce the aclive form), naturally-cccurring
variant forms (e.g., aliernatively spliced forms) and naturally-occurring allelic variants of Factor
D, as well as structural conformational varianis of Faclor D moleguies having the same amino
acid sequence as a Factor D polypeptide derived from nature. Factor D polypeptides of non-
human animals, including higher primates and non-human mammals, are specifically included
within thig definition.
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{00447 “Ggctor D variant” means an active Factor D polypeptide as defined below
having at least about 80% amino acid sequence identity to a native sequence Factor D
polypeptide, such as the native sequence human Factor D pdfypeptide (NM_001928).
Ordinarily, a Factor D variani will have at least about 80% amino acid sequence identity, or at
feast about 85% amino acid sequence identity, or at least about 90% amino acid sequeance
identity, or at least about 85% amino acid sequence identity, or af least about 98% amino acid
sequencé idantity, or at least about 89% amino acid sequence identity with the mature human
amino acid sequence (NM_001928),

[0045] “Percant (%) amino acid sequence identity” is defined as the percentage of
amino acid residues in a candidaie sequence that are identical with the amino acid residuss in
& reference Factor D sequence, after aligning the sequences and introducing gaps, If
necessary, o achieve the maximum percent sequence identity, and not considering any
conservative substitutions as part of the sequence idenfity. Alignment for purposss 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 avallable computer scftware such as
BLAST, BLAST-2, ALIGN or Megalign {DNASTAR) software. Those skilled in the art can
determing appropriate parameters for measuring alignment, Including any algorithms needed
to achieve maximal alignment over the full length of the seguences being compared.
Sequence identity is then calculated relative to the ionger sequence, i.e. even If a shorter
sequence shows 100% sequence identity with a portion of a longer sequence, the overall
sequence identity will be less than 100%.

0048} “Percent (%) nucleic acid sequence ideniity” is defined as the percentage of
nucleotidas in a candidate sequence that are identical with the nucieotides in a reference
Factor D-encoding sequence, after aligning the sequences and introducing gaps, if necessary,
to achieve the maximum percent sequence identity. Alignment for purposes of determining
percent nucleic acid seguence identily can be achieved in various ways that are within the skift
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 measuring alignment, including any algorithms neaded to achieve maximal
alignment over the full length of the sequences being compared. Seguence identily is then
calculated relative to the longer seguence, i.e. even if a shorter sequence shows 100%
sequence identity wit a portion of a longer sequence, the overall sequence identity will be less
than 100%.

00471 An "solated” nucleic acid moleculs is g nudcieic acid moleculs that is identified
and separated from at least one contaminant nucleic acid moleculs with which it is ordinarily
associated in the natural source of the nucleic acid. An isolated nucleic acid molecule is other

than in the form or setling in which it is found in nature. !solated nucleic acid molecules

12



therefore are distinguishad from the nucleic acid molecuie as i exisis in natural calls.
However, an isolated nucieic acid molecule inciudes nucieic acid molecules contained in cells
that ordinarily express an encoded polypeptide where, for example, the nucleic acid molecule
is in a chromosomail iocation different from that of natural cells.

[6045] An “isolated” Factor D pa!ypeptide—encoding nucisic acid molecule is a nucleic
acid rmolecule that is identified and separaied from at least one contaminant nucieic acid
molectie with which it is ordinarily asscciated in the natural source of the Factor D-encoding
nucleic acid. An isolated Factor D polypeptide-encoding nucleic acid molecule is other than in
the form or setting in which it is found in nature. lsolated Facior D polypeptide-encoding
nucleic acid molecules therefore are distinguished from the encoding nucleic acid molecule(s}
as they exiats In natural cells. However, an isolated Factor D-encoding nucisic acid molecule
includes Factor D-encoding nucleic acid molecules contained in cells that ordinarily express
Factar D where, for example, the nucleic acid molecule is in a chromosomal location differant
from that of natural cells,

{0049} The term “aniagonist” is usad in the broadest sense, and includes any
molecuizs that is capable of neutralizing, blocking, pariialiy or fully inhibiting, abrogating,
reducing or interfering with a Factor D biclogical activity. Factor D antagonists inciude,
without limitation, anti-Factor D antibodies, and antibody variants thereof, antigen-binding
fragments thereof, other binding polypeptides, peptides, and non-peptide small molscules,
that bind to Factor D and are capable of neutrzlizing, blocking, partialty or fully inhibiting,
abrogating, reducing or inferfering with Factor D activities, such as the ability of Factor D to
participate in the pathology of a complement-associated eye condition.

[0050] A “small molecuie” is defined herein to have a molecular waight below about
600, preferable below about 1000 daiions.

[0051] “Active” or “activity” or “biological activity” in the context of a Factor D
antagonist of the present invention is the ability to antagonize (partially or fuliy inhibit) a
hiological activity of Factor D. One exampile of a biological activity of a Factor D antagonist is
the ability to achieve a measurable improvement in the state, e.g. pathology, of a Factor D-
asscciaied dissase or condition, such as, for example, a complement-associated eye
condiﬁon. The activity can be determined in in vifro or in vivo tests, including binding agsays,
alternative pathway hamolysis assays {e.g. assays maasuring inhibition of the alternative
pathway complement activity or activation), using a reievant animal modei, or human clinical
trials.

[0052} The term “complement-associated disorder” is used in the broadest sense and
includes disorders associated with excessive or uncontrolled complement aclivation. Thay
include complement activation during cardiopuimonary bypass operations; complement

activation due o ischemia-reperfusion following acute myocardial infarction, ansurysm, siroke,
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hemorrhagic shock, crush injury, multipie organ failure, hypobolemic shock, inteét%ﬂai
tschemia or other events causing ischemia. Complement activation has also been shown to
be associated with inflammatory conditions such @s severe burng, endotoxemia, seplic shock,
adult respiratory distress syndrome, hemodialysis; anaphylactic shock, severe asthma,
angioedema, Crohn's disease, sickle cell anemia, postsireptococcal glomerulonephritis and
pancreatitis. The disorder may be the result of an adverse drug reaction, drug allergy, 1L-2
induced vascular leakage syndrome or radiographic contrast media allergy. It also includes
autoimmuns disease such as sysiemic lupus erythematosus, myasthenia gravis, rheumatoid
arthritis, Alzheimer's disease and multiple sclerosis. Compiement activation is also
associated with franspiant rejection. Complement activation is also associated with ocutar '
diseases such as age-related macular degeneration, diabetic retinopathy and other ischemia-
related retinopathies, choroidal neovascutarization (CNV), uveltis, diabetic macular edema,
nathologicat myopia, von Hippel-Lindau disease, histoplasmosis of the eye, Central Retinal
Vein Occlusion (CRVO), comeal neovascularization, and retinal neovascularization.

[G053] The term “complement-associated eye condition” is usad in the broadest sense
and includes all eye conditions the pathology of which involves complement, including the
classical and the altemative pathways, and in parlicular the alternative pathway of
complement. Complementi-associated eye conditions include, without imitation, macular
degenerative diseases, such as all stages of age-relaied macular degeneration (AMD),
including dry and wet (non-exudative and exudative) forms, choroidal neovascutarization
(CNV), uveilis, diabstic and other ischemia-ralated relinopathies, and other intraccular
neovascular diseases, such as diabetic macuiar edema, pathological myopia, von Hippel-
Lindau disease, histoplasmosis of the eye, Central Refinal Vein Occlusion {CRVQ), corneal
neovascularization, and retinal neovascuiarization. in one example, complement-associated
eye condifions includes age-related macular degeneration {AMD), inciuding non-exudative
(e.g. intermediate dry AMD or geographic atrophy (GA)) and exudative (e.g. wet AMD
(choroidal neovascularization (CNV)) AMB, diabetic retinopathy (DR), endophthaimitis and
uveltis. in a further example, nonexudative AMD may include the presence of hard drusen,
soft drusen, geographic afrophy and/or pigment clumping. In one example, complement-
associated eye conditions include age-reteted macular degeneration (AMD), including early
AMD {e.g. includes muliipie small to one or more non-extensive medium sized drusen),
intermediate AMD (e.g. inciudes extensive madium drusen to one or more large drusen) and
advanced AMD (e.g. inciudes geographic atrophy or advanced wet AMD {CNV). (Ferris et al.,
AREDS Report No. 18, ; Sallo et al., Eye Res., 34(3): 238-40 (2008}; Jager ef al., New Engl.
J. Med., 358{1} 1735 (2008)}. In a further example, intermediate dry AMD may include large
confluent drusen. In a further example, geographic airophy may include photoreceptor andfor
Retinal Pigmented Epithelial (RPE) loss. In a further example, the area of geographic atropny
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may be small or large and/or may be in the macula area or in the peripheral retina. In one
example, complement-associated asye condition s intermediate dry AMD. In one example,
complement-associaied eye condition is geographic atrophy. In one example, complement-
associated eye condition is wet AMD (choroidal neovascularization (CNV)).

[0054] “Treatment” is an intervention performed with the intention of preventing the
development or altering the pathology of a disorder, Accordingly, “treatment” refers fo both
therapeutic treatment and prophylactic or preventative measures. Those in need of treatment
include those already with tha disorder as well as those in which the disorder is to be
prevented. In freatment of an immune related diseass, a therapeutic agent may directly alter
the magnitude of response of a component of the immune response, or render the disease
more susceptible to treatment by other therapeutic agents, e.g., antibictics, antifungals, anti-
inflammatory agents, chemotherapeutics, efc.

[0055] The “pathology” of a disease, such as a complement-associated eye condition,
includes all phenomena that compromise the wali-baing of the patient. This includes, without
limitation, abnormal or uncontroliable cell growth (neutrophilic, sosinophilic, monocytic,
lymphocytic cells), antibody production, auto-antibody production, complement production,
interferance with the normat functioning of neighboring cells, release of cylokines or other
secratory products at abnormal levels, suppression or aggravation of any inﬂammatéry or
immunological response, infiltration of inflammatory cells (neutrophilic, eosinophiiic,
monocylic, iymphocyiic) into cellular spaces, efo,

[0058] The term “mammal” as used herein refers fo any animal classified as a
mammal, including, without fimitation, humans, higher primates, domestic and farm animals,
and zoo, sports or pet animals such horses, pigs, catile, dogs, cats and ferrets, efc. In cpe
embodiment of the invention, tha mammal is 2 human.

100573 Administration “in combination with” one or more further therapautic agents
includes simultaneous (concurrent) and conseciriive administration in any order.

[0058] “Therapeutically sffeciive amount” is the amount of a “Factor D antagonist”
which is required fo achizve a measurabls improvernent in the siate, e.g. pathology, of the
target disease or condition, such as, for example, a complement-associated sye condition.
[0059] The term “conirol sequences” refers to DNA sequences necessary for the
exprassion of an operably linked coding seguence in a particular host organism. The control
sequences that are suitable for prokaryotes, for example, include 2 promoter, optionally an
operator sequence, and a ribosome binding site. Zukaryotic cells are known to utilize
promoters, polyadenyiatfion signéis, and enhancers.

[0060] Nucieic acid is “operably linked" when it is placed into a functional relationship
with another nucieic acid sequence. For example, DNA for a presequence or secretory leader
is operably linked to DNA for a polypeptide if it is expressed as a preprotein that participaies in
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the secretion of the polypeptide; a promoter or enhancer is operably linked to a coding
segusnce if it affects the franscription of the sequence; or a ribosome binding site is operably
linked to a coding sequence if it is positioned so as fo facilitaie transiation. Generally,
“operably linked” means that the DNA sequences being linked are contiguous, and, in the
case of a secretory leader, contiguous and in reading phase. However, enhancers do not
have 1o be contiguous. Linking is accomplished by ligation at convenient restriction sites. If
such sites do not exist, the synthetic oligonucleotide adaptors or linkers are used in
accordance with conventional practice.

[0061] “Stringency” of hybridization reactions is re:adily determinable by one of
| ordinary skill in the art, and generally is an empirical calculation dependent upon probe length,
washing temperature, and salt concentration. In general, longer probes require higher
tamperatures for proper annealing, whiles shorter probes need lower temperatures.
Hybridization generally depends on the abliity of denatured DNA to reanneal when
complementary strands are present in an enﬁyonment beiow their meiting femperature. The
higher the degree of desired homo'iogy beméén the probe and hybridizable seqguence, the
higher the relative temperature that can be used. As a result, it follows that higher relative
temperatures would tend fo make the reaction conditions more stringent, while lower
temperatures less so. For additional details and explanation of stringency of hybridization
reactions, see Ausubel ef al., Current Profocaols in Molecudar Biology, Wiley Interscience
Publishers, (1995}
[6062] “Stringent conditions” or “nigh siringency conditions”, as defined harein, may be
identified by those that: (1) employ low ionic strength and high temperature for washing, for
exampie 0.015 M sodium chioride/0.0015 M sodium citrate/0.1% sodium dodecy! sulfate at
50°C; (2) employ during hybridization a denaturing agent, such as formamide, for exampls,
50% (viv) formamide with 0.1% bovine serum albumin/0.1% Ficoll/3,1%
polyvinylpyrrolidone/50mM sodium phosphale buffer at pH 8.5 with 750 mM sodium chioride,
75 mM sodium cltrate at 42C; or {3} employ 50% formamide, 5 x 88C (0,76 M NaCi, 0.075 M
sodium citrate), 50 mM sodium phosphate (pH 8.8), 0.1% sodium pyrophosphate, 6 x
Denhardt's solution, sonicated salmen sperm DNA (50 ng/mi), 0.1% SDS, and 10% dexiran
suffate af 42°C, with washes at 42°C in 0.2 x 88C {sodium chioride/sodium citrate) and 50%
formam.ide at 85 °C, followsd by a high~stringency wash consisting of 0.1 x 8SC containing
EDTA &t 85°C.
{00831 “Moderately stringent conditions” may be identified as described by Sambrook
et al., Molecular Cloning: A Laborafory Manual, New York: Cold Spring Harbor Press, 1988,
and include the use of washing solution and hybridization conditions {e.q., femperature, ionic

strength and %SDS) less siringeni that those described above, An example of moderatsly
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stringent conditions is overnight incubation at 37 °C in a soliution comprising: 20% formamide,
5% SSC (150 mM NaCi, 15 mM trisodium citrate), 50 mivl sodium phosphate (pH 7.6), 5 x
Denhardl's 'so!ution, 10% dextran sulfate, and 20 mg/mL denatured sheared salmon sperm
DNA, followed by washing the filters in 1 x 88C at about 37-50 °C. The skilled artisan will
recognize how 1o éd}ust.-the te'mp‘eraturg ionic strength, etc: a5 necessary to accommodate.
factors such as probe length and the iike,

[0064] The term "variable” in the context of variable domain of antibodies, refers fo the
fact that cartain 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 target. However, the variability is not evenly distributed through the variable
domaing of antibodies. 1tis concenirated in three segments called complementarity
determining regions {CDRs) aiso known as hypervariable regions (HVRs) both in the fight
chain and the heavy chain variable domains. The more highiy conserved portions of variable
domains are calied the framework {(FR). The variable domains of native heavy and light
chains each comprise four FR regicrs, largely a adopting a B-shest configuration, connected
by three CDRs, which form loops connecting, and in some cases forming part of, the B-sheet
siructure. The CDRs in each chain are held together in cicse proximity by the FR regions
and, with the CDRs from the other chain, contribute 1o the formation of the target binding site
of antibodies {see Kabat et al.}. As used herein, numbering of immunoglobuiin amino acid
residuses is dong according to the immunoglobulin aminc acid residue numbering system of
Kabat ef al., (Sequences of Proteins of Immunologicat Interest, National institute of Health,
Bethesda, Md. 1987), unless otherwise indicated.

[0085] The term “hypervariable region”, "HVR", or "HV", when used herein refers fo the
regions of an antibody variable domain which are hypervariable in sequence and/or form
structurally defined loops. Generally, antibodies comprise six hypervariabie regions; thres in
the VH (M1, H2, H3}, and three in the VL (L1, L2, L3). A number of hypervariable region
delineations are in use and are encompassed herein. The Kabat Complementarity
Determining Regions (CDRs) are based on sequence variability and are the most commonly
used (Kabat ef al., Sequences of Proteins of Immunological Inferest, 5th Ed. Public Health
Service, National institutes of Healih, Bethesda, MD. (1891)). Chothia refers instsad 1o the
location of the structural loops (Chothia and Lesk J. Mol Biol. 196:801-917 (1987)). The end
of the Chothiz CDR-H1 loop when numbered using the Kabat numbering convention varies
between H32 and H34 depending on the length of the loop (this is because the Kabat
numbering scheme places the insertions at H35A and H388B; If neither 35A nor 35B is present,
the loop ends at 32, if only 35A is present, the loop ends at 33; if both 35A and 358 are
present, tha loop ends at 34). The AbM hypervariable regions represant a compromise
hetween the Kabat CDRs and Chothia structural locps, and are used by Oxforg Molecular's
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AbM antibody modeiing software. The “coniact® hypervariable regions are basad on an
analysis of the available complex crystal structures. The residues from each of these
hypervariable regions are noted befow. '

Loop Kabat. AbM Chothia Contact
L1 1.24-1.34 L24-1.34 L24-134 L30-L36
L2 £50-1.56 LB0-L56 L50-L56 L46-1.55
L3 L88-L97 L88-LY7 L8S-L87 L89-L96
H1 H31-H35B H26-H35B H28-H32..34  H30-H35B
{Kabat Numbering)

H1 H31-H35 H26-H35 H26-H32 H30-H35
{Chothia Numbering)

HZ H50-HB5 H50-+58 H52-H56 . H47-H58
H3 HO5-H102 HE85-H102 He5-H102 HB3-H101
0066} Hypervariable regions may comprise "extended hypervariable regions” as

follows; 24-36 or 24-34 (L.1), 46-56 or 50-56 (L2) and 89-97 (L3) in the VL. and 26-35B (H1),
50-85, 47-65 or 48-65 (H2) and 93-102, 94-102 or 85102 (H3) in the VH. The variable
domain residues are numbesred according o Kabat et al., supra for each of these definitions.
10087] “Framework” or “FR" residues are those variable domain residues other than
the hypervariable region residues or COR residues herein defined.

[oos8] - The term "variable domain residue numbering as in Kabat” or "amino acid
posifion numbering as in Kabat”, and variafions thereof, refers to the numbering system used
for heavy chain variable domains or light chain variable domains of the compilation of
antibodies in Kabat et al., Sequences of Proteins of immunologica! interest, 5th Ed. Public
Health Service, National Institutes of Health, Bethesda, MD. (1891). Using this numbering
system, the actual inear amino acid sequence may contain fewer or additional aminoc acids
corresponding o a shortening of, or insertion into, a FR or CDR of the variable domain. For
example, a heavy chain variable domain may inéiude a single amino acld inser (residue 52a
according to Kabat) after residue 52 of H2 and inseried residues (g.g. residues 82a, 82b, and
82¢, eit according to Kabat) after heavy chain FR residue 82, The Kabat numbering of
residues 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.

[0068] The Kabat numbering system is generally used when referring to a residue in
the variable domain ‘(approximately residues 1-107 of the light chain and residues 1-113 of the
heavy chain) (s.g, Kabat et al., Sequences of immunological inferest. 5th Ed. Public Health
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Service, National institutes of Health, Bethesda, Md. {189 1), expressly incorporated herein by
reference). The "EU numbering system” or “"EU index” is generally used when referring to a
regidue in an immunoglobulin heavy chain consiant region (e.g., the EU index reported in
Kabat et al., supra; h‘mg@ region in constant domain of heavy chain is approximately residues
216-230 (EU numbering) of the heavy chain). The “EU index as in Kabat” refers to the -
residue numbering of the human IgG1 EU antbody. Unless stated ‘oihérwise herein,
references o residus numbers in the variable domain of antibodies means residue numbering
by the Kabat numbering system. Unless stated otherwise herein, references to residue
numbers in the constant domain of antibodies means residue numbering by the EU numbering
system {8.¢., see United States Provisional Application Mo, 60/640,323, Figures for EU
numbering}.

100741 As used harein, “polypepiide” refers generally to peptides and proteins having
more than about fen amino acids, In one example, the polypeptide is 2 mammalian proiein,
examples of which include Factor D and fragments and/or variants of Factor D. In another
example, the polypeptide is a full length antibody, or antibody fragment thereof (e.g. antigen-
hinding fragment), that binds human Factor D, examples of which include Fab, Fab', F(ab'),,
and F, fragments; diabodies, linear antibodies; single-chain antibody molecules; and
multispecific antibodies formed from antibody fragments (e.g. antigen-binding fragment).
1607 1] A “variani” or “amino acid sequence variant” of a starting polypeptide is a
polypeptide that comprises an amino acid sequence different from that of the starting
polypeptide. Gensrally, a variant will possess at least 80% sequence identity, preferably at
lsast 80% sequence ideniity, more preferably at ieast 95% seguence identily, and most
preferably at least 98% sequence identity with the native polypeptide. Percenfage sequence
identity is determined for example, by the Fitch et al., Proc. Natl. Acad. Sci. USA, 80: 1382~
1386 {1983), version of the algorithm described by Needleman et al., J. Mol. Biol., 48: 443-
453 (1970), after aligning the sequences to provide for maxitnum homology. Amino acid
sequence variants of a polypeptide may be prepared by introducing appropriate nuclectide
changes into DNA encoding the nalypeptids, or by pepiide synthesis. Such variants inciude,
for example, deletions from, and/or insertions into andfor substitutions of, residues within the
amino acid sequence of the polypeptide of interest, Any combination of deletion, insertion,
and substitution is made to arrive at the final construdt, provided that the final consfruct
possesses the desired characteristics. The amino acid changes also may alter post-
transiational processes of the polypeptide, such as changing the number or position of
glycosylation sites. Methods for generaiting amino acid sequence variants of poiypepﬁdes are
described in U.S. Pat. No, 5,534,618, expressly incorporated hersin by reference, for
example.
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[0072] An “antibody variant” or "modified antibody” of a starting antibody is an
antibody that comprises an amino acid sequence different from that of the starting antibody,
wherein one or more of the amine acid residues of the starting antibody have been modified.
Generslly, an antibody variant will possess at isast 80% sequence identity, preferably at least
90% sequence identity, more preferably at Cleaﬁt 5% sequence identity, and most preferably

- at least 98% seguence identity with the sté}“ting aniibody.  Percentage sequence identity is

" determined for example, by the Fiich et al., Proc. Natl, Acad. Sci, USA, 80: 1382-1386 (1983),
version of the algorithm described by Needleman et al., J. Mol. Biol., 48: 443-453 (1970), after
aligning the sequences of the starting antibody and the candidate antibody variant to provide
for maximum homology. ldentity or similarity with respact to the parent sequenced is defined
herein as the parcentage of amino acid residues in the candidate variant sequence that are
identical (i.e. same residue) or similar (i.e. amino acid residue from the same group based on
common side-chain properties, see below) with the parent antibody residues, after aligning ihe
sequences and introducing gaps. f necessary, 1o achigve the maximum percent sequence
identity. Amino acid sequence varianis of an antibody may be preparsd by introducing
appropriate nucleotide changes info DNA encoding the antibody, or by peptide synthesis.
Such variants include, for sxample, deletions frorm, and/or insertions into and/or substitutions
of, residues within the amino acid sequence of the ahtibody of interest. Any combination of
deletion, insertion, and subsiifution is made {o arrive at the final consiruct, provided that the
final construct possesses the desired characlieristics. The amino acid changes also may alter
post-transiational processes of the antibody, such as changing the number or position of
glycosylation sites. Methods for generating antibody seguence variants of antibodies are
sirnilar to those for generating amino acid seguence variants of polypeplides described in U.S.
Pat. No. 5,534,615, expressly incarporated herein by reference, for example.
00731 A “deamidaied” variant of a polypeplide moleculs is a polypeptide wherein ong
or mors asparagine (N or Asn) residue(s) of the original pdlypepﬁide have been converted to
aspartate (D or Asp), L.e. the neuiral amide side chain has been converted to a residue with an
overall acidic characier. Deamidation may be prevented by converting asparagines (N or
Asn) to glutamine (Q or Gin) or alanine (A or Ala) or serine (S or Ser) (Amphlett, G. et al,,
Pharm. Biotechnal., 9:1-140 (1986)).
100741 An “oxidized” variant of a polypeptide molecule is a polypeptide wherein one or
more methionine (M or Met) or tryptophan (W or Trp) residue(s) of the original polypeptide
have been converted to suifone or sulfoxide through the sulfur of methionine.  Oxidation may
be preventsd by converting msthionine (M or Met) 1o leucine (L or Leu) or isoleucine (1 or lle)
(Amphiett, G. et al., Pharm. Biotechnol., ©:1-140 (18886)).
[0G75] A “pyroglutamate” variant of a polypeptide molecule is a polypeptide wherain
ona or more ghutamine (Q or Gin) residues(s) of the original polypeptide have been converted
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to pyroglutamate which occurs when giutamine residues, for example N-terminal glutamine
residues, spontansously cyclize resuiting in pyrogtutamate. Pyroglutamate conversion may
be prevented by converting glutamine (Q or Gin) residue(s) to glutamate (E or Glu) (Amphiett,
G. et al., Pharm. Biotechnol., 9:1-140 (19986)). _' :
[0078] The term "antibody fragment” refers to a portion of a fuil-length anﬁbody,
generally the target binding or variable region. Examples of antibody %ragments include Fab,
Fab', F(ab", and Fv fragments. The phrase “functional fragment or analog” of an antibody is a
sompound having qualitative biclogical activity in common with a fuli-length antibody. For
example, a functiona! fragment or analog of an anti-human Factor D anfibody is one which
can bind to Factor D in such & manner so as 1o prevent or substantially reduce the
compiement activation. As used herain, "functional fragment” with respect o antibodies,
refers to Fv, F{ab) and F{ab’); fragments. An "Fv" fragment is the minimum antibody fragment
which contains a complete target recognition and binding site. This region consists of a dimer
of one heavy and one light chain variable domain in a tight, non-covalent asgociation (Vi -V
dimer). Itis in this configuration that the three CDRs of each variable domain interact to
dsfine an targst binding site on the surface of the Vy, -V dimer. Collectively, the six CDRs
confer farget binding specificity o the antibady. However, even g single variabte domain (or
half of an Fv comprising only three CDRs specific for an targst) has the ability to recognize
and bind target. "Single-chain FV" or "sFv" antibody fragments comprise the Vyand v,
domaing of an antibody, wherein these domains are present in a single polypeptide chain.
Generally, the Fv polypeptide further comprises a polypeptide linker between the Vi and V|,
domains which enables the sFv to form the desired structure for target binding. ,
10677] The Fab fragment contains the constant domain of the light chain and the first
constant domain {CH1) of the heavy chain. Fab' fragments differ from Fab fragments by the
addition of a few residues at the carboxyl terminus of the heavy chain CH1 domain inciuding
one or more cysieines from the antibody hinge region. F{ab'} fragments are produced by
cleavage of the disulfide bond at the hinge cysteines of the F(ab"), pepsin digestion product.
Agditional chemical couplings of aniibody fragments (e.g. aniigen-binding fragments) are
known to those of ordinary skilf in the arl.

[0078] As used herein, "library” refers {o a plurality of antibody or antibody fragment
sequences {for example, polypeptides of the invention), or the nucleic acids that encode these
sequences, the sequences being different in the combination of variant amino acids that are
infroduced into these sequences according to the methods of the invention.

079] The term "monoclional antibody” as used herein referg to an antibody cbiained
from a population of subsiantially homogeneocus antibodiss, 1.e., the individua!l antibodies
comprising the population are identical except for possible naturally occurring mutations that
may be present in minor amounis. Monocional antibodies ars highly specific, being directed
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against a single targetic sits. Fﬂﬁhermore«, in contrast to conventional (polycional) antibody
preparations which typically include different antibodies directed against different determinants
{epitopes), each monocional antibody is directed against a single determinant on the target.
in addition o their specificity, monoclonal antibodies are advantageous in that they may be
synthesized by the hybridéma culiure, unccntarﬁinated by other immunogiobuling. The
modifier "monoclonal” indicates the character of the antibody as being obtained from a
substariially homogeneous population of antibodies, and is not to be construed as requiring
production of the anfibody by any particular method. For example, the monoclonal antibodies
for use with the present invention may be isolated from phage antibody libraries using the well
known techniques. The parent monoclonal anii_‘boéi‘es ic be used in ascordance with the
present invention may be made by the hybridoma method first described by Kohler and
Mitstein, Nature 256, 485 {1975); or may be mad@by recombinant r_ﬁethods'r.
[0080} “Humanized® forms of non~humllén (ag murine) antibodies are chimeric
immunoglobuling, immunoglobulin chains or fragments thereof {such as Fv, Fab, Fab', F(ab;
or other target-binding subsequences of antibodies) which contain minimal sequence derived
from non-human immunoglobulin. in general, the humanized antibody wili compriss
substantially all of at least one, and typically two, variable domains, in which all or
substantially all of the CDOR regions correspond to those of a nen-human immunoglobulin and
all or substantially all of the FR regions ére those of 2 human immunoglobulin consensus
sequence. The humanized antibody may also comprise at least a portion of an
immunogiobulin constant region (Fc), typically that of a human immunogiobulin tempiate
chosan.
[0081] The terms "cell”, “cell line” and "cell culture” include progeny. It is also
understood that all progeny may not be precisely identical in DNA content, due to deliberate or
inadvertent mutations. Variant progeny that have the same function or biological property, as
screenad for in the originally transformed cell, are included. The "host cells” used in the
present invention generally are prokaryotic or eukaryofic hosts.
[0082] The term "vector® means a DNA construct containing & DNA sequence which is
oparably linked 1o a suitable control seguence capable of effecting the expression of the DNA
in & suitable host. Such control sequences include a promoter (o effect transcription, an
optional operator sequence {o conirol such transcription, a sequence encoding suitable mRNA
ribosomes hinding sites, and secguences which control the termination of franscription and
ranslation. The vector may be a plasmid, a phage particie, or simply a polential genomic
insert. Once transformed into a suitable host, the vector may repiicate and function
independently of the host genome, or may in some instances, integrate into the genome itsalf.
in the present spacification, "plasmid” and "vector" are .somei%mes used interchangeably, as

the plasmid is the most commonly used Torm of vecior. However, the invention is intended {o
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include such other forms of vectors which serve egquivalent function as and.which are, or
become, known in the art.

[0083] The word ™abel” when used herein refers to-a detectable compound or
composition which can be conjugated directly or indirecily to a molacule or protein, e.g., an
aniibody. The fabsl may itself be detectable (e.g., radicisctope labels or fluorescent labels) or,
in the cass of an enzymatic label, may catalyza‘ chemical alteration of a substrate compound
or composition which is detectable.

[0084} As used herein, "solid phase” means & non-agueous mairix to which the
antibody of the present invention can adhere. Example of solid phases encompassed hersin
include those formed partially or entirely of glass (e.g. controlled pore glass), polysaccharides
{e.g., agarose), polyacrylamides, polystyrens, polyvinyl alcohol and sificonas. in certain
smbodiments, depending on the context, the solid phase can comprise the well of ah assay
plate; in athers it is & purification column (e.g. an affinity chromatography colum).

10085] “Phage display” is a technique by which variant polypeptides are displayed as
fusion protaing o at least a portion of coat protein on the surface of phage, e.g., filamentous
phage, pariicles. A utility of phage display lies in the fact that large lbraries of randomized
protein variants can be rapidly and efficiently sorted for those sequences that bind fo a target
antigen with high affinity. Display of peptide and protein libraries on phage has been used for
scresning millions of polypeptides for ones with specific binding properties. Polyvalent phage
display methods have been used for dispiaying small random peptides and small proteins
through fusions to either gene Il or gene VIH of filamentous phage. Wells and L.owman
(1982) Curr, Opin. Struct. Biol. 3:385-382, and refersnces cited therein. In a monovalent
phage display, a protein or peptide library is fused to a gene Il or a portion thereof, and
expressed at low levels in the presence of wild type gene Hl protein so that phage particies
display one copy or none of the fusion proteins. Avidity effects are reduced relative to
nolyvalent phage so that sorting is on the basis of intrinsic ligand affinity, and phagemid
vectors are used, which simpiify DNA manipulations. Lowman and Welis (1991} Methods: A
cornpanion fo Methods in Enzymology 3.205-0216.

10086} A “phagemid” is & plasmid vector having a bacterial origin of replication, e.g.,
CotE1, and a copy of an intergenic region of a bacteriophage. The phagemid may be used
on any known bacteriophage, including fitamentous bacteriophage and lambdoid
bacteriophage. The plasmid wili alsc generally contain a selectable marker for antibiotic
resistance. Segments of DNA cloned into these vectors can be propagated as plasmids.
When cells harboring these vectors are provided with all genes nacessary for the production
of phage particles, the mode of replication of the plasmid changes to rolling circle replication
to generate copies of one strand of the plasmid DNA and package phage pariicles. The

phagemid may form infectious or non-infectious phage parlicies. This term includes
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phagemids'which contain a phage coat protein gene or fragment thereof linked to é
heterclogous polypeptide gene as a gene fusion such that the heteroiogous polypeptide is
displayed on the surface of the phage particle,

[GO87] A "variant Fc region® comprises an amino acid sequence which differs from that
of another Fc region by virtue of at least cne "amino acid modification” as herein defined.
F’r@ferably, the variant F¢ region has at least one amino acid subétitution compared o a native
sequence Fc region or to the Fg region of a parent palypeplide, e.g. from about one to about
ten amino acid substitutions, and preferably from about one to about five amino acid
subsiifutions In a native seguence Fc region or in the Fc region of the parent polypepiide. The '
variant F¢ region herain will preferably possess at least about 80% homology with a native
sequence Fcregion and/or with an Fe region of a parent polypeptide, and most preferably at
teast about 90% hormology tharewith, more preferably at least about 5% homology

therswith. Examples of "native seguence human F¢ regions® are shown in FIG, 23 of WG
00/42072 and include a native sequence human igG1 Fc region (non-A and A allotypes);
native sequence human igG2 Fc region; native sequence human tgG3 Fc region; and native
sequence human 1gG4 Fc region as well as naturally occurring variants thereof. Native
sequence murine Fc regions are shown in FIG. 22A of WO 00/42072.

{6088] According to this invention, "altered” FcRn binding affinity is one which has
pither enhancad or diminished FoRn binding activity compared to a parent polypeptide orto a
nolypeptide comprising a native sequence Fc region. In ane example, the antibody with
altered FeRn binding affinity has increased binding io FeRn at pH 6.0 and/or decreased
binding to FcRn at pH 7.0. The variant which “displays increased binding” o an FcR binds at
least one FcR with better affinity that the parent polypeptide. The variant which “displays
decreased binding” to an FeR, binds at least one FoR with worse affinity than a parent
polypeptide. The variant which binds an FcR with “better affinity” than a parent polypeptide, is
one which binds an FoR with substantially better binding affinity than the parent antibody,
when the amounts of bolypeptide variant and parent polypepfide in the binding assay are
essentially the same. For example, the polypeptide vartant with improved FcR binding affinity
may dispiay from about 1.15 fold to about 100 fold , e.g from about 1.2 fold to about 50 fold
improvemant in FeR binding affinity compared 1o the parent polypeplide, whers FCR binding
affinity is detarmined.

[6089] An “amino acid modification” refers tc a change in the amino acid sequence of
a predetermined amino acid ssquence. Exemplary modifications include an amino acid
substitution, insertion and/or deletion. One example of an amino acid moedification herein is a
substitution.

f008Y An “amino acid modification at” a specified position, e.g. of the Fc region, refers
to the substitution or deletion of the specified residues, or the insertion of at least one amino
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acid residues adjacent the specified rasidua. By insertion “adjacent’ a specified residus is
meant insertion within one to two residues thersof. The insettion may be N-ierminal or C-
terminal to the specified residue. |

[0081] An “amino acid substitution” refers io the replacement of at least one existing
amino acid residue in a predetarmined amino acid sequence with another different
“replacement” amino acid residue. The repiacement residus or residuss may be "naturally
oecurring amino acid residues” (L.e., encoded by the genetic code) and selected from the
group cons%sfting of: alanine (ala), arginine (Arg), asparagine (Asn); aspartic acid (Asp);
cysteine (Cys}); glutamine (Gin); glutamic acid {Glu}; glycine (Gly), histiding (His); isoleucine
(Hle); leucine (Leu}; ysine (Lys); methionine {Met); phenyialaning (Phe}; proline (Pro}); serine
(Ser); threonine (Thr); tryptophan (Tm); tyrosing (Tyr); and vaiine (Val). Substitution with one
or more non-naturally occurring amino acid residues is also encompassed by the definition of
an amino acid subsiitution herein. A "non-naturally ocourring amino acid residue” refersto a
residue, other than those naturally oscurring amino acid resicues listed above, which is able to
covalently bind adjacent amino acid residue(s) in a polypeptide chain. Examples of non-
ﬁaturally cccurring aming acid residues include norleucine, omithine, norvaline, homoserine
and other amino acid residue analogues such as those described in Eliman et al,, Meth.
Enzym, 202: 301-336 (1991). To generate such non-naturally occurring amino acid residues,
the procedurss of Noren ef al., Science, 244; 182 {1889} and Eliman et al., supra, can be
used. Briefly, these procedures involve chemically activating a suppressor tRNA with a non-
naturally occurring amino acid residue Toliowed by In vitro transcription and translation of the
RNA.

[0092] An “amino acid insertion” refers to the incorporation of at ieast ona amino acid
into a predetermined amino acid sequence. While the insertion will usuaily consist of the
insertion of one or two amino acid residues, the present application contemplaies larger
“peptide insertions”, e.g. insertion of about three 1o about five or even up to about ten amino
acid residues. The inserted residue(s) may be naturally occurring or non-naturally occurring
as disclosed above.

[0083] An "amino acid deletion” refers 1o the rermoval of af least one amino acid

residue from a predetermined amino acid ssguence.

il. Detalled Description

[0094] The invention herein provides Factor D antagonists, including anii-Factor D
antibodies, and varanis thereof, and fragments thereof (e.g. antigen-binding fragments) useful
for the prevention and treatment of complement-agsociated conditions, including eye
conditions (all eye conditions and diseases the pathology of which involves complement,
including the classical and the alternative pathways, and in particular the alternative pathway
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of complament), such as, for example, macular degenerative diseases, such as all stages of
age-related macular degeneration (AMD), including dry and wet (non—exudaﬁve and
axudative) forms, choroidal neovascularization (CNV), uveitis, diabetic and other ischemia-
related ratinopathies, endophthalmitis, and other intraccular neovascular diseases, such as
diahetic macular edema, pathological myopia, von Hippel-Lindau disease, histoplasmosis of
the eye, Cantral Retinal Vein Occlusion {CRVO), corneal neovascularization, and retinal
neovascularization. One group of complement-associated eye conditions includes age-
related macutar degeneration {(AMD}, inciuding non-exudative (e.g. infarmediate dry AMD or
geographic atrophy {GA)} and exudative {8.g. wet AMD (chorcidal neovascularization (CNV})
AMD, digbetic ratinopathy (DR), endophthaimitéé and uveitls, In one example, complement-
assoclated eve condifion is intermediate dry AMD. In one exampile, complement-associated
eye condition is geographic atrophy. In one sxample, complemsnt-associated eye condition is
wet AMD (choroidal neovascularization (CNV}).
[0095] AMD is age-related degeneration of the macula, which is the leading cause of
ireversible visual-dysfunction in individuais over the age of 80. Two types of AMD exist, non-
exudative (dry) and exudative (\zﬁe’c) AMD. The dry, or nonexudative, form involves alrophic
and hypertraphic changes in the retinal pigment epithelium (RPE) underlying the central retina
(macula) as well as deposits (drusen) on the RPE. Patients with nonexudative AMD can
progress fo the wet, or exudative, form of AMD, in which abnormal blocd vessels called
choroidal neovascular membranes (CNVMs) develop under the reting, leak fluid and bload,
and ultimately cause a blinding disciform scar in and under the retina. Nonexudative AMD,
which is usually a precursor of exudative AMD, is more common. The presentation of
nonexudative AMD varies: hard drusen, soft drusen, RPE geographic atrophy, and pigment
clumping can be present. Complement components are deposited on the RPE early in AMD
and are major constituents of drusen.

1. Humanized Anfi-Factor D Antibodies
[0096} The inveniion herein includes the production and use of humanized anti-Factor
) antibodies, and fragments thereof. Exemplary methods for generating antibodies ars
tescribed in more detail in the following sections.
160871 Methods for humanizing non-human antibodies are well known in the art.
Generally, a humanized antibody has one or more aminc acid residues infroduced inte it from
a source which is non»hpman. These non-human amino acid residues are often referred to as
“import” residues, which are typically taken from an "import” variable domain. Humanization
can be essentially performed following the method of Winter and co-workers [Jones et al.,
Nature, 321:522-525 (1988); Riechmann et al., Nature, 332:323-327 (1988); Verhoeyen et al,,
Science, 239:1534-1536 (1888)], by substituting rodant CDRs or CDR sequences for the

corresponding seguences of a human antibody. Accordingly, such "numanized" antibodies
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are chimeric antibodies (U.8. Patent No. 4,816,567), wherein substantially less than an intact
human varigble domain has been substituied by the corresponding sequence from a non-
hurnan species, In practice, humanized antibodies are typically human antibodies in which
some CDR residues and possibly some FR residues are substituted by residuss from
analogous sites in fadent antibedies.

[0098] The choice of human varable domains, both light and heavy, to be used in
making the humanized antibodies can in soms instances be important to reduce antigenicity
and/or HAMA response (human anti-mouse antibody) when the antibody is intendad for
human therapeutic use. Reduction or elimination of a HAMA response is generaily 2
significant aspect of ciinical development of suitable therapeutic agents. Ses, e.g., Khaxzaell
et al., J. Natl. Cancar Inst. (1988), 80:837; Jaifers et al., Transplantation (19886), 41:572;

- Shawier st al., J. Immunol. {1885}, 135:1530; Sears et al,, J. Biol. Response Mod. (1884),
3:138; Milier et al., Blood (1983), 62:988; Hakimi et al,, J. Immunol. (1981), 147:1352;
Reichmann 'et al., Nature (19883, 332:323; Junghans et al., Cancer Res. (1890), 50:1485. As
gescribed herein, the invention provides antibodies that are humanized such that HAMA
response is reducsd or eliminated, Variants of these antibodiss can further be obtained using
routing methods known in the arf, some of which are further described beiow. According to
the so-called "best-fit" method, the sequence of the variable domain of a rodent antibody Is
screensd against the entire library of known human variable domain seguences. The human
V domain sequence which Is closest to that of the rodent is identified and the human
framework region {FR) within it accepted for the humanized antibody (Sims ef al., J. immunal,
151:2206 (1983); Chothia et al., J. Mol, Biol., 196:901 (1987)). Another method uses a
particular framework region derived from the consensus seguence of all human antibodies of
a particular subgroup of light or heavy chains. The same framework may be used for several
different humanized antibodigs (Carter et al., Proc. Nafl. Acad. Sci. USA, 88:4285 {(1992);
Presta et al., J, Immunol. 151:2623 {19893)). '

i0089] For example, an amino acid sequence from an antibody as described hersin

can serve as & starting (parent) sequence for diversification of the framework andfor
hypervarigble sequence(s). A sslected framework ssquence to which a starting hypervariable
sequence is linked is referred to herein as an acceptor human framework. While the acceplor
human frameworks may be from, or derived from, a human immunogiobulin (the VL and/or VH
reglons thereof), the acceptor human frameworks may be from, or derived from, a human
consensus framework sequence as such frameworks have been demonstrated to have
minimal, or no, immunogenicity in human patients. An "acceptor human framework” for the
purposes herein is 2 framework comprising the amino acid sequence of a2 VL or VH framawark
derived from a human immunoglobulin framework, or from a human consensus framework.

An acoeptor hurnan framework “derived from” a human immunoglobutin framework or huran
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consensus framework may comprise the same amino acid sequence thereof, or may contain
pre-existing amino acid sequence changes. Whare pre-existing amine acid changes are
present, preferably no more than 5 and preferably 4 or less, or 3 or less, pre-existing amino
acid changes are present. In one embodiment, the VH accepior human framework is identical
in sequencs o the VH human immunogiobulin framework sequence or human consensus
framawork sequence. in one embodiment, the VL acceptor human framework is identical in
sequence to the V9 human immunoglobulin framework sequence or human consensus
framework sequence. A *human consensus framework” is a framework which represents the
most commaonty occurring amino acid residue in a selection of human immunoglobulin VL or
VH framework sequences. Generaliy, the selection of human immunoglobulin VL or VH
sequances is from a subgroup of variable domain sequences. Generally, the subgroup of
sequénces is & subgroup as in Kabat ef al. In one embodimant, for the VL, the subgroup is
subgroup kappa | as in Kabat ef 2/, In one embodiment, for the VH, the subgroup is subgroup
Il as in Kabat of al.

[0100] Where the acceptor is derived from a human immunogiobulin, one may
optionally select a human framework sequence that is selected based on its homology io the
donor framework sequence by aligning the donor framework seguence with various hurman
framework sequences in a collection of human framework sequences, and sslect the most
homologous frarmework sequence as the acceptor. The acgeptor human framework may be
from or derived from human antibody germiine sequences avallabla in the public databasss.
0101 In one embodiment, human consensus frameworks hersin are from, or derived
from, VH subgroup Vil andior VL kappa subgroup 1 consensus framework seguences.

[0102]  in one embodiment, the human framework femplate used for generation of an
anti-Factor D antibody may comprise framework sequences frorm a template comprising a
combination of Vi-4. 1+ (VHY family) and JH4d for VH chain and/or a combination of DPK4
(Vkl family) and JK2 for VL chain. o

[10103] in one embodiment, the VH accepior human framework comprisaes one, two,
three or alt of the following framework sequences:

FR1 comprising QVOLVOSGPELKKPGASVKVSCKAS (amino acids 1-25 of 3EQ 1D NO: 2),
FR2 comprising WVRQAPGQGLE (amino acids 36-48 of SEQ 1D NQC: 2),

FR3 comprising RFVFSLDTSVSTAYLQISSLKAEDTAVYYCER (amino acids 87-88 of SEQ ID
NO: 2},

REVFSLODTSVSTAYLQISSLKAEDTAVYYCE (amino acids 67-97 of SEQ D NO: 2),
RFVESLDTSVSTAYLQISSLKAEDTAVYYC {amino acids 67-86 of SEQ 1D NO: 2),
REVFSLDTSVSTAYLQISSLKAEDTAVYYCS (BEQ 1D NO: 3), or
RFVFSLDTSVETAYLQISSLKAEDTAVYYCSR {(SEQ ID NO: 4)

FR4 comprising WGQGTLVTVSS (amino acids 108-115 of SEQ 1D NO: 2).
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[0104] I one embodiment, the VL acceptor human framework may comprise one,
two, three or all of the following framework sequences:

FR1 comprising DtQVTQSPSSLSASVGDRWiTC {amino acids 1-23 of SEQ 1D NC: 1),

FR2 comprising WYQQKPGKYPKLLIS {amino aﬁiids 35-49 of SEQ [D NO: 1),

FR3 comprising GVPSRFSGSGSGTDFTLTISSLQPEDVATYYC (amino acids 57-88 of SEQ .
ID NO: 1), h

FR4 comprising FGQGTKLEIK {amino acids 98-107 of SEQ 1D NO: 1), or

FGQGTKVEIK (SEQ D NO: b).

[105] While the acceptor-may be identical in sequence to the human framework
sequence selected, whether that be from a human immunoglobufin or a human consensus
framework, the present invention contempiates that the accepior sequence may comprise pre-
existing amino acid substitutions relative to the human immunogiobuiin sequence or ﬁuman
consensus framework sequsnce. These pre-sxisting substitutions are preferably minimal;
usually four, three, fwo or one amino acid differences only relative to the human
immunogiobulin sequence or consensus framework seguence.

15108} ' Hypervariable region residues of the non-human antibody are incorporated into
the VL and/or VH acceptor human frameworks. For example, ong may incorporate residues
‘corresponding to the Kabat CDR residues, the Chothia hypervariable loop residues, the Abm
residues, andfor contact residues. Opfionally, the extended hypervariable region residues as
follows are incorporated: 24-36 or 24-34 {L1), 46-56 or 50-56 (L2} and 88-87 {L3), 26-35B
(H1), 50-85, 47-85 or 49-65 (H2) and 93-102, 84-102, or 85-102 (H3).

101073 i one aspect, the invention provides an anti-Factor D antibedy comprising a
heavy chain variable domain comprising SEQ 1D NO: 2. [n one aspect, the invention provides
an anti-Factor D antibody comprising a fight chain variable domain comprising SEQ 1D NO: 1.
in one aspect, the invention provides an anti-Facior D antibody comprising a heavy chain
variable domain comprising SEQ 10 NO: 2 and a light chain variable domain comprising SEQ
1D NO: 1. In one sxample, the invention provides a fragment of said anti-Factor D antibodies
(e.g. antigen-binding fragments).

{0108} It one aspect, the inveniion provides an anti-Factor D antibody comprising a
heavy chain variable domain comprising an amino acid sequence having at lsast 90%, 81%,
02%, 83%, 94%, 95%, 96%, 7%, 88% or B8% sequence identity to an amino acid sequence
of SEQ 1D NO: 2. In some embodiments, an amino acid sequence having atf least 80%, 91%,
82%, 93%, 94%, 85%, 96%, 97%, 98% or 99% sequence identity contains substitutions,
insertions, or deletlons relative to the reference sequence, but an antibody comprising that
amino acid sequence retains the abliity to bind o Factor D. In some embodimenis, a fotal of 1
to 10 amino acids have been substituted, inserted, or deleted in a sequence of SEQ ID NO: 2.

In some smbodiments, the substitutions, insertions or deletions occur in regions outside the
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HVRs (i.2., in the FRs). In some embodiments, an anti-Factor D antibody comprises a heavy
chatn variable domain comprising an amino acid sequence of SEQ ID NO: 2. inone

" example, the invention provides a fragment of said anti-Factor D antibodies (2.9. antigen-
binding fragments). |

[0109] In some embodiments, the invention provides an anti-Fastor D antibedy
comprising a light chain variable domain comprising an amino acid seguence having at least
90%, B1%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% ssquence identity to an amino acid
sequence of SEQ 1D NO: 1. in some smbodimants, an amino acid sequence having at least
G0%, 91%, 92%, 53%, 94%., 85%, 96%, 57%. 98% or 989% sequence identity contains
substitutions, insertions, or deletions relative o the reference segusnce, but an antibody
comprising that amino acid sequence retains the abllity to bind to Faclor B. in soms
embodiments, a total of 1 to 10 amino acids have been substituted, inserted, or deleted in a
sequence of SEQ ID NO: 1. in some embodiments, the substitutions, insertions or deletions
occur in regions outside the HVRs (i.e., in the FRs). In some embodiments, an anti-Factor D
antibody comprises a light chain variable domain comprising an amino acid sequence of SEQ
ID NC: 1. In one exampie, the invention provides a fragment of said anti-Facior D antibodies
(&.g. antigen-binding fragments).

[0110] An anti-Factor D antibody may cornprise any suitable framework variable
domain sequence, provided that the antibody retains the ability to bind Factor D. For
example, in some embodiments, anti-Factor D antibodies of the invention comprise a heavy
chain variable domain framework sequence that is a combination of V1.4.1 b+ and JH4d {See
Figure 3). In some embodiments, anti-Factor D antibodies of the invention comprise a human
subgroup Vii heavy chain framework consensus seguence. In some embodiments, anti-
Facior D antibodies of the invention comprise a heavy chain variable domain framework
sequence comprising FR1 comprising amino acids 1-25 of 8EQ 1D NO: 2, FR2 comprising
amino acids 36-48 of SEQ ID NO: 2, FR3 comprising arminc acids 67-88 of SEQ 1D NO: Z and
FR4 comprising amino acids 105-115 of SEQ ID NO: 2 In one embodiment of these
antibodies, the heavy chain variable domain seguence comprises substitution(s} at posttion 40
and/or 88 (Kabat numbering). In one embodiment of these antibodies, position 40 is cysieineg
{C) or alanine (A) and/or position 88 is cysteine (T} or alaning (A). in some embodiments, anti-
Factor D aniibodies of the invention comprise a light chain variable domain framework
seguence that is a combination of DPK4 and JKZ (See Figure 4). In soms embodiments, anil-
Factor D antibodies of the inveniion comprise a human kapps | {xI) light chain framework
consensus sequance. In some embodiments, anti-Factor D antibodies of the invention
comprise a light chain variable dom_ain framework sequence comprising FR1 comprising
amino acids 1-23 of SEQ ID NO: 1, FRZ oomprising amino acids 35-48 of SEQ 1D NO: 1, FR3
comprising amino acids 57-88 of SEQ ID NO: 1 and FR4 comprising amino acids 98-107 of
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SEQ ID NO: 1. In one embodiment of these antibodies, the light chain variable framework
sequence comprises one or more substitution(s) at position 15, 43 and/or 104,(Kabat
numbering). in one embodiment of these antibodies, position 15 Is cysisine (C) or valing (V},
position 43 is cysteine {C) or alanine (A}, position 104 is valine (V) or lsucine {L). Inone
example, the invention provides a fragment of said anti-Factor D antibodies (e.g. antigen-
binding fragmenis). |

[0111] Further, an anti-Factor I3 antibody may comprise any suitable constant domain
sequence, provided that the antibody retains the ability to bind Factor D. For example, in
some embodiments, anti-Factor D antibodies of the invention comprise at least a portion of a
heavy chain constant domain. in one embodiment, anti-Factor D antibodies of the invention
comprise a heavy chain constant domain of either one or a combination of an @, 8, €, v, or i
heavy chain. Depending on the amine acid sequence of the constant domain of their heavy
chains (Cy), immunoglobulins can be assigned to different classes or isotypes. There are five
ciasses of immunoglobuling: IgA, igD, igE, 1gG, and igh, having heavy chains designated g,
8, &, v, and 1, respaciively, The v and o classes are further divided into subclasses on the
basis of relatively minor differences in Cy seguence and function, e.g., humans exprass the
following subclasses: 1gG31, 1062, 1gG3, igG4, IgA1, and 1gAZ. In one embodiment, anti-
Factor D antibodies of the invention comprise a heavy chain consiant domain comprising
substitutions at amino acid positions that resulis in & desired effect on effecter function {e.g..
binding affinity). in one embaodiment, anti-Factor D antibodies of the invention comprise a
heavy chain constant domain comprising substitutions at amino acid positions that do not
result in an effect on effector function (e.g.. binding affinity). In one embodiment, anti-Factor
D antibodies of the invention comprise a heavy chain constant domain of the 1gG type {e.g.
1gG1, 1gG2, lgG3 or IgG4) and further comprise a substitution at position 114 (Kabat
numbering; equivalent to 118 in EU numbering), 168 (Kabat numbering; equivalent to 172 in
EU numbering), 172 (Kabat numbering; squivalent to 176 in EU numbering) and/or 228 (EU
numbering). In ocne embodiment, anti-Factor D antibodies of the invention comprise a heavy
chain constant domain of the 1gG (e.g. 19G1, 19G2, 1gG3 or IgG4) type and further comprise a
substitution at position 114 wherain position 114 is a cysteine (C) or alanine (A), position 168
is cysteine {C) or alanine (A), position 172 is a cysteing (C) or alanine (A) and/or position 228
is a profine (P), arginine (R) or serine (8). In one example, the invention provides a fragment
of said anti-Factor D antibodies {e.g. antigen-binding fragments).

[0112] Further, for example, in some smbodiments, anti-Factor D antibodies of the
invention comprise at least & portion of a light chain constant domain. In one embodiment,
anti-Factor D antibodies of the invention comprise a light chaln constant domain of sither one
or a combination of a kappa or a lambda light chain, as the lfight chain from any veriebrate
species can be assigned to one of two clearly distinat types, called kappa and lambda, based
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on the amino acid sequences of their constant domains. In one embodiment, anti-Factor D
antibodies of the invention comprise a light chain constant domain comprising substitutions at
amino acid positions that resulls in 2 desired effect on effector function (e.g.. binding affinity).
In one embodiment, anti-Factor D antibodies of the invention comprise a light chain constant
" dornain comprising substitutions at amino acid positions that do not result in an effect on
-sffactor function {e.g.. binding ai’ﬁnity}. in one embodiment, anti-Factor D antibedies of the
invention comprise a fight chain constant domain of the kappa type and further comprise a
substitution at position 118, 144, 146 and/or 168 (Kabat numbering). in one embodiment,
anti-Factor D antibodies of the invention comprise a light chain constant domain of the kapps
type and further comprise a substitution at position 110 wherein 110 is a cysteine (C) or valine
{V), at position 144 wherein 144 is a cysteine (C} or alanine (A}, at position 148 whersin 146 s
a isoleucine (1) ar vaiine (V) and/or at posificn 168 wherein 168 is a cysteine (C) or serine (5}
in one example, the invention provides a fragment of said anti-Factor D antibodies (e.g.
antigen-binding fragments).

2. Modified Anti-Factor B Antibodies
[0113] The inveniion herein inciudes the production and use of modified anti-Facior D
antibodies, for example modified humanized anti-Factor D antibodies, and vartants thereof,
and fragments thereof (e.g. antigen-binding fragments). Exemplary methods for generating
modified antibodies are described in more detail in the following sections.
[0114] A parent anti-Facior D antibody, including a humanized anti-Factor D antibody,
can be modified to generate modified anti-Factor D antibodies, and variants thereof. In one
embodiment, the modified anti-Factor D antibodies, and variants thereof, may have improved
physical, chemical, biological or homogeneity properties over the parent antibody. in one
example, the invention provides a fragment of said anti-Factor D antibodies {&.g. antigen-
binding fragments), ‘
0115} in one embodiment, an antibody of this invention comprises one or more amino
acid alterations (e.g. substitutions) into one or more of the hypervariable regions of the parent
antibody. Alternatively, or in addition, one or more alterations {e.g. substitutions) of framework
region residues may be introduced in the parent antibody. Examples of framework region
residues o modify inciude those which non-covalently bind antigen directly (Amit et al., (1886)
Sclence, 233: 747-753); interact with/effect the conformation of 2 CDR (Chothia et al. (1987}
J. Mol. Biol., 196: 801-817), and/or participate in the V-V, interface {EP 238 400B1;. In
certain embodiments, modification of one or more of such framework region residues resulis
in an enhancement of the binding affinity of the antibody for the antigen. For example, from
about one to about 5 framework residues may be altered in this embodiment of the invention.
Examples of framework or HVR region residues to modify include sites, wherein modifications
at such sifes result in the generation of deamidated variants (for example, asparagine (N or
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Asn) residue(s) modified i aspartate (D or Asp), oxidation variants (for exampie, methionine
(M or Met) residuels) and/or tryptophan (W or Trp) residue(s) modified to sulfone or sulfoxide)
or pyroglutamate variants (for example, glutamine {Q or Gln) residue{s) modified 1o
pyroglutamate). Examples of framework region residues or HVR region residues to modify
include possible deamidation sites (i.e. asparagine (N or Asn}), oxidation sites {l.¢. methionine
(M or Met) or tryptophan (W or Trp}) or pyrogiutamate conversion sites (i.e, glutamine (G or
Gin)), wherein modification at such sites pravent deémidation and/or oxidation andlor
nyroglutamate conversion, respectively. To prevent the Tormation of deamidated variants,
asparagine (N or Asn) may be mutated to alanine {A or Ala), glutamine (Q or Gin) or serine (8
or Ser). To prevent the formation of oxidated variants, methioning (Met) or tryptophan (W or
Trp) may be mutated to leucine {l.) or isoleucine {I}. To prevent the formation of
pyroghitamate variants, glutamine (Q or Gln) may be mutated to glutamate (E or Glu).
(Amphlett, G. et al,, Pharm. Biotechnal., 8:1-140 (1996)). Alternativaly, or in addition, one or
more alierations (e.q. substitutions) of framework region residues may be in the Fc region in
the parent anilbody. In one example, the invention provides a fragment of said anti-Factor D
antibodies (e.g. antigen-binding fragmenis).

i0116] In one embodimant, an antibody of this invention comprises a variani Fc region
such that the haif-iife of the antibody in vivo is increased or decreased relative 1o the parent
antibody or the antibody comprising a native sequence Fc region. In one embodiment,

the antibody comprises an variant F¢ region that increases or decreases neonatal F¢ receptor
(FcRn) binding affinity to the antibody (see WO2000042072, incorporaied by reference in its
entirety). For example, such antibody can comprise an amino acid medification at any one or
more of amino acid positions 238, 252, 253, 254, 255, 256, 265, 272, 286, 288, 303, 305, 307,
309, 311, 312, 317, 340, 356, 360, 362, 376, 378, 380, 382, 386, 388, 400, 413, 415, 424,
48.3, 434, AR5, 436, 439 or 447 of the Fo region, wherein the numbering of the residues in the
Fe ragion is that of the EU index as in Kabat. Such polypeptide variants with reduced hinding
to an FeRn may comprise an amino acid modification at any one or more of amino acid
positions 252, 253, 254, 285, 288, 309, 386, 388, 400, 415, 433, 435, 436, 438 or 447 of the
Fo region, wherein the numbering of the residues in the Fc region is that of the EU index as in
Kabat. The above-mentionad polypsptide variants may, alternatively, display increased
binding to FcRn and comprise an amino acid modification at any one or more of amino acid
positions 238, 256, 265, 272, 288, 303, 305, 307, 311, 312, 317, 340, 356, 360, 362, 376,
378, 380, 382, 413, 424 or 434 of the Fc region, wherein the numbaring of the residues in the
Fc region is that of the EU index as in Kabal. For example, the antibody comprises & variant
F¢ region that binds with increased half-life in vivo relative o the parent aniibody or the
antibody comprising a native sequence Fc region.  For exampie, the antibody comprisas a
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variant Fc region that binds with increased affinity to FcRn relative to the parent antibody or '
the aﬁtibédy comprising a native sequence Fc region.
01171 FcRn binding affinity may be measured as follows:

The binding of antibodies of this invention against human FcRn can be studied by
surface plasmon resonance using, for example, a BiaCore 3000 insirument. Human FeRn is
coupled to a sensor chip using an amine coupling kit.  For exampie, a CM5 sensor chip can
he activated with ERC/NHS for 7min at Sulmin. 100ug/mi of human FoRn can be injected for
30 sec to 2 min at a fiow rate of 10pl/min over the activated chip to give a final binding
response unit (RU) of 100 to 200. After conjugation, the FcRn coupled chip can ba blocked by
an injection of 35u! of 1M ethanolamine hydrochloride at Sul/min.

The binding of the antibodies of this invention to humén FcRn at pH 8.0 or pH
7.4 can be determined. The {'unnir}g buffer for the binding experiment is either PBS pH 6.0 or
nH 7.4 containing 0.01% P20 and 0.02% sodium azide. Antibodies of this invention can be
buffer-exchanged into either pH 6.0 or pH 7.4 running buffer. In one embodiment, the
_éxperiments are performed at 25°C. For the pH 8.0 run, antibodies, with concentrations
ranging from 4pM to 0.7nM, are flowed over an FcRn coated chip at 30pl/min for 4min and
then are allowed io dissocigte from the chip for 5min. For the pH 7.4 run, aniibodies, with
concenirations ranging fom 12uM to 100nM, are injected over the FcRn coated chip at
20ulimin for 1.5min and then released for 2min. Antibodies are also flowed over an
unconiugated spot on the sensor chip to allow subtraction of background non-specific binding
from the binding to FcRn-coupled chip. Chip can be regeneraied with 30sec pulse of 0.1M
TRIS pi 8.3 in betwaen injections. Steady state RU for each injection can be recorded at the
end of gach injection phase, and dissociation constants (i) are later caiculated by plotting
the steady state RU against injection concentration.

[0118] One useful procedurs for generating such modified antibodies, and fragments
thereof {e.g. anfigen-binding fragments} and variants therecf, is called "alanine scanning
mutagenesis” (Cunningham and Walls {(1989) Science 244:1081-1085). Here, one or more of
the hypervariable region residue(s) are replaced by alanine or polyalanine residue(s) to affect
the interaction of the amino acids with the anfigen. Those hypervariable region residusis)
demonstrating functional sensitivity io the substitutions then are refined by infroducing furthar
or other mutations at or for the sites of substitution. Thus, while the site for infroducing an
amingc acid sequence variation is predetermined, the nature of the mutation per se nead not
be predetermined, The ala-mutants produced this way are screaned for their biclogical activity
{i.e. binding affinity or hemolysis assay} as describad herain.

10119] Normally one would start with 2 conservative substitution such as those shown
below under the heading of "preferred substitutions”. If such substitutions result in a change
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in biological activity (e.g. binding affinity), then more substantial changes, denominated

“exemplary substitutions” in the following fable, or as further described below in reference fo
. amino acid classes, are introduced and the products screened. Preferred substitutions are

listed in the table below.

Tabie .7: Prefarred Substitutions

Original Exempiary Preferred
Residua Substitutions Substitution
s

Ala {A) val; leu; de val -

Arg (R) fys; gin; asn lys

Agn (N} gin; his; tys; arg gin

Asp (D) Glu giu

Cys (C) Ser : ser

Gin {Q) Asn asn

Glu (E) Asp asp

Gly (G) pro; ala ala |

His {H) asn; gin; lys; arg arg

ile () leu; val; met; ala; phe; U
norigucine

Leu (L) norleucing; ile; val: met; ala; | e
phe

| Lys (K arg; gin, asn arg

Met (M) leu; phe; ile feu

Phe (F) leu; val; ile; ala; tyr leu

Pro (P) Ala aia

Ser (8) Thr thr

Thre{T) Ser ser

Trp (W) tyr; phe tyr

Tyr (Y} trp; phe; thr; ser phe

Vat (V) ile; lsu; met: phe; ala; leu
norleucine

10120} Even more subsiantial modifications in the antibodies or fragmentis thergof (e.g.

antigen-binding fragments) biological properties are accompiished by seiecting substitutions
that differ significantly in their effect on maintaining (a) the structure of the poiypeptide
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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 {c) the bulk of the side chain.
Naturally occurring residues are divided into groups based on common side-chain properties:
‘ (1) hydrophobic: norleucine, met, ala, val, leu, lle;

(2) neutral hydrophilic: cys, ser, ihr, asn, gin;

(3) acidic: asp, glu;

{4) basic: his, lys, arg,

(5) residues that influence chain orientation: gly. pro; and

(B) aromatic: trp, tyr, phe.
(0121} . Non-conservative substitutions will entail gxchanging a member of one of these '

lasses for another class.

0122] In another embodiment, the sites selecied for modification are modified, and
those modifications with improved binding affinity are selected by phage display.
[0123] Nucieic acid molecules éncodiﬂg amine acid sequence mutants or rmodified
amino acid sequences are prepared by a varisty of methods known in the art. These methods
inciude, but are not limited 1o, oligonucleotide-mediated (or site-directed} mutagenesis, PCR
mutagenesis, and cassstte mutagenesis of an sarlier prepared variant or a non-variant
version of the parent antibody. One method for making mutants or variants or modified amino
acid sequences is site directed mutagenesis (see, e.g.. Kunkel! (18985) Proc. Nafl. Acad. Scl.
USA 82:488).
[0124] In certain embodiments, the modified antibody will only have a single
hypervariable region residue subsfituted, In other embodiments, two or more of the
hypervariable region residues of the parent antibody will have been substituted, e.g. from
about two to about ten hypervariable region substifutions. In one example, the invention
provides a fragment of said anti-Factor D antibodies (e.g. antigen-binding fragments).
[0125] Ordinarily, the modified antibody will have an amino acid sequence having at
lsast 75% amino acid sequence ideniity or similarity (defined above in Definition section) with
the amino acid sequence of either the heavy or light chain variable domain of the parent
antibody, more preferably at least 80%, more preferably at least 85%, more preferably at least
90%, and most preferably at least 95%. in one example, the invention provides a fragment of
said anti-Factor D antibodies (e.g. antigen-binding fragments).
[0126] Following production of the modified antibody, or fragment thereof (s.g.
antigen-binding fragment) the biological activity of that moiscuie relative to the parent
antibody, or fragment thersof {e.g. antigen-binding fragment} is determined. As noted above,
this may involve determining the binding affinity and/or other biological activities of tha
aniibody variant, or fragment thereof (e.g. antigen-binding fragment). in one embodiment of
the invention, a panel of modified antibodies, or fragments thereof (e.g. antigen-binding
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fragments) is prepared and screened for binding affinity for the antigen such as Factor D or a
fragment thereof. One or more of the antibody mutants or modified antibodies, or fragments
thereof (e.g. antigen-binding fragments) selected from this inifial screen are optionally
subjected to one or more further bioiogical activity agsays to confirm that the antibody
. variant{s), or fragments thersof (e.g. anfigan-hinding fragments) are indeed useful, e.g. for
preciinical sfudies. ‘
[0127] The madified anti-Factor D antibodies, or fragments thereof (e.g. antigen-
binding fragmenis) described herein may be subjected to further modifications, oftentimes
depending on the intended use of the modified antibody, or fragment thereof (e.g. antigen-
binding fragmant). Such modifications may involve further alteration of the amino acid
seguence, fusion o heterciogous polypeptide(s) and/or covalent modifications such as those
elaborated below. With respect to amino acid sequence alierations, exemplary modifications
‘are elaborated above. For example, any cysteine residue not involved in maintaining the
proper conformation of the modified aniiboéy also may be substituted, generally with serine, to
improve the oxidative stability of the molecule and prevent absrrant cross linking. Conversely,
cysteine bond(s) may be added to the antibody to improve its stability (particularly where the
antibody is an antibody fragment such as an Fy fragment). Another type of amino acid mutant
has an altered glycosylation pattern. This may be achieved by deleling one or more
carbohydrate moisties found in the antibody, and/or adding one or more glvcosytation sites
that are not present in the antibody. Glycosylation of antibodies, or antibody fragments {(e.g.
antigen-binding fragments) is typically sither N-linked or O-linked. N-finked refers 1o the
attachment of*' the ca?bohydrate moiety o the side chain of an asparagine residue. The
tripeptide sequences asparagine-X-serine and asparagine-X-threcnine, where X s any aming
acid except proline, are the recognition sequences for enzymatic attachment of the
carbohydrate moiety to the asparaging side chain. Thus, the presencs of either of these
tripeptide sequences in a polypeptide creates a potential glycosylation site. O-finked
glycosyiation refers to the attachment of one of the sugars N-acsyigalactosamine, galactose,
or xyluse to a hydroxyamino acid, most commonly sering or threonine, although 5- |
hydroxyproline or 5-hydroxylysine may aiso be used. Addition of giycosylation sites fo the
antibody is conveniently accomplished by altering the amino acid seguence such that it
contains one or more of the above-described tripeptide sequences (for N-linked glycosylation
sites). The alteration may alsc be made by the addition of, or substitution by, one or more
sering or threonine residues 1o the sequence of the origina! antibody (for O-linked
glycosylation sites).
[0128] In one embodimant, the inveniion provides a modified anti-Factor D antibody,
of a parent anti-Factor D antibody of the application, whersin e modified anti-Factor [
antibody comprises the amino acid sequence of such parent anti-Factor D antibody of the
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appficaﬁon, wherein at least one position (according to Kabat numbering) of the amino acid
sequence of such parent anti-Factor D antibody of the application is substituted with one or
more of the following:

{a} aminc acid at position 33 of the light chain sLorl

(b) amino acid at position 34 of the light chainis A or Q;

{c) amino acid at position 52 of the light chain is 8 or A;

(d) amino acid at position 104 of the light chain is V.
in one example, the invention provides a fragment of said anti-Factor [ antibody (e.g. antigen-
binding fragment}.
[0128] in one embodiment, the invention provides a modified anti-Factor D antibody of
a parent anti-Factor D anfibody of the application, wherein the modified anti-Factor D antibody
variant comprises the amino ac:id sequence of such parent anii-Facior D antibody of the
application, wherein at least one position (according 1o Kabat numbering) of the aminc acid
sequence of such parent anti-Factor D antibody of the application is substituted with one or
more of the following:

{a) amino acid at position 1 of the heavy chain is E;

{b) amino acid at position €8 of the heavy chain is A or Q; or

(c) amino acid at position 100 of the heavy chain is A or Q.
- In one exampie, the invention provides a fragment of said anti-Factor D antibody {(e.g. antigen-
binding fragment).
[0130] ~ Inone embodiment, the invention provides a modified anti-Factor D antibody of
a parent anti-Factor D antibody of the application, wherein the modified anti-Factor D an‘:ibody
comprises the amino acid sequence of such parent anti-Factor D antibody of the appilication,
wherein at lzast one position (according to Kabat numbering) of the amino acid sequence of
such parent anti-Factor D antlbody of the application is substituted with one or more of the
foliowing: '

(a) amino acid at posifion 33 of the fight chainis L or t;

{by amino acid at position 34 of the light chainis A or Q;

{¢) amino acid at position 52 of the light chain iz S or A;

(d) amino acid at position 104 of the light chain is V;

{e) amino acid at position 1 of the heavy chainis E;

(f} amino acid at position 89 of the heavy chain is A or Q; or

(g) amino acid at pesition 100 of the heavy chain is A or Q.
In one example, the invenlion provides a fragment of said anti-Factor D antibody {e.g. antigen-
binding fragment).
{0131} in one embodiment, the invention provides a modified anti-Factor D antibody of
a parent anti-Factor D antibody of the application, wherein the modified anti-Factor D antibody
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comprises the amino acid sequence of such parent anti-Factor D antibody of the application,
wherein at least two positions (according to Kabat numbering; of the amino acid sequence of
such parent anti-Factor D antibody of the application is substituted with one or more aof the
following: '

‘(a) amino acid at position 33 of the light chainis L or f;

{b) amino acid at position 34 of the light chain is A or Q;
(¢} amino acid at position 52 of the light chain is S or A;

{d) aminc acid at position 104 of the light chain is V.
[0132] in one embaodiment, the invention provides a modified anti-Factor D antibody of
a parent anti-Factor D antibody of the application, wherein the modified anti-Factor D antibody
comprises the amino acid sequence of such parent anti-Factor D antibody of the application,
wherein at Jeast two positions (according to Kabat numbering) of the amino acid sequence of
such parent anti-Factor D antibody of the application is substituied with one or more of the
following:

(&) amino acid at posi%ien 1 of the heavy chainis E;

{b) amino acid at position 99 of the heavy chainis Aor Q; or

{c} amino acid at position 100 of the heavy chain is A or Q.
in one example, the invention provides a fragment of said anti-Factor D antibody (e.g. antigen-
binding fragment).
{0133] in one embodiment, the invention provides a modified anti-Factor D antibody of
a parent anti-Factor D antibody of the appilication, wherein the modified anti-Factor D antibody
comprises the aminc acid sequence of such parent anti»»Factorb antibody of the appilication,
wherein af least two positions {(according fo Kabat numbering) of the amino acid sequence of
such parent anti-Factor D antibody of the application is substituted with one or more of the
following:

(a) amino acid at position 33 of the fight chainis L or {;

{b) amino acid at position 34 of the light chainis A or Q;

{¢) amino acid at position 52 of the fight chainis S or A,

(dj"'Lémino acid at position 104 of the light chain is V;

(@) amino acid at position 1 of the heavy chain is E;

{f) ‘amino acid at position 88 of the heavy chain is A or Q; or

(g} aminc acid at position 100 of the heavy chain is A or Q.
in one exampile, the invention provides a fragment of said anti-Factor D antibody {e.0. antigen-
binding fragment}.
{0134} In one embodiment, the invention provides a modified anti-Factor D antibody of
a parent anti-Factor D antibody of the application, wherein the modified anii-Factor D antibody
comprises the amino acid sequence of such parent anti-Factor D antibody of the application,
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wherein at least three positions (according to Kabat numbering) of the amino acid sequence of
such parent anti-Factor D antibody of the application is subsﬁtutéd with one or more of the
foliowing:

{a) amino acid at position 33 of the light chain is L or |;

{b) amino acid at position 34 of the light chain is A or (3

{c) amino zcid at position 52 of the light chain is S or A;

(d) amino acid at position 104 of the light chain is V.
In one example, the invention provides a fragment of said anti-Factor [ antibody (e.g. antigen-
binding fragment).
[0135] in one embodiment, the Invention provides a modified anti-Factor D antibody of
a pareni anti-Facior D antibody of the application, wherain the modified anti-Factor D antibody
comprises the amino acid sequence of such parent anti-Factor D antibody of the application,
wherein at least three positions (according to Kabat numbering) of the amino acid sequence of
such parent anti-Factor D antibody of the application is substituted with one or more of the
following:

(a) amino acid at position 1 of the heavy chain is E;

(b) amino acid at position 89 of the heavy chainis A or Q; or

(c) amino acid at position 100 of the heavy chain is A or Q.
in one example, the invention provides a fragment of said anti-Factor D antibody (e.g. antigen-
binding fragment}.
[0136} in one embodiment, the invention provides a modified anti-Factor D antibody of
a parent anti-Factor D antibody of the appiication, wherein the modified anti-Factor D antibody
comprises the amino acid sequence of such parent anti-Factor D antibody of the application,
wherein at least thres pesitions (gccording to Kabat numbering) of the amino acid ssquence of
such parent anti-Factor D antibody of the appEica{Ecn is substituted with one or more of the
following:

(ay amino acid at position 33 of the light chainis L or I

{b) amino acid at position 34 of the light chain is A or (;

(¢} amino acid at position 52 of the light chainis S or A;

(d}y amino acid at position 104 of the light ¢hain is V;

{e) amino acid at position 1 of the heavy chain is E;

(f) amino acid at position 89 of the heavy chainis A or Q; or

(g) amino acid at position 100 of the heavy chain is A or Q.
In one example, the invention provides a fragment of said anti-Factor D antibody (e.g. antigen-
binding fragment).
{01377} in one embodiment, the invention provides an anti-Factor D antibody
comprising light chain HVRs of a reference antibody, whersein said anti-Facior D antibody
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further comprises a substitution at one or more positions of said reference antibody, wherein
said reference antibody comprises light chain HVR-1 comprising ITSTDIDDDMN (SEQ 1D NO:
30), light chain HVR-2 comprising GGNTLRP (SEQ 1D NO: 35}, and light chain ‘HVF%S
comprising LOSDSLPYT (SEQ 1D NO: 38}, and whersin said substitution is one or more of the
following: |
 {a) amino acid at position 33 of the light chainis L or |;

{b) amino acid at position 34 of the light chainis A or Q;

{c) amino acid at position 52 of the light chainis S or A;

{d} amino acid at position 104 of the light chain is V;

{e) amino acid af position 1 of the heavy chain is E;

{f} amino acid at position 8¢ of the heavy chainis Aor Q; or

{g) amino acid at position 100 of the heavy ¢hain is A or Q.
in one exampie, the invention provides a fragment of said anti-Factor D antibody (e.g. anfigen-
hinding fragment).
i0138] in one embodiment, the invention provides an anti-Factor O antibody
comprising heavy chain HVRs of a reference antibedy, wherein said anti-Factor D antibody
further comprises a substifution at one or more positions of said reference antibody, wherein
said reference antibody comprises heavy chain HVR-1 comprising GYTFTNYGMN (SEQ 1D
NO: 39), heavy chain HVR-2 comprising WINTYTGETTYADDFKG (BEQ 1D NO: 40), and
heavy chain HVR-3 comprising EGGVNN (8EQ 1D NO: 41}, and wherein said substitution is
one or more of the following:

{a) amino acid at position 33 of the light chainis L or

{b} amino acid at position 34 of the light chain is A or Q;

(&) amino acid at position 52 of the light chain is S or A;

{d} amino acid at position 104 of the light chain is V'

(&)} amino acid at position 1 of the heavy chain is E;

(f) amino acid at position 99 of the heavy chainis Aor Q; or

{g) amino acid at position 100 of the heavy chain is A or Q.
In cne example, the invention provides a fragment of said anii-Factor T antibody (e.g. antigen-
bindirgg fragment).
[0138] in one embodiment, the invention provides an anti-Factor D anfibody
comprising light chain HVRs and heavy chain HVRs of a reference antibody, wherein said
anti-Factor D antibody further comprises a substitution at one or more positions of said
reference antibody, wherein said reference aniibody comprises light chain HVR-1 comprising
ITSTDIDDDMN (SEQ 1D NO: 30), tight chain HVR-2 comprising GGNTLRP (SEQ 1D NO: 35),
and light chain HVR-3 comprising LQSDSLPYT (SEQ 1D NO: 38), and heavy chain HVR-1
comprising GYTFTNYGMN (SEQ 1D NC: 39), heavy chain HVR-2 comprising
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WINTYTGETTYADDFKG {SEQ ID NO: 40}, and heavy chain HVR-3 comprising EGGVNN
(SEC 1D NO: 41), and wherein said substitution is one or more-of the following:
{a) amino acid at position 33 of the light chainis L or ;
" {b} amino acid at position 34 of the light chain is A or Q;
{c) amino acid af position 52 of the light chain is S or A;
{d) amino acid at position 104 of the light chainis V;
(e} amino acid at posiiion 1 of the heavy chainis E;
{fy amino acid at position 89 of the heavy oﬁain isAorQ;or
{g) amino acid at position 100 of the heavy chain is A or Q.
In one example, the invention provides a fragment of sald anti-Factor D antibody (e.g. antigen-
binding fragment). |
{01401 in' one aspect, the invention provides a modified anti-Factor I antibody
cormnprising: |
{a} at least one, two, three, four, Tive or six HVRs selected from:
{i} an HVR-H1 comprising an amino acid sequence having at least 80%, 81%,
92%, B3%, 84%, 85%, 6%, 97%. 88% or 88% seguence idsntity fo an amino
acid sequence selected from SEQ 1D NO: 38;
(i) an HVR-H2 comprising an aminc acid sequence having at teast 80%, 891%,
2%, 93%, 84%, 85%, 96%, 87%, 98% or 88% sequencs identity to an amino
acid sequence selected from SEQ 1D NO: 40;
(ili) an HVR-H3 comprising an amino acid sequence having at least 80%, 91%,
G2%, 93%, 94%, 95%, 96%, $7%, 88% or 99% sequence identily to an amino
acid seguence salecied from SEQ 1D NO: 41, SEQ ID NO: 42, SECQ ID NO: 43,
SEQ ID NQC: 44 and SEQ 1D NC: 45;
fivy an HVR-L1 comprising an amino acid sequence having at least 90%, 51%,
82%, 93%, 84%, 95%, 86%, 97%, 98% or 99% sequence identity 1o an amino
acid sequance selected from SEQ 1D NO: 30, SEQ ID NO: 31, SEQ ID NO: 32,
SEQID NO: 33 and SEQ 1D NO: 34;
vy an HVR-L2 comprising an amino acid sequence having at least 90%, 81%,
92%, 83%, 94%, 95%, 96%, 97%, 88% or B8% sequence identity to an amino
acid sequance selected from SEQ 1D NO: 35, SEQ ID NO: 36 and SEQ 1D NO:
37; and
{vi} an HVR-L3 comprising an amino acid sequence having at least 80%, 91%,
92%, 83%, 94%, 95%, 96%, 7%, 98% or 89% sequence identity fo an amino
acid seguence selected from SEQ 1D NO: 38; or
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(b) at least one variant HVR, wherein the variant HVR comprises modification of at
least one residue of the sequence depicied in SECGH 1D NO: 39, 40, 41, 42, 43, 44, 45,
30, 31, 32, 33, 34, 35, 38, 37 or 38. _
In one example, the invention provides a fragment of said anti-Factor D anfibody (e.g. antigen-
binding fragment).
[0141] I some embodiments, an HVR having an amino acid seguence having at least
80%, 81%, 82%, 93%, 94%, 95%, 96%, 97%, 98% or 99% seguence identity containg
substitutions, insertions, or deletions relative 1o the reference sequence, but an antibody
comprising that amino acid sequence retains the ability fo bind {o Factor B, In some
embodimenis, & total of 1 to 10 amino acids have been substituted, inserted, or delefed in the
reference sequence selected from the group consisting of SEQ 1D NO: 38, SEQ 1D NO: 40,
SEQ D NC: 41, BEQ ID NO: 42, SEQ 1D NO: 43, SEQ ID NO: 44, SEQ ID NQ: 45, SEQ ID
NO: 30, SEQ 1D NC: 31, SEQ 1D NO: 32, SEQ 1D NO: 33, SEQ ID NO: 34, SEQ ID NO: 35,
SEQ D NO: 38, SEQ 1D NO: 37 and SEQ [D NO: 38.
[0142) In one aspect, the invention provides a modified anti-Factor D aniibody
comprising:
(a) at least one, two, three, four, five or six HVRs selacied from:
(iy an HVR-H1 compriging the amino acid seguence selected from SEQ 1D NO:
39,
(i) an HVR-M2 comprising the amino acid seguence of SEQ ID NC: 40;
(i) an HVR-M3 comprising the amino acid sequence selecied from SEQ 1D
NO: 41, SEQ 1D NO: 42, SEQ 1D NO: 43, SEQ ID NO: 44 and SEQ D NO: 45;
{iv) an HVR-L1 comprising the amino acid sequence selected from SEQ 1D NO:
30, SEQ D NO: 31, SEQ 1D NO: 32, SEQ 1D NC: 33 and SEQ D NO: 34;
{v) an HVR-L.2 comprising the amino acid sequence selected from SEQ 1D NO:
35, SEQ 1D NO: 36 and SEQ 1D NO: 37; and
(vi) an HVR-L.3 comprising the amino acid sequence seiected from SEQ 1D NO:
38; or
(b} at least one variant HVR, wherein the variant MVR comprises modification of at
least one residue of the sequence depicted in SEQ 1D NO: 39, 40, 41, 42, 43, 44, 45,
30, 31, 32, 33, 34, 35, 36, 37 or 38.
In one example, the invention provides & fragment of said anti-Factor D antibody (e.g. antigen-
binding fragment).
i0143] in one embodiment, the invention provides a modified anti-Factor D antibody
comprising an HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 39, in another
ambodiment, the invention provides a modified anti-Factor D antibody comprising an HVR-HZ
comprising the aminc acid sequence of SEQ ID NO: 40, In another embodiment, the
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invention provides a modified anti-Factor D antibody comprising an HVR-H3 comprising the
amino acid sequence of SEQ 1D NO: 41, In another embodiment, the inveniion provides a
modified anti-Factor D antibody comprising an HVR-L1 comprising the amino acid sequence
of SEQ ID NC: 30. iﬁ another embodiment, the invention provides a modified anti-Facior D
antibody comprising an HVR-L2 comprising the aminc acid sequance of SEQ 1D NO: 35. In
another embodiment, the invention provides & modified anti-Factor D anfibody comprising the
amino acid sequence of SEQ ID NC: 38. In one example, the invention providss a fragment
of said anti-Factor D antibodies (s.9. antigen-binding fragments).
[0144] in another embodiment, the invention provides a modified anti-Factor D
antibody comprising an HVR-M1 comprising the amino acid sequence of SEQ 1D NO: 38, an
HVR-H2 comprising the amino acid sequence of 3EQ 1D NO: 40, and an HVR-H3 comprising
the amino acid sequence of SEQ ID NO: 41, In one example, the inveniion provides a
fragment of said anti-Factor D anfibody (e.g. antigen-binding fragment).
[0145] in another embodiment, the invention provides a modified anti-Factor D
antibody comprising an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 30, an
HVR-L2 comprising the amino acid sequence of SEQ 1D NO: 38, and an HVR-L3 comprising
the emino acid sequence of SEQ {D NO: 38, In one example, the invention provides a
fragment of said anti-Factor D antibody (e.g. antigen-binding fragment).
(01481 in ancther embodimeant, the invention provides a modifisd anti-Factor D
antibody comprising an HYR-H1 comprising the amino acid seqiﬁenoé of SEQ 1D NO: 39, an
HVR-H2 comprising the amino acid seguence of SEQ 1D NO: 40, an HV§-H3 comprising the
amino acid sequence of SEQ 1D NO: 41, an HVR-L1 comprising the amino acid sequence of
EQ D NO‘: 30, an HVR-L2 comprising the amino acid sequence of SEQ [D NO: 35, and an
HVR-~L3 comprising the amino acid sequence of SEQ 1D NO: 38. In one example, the
invention provides a fragment of said anti-Factor D antibody (e.g. antigen-binding fragment).
0147 in one aspect, the invention provides a modified anti-Faétor D antibody
comprising a heavy chain variable domain comprising an amino acid sequence having at least
80%, 91%, 92%, 93%, 94%, 85%, 96%, 97%. 98% or 99% sequence identity 1o an amino acid
sequencs selected from the group consisting of SEQ 1D NO: 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28 and 29. in some smboediments, an amino acid seqguence having at ieast 80%, 91%,
02%, 83%, 94%, 95%, 96%, 97%, 88% or 89% saquence identity contains substitutions,
insertions, or deletions relative fo the reference sequence, but an antibody comprising that
amino scid seguance retains the ability {o bind 1o Factor D. In somea embodiments, a total of 1
to 10 amino acids have been substituted, inseried, or deleted in a sequence selacted from the
group consisting of SEQ D NO: 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28 and 28. In some
embodimeants, the substitutions, insartions or delefions oceur in regions outside the HVRs {le.,

in the FRs), in some embodiments, a modified anti-Factor D antibody comprises a heavy
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chain varlable domain comprising an amino acid sequence selected from the group consisting
of SEQ ilf) NO: 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,28 and 29. In one exampie, the
invention provides a fragment of said anti-Factor D antibodies (e.g. antigen-binding
fragments). | '

[6148] In one aspect, the invention provides a modified anti-Factor D antibody
somprising a light chain variable domain comprising an amino acid sequence having at least
0%, 81%, 62%, 93%, 94%, 5%, 96%, 87%, 98% or 89% sequence identity {o an amino acid
sequence selacted from the group consisting of SEQ 1D NO: 6, 7, 8, 8, 10, 11, 12,13, 14, 15,
16 and 17. In some embodiments, an amino acld sequence having at least 80%, 91%, 82%,
93%, 94%,' GE%, 968%, 97%, 98% or 89% saguence identity contains subsﬁtéﬁc&s, inseritons,
or deletions relative to the reference sequence, but an antibody comprising that amino acid
sequence retaing the ability fo bind to Factor I In some embodiments, a total of 110 10
amino acids have been substifuted, insertad, or deletad in & sequencsa selecied from the
group consisting of SEQ ID NO: 8, 7, 8, 9, 10, 11,12, 13, 14, 15, 16 and 17. insome
ambodiments, the substitutions, insertions or delefions ocour in regions outside the HVRs (i.e.,
in the FRs). In some ambodiments, a modified ant-Factor D antibody comprises a light chain
variabie domaln comprising an amino acid sequence selectad from the group consisting of
SEQIDRNO:6,7,8, 9, 10, 11, 12, 13, 14, 15, 18 and 17. in one example, the invention
provides a fragment of said anti-Factor D antibodies (e.g. antigen-binding fragments).

[0149] For example, the invention provides a modified anti-Factor D antibody
comprising @ heavy chain variable domain comprising SEQ 1D NG: 18. For example, the
invention provides a modified anti-Factor D antibody comprising a light chain variabie domain
comprising SEQ ID NO: 6. For sxample, the invention provides a modified anti-Factor D
antibody cornprising a heavy chain variable domain comprising SEQ 1D NO. 18 and 3 light
chain variable domain comprising SEQ 1D NO: 6. For exampie, the invention provides a
modified anti-Factor D antibody comprising @ heavy chain variable domain comprising SEQ 1D
NQ: 19. For example, the invention provides a modified anti-Factor D antibody comprising &
fight chain variable domain comprising SEQ 1D NC: 7. For example, the invention provides 2
modified anti-Factor D antibody comprising a heavy chain variable domain comprising SEQ ID
NG: 18 and a iigﬁt chain variable domain comprising SEG D NO: 7. For example, the
invention provides a modified anti-Factor D antibody comprising a heavy chain variable
domain comprigsing SEQ D NO: 20, For example, the inveniion provides a modified anti-
Factor D antibody comprising a light chain variable domain comprising SEQ D NC: 8. For
example, the invention provides a modified anti-Factor D antibcdy comprising & heavy chain
variable domain comprising SEQ 1D NO: 20 and a light chain variable domain comprising SEQ
D NO: 8. For example, the invention provides a rodified anti-Factor D antibody comprising a
heavy chain variable domain comprising SEQ 1D NO: 21. For example, the invention provides
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a modified anti-Factor D antibody comprising a light chain variable domain comprising SEQ ID
NG: 9. For exarﬁple, the invention provides a modified anti-Factor D antibody comprising &
heavy chain variable domain comprising SEQ ID NO: 21 and a light chain variable domain
comprising SEG D NO: 9 For example, ths invention provides a modified antl-Factor
antibody comprising a heavy chain variable domain comprising SEQ D NO: 22. For example,
the invention provides a modified ant-Factor D antibody comprising a light chain variable
domain comprising SEQ 1D NC: 10. For example, the invention provides a modified anti-
Factor U antibody comprising a heavy chain variable domain comprising SEQ 1D NO: 22 and
a light chain variable domain comprising SEQ 1D NO: 10. For example, the invention provides
a modified anti-Facior D antibody comprising a heavy chain variable domain comprising SEQ
1D NO: 23, For exampie, the invention provides a modified anti-Factor D antibody comprising
a light chain variable domain comprising SEQ ID NO: 11, For example, the invention provides
a modified ant-Factor D antihody comprising a heavy chain variable domain comprising SEQ
D NO: 23 and a light chain variable domain comprising SEQ iD NO: 11. For example, the
invention provides a modified anti-Factor D antibody cbmprising a heavy chain variabie
domain comprising SEQ 1D KO: 24, For example, the invention provides a medified anti-
Factor D antlbody comprising a fight chain variable domain comprising SEQ 1D NO: 12, For
example, the invention provides a modified anti-Factor I antibody comprising a heavy chain
variable domain comprising SEQ 1D NO: 24 and a light chain variable domain comprising SEQ
ID NO: 12, For exampie, the invention provides a modified anti-Factor © antibody comprising
a heavy chain variable domain comprising SEQ 1D NO: 25. For example, the invention
provides 2 modified anti-Factor D antibody comprising & light chain variable domain
comprising SEQ 1D NO: 13. For example, the invention provides a modified anti-Factor D
antibody comprising a heavy chain variable domain comprising SEG 1D NO: 25 and a light
chain variable domain comprising SEQ {D NO: 13. For example, the invention pra\}ides a
madified anti-Factor D antibody comprising a heavy chain variable domain comprising SEQ 1D
NQ: 26. For exarnple, the invention provides & modified anti-Factor & antibody comprising a
light chain variable domain comprising SEQ 1D NG: 14, For example, the invention provides a
modified anti-Factor D antibody comprising a heavy chain variable domain comprising SEQ 1D
NO: 26 and a light chain variable domain comprising S8EQ 1D NO: 14, For examplg, the
invention provides a modifiad anti-Factor D antibody comprising & heavy chain variable
domain comprising SEQ 1D NO: 27, For example, the invention provides a modified anti-
Factor D antibody comprising a light chain variable domain comprising SEQ 1D NO: 15, For
example, the invention provides a modified anti-Factor D antibody comprising a heavy chain
variable domain comprising SEQ ID NO: 27 and & light chain variable domain comprising SEQ
ID NO: 15, For example, the invention provides a modified anti-Factor D antivody comprising
a heavy chain variable domain comprising SEQ 1D NO: 28. For example, the invention
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provides a modified anti-Factor D antibody camprising a fight chain variable domain

comprising SEQ 1D NO: 16. For example, the invention provides a modified anti-Factor D
antibody comprising a heavy chain variable domain comprising SEQ 1D NO: 28 and a light
“chain variable domain comprising SEQ 1D NO: 16. For example, the invention provides a

- modified anti-Factor D antibody comprising a heavy chain variable domain comprising SEQ 1D

NO: 28. For example, the invention provides a modified anti-Factor D antibody comprising &
light chain variable domain comprising SEQ ID NO: 17. For example, the invention provides a
modified anti-Factor D antibody comprising a heavy chain variable domain comprising SEQ ID
NO: 28 and a light chain variable domain comprising SEQ 1D NO: 17. in one example, the
invention provides a fragment of said ant-Factor D antibodies (e.g. antigen-binding
fragments), |

[0150] in ong embodiment, the invention provides za polypeptide comprising the
following amino acid sequence:

X VQLVQSGPELKKPGASVKVSCKASGYTFTNY GMNWVRQAPGQGLEWMGWINTYTGETT
YADDFKGRFVFSLDTSYSTAYLQISSLKAEDTAVYYCEREGGVX X GWGQGTLVTVSS (SEQ
ID NO: 74), wherein X; isQ or E; X, is N, Aor Q; and X5 is N, A or Q. In one embodimeant, the
invention provides a modified anti-Factor D antibody comprising the following amino acid
sequence:

X VQLVOSGPELKKPGASVKVSCKASGYTFTNYGMNWVRQAPGQGLEWMGWINTYTGETT
YADDFKGRFVFSLDTSVSTAYLQISSLKAEDTAVYYCEREGGVXXWGQGTLVTVSS (SEQ
iD NO: 74), wherein Xy is Q or E; Xz is N, Aor Q; and Xais N, A or Q. In one example, the
invention provides a fragment of said polypeptide.

[0151] in one embodimeant, the inveniion provides a polypeplide comprising following
amine acid sequence:
DIQVTQSPSSLSASVGDRVTITCITSTDIDDDX X WYQQKPGKVPKLLISGGXTLRPGVPSRF
SGSGSGTDFTLTISSLAQPEDVATYYCLASDSLPYTFGQGTKXAEIK (SEQ IR NO: 73), whersin
Yais M, Lorh Xsis N, Aor Q: Xgis N, Sor Ay and X is L or V. In ona embodiment, the
nvention provides a modified anti-Factor D antibody comprising the polypeptide comprising
the following amino acid sequsance:
DIGVTQSPSELSASVGDRVTITCITSTDIDDDX KW YQQKPGRKVPKLLISGGXTLRPGVPSRF
SCSGSGTOFTLTISSLAPEDVATYYCLQSDISLPYTFGQGTKX,EIK (SEQ ID NO: 73), wherein
Keis M, Lorl; Xsis N, Aor Qi Xgis N, S or Ay and Xz is L or V. In one example, the invention
provides a fragment of sald polypeptide.

[0152] in one embodiment, the invention provides a polypeptide comprising an aminc
acid seguance selected from the group comprising SEQ 1D NO: 18, SEQ 1D NO: 19, SEQ D
NO: 20, SEQ 1D NO: 21, SEQ 1D NO: 22, SEQ 1D NOC: 23, SEQ 1D NC: 24, SEQ ID NO: 25,
SEQ D NO: 26, SEQ 1D NO: 27, SEQ 1D NO: 28 and SEQ 1D NO: 28, in another
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ambodiment, the invention provides & polypeptide comprising an aminoc acid sequance
selected from the group comprising SEQ 1D NC: 6, SEQ 1D NO: 7, SEQ ID NO: 8, SEQID
NO: 9, SEQ ID NO: 10, SEQ 1D NO: 11, SEQ ID NO: 12, SEQ 1D NO: 13, SEG ID NO: 14,
SEQ ID NO: 15, SEQ 1D NO: 16 and SEQ 1D NOG: 17. In one example, the invention provides
a fragment of said polypeptide.

[0153] Iy ong aspect, the invention provides a modified anti-Factor D antibody,
wherein the light chain domain comprises the sequence of SEQ 1D NO: 47, In another aspect,
the invention provides a modified anti-Factor D antibody, wherein the heavy chain domain
comprises the sequence of SEG 1D NO: 54. In one aspect, the invention provides a modified
anti-Factor D antibody, wherein the fight chain domain comprises the sequence of SEQID
NO: 81. In another aspect, the invention provides a modified anti-Factor D antibody, whersin
the heavy chain domain comprises the sequence of SEQ 1D NC: 63. in one example, the
invention provides a fragment of said anti-Factor D antibodies (e.g. antigen-binding
fragments).

[0154] In one aspect, the invention provides a polypeptide comprising the ssquence of
SEQ 1D NO: 47. in ancther aspeact, the invention provides a polypeptide comprising the
sequence of SEQ 1D NO: 54. in one aspect, the invention provides a polypeptide comprising
the sequence of SEQ ID NO: 81, in another aspect, the invention provides a polypeplide
comprising the sequence of SEQ 1D NC: 63. In one example, the invention provides a
fragment of said polypeptide. ,

[0155] In one aspect, the invention provides a modified anti-Factor D antibody of
humanized anti-Factor D #111, wherein the variable light chain domain comprises the amino
acid sequence selecied from the group consisting of SEQ 1D NO: 8, SEQ 1D NO: 7, SEQID
NO: 8, 8EQ 1D NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, 8EQ 1D NO: 13, SEQ
D NO: 14, SEQ 1D NO: 15, SEQ ID NO: 16 and SEQ ID NO: 17. In one exampie, the |
invention provides a fragment of said anti-Factor D antibody (s.g. antigen-binding fragment).
[0156] In one aspect, the invention provides a modified anti-Factor D antibody of
humanized anti-Factor D #1114, wherein the variable heavy chain domain comprises the
sequence seiected from the group consisting of SEQ 1D NO: 18, SEQ 1D NO: 18, SEQ iD NO:
20, SEGID NO: 21, S8EQ 1D NO: 22, SEQ 1D NQ: 23, SEQ D NO: 24, SEQ 1D NO: 25, SEQ
ID NO: 268, SEQ 1D NC: 27, SEQ 1D NO: 28 and SEQ 1D NO: 28. In one exampie, the
invention provides a fragment of said anti-Facior D antibodies (e.g. antigen-binding
fragmenis).

[0157] in one aspect, the invention provides a modified anti-Factor D antibody of
humanized ant-Factor D #1411, wherain the light chain domain comprises the sequence of
SEQ ID NO: 47, in another aspect, the invention provides a modified anti-Factor D antibody
of humanized anti-Facior D #111, wherein the heavy chain domain comprises the sequence of
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SEG 1D NC: 54, In one aspect, the invention provides a modified anti-Factor D antibody of
humanized anti-Factor D #111, wherein the light chain domain comprises the seguence of
SEQ ID NO: 81, in another aspect, the invention provides a modified anti-Facior D antibody
of humanized anti-Factor D #111, wherein the heavy chain domain comprises the sequsnce of
SEQ 1D NO: 63. In one example, the inveniion provides a fragment of said anfi-Factor D
antibody {e.g. antigen-binding fragment}.

[0158] In one aspect, the invention provides a modified anti-Factor D antibody of
humanized anti-Factor T #111, wherein the variable light chain domain comprises the
sequence of SEQ 1D NO: € and the variable heavy chain domain comprises the sequence of
SEQ! D NO: 18. in one embodiment, the invention providas a modified anti-Factor D antibody
of humanizad anti-Factor D #111, wherein the variable light chain domain comprises the
sequence of SEQ 1D NO: 7 and the variable heavy chain domain comprises the sequance of
SEQ 1D NC: 19. In another embodiment, the invention provides a modified anfi-Factor D
antibody of humanized anti-Factor D #111, whereain the variable light chain domain comprises
the sequence of SEQ ID NC: 8 and the variable heavy chain domain comprises the ssguence
of SEQ 1D NQ: 20. in another embodiment, the invention provides a maodified anti-Factor D
antibody of humanized anti-Factor D #1411, wherein the variabie light chain domain comprises
the sequence of SEQ 1D NO: 8 and the variable heavy chain domain comprises the sequence
of SEQ 1D NO: 21. In another embodiment, the invention provides a modified ani-Facior D
antibody of humanized anti-Facior D #111, wherain the variable light chain domain comprises
the sequence of SEQ 1D NG; 10 and variable heavy chain domain comprises the sequance of
SEQ 1D NC: 22, in another embodimeni, the invention provides a modified anti-Facior D
antibody of humanized anti-Facior D #111, wherein the variable fight chain domain comprises
the sequence of SEQ ID NO: 11 and the variable heavy chain domain comprises the
seguence of SEQ 1D NO: 23. In another embodiment, the invention provides a modified anti-
Factor D antibody of humanized anti-Factor D #1 11, wherein the variable light chain domain
comprises the sequence of SEQ 1D NO: 12 and the variable heavy chain domain comprises
the seguence of SEQ ID NO: 24. In ancther embodiment, the invention provides a modified
anti-Factor D antibody of humanized anti-Factor b #111, wherein the variable light chain
domain comprises the sequence of SEQ 1D NO: 18 and the variable heavy chain domain
comprises the seguence of SEQ 1D NO: 25, in another embodiment, the invention provides a
modified anti-Factor D antibody of humanized anti-Factor D #111, wherein the variable iight
chain domain comprises the sequence of SEQ 1D NO: 14 and the variable heavy chain
domain comprises the sequence of SEQ 1D NO; 26. In another embodiment, the invention
nrovides a modified anti-Factor D antibody of humanized anti-Facior D #111, wherein the
variable light chain domain comprises the sequence of SEGQ 1D NO: 15 and the variable heavy
chain domain comprises the sequence of SEQ ID NO: 27, in another embodiment, the
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invention provides a modified anti-Factor D antibody of humanized anti-Factor D #111,
wherein the variable light chain domain comprises the sequence of SEQ 1D NO! 16 and the
variable heavy chain domain comprises the sequense of SEQ 1D NO: 28, In another
embodiment, the invention provides a modified anti-Factor D antibody of humanized anti-
Factor D #111, whersin the variable light chain domain comprises the seguence of SEQ 1D
NO: 17 and the variable heavy chaln domain comprises the sequence of SEQ ID NO: 28, in
one example, the invention provides a fragment of said anti-Factor D antibodies (s.g. antigen-
binding fragments).
i0158] In one aspect, the invention provides a modified anti-Factor D antibody of
humanized anii-Factor D #111, wherain the light chaln domain comprises the sequence of
SEQ 1D NO: 47 and the heavy chain domain comprises the sequence of SEQ ID NO: 54, In
one aspect, the invention provides a modified anti-Facior D anfibody of humanized anti-Factor
D #111, wherein the light chain domain comprises the sequence of SEQ 1D NO: 61 and the
heavy chain domain comprises the sequence of SEQ 1D NO: 63,

3. Affinity and Blological Activity of Anti-Factor D Antibodies
[6180] . Theinvention herein includes antibodies, and variants thereof or fragments
thereof (e.g. antigen-binding fragments), having characteristics identliied herein as being
desireabie in an anti-Facior D 'antibody, Antibodies, and variants thereof or fragmeants thereof
{e.g. antigen-binding fragments), having characteristics identified herein as being desireable in
an anti-Factor D antibody, may be screened for inhibitory biclogical activity, for example in
vitro or in vivo, or by measuring binding afiinity.

a. Affinity

[o161] To determine whather an antiQFactor D antibody, and varianis theracf or
fragments thereof {e.g. antigen-binding fragments), bind to the same epitope on human Factor
D bound by an antibody of interest (for example, those antibodies which antagonize Factor D
activity), a cross-blocking assay may be performed (Antibodies, A Laboratory Manual, Cold
Spring Harbor Laboratory, Ed Harlow and David Lane (1988)). Alternativaly, epitope mapping
may be performed to determine whether an anti-Factor D antibody binds an epitope of interest
{Champe et al., J. Biof. Chem., 270: 1388-1394 (1985). Antibody afiinities, for example for
human Factor D, may be determined using standard methods, including those described in
Example 3.
[0182] In one aspeact, the invention provides anti-Factor L antibodies, or antibody
variants thereof, or fragments therecf (e.g. antigen-binding fragments), that compete with a
‘murine anii-Facior D antibody and/or humanized anti-Factor D antibody clone #1111, and/or an
antibody comprising variable domain or HVR sequences of humanized anti-Facior D antibody
clona #111. Anti-Factor D antibodies, or variants theredf, or fragments thereof (e.g. antigen-
binding fragments) that bind to the same epitope as a murine anti-Factor D antibody and/or
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humanized anfi-Facior D antibody clone #111, and/or an antibody comprising variable domain
or HVR sequences of humanized anti-Facior D antibody clone #111, are also provided.
[01831 In one embodiment, the invantion provides an anti-Factor D antibody, or
antibody variant thereof, wherein the monovalent afiinity of the antibody to Factor D (2.3,
affinity of the antibody as a Fab fragment to Factor D) is lower, for example at least 1-fold or
2-fold jower than the monovalent affinity of a chimeric antibody (e.g. affinity of the chimeric
antibody as a Fab fragment to Factor D), comprising, consisting or consisting essentially of a
light chain variable domain of and heavy chain variabie domain from a murine anti-Factor D
antibody. In one example, the invention provides a fragment of said antinFabtor D antibodies
{e.g. antigen-binding fragments}.

[0164] in one embodiment, the invention provides an anti-Factor D antibody, or
antibody variant thereof, wherein the bivaient affinity of the antibody to Factor D (e.g., affinity
of the antibody as an 1gG to Factor D) is lower, for example &t least 1-fold or 2-foid lower than
the bivalent affinity of a chimeric antibody (e.g. affinity of the chimeric antibody as an igG o
Factor D), compriéiﬁg, gonsisting or consisting essentially of a light chain variable domain and
heavy chain variable domain from a murine anti-Factor D antibody. th one example, the
invention provides a fragment of said anti-Factor D antibodies (s.g. antigen-binding
fragments).

[0165] In znother embodiment, the invention provides an anti-Factor D antibody, or
antibody variant thereof, wherein the monovalent affinity of the antibody to Factor D (e.g.,
affinity of the antibody as a Fab fragment to Factor D) is greater, for example at least 1-fold or
2-fold greater than the monovalent affinity of a chimeric antibody (e.g. affinity of the chimeric
antibody as a Fab fragment to Factor D), comprising, cansisting or consisting essentially of a
fight chain variable domain and heavy chain variable domain from a murine anti-Factor D
antibody. In one example, the invention provides a fragment of said anti-Factor D antibodies
(e.g. antigen-binding fragments). '

(0166} In another embodirnent, the invention provides an anti-Factor D antibody, or
antibody variants thereof, wherein the bivalent affinity of the antibody to Factor D {e.g., affinity
of the antibody as an 1gG to Factor D) is greater, for example at least 1-fold or 2-fold grealer
than the bivalent affinity of a chimeric antibody (e.g. affinity of the chimeric antibody as an igG
fo Factor D), comprising, consisting or consisting essentially of a light chain variabie domain
and heavy chain variable domain from a murine anti-Factor D antibody. In one sxample, the
invention provides a fragment of said anti-Facior D antibodies {e.g. antigen-binding
fragments).

[0187] in another embodiment, the invention provides an anti-Factor D antibody, or
antibody variant thereof, wherein the affinity of the antibody in its monovalent form to Factor D
(e.g., affinity of the antibody as a Fab fragment to Facior D} is 20 nM (20x10°° M) or better. In
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another embodiment, the invention provides an anﬁw?’acibr D anfibody, or antibody variant
theraof, wherein the affinity of the antibody In its monovatent form to Factor [ (e.g., affinity of
the antibody. as a Fab fragment to Factor D} is 10 nM (10x1 09 M) or better. In another
embodiment, the invention provides an anti-Factor D antibody, or antibody variant thereof,
wherein the affinity of the antibody in its monovalent form to Factor D (e.qg., affinity of the
antibody s a Fab fragment to Factor D) is 1.0 nM (1.0x10° M) or better. In another
embodiment, the invention provides an anti-Factor D antibody, or antibody variant thereof,
wherein the affinity of the antibody in its monovatent form {o Factor D (e.g., affinity of the
antibody as a Fab fragment fo Factor D) is 0.5 nM (0.5x10° M) or better. In another
embodiment, the invention provides an anti-Factor D antibody, or antibody variant thereof,
wherein the affinity of the antibody in its monovatent form o Factor D {e.g., affinity of the
antibody as a Fab fragment to Factor D} is 1.0 pM {1.0x107* M) or better. in another
smbodiment, the invention provides an anti-Factor D antibody, or antibody variant thereof,
wherein the affinity of the antibody in its monovalent form to Factor D {e.qg., affinity of the
antibody as a Fab fragment to Factor D) is 0.5 pM (0.5x107% M) or better. in one example, the
invention provides a fragment of said anti-Factor b antibc}dies'(e.g. anfigen-binding
fragments).

[0168] I another embodiment, the invention provides an anti-Factor D antibody, or
antibody variant thereof, wharein the affinity of the antibody in its bivalent form to Facior D
{e.g., affinity of the aniibody as an IgG to Factor D) is 10.0 nM {10.0x10° M) or better. In
anothar embodimeant, the Invention provides an anti-racter D antibody, or antibody variant
thereof, wherein the affinity of the antibody in its bivalent form to Factor D {(e.g., affinity of the
antibody as an igG to Factor D) is 5.0 nM {5.0{1{}’9 M} or better. in ancther embodiment, the
invention provides an anti-Factor D antibody, or antibody variant thersof, wherein the affinity
of the antibody in its bivalent form to Facior D (e.g., affinity of the antibedy as an IgG fo Factor
DY is 1.0 nM (1.0x10° M) or better. In another embodiment, the invention provides an anti-
Factor D antibody, or antibody variant thersof, wherein the affinity of the antibody in its
bivaient form to Factor D {e.g., affinity of the antibody as an 1gG to Factor D) is 0.5 nM
(0.5x10° M) or betfer. In another embodiment, the invention provides an anti-Factor D
antibody, or antibody variant thereof, wherein the affinity of the antibody in iis bivalent form 1o
Facior D {e.g., affinity of the antibody as an 1gG to Factor D) is 5.0 pM (5.0x10™* M) or betier,
in another embodiment, the invention provides an anti-Factor D antibody, or antibody vartant
thereaf, wharein the affinity of the antibody in its bivalent form to Factor D {e.g., affinity of the
antibody as an lgG to Factor D) is 2.0 pM (2.0x10™"* M) or better. in another embodiment, the
invention provides an anti-Factor D antibody, or antibody variant thereof, whersin the affinity
of the antibody in its bivalent form fo Factor D (e.g., affinity of the antibody as an IgC {o Factor
D)is 1.0 pM {1.0x107% M) or better. in another embodiment, the invention provides an anti-
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Factor D antibody, or antibody variant thereof, wherein the affinity of the antibody in its
bivalent form to Facior D {e.g., affinity of the aniibody as an igG to Factor D) is 0.5 pM

{6.5x1 02 M) or better. in one example, the invention provides a fragment of said anti-Factor
D antibodies {e.g. antigen-binding fragmaents). '
[0169] [ another embodiment, the invention provides an anti-Factor D antibody, or
antibody variant thereof, wherein the affinity of the antibody in its monovatent form to Factor D
(e.g., affinity of the antibody as a Fab fragment to Factor D) is between 0.5 mM (0.8x1 0 W)
and 0.5 pM (0.5x10™M). In ancther embodiment, the invention provides an anti-Factor D
antibody, or antibody variant thereof, wherein the affinity of the antibody in its monovalent
form 1o Factor D {e.g., affinity of the antibody as a Fab fragment to Factor D) is between 15
A {(15x10° M) and 0.1 nM {0.1x71 ¢ M). In another embodiment, the invention provides an
anti-Factor D antibady, or antibddy variant thereof, wherein the affinity of the antibody in its
monovalent form to Factor D (e.g., affinity of the antibody as a Fab fragment to Factor D) Is
between 5.5 nM (5.5x10° M) and 1 ni (1}{10’9 M3. In ancther embodiment, the invention
provides an anii-Factor D antibody, or antibody variant thereof, wherein the affinity of the
antibody in its monovalent form to Factor D {e.g., affinity of the antibody as a Fab fragment ic
Factor D) is between 0.5 pM (0.5x107 M) and 2 pi (2x10™M). In one example, ths
invention provides a fragment of said anti-Facior D antibodies (e.g. antigen-binding
fragmenis). '

[G170] in another embodiment, ths invention provides an anti-Factor D antibody, or
antibody variant thereof, wherein the affinity of the antibody in its bivalent form to Faclor D
(e.g., affinity of the antibody as an 1gG fo Factor D) is between 0.5 mM (0.5x10° M) and 0.5
oM (0.5x10°% M), In another embodiment, the invention provides an anti-Factar D antibody, or
antibody variants thereof, wherein the affinity of the antibody in its bivalent form to Factor D
{e.g., affinity of the antibody as an IgG fo Factor D) is batween 10 nM {10x10° M) and 0.05 nM
(0.05x10°M). In another embodiment, the invention provides an anti-Factor D antibody, or
antibody variant thereof, wherein the affinity of the antibody in its bivalent form fo Factor D
(e.g., affinity of the antibody as an IgG to Factor D) is between 5.5 nM (5.5x10° M) and 1 nM
{11 0*#). in another embodiment, the invention provides an anti-Factor D antibody, or
antibody variant thereof, wherein the affinity of the aniibody in its bivalent form fo Factor D
{e.g., affinity of the anfibody as an IgG to Factor D) is between 0.5 pM (0.5x1 0" M) and 2 pM
{2x1 0" M). In one sxample, the invention provides a fragment of said anti-Factor D
antibedies {(e.g. antigen-binding fragments}.

[0171] in another embodiment, the invention provides an anti-Factor D antibody, or
antibody variant thereof, wherein the affinity of the antibody in its monovalent form to Facior D
(e.g.. affinity of the antibody as a Fab fragment to Factor D) is about 1.4 pM (1.4x107% M. In

another embodiment, the invention provides an anti-Facior D antibody, or antibody variant
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thereof, wherein the affinity of the antibody in its bivalent form fo Factor D (e.q., affinity of the
antibody as a IgG to Factor D} is ebout 1.1 pM {1.1x10™ M). in another embodiment, the
invention provides an anti-Factor D antibody, or antibedy variant thereof, wherein the affinity
of the antibody in its monovalent form to Factor ) {e.g., affinity of the antibody as a Fab
fragment to Factor D) is about 0.19 nM {0.18x10™ M). In another embodiment, the invention
provides an ant-Factor D antibody, or antibody variant thereof, wherein the affinity of the
antibody in its bivalent form to Factor D (e.g., affinity of the antibody as a IgG to Factor D) is
about 0.08 nM {0.08x10% M). in another embodiment, the invention provides an anti-Factor D
antfbody, or antibody variant thereof, wharein the affinity of the antibody in its monovalent
form to Factor D (g.g., affinity of the antibody as & Fab fragment to Factor D) is about 12.3 raM
(12.3x10°M). In another embodiment, the invention provides an anti-Facior D antibody, or
antibody variant thereof, wherein the affinity of the anlibody in its bivalent form to Factor D
(e.g., affinity of the antibody as a lgG to Factor D) Is about 8.0 nM (2.0x1 0¥M). inone
example, the invention provides a fragment of said anli-Factor D antibodies {e.g. antigen-
binding fragments).

r0172] tn ancther embodiment, the invention provides an anti-Factor D antibody, or
antibody variant thersof, wherein the affinity of the antibody in its monovalent form to Factor D
(e.g., affinity of the antibody as a Fab fragment to Factor D) is about 1.4 pM (1.4x1077 M) +/-
0.5. In another embodiment, the invention provides an anti-Factor D antibody, or antibody
variant thereof, wherein the affinity of the antibody in its bivailent form to Factor D (e.g., affinity
of the antibody as an IgG o Factor D) is about 1.1 pM (1.1x10"% M) +/- 0.6. In another
embodimant, the invention provides an anti-Facior D antibody, or antibody varlant thereof,
wherein the affinity of the antibody in its monovalent form to Factor D (e.g., affinity of the
antibody as a Fab fragment to Factor D) is about 0.18 nM (0.19x1 0 M) +/~ .01, in another
smbodiment, the invention provides an anfi-Factor D antibody, or antibody variant thereof,
wherein the affinity of the antibody in its bivalent form to Factor D (g.g., affinity of the antibody
as a lgG to Factor D) is about 0.08 nM {0.08x10° M) +/- 0.01. in another embodiment, the
invention provides an anti-Factor D antibody, or antibody variant thereof, wherein the affinity
of the antibody in its monovalent form to Factor D (e.g., affinity of the antibody as a Fab
fragrment to Faclor D) is about 12.3 nM (12.3x1 09 M) +/~ 2. in another embodiment, the
invention provides an anti-Factor D antibody, or antibody variant thereof, whersin the affinity
of the antibody in ifs bivalent form to Factor D {e.g., affinity of the antibody as a IgG to Factor
D)) s about 9.0 nM (9.0x10° M) +/- 1. In one exampie, the invention provides a fragmerit of
said anti-Facior D aniibodies {e.g. anfigen-binding fragments).

10173} in another embadiment, an anii-Facior D antibody, or antibody variant thereof,
may have an affinity in its monovalent form to Factor D (e.g., affinity of the antibody as a Fab
fragment to Factor D) of about 1.4 pM {1.4x10° M) +/~ 2. In another embodiment, an anti-
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Facior D antibody, or antibody vartant therecf, may have an affinity in its bivalent form fo
Factor D (e.g., affinity of the antibody as & IgG 1o Factor D} of about 1.1 pM (111072 W) +/- 2.
in another embodiment, an anfi-Factor D antibody, or antibody variant thereof, may have an
affinity in its monovalent form to Factor D (e.g., ffinity of the antibody as a Fab fragm’e'nt'to
Factor D) is about 0.18 nM'{O.19x1 0° M) +/- 2. Inn another embodiment, an anti-Factor D
antibody, or antibody variant thereof, may have an affinity in its bivalent form fo Facior D {e.g.,
affinity of the antibedy as 2 1gG to Factor [} is about (.08 nM (0.08x1 0° M) +/- 2. In another
embodiment, an anti-Facior U antibody, or antibedy variant thereof, may have an affinity in its
manovaient form o Factor D (e.g., affinity of the antibody as a Fab: fragment io Factar D} is
about 12.2 nM (12.3x10° M) +/- 2. in another embodiment, an antl-Factor D antibody, or
antibody variant thereof, may have an affinity in its bivalent form to Facior D (e.g., affinity of
the antibody as a lgG to Factor D} is about 9.0 nM (8.0x10° M) +/- 2. in one exampie, the
invention provides a fragment of said anti-Factor D antibodies {e.g. antigen-binding
fragmenis).

[0174] As is well-established in the art, binding affinity of a ligand fo its receptor can
be detarmined using any of a variety of assays, and exprassed in terms of a variety of
guantitative values. Accordingly, in one embodiment, the binding affinity is expressed as Kg -
values and reflects intrinsic binding affinity (e.g., with minimized avidity effecis). Generally
and preferably, binding affinity Is measured in vifro, whether in a gell-free or cell-associated
setting. As described in greater detall herein, fold difference In binding affinity can be
quantified in tarms of the ratio of the monovalent binding affinity value of a humanized
antibody (e.g., in Fab form) and the monovalent binding affinity value of a
reference/comparator aniibody {(e.g., in Fab form} (2.9., @ murine antibody having donor
hypervariable region sequences), wherein the binding affinity values are determined under
similar assay conditions. Thus, in one embodiment, the fold difference in binding affinity is
determined as the ratio of the Kp values of the humanized antibody in Fab form and said
reference/comparator Fab antibody. For example, in one embodiment, if an antibody of the
invention {A) has an affinity that is “3-fold lower” than the affinily of a reference antibody (M),
then if the Kp valus for Als 3x, the Kp value of M would be 1x, and the ratio of Kg of A fo Ko of
M would be 3:1. Conversely, in one embodiment, if an antibody of the invention (C) has an
affinity that is “3-fold greater” than the affinity of a reference antibody (R), then if the Ky value
for Cis 1%, ’Eh@ Kp value of R would be 3x, and the ratio of Kp of Cio Kp of R would be 1:3.
Any of 2 number of assays known in the ari, including those described herein, can be used to
obtain binding affinity measurements, including, for example, Biacore, radioimmunoassay
{RiA) and ELISA.

0175] Further, Kp values for an antibody of the invention may vary depending on
conditions of the particular assay used. For example, in one embodiment, binding affinity
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measurements may be obtained in an assay wherein the Fab or antibody is immobilized and
binding of the ligand, i.e. Factor D, is measured or alternatively, the ligand, i.e. Factor D, for
the Fab or antibody is immobifized and binding of the Fab or antibody is measured. In one
embodiment, the binding affinity measurements may be obtained in an assay wherein the
regeneration conditions may comprise (1) 10mM glycine or 4M MgClat pH 1.5, and (2) pH
between pH of 1.0 and pH of 7.5, including pH of 1.5, pH of 5.0, pH of 8.0 and pH of 7.2, In
ons embodiment, the binding affinity measurements may be obtained in an assay wherein the
binding conditions may comprise (1)} PBS or HEPES-buffered saline and (2) Tween-20, L.e.
0.1% Tween-20. In one embodiment, the binding affinity measurements may be obtained in
an assay wherein the source of the ligand, i.e Factor D, may be from commercially available
sources. in one embodiment, binding affinity measurements may be obtained in an assay
whetein {1) the Fab or antibody is immobilized and binding of the ligand, L.e. Factor D is
measured, (2) the regeneration conditions comprise 4M MgCl; at pH 7.2 and (3) the binding
condtions comptise HEPES-buffered saline, pH 7.2 containing 0.1% Tween-20. In one
embodiment, binding affinity measurements may be obtained in an assay wherein (1) the
figand, i.e. Factor D, is immobilized and binding of the Fab or antibody is measured, (2) the
regenaration conditions comprise 10mi glycine at pH 1.5 and (3) the binding conditions
comprise PBE buffer,

. b. Biological Activity
{0176} To determine whathar an anti-Factor D antibody, or variant or fragment thereof
(e.g. antigen-binding fragment) is capable of binding to Factor D and exerting a biological
effect, for example, inhibitions of alternative pathway hemiolysis, hemolylic inhibition assays
using rabbit RBCs may be used, including those described in Example 2. Such hemolytic
inhibition may be determined using standard assays (Kostavasili et al., J of Immunology,
158(4): 1763-72 (1987); Wiesmann et al., Nature, 444(7118): 158-60 (2008)}. Activation of
complement in such assays may be initiated with serum or plasma. Appropriate
concenirations of Factor D in serum or plasma (Pascual et al., Kidney international, 34: 528~
536 {1298); Complement Facts Book, Bernard J. Morley and Mark J. Walport, editors,
Academic Press {2000); Barnum ef al., J. Immunol. Methods, 67: 303-308 (1984)) can be
routinely determined according to methods known in the art, including those that have been
describad in references such as Pascua!l et al., Kidney International, 34: 528-536 {1998) and
Barnum et al., J. Immunol. Methods, 87: 303-308 (1984} and Exampie 4. The present
invention relates generally to antibodies capable of inhibiting biological activities associated
with Factor D. For example, at a concentration of 18 ug/m! {equivalent to about 1.5 times the
molar concentration of human factor D in the blood; molar ratio of anti-Factor D antibody to
Factor D of about 1.5:1), significant inhibition of the alternative complement activity by the
antibody can be observed {(see, e.g., US Patent No. 6,856,107)
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01777 in one embodiment, the invention inciudes anti-Factor D antibodies, wherein a
Fab fragment of such antibodies inhibits alternative pathway hemolysis with 1Cs, values less
than 30 nbl. in one embodiment, the invention includes anti-Factor D antibodies, wherein a
Fab fragment of such antibodies inhibits alternative pathway hemolysis with iCs vaiues iess
than 15 nM. In one embodiment, the invention provides anii-Factor D anfibodies, wherein a
Fab fragment of such antibodies inhibits, inhibits alternative pathway hemolysis with 1Cg
values less than 10 nM. In one embodiment, the invention provides anti-Factor D antibodies,
wherein & Fab fragment of such antibodies inhibits aliernative pathway hemolysis with {Cs
values iess than 3 nM. in one example, the invention provides a fragment of said antl-Factor
D antibodies (e.g. antigen-binding fragments).

[0178] in one embodiment, the invention provides anti-Factor D antibodies, wherein a
Fab fragment of such anfibodies inhibits attemative pathway hemolysis with 1Cs values
between 30 nM and 2 nM. In one embodiment, the invention provides anti-Factor D
antibodies, wherein a Fab fragment of such antibodies inhibits alternative pathway hemolysis
with 1Cs values between 25 nM and 7 nM. In one embodiment, the invention provides anti-
Factor D antibodies, wherein a Fab fragment of such antibodies inhibits alternative pathway
hemotysis with 1C5, values between 26 nM and 12 nM. In one embodiment, the invention
provides anti-Factor D antibodies, wherein a Fab fragment of such antibodies inhibits
alternative pathway hemolysis with {Cs values batween 30 nM and 15 nM. Inone
embodiment, the invention provides anti-Factor D antibodies, wherein a Fab fragment of such
antibodies inhibits alternative pathway hemolysis with iCge values between 12 nM and 8 nM.
In one embodiment, the invention provides anii-Faclor D antibodies, wherein a Fab fragment
of such antibodies inhibits aliermative pathway hemolysis with 105 values betwean 7 nM and 2
nM. In one embodiment, the invention provides anti-Factor D antibodies, wherein a Fab
fragment of such antibodies inhibits alternative péthway hemolysis with {Cg values between 6
nM and 3 nM. In one embodiment, the invention provides anti-Factor D antibodies, whersin a
Fab fragment of such antibodies inhibits alternative pathway hemolysis with 1Cg values
between 8 nM and 5 nM. In one embodiment, the invention provides anfi-Factor D antibodies,
wherein a Fab fragmeant of such antibodies inhibits alternative pathway hemolysis with 1Cy
values between 5 nivl and 2 ni. In one embodiment, the invention provides anti-Factor D
antibodies, wherein a Fab fragment of such antibodies inhibits alternative pathway hemolysis
with [Cs values batwaen 10 nM and 5 nM. In one embodiment, the invention provides anti-
Factor D antibodies, wherein a Fab fragment of such aniibodies inhibiis alternative pathway
hemolysis with iC5g; values between 8 nM and 2 nM. In one embodiment, the invention
orovides anti-Factor D antlibodies, wharein a Fab fragment of such antibodies inhibits
alternative pathway hemolysis with [Cy values between 7 nM and 3 nM. in one embodiment,
the invention provides anti-Factor D antibodies, wherein a Fab fragment of such antibodies
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inhibits alfernative pathway hemolysis with 1Cs values between 6 nM and 4 nM. in another
ermbodiment, the invention provides anti-Facior D antibodies, wherein a Fab fragment of such
antibodies inhibits alternative pathway hemolysis with an 1Cy vaiue of about 4.7 nM + 0.6 nM.
in another embodiment, the invention provides anti-Factor D antibodies, whersgin a Fab
fragment of such antibodies inhibits alternative pathway hamaolysis with an 1C5, value of about
8.4 nM = 0.8 nM. in another embodiment, the invention provides anii-Factor D antibodies,
wherein a Fab fragment of such antibodies inhibits glternative pathway hemolysis-withrandGg -
vatue of about 3.5 nM + 0.5 nM. In ancther embodimeant, the invention provides ant-Facior D
anfibodies, wherein a Fab fragment of such antibodies inhibits alternative pathway hemolysis
with an iCy vaiue of about 4.4 nivi 2 1.5 nM. in another embodiment, the invention provides |
anti-Factor D antibodies, wherein a Fab fragment of such antibodies inhibits alternative
pathway hemolysis with an 1Cg value of about 10.2 nM & 0.8 nM. In another embodiment, the
invention provides anii-Factor D antibodies, wherein a Fab fragment of such antibodies
inhibits alternative pathway hemolysis with an |Cs value of about 23.9 b £ 5.0 nM. Inone
exampie, the invention provides a fragment of said anti-Facior D antibodies {g.g. antigen-
binding fragments).

[0179] in one embodimeant, the invention provides anti-Factor D antibodies, wherein a
Fab fragment of such antibodies inhibits alternative pathway hemolysis with 1Cq values less
than 80 nM. in one embodiment, the invention provides anti-Factor D antibodies, wherein a
Fab fragment of such antibodies inhibits alternative pathway hemoilysis with [Cg values less
than 50 nhl. In one ambodiment, the invention provides anii-Factor D antibodies, wherein a
Fab fragment of such antibodies inhibits allernative pathway hemolysis with 1Cq values less
than 40 nM. In one embodiment, the invention provides anti-Factor D antibodies, wherein a
Fab fragment of such aniibodies inhibits alternative pathway hemolysis with [Cg values less
fhan 20 nM. In one embodiment, the invention provides anti-Factor D antibodies, wherein a
Fab fragment of such antibodies inhibits altemative pathway hemolysis with 1Cs values iess
than 15 nM. in one example, the invention provides a fragment of said anti-Factor D
aniibodies (e.g. antigen-binding fragments).

[0180] in one embodiment, the invention provides anti-Factor [ antibodies, whersin a
Fab fragment of such antibodies inhibits alternative pathway hemolysis with 1Ce values
between 80 nM and 10 nM. In one embodiment, the invention provides anti-Factor D
antibodies, wherein a Fab fragment of such antibodies inhibits alternative pathway hemolysis
with iCq values between 75 nM and 15 nM. in one embodiment, the invention provides anti-
Factor D antibodiss, wherein a Fab fragment of such antibodies inhibits alternative pathway
hemolysis with 1Gyy values between 70 nM and 20 nM. in one embodiment, the invention
provides anti-Factor D antibodies, wherein a Fab fragment of such antibodies inhibits
aliernative pathway hemolysis with 1Cg vaiues between 85 nM and 25 nM. in one
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embodiment, the invention provides anti-Factor D antibodies, wherein a Fab fragment of such
antibodies inhibits alternative pathway hemolysis with 1Cgy values between 60 nM and 30 nM.
In one embodiment, the invention provides anti-Factor D antibodies, wherein a Fab fragment
of such antihodiss inhibits alternafive pathway hemolysis with 1Cg values between 55 niM and
35 nivl. In one embodiment, the invention provides anti-Factor D antibodies, wherein a Fab
fragment of such antibodies inhibits alternative pathway hemolysis with 1Cq values hetween

500l and 40'nM. {h one embodiment, the invention provides anti-Factor D antibodies,

wherein a Fab fragment of such antibodies inhibits alternative pathway hemolysis with 1Cqy
values between 80 ni and 70 nM. In one embodiment, the invention provides anti-Factor D
antibodies, wherein a Fab fragf{aent of such antibodies inhibits alternative pathway hemolysis
with 1Cg values between 55 nM and 25 nM. In one embodiment, the invention provides anti-
Factor D aniibodies, wherein a Fab fragment of such antibodies inhibits alternative pathway
hemolysis with g values between 18 nM and 12 nM. in ancther embodiment, the invention
provides anti-Facior D anfibodies, wherein a Fab fragment of such antibodies inhibits
alternative pathway hemolysis with an 1Cy value of about 14.0 nM & 1.0 aM. in ancther
embodiment, the invention provides anti-Factor D antibodies, wherein a Fab fragment of such
antibodies inhibits aliernative pathway hemolysis with an 1Cq value of about 38.0 nM £ 11.0
nM. In another embodiment, the invention provides anti-Factor D antibodies, whersin a Fab
fragment of such antibodies inhibits alternative pathway hemolysis with an |Cgo value of about
72.8 nM % 4.8 nM. in one example, the invention provides a fragment of said anti-Factor D
antibodies (e.g. antigen-binding fragments}.

{0181} In one embodiment, the invention concerns an anii-Factor £ antibody, or
fragment thereof (2.g. antigen-binding fragment) wherein a Fab fragment of such antibodies
inhibits alternative pathway hemolysis in an antibody to Factor D molar ratic of about 0.05;1
(0.08) to about 10:1 (10}, or about 0.09:1 (0.09) to about 8:1 (8), or about 0.1:1 (0.1) to about
6:1 (6), or shout 0.15:1 (0.15) to about 5:1 (5), or about 0.18:1 (0.18) to about 4:1 (4), or about
0.2:1 (0.2} to about 3:1 (3}, or about 0.3:1 {(1.3) to about 2:1 (2}, or about 0.4:1 (0.4} t5 about
11 (1), or about 0.5:1 (0.5) to about 1:2 (0.5), or about 0.8:1 {0.8) to about 1:3 (0,33}, or about
0.7:1 (0.7} 1o about 1:4 (0.25), or about 0.8:1 (0.8} to about 1:5 (0.2} or about 0.8:1 {0.9) to
about 1:6 (0.17). In one example, the invention provides & fragment of said anti-Factor D
antibodies {&.g. anfigen-binding fragments}.

10182} It one embodiment, the present invention includes fragmants of humanized
anti-Factor D antibod?es (e.g. antigen-binding fragments). The antibody fragments of the
present invention may, for example, be Fab, Fab', F{ab"),, scFv, (scFv),, dAb,
complementarity determinén'g region (CDR] fragments, linear antibodies, single-chain antibody
molecules, minibodies, diabodies, or multispecific antibodies formed from antibody fragments.
in z further embodiment, the invention provides a humanized anti-Factor D antibody fragment
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(e.g. antigen-binding fragment) that is capable of penetrating substantially all of the retina. In
an even further embodiment, the invention provides a humanized anti-Factor D antibody
fragment (e.g. antigen-binding fragment) that is capable of penetrating throughout the entire
thickness of the retina. In one example, the invention provides a fragment of said anti-Factor
D antibodies {e.g. antigen-binding fragments).

[0183] In ane embodiment, the pressnt invention includes humanized anti-Factor D
antibodies, wherein a Fab fragment of such'antibodies have a half life'of at least 3,5, 7, 10 or
12 days after adminisiration inic a mammalian eye {e.g. human) via a single intravitreal
injection.  In ancther embodiment, the present invention includes humanized anti-Factor D
antibodies, wherein a Fab fragment of such antibodies inhibits alternative pathway {AP)
compiament activation for at least 40, 45, 50, 55, 80, 85, 70, 75, 80, 85, 90, 95, 100, 105, 110
or 115 days after administration into a mammalian eye (e.9. human) via a singie intravitreal
injection. In ancther embodiment, the present invention includes humanized anti-Factor D
antibodies, wherein the concentration of a Fab fragment of such antibodies that inhibits
alternative pathway (AP} complement activation is mainiained in retinal lissue for at lsast 40,
45, 50, 55, 60, 85, 70, 75, 80 or 85 days after administration info a mammatian eye (e.g.
human) via a single infravitreal injection.  in another smbodiment, the present invention
inciudes humanized anti-Factor D antibodies, wherein the concentration of a Fab fragment of
such antibodies that inhibits slternative pathway {(AP) complement activation is maintained in
the vitrecus humor for at least 80, 85, 90, 85, 100, 105, 110 or 115 days afier administration
into a mammalian eve {e.g. human) via a single infravitreal injection. In one example, the
invention provides a fragment of said anti-Facior D antibodies (e.g. anfigen-binding
fragments).

GENERATION CF ANTIBODIES

SELECTION AND TRANSFORMATION OF HOST CELLS

[0184] Host cells are transfecied or transforméd with expression or dloning vectors
gdescribed herein for ant-Factor D antibody production and cultured in conventional nutrient
media modified as appropriate for inducing promoters, selecting transformants, or amplifying
the genses encoding the desired sequences. The culture conditions, such as media,
temperature, pH andg the like, can be selected by the skilied artisan without undue
experimentation. In general, principles, protocols, and praciical techniques for maximizing the

productivity of cell cultures can be found in Mammalian Cell Biotechnology: a Practical

Approach, M. Butler, ed. {(IRL Press, 1891) and Sambrook et al., supra.
[0185] Methods of eukaryotic cell transfection and prokaryotic cell ransformation,
which maans introduction of DNA into the host so that the DNA s replicable, sither as an
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extrachromosomal or by chromosomatl integrant, are known o the ordinarily skilled artisan, for
example, CaCl,, CaPQy,, E%Qbsome—mediated, palyethyiene-gycol/DMSO and eleciroporation.
Depending on the host cell used, transformation is parformed using standard techniques
appropriate to such cells. The calcium treatment employing calclum chicride, as described in
Sambrook et al., supra, or electroporation is generally used for prokaryotes. Infection with
Agrobacterium tumefaciens is used for transforméﬁ:én of certain plant cells, as describad by
Shaw st al., Gene, 23:315 {1883) and WO 88/05888 published 29 June 1988, For
marnmalian cells without such cell walls, the calcium phosphate precipitation method of
Graham and van der Eb, Virglogy, 52:456-457 (1978) can be employed. General aspects of
mammalian call host system transfections have been described in U.S. Patent No. 4,399,216, -
Transformations info yeast are typically carried out accarding to the method of Van Solingen
et al., J. Bact,, 130:946 (1877) and Hsiao et al., Proc. Natl. Acad, Scl, (USA), 76:38206 (187¢).
Howaver, other mathods for introducing DNA into celis, such as by nuclear microinjection,

electroporation, bacterial protoplast fusion with intact celis, or polycations, e.g., polybrene,
polyornithine, may aisc be used. For various techniques for transforming mammalian cells,
see Keown et al,, Methods in Enzvmology, 185:527-537 (1890) and Mansour et al.,, Nature,
336:348-352 (1988).

[0186] Suitabie host cells for cloning or expressing the DNA in the vectors herein are

for oloning or expressing the DNA in the vectors herein are prokaryotic, yeast, or higher
sukaryotic cells. Suitable prokaryotes for this purpose include both Gram-negative and Gram-
positive organisms, for example, Enterobacteria such as Escherichia, e.g. £. cofi,
Enterobacier, Erwinia, Klebsiella, Proteus, Salmonefia, e.g., Salmonsfia typhimurium, Serratia,
8.q., Serrafia marcescans, and Shigeffa, as wall as Bacilli, such as B. subtilis and B,
licheniformis (e.g., B. ficheniformis 41P disclosed in DD 266,710 published 12 April 1989),
Pseudomonas, such as P. asruginosa, Rhizobia, Vifreoscille, Paracoccus, and Strepiomyces.
One preferred E, coll cloning host is E. coli 204 (ATCC 31,448), although other strains such as
E. coli B, E. coli X1776 (ATCC 31,537}, E. coliW3110 (ATCC 27,325) and K& 772 (ATCC
53,635 are suitabie. These examples are illustrative rather than limiting. Strain W3110 is
one particularly preferred host or parent host because it is 2 common host strain for
recombinant DNA product fermentations. Freferably, the host cell secrgtes minimal amounts
of profeclytic enzymes. For example, strain W3110 (Bachmann, Cellular and Molecular
Biology, vol. 2 (Washington, D.C.: American Society for Microbiclogy, 1987}, pp. 1180-1218;
ATCC Deposit No. 27,325) may be medified to effect a genslic mutation in the genes
encoding proteins endoganous to the host, with examples of such hosts including E. coli
W3110 sirain 1A2, which has the complets genotype fonA | E. coff W3110 strain 9E4, which
has the compleie genctype tonA pir3; E. cofi W3110 strain 27C7 (ATCC 55,244, which has
the compleie genotype fonA ptr3 phoA E15 (argF-lac)169 degP ompT kan', E. cofi W3110
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strain 3706, which has the compiete genotype fonA pir3 phoA E15 (argF-lac)169 degP
ompT rbs7 ilv@ kar', E. coli W3110 strain 40B4, which is strain 37D86 with a non-kanamycin
resistant degP deletion mutation; E. cofi W3710 strain 33D3 having genotype W3110 AfhuA
(AtonA) ptr3 Jac Iq lacl.8 AompTAa(nmpc-fepE) degP41 kan™ (U.S. Pat. No. 5,6'39,836} and an
E. coli strain haviﬁg mutant periplasmic protease disclosed in U.S. Patent-No. 4,946,783
issued 7 August 1890. Other strains and derivatives thereof, such as £ coff 284 (ATCC
31,448), E. coli B, E. coli, 1778 (ATCC 31,537} and E. coli RV30B(ATCC 31,608) are also
suitable, These examples are iflustrative rather than limiting. Methods for constructing

derivatives of any of the above-mentioned bacteria having defined genotypes are known in the
art and described in, for exampile, Bass ef af,, Proteins, 8:308-314 (1890}, it is generally

necessary to select the appropriate bacteriz taking into consideration replicability of the
“replicon in the cells of & bacterium. For example, £. cofi, Serratia, or Salmonalia species can
be suitably used as the host when well known plasmids such as pBR322, pBR325,
pACYC177, or pKN410 are used fo supply the replicon. Typically the host cell should secrste
minimal amounts of proteciytic enzymes, and additional protease inhibltors may desirably be
incomorated in the cell culture, Altematively, in vitro methods of cloning, e.g., PCR or other
nucleic acid polymerase reactions, are suifable.

[0187] Full length antibedy, antibody fragmentis {g.g. antigen-binding fragmenis), and
antibody fusion proteins can be produced in bacteria, in particular when glycosylation and Fc
effector funclion are not needed, such as when the therapeutic antibody is conjugated {c a
cytotoxic agent (e.g., & Toxin) and the immunosconjugate by itself shows effectiveness in tumor
cell destruction. Full length antibodies have greater half life in circulation, Production in E.
coli is faster and more cost efficient. For expression of antibody fragments and polypeptides
in bacteria, see, e.g., U.S. 5,648,237 {Carter et. al.}, U.8. 5,788,198 (Joly et al.}, and U.S.
5,840,523 (Simmons et al.) which describes translation initiation region (TIR) and signal
seqguences for optimizing expression and secretion, these patents incorporated herein by
reference. After expression, the antibody is isolated from the E. coli celt paste in a solubis
fraction and can be purified through, e.g., 2 protein A or G column depending on the isotype.
Final purification can be carried out similar {6 the process for purifying antibody expressed
e.g,, in CHO cells.

[0188] in addition to prokaryotes, eukaryolic microbes such as filamentous fungi or
yeast are suitable cloning or expression hosis for antibody-encoding veciors. Saccharomyces
cerevisiae is the most commonly used among lower eukaryotic host microorganisms.
However, a number of other genera, species, and strains are commonly available and useful
harein, such as Schizosaccharomyces pombe; Kivyveromyces; Candida; Trichoderma;
Neurospora crassa, and fllamentous fungi such as e.g., Neurospora, Penicillium,
Tolypociadium, and Aspergillus hosts, such as A, nidufans and A. niger. Msthylotropic yeasts
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are suftable herein and include, but are not limited {o, yeast capable of growth on methanol
selacted from the genera consisting of Mansenula, Candida, Kiogckera, Fichia,
Saccharomyces, Torulopsis, and Rhodotorula. A list of specific species that are exemplary of
this class of yeasts may be found in C. Anthony, The Biochemistry of Methvlotrophs, 269
(1982).

| [0189] Suitabie host cells for the expression of glycosylated antibodies are derived

from multiceliular organisms. In principal, any higher sukaryotic cell culture is workable,
whsther from variebrate or invertebrate culture. Examples of invertebrate calls include plant
and insect calls, Luckow et al., Bio/Technology 6, 47-85 (1988); Milier et al., Genetic
Engineering, Setlow et al. eds. Vol. 8, pp. 277-279 (Plenam publishing 1886); Mssada et al,,
Nature 315, 582-524 {1985). Numerous baculoviral strains and variants and corresponding
permissive insect host cells from hosts such as Spodoptera frugiperda (caterpillar), Aedes
{mosguito), Drosophila melanogaster {fruitfly), and Bombyx mori have been identified, A
variety of viral strains for fransfection are publicly avaliable, e.g., the L-1 variant of Autographa
californica NPV and the Bm-5 strain of Bombyx mori NPV, and such viruses may be used as
the virus hersin according to the present invention, particularly for transfection of Spodoptera
frugiperda cells. Morsover, piant cells cultures of cotion, cormn, potato, soybean, pefunia,
tomato, and tobacco and also be utilized as hosts.

0120} . Vertebrate cells, and propagation of veriebrate cells, in culture (tissue cuiture)
has become a routine procedure. See Tissue Culture, Academic Press, Kruse and Patierson,
eds. (1973). Examples of useful mammalian host cell lines are monkey kidnay; human
embryonic kidney line; baby hamster kidney cells; Chinese hamster ovary cells/~-DHFR {CHC,
Urlaub st al., Proc. Natl, Acad. Scl. USA T7: 4216 {1880)); mouse serioli cells; human carvical
carcinoma cells (HELA); canine kidney cells; human lung cells; human liver cells; mouse
mammary tumor; and NS0 cells.

0191} For recombinant production of an antibody of the invention, or antibody-
fragment thereof {e.g. antigen-binding fragment), the nucleic acid (e.g., cDNA or genomic
DNA) encoding it is isolated and inserted info a replicable vecior for further cloning
{ampiification of the DNA) or for expression. DNA encoding the antibody, or fragment thereof
(e.g. antigen-binding fragment} is readily isolated and sequenced using conventional
procedures {e.g., by using oligonucleotide probes that are capable of binding specifically to
genes encoding the heavy and lighi chains of the antibody). Many vectors are avallable. The
choice of vector depends in part on the host cell to be used. Generally, preferrad host cells
ars of elther prokaryotic or eukaryotic {generally mammalian) origin.

[0182] The vector may, for e}xample, be in the form of a plasmid, cosmid, viral particle,
or phage. The appropriate nucieic acid sequence may be inserted into the vector by a variety
of procedures. In general, DNA is inserted into an appropriate restriction endonuciease site(s)
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using techniques known in the art. Vector components generally include, but are not limited
to, one or more of a signal sequence, an origin of repiication, one or mora marker genes, an
enhancer element, a promoter, and a transcription termination seguence. Construction of
suitable vectors containing one or mors of these components employs standard ligation
techniques which are known to the skilled artisan.
[0183] The Facior D may be produced recombinantly not only direcily, but also as a
fusion polypeptide with a heterologous polypeplide, which may be a signal seguence or other
nolypeptide having a specific cleavage sife at the N-terminus of the mature protein or
polypeptide. In general, the signal sequence may be a component of the vecter, or it may be
a part of the ant-Factor D antibody-encoding DNA that is inserted into the vector. The signal
seguance may be a prokaryctic signal sequence selected, for exampis, from the group of the
alkaline phosphatase, peniciiinase, Ipp, or heai-siabie antercioxin i leaders. For yeast
secretlion the signal seguence may be, e.g., the yeast invertass leader, alpha factor leader
{inciuding Saccharomyces and Kluyveromyces o~factor leaders, the latter described in U.8.
Patent Nao. 5,010,182}, or acid phosphatase leader, the C. albicans glucoamylase leader (EP
362,179 published 4 April 1990}, or the signal described in WO 80/13846 published 18
November 1890, In mammalian cell expression, mammalian signal seguences may be used
to direct secretion of the protein, such as signal sequences from secreted polypeptides of the
same or related species, as well as viral secretory leaders.
[0194] Host cells are transformed with the above-described vectors for antibody
production and cultured in conventionai nutrient media modifisd as appropriate for inducing
promoters, selecting transformants, or amplifying the genes encoding the desired sequences.
f0195] The host cells used 1o produce the antibody, or antibody variant or fragment
(e.g. antigen-binding fragment) thereof, of this invention may be cultured in a variety of media.
a. Prokaryotic Host Celis
101986] Prokaryotic cells used to produce the polypeptides of the invention are grown in
media known in the art and suitable for culture of the selected host celis, Exampiss of
sultable media include luria broth (LB) plus necessary nutrient supplements. [n some
embodiments, the media also contains 2 seiection agent, chosen based on the construciion of
the expression vector, 1o selectively permit growth of prokaryotic cells containing the
expression vector. For exampie, ampiciliin is added 1o media for growth of cells expressing
ampiciliin resistant gens.
[0187] Any necessary supplements besides carbon, nifrogen, and inorganic
phosphate sources may also be included at appropriate concenirations introduced alone or as
a mixture with another supplement or medium such as a complex nitrogen source. Optionally
the culture medium may contain one or more reducing agenis selected from the group
consisiing of glutathione, cysteine, cystamine, thioglycoliate, dithioerythritol and dithiothreitol.
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[0198] The prokaryotic host celts are cultured at suitable temperatures. For E. cofi
growth, for example, the preferred temperature ranges from about 20°C to about 38°C, more
prefarably from about 28°C to about 37°C, even more praferably at about 30°C. The pH of the
medium may be any pH ranging from about § to about 8, depending mainly on the host
organism, For E. coff, the pH is preferably from about 8.8 to about 7.4, and more preferably
about 7.0.

[0199] if an inducible promoter is used in the expression vector of the invention,
protein expression is induced under conditions suitable for the activation of the promeoter, In
one aspact of the invention, PhoA promoters are Used for controlling transcription of the
polypeplides. Accordingly, the transformad host cells are cultured in a2 phosphate-limiting
mediurn for induction. Preferably, the phosphate-limiting medium is the C.R.AP medium
(see, 2.g., Simmons et al., J. fmmunol. Methods (2002}, 263:133-147). A variety of other
inducers may be used, according 1o the vector construct employed, as is known in the art.
(0200} In one embodiment, the expressed polypeptides of the present invention are
sacreted into and recovered from the periplasm of the host celis. Protein recovery typically
involves disrupting the microorganism, generally by such means as osmotic shock, sonication
or lysis. Once cells are disrupted, cell debris or whole cells may be removed by centrifugation
or filtration. The proteins may.be further purified, for exampie, by affinity resin
chromatography. Alternatively, proteins can be transported into the cuiture media and
isolated therein. Celis may be removed from the culture and the culture supernatant baing
fitered and concenirated for further purification of the proteins produced. The expressed
polypeptides can be further isolated and identified using cormimonly known methods such as
polyacrylamide gel electrophoresis (PAGE) and Western blot assay.

[0201] {n one aspect of the invention, antibody production is conducted in large
guaniity by a fermentation process. Various iarge-scale fed-batch fermentation procedures
are available for production of recombinant protsins. Large-scale fermentations have at least
1000 liters of capacity, preferably about 1,000 to 100.000 iiters of capacily. These fermentors
use agitator impeliers to distribute oxygen and nuirients, especially glucose (the preferred
carbon/energy source). Small scale fermentation refers generally to fermentation in a
fermenior that s no more than approximatsly 100 fiters in volumetric capacity, and can range
from about 1 liter to about 100 liters. '

[0202] in a fermentation process, induction of protein expression Is typically inifiated
after the calls have been grown under suitable conditions to & desired density, £.g., an ODgs
of about 180-220, at which stage the cells are in the early stationary phase. A varisty of
inducers may be used, according to the vactor construct employed, as is known in the art and



describad above. Cells may be grown for shorter periods prior to induction. Cells are usually
induced for about 12-5C hours, although longer or shorter induction time may be used.
[0203] To improve the production yield and quality of the polypeptides of the invention,
various fermentation conditions can be modified.' For example, 1o improve the proper.
assembly and folding of the secreted antibody pelypeptides, addifiona! veciors overexpressing
chaperone proteins, such as Dsb proteins (DsbA, DsbB, DsbC, DsbD and or DsbG) or FkpA
{a pephidylprotyl ¢is,trans-isomerase with chaperone activity} can be used fo co-transform the
host prokaryotic cells. The chaperone proteins have been demonstrated to facilitate the proper
?cﬂding' and solubility of heterologous proieins produced in bacterial host cells. Chen et al.
(1989} J Bio Chem 274:19601-19605; Georglou et al., U.S. Patent No. 8,083,715; Georgiou et
al., U.S. Patent No. 8,027,888; Bothmann and Pluckthun (2000} J. Bial. Chem. 275:17100-
17405; Ramm and Pluckthun (2000) J. Biol. Chem. 278:17108-17113; Arie et al, (2001) Mol
Microbiol, 39:186-210.
[0204] To minimize proteclysis of expressed heterologous proteins (especially those
that are proteolytically sensitive), cerfain host strains deficient for proteolytic enzymes éan be
used for the present invention. For exampie, host cell strains may be modified to effect
genstic mutation(s) in the genes encoding known bacterial proteases such as Protease I,
OmpT, Degh, Tsp, 'Prd‘ie-ase [, Proiease Mi, Frotease Y, Protease Vi and combinations
thersof. Some E. coif protease-deficient strains are available and described in, for example,
Joly et al. {1998), supra; Georgiou et al., U.8. Patent No. 5,264,365; Georgiou et al,, U.S.
Patent No. 5,508,182; Hara ef al., Microbial Drug Resistance, 2:63-72 (1998).
[0205] In one embodiment, £. coff strains deficient for proteolytic enzymes and
transformed with plasmids overexpressing one or more chaperone proteins are used as host
celis in the expression system of the invention.

b. Eukaryotic Host Cells
[0206] Commercially available media such ag Ham's F10 (Sigma), Minimal Essential
Medium (MEM, Sigma), RPMI-1840 (Sigma), and Dulbecco's Modified Eagle's Medium
(DMEM, Sigma) are suitable for culturing host celfis. In addition, any of the media described in
Ham et al., Meth. Enzymol. 58: 44 (1978), Barnes et'al., Anal. Biochem. 102: 255 (1880), U.5.
Pat. Nos. 4,787,704; 4,657,868; 4,560,655, 5,122,468; 5,712,1€3; or 6,048,728 may be used
as culiure media for the host cells. Any of these media may be supplemented as necessary
with hormones and/or other growth factors (such as insulin, ransferrin, or epidermal growth
factor), salts (such as X~chiorides; where X is sodium, calcium, magnesium; and phosphates),
buffers (such as HEPES), nuclectides (such as adenosine and thymidine), antibiotics {such as
GENTAMYCIN. TM. drug), trace elements (defined as inorganic compounds usually present at
final concentrations in the micromoiar range), and glucose or an equivalent energy source.
Any other necessary supplements may also be inciuded at appropriate concentrations that

66



would be known to those skilled in the art. The culture conditions, such as temperaturs, pH .
and the fike, are those previously used with the hosi cell selacied for expression, and will be
apparent to the ordinarily skilled artisan.

ANTIBODY PURIFICATION

[0207] Forms of anti-Factor D antibodies, or fragments thereof {e.g. antigen-binding
fragments) may be recoversd from cufture medium or from host cell lysates. 1f membrane-
bound, # can be releasad from the membrane using a suitable detergent solution (e.g. Triton-
X 100 or by enzymatic cleavage. Cells employed in expression of anti-Factor D antibody can
be disrupted by various physical or-chemical means, such as freeze-thaw cycling, sonication,
mechanical disruption, or cell lysing agents.

[06208] It may be desired to purify anti-Factor D antibody from recombinant cell
proteins or polypeptides. The followlng procedures are exemplary of suitable purification
procedures: by fractionation on an ion-exchange column; ethanol precipitation; reverse phase
HPLC; chromatography on silica or on a cation-exchange resin such as DEAE;
chromatofocusing; 3DS-PAGE; ammonium sulfate precipitation; gel filtration using, for
example, Sephadex (G-75; protein A Sepharose columns to remove contaminanis such as
ig@; and metal chelating columns to bind epitope~tagged forms of the anti-Factor D antibody.
Various methods of protein purification may be employed and such methods are known in the
art and described for exampie in Deutscher, Methods in Enzvmology, 182 (1990}, Scopes,

Protein Purificaiion: Principles and Pracfice, Springer-Veriag, New York (1882). The

purification step(s) selected will depend, for example, on the nature of the production process
used and the particular anti-Factor D antibody produced.

[6209] When using recombinant technigues, the antibody, or antibody varfant or
fragment {e.g. antigen-binding fragmant) thereof, can be produced intracellularly, in the
periplasmic space, or directly secreted into the medium. If the antibody, or antibody variant or
fragment (e.g. antigen-binding fragment) thereof, is produced intraceliularly, as a first step, the
parficulate debris, either host cells or lysed fragments, may be removed, for example, by
centrifugation or ulirafiiiration. Carter et al., Bio/Technology 10: 163-167 (1992) describe a
procedure for isclaling antibodies which are secreted fe the periplasmic space of E. coli.
Briefly, call pasie is thawed in the presence of sodium acetate (pH 3.5), EDTA, and
phenylmethyisulfonylfiuoride (PMSF) aver about 30 minutes. Cell debris can be removed by
centrifugation. Where the anfibody, or antibody variant or fragment (e.g. antigen-binding
fragment) thereof, is secreied info the medium, supernatants from such expression systems
are generally first concenirated using & commercially available protein concentration fiiter, for
exampie, an Amicon or Miliipore Pellicon ultrafiltration unit. A protease inhibitor such as
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PMSF may be includad in any of the foregoing steps to inhibit proteclysis and antiblotics-may
be included to prevent the growth of adventiticis contaminants.

102101 The antibody composition prepared from the celis can be purified using, for
example, hydroxylapatite éhromaiography, ge! elecrophoresis, dialysis, and affinity
chromatography, with affinity chromatography being one purification technique. The suitability
of protein A as an affinity ligand depends on the species and isotype of any immunoglobutin
Fc domain that is present in the antibody, or antibody variant or fragment (e.g. antigen-binding
fragment) thereof. Protein A can be used o purify antibodies that are based on human 1gG1,
1gG2Z or IgG4 heavy chains (Lindmark et al., J. Immunol Meth. 82: 1-13 (1983)). Protein Gis
recommended for all mouse isotypes and for human iIgG3 (Guss et al., EMBO J. 5: 1587-1575
{1986)). The matrix to which the affinity ligand is aftachad is most ofter agarose, but other
matrices are available. Mechanically stabie matrices such as controlled pore glass or
poly{styrenediviny!Ybenzene altow for fasier flow rates and shorter processing times than can
be achisved with agarose. Where the antibody, or antibody variant or fragment (e.g. aniigen-
binding fragment) therecf, comprises & CH3 domain, the Bakerbond ABXTM resin (J. T.
Baker, Phillipsburg, N.J.) is useful for purification. Other techniques for protein purification
such as fractionation on an ion-exchange column, ethano! precipitation, Reverse Phase
HPLC, cromatography on silica, chromatography on heparin SEPHAROSE™
chromatography on an anion or cation exchange resin (such as a polyaspartic acid columnj,
chromaiofocusing, SDS-PAGE, and ammonium sulfate precipitation are alse available
depending on the antibody, or anibody variant or fragment (e.g. antigen-binding fragment)
thereof, to be recovered. |

{0211} Following any preliminary purification step(s), the mixture comprising the
antibody, or antibody variant or fragment {&.g. antigen-binding fragment} thereof, of interest
and contaminants may be subjected to low pH hydrophobic interaction chromatography using
an elution buffer at a pH between about 2.5-4.5, preferably performed at fow sali
concentrations (2.g., from about 6-0.25M salt). ‘

PHARMACEUTICAL FORMULATIONS

[0212] Therapeutic formulations of the poéypeﬁ;tide or antibody, or antibody fragment
theraof {e.g. antigen-binding fragment), or aniibody variant thereof, may be prepared for
siorage as lyophilized formulations or aguecus solutions by mixing the polypeptide having the
desired degres of purity with optional "pharmaceutically-acceptable” carriers, exciplents or

_ stabilizers typically employed in the art {all of which are termed "excipients”). For exampis,
buffering agants, stabiiizing agents, preservatives, isotonifiers, non-ionic detergents,
antioxidants and other miscellansous addiiives. (Ses Reminglon's Pharmaceutical Sciences,
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16th edition, A. Osol, Ed. (1980)). Such additives must be nontoxic to the recipients at the
dosages and concentrations employed.

[0213] Ruffering agents help to maintain the pH in the range which approximates
physiological conditions. They are preferably present at concentration ranging from about 2
mi to about 50 mM. Suitable buffering agents for use with the present invention include both
organic and inorganic acids and szlis thersof such as citrate buffers {e.g., monosodium
oltrate-disodium citrate mixiure, citric acid-irisodium citrate mixture, citric acid-monosodium
citrate mixture, etc.), succinate buffers {e.g., sussinic acid-monosodium succinate mixture,
succinic acid-sodium hydraxide mixture, succinic acid-disodium succinate mixiure, etc.),
{arirate buffers {s.g., tartaric acid-sodium tartrate mixture, tartaric acid-potassium fartrate
mixture, tartaric acid-sodium hydroxide mixiure, etc.), fumarate buffers (e.g., fumaric acid-
monosodium fumarate mixture, efe.), fumarate buffers {e.g., fumaric acid-monosodium
fumarate mixture, fumaric acid-disodium fumarate mixture, monosodium fumarate-disodium
fumarate mixture, etc.), gluconate buffers (a.g., gluconic acid-sodium glyconate mixture,
gluconic acid-sodium hydroxide mixture, gluconic acid-potassium glyuconate mixture, etc.),
oxalate buffer (e.g., oxalic acid-sodium oxalate mixiure, oxalic acid-sodium hydroxide mixture,
oxalic acid-potassium oxalate mixiure, eic.), lactate buffers (e.q., lactic acid-sodium lactate
mixture, lactic acid-sodium hydroxide mixture, lactic acid-potassium lactate mixture, sic.) and
acetate buffers (e.g., acelic acid-sodium acetate mixture, acetic acid-sodium hydroxids
mixiure, ete.), Additionally, there may be mentioned phosphate buffers, histiding buffers and
trimethytamine salts such as Tris.

[0214] Preservalives may be added fo retard microbial growth, and may be added in
amounts ranging from 0.2%-1% {w/fv). Buitable preservatives for use with the present
invention include phenot, benzyl alcqho[, meta-cresol, methyi paraben, propyl paraben,
actadecyldimethylbenzyl ammonium chioride, benzalconium halides (e.g., chloride, bromids,
iodide), hexamethonium chloride, alkyl parabens such as methyl or propy! paraben, catechol,
resorcinol, cyclohexanol, and 3-pentanal.

10215] Isctonicifiers sometimes known as "siabilizers” may be added fo ensure
isotonicity of liquid compositions of the present invention and include pothydric sugar aicchols,
preferably trihydric or higher sugar alcchols, such as glycerin, eryihritol, arabitel, xylitol,
sorbitol and mannitol. '

[0216] tabillzers refer to a broad category of excipients which can range in function
from a bulking agent to an additive which solubilizes the therapeutic agent or helps o prevent
danaiuration or adherence {o the container wall. Typical stabllizers can be polvhydric sugar
alcohiols (enumerated above);, amino acids such as arginine, lysine, glycine, glutamine,
asparagine, nistidine, alanine, ornithing, L-lsucing, 2-phenyiaianine, glutamic acid, threonine,
efc., organic sugars or sugar alcohols, such as lactose, trehalose, stachyose, mannitol,
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sorbitol, xyilitol, ribitol, myoinisitol, galactiiol, giycerol and the iike, including cyclitols such as
inositol; polyethylene glycol; amino acid polymers; suifur containing reducing agents, such as
uraa, glutathione, thioctic acid, sodium thioglycolate, thioglyceral, .alpha.-monothioglycerol
and sodium thio 'sul‘féie; jow molecular weight polypeptides (l.e, <10 residues}; proteins such
as hurmnan serum albumin, bovine serum albumin, gelatin or immunoglobuling; hydrophytic
polymers, such as polyvinylpyrrofidone monosaccharides, such as xylose, mannose, fructose,
glucose; disaccharides such as lactose, maliose, sucrose and irisaccacharides such as
raffinose; polysaccharides such as dexiran. Stabifizers may be present in the range from 0.1
fo 10,000 weights per part of weight active protein.

[0217] ~ Non-ionic surfactants or detergents (also known as “wetting agents") may be
added to help solubilize the therapeutic agent as well as to protect the therapeutic protein
against agitalion-induced agg?egaticn, which also permits the formulation to be exposed 1o
shear surface stressed without causing denaturation of the protein. Suitable non-ionic
surfactants include polysorbates (20, 80, eic.), boifycxamers (184, 188 efc.), Pluronic.RTM,
polyols, polyoxysthylene sorbitan monoethers {(Tween.RTM.-20, Tween. RTM.-80, etc.). Non-
ionic surfactants may be present in a range of about 0.05 mg/mi to about 1.0 mg/ml,
preferably about 0.07 mg/mi to about 0.2 mg/ml.

[0218] Additional miscellaneous excipients include bulking agenis, (e.g. starch),
chelating agents {e.g. EDTA), antioxidants (&.9., ascorbic acid, methionine, vitamin £}, and
cosolvents. The formulation hersin may alse contain maore than one aclive compound as
necessary for the particular indication being treated, preferably those with complementary
activities that do not adversely affect each other. For example, it may be desireable o further
provide an immunosuppressive agent. Such molecules are suitably present in combination in
amounts that are effective for the purpose intended. The active ingredients may also be
entrapped in microcapsuie prepared, for exampie, by coascervation techniques or by
interfacial polymerization, for exampie, hydroxymethyiceiksiése or gelatin-microcapsule and
poty-{methyimethacylate) microcapsuie, respectively, in colloidal drug delivery systems (for
axample, liposomes, albumin micropheres, microemulsions, nano-particles and
nanocapsuies) or in macroemulsions. Such techniques are disciosed in Remington 's
Pharmaceutical Sciences, 16th edition, A. Osal, Ed. (1980).

[0219] The formulations io be used for in vivo administration must be sterile. This is
readily accomplished, for example, by filtration through sterile filtration membranas.
Sustained-release preparations may be prepared. Suiiable examples of sustained-refease
preparations include semi-permeabls matrices of solid hydrophobic polymers containing the
antibedy, or antibody variant or fragment (s.g. antigen-binding fragment) thersaf, which
matrices are in the form of shaped articies, .g., fiims, or microcapsules. Examples of
sustained-release matrices include polyesters, hydrogels (for example, poly{2-hydraxysthyl-
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methacrytate), or poly(vinylaicohol)), polylactides {U.8. Pat. No. 3,773,819), copolymers of L-
glutamic acid and ethyl-L-glutamate, non-degradable sthylens-viny! acetate, degradabls lactic
acid-giycolic acid copolymers such as the LUPRON DEPOT™ (injectable microspheres
composed of factic acid-glycolic acid copolymer and lsuprolide acetate), and poly-D- (-3-3-
hydroxybutyric acid, While polymers such-as sthylene-vinyl acetate and lactic acid-glycolic
acid enable release of molecules for over 100 days, certain hydrogels release proteins for
ghorter time periods. When encapsulated antibodies remain in the body for a long time, they
may denature or aggregate as a result of exposure to moisture at 37° C resulting in a loss of
biotogical activity and possibie changes in immunogenicity. Rationaf strategies can be
devised for stabifization depending on the mechanism involved. For example, if the
aggregation machanism is discoverad fo be infermolecular 5--S bond formation through thic-
disuifide interchange, stabiization may be achieved by modifying sulthydryl residues,

~ Iyophilizing from agidic solutions, controlling molsture content, using appropriate addifives,
and developing specific polymer matrix compositions.

[0220] The compounds of the invention for prevention or treatment of an ocular
disease or condition are typically administered by ocular, intraocular, and/or intravitreal
injection, and/or juxtasclera! injection, and/or subtenon injection, and/cr superchoroidal
injection and/or topical administration in the form of eyedrops and/or ointment. Such
gompounds of the invention may be delivered by a variety of methods, e.g. intravitreally as a
device and/or a depot that allows for slow release of the compound into the vitreous, including
those described in references such as Intraocular Drug Delivery, Jaffe, Jaffe, Ashion, and
Pearson, editors, Taylor & Francis (March 20606). in one example, @ device may be in the
form of & minpump and/or a matrix and/or a passive diffusion sysiem and/or encapsulated
celis that reiease the compound for a prolonged period of time {Intraocular Drug Defivary,
Jaffe, Jaffe, Ashton, and Pearscn, editors, Taylor & Francis {March 2006). Other msthods of
administration may alse be used, which includes but is not limited tc, fopical, parenteral,
subcutansous, infrapsritoneal, intrapuimonary, intranasal, and intralesional administration.
Parenteral infusions include intramuscular, intravenous, intraarierial, intraperiioneal, or
subcutaneous administration.

[g221] Formulations for gcular, intraocular or intravitreal administration can be
praparad by methods and using ingredients known in the art. A main requirement for efficient
treaiment is proper penetration through the eve. Uniike diseases of the front of the eye,
where drugs can be delivered topically, retinal diseases require a more site-specific approach.
Eve drops and oiniments rarely penetrate the back of the eye, and the bicod-ocuiar barrier
hinders penstration of systemically administerad drugs info ocular tissue. Accordingly, usually
the method of cholce for drug delivery to treaf retinal disease, such as AMD and CNV, is direct

infravitreal injection. Intravitrial injections are usually repeated at intervals which depend on
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the patient's condition, and the properties and half-life of the drug delivered. For infraccutar
{e.g. infravitraal) penetration, usually molecules of smaller size are preferred. |

{0222} The sfficacy of the treatment of complement-associated eye condilions, such
as AMD or CNV, can be measured by varicus endpoints commonty used in evaluating
intraocular diseases. For exampie, vision loss can be assessed. Vision loss can be
evaluated by, but not limited to, e.g., measuring by the mean change in best correction visual
" acuity (BCVA) from baseline to a desired time point (e.g., where the BCVA is based on Early
Treatment Diabetic Retinopathy Study (ETDRS) visual acuity chart and assessment at a test
distance of 4 meters), measuring the proportion of subjects who iose fewer than 15 letters in
visual acuity at a desired time point compared to baseline, maasuring the proportion of
subjects whe gain greater than or equal to 15 letters in visual acuity at a desired tims point
compared io bassline, measuring the proportion of subjects with a visual-acuity Snelien
equivalent of 20/2000 or worse at a desired time point, measuring the NE! Visual Functioning
Questionnaire, measuting the size of CNV and amount of leakage of CNV at a desired time
point, e.q., by fluorescein angiography, etc. Ocular agsessments can be done, e.g., which
inciude, but are not fimited to, e.g., performing eye exam, measuring intraoccular pressure,
assessing visual acuity, measuring slitamp pressure, assessing intraccular inflammation, efc.
[0223} The amount of therapeutic polypeptide, antibody, or antibody variant thereof, or -
fragment thereof {e.g antigen-binding fragment} which will be effective in the treatment of a
particular disorder or condition will depend on the naiure of the disorder or condition, and can
be determined by standard clinical techniques. Where possible, it is desirabie to determing
the dose-response curve and the pharmaceutical compositiens of the invention first in vitro,
and then in useful animal model systems prior to festing in humans.

(0224} In one embodiment, an aqueous solution of therapeutic polypeptide, antibody,
or antibody variant thereof, or fragment thereof (e.g. anfigen-binding fragment), is
adminisierad by subcutaneous injection. In anocther embodiment, an agueous solution of
therapeutic polypeptide, antibody, or antibody variant thereof, or fragment thereof (e.g.
antigen-binding fragment) is administered by infravitreal injection. Each dose may range from
about 0.5 ug to about 50 yg pei’ kilogram of body weight, or more preferably, from about 3 pg
to about 30 ug per kKilogram body weight.

[6225] The dosing schedule for subcutaneous administration may vary form once a
month fo daily depending on a number of clinical factors, including the type of disease,
severity of disease, and the subject's sensitivity o the therapeutic agent.

[0226] The following examples are offered for ilusirative purposes only, and are not
intended to imit the scope of the present invention in any way.

[0227] All patent and literature references cited in the present specification are hersby
expressly incorporated by reference in their enfirety.
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ARTICLES OF MANUFACTURE AND KITS

02281 Another embodiment of the invention is an article of manufaciure containing
materials useful for the treatment, prevention and/or disgnosis of conditions targeted by the
antibodies of the invention, or variants thereof or fragments thereof (e.g. antigen-binding
fragments). For example, the invention concerns an article of manufaciure containing
materials useful for the treatment, prevention and/or diagnosis of compiement-associaled
disorders. The article of manufacture comprises a container and a label or package inseri on
or associzied with the container. Sultable coniainers includs, for example, botiles, vials,
syringes, etc. The containers may be formed from a variety of materials such as glass or
ptastic. The container holds a composition which is effective for treating, preventing and/or
diagnosis of the complement-associated condition and may have a sterfie access port (for
example the container may be an intravenous solution bag or a vial having a stopper
pigrceable by a hypodermic injection needie}. At least one active agent in the composition is
an anti-Factor D antibody, or fragment thereof {e.g. antigen-binding fragment) of the invention.
The label or package insert indicates that the composition is useful for treatment, prevention
and/or diagnosis of a partiouiar condition.

[0229] Package insert refers to instructions customartly included in commercial
packages of therapeutic products that contain information about the indications, usage,
dosage, administration, contraindlcations and/or warnings concerning the uss of such .
therapeutic products, In one embaodimsnt, the label or package insert indicates that the
composition is used for treating complement-associated disorders, such as, for example, any
of the conditions listed before, including eve disorders e.g. iage-related macular degeneration
(AMD). The label or package insert will further comprise instructions for administering the
anfibody composition to the patient.

EGESO} Additionally, the article of manufacture may further comprise a second
coniainer comprising a pharmaceuticaliy-acceptable buffer, such as bacteriostatic water for
iniection (BWF), phosphate-buffered saline, Ringer's sofution and dextrose solution. it may
further includa other materials desirabie from a commercial and user standpoint, including
other buffers, diluents, filters, nesadles, and syringas.

[0231] in another embodiment, kifs are also provided that are useful for various
purposes, e.g., for treatrent, preveniion and/or diagnosis of complemsnt-associated
disorders, for complement-associated hemolysis assays, for purification or
imrmunoprecipitation of Factor D potypeptide from cells. For isolation and purification of Factor
D polypeptide, the kit can contain an anti-Factor D antibody coupled to beads (e.g., sepharcse
beads). Kits can be provided which contain the antibodies for detection and quantitation of
Factor D polypeptide in vitro, 8.g., in an ELISA or 2 Westermn blot. As with the arficle of
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manufacture, the kit comprises a container and a label or package Insert on or associated with
the container. The container hoids a composition comprising at lsast one anti-Factor
antibody, or fragment thereof (e.g. antigen-binding fragment) of the invention. Additional -
containers may be included that contain, e.g., dituents and buffers, control antibodies. The
iabel or package insert may provide a description of the composition as well as instructions for
the intended in vitro or detection use. The label or package insert may provide insfructions for
the administration {e.g. the antibody, or antibody fragment thereof (e.g. antigen-binding
fragment) to a subject.

USES FOR THE HUMANIZED ANTIBODY

{0232] | The humanized antiodies, or fragments thereof (2.9, antigen-binding
fragments) or variant thereof, of the present invention are useful in diagnostic assays, e.g., for
detecting expression of a target of interest in specific cells, tissues, or serum. For diagnostic
applications, the antibody, or antibody variant thereof or fragment thereof (e.g. anfigen-binding
fragment), typicaily will be labeled with a detectable moiety. Numerous labeis are available.
Techniquas for quantifying a change in flucrescence are described above. The
chemiiuminescent substrate becomes slectronically excited by a chemical reaction and may
then emit fight which can be measured {using a chemiluminometer, for example) or donates
energy to a fluorescent acceptor. Examples of enzymatic fabels include luciferases {e.g.,
firefly luciferase and bacterial luciferase; U1.S. Pat, No, 4,737,458}, luciferin, 2,3-
dihydrophthalazinediones, malate dehydrogenase, urease, peroxidase such as horseradish
peroxidase (HRPO), alkaline phosphatase, .beta.~-galactosidase, glucoamylase, lysozyme,
saccharide oxidases (e.g., glucese oxidase, galactose oxidase, and glucose-B-phosphate
dehydrogenase), heterocyclic oxidases (such as uricase and xanthine oxidase),
lactoperoxidase, microperoxidase, and the like. Techniques for conjugating enzymes to
antibodies are described in O'Sullivan et al., Mathods for the Preparation of Enzyme-Antibody
Conjugates for Use in Enzyme Immunoassay, in Methods in Enzym. (Ed. J. Langone & H.
Van Vunakis), Academic press, New York, 73: 147-168 (1981).

[0233] Sornetirnes, the label is indirectly conjugated with the antibody, or antibody
variant thersof or fragment theradf (e.q. antigen-binding fragment). The skilied arlisan will be
aware of various technigues for achieving this, For example, the antibody, or antibody variant
thereaf or fragment thereof (e.g. antigen-binding fragment), can be conjugated with biotin and
any of the three broad categories of iabels mentioned above can be conjugated with avidin, or
vice versa. Biotin binds seieciively to avidin and thus, the label can he conjugated with the
antibody, or antibody variant thereof or fragment thereof (e.g. antigen-binding fragment), in
this indirect manner. Aliermnatively, to achieve indirect conjugation of the label with the
antibody, or antibody variant thereof or fragment thereof (e.g. antigen-binding fragment), the
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antibody, or antibody variant thersof or fragment theredf {e.g. antigen-binding fragment), is
conjugated with a smali hapten (e.g. digioxin) and ong of the differsnt types of labels
mentioned above is con}ugated with an anti-hapten antibody, or antibody variant thereof (e.g.
anti-digloxin antibody) or fragment thereof (s.g. antigen-binding fragment). Thus, indirect -
conjugation of the label with the aniibody, or antibody variént thereof or fragment thérecﬁ’ (a.g.
antigen-binding fragment}, can be achieved.

02347, . In another embodiment of the invention, the antibody, orantiiody variant
thereof or fragment thereof (e.g. antigen-binding fragment}, need not be labeled, and the
presence thersof can be detected using a labeled antibody which binds 1o the antibody, or
antibody variant thereof or fragment thereof (e.g. antigen-binding fragment).

[6235] The antibodies, or antibody variants thereof, or fragment thereof (e.g. antigen-
binding fragment) of the present invention may bs employed in any known assay method,
such as competitiva binding assays, direct and indirect sandwich assays, and
immunoprecipitation assays. Zaola, Monoclonal Antibodies: A Manual of Techniques, pp. 147-
158 {CRC Press, Inc. 1987).

023861 Competitive binding assays rely on the ability of a labeled standard to compete
with the test sample for binding with a imited amount of antibody, or antibody variant thereof
or fragment thereof (2.g. antigen-binding fragment). The amount of target in the test sample is
inversely proportional to the amount of standard that becomes bound 1o the antibodies. To
facilitate determining the amount of standard that becomes bound, the antibodies generally
are insclubilized hefore or after the competition. As a resuit, the standard and test sampie
that are bound io the antibodies may convenientiy be separated from the standard and est
sample which r@méin unbound.

[0237] Sandwich assays involve the use of two antibodies, or fragments thereof (e.g.
antigen-binding fragments) each capable of binding fo a different immunogenic portion, or
apitope, or the protein io be Getected‘ in a sandwich assay, the {est sampie to be analyzed is
bound by a first antibody which is immobilized on a solid support, and thereafier a second
aniibody binds o the test sample, thus forming an insoluble three-part complex. See e.g., U.S.
Pat. No. 4,378,110, The second aniibody may itselfl be labeled with a detectable moisty
{dirgct sandwich assays) or may be measured using an anti-immunogiobulin antibody that is
labeted with a detectable moiety (indirect sandwich assay). For example, one type of
sandwich assay is an ELISA assay, in which case the detectable moiety is an enzyme.

i0238] For immunohistochemistry, the tumor sample may be fresh or frozen or may be
embedded in paraffin and fixed with a preservative such as formalin, for example.

0239} The antibodies, or antibody variants thereof, or fragments thereof (e.g. antigen-
binding fragments) may also be used for in vivo diagnostic assays. Generally, the antibody, or
antibody variant thersof or fragment thereof (e.g. antigen-binding fragment), is labeled with a
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radionuciectide (such as .sup.111 in, .sup.88 Tc, sup.14 C, .sup. 1311, sup.3 H, .sup.32 P or
.8Up.35 8) so that the tumor can be localized using immunoscintiography. For example, a
high affinity anti-IgE antibody of the present invention may be used to detect the amount of
fgE present in, .., the l&ngs of an asthmatic patient.

[0240] The antibody, or antibody variant thereof or fragrment thereof (e.g. antigen-
binding fragment), of the present invention can be provided in a kit, .e., packaged
combiriation of reagents in pradetermined amounts with instructions for performing the
diagnostic assay. Where the antibody, or aniibody variant thergof or fragment thereof (2.g.
anfigen-binding fragment), is labeled with an enzyme, the kit may include substrates and
cofactors raquired by the enzyme (e.g., a substrate precursor which provides the delectable
chromophore or fiuorophore). In addition, other additives may be included such as stabilizers,
buffers (e.g., a block buffer or lysis buffer) and the like. The reiative amountis of the various
reagents may be varied widely to provide for concentrations in solution of the reagsnis which
substantially opfimize the sensitivity of the assay. Parlicularly, the reagents may be provided
as dry powders, usually iyophilized, including excipients which on dissolution will provide a
reagent solution having the appropriate concenfration,

H VIVO USES FOR THE ANTIBODY

10241} itis conterﬁpiated that the antibodies, or antibodies therect, or fragments
thersof (2.g. antigen-binding fragments) of the present invention may be used to freat a
mammati. In one embodiment, the antibody, or antibedy thereof, is adminisiered fo a
nonhuman mammal for the purposes of oblaining preclinical data, for example. Exemplary
nonhuman mammals o be treated include nonhuman primates, dogs, cats, rodents and other
mamimals in which preciinical studies are performed. Such mammals may be established

. animal modeis for 2 dissase to be trealed with the antibody, or antibody thereof, or may be
used to study foxicity of the antibody of interest. In each of these ambodiments, dose
escalation studies may be performed on the mammal.

[0242] The antibody, or variant thereof, or fragment thereof (s.g. antigen-binding
fragment) or polypeptide is administered by any suitable means, including parenterzi,
subcutaneous, intraperifoneal, intrapulmonary, and infranasal, and, if desired for local
immunosuppressive freatment, intralesional administration. Parenteral infusions include
intramuscular, intravenous, infraarterial, intraperitoneal, or subcutaneous administration. In
addition, the anfibody, or antibody variant theraof or fragment thereof (e.g. anfigen-binding
fragment), is suitably administered by pulse infusion, particularly with dedlining doses of the
antibody, or antibody variant thereof or fragment thereof (e.g. antigen-binding fragment).
Preferably the dosing is given by injections, most preferably intravenous or subcutaneous
injections, depending in part on whether the administration is brief or chronic.

76



[0243] For the prevention or treatment of disease, the appropriate dosage of the
antibody, or antibody variant therecf or fragment thereof (e.g. antigen-binding fragment), or
polypepiide will depend on the type of disease to be treated, the severity and course of the
disease, whether the antibody, or antibody variant thereof or fragment thereof (g.g. antigen-
binding fragment), is administered for preveniive or therapeutic purposes, previous therapy,
the patient's clinical history and response fo the antibody, or antibody variant thereof or
fragment thereof {e.g. antigen-binding fragment} and the discretion of the attending physioiam.
[0244] Depending on the type and severity of the disease, about 0.4 migfky to 150
mg/kg {e.g., 0.1-20 mg/kg) of aniibody, or antibedy variant thereof or fragment thereof (e.g.
antigen-binding fragment), is an initial candidate dosage for administration fo the patient;
whether, for exampile, by one or more separaie administrations, or by continuous infusion. A
typical daily dosage might range from about 1 mg/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 is sustained until a desired suppression of disease
symptoms occurs. However, other dosage regimens may be useful. ‘The progress of this
therapy is easily monitored by conventional techniques and assays. An exemplary dosing
regimen is disclosed in WO 84/04188.

[0245] The antibody compositions may be formuiated, dosed and administered in a
manner consietent with good medical practice. Factors for consideration in this context
inciude the particular disorder baing freated, the particular mammal being treated, the clinical
candition of the individual patient, the cause of the disorder, the site of delivery of the agent,
the method of administration, the scheduling of administration, and other factors known {o
medical praciitioners. The "therapeutically effective amount” of the antibody, or antibody
variani thereof or fragment thereof (2.g. antigen-binding fragment), to be administered will be
governed by such considerations, and is the minimum amount necessary to prevent,
ameliorats, or treat a disease or disorder. The antibody, or antibody variant thereof or
fragment thereof (e.g. antigen-binding fragment), need not be, but is optionally formulated with
one or more agents currently used fo prevent or treat the disorder in question. The effective
amount of such other agenis depends on the amount of antibody, or antibody variant thereof
or fragment thereof (e.g. antigen-binding fragment), present in the formulation, the type of
disorder or treatment, and other factors discussed above. Thase are generally used in the
same dosages and with administration routes as used hereinbefore or about from 1 to 99% of
the herstofore employed dosages.

[0246} The antibodias, or antibody variants thereof, or fragments thereof (e.g. anligen-
binding fragments) of the present invention which recognize Factor D as their targs! may be
used to treat complement-mediated disorders. These disorders are associated with excessive
or uncontrofied compilement activation. Thay include: Complament activation during
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cardiopulmonary bypags operations; complement activation due to ischemia-reperfusion
following acute myocardial infarction, aneurysm, siroke, hemarrhagic shock, crush injury,
muttiple organ faiiﬁfe, hypobhiemic shock and intestinal ischemia. These disorders can also
include dissase or condition is an inflammatory conditions such as severs burns, endofoxemia,
saptic shock, adult respiratory distress syndrome, hemodialysis; anaphylactic shock, severe
asthma, angioedama, Crohn's disease, sickle cell anemia, posistreptococcal
glomerulonephritis and pancreatitis. The disorder may be the resuit of an adverse drug
reaction, drug altergy, IL-2 induced vascular leakage syndrome or radiographic confrast media
allergy. it also includes autoimmune disease such as systemic lupus erythematosus,
myasthenia gravis, rheumatoid arthritis, Alzheimer's disease and multiple scierosis.
Complement activation is alsc associated with transplant rejection. Recently thers has beena
strong correlation shown batween complement aclivation and ocutar diseases such as age-
related macuiar degeneration, diabefic retinopathy and other ischemia-related retinopathies,
choroidal neovascutarization (CNV}, Liveitis, diabetic macular eden?a, pathological myopia,
von Hippel-Lindau disease, histoplasmosis of the sys, Central Retinal Vein Occlusion

- (CRVQ), comeal neovascularization, and retinal necvascularization.

- EXAMPLES

[02471 The following examples are offered by way of fllusiration and not by way of
fimitation. Commercially available reagents referred to in the exampiss were used according
to manufacturer's instructions uniess otherwise indicated. The source of those cells identified
in the following examples, and throughout the specification, by ATCC accession numbers is
the American Type Culture Coliection, 10801 University Boulevard, Manassas, VA 20110-
2208.

Example 1: Modification of Anti-Factor D Abs

[0248] To identify modified anti-Factor D antibodies, and variants thereof, and
fragments thereof (e.g. antigen-binding fragments) that would have commercially desireable
characteristics such as homogeneity during manufacturing and production or for purposes of
analytical characterization, & site-directed mutagenesis approach was used to generate
modified humanized anti-factor D antibodies, and variants thereof, and fragments thereof (e.g.
antigen-binding fragments). First, the variable heavy and light chain domains from humanized
anti-Factor D Fab clone #111 (SEQ 1D NO: 2 and SEQ 1D NO: 1, respectively) were
subcloned into an expression plasmid. Secondly, oligonuciectides encoding singie mutations
were annealed to the resulting expression plasmid to introduce the site-directed mutations.
[0248] initially, the variable heavy and light chain domains of humanized anii-Factor D
Fab clone #111 were subcloned info the plasmid pAERP 1 (pAEP1 is 2 plasmid for the
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expression of Fab antibodies in £.c0fi.}, with the subcloning resulting in the introduction of a
valine (V) at position 104 (according to Kabat numbering, see Figure 10) of the variable light
chain domain, '
{02507 The sabclonihg of the variable fight chain domain domain of humanizéd anti-
Factor [ Fab clone #111 into pAEP1 involved the ligation of two DNA fragments. The first
fragment was the pAEP1 vector in which the small EcoRV/Kpnl fragment had been removed.
The sacond fragment was an approximaiely 300 base pair EcoRV-Kpnl PCR fragment
generated from the light chain plasmid for the humanized anti-Facior D Fab clone #111, using
the following primers:

5~ TTTCCCTTTGATATCCAGGTGACCCAGTCTCCATCCT-3 (BEQ ID NC: 67)

& - TTTCCCTTTGGTACCCTGGCCAAACGTGTACBECAAAGAATC-3 (SEQ D NO:
68). ' .
The subcloning of the vdriable lght chain domain of hurmnanized anti-Factor D clone #111 into
pAERT infroduced a valine (V) at position 104 because position 104 is 2 amino acids
tdownstream of the restr%c_t%on endonucisase siles, EcoRV and Kpnl, which were used o insert
the variable light chain domain of humanized anti-Factor D clone #111 into pAEPT and
therefore in the backbone of the pAEPT plasmid. This resutting intermediate plasmid is herein |
referred ic as "pARP1-283-V0"
[0251} The subcloning of the variable heavy chain domain of humanized ant-Facior D
clone #111 into pAEP 1-238-VL involved the ligation of two DNA fragments. The first fragment
was the pAEP 1-238-VL vector in which the small BsiWI/PspOMI fragment had been removed.
The second fragment was an approximately 364 base pair BsiWI-PspOMI PCR fragment
generatad from the heavy chain plasmid for the humanized anti-Factor O Fab clone #111,
uging the following primers:

5 - TTTGGGTTTCGTACGCTCAGGTCCAGCTGGTGCAATCTGGG-3' {SEQ ID NO:
89)

5 - TTTGGGTTTGGGGCCTTGGTGGAGGCTGAGGAGACGGTGACCAGGGT~3’
{SEQ D NO: 70).
This ligation of the two DNA fragments resulied in the plasmid for humanized anti-Factor D
Fab anfibody variant 238 (alsc herein referred to as "238”; ptasmid is hersin referred o as
- ‘p238").
[0252] After the subcloning of the variable iight and heavy chain domains from
humanized anti-Factor D #111, site-direcied PCR mutagenesis was used o mutate the
glutamine (Q) at position 1 {according to Kabat numbering, see Figure 1) of the variable heavy
chain of humanized anti-Factor D Fab antibody variant 238 to a glutamate (E), resuiting in
humanized anti-Facltor D Fab antibody variant 238-1 (also herein referred to as “238-1"). The
construction of the plasmid for humanized anti-Factor D Fab antibody variant 238-1 (plasmid
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is herein referred to as “p238-1") invalved the ligation of two DNA fragments. The first
fragment was the p238 vector in which the small BsiWy/PspOMI fragment had been removec.
The secdnd fragment was an approximately 364 base pair BsiWl-PspOMi PCR fragment
generated from the p238 plasmid, using the following primers:

5 - TTTGGGTTTCGTACGCTGAAGTCCAGCTGGTGCAATCTGGE-3 (SEQ ID NG:
71

5 .. TTTGEGTTTEEGCCCTTEETEGAGGECTGAGGAGACGGTGACCAGGGT-3
{SEQ ID NO: 72).
This ligation af the two DNA fragments resulted in the plasmid for humanized anti-Factor D
Fab antibody variant 238-1 {also herein referred to as “238-17; plasmid is herein referred {0 a8
“n238-1"), which included the site-directed mutation of the position 1 {o a glutamate (£). This
mutation was found to inhibit the partizl conversion of the glutamine (Q) in humanized anti-
Factor D Fab antibody variant 238-1 o pyroglutamate (Amphiett, G. et al., Pharm. Biolechnol.,
9:1-140 {1996}).
10253] Further site-directed PCR mutagenesis may be used to mutate methionine (M
or Met) or tryptophan (W or Trp) residues to prevent oxidation or fo mutate asparagine (N or
Asn) residues fo pravent deamidation. To prevent the formation of oxidized variants of the
humanized anti-Facior D antibodies, methionines (M or Met), for example at position 33 of the
light chain may be mutated to leucine (L or Leu) which is most similar in size and
hydrophebicity to methicnine, but lacks a sulfur for oxidation, or alternatively mutated to
isoleucine {1 or lie) (Amphlett, G. et al., Pharm. Biolschnol., 9:1-140 (1998)). To prevent the
formation of deamidated variants of the humanized anti-Facior D antibodies, asparagines (N
or Asn), for exampie at position 34 and 52 of the light chain or position 99 or 100 of the heavy
chain may be mutated to giutamine (O or Gin) which is most similar chemically to asparagine
(N or Asn), or mutated to alanine (A or Ala) or serine (5 or Ser) which are common
substitutions at those positions in other antibodies (Amphlett, G. et al., Pharm. Biotechnol.,
9:1-140 (1996)). |
[{0254] F'igures 1.2 shows the variable light chain domain and variable heavy chain
domain sequences for humanized anti-Factor D Fab anfibody variant 238 (SEQ 1D Nos: 6 and
18, respeciively) and humanized anti-Factor D Fab antibody variant 238-1 (SEQ 1D NOs: 7
and 19, respectively). Figure 4 and Figure & show the light chain and heavy chain sequences
ISEQ 1D NOs: 47 and 54, respectively) for humanized anti-Factor D Fab antibody vartant 238.
Figure 8 and Figure 10 show the light chain and heavy chain sequences (SEQ 1D NOs: 81
and 63, respectively) for humanized anti-Factor D Fab antibody variant 238-1.
[0255] BiaCore data showed affinity of humanized anti-Factor D Fab antibody variant
238 to human Factor D as wall as affinity of humanized anti-Facior D full-length mAb version
of clone #111 (humanized ant-Factor D full-length mAb 234) {herein referred to as "234" or
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“anti-Factor D full-length mAb 234" or "humanized anti-Factor D fullength MAb 234™) (Table
2). Humanized anti-Factor D Fab antibody variants 238 and 238-1 were also tested in the
hemolyiic inhibifion assay {Figure 11) to assess the inhibition of the aiternative pathway (see
Example 3).

Example 2: AP Hemolysis Assay

[0256] Biotogical function of modified anti-Factor D Abs were determined using
hemolytic inhibition assay using Ctg-depieted hurman serum and BiaCore analysis (See
Example 3 below). Hemolyfic assay was performed as follows.

10257} For determining alternative pathway activity, rabbit erythrocytes (Er, Cotorado
Serum) were washed 3x in GVB and resuspended to 2 x 10%ml. Inhibitors (50ul) and 20ul of
Er suspension were mixed 1:1 with GVB/0.1M EGTAD.1 M MgCl,. Complement activation was
initiated by the addition of C1g-depleted human serum (to avoid any complement activation
through the classical pathway) {(CompTech; 30 ul diluted 1:3 in GVB). After a 30 minule
incubation at room temperature, 200 ul GVB/10 mM EDTA were added o stop the reaction
and samples were centrifuged for 5 min at 500 g. Hemolysis was dstermined in 200 ul
supernatant by measuring absorbance at 412 nm. Data were expressed as % of hemolysis
induced in the absence of the inhibitor.

[02583 Figure 11 shows inhibition of humanized anii-ractor D Fab clone #1171 (ICs =
4.7 £ 0.8 nM), modified anti-Facior D Fab 238 (iCs = 6.4 1 0.6 nM) and modified anti-Factor B
Fab 238-1 (1G5 = 3.5 £ 0.5 nM) on alternative pathway hemolysis using rabbit red blood cell
hemolysis assay using Clg-depleted human serurm as complement source. Controls were
Factor H ("Human fH"} {from CompTech) and anti-glycoprotein 120 {("xgp120”) antibodies.

Exampie 3: Kinetic Analysis of anti-Human Factor D Fab by BiaCore

1025¢] Kinetic and affinity consfants for binding of human Facfor D {Advanced
Research, inc.} fo immobilized modified ant-factor D Fab 238 (hersin referred io as “238"; see
Example 1) were determined by surface plasmon resonance measurements on both BiaCore
3000 and BiaCore A100 instruments. For the values in Table 2 that are listed as “BlaCore
3000/BiaCore A100” results, separate experiments were done on each instrument, the data
from the separate experimenis were analyzaed to get kinetic constants, and the kinstic
consiants were averaged {0 get the vaiues shown in Table 2. Alternatively, kinstic and affinity
constants for binding of human Factor D may be measured by immobilizing human Factor D
and measuring the binding of the mAb or Fab, may be measured using different reganeration
conditions (e.g. comprising 4M MgCly) and/or may ba measured using different binding buffers
{e.g. comprising PBS}. Humanized anti-facior D full-length mAb version of cione #111 (hersin
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referred to as “234" or “anti-Factor D full-length mAb 234”7 or "humanized anfi-Facior D full-
length mAb 234"} was also analyzed.

1. tmmobilization
[0260] mAb or Fab were immobifized via amine-coupling using a standard protocol
supplied by the manufacturer. The density of the coupling was reguiated by adjusting the
concentration or pH of the injected mAb or Fab solutioﬁs such that the fotal signal for
saturating binding of human factor D was between 50 and 150 resonance units (RU). After
coupling of the desired amount of mAb or Fab, unreacted functional groups on the sensor chip
were blocked by injection of sthanolamine. '

2. Kinetlic Analysis
10261} Binding experiments were conducting by injecting 60 L aliquots of a sarigs of
human factor D solutions varied in concentration from 500 nM {o 0.98 nM in 2-fold increments.
All samples were diluted In running buffer composed of 150 mM NaCl, 0.01% Tween-20 and
one of the following buffer components: (a) pH 7.2 (10 mM HEPES (4-{2-hydroxyethyl)-1-
piperazineethanesuifonic acid); (b) pH 8.0 {10 mM MES {2-[N-Morpholinojethanesulfonic
acid); or pH 5.0 {10 mM sodium acetate). The flow rate was 30 pl/min and dissociation was
manitored for 10 minutes for each concentration of human factor D tested. The signal
(sensorgram) ohserved for injection of the same solutions over a reference cell (sthanolamine
blocked) was subtracied from the sensorgram. Between sensorgrams the surface was
regenerated by injection of 30 ul of 4 M MgCl, to cause dissociation of any human factor O
remaining bound to the immobilized antibody. A control sensorgram recorded for injection of
buffer only over the sensor chip surface was subtracted from the human factor D
sensorgrams. These data were analyzed by non-linear regression according to a 1:1
Langmuir binding model using BlAevaluation software v4.1. Kinetlc and affinity constants are
provided in the Table 2 below. BiaCore fechnology is fimited and is not able to accurately
measure on-rates that are too fast {i.e. Ky values smaller than about 10 pM) (Safsten et al,,
Anal. Biochem., 353: 181 {2008)).
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Table 2 BiaCore Results

| Fab or Antibody ka (M-1s-1} | kd (s-1) Ko (M)
Modified Anti-factor D Fab 238 | 1.5x10° 17107 1.0x1077
{pH 7.2; A100) - (1.0 pM % 0.05)
Modified Antifactor D Fab 238 | 8.429x10° | 1.4x1 7x107 1.4x107
(pH 7.2; 3000/A100) (14 pM£0.5)
Modified Anti-factor D Fab 238 | 1.9x10° 3.6x707 0.19x10°
| (pH 6;3000) | B (0.18 nM £ 0.01)
Modified Anti-factor D Fab 238 T 5%10°F 0.02 12.3x10°
(pH 5; A100) T (12.3 nM % 2)
Anti-factor D full-length mAb 234 | 1.9x10° 1.3x10% 0.7x10™%
(pH 7.2; A100) co (0.7 pM # 0.04)
Anti-factor D full-length mAb 234 | 8.5210x10° | 1.5¢1.7x107 1,1x107
(pH 7.2; 3000/A100) (1.1 pM =z 0.6}
Anti-factor D full-length mAb 234 | 2.8x10° 2.2x107 08x10”
{pH 6; 3000) B : (0.08 nM £ 0.01)
| Anti-factor D full-length mAb 234 | 2.2x10° 2.0x10™ ax1g”®
(pH 5; A100) | (8.0 nM £ 1.0)

Exampie 4: AP Hemolysis Assay with Varying Factor D Concentrations

{0262} Bioiogical function of modified anti-Factor D Abs, including anti-Factor O Fab
238, were determined using hemolytic inhibition assay using Ctg-depleted human serum and
BiaCore analysis (See Example 2 above), in the prasence of three serum concentrations of
Factor D.

10263} Ctg-depleted human serum (CompTech) as wall as vitrecus fluld and Bruch's
membrane tissue from eyes of AMD patients (obtained through a coliaboration with the Cole
Eve Institute, Cleveland, OH) were analyzed in a quantitative ELISA for Factor D {s2e below).
The concentration of Factor I in the Gig-deplsted serum was 87 nM, whereas the level in
vitreous fluid and Bruch’s membrane tissue from AMD patients was 16.2 £ 10.3 nM (mean £
8D, n=10).

[6264] The guantitative factor D ELISA was performed by dituting anti-human
compiement factor D goat polyclonal antibody (R&D Systems, Minneapolis, MN) to 1 gg/ml in
phosphate buffered saline (PBS) and coaling the anti-factor D polyclonal antibody (R&D
Systems, Minneapolis, MN) onto 384 weli ELISA plates (high-bind plates, Greiner Bio One
through VWR international, Bridgeport, NJ) during an overnight incubation at 4°C. After
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washing 3 times with wash buffer {PBS / 0.05% Tween-20), the plates were blocked for 1 -2
hr with PBS/0.5% bovine serum albumin (BSA). This and all other incubations were
performed at room temperature on an orbital shaker, A standard curve of facior D
{Complement Technolagy, Inc., Tyler, Texas) was preparad in PBS/0.5% BSA/(.05% Tween-
20 over a range of 15.6 - 1,000 pg/ml. Frozen control samples pre-diluted to quaniitale at the
high, mid, and low regions of the standard curve wers thawsed. C1g-depleted human serum
and human vitreous fivid and Bruch's membrane lysate samplss were diluted using Assay
Diluent (PBS/ 0.5% BSA 7 0.5% Tween-20). After the blocking step, the plates were washed
and the diluted samples (serum, vitreous fluid, and lysates of Bruch’s membrane), standards
and controis were added and incubaied for 2 hours. After the 2 hr incubation, the plates were
washed, and bound factor D was detected during a 1 to 2 hr incubation with a biofinylated
anti-factor b manocional antibody {(clone 8G7.1.16, produced at Genentach, diluted to §2.5
ng/mi) followed by & 30 min incubaticn with streptavidin-horseradish peroxidase (SA-
MRP)_{Amersham Pharmacia Biotech, Piscataway, NJ}, diluted 1/10,000 in Assay Diluent.
Following a final wash step, tetramethyl benzidine {Kirkegaard & Perry Laboratories, Inc.,
Gaithersburg, MD) was added, and color was aliowed to develop for 5 to 7 min. The reaction.
was stopped by the addition of 1 M phosphoric acid. The optical density was raad using a
micropiate reader (450 nm, 650 nm reference), and the sample concentrations were
caloulated from four-pararneater fitg of the standard curves. The minimum quantifiable
concentrations of factor D in human vitreous fluid and Bruch's membrane lysate samples were
780 pg/mb (1/50 minimum dilution) and 156 pg/mL (1/10 minimum dilution), respectively.
[0265] In order to determine the 1Csp and 1Cq values for inhibition of the alternative
somplement pathway using modified anti-Factor D Fab 238 in the presence of factor D
concentrations similar to the concentrations of Factor D observed in vitreous fluid and Bruch's
membrane tissues from eyes of AMD patients, the hemolytic assay was performed as
described in Exampie 2, using 10% Cilg-depleted serum (9.7 nM factor ) or using 10% C1lg-
depleted serum supplemenied with additional factor D (CompTech) to achieve factor D
concentrations representing the mean (16.2 nM) or the mean + 1 8D (26.5 nM) concentration
observed in vitreous fiuid and Bruch's membrane tissues from eves of AMD patienis. Data
were expressaed a5 % of hemolysis induced in the absentice of the inhibitor (Figure 12). The
concenirations of anii-Factor D Fab 238 causing 50% and 80% inhibition of the hemolytic
reaction (ICs and 1Cy values, respectively) were determined for three repeat experiments by
non-finear regression of the inhibition curves using a four-parameter fit mode! (Kaleidalraph,
Synargy Software, Reading, PA). The molar ratios of the 1G5 and 1Cg values versus the
ralative concentration of Factor O were also calculated, The average 1Cs; and 1Cy vaiues and

motar ratios are shown in Table 3.
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Table 3 5(350 and 1000 for Andi-Factor O Fab

Anti-Factor b Fab {238}
FactorD 1C50 ICo0
Concentration | nij Molar nii Molar
{nld} ratio Ratio
{IC /D) {1C /T
8.7 {nif) 44+ 1.5 0484 14.0 % 1.443
1.0
16.2{nM) 102 & 0.630 38.0 2.3486
0.8 +11.0
28,8 (nhf) 2382 0.802 72.8 % 2.740)
5.0 4.8

Example 5: Duration of inhibition of Alternative Pathway Complement Activation
[0256]
‘complement activation in a human eye using a single intravitreal (IVT) injection of anti-Factor
D Fab 238 at a 2.5 mg dose (assuming a half-ife {t») of anti-Factor D Fab 238 of 11.5 days,
based on inferspecies scaling from the rabbit), was measured (Example 13). The simuiated

The simutated duration of inhibition of the alternstive pathway (AP

data are basad on scaling from a P study of single infravitreal dose of Fab 238 in the New
Zealand white rabbit.

{0267]  To estimate the half-life of anti-Factor D Fab 238 in humans, the half-life of
ant-Factor D 238 in rabbits was calculated. Twelve {12) New Zealand White rabbits were
administersd a single intravifreat dose of 1 mg Fab 238 in each aye, Vitrecus humor and
retinal tissue samplss were collected from both eyes fram the specified number of animals at
the foliowing timepoints; 3 animals at 4, 24 and 98 hours {n=6 samples &t each of these
fimepoints) and one animal at 216 hours (n=2 samples at this timepoint) and 2 animals at 240
hours (=4 samples at this timepeoint). The concentrations of Fab 238 in the ocular matrices
were measured in a factor D binding ELISA.

[0268]

estimate pharmacokinetic paramater estimates using a nalve pooled approach with the IV

The vitreous humor concentration-time data from all animals were analyzed fo

bolus input model {Modeis 201, WinNonlin Pro version 5.2.1; Pharsight Corporation, Mouritain
View, CA) to provide ons sstimate of terminal half-iife (Tyy) of 3.83 days. The retina! partition
coefficient was caiculated as the ratio of the concendration in the retinal tissus to vitreous
humor avaragad for all eyss at all imepoints, and was eguat 1o .24, The PK parameters for
vitreous humor were scaled {0 human using the same scaling factors ohserved for
ranibizumab. The human eyz is assumed o have a V, of 4 mL, the rafio of haif-ife in the
human to the rabbit is assumed {o be 3, producing an estimaie of tyz in human of 11.5 days.
This produced the estimate for vitreous concentration and refinal fissue concentrations as a
function of time as:

Vitreous Concentration = (Dose/V, Fexp(-n{ 2)/i,] ime)
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Retinal tissue Concentration = (Dose/V ) exp{-in(2)q 1" time)* (retinal partition
coefficient)
[0268] In Figure 13, the graph was produced for a single [TV dose of 2.5 mg/eye, and
reprasents time from =0 to t=112 days. |Cqp represents the concentration of Fab 238 that
sroduces a 90% inhibitory effect in the hemolysis agsay performed as shown in Example 2
and 4 in which 10% pooied human serum was supplermnented to a Factor D concentration of
16.2 nhl. The assay result was 1Cq = 38 nM Fab 238, To compare io the retinal & vitreous
concenirations, a molar o mass conversion was dong using the following equation:

ICeo = 38 x 10°° moles/L

MW of Fab 238 = 50,000 grams/mole

1Ces (UgfmL) = (38 x 10 moles/L) x (50 x10° grams/moie) = 1.9 x 107 grams/L, or 1.9

uglimi. |
[0270] As shown in Figure 13, the "days above |Cgp” was estimated as the amount of
time the vilreous or retinal concentration would be predicted to be above 1.8 ug/mL afier a |
single ITV dose of 2.5 mgleye, and was observed as the point where the graph of the vitreous
or retinal concentrations oross the line at 1.8 ug/mL. A singie IVT injection of anti-Factor D
Fab 238 was eslimated o inhibit AP complement activation in the retinal tissue for at east
about 74 days and in the vilreous humor for af least about 97 days. The dashed line in Figure
13 shows the simutated anti-Factor D Fab 238 conceniration in the vitreous humor following
infraviireal administration. The solid line in Figure 13 shows the simulated anti-Factor D Fab
238 sonceniration in the refinal tissus foliowing infravitreal administration. The difference in
the conceriration in the vitreous humor and retinal issue is based upor an estimate of the
retinal tissue partition coefficient of 20%; in other words, 20% of the total drug administered to
the vitreous humor will have access to the refinal tissus
[0271] Those skilled in the art will recognize, or be able 1o ascertain using no more
than routing experimentation, many equivaients to the specific embodiments of the invention
described herein, Such eguivalenis are intended to be encompassed by the following claims.
0272] Aithough the foregoing invention has been described in some detall by way of
ffiustration and exampie for purposes of dlarity of uniderstanding, the descriptions and
aexampies should not be construed as limiting the scope of the invention. The disciosures of
all patent and scientific liferatures ciied herein are expressly incorporated in their entirety by
referance.
[0273] The foregoing written specification is considered fo be sufficient {o enable one
skified in the art fo practice the invention. The present invention is not to be limited in scope
by the construct deposited, since the deposited embodiment is intended as a single illusiration
of certain aspects of the inventicn and any constructs that are functionally equivalent are
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within the scope of this invention. Indeed, various modifications of the invention in addition fo
those shown and described herein will become apparent to those skilied in the art from the
foregoing description and fall within the scope of the appended claims.
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Claims;

1. A methed for determining the efficacy of an anti-Factor D antibody or an antigen-
binding fragment thereof comprising: performing an alternative pathway hemolytic assay and
detecting inhibition of alternative pathway hemolysis, wherein a haif minimal inhibitory
concentration (IC30) value of less than 80 nM of the anti-Factor D antibody or the antigen-
binding fragment thereof indicates that the anti-Factor D antibody or the antigen-binding
fragment thereof is efficacious; wherein the antibody or the antigen-binding fragment thereof
comprises a light chain variable domain and a heavy chain variable domain, wherein the
light chain variable domain comprises light chain hypervariable region (HVR}-1 comprising
ITSTDIDDDMN (SEQ 1D NO: 30), light chain HVR-2 comprising GGNTLRP (SEQ 1D NO:
35), and light chain HVR-3 comprising LOASDSLPYT (SEQ 1D NO: 38), wherein the heavy
chain variable domain comprises heavy chain HVR-1 comprising GYTFTNYGMN (SEQ ID
NO: 39), heavy chain HVR-2 comprising WINTYTGETTYADDFKG (SEQ ID NO: 40), and
heavy chain HVR-3 comprising EGGVNN (SEQ ID NO: 41),

wherein the anti-Factor D antibody or antibody fragment theraof further comprises
one or more of the foliowing substitutions (a) to (g):

(@) substitution of the amino acid at position 10 of SEQ 1D NO: 30 with L or |

(b) substitution of the amino acid at pesition 11 of SEQ (D NO: 30 with A or Q;

{¢) substitution of the aminc acid at position 3 of SEQ ID NO: 35 with S or A

{d) substitution of the amino acid at position 5 of SEQ 1D NO: 41 with A or &; or

(&) substitution of the amino acid at position 6 of SEQ ID NO: 41 with A or Q,
and/or the heavy chain variable domain comprises an E at position 1.

2. The method of claim 1, wherein the IC50 of the anti-Factor D antibody or the
antigen-binding fragment thereof is less than 30 ni\.

3. The method of claim 1, wherein the IC50 of the anti-Factor [ antibody or the
antigen-
4. The method of claim 1, further comprising measuring the binding affinity of the anti-

Factor D antibody or the antigen-binding fragment thereof to Factor D, wherein an affinity
value of 0.5 pM or higher of the anti-Factor D antibody or the antigen-binding fragment
thereof indicates that the anti-Factor D antibody or the antigen-binding fragment thereof is
efficacious.
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5 The method of claim 4, wherein the binding affinity of the anti-Factor D antibody or
the antigen-binding fragment thereof to Factor D is 1.0 pM or higher.

8. The method of claim 4, wherein the binding affinity of the anti-Factor D antibody or
the antigen-binding fragment thereof to Factor D is 1.0 nM or higher.

7. The method of any one of claims 1-6, wherein the anti-Factor D antibody or
antigen-binding fragment thereof comprises light chain framework region (FR)-4 comprising
FGQGTKLEK (amino acids 88-107 of SEQ iD NO: 1) or FGQGTKVEIK (SEQ ID NO: 51).

8, The method of any one of claims 1-8, wherein the anti-Factor D antibody or
antigen-binding fragment thereof comprises light chain framework region (FR)-4 comprising
the amino acid sequence of SEQ ID NO: 51, and whersain the heavy chain variable domain
comprises an & at position 1.

9. The method of any one of claims 1-8, wherein:

(i the HVR-H1 comprises the amino acid sequence of SEQ 1D NO: 39;

(i) the HVR-H2 comprises the amino acid sequence of SEQ 1D NO: 40,

(i) the HVR-H3 comprises the amino acid sequence of SEQ (D NO: 41, SEQ
ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44 or SEQ 1D NO: 45;

{iv} the HVR-L1 comprises the amino acid sequence of SEQ ID NO: 30, SEQ
ID NO: 31, SE ID NO: 32, SEQ 1D NO: 33 or SEQ 1D NO: 34;

(v} the HVR-L2 comprises the amino acid sequence of SEQ ID NO: 35, SEQ
1D NG: 368 or SEQ 1D NO: 37; and

(vi} the HVR-L3 comprises the amino acid sequence of SEQ 1D NO: 38,

10. The method of Ciaim 9, wherein the HVR-H3 comprises the amino acid sequence
of SEQ 1D NO: 41

11, The method of Claim 9, wherein the HVR-L1 comprises the amino acid sequence of
SEQ 1D NO: 30.

12. The method of Claim 9, wherein the HVR-L2 comprises the amino acid sequence of
SEQ ID NO: 35.
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13. The method of Claim @, wherein the HVR-H1 comprises the amino acid sequence
of SEQ 1D NG: 39, the HVR-HZ comprises the amino acid sequence of SEQ D NO: 40, and
the HVR-H3 comprises the amino acid sequence of SEQ ID NO: 41,

14, The method of Claim 9, wherein the HVR-L1 comprises the amino acid sequence of
SEQ ID NO: 30, the HVR-L.2 comprises the amino acid sequence of SEQ 1D NO: 35, and the
HVR-L3 comprises the aminc acid sequence of SEQ 1D NO: 38,

15, The method of Claim 9, wherein the HVR-H1 comprises the amino acid sequence
of SEQ 1D NO: 39, the HVR-H2 comprises the amino acid sequence of SEQ ID NO: 40, the
HVR-H3 comprises the amino acid sequence of SEQ ID NO: 41, the HVR-L1 comprises the
amino acid sequence of SEQ 1D NC: 30, the HVR-L2 comprises the amino acid sequence of
SEQ ID NO: 35, and the HVR-L3 comprises the amino acid sequence of SEQ 1D NO: 38.

18. The method of any one of claims 1-6, wherein the heavy chain variable domain has
at least 80% sequence identity to an amino acid sequence of SEQ 1D NO: 19.

17. The method of any one of claims 1-8, wherein the light chain variable domain has at
least 80% sequence identity to an amino acid sequence of SEQ 1D NO: 7.

18. The method of any one of claims 1-8, wherein the heavy chain variable domain has
at least 90% sequence identity to an amino acid sequence of SEQ 1D NO: 19 and the light
chain variable domain has at isast 90% sequence identity to an amino acid sequence of
SEQID NO: 7.

19, The method of any one of claims 1-6, wherein the heavy chain variable domain
comprises an amino acid sequence selected from SEQ 1D NO: 18, SEQ 1D NO: 18, SEQ 1D
NG: 26, SEG D NO: 27, SEG 1D NO: 28 and SEQ 1D NO: 29,

20. The method of any one of claims -8, whersin the light chain variable domain
comprises an amino acid sequence selected from SEQ 1D NO: 7, SEQ ID NO: 8, SEQ 1D
NO: 9, SEQ 1D NO: 10, SEQ ID NG: 11, SEQ ID NO: 12, SEQ ID NO: 13, and SEQ ID
NO: 14,

21, The method of any one of claims 1-6, wherein the heavy chain variable domain

comprises the following amino acid sequence:
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XKIVOLVOASGRELKKPGASVKVSCKASGYTFTNY GMNWVROQAPGOGLEWMGWINTYTGET
TYADDFKGRFVFSLDTSVSTAYLQISSLKAEDTAVYYCEREGGVXZXAWGQGTLVTVSS
(SEQ ID NO: 74), wherein X1is QorE; X2is N, AorQ; and X3is N, Aor Q.

22, The method of any one of claims 1-8, wherein the heavy chain variable domain
comprises the following amino acid sequence:
DIQVTOSPSSLSASVGDRVTITCITSTDIDDDXAXSWYQQKPGRKVPKLLISGGXETLRPGVPS
RFSGEGSGTOFTLTISSLQPEDVATYYCLQSDSLPYTFGQGTKXZEIK (SEQ ID NO: 73),
wherein X4isM, LorEXbis N, AorQ; X8 isN, SorA and X7 is L or V.

23. The method of any one of claims 1-8, wherein the heavy chain variable domain
comprises an amino acid sequence of SEQ 1D NO: 18,

24. The method of any one of claims 1-8, wherein the light chain variable domain
comprises an amino acid sequence of SEQ 1D NO: 7.

25. The method of any one of claims 1-8, wherein the heavy chain variable domain
comprises an amino acid sequence of SEQ ID NO: 18 and the light chain variable domain

comprises an amino acid sequence of SEQ (D NO: 7.

26. The method of any one of claims 1-6, wherein the anti-Facior D antibody or
antigen-binding fragment thereof comprises a heavy chain having at least 90% sequence
identity to an aminc acid sequence of SEQ D NO: 63,

27. The method of any one of claims 1-8, wherein the anti-Factor D antibody or
antigen-binding fragment thereof comprises a light chain having at least 90% sequernce
identity fo an amino acid seguence of SEQ 1D NO: 81.

28. The method of any one of claims 1-6, wherein the anti-Factor D antibody comprises
a heavy chain having at least 80% sequence identity to an aminc acid seguence of SEQ ID
NG: 63 and a light chain having at least 90% sequence identity to an amino acid sequence
of SEQ 1D NO: 81.

29. The method of any one of claims 1-6, wherein the anti-Factor D antibody or
antigen-binding fragment thereof comprises & heavy chain comprising an amino acid
seguence of SEQ iD NO: 83.
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30. The method of any one of claims 1-6, wherein the anti-Factor D antibody or
antigen-binding fragment thereof comprisas a light ¢chain comprising an amino acid
sequence of SEQ 1D NO: 81,

31. The method of any one of claims 1-6, wherein the anti-Factor D antibody or
antigen-binding fragment thereof comprises a heavy chain comprising an amino acid
sequence of SEQ {D NQO: 63 and & light chain comprising an amino acid sequence of SEQ
D NO: 81,

32, A method for determining the efficacy of an anti-Factor D antibody or an antigen-
binding fragment thereof comprising: performing an alternative pathway hemolytic assay and
detecting inhibition of alternative pathway hemolysis, wherein a half minimal inhibitory
concentration (IC50) value of less than 80 nM of the anti-Factor D antibody or the antigen-
binding fragment thereof indicates that the anti-Factor D antibody or the antigen-binding
fragment thereof is efficacious; wherein the antibody or the antigen-binding fragment thereof
comprises a light chain variable domain comprising light chain hypervariable region (HVR}-1
comprising ITSTDIDDDMN (SEQ 1B NO: 30), light chain HVR-2 comprising GGNTLRP
(SEQ 1D NC: 35), and light chain HVR-3 comprising LOSDSLPYT (SEQ ID NC: 38), and a
heavy chain variable domain comprising HVR-1 comprising GYTFTNYGMN {SEQ 1D NO:
39}, heavy chain HVR-2 comprising WINTYTGETTYADDFKG (SEQ 1D NO: 40), and heavy
chain HVR-3 comprising EGGVNN (SEQ 1D NO: 41),

wherein the light chain variable domain comprise light chain framework region (FR)-
4 comprising FGQGTKVEIK (SEG 1D NO: 51), and wherein the heavy chain variable domain
comprises an & at position 1.

33. A method for determining the efficacy of an anti-Factor D antibody or an antigen-
binding fragment thereof comprising: performing an alternative pathway hemolytic assay and
detecting inhibition of alternative pathway hemolysis, wherein a half minimal nhibitory
concentration {{C50} value of less than 80 nM of the anti-Factor D antibody or the antigen-
binding fragment thereof indicates that the anti-Factor D antibody or the antigen-binding
fragment thereof is efficacious; wherein the antibody or the antigen-binding fragment
comprises a heavy chain variable domain comprising an amino acid sequence of SEQ 1D
NO: 12 and a light chain variable domain comprising an amino acid seguence of SEQ ID
NO: 7,
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34, A method for determining the efficacy of an anti-Factor D antibody or an antigen-
binding fragment thereof comprising: performing an alternative pathway hemolytic assay and
detecting inhibition of alternative pathway hemolysis, wherein a half minimal inhibitory
concentration (IC50) value of less than 80 nM of the anti-Factor D antibody or the antigen-
binding fragment thereof indicates that the anti-Factor D antibody or the anfigen-binding
fragment thereof is efficacious; wherein the antibody or the antigen-binding fragment
comprises a heavy chain comprising an amino acid sequence of SEQ 1D NO: 83 and a light
chain comprising an amino acid sequence of SEQ 1D NO: 61.

35. The mathod of any one of claims 32-34, wherein the 1C50 of the anii-Factor D
aniibody or the antigen-binding fragment thereof is less than 30 nii.

36. The method of any one of claims 32-34, wherein the IC50 of the anti-Factor D
aniibody

37. The method of any one of claims 32-34, further comprising measuring the binding
affinity of the anti-Faclor D antibody or the antigen-binding fragment thereof to Factor D,
wherein an affinity value of 0.5 pM or higher of the anti-Factor D antibedy or the antigen-
binding fragment thereof indicates that the anti-Factor D antibody or the antigen-binding
fragment thereof is efficacious,

38. The method of any one of claims 32-34, wherein the binding affinity of the anti-
Factor D antibody or the antigen-binding fragment thereof {o Factor D is 1.0 pM or higher.

39 The method of any one of claims 32-34, wherein the binding affinity of the anti-
Factor D antibody or the antigen-binding fragment thereof to Factor D is 1.0 nM or higher.

40, The method of any one of claims 1-39, wherein the antibody is monoclonal.
41. The method of any one of claims 1-39, wherein the aniibody is humanized.
42, The method of any one of claims 1-39, wherein the antibody fragment is a Fab,

Fab’-8H, Fv, scFv, or (Fab’)2 fragment.

43, The method of any one of claims 1-38, wherein the Facior D is mammalian
Factor D.
93



44, The method of claim 43, wherein the Factor D is human Factor D,
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