
C3b ANTIBODIES AND METHODS FOR THE PREVENTION AND TREATMENT 

OF COMPLEMENT-ASSOCIATED DISORDERS 

Field of the Invention 

The present invention concerns antibodies to C3b and the prevention and treatment of 

con1ple1nent-associated disorder using such antibodies. 

Background of the Invention 

The complement system is a complex enzyme cascade made up of a series of serum 

glycoproteins, that normally exist in inactive, pro-enzyme form. Two main pathways, the classical 

and the alternative pathway, can activate complement, which merge at the level of C3, where two 

similar C3 convcrtases cleave C3 into C3a and C3b. 

Macrophages arc specialist cells that have developed an innate capacity to recognize subtle 

differences in the structure of cell-surface expressed identification tags, so called molecular patterns 

(Taylor, et al., Eur J Immunol 33, 2090-2097 (2003); Taylor, et al., Annu Rev lmmunol 23, 901-944 

(2005)). While the direct recognition of these surface structures is a fundamental aspect of innate 

im1nunity, opsonization allows generic 111acrophage receptors to 1nediate engulfinent, increasing the 

efficiency and diversifying recognition repe1toire of the phagocyte (Stumt and Ezekowitz, Immunity 

22, 539-550 (2005)). The process of phagocytosis involves multiple ligand-receptor interactions, and 

it is now clear that various opsonins, including immunoglobulins, collectins, and con1pie1nent 

con1ponents, guide the cellular activities required for pathogen internalization through interaction 

with macrophage cell surface receptors (reviewed by Adercm and Underhill, Annu Rev lmn11111Qi 17, 

593-623 (1999); Underhill and Ozinsky, Annu Rev lmmunol 20, 825-852 (2002)). While natural 

i111111unoglobulins encoded by gennline genes can recognize a wide variety of pathogens, the n1~Uority 

of opsonizing lgG is generated through adaptive immunity, and therefore efficient clearance through 

Fe receptors is not immediate (Carroll, Nat Jmmunol 5, 981-986 (2004)). Complement, on the other 

hand, rapidly recognizes pathogen smface molecules and primes the particle for uptake by 

complement receptors (Brown, Infect Agents Dis 1, 63-70 ( 1991 )). 

Complement consists of over 30 serum proteins that opsonize a wide variety of pathogens for 

recognition by con1ple1nent receptors. Depending on the initial trigger of the cascade, three pathvvays 

can be distinguished (reviewed by (Walpmt, N Engl J Med 344, 1058-1066 (2001)). All three share 

the con11non step of activating the central con1ponent C3, but they differ according to the nature of 

recognition and the initial biochen1ical steps leading to C3 activation. 'The classical pathway is 

activated by antibodies bound to the pathogen surface, which in turn bind the Clq complement 

con1ponent, setting off a serine protease cascade that ultin1ately cleaves C3 to its active .fonn, C3b. 

The lectin pathway is activated after recognition of carbohydrate motifs by leclin proteins. To date, 

three members of this pathway have been identified: !he mannosc-binding lectins (MBL), the SIGN-
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RI family of Jectins and the ficolins (Pyz et al., Ann Med 38, 242-251 (2006)) Both MBL and 

ficolins are associated with serine proteases, which act like Cl in the classical pathway, activating 

components C2 and C4 leading to the central CJ step. The alternative pathway contrasts with both 

the classical and Jectin pathways in that it is activated due to direct reaction of the internal CJ ester 

with recognition motifs on the pathogen sutface. Initial CJ binding to an activating surface leads to 

rapid amplification ofCJb deposition through the action of the alternative pathway proteases Factor 

B and Factor D. Impo11antly, C3b deposited by either the classical or the lectin pathway also can 

lead to amplification of CJb deposition through the actions of Factors B and D. In all three pathways 

of complement activation, the pivotal step in opsonization is conversion of the component CJ to C3b. 

CleavageofCJ.by enzym.es. ofthecomplement.cascades exposes.the.thioester.to nucleophilic.attack, 
----·····-----------· 

allowing covalent attachment of CJb onto antigen surfaces via the thioester domain. This is the 

initial step in complement opsonization. Subsequent proteolysis qfthe bound CJ b. produces iC::3 b, 

C3c and CJdg, fragments that are recognized by different receptors (Ross and Medof, Adv Immunol 

37, 217-267 ( 1985)). This cleavage abolishes the ability of CJb to further amplify CJb deposition 

and activate the late components of the complement cascade, including the membrane attack 

complex, capable of direct membrane damage. However, macrophage phagocytic receptors 

recognize CJb and its fragments preferentially; due to the versatility of the ester-bond formation, C3-

mediated opsonization is central to pathogen recognition (Holers et al., lmmunol Today 13, 23 l-2J6 

(1992)), and receptors for the various CJ degradation products therefore play an impo11ant role in the 

host in11nune response. 

CJ itself is a complex and flexible protein consisting of 1 J distinct domains. The core of the 

molecule is made up of 8 so-called macroglobulin (MG) domains, which constitute the tightly packed 

a and f3 chains of CJ. lnse11ed into this structure are CUB (l:;l r/Cls, 1Jegf and aone mophogenetic 

protein-I) and TED domains, the latter containing thethiocster bond that allows covalent association 

of CJb with pathogen surfaces. The remaining domains contain CJ a or act as linkers and spacers of 

the core domains. Comparison ofC3b and CJc structures to CJ demonstrate that the molecule 

undergoes major conformational rearrangements with each proteolysis, which exposes not only the 

TED, but additional new surfaces of the molecule that can interact with cellular receptors (Janssen 

and Gros, Mo! Jmmunol 44, J-10 (2007)). 

In order to prevent unwanted con1ple1nent activation, n1ost ma1n111alian cells are equipped 

with regulators that block complement amplification on host self cells (Hourcade ct al. Adv hr\Lfilll10I 

45:J8 l ( 1989)). Jn the absence of these intrinsic regulators, scrum exposure results in the generation 

of complement split product that in turn facilitate inflammation and tissue damage (Oglesby et al. l 
' 

Exp Med 175:1547 (1992) and Oglesby et al., Trans Assoc. Am. Physicians 104:164 (1991)). Non-

cellular srnfaces that lack intrinsic complement regulators are therefore especially prone to 

complement attack and are fully dependent on protection by soluble complement regulators in serum. 

Uncontrolled complement activation due to the lack of appropriate complement regulation has been 
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associated with various chronic infla1nn1atory diseases and degenerative diseases. Do1ninant in this 

infla1n1natory cascade are the con1ple1nent split products C3a and C5a that function as chen10-

attractant and activators of neutrophils and inflammatory macrophages via the C3a and C5a receptors 

(Mollnes et al., Trends Jmmunol. 23:61 (2002)). Properdin, released from neutrophils, fmiher 

amplifies the inflammatory cascade through stabilization of the AP convertase (Lutz and Jelezarova, 

Mo!. lmmunol. 43:2 (2006)). Complement activation has been shown to be an important component 

driving inflamn1ation in in11nune-complex n1ediated diseases such as me1nbranoproliferative 

glomerulonephtitis, nephrotoxic nephritis and arthritis (Walport, N. Engl. J. Med. 344:1058 (2001); 

Thurman and Holers, J. Jmmunol. 176: 1305 (2006); Banda et al., LJmrnunol. 171:2109 (2003); 

... We ism an.et.al., Science.249:.1.46 .. ( L9.9.0J;.M organ and Hanis,.Mo I. JmmunoLAD; J.59. (2003 )J,.as.wel ! ... 

as age-related macular degeneration (Anderson et al., Am. J. Ophthalmol. 134:411 (2002); Donoso et 

aJ., Surv. Ophthalrnol. 51: 137 (2006); Gold et al., Natl. Genet. 38:458 (2006); I·Iagem~n,et al,, Proc. 

Natl. Acad. Sci. USA 102:7227 (2005); Hageman et al., Ann. Med. 38:592 (2006); Hageman et al., 

Prog. Retin. Eye Res. 20:705 (2001)). 

Most regulators of complement activation act at the level of CJb, the central component of 

the compleme~1t conve1iases. ~~h~se. natural regulators of co111plen1ent activation ar.e typicall_y large in 

size(> J 00 kDa) and difficult to develop as a therapeutic reagent. Accordingly, there is a need for 

therapeutic agents to prevent and treat complement-associated disorders by blocking CJb. 

Sumn1ary of the Invention 

The present invention concerns the development of antibodies that specifically recognize 

breakdown fi·ag1nents ofC3, and not native C3, thus avoiding the native C3 acting as a "sink" for the 

antibodies. More particularly, the invention concerns CJb specific antibodies and antibody fragments 

and their use in the trcat1nent of complcn1ent-associatcd diseases. 

In one aspect, the invention concerns a 111ethod for the prevention or treat1nent of a 

cotnplement-associated disorder coin prising adtninistcring to a su~ject in need an effective a111ount of 

a C3b antagonist that is a selective inhibitor of the alternative co1nple1nent pathway. 

In one e1nbodilnent, the subject is a n1a1n1nal. In another embodin1ent, the subject is a 

human. 

In a fu1iher embodiinent, the C3b antagonist is an antibody recognizing an epitope on an 

active degradation product of CJ but not on C3 .. 

In a still further embodiment., the CJb antagonist is an antibody or an antibody fragment 

selectively binding to C3b. 

Jn a different embodiment, the antibody inhibits the binding ofC5 to C3b. 

In another embodiment, the antibody binds to an epitope including residues of the C3b 

epitope recognized by antibody S77. 
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In yet another embodiment, the antibody binds essentially to the same epitope as antibody 

S77. 

In a further embodiment, the antibody competitively inhibits the binding of antibody S77. 

In a still further embodiment, the antibody binds to a C3b epitope comprising residues that 

are in contact with antibody S77. 

In an additional embodiment, the antibody comprises an antigen binding site comprising 

antibody S77 residues that are in contact with C3b. 

In a preferred embodiment, the antibody comprises the heavy (SEQ ID NOS 1-4) and/or light 

(SEQ ID NOS 5-8) chain CDR sequences of antibody S77 and/or is the S77 antibody or a fragment 

thereof. 

In various cinbodiments, the antibody can be human, htnnanized or chin1eric. 

In other embodiments, the antibody fragment is selected from the group consisting of Fab, 

Fab', F(ab'),, scFv, (scFv),, dAb, complementarity determining region (CDR) fragments, linear 

antibodies, single-chain antibody molecules, minibodies, diabodies, and multispecific antibodies 

formed from antibody fragments. 

The methods of the present invention include prevention or treatment of any complement­

associated disorder, including inflan11natory and autoitn1nune diseases, such as, for exatnple, 

rheumatoid arthritis (RA), acute respiratory distress syndrome (ARDS), remote tissue injury after 

ischemia and reperfusion, comple1nent activation during cardiopulmonary bypass surgery, 

dermatomyositis, pemphigus, lupus nephritis and resultant glomerulonephritis and vasculitis, 

cardiopulmonmy bypass, cardioplegia-induced coronary endothelial dysfunction, type II 

membranoproliferative glomerulonephritis, lgA nephropathy, acute renal failure, c1yoglobulemia, 

antiphospholipid syndrome, macular degenerative diseases, such as age-related macular degeneration 

(AMO), choroidal neovascularization (CNV), uveitis, diabetic and other ischemia-related 

retinopathies, endophthahnitis, and other intraocular neovascular diseases, such as diabetic 1nacular 

edema, pathological myopia, von Hippcl-Lindau disease, histoplasmosis of the eye, Central Retinal 

Vein Occlusion (CRVO), corneal neovascularization, retinal ncovascularization, as \.veil as allo­

transplantation, hyperacute rejection, hen1odialysis, chronic occlusive puln1onary distress syndro1ne 

(COPD), asthn1a, and aspiration pneun1onia .. 

In a pa1ticular e1nbodi1nent, the complement-associated disorder is a co1nplement-associated 

eye condition, such as age-related macular degeneration (AMO) or choroidal neovascularization 

(CNV). 

In another aspect, the invention concerns an anti-C3b antibody selectively binding to C3b 

and not to C3 and inhibiting the binding of CS to C3b. 

In one embodiment, the antibody binds to an epitope including residues of the C3b epitope 

recognized by antibody S77. 

Jn another embodiment, the antibody binds essentially to the same cpitope as antibody S77. 
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In yet another embodiment, the antibody competitively inhibits the binding of antibody S77. 

In a different embodiment, the antibody binds to a CJb epitope comprising residues that are 

in contact with antibody S77. 

In a further en1bodi1nent, the antibody coin prises an antigen binding site con1prising antibody 

S77 residues that are in contact with CJb. 

Jn a still fu11her embodiment, the antibody comprises the heavy (SEQ ID NOS 1-4) and/or 

light (SEQ JD NOS 5-8) chain CDR sequences of antibody S77 or is antibody S77 or a fragment 

thereof. 

In various emboditnents, the antibody a hun1an, hun1anized or chi1neric antibody. 

The .. antibody..fragmentcan,.forexample,. beselectedfrom-t11~roup. consisti11g-of Fab; Fab'; 
- --·--------····--------····------· 

F(ab')2, scFv, (scFv)2, dAb, complementarity determining region (CDR) fragments, linear antibodies, 

single-chain antibody molecules, minibodies, diabodies, andmultispccific antibodiesfonned from 

antibody fragments. 

In another aspect, the invention concerns a pharn1aceutical con1position coin prising a C3b 

antagonist, such as a CJb antibody of the in admixture with a pharmaceutically acceptable carrier. 

In a particular e1nbodi111ent, the phannaceutical composition is for use in the treattnent of a 

complement-associated disorder. 

In a further aspect, the invention concerns a kit comprising a container co1nprising a C3b 

antagonists or C3b antibody of the present invention, or a pharmaceutical composition co111prising 

such antagonist or antibody, and instructions for ad111inistration of the antibody or pharmaceutical 

composition for the treatment of a con1plc1nent-associated disorder. 

Brief Description of the Drawings 

Figs. 1. C3b panning results in an antibody phage library. 

Fig. 2. Phage competition results with various C3b antibody clones 

Fig. 3. Crystal structure ofCJb in complex with antibody YW144.2.4J.S77 (hereinafler 

briefly referred to as S77) Fab. The beta chain ofCJb is indicated in green, the alpha chain is 

indicated in orange. The heavy chain (I-IC) and light chain (LC) of S77 are indicated in dark green 

and yellow, respectively. CRlg has been docked onto the CJb:Fab complex based on the C3b:CRig 

co-crystal structure and is shown in 1nagenta. 

Fig. 4. Close-up of binding interaction of antibody S77 with C3b. C3b is shown in a surface 

representation, a ribbon diagram in cyan represents C3 superimposed on the C3b structure. The HC 

and LC ofS77 are indicated as a ribbon diagram in dark green and yellow. The surface ofCJb is 

colored according to the distance to S77. All atoms closer than 4.7 A, 4.0 A and 3.5 A arc colored 

yellow, orange and red respectively. Note that the LC of S77 is clashing with CJ. However loop of 

CJ might be able to move. 
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Fig. 5. Amino-acid sequences of the heavy (SEQ ID NOS 1-4) and light (SEQ ID NOS 5-8) 

chains of antibody S77 Fab fragment. Indicated in red arc the residues that are in close contact with 

CJb. 

Fig. 6. Binding affinity of the parent antibody YW144.2.4J Fab and its affinity matured 

version: 144.2.4J.S77 Fab (S77 Fab). 

Fig. 7. SPRsensograms and S77 binding affinity to CJ and CJb. 

Fig. 8. S77 recognizes CJb, but not the pro-molecule CJ. Purified CJb or C3 were captured 

in microtiter plates using a polyclonal C3 antibody. Binding of S77 (A) or a polyclonal anti CJ 

antibody (B) to captured C3b or C3 was determined using a secondary HRPO-conjugated antibody. 

Color was developed with TMB (KPL), stopped in 2N H,SO, and absorbance read at450. nm. 

Fig. 9. IgG antibody S77 selectively inhibits the alternative- but not classical- pathway of 

complement. Rabbit erythrocytes and sheep erythrocytes were incubated in C lq- and factor B­

depleted scru1n and hen1olysis monitored in the presence of increasing concentration of inhibitor or 

control protein. Hemolysis was expressed as the percentage of maximal hemolysis in the absence of 

inhibitor. 

Fig. 10. Affinity-matured S77 Fab inhibits alternative pathwayofcomplement. 

Fig. 11. C3b Fab (S77) inhibits C5 convertase. C5 convertase was performed as described 

(Rawal, N and Pangburn, M . .! Immunol. 2001 Feb 15; l 66(4):26J5-42). 

Fig. 12. IgG antibody S77 and its Fab fragment inhibit the C5 convertase by blocking 

binding of C5 to CJ b, the non-catalytic subunit of the convertase. C5 in the presence of increasing 

concentrations of inhibitor was added to plates coated with CJb. C5 binding to the CJb multimers 

Fig. 13. S77 does not decay the convertase, in contrast to Factor H. A decay assay was 

performed by generation of a plate-coated CJ convertase in the presence of increasing concentrations 

of S77 or Factor H (positive control). 

Fig. 14. S77 inhibits binding of pro-factor B to C3b, and inhibits formation of the C3bBb 

conve11ase. 

Fig. 15. S77 can bind C3b in the presence of bound fBb and does not decay the CJ 

convertase. 

Fig. 16. S77 inhibits factor H binding to C3b and inhibits factor H co-factor activity. 

Fig. 17. S77 inhibits CRl binding to CJb. 

Figs. 18A and !SB. Amino acid sequences of anti-HER2 antiobdy rhuMAB 4D5-8 light 

(SEQ ID NO: 13) and heavy (SEQ ID NO: 14) chain variable regions. 

Supplemental Fig. 1. Residues on CJb in contact with the HC and LC of S77 Fab (Residues 

8J3-839 encompass SEQ ID NO: 15; Residues 895-899 encompass SEQ ID NO: 16). 

Supplemental Fig. 2. Residues on S77 Fabin contact with CJb (Residues l0J0-103J 

encompass SEQ ID NO: 17; Residues 1098-1107 encompass SEQ ID NO: 18). 

-6-



Supplemental Fig. 3. Amino acid sequences of human complement factor C3 (SEQ ID NO: 

9) and mouse complement factor C3 (SEQ ID NO: 10). 

Detailed Description of the Preferred Embodiment 

I. Definitions 

The tenns "C3" and "con1ple1nent C3" are used interchangeably, and refer to native sequence 

C3 polypeptides. 

A "native sequence C3", is a polypeptide having the sa111e a1nino acid sequence as a C3 

polypeptide derived from nature, regardless of its mode of preparation. Thus, native sequence C3 can 

.. be isolated from. nature or can. be. produced by.rec om binantand/ ou.ynthetic means .. The term.'!native .. 

sequence C3" specifically encompasses naturally-occurring variant forms (e.g., alternatively spliced 

forms) and naturally-occurring allelic variants of C3, as well as structural conformationalyariants 

having the same amino acid sequence as a CJ polypeptide derived from nature. Native sequence C3 

polypeptides specifically include native sequence human C3 (Supplemental Figure 3, SEQ ID NO: 9; 

see, also De Bruijn and Fey, Proc. Natl. Acad. Sci. USA 82:708-712) and polypeptides of non-human 

ani1nals, including higher pri1nates and other non-hu1nan man1n1als, such .as the 1nouse C3 sequence 

shown in Supplemental Figure 3, SEQ ID NO: 10). 

The terms "C3b" is used herein to refer to a native sequence C3b polypeptide produced from 

C3b after cleavage by C3 conve1tao"C releasing the anaphylatoxin C3a fragment from the amino 

terminus of the C3 a-chain and leaving behind C3b. The tenn "native sequence" has the sa1nc 

meaning as that defined in connection with CJ, and specifically includes the native sequence human 

C3b of SEQ ID NO: 9. 

The term "C3b antagonist" is used in the broadest sense, and includes any molecule that is 

capable of neutralizing, blocking, partially or fully inhibiting, abrogating, reducing or interfering with 

a C3 biological activity. C3b antagonists include, without limitation, anti-C3b antibodies and 

antigen-binding fragments tl1ereof, other binding polypeptides, peptides, and non-peptide small 

molecules, that bind to C3b and are capable of neutralizing, blocking, partially or fully inhibiting, 

abrogating, reducing or interfering with C3b activities, such as the ability ofC3b to pa1ticipate in the 

pathology of a complement-associated disorder. The C3b antagonists, such as C3b antibodies, herein 

specifically recognize CJb and not its precursor, C3. 

A "small molecule" is defined herein to have a molecular weight below about 600, preferably 

below about I 000 daltons. 

'"Active" or ~'activity" or "biological activity" in the context ofa C3b antagonist, such as a 

C3b antibody, oflhe present invention is the ability the antagonize (paitially or fully inhibit) a 

biological activity of'C3b. A preferred biological activity ofa C3b antagonist is the ability to achieve 

a n1easurable in1provc1nent in the state, e.g. pathology, of a C3b-associatcd disease or condition, such 
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as, for exan1plc, a co1nplen1ent-associated disorder. The activity can be determined in in vitro or in 

vivo tests, including binding assays, using a relevant ani111al tnodel, or hun1an clinical trials. 

The tcrn1 "co1nplement-associated disorder" is used herein in the broadest sense and includes 

all diseases and pathological conditions the pathogenesis of which involves abnormalities of the 

activation of the complement system, such as, for example, complement deficiencies. The term 

specifically include diseases and pathological conditions that benefit from the inhibition ofC3 

conve1iase. The term additionally includes diseases and pathological conditions that benefit from 

inhibition, including selective inhibition, of the altemative complement pathway. Complemcnt­

associated disorders include, without lin1itation, inflan1n1ato1y diseases and autoin1n1une diseases, 

. such.as, .for.example, .rheumato.id aiihritis .. {RA), acute .respirato1:y_distresssyndrome.(ARDS),remote 
----·--·---· .. ----

tissue injury after ischemia and reperfusion, complement activation during cardiopulmonary bypass 

surge1y, de rm atomyositis, pem phigµs, lupus. nephritis an<l .re.sul ta11t glomeru lonephritis and vascul itis, 

cardiopulmonary bypass, cardioplegia-indi1ced coronmy endothelial dysfunction, type II 

membranoproliferative glomcrulonephritis, lgA nephropathy, acute renal failme, cryoglobulemia, 

antiphospholipid syndrome, macu!ar degenerative diseases and other complement-associated eye 

conditions, such as age-related macular degeneration(AMD), choroidal neovascularization (CNV), 

uveitis, diabetic and other ischetnia-related retinopathies, endophthahnitis, and other intraocular 

neovascular diseases, such as diabetic macular edema, pathological myopia, von Hippel-Lindau 

disease, histoplasmosis of the eye, Central Retinal Vein Occlusion (CRVO), comcal 

neovascularization, retinal neovascularization, as \Veil as allo-transplantation, hyperacute rejection, 

hemodialysis, chronic occlusive pulmonary distress syndrome (COPD), asthma, and aspiration 

pneun1011ia. 

The tenn 11 co1nplen1ent-associated eye condition" is used herein in the broadest sense and 

includes all eye conditions and diseases the pathology of which involves complement, including the 

classical and the altemative pathways, and in particular the altemative pathway of complement. 

Specifically included within this group are all eye conditions and diseases the associated with the 

alternative pathway, the occurrence, development, or progression of which can be controlled by the 

inhibition of the alternative pathway. Complementcassociatcd eye conditions include, without 

li1nitation, 111acular degenerative diseases, such as all stages of age-related macular degeneration 

(AMD), including d1y and \Vet (non-exudative and exudative) fonns, choroidal neovascularization 

(CNV), uveitis, diabetic and other ischemia-related retinopathies, endophthalmitis, and other 

intraocu)ar ncovascular diseases, such as diabetic macular ede1na, pathological 1nyopia_, von l-lippel­

Lindau disease, histoplasmosis of the eye, Central Retinal Vein Occlusion (CRVO), corneal 

ncovascularization, and retinal neovascularization. A preferred group of con1plen1ent-associatcd eye 

conditions includes age-related 111acular degeneration (AMD), including non-exudative (wet) and 

exudativc (dry or atniphic) AMD, choroidal ncovascularization (CNV), diabetic retinopathy (DR), 

and endophthalmitis. 
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The tenn "inflan1matory disease" and ''inflan11nato1y diso~Uer" are used interchangeably and 

1nean a disease or disorder in which a con1ponent of the inllnune syste1n of a n1~unmal causes, 

1nediates or otherwise contributes to an intla1n1natory response contributing to nlorbidity in the 

mammal. Also included are diseases in which reduction of the inllammatory response has an 

ameliorative effect on progression of the disease. Included within this tern1 arc i1111nunc-111ediatcd 

infla1nn1atory diseases, including autoin11nune diseases. 

The term "T-cell mediated" disease means a disease in which T cells directly or indirectly 

mediate or otherwise contribute to morbidity in a mammal. The T cell mediated disease may be 

associated with cell mediated effects, lymphokine mediated effects, etc. and even effects associated 

with B cells if the B cells are stimulated, for example, by the lymphokines secreted by Tcells, 

Examples of immune-related and inflammatory diseases, some of which are T cell mediated, 

include, without limitation, inflammatory bowel disease (IBD), systemic lupus erythcmatosus, 

rheu1natoid a1thritis, juvenile chronic arthritis, spondyloarthropathics, syste1nic sclerosis 

(scleroderma), idiopathic inflammatory myopathies (dermatomyositis, polymyositis), Sjogren's 

syndron1e, systemic vaculitis, sarcoidosis, autoi1nmune he111olytic ane1nia (i1nmune pancytopenia, 

paroxysmal nocturnal hemoglobinuria), autoimmune thrombocytopenia (idiopathic thrombocytopenic 

purpura, in11nune-mediated thro1nbocytopenia), thyroiditis (Grave's disease, I-Iashi1noto1s thyroiditis, 

juvenile lymphocytic thyroiditis, atrophic thyroiditis), diabetes mellitus, immune-mediated renal 

disease (glomerulonephritis, tubulointerstitial nephritis), demyelinating diseases of the central and 

peripheral nervous systems such as multiple sclerosis, idiopathic polyneuropathy, hepatobiliary 

diseases such as infectious hepatitis (hepatitis A, B, C, D, E and other nonhepatotropic viruses), 

autoin1mune chronic active hepatitis, prilnary biliary cirrhosis, granulon1atous hepatitis, and 

sclerosing cholangitis, inflammatory and fibrotic lung diseases (e.g., cystic fibrosis), gluten-sensitive 

enteropathy, Whipple's disease, autoi1n1nune or in1mune-1nediated skin diseases including bullous 

skin diseases, erythe1na 1nultiforme and contact dern1atitis, psoriasis, allergic diseases of the lung 

such as eosinophilic pneu1nonia, idiopathic puln1011ary fibrosis and hypersensitivity pneu1nonitis, 

transplantation associated diseases including graft rejection, graft-versus host disease, Alzhcin1er's 

disease, and atherosclerosis. 

"'freahnent" is an intervention perfOnncd with the intention of preventing the developn1ent or 

altering the pathology of a disorder. Accordingly, "treatment" refers to both therapeutic treatment 

and prophylactic or preventative measures. Those in need of treatment include those already with the 

disorder as well as those in which the disorder is to be prevented. In treatment of an in11nune related 

disease, a therapeutic agent may directly alter the magnitude of response of a component of the 

i1nn1une response, or render the disease 1nore susceptible to treatn1ent by other therapeutic agents, 

e.g., antibiotics, antifungals_, anti-infla1nn1atory agents, chen1otherapeutics, etc. 

'fhe "pathology" of a disease, such as a co1nplen1ent-associated disorder, includes all 

phellOlllClla that COlTipro1nisc the \VeJJ-bcing of the patient. rJ'his includes, v-.1ithout \i111itation, 
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abnormal or uncontrollable cell growth (neutrophilic, eosinophilic, monocytic, l)"llphocytic cells), 

antibody production, auto-antibody production, comple1nent production, interference with the nonnal 

functioning of neighboring cells, release of cytokincs or other secretory products at abnormal levels, 

suppression or aggravation of any infla1n1natory or ilnn1unologica1 response, infiltration of 

inflammatory cells (neutrophilic, eosinophilic, monocytic, lymphocytic) into cellular spaces, etc. 

'[he ten11 "n1an1n1al" as used herein refers to any animal classified as a 1nannnal, including, 

without lilnitation, hu1nans, higher prin1ates, do1nestic and fann anin1als, and zoo, sport? or pet 

animals such horses, pigs, cattle, dogs, cats and ferrets, etc. In a preferred embodiment of the 

invention, the n1a1nmal is a hu1nan . 

. . Ad1n inistrati on .. ~~in..co1nbinatio11. w.ith'-' --one-or..111.ore fu1ther--therapeutic -agents- i-ncludes 

si1nultaneous (concurrent) and consecutive ad1ninistration in any order. 

"Therapeutically effective an1ount" is the an1ount of a "C3b antagonist," such as a "C3b 

antibody" which is required to achieve a measurable improvement in the state, e.g. pathology, of the 

target disease or condition, such as, for exa1nple, a co111plen1ent-associated disorder. 

The term "control sequences" refers to DNA sequences necessary for the expression of an 

operably linked coding sequence in a patticular host organis1n. The control sequences that arc 

suitable for prokaryotes, for example, include a promoter, optionally an operator sequence, and a 

ribosome binding site. Eukaryotic cells are known to utilize promoters, polyadenylation signals, and 

enhancers. 

Nucleic acid is "operably linked" when it is placed into a functional relationship with another 

nucleic acid sequence. For example, DNA for a prcscquence or secretory leader is operably linked to 

DNA for a polypeptide if it is expressed as a prcprotein that participates in the secretion of the 

polypeptide; a promoter or enhancer is operably linked to a coding sequence if it affects the 

transcription of the sequence; or a riboson1e binding site is operably linked to a coding sequence if it 

is positioned so as to facilitate translation. Generally, "operably linked" means that the DNA 

sequences being linked are contiguous, and, in the case of a secretory leader, contiguous and in 

reading phase. However, enhancers do not have to be contiguous. Linking is accomplished by 

ligation at convenient restriction sites. If such sites do not exist, the synthetic oligonucleotidc 

adaptors or linkers are used in accordance with conventional practice. 

"Stringency" of hybridization reactions is readily detenninablc by one of ordinary skill in the 

art, and generally is an empirical calculation dependent upon probe length, washing temperature, and 

salt concentration. Jn general, longer probes require higher te1nperatures for proper annealing, while 

sho1ter probes need lower temperatures. Hybridization generally depends on the abili1y of denatured 

DNA to reanneal when con1ple1nentary stTands are present in an cnvironn1cnt below their inciting 

temperature. The higher the degree of desired homology between the probe and hybridizablc 

sequence, the higher the relative temperature that can be used. As a result, it follows that higher 

relative ten1peratures would tend to 111ake the reaGlion conditions n1orc stringent, \Vhile lower 
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te111peratures less so. For additional details and explanation of stringency of hybridization reactions, 

see A usu be! et al., Current Protocols in Molecular Biology, Wiley lnterscience Publishers, (1995). 

"Stringent conditions" or "high stringency conditions", as defined herein, n1ay be identified 

by those that: (J) employ low ionic strength and high temperature for washing, for example 0.015 M 

sodium chloride/0.0015 M sodium citrate/0.1 % sodium dodecyl sulfate at 50°C; (2) employ during 

hybridization a denaturing agcn~ such as formamide, for example, 50% (v/v) fonnamide with 0.1% 

bovine serum albumin/0.1 % Ficoll/0.1 % polyvinylpyrrolidone/50mM sodium phosphate buffer at pl-I 

6.5 with 750 mM sodium chloride, 75 mM sodium citrate at 42C; or (3) employ 50% formamide, 5 x 

SSC (0.75 MNaCI, 0.075 M sodium ciu·ate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium 

pyrophosphate, 5 x Denhardt's solution, sonicated salmon sperm DNA (50 µg/ml),.0.1% SOS, and 

l 0% dextran sulfate at 42°C, with washes at 42°C in 0.2 x SSC (sodium chloride/sodium citrate) and 

50% formamide at 55 °C, followed by a high-stringency wash consisting ofO.I x SSC containing 

EDTA at 55°C. 

"Moderately stringent conditions" may be identified as described by Sambrook et al., 

Molecular Cloning: A Laboratory Manual, New York: Cold Spring Harbor Press, 1989, and include 

the use of washing solution and hybridization conditions (e.g., temperature, ionic strength and 

%SOS) less stringent that those described above. An example of moderately stringent conditions is 

overnight incubation at 37 °C in a solution comprising: 20% formamide, 5 x SSC (150 mM NaCl, 15 

mM trisodium citrate), 50 mM sodium phosphate (pH 7.6), 5 x Denhardt's solution, 10% dextran 

sulfate, and 20 mg!tnL denatured sheared salmon sperm DNA, followed by washing the fillers in I x 

SSC at about 37-50 °C. The skilled artisan will recognize how to adjust the temperature, ionic 

strength, etc. as necessary to accommodate factors such as probe length and the like. 

The term "epitope tagged" when used herein refers to a chimeric polypeptide comprising a 

polypeptide of the invention fused to a "tag polypeptide". The tag polypeptide has enough residues 

to provide an epitopc against which an antibody can be 1nade, yet is short enough such that it does not 

interfere with activity of the polypeptide to which it is fused. The tag polypeptide preferably also is 

fairly unique so that the antibody does not substantially cross-react with other epitopes. Suitable tag 

polypeptides generally have at least six amino acid residues and usually between about 8 and 50 

amino acid residues (preferably, between about I 0 and 20 amino acid residues). 

1,he tenn "antibody" is used in the broadest sense and specifically covers, without limitation, 

single antibodies recognizing a breakdown fi·ag1nent ofC3 but not native C3, such as anti-C3b 

monoclonal antibodies specifically binding to C3b, and antibody compositions with polyepitopic 

specificity. The tenn ''111onoclonal antibody" as used herein refers to an antibody obtained from a 

population of substantially hon1ogeneous antibodies, i.e., the individual antibodies con1prising the 

population are id"entical except for possible naturally~occurring n1utations that may be present in 

n1 in or a1nounts. 
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The term "monoclonal antibody" as used herein refers to an antibody obtained from a 

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

population are identical except for possible naturally occurring mutations that may be present in 

minor amounts. Monoclonal antibodies are highly specific, being directed against a single antigenic 

site. Furthermore, in contrast to conventional (polyclonal) antibody preparations which typically 

include different antibodies directed against different determinants (epitopes), each monoclonal 

antibody is directed against a single detenninant on the antigen. The 1nodifier "1nonoclonal" indicates 

the character of the antibody as being obtained from a substantially homogeneous population of 

antibodies, and is not to be construed as requiring production of the antibody by any particular 

.. method .• For example" the monoclonal.antibodies to .. be usedjn accordance.withAhepresentinvention 
--------··---------- ------· .. --------·-··--

may be made by the hybridoma method first described by Kohler et al. (1975) Nature 256:495, or 

may be made by recombinant ONA niethods (see, e.g., U.S. PateotNo .. 4,816,567) .. The"mono.clonal 

antibodies" may also be isolated from phage antibody libraries using the techniques described in 

Clackson et al. (1991) Nature 352:624-628 and Marks et al. (1991) .!. Mal. Biol. 222:581-597, for 

example. 

The monoclonal an~ibodies herein specifically include "chi1neric" antibodies 

(immunoglobulins) in which a portion of the heavy and/or light chain is identical with or homologous 

to corresponding sequences in antibodies derived frorn a pa1ticular species or belonging to a 

particular antibody class or subclass, while the remainder of the chain(s) is identical with or 

ho1nologous to co1Tesponding sequences in antibodies derived fro1n another species or belonging to 

another antibody class or subclass, as well as fragments of such antibodies, so long as they exhibit the 

desired biological activity (U.S. Patent No. 4,816,567; and Morrison et al. (1984) Proc. Natl. Acad. 

Sci. U>A 81 :6851-6855). 

"Hu1nanized" fonns ofnon-hu1nan (e.g., murine) antibodies are chimeric antibodies which 

contain 1ninimal sequence derived fro1n non-hun1an in1111unoglobulin. For the most part, hu1nanized 

antibodies are hun1an in11nunoglobulins (recipient antibody) in which residues fron1 a hypcrvariable 

region of the recipient are replaced by residues fron1 a hypcrvariable region of a non-hu1nan species 

(donor antibody) such as 1nouse, rat, rabbit or nonhu1nan pri1nate having the desired specificity, 

affinity; and capacity. In some instances, Fv framework region (FR) residues of the lnunan 

in1n1unoglobulin are replaced by corresponding non-hu1nan residues. Fu1ihern1ore, hun1anizcd 

antibodies may con1prise residues which are not found in the recipient antibody or in the donor 

antibody. 'fhese n1odifications are 1nadc to further refine antibody perfOnnance. In general, the 

humanized antibody will comprise substantially all of at least one, and typically two, variable 

domains, in which all or substantially all of the hypervariable loops correspond to those of a non­

human immunoglobulin and all or substantially all of the FR regions are those of a human 

immunoglobulin sequence. The humanized antibody optionally also will comprise at least a po1tion 

of an immunoglobulin constant region (Fe), typically that of a human immunoglobulin. For further 
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details, see Jones et al. (I 986) Nature 321 :522-525; Riechmann el al. (1988) Nature 332:323-329; 

and Presta (I 992) Curr. Op. Struct. Biol. 2:593-596. 

A "species-dependent antibody" is one which has a stronger binding affinity for an antigen 

fro1n a first 1na111111alian species than it has for a ho1nologue of that antigen fro1n a second 1na1nn1alian 

species. Normally, the species-dependent antibody "binds specifically" to a human antigen (i.e. has a 

binding affinity (Kd) value of no more than about Ix 10-7 M, preferably no more than about Ix 10-8 

M and most preferably no more than about I x I 0·9 M) but has a binding affinity for a homologue of 

the antigen fron1 a second nonhu1nan 111a1n1nalian species which is at least about 50 fold, or at least 

about 500 fold, or at least about I 000 fold, weaker than its binding affinity for the human antigen. 

The.species-dependent antibody can be.any.ofthe . .various.types of.antibodies as defined.above, but 
-----------·-·· ---------· -------~---··----
preferably is a hun1anizcd or human antibody. 

A.s.used __ here:in, "a_nt_i_b_ody_1n.utant" _o_r_ "'an.Hbody_ variant'.,_rcfers_to_an amino acid sequ_cn.ce 

variant of the species-dependent antibody wherein one or 1nore of the amino acid residues of the 

species-dependent antibody have been modified. Such mutants necessarily have less than I 00% 

sequence identity or similarity with the species-dependent antibody. Jn a preferred embodiment, the 

antibody mutant will have an a111ino acid sequence having at least 75% atnino acid sequence identity 

or sin1ilarity \Vith the a1nino acid sequence of either the heavy or light chain variable don1ain of the 

species-dependent antibody, more preferably at least 80%, more preferably at least 85%, more 

preferably at least 90%, and most preferably at least 95%. Identity or similarity with respect to this 

sequence is defined herein as the percentage of amino acid residues in the candidate sequence that are 

identical (i.e same residue) or sin1ilar (i.e. amino acid residue fro111 the same group based on com1non 

side-chain properties, see below) with the species-dependent antibody residues, after aligning the 

sequences and introducing gaps, if necessary, to achieve the n1axi1nu111 percent sequence identity. 

None ofN-terminal, C-tenninal, or internal extensions, deletions, or insertions into the antibody 

sequence outside of the variable domain shall be construed as affecting sequence identity or 

similarity. 

An "isolated" antibody is one which has been identified and separated and/or.recovered from 

a con1poncnt of its natural environment. Conta1ninant co111ponents of its natural environ1ncnt arc 

materials which would interfere with diagnostic or therapeutic uses for the antibody, and may include 

enzyn1cs, honnones, and other proteinaceous or nonprotcinaceous solutes. In preferred 

embodiments, the antibody will be purified (I) to greater than 95% by weight of antibody as 

determined by the Lowiy method, and most preferably more than 99% by weight, (2) to a degree 

sufficient to obtain at least 15 residues of N-tcrn1inal or internal a1nino acid sequence by use of a 

spinning cup sequenator, or (3) to homogeneity by SDS-PAGE under reducing or nonreducing 

conditions using Coomassie blue or, preferably, silver stain. Isolated antibody includes the antibody 

in situ within recombinant cells since at least one component of the antibody's natural enviro111ncnt 
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will not be present. Ordinarily, however, isolated antibody will be prepared by at least one 

purification step. 

As used herein, "antibody variable domain" refers to the po1iio11s of the light and heavy 

chains of antibody molecules that include amino acid sequences of Complementaiity Determining 

Regions (CD Rs; ie., CDRI, CDR2, and CDR3), and Framework Regions (FRs). V11 refers to the 

variable domain of the heavy chain. VL refers to the variable domain of the light chain. According to 

the methods used in this invention, the amino acid positions assigned to CD Rs and FRs may be 

defined according to Kabat (Sequences of Proteins of Immunological Interest (National Institutes of 

Health, Bethesda, Md., 1987 and 1991 )). Amino acid numbering of antibodies or antigen binding 

fragments is also according. to that of Kabat 

As used herein, the term "Complementarity De1ermining Regions (CDRs; ie., CDRI, CDR2, 

and CDR3) refers to the amino acid residues of an antibody variable domain the presence of which 

are necessary for antigen binding. Each variable domain typically has three CDR regions identified 

as CDRI, CDR2 and CDR3. Each complementarity detennining region may comprise amino acid 

residues from a "complementarity determining region" as defined by Kabat (i.e. about residues 24-34 

(LI), 50-56 (L2) and 89-97 (L3) in the light chain vai·iable domain and 31-35 (HI), 50-65 (HZ) and 

95-102 (H3) in the heavy chain variable domain; Kabat et al., Sequences of Proteins of 

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

(1991)) and/or those residues from a "hypervariable loop" (i.e. about residues 26-32 (LI), 50-52 (L2) 

and 91-96 (L3) in the light chain variable domain and 26-32 (HJ), 53-55 (112) and 96-10 I (H3) in the 

heavy chain variable domain; Chothia and Lcsk (1987) J. Mo!. Biol. 196:901-917). In some 

instances, a co1nple1nenta1ity dctennining region can include a1nino acids fro1n both a CDR region 

defined according to Kabat and a hypervariable loop. For example, the CDRHl of the heavy chain of 

antibody 4D5 includes amino acids 26 to 35. 

"Framework regions" (hereinafter FR) are those variable domain residues other than the CDR 

residues. Each variable domain typically has four FRs identified as FRI, FR2, FR3 and FR4. If the 

CDRs are defined according to Kabat, the light chain FR residues are positioned at about residues 1-

23 (LCFR! ), 35-49 (LCFR2), 57-88 (LCFR3), and 98-107 (LCFR4) and the heavy chain FR residues 

are positioned about at residues 1-30 (HCFRl), 36-49 (HCFR2), 66-94 (HCFR3), and 103-113 

(HCFR4) in the heavy chain residues. If the CDRs comprise amino acid residues from hypervariable 

loops, the light chain FR residues are positioned abont at residues 1-25 (LCFR I), 33-49 (LCFR2), 

53-90 (LCFR3), and 97-107 (LCFR4) in the light chain and the heavy chain FR residues arc 

positioned about at residues 1-25 (HCFRI ), 33-52 (IICFR2), 56-95 (HCFR3), and I 02-113 (HCFR4) 

in the heavy chain residues. Jn so1ne instances, when the CDR co1nprises a1nino acids fro111 both a 

CDR as defined by Kabat and those of a hypcrvariablc loop, the FR residues will be adjusted 

accordingly. For example, when CDRHI includes amino acids H26-IB5, the heavy chain FRI 

residues are at positions 1-25 and the FR2 residues are at positions 36-49. 

-14-



As used herein, "codon set" refers to a set of different nucleotide triplet sequences used to 

encode desired variant an1 ino acids. A set of oligonucleotides can be synthesized, for exa1nple, by 

solid phase synthesis, including sequences that represent all possible con1binations of nucleotide 

triplets provided by the codon set and that will encode the desired group of amino acids. A standard 

form of codon designation is that of the lUB code, which is known in the art and described herein. A 

codon set typically is represented by 3 capital letters in italics, eg. NNK, NNS, XY?, DVK and the like. 

A "non-rando1n codon set", as used herein, thus refers to a codon set that encodes select an1ino acids 

that fulfill partially, preferably completely, the criteria for amino acid selection as described herein. 

Synthesis of oligonucleotides with selected nucleotide '~degeneracy" at certain positions is well 

known in thatait,for examplecihe TR!Mapproach. (Knappeket aL (1999) J .. Molc.B io{.29.6:57-86); .. 

Garrard & Henner (1993) Gene 128: l 03). Such sets of oligonucleotides having ce1tain codon sets 

can be synthesized using commercial nucleic acid. synthesizers (available from, for exampJe, Applied 

Biosystems, Foster City, CA), or can be obtained commercially (for example, from Life 

Technologies, Rockville, MD). Therefore, a set of oligonucleotides synthesized having a pmticular 

codon set will typically include a plurality of oligonucleotides with different sequences, the 

differences established by the codon set within the overall sequence. Oligonucleotides, as used 

according to the invention, have seqllences that allow for hybridization to a variable do1nain nucleic 

acid ten1plate and also can, but does not necessarily, include restriction enzy1ne sites useful for, -for 

example, cloning purposes. 

The term "antibody fragment" is used herein in the broadest sense and includes, without 

limitation, Fab, Fab', F(ab'),, scFv, (scFv),, dAb, and complementarity determining region (CDR) 

fragments, linear antibodies, single-chain antibody molecules, minibodics, diabodies, and 

111ultispecific antibodies forn1cd fron1 antibody frag111ents. 

An "Fv" frag1nent is an antibody fragn1ent which contains a co1nplete antigen recognition and 

binding site. This region consists of a di1ner of one heavy and one light chain variable don1ain in 

tight association, which can be covalent in nature, for cxa111ple in scFv. It is in this configuration that 

the three CD Rs of each variable domain interact to define an antigen binding site on the surface of 

the YwY1. dimer. Collectively, the six CD Rs or a subset thereof confer antigen binding specificity to 

the antibody. However, even a single variable domain (or half of an Fv comprising only three CD Rs 

specific for an antigen) has the ability to recognize and bind antigen, although usually at a lower 

affinity than the entire binding site. 

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

domain and the first constant domain (CHl) of the heavy chain. F(ab')2 antibody fragments comprise 

a pair ofFab fragments which are generally covalently linked near their carboxy termini by hinge 

cysteines between them. Other chemical couplings of antibody fragments are also known in the art. 

"Single-chain Fv" or ~'scFv" antibody -fi·ag111cnts co1nprisc the Yu and Y1. don1ains of 

antibody, wherein these domains are present in a single polypeptide chain. Generally the Fv 
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polypeptide forther comprises a polypeptide linker between the V" and V L domains, which enables 

the scFv to form the desired structure for antigen binding. For a review of scFv, see Pluekthun in The 

Pharmacology of Monoclonal Antibodies, Vol 113, Rosenburg and Moore eds. Springer-Verlag, New 

York, pp. 269-315 (1994). 

'fhe term "diabodics" refers to sn1aJJ antibody frag1nents with two antigen-binding sites, 

which fragments comprise a heavy chain vaiiable domain (V11) connected to a light chain variable 

domain (Vt.) in the same polypeptide chain (Vn and VL). By using a linker that is too shmt to allow 

pairing between the two do1nains on the sa1ne chain, the do1nains are forced to pair with the 

complementary domains ofanother chain and create two antigen-binding sites. Diabodies are 

described more folly in, for example, EP 404,097; WO 93/11161; and Hollinger et al. (1993) Proc. 
------· ---------- - --------- ---------· ---------- --------------·· ---------------- . 

Natl. Acad Sci. USA 90:6444-6448. 

The expression "linear antibodies" refers to the antibodies described in Zapata et al. (I 995 

Protein Eng, 8(10): 1057-1062). Briefly, these antibodies comprise a pair of tandem Fd segments 

(VwC111-Vn-CHJ) which, together with complementaiy light chain polypeptides; form a pair of 

antigen binding regions. Linear antibodies can be bispecific or 1nonospecific. 

As used herein, "libra1y" refers to a plurality of antibody or antibody fragment sequences (for 

example, polypeptides of the invention), or the nucleic acids that encode these sequences, the 

sequences being different in the co1nbination of variant a1nino acids that are introduced into these 

sequences according to the methods of the invention. 

"Phage display" is a technique by which variant polypeptides are displayed as fusion proteins 

to at least a portion of coat protein on the surface of phage, e.g., filamentous phage, particles. A 

utility of phage display lies in the fact that large libraries of randomized protein variants can be 

rapidly and efficiently sorted for those sequences that bind to a target antigen with high affinity. 

Display of peptide and protein libraries on phage has been used for screening millions of 

polypeptides for ones with specific binding properties. Polyvalcnt phage display methods have been 

used for displaying small random peptides and small proteins through fusions to either gene JIJ or 

gene Vlll of filamentous phage. Wells and Lowman (I 992) Curr. Opin. Struct. Biol. 3:355-362, and 

references cited therein. Jn a monovalent phage display, a protein or peptide libra1y is fused to a gene 

III or a pmtion thereof, and expressed at low levels in the presence of wild type gene Ill protein so 

that phage paiticles display one copy or none of the fusion proteins. Avidity effects are reduced 

relative to polyvalent phage so that sorting is on the basis of intrinsic ligand affinity, and phagemid 

vectors are used, which simplify DNA manipulations. Lowman and Wells (1991)Methods: A 

companion to Methods in Enzymology 3:205-0216. 

A "phage1nidn is a plas1nid vector having a bacterial origin of replication, e.g., Col El, and a 

copy of an intergenic region of a bacteriophage. The phagemid may be used on any known 

bacteriophage, including filamentous bacteriophage and lambdoid bacteriophage. The plasmid will 

also generally contain a selectable n1arker for antibiotic resistance. Segments of DNA cloned into 
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these vectors can be propagated as plasmids. When cells harboring these vectors are provided with 

all genes necessary for the production of phage particles, the mode of replication of the plasmid 

changes to rolling circle replication to generate copies of one strand of the plasmid DNA and package 

phage pa1ticles. The phagen1id may fonn infectious or non-infectious phage particles. 'rhis tern1 

includes phage1nids which contain a phage coat protein gene or fragtnent thereof linked to a 

heterologous polypeptide gene as a gene fusion such that the heterologous polypeptide is displayed 

on the surface of the phage particle. 

The term "phage vector'' means a double stranded replicative form of a bacteriophage 

containing a heterologous gene and capable of replication. 'rhe phage vector has a phage origin of 

.. . -replication al lowing . .phage.replicalion.and--phageparticle formatioth The phage. is. preferably.a.·.··. 

filamentous bacteriophage, such as an M 13, fl, fd, PG phage or a derivative thereof, or a lambdoid 

phage, such as lambda, 21, phi80, phi81, 82, 424, 434, etc., or a derivative thereof. 

As used herein, "solvent accessible position" refers to a position of an an1ino acid residue in 

the variable regions of the heavy and light chains of a source antibody or antigen binding fragment 

that is determined, based on structure, ensemble of structures and/or modeled structure of the 

antibody or antigen binding fragment, as potentially available for solvent access and/or contact with a 

molecule, such as an antibody-specific antigen. These positions are typically found in the CDRs and 

on the exterior of the protein. The solvent accessible positions of an antibody or antigen binding 

frag1ncnt, as defined herein, can be detcrn1ined using any of a number of algorith1ns known in the a11. 

Preferably, solvent accessible positions are detern1incd using coordinates fro1n a 3-di1nensional 

model of an antibody, preferably using a computer program such as the Insight!I program (Accelrys, 

San Diego, CA). Solvent accessible positions can also be determined using algorithms known in the 

art (e.g., Lee and Richards (1971) .!. Mo!. Biol. 55, 379 and Connolly (I 983) J Appl. Cryst. 16, 548). 

Detennination of solvent accessible positions can be perforn1ed using software suitable for protein 

tnodcling and 3-diincnsional structural inforn1ation obtained fro1n an antibody. Software that can be 

utilized for these purposes includes SYBYL lliopolymer Module software (Tripos Associates). 

Generally and preferably, where an algorithm (program) requires a user input size parameter, the 

"size" of a probe which is used in the calculation is set at about 1.4 Angstron1 or s1naller in radius. In 

addition, dctennination of solvent accessible regions and area 1nethods using software for personal 

computers has been described by Pacios (1994) Comput. Chem. 18(4): 377-386. 

fl. Detailed Description 

The con1ple1nent svsten1 

Complement plays a crucial role in the body's defense, and, together with other components 

of the immune system, protect the individual from pathogens invading the body. flowevcr, if not 

properly activated or controlled, complement can also cause injury to host tissues. Inappropriate 

activation of co1nplen1ent is involved in the pathogenesis of a variety of diseases, referred to as 

co111ple1nent associated diseases or disorders, such as imtnunc co111plex and autoi1nn1unc diseases, 
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and various infla1n1natory conditions, including con1ple1nent-1nediated inflan1matory tissue damage. 

The pathology of co1nple1nent-associatcd disorders varies, and 1night involve co1nplement activation 

for a Jong or sho1i period oftiine, activation of the whole cascade, only one of the cascades (e.g. 

classical or alternative pathway), only so1ne co1nponents of the cascade, etc. In so1ne diseases 

5 co1nplen1ent biological activities of con1plen1ent fragments result in tissue injury and disease. 

Accordingly, inhibitors ofcomplcment have high therapeutic potential. Selective inhibitors of the 

alternative pathway would be particularly useful, because clearance of pathogens and other 

organisms from the blood through the classical pathway will remain intact. 

.......... C3b:antibodies.and,.fheir.-use,.in.)he.-prevent~on ... and,-treatn1entqfco1nplen1ent~associated-,­

disorder2 

The present invention is .b.as.ed, at least. in pmi, on .the development of antibodies.that 

specifically recognize breakdown frag111cntsofCJ, and not native CJ. In pa11icular, the invention 

concerns antibodies recognizing and specifically binding to C3b, developed using human 

combinatorial antibody libraries and phage display, where enrichment for C3b specific phages was 

achieved by blocking with saturating amounts of C3. Using this methodology, we were able to 

develop antibodies that are specific for the activated fonns of C3. In addition, these human antibodies 

were fu11her affinity n1atured, thus increasing their potency in in vitro hemolytic assays. A Fab 

frag111ent \Vas generated by cloning and shown to retain a high potency for inhibiting complc1nent 

activation through the alternative pathway. A co-structure of the Fab (designated S77) in complex 

with C3b was solved and the residues involved in the C3b-S77 interaction were mapped. To our 

knowledge, this is the first phage-derived antibody with selectivity for C3 fragments that inhibits the 

alternative pathway of complement. 

The antibodies and other C3 b specific antagonists of the present invention are useful in the 

prevention and treat1nent of co1nple1ncnt-associatcd disorders. Specific examples of con1ple111ent­

associated diseases include, without limitation, rheumatoid m1hritis (RA), acute respiratory distress 

syndro111e (ARDS), remote tissue injury after ischc1nia and rcperfusion, co1nplen1ent activation 

during cardiopulmonary bypass surgery, dcrmatomyositis, pemphigus, lupus nephritis and resultant 

glomcruloncphritis and vasculitis, cardiopulmonary bypass, cardioplegia-induccd coronary 

endothelial dysfunction, type II mcmbranoprolifrrative glomeruloncphritis, lgA ncphropathy, acute 

renal failure, cryoglobulcmia, antiphospholipid syndrome, macular degenerative diseases and other 

complement-associated eye conditions, such as age-related 111acular degeneration (AMD), choroidal 

neovascularization (CNV), uveitis, diabetic and other ischcmia-related retinopathies, 

endophthaln1itis, and other intraocular neovascular diseases, such as diabetic n1acular cden1a, 

pathological myopia, von Hippel-Lindau disease, histoplasrnosis of the eye, Central Retinal Vein 

Occlusion (CH .. VO), corneal neovascularization, retinal ncovascularization, as well as allo-
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transplantation, hyperacute rejection, hemodialysis, chronic occlusive puhnonary distress syndro1nc 

(COPD), asthma, and aspiration pneumonia. 

A more extensive list of intla1n1natory conditions as exa1nples of co1nplen1ent-associated 

diseases includes, for exa1nple, inflan11natory bowel disease (IBO), syste1nic lupus erythe1natosus, 

rheumatoid a11hritis, juvenile chronic a11hritis, spondyloarthropathies, systemic sclerosis 

(scleroderma), idiopathic inllammato1y myopalhies (dermatomyositis, polymyositis), Sjogren's 

syndro111e, systemic vaculitis, sarcoidosis, autoim1nune hemolytic ane1nia (im1nune pancytopenia, 

paroxysmal nocturnal hemoglobinuria), autoimmune thrombocytopenia (idiopathic thrombocytopcnic 

purpura, in1111une-1nediated thro1nbocytopenia), thyroiditis (Grave's disease, Hashi1noto1s thyroiditis, 

... juven i le.lymphocyticthyroiditis,atrophic.thyroiditis),.diabetes. mellitus, immune-mediatcd.renaJ .. 

disease (glomerulonephritis, tubulointerstitial nephritis), demyelinating diseases of the central and 

peripheral nervous systems such as multiple sclerosis, idiopathic polyneuropathy, hcpatohiliary 

diseases such as infectious hepatitis (hepatitis A, B, C, D, E and other nonhepatotropic vimses), 

autoi1nmune chronic active hepatitis, primary biliary cirrhosis, granulo1natous hepatitis, and 

sclerosing cholangitis, inflammatory and fibrotic lung diseases (e.g., cystic fibrosis), gluten-sensitive 

enteropathy, Whipple's disease, autoi1nmune or im1nune-1ncdiated skin diseases including bullous 

skin diseases, erythema 1nultifonne and contact dcr111atitis, psoriasis, allergic diseases of the lung 

such as eosinophilic pneu1nonia, idiopathic pul1nonary fibrosis·and hypersensitivity pneumonitis, 

transplantation associated diseases including graft rejection and graft-versus host disease. 

In systemic lupus erythematosus, the central mediator of disease is the production of auto­

reactive antibodies to self proteins/tissues and the subsequent generation of immune-mediated 

inflammation. Antibodies either directly or indirectly mediate tissue injury. Though T lymphocytes 

have not been shown to be directly involved in tissue damage, T lymphocytes arc required for the 

development of auto-reactive antibodies. The genesis of the disease is thus T lymphocyte dependent. 

Multiple organs and systems are affected clinically including kidney, lung, musculoskeletal system, 

mucocutaneous, eye, central nervous systetn, cardiovascular syste1n, gastrointestinal tract, bone 

marrow and blood. 

Rheu1natoid arthritis (IlA) is a chronic syste1nic autoiln1nune infla1n111atory discas:! that 

111ainly involves the synovial 1nembrane of 1nultipe joints with resultant injury to the articular 

caitilage. The pathogenesis is T lymphocyte dependent and is associated with the production of 

rheun1atoid factors, auto-antibodies directed against sclflgG, with the resultant fonnation ofin1111une 

co1nplexes that attain high levels in joint fluid and blood. Frhesc complexes in the joint may induce 

the marked infiltrate of lymphocytes and monocytes into the synovium and subsequent marked 

synovial changes; the joint space/fluid is infiltrated by similar cells with the addition of numerous 

neutrophils. Frissues affected are prin1arily the joints, often in sym1netrical pattern. I-Iowever, extra­

a11icular disease also occurs in two 1najor forms. One fonn is the dcvelop1nent of extra-articular 

lesions w·ith ongoing progressive joint disease and typical lesions of pulmona1y fibrosis, vasculitis, 
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and cutaneous ulcers. The second form of extra-articular disease is the so called Felty's syndrome 

which occurs late in the RA disease course, so1neti1nes after joint disease has becotne quiescent, and 

involves the presence ofneutropenia, thrombocytopenia and splenomegaly. This can be 

acco111panied by vasculitis in 1nultiple organs with fonnations of infarcts, skin ulcers and gangrene. 

Patients often also develop rheumatoid nodules in the subcutis tissue overlying affected joints; the 

nodules late stages have necrotic centers surrounded by a mixed inflammat01y cell infiltrate. Other 

1nanifestations which can occur in RA include: pericarditis, pleuritis, coronary arteritis, interstitial 

pneu1nonitis with puhnonary fibrosis, keratoconjunctivitis sicca, and rheumatoid nodules. 

Juvenile chronic a1thritis is a chronic idiopathic inflanunatory disease which begins often at 

lessJhanJ 6 .years. of age .. Its pheno!)'pe. has some similarities to RA; some.patients which are 
·-------------------------- ----------------~·--

rheutnatoid factor positive are classified as juvenile rheu1natoid arthritis. The disease is sub­

classified into three major categories: pauciarticular, polya1ticular, and syste1nic. The arthritis can be 

severe and is typically destructive and leads to joint ankylosis and retarded growth. Other 

1nanifestations can include chronic anterior uveitis and syste1nic atnyloidosis. 

Spondyloarthropathies are a group of disorders with some common clinical features and the 

common association with the expression of HLA-B27 gene product. The disorders include: 

ankylosing spondylitis, Reiter's syndro1ne (reactive a1thritis), arthritis associated with inflamn1atory 

bowel disease, spondylitis associated with psoriasis, juvenile onset spondylomthropathy and 

undifferentiated spondyloarthropathy. Distinguishing features include sacroileitis with or without 

spondylitis; inflammatmy asymmetric arthritis; association with HLA-B27 (a serologically defined 

allele of the HLA-B locus of class I MHC); ocular inflammation, and absence of autoa1;tibodies 

associated with other rheumatoid disease. The cell most implicated as key to induction of the disease 

is the CDS+ T lymphocyte, a cell which targets antigen presented by class I MI-IC molecules. CDS+ 

T cells may react against the class I MHC allele HLA-B27 as if it were a foreign peptide expressed 

by MHC class I molecules. It has been hypothesized that an epitope of HLA-B27 may mimic a 

bacterial or other microbial antigenic epitope and thus induce a CD8+ T cells response. 

Systemic sclerosis (scleroderma) has an unknown etiology. A hallmark of the disease is 

induration of the skin; likely this is induced by an active inflammatory process. Scleroderma can be 

localized or systeinic; vascular lesions are con1n1on and endothelial cell injury in the 

1nicrovasculature is an early and important event in the develop1nent of systcn1ic sclerosis; the 

vascular injury 1nay be iin1nune nlediated. An in1111unologic basis is in1plied by the presence of 

111011onuclear cell infiltrates in the cutaneous lesions and the presence of anti-nuclear antibodies in 

many patients. ICAM-1 is often upregulated on the cell surface of fibroblasts in skin lesions 

suggesting thatl~ cell interaction \vith these cells 111ay have a role in the pathogenesis of the disease. 

Other organs involved include: the gastrointestinal tract: s111ooth 1nuscle atrophy and fibrosis 

resulting in abnorn1al pcristalsis/Jnotility; kidney: concentric subendothelial intin1al proliferation 

affecting s111all arcuate and interlobular a1teries with resultant reduced renal co1tical blood flovv, 
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results in proteinuria, azote1nia and hypertension; skeletal 111usclc: atrophy, interstitial fibrosis; 

infla1nmation; lung: interstitial pneu1nonitis and interstitial fibrosis; and heart: contraction band 

necrosis, scarring/fibrosis. 

Idiopathic inflammatory myopathies including dermatomyositis, polymyositis and others are 

disorders of chronic 1nuscle infla1nn1ation of unknown etiology resulting in muscle weakness. 

Muscle i1~ju1y/infla1nmation is often syn1111etric and progressive. Autoantibodies are associated with 

most forn1s. These 1nyositis-specific autoantibodics arc directed against and inhibit the function of 

con1ponents, proteins and llNA's, involved in protein synthesis. 

SjOgren1s syndro1ne is due to i1111nune-111ediated infla1n1nation and subsequent functional 

destruction of the tear glands and salivary glands" The disease can be associated with or 

acco1npanied by inflan1n1atory connective tissue diseases. The disease is associated \Vith 

autoantibody production against Ro and La antigens, both of which are small RNA-protein 

co1nplexes. Lesions result in keratoconjunctivitis sicca, xerostomia, \Vith other tnanifestations or 

associations including bila1y cirrhosis, peripheral or sensory neuropathy, and palpable purpura. 

Syste1nic vasculitis includes diseases in which the primary lesion is inflammation and 

subsequent da1nage to blood vessels which results in ischen1ia/nccrosis/degeneration to tissues 

supplied by the affected vessels and eventual end-organ dysfunction in some cases. Vasculitides can 

also occur as a secondary lesion or sequelae to other iin1nune-intla1n1natory mediated diseases such 

as rheu1natoid arthritis, syste1nic sclerosis, etc., particularly in diseases also associated with the 

forn1ation of i1n1nune complexes. Diseases in the primary systen1ic vasculitis group include: 

systemic necrotizing vasculitis: polya1ieritis nodosa, allergic angiitis and granulo1natosis, 

polyangiitis; Wegener1s granulo1natosis; ly1npho1natoid granulo1natosis; and giant cell arteritis. 

Miscellaneous vasculitides include: mucocutaneous lymph node syndrome (MLNS or Kawasaki's 

disease), isolated CNS vasculitis, Bchet's disease, thrornboangiitis obliterans (Buerger's disease) and 

cutaneous necrotizing venulitis. rrhe pathogenic 1nechanis1n of n1ost of the types ofvasculitis listed 

is believed to be primarily due to the deposition of immunoglobulin complexes in the vessel wall and 

subsequent induction of an inflammatory response either via ADCC, complement activation, or both. 

Sarcoidosis is a condition of unknown etiology which is characterized by the presence of 

epithelioid granulo1nas in nearJy any tissue in the body; involven1ent of the lung is 1nost co1nn1on. 

The pathogenesis involves the persistence of activated macrophages and lymphoid cells at sites of the 

disease with subsequent chronic sequelae resultant from the release of locally and systemically active 

products released by these cell types. 

Autoi1n1nune hc1nolytic ane1nia including autoi1nn1une hcn1olytic ane1nia, in11nunc 

pancytopcnia, and paroxysn1al noctural hen1oglobinuria is a result of production of antibodies that 

react with antigens expressed on the surface of red blood cells (and in some cases other blood cells 

including platelets as well) and is a reflection of the removal of those antibody coated cells via 

complement mediated lysis and/or ADCC/Fc-receptor-rnediated mechanisms. 
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In autoinnnune lhro1nbocytopenia including thro1nbocytopenic purpura, and i1n1nune-

1nediated thro1nbocytopenia in other clinical settings. platelet destruction/re1noval occurs as a result 

of either antibody or complement attaching to platelets and subsequent removal by complement lysis, 

ADCC or FC-receptor mediated mechanisms. 

Thyroiditis including Grave's disease, Hashimoto's thyroiditis,juvenile lymphocytic 

thyroiditis, and atrophic thyroiditis, are the result of an autoim1nune response against thyroid antigens 

with production of antibodies that react with proteins present in and often specific for the thyroid 

gland. Experimental models exist including spontaneous models: rats (BUF and BB rats) and 

chickens (obese chicken strain); inducible models: iinn1unization ofanilnals with either 

thyroglobul in,.thyroid .. m icrosomaJ.antigeiL(thyroid peroxidase)," 

'f'ype I diabetes 1nellitus or insulin-dependent diabetes is the autoi1nn1une destruction of 

pancreatic islet p ceJls; this .destruction. is mediated by auto,antibodies and auto, reactive T cells. 

Antibodies to insulin or the insulin receptor can also produce the phenotype of insulin-non­

responsiveness. 

lmmune mediated renal diseases, including glomcrulonephritis and tubulointers.titial 

nephritis, are the result of antibody or T lymphocyte mediated injury to renal tissue either directly as 

a result of the production of au to reactive antibodies or T cells against renal antigens or indirectly as a 

result of the deposition of antibodies and/or immune complexes in the kidney that are reactive against 

other, non-renal antigens. rfhus other i1nmunc-1ncdiated diseases that result in the fonnation of 

inununc-complexcs can also induce in1mune 1nediated renal disease as an indirect sequclae. Both 

direct and indirect in1n1une mcchanisn1s result in inflan11natory response that produces/induces lesion 

development in renal tissues with resultant organ function i1npairn1ent and in some cases progression 

to renal failure. Both Immoral and cellular immune mechanisms can be involved in the pathogenesis 

of lesions. 

Demyclinating diseases of the central and peripheral nervous systems, including Multiple 

Sclerosis; idiopathic demyelinating polyncuropathy or Guillain-Barr syndrome; and Chronic 

lnflammatory Demyelinating Polyneuropathy, are believed to have an autoimmune basis and result in 

nerve demyclination as a result of damage caused to oligodendrocytes or to myelin directly. In MS 

there is evidence to suggest that disease induction and progression is dependent on T lymphocytes. 

Multiple Sclerosis is a demyelinating disease that is T lymphocyte-dependent and has either a 

relapsing-remitting course or a chronic progressive course. l'he etiology is unknown; however, viral 

infections, genetic predisposition, environ1nent, and autoi1n1nunity all contribute. Lesions contain 

infiltrates of predominantly T lymphocyte mediated, microglial cells and infiltrating macrophages; 

CD4+T lymphocytes are the predominant cell type at lesions. The mechanism of oligodendrocyte 

cell death and subsequent demyelination is not known but is likely T lymphocyte driven. 
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lnflan1111atory and Fibrotic f..,ung Disease, including eosinophilic pneu1nonia, idiopathic 

puln1onary fibrosis and hypersensitivity pneun1onitis 1nay involve a disregulated im111une­

inflammatory response. Inhibition of that response would be of therapeutic benefit. 

Autoimmune or Immune-mediated Skin Disease including Bullous Skin Diseases, Erythema 

Multifonne, and Contact Dern1atitis are rnediated by auto-antibodies, the genesis of which is 1, 

lymphocyte-dependent. 

Psoriasis is a T lymphocyte-mediated inflammatory disease. Lesions contain infiltrates ofT 

lymphocytes, macrophages and antigen processing cells, and some neutrophils. Allergic diseases, 

including asthi:na; allergic rhinitis; atopic dern1atitis; food hypersensitivity; and urticaria are 'f 

... Jymphocyte.dependenL .. These.diseases .. are.predominantly.mediated-byT.lymphocyteinduced ... 

inflan1n1ation, lgE n1ediated-infla1nn1ation or a co1nbination of both. 

'fransplantation associated diseases. including Graft r~jection and Grafi-Versus-:-1-Iost:-Disease 

(GVHD) are T lymphocyte-dependent; inhibition ofT lymphocyte function is ameliorative. 

yrhe C3b antagonists, such as C3b antibodies, of the present invention arc also useful for the 

prevention and treahnent of complen1ent-associated 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 of complement), such as, for example, macular degenerative 

diseases, such as all stages of age-related macular degeneration (AMD), including dry a.nd wet (non­

exudative and cxudative) forms, choroidal neovascularization (CNV), uveitis, diabetic and other 

ischemia-related rctinopathies, endophthalrnitis, and other intraocular neovascular diseases, such as 

diabetic macular edema, pathological myopia, von Hippel-Lindau disease, histoplasmosis ofthc eye, 

Central Retinal Vein Occlusion (CRVO), corneal neovascularization, and retinal neovascularization. 

A preferred group of complement-associated eye conditions includes age-related macular 

degeneration (AMD), including non-exudativc (wet) and exudative (dry or atrophic) AMD, choroidal 

ncovascularization (CNV), diabetic rctinopathy (DR), and cndophthalmitis. 

AMD is age-related degeneration ofthc macula, which is the leading cause of irreversible 

visual dysfunction in individuals over the age of60. Two types of AMD exist, non-exudative (dry) 

and exudative (wet) AMD. The dry, or nonexudativc, form involves atrophic and hype11rophic 

changes in the retinal pigment epithelium (RPE) underlying the central retina (macula) as well as 

deposits (dmsen) on the RPE. Patients with nonexudative AMD can progress to the wet, or 

exudative, form of AMD, in which abnormal blood vessels called choroidal neovascular membranes 

(CNVMs) develop under the retina, leak fluid and blood, and ultimately cause a blinding disciform 

scar in and under the retina. Nonexudative AMD, which is usually a precursor of exudative AMI), is 

n1orc com1non .. 1,he presentation of nonexudativc AMD varies; hard druscn, soft drusen, llPE 

geographic atrophy, and pigment clumping can be present. Complement components are deposited 

on the RPE early in AMD and are major constituents of druscn. 
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The present invention specifically concerns the treatment of high risk AMD, including 

category 3 and category 4 AMD. Category 3 AMD is characterized by the absence of advanced 

AMD in both eyes, at least one eye having a visual acuity of20/32 or better with at least one large 

druse (e.g. 125 µm), extensive (as measured by drusen area) intermediate drusen, or geographic 

atrophy (GA) that does not involve the center of the macula, or any combination of these. Category 3 

AMD (which is still considered "dry"AMD) has a high risk of conversion to choroidal 

neovascularization (CNV). 

Category 4 high risk AMD (classified as "wet" AMD) is characterized by a visual acuity of 

20/32 or better and no advanced AMD (GA involving the center of the macula or features of 

choroidal neovascularization) in index eye; The fellow eye is characterized· by advanced·AMD;- or 
------------····-- -

visual acuity less than 20/32 attributable to AMD maculopathy. Typically, high risk AMD, if 

untreated, rapidly progresses into choroidal neovascularization (CNV), at a rate about I 0-30-timcs 

higher than the rate of progression for category I or 2 (not high risk) AMD. 

C3b antagonists also find utility in the prevention of the progression of AMD (in particular, 

category 3 or category 4 J\MD) into CNV, and/or the prevention of the development/progression of 

J\MD or CNV in the non- or less effected fellow eye. In this context, the term "prevention" is used 

in the broadest sense to. include, complete or pmiial blocking and slowing down of the progression of 

the disease as well as the delay of the unset of the more serious form of the disease. Patients who are 

at high risk of developing or progressing into high risk (category 4) AMD or CMV especially benefit 

from this aspect of the invention. 

It is known that complement factor H (CFH) polymorphism is associated with the risk of an 

individual to develop AMD and/or CNV. Muations in CHI can activate complement, which in turn 

may lead to AMD/CNV. It has been recently reported that complement factor H (CFH) 

polymorphism accounts for 50% of the attributable risk of AMD (Klein et al., Science 308:385-9 

(2005)). A common haplotype in CFH (l-IFl/CFH) has been found to predispose individuals to age­

related macular degeneration (Hageman et al., Proc. Natl. Acad. Sci. USA, I 02(2):7227-7232 (2005)). 

AMlJ has been segregated as an autoso1nal-do1ninant trait, with the disease locus 1napping to 

chromosome I q25-q3 I between markers DI S466 and DI S4 I 3, with a maximum lod score of about 

3.20 (Klein et al., Arch Opthalmol. 116(8): I 082-9 (1998); Majewski ct al., Am. J Hum. Genet. 

73(3):540-50 (2003); Seddon et al., Am . .!. Hum. Genet. 73(4):780-90 (2003); Weeks et al., Am. J 

Ophthalmol. 132(5):682-92 (200 l ); Iyengar ct al., Am . .!. Hum. Genet. 74(1):20-39 (2004)); 

chromosome 2q3/2q32 between markers DJ 2S 1391 and D2Sl384, with a maximum lode score of 

2.32/2.03 (Seddon et al., supra); 3p 13, between markers Dl 2S 1300 and D12S 1763, with a maximum 

lode score of 2.19 (Majewski et al., supra; Schick et al., Am. J Hum. Genet. 72(6): 1412-24 (2003)); 

6ql4 between markers D6Sl056 and DS249 with a maximum lode score of3.59/3.17 (Kniazeva et 

al., Am . .!. Ophthlmo/. 130(2): 197-202 (2000)); 9q33, at marker D9S934, with a maximum lode score 

of2.06 (Mejwski et al., supra); l Oq26 at the marker DI OS 1230, with a maximum lode score of3.06 
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(Majewski et al., supra; Iyengar et al., supra; Kenealy et al., Mo/. Vis. I 0:57-6 I (2004); I 7q25 at 

marker DJ 7S928, maximum lode score of 3.16 (Weeks et al., supra); and 22q 12 at marker 

D22Sl045, maximum lode score of2.0 (Seddon et al., supra). Accordingly, genetic screening is an 

important pait of identifying patients who are particularly good candidates for preventative treatment, 

including prevention of the progression of the disease into a 1nore severe fonn, such as fron1 AMD to 

CNV. 

Preparation and selection ofC3b antibodies 

The invention herein includes the production and use of antibodies that recognize C3b not its 

inactive precursor C3. Exemplary methods for generating antibodies arc described in more detail in 

thefollowing sections, 

Anti-C3b antibodies are selected t1sing a C3b polypeptide derived from a mammalian 

species. Preferably the polypeptide is human C3b. However, C3b polypeptides from other species 

such as murine C3b can also be used as the target antigen. The C3b antigens from various 

111a1n1nalian species 1nay be isolated fi·om natural sources. In other en1bodin1ents, the antigen is 

produced recombinantly or made using other synthetic methods known in the ait. 

The antibody selected will normally have a sufficiently strong binding affinity for the C3b 

antigen. For example, the antibody may bind human C3b with a Kd value of no more than about 5 

nM, preferably no more than about 2 nM, and more preferably no more than about 500pM. Antibody 

affinities may be determined by a surface plasmon resonance based assay (such as the B!Acore assay 

as described in Examples); enzyme-linked immunoabsorbent assay (ELISA); and competition assays 

(e.g. RJA's), for example. 

Also, the antibody may be subject to other biological activity assays, e.g., in 01·der to evaluate 

its effectiveness as a therapeutic. Such assays are known in the art and depend on the target antigen 

and intended use for the antibody. Examples include the HUVEC inhibition assay (as described in 

the Examples below) and in vilro and in vivo assays described below for identifying antibodies that 

selectively block the alternative pathway and show activity in the prevention and/or treatment of at 

least one complement-associated disorder. 

To screen for antibodies which bind to a paitieular epilope on the antigen of interest, a 

routine cross-blocking assay such as that described in Antibodies, A Laborat01y Manual, Cold Spring 

Harbor Laboratory, Ed Harlow and David Lane ( 1988), can be performed. Alternatively, epitope 

mapping, e.g. as described in Champe et al. ( 1995) .!. Biol. Chem. 270: 1388-1394, can be performed 

to determine whether the antibody binds an epitope of interest. 

In a preferred embodiment, the anti-C3b antibodies of the present invention are selected 

using a unique phage display approach. The approach involves generation of synthetic human 

antibody phage libraries based on single framework template, design of sufficient diversities within 

variable domains, display of polypeptides having the diversified variable domains, and selection of 

candidate antibodies with high affinity to target C3b antigen. Enrichment forC3b specific phages, 
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encode antibodies selectively blocking C3b but not C3, can be achieved, for example, by blocking 

with saturating amounts ofC3, as described in the Example below. 

Details of the phage display methods can be found, for example, in W003/102157 published 

December 11, 2003. 

Jn one aspect, the antibody libraries can be generated by mutating the solvent accessible 

and/or highly diverse positions in at least one CDR ofan antibody variable domain. Some or all of 

the CDRs can be mutated using the methods provided herein. Jn some embodiments, it may be 

preferable to generate diverse antibody libraries by mutating positions in CDRHl, CDRH2 and 

CDRH3 to form a single library or by mutating positions in CDRL3 and CDRI-13 to form a single 

library.or by.mutating.positions.in CD RLJ .and .CDRHI , .CDRH2 and.CD RH3.to. form. a.single 

library. 

A librmy of antibody variable domains can be generated, for example, having mutations in 

the solvent accessible and/or highly diverse positions ofCDRHI, CDRH2 and CDRH3. Another 

library can be generated having mutations in CDRLI, CDRL2 and CDRL3. These libraries can also 

be used in conjunction with each other to generate binders of desired affinities. For example, after 

one or 1nore rounds of selection of heavy chain libraries for binding to a target antigen, a light chain 

library can be replaced into the population of heavy chain binders for further rounds of selection to 

increase the affinity of the binders. 

Preferably, a library is created by substitution of original an1ino acids with variant a111ino 

acids in the CDIUB region of the variable region of the heavy chain sequence. The resulting library 

can contain a plurality of antibody sequences, wherein the sequence diversity is primarily in the 

CDRH3 region of the heavy chain sequence. 

In one aspect, the library is created in the context of the humanized antibody 4D5 sequence, 

or the sequence of the framework amino acids of the humanized antibody 4D5 sequence. Preferably, 

the library is created by substitution of at least residues 95-lOOa of the heavy chain with amino acids 

encoded by the DVK codon set, wherein the DVK codon set is used to encode a set of variant amino 

acids for every one of these positions. An example ofan oligonucleotide set that is useful for 

creating these substitutions comprises the sequence (DVK)1• In some embodiments, a library is 

created by substitution of residues 95-1 OOa with amino acids encoded by both DVK and NNK codon 

sets. An example of an oligonucleotide set that is usefol for creating these substitutions comprises 

the sequence (DVK}6 (NNK). In another embodiment, a library is created by substitution of at least 

residues 95-1 OOa with amino acids encoded by both DVK and NNK codon sets. An example of an 

oligonucleotide set that is useful for creating these substitutions comprises the sequence (DVK).; 

(NNK). Another example of an oligonucleotide set that is useliil for creating these substitutions 

comprises the sequence (NNK)6• Other examples of suitable oligonucleotide sequences can be 

determined by one skilled in the art according to the criteria described herein. 
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In another embodiment, different CDRH3 designs are utilized to isolate high affinity binders 

and to isolate binders for a variety of epitopes. The range of lengths of CDRH3 generated in this 

library is 11 to 13 amino acids, although lengths different from this can also be generated. H3 

diversity can be expanded by usingNNK, DVK and NVK codon sets, as well as more limited diversity 

at N and/or C-terminal. 

Diversity can also be generated in CDRHl and CDRH2. The designs ofCDR-Hl and H2 

diversities follow the strategy of targeting to mimic natural antibodies repe1toire as described with 

modification that focus the diversity more closely matched to the natural diversity than previous 

design. 

Eordiver sity in. CDRHJ,. multiple. I ibraries.can. be constructed separately "'ith .. different 

lengths ofH3 and then c9mbined to select for binders to target antigens. The multiple libraries can 

be pooled and sorted using solid support selection and solution sorting methods as described .. 

previously and herein below. Multiple sorting strategies may be employed. For example, one 

variation involves smting on target bound to a solid, followed by smting for a tag that may be present 

on the fusion polypeptide (eg. anti-gD tag) and followed by another smi on target bound to solid. 

Alternatively, the libraries can be sorted first on target bound to a solid surface, the eluted binders are 

then sorted using solution phase binding with decreasing concentrations of target antigen. Utilizing 

co1nbinations of different sorting methods provides for 1nini111ization of selection of only highly 

expressed sequences and provides for selection of a number of different high affinity clones. 

High affinity binders for the target C3b antigen can be isolated from the libraries. Limiting 

diversity in the 1-1 l/H2 region decreases degeneracy about I 0'1 to I 05 fold and allowing more H3 

diversity provides for more high affinity binders. Utilizing libraries with different types of diversity 

in CD RID (eg. utilizing DVK or NVT) provides for isolation of binders that may bind to different 

epitopes of a target antigen. 

Jn another embodiment, a library or libraries with diversity in CDRHl, CDRH2 and CDRl-13 

regions is generated. In this embodiment, diversity in CDRH3 is generated using a variety of lengths 

ofH3 regions and using primarily codon setsXYZ and NNK or NNS. Libraries can be formed using 

individual oligonucleotides and pooled or oligonueleotides can be pooled to form a subset of 

libraries. The libraries of this embodiment can be so1ted against target bound to solid. Clones 

isolated from multiple s01ts can be screened for specificity and affinity using ELISA assays. For 

specificity, the clones can be screened against the desired target antigens as well as other nontarget 

antigens. Those binders to the target C3b antigen can then be screened for affinity in solution 

binding competition ELISA assay or spot competition assay. High affinity binders can be isolated 

from the library utilizing XYZ codon sets prepared as described above. These binders can be readily 

produced as antibodies or antigen binding fragn1ents in high yield in cell culture. 
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In so1ne embodi_n1ents, it n1ay be desirable to generate libraries with a greater diversity in 

lengths ofCORH3 region. For example, it may be desirable to generate libraries with CORH3 

regions ranging fro1n about 7 to 19 amino acids. 

High affinity binders isolated from the libraries of these embodiments arc readily produced 

in bacterial and eukaryotic cell culture in high yield. The vectors can be designed lo readily remove 

sequences such as gD tags, viral coat protein component sequence, and/or to add in constant region 

sequences to provide for production of full length antibodies or antigen binding fragments in high 

yield. 

A library with mutations in CORll3 can be combined with a library containing variant 

versions ofother CO Rs, for exampleCORLl,.CDRL2,. CORL3, CORHl .and/or CORH2, .. Thus;for 

example, in one embodiment, a CDRT-13 libra1y is combined with a CORL3 libraiy created in the 

context of the humanized 405 antibody sequence with variant amino acids at positions 28, 29, 30,31, 

and/or 32 using predetermined codon sets. In another embodiment, a library with mutations to the 

CORH3 can be combined with a library comprising variant CORH I and/or CORH2 heavy chain 

variable domains. In one embodiment, the CDRT-1 I library is created with the humanized antibody 

405 sequence with variant amino acids at positions 28, 30, 31, 32 and 33. A CORT-12 library may be 

created with the sequence of humanized antibody 405 with variant amino acids at positions 50, 52, 

53, 54, 56 and 58 using the predetermined codon sets. 

The anti-C3b antibody generated from phage libraries can be further modified to generate 

antibody mutants with improved physical, chemical and or biological prope1ties over the parent 

antibody. Where the assay used is a biological activity assay, the antibody mutant preferably has a 

biological activity in the assay of choice which is at least about I 0 fold better, preferably at least 

about 20 fold better, more preferably at least about 50 fold better, and sometimes at least about I 00 

fold or 200 fold better, than the biological activity of the parent antibody in that assay. For example, 

an anti-C3b antibody mutant preferably has a binding affinity for C3b which is at least about 10 fold 

stronger, preferably at least about 20 fold stronger, more preferably at least about 50 fold stronger, 

and sometimes at least about I 00 fold or 200 fold stronger, than the binding affinity of the parent 

anti-C3b antibodies, such as, antibody S77. 

To generate the antibody mutant, one or more amino acid alterations (e.g. substitutions) are 

introduced in one or more of the hypervariable regions of the parent antibody. Alternatively, or in 

addition, one or more alterations (e.g. substitutions) of framework region residues may be introduced 

in the parent antibody where these result in an improvement in the binding affinity of the antibody 

1nutant for the antigen from the second 111am1nalian species. Exa1nples of fran1e\.vork region residues 

to modify include those which non-covalently bind antigen directly (Amit et al. (1986) Science 

233:747-753); interact with/effect the conformation of a COR (Chothia et al. (1987) .!. Mo/. Biol. 

196:901-917); and/or participate in the V L - V11 interface (EP 239 400B I). Jn certain embodiments,· 

111odification of one or 111ore of such fran1ework region residues results in an enhancement of the 
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binding affinity of the antibody for the antigen from the second mammalian species. For example, 

fro111 about one to about five fran1ework residues 1nay be altered in this e111bodi1nent of the invention. 

Sometimes, this may be sufficient to yield an antibody mutant suitable for use in preclinical trials, 

even where none of the hypervariable region residues have been altered. Normally, however, the 

antibody mutant will comprise additional hypervariable region alteration(s). 

The hypervariable region residues which are altered may be changed randomly, especially 

where the slatting binding affinity of the parent antibody is such that such randomly produced 

antibody mutants can be readily screened. 

One useful procedure for generating such antibody n1utants is called ~'alanine scanning 

mutagcncsis" (Cunningham and Wells (1989) Science244: I 081-1085). Here, one or more of the· 

hypervariable region residue(s) are replaced by alanine or polyalanine residue(s) to affoct the 

interaction of the amino acids with the antigen fro1n the second 1nan1rnalian species. Those 

hypervariable region residue(s) demonstrating functional sensitivity to the substitutions then arc 

refined by introducing further or other mutations at or for the sites of substitution. Thus, while the 

site for introducing an an1ino acid sequence variation is predetermined, the nature of the 1nutati_onper 

se need not be predetermined. The ala-mutants produced this way are screened for their biological 

activity as described herein. 

Nonnally one V•/Otdd stait with a conservative substitution such as those shown below under 

the heading of"preferred substitutions''. If such substitutions result in a change in biological activity 

(e.g. binding affinity), then more substantial changes, denominated "exemplary substitutions" in the 

following table, or as further described below in reference to amino acid classes, are introduced and 

the products screened. Preferred substitutions arc listed in the table below. 

Original Residue Exemplary Preferred 
Substitutions Substitutions 

Ala (A) val; leu; i1e val 
Arg (R) lys; gin; asn lys 
Asn (N) gin; his; lys; arg gin 
Aso (D) glu gill 
Cys (C) ser ser 
Gin (Q) asn asn 
Glu (E) asp asp 
Gly (G) pro; ala ala 
His (H) asn; gin; lvs; arg arg 
lie (I) leu; val; met; ala; phe; norleucine !cu 
Leu (L) norleucinc; ile; val; 1net; ala; phe ile 
Lys (K) arg; gin; asn arg 
Met(M) leu; phe; ilc !cu 
Phe (F) leu; val; ile; ala; tyr leu 
Pro (P) ala ala 
Ser (S) thr thr 
Thr (T) ser ser 
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Trp (W) tyr; phe tyr 

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

Val (V) ile; leu; 1net; phe; ala; norleucine leu 

Even 1nore substantial 1nodifications in the antibodies biological properties are acco1np1ished 

by selecting substitutions that differ significantly in their effect on maintaining (a) the structure of the 

polypeptide backbone in the area of the substitution, for example, as a sheet or helical confonnation, 

(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 com1non side-chain properties: 

hydrophobic: norleucine, met, ala, val, leu, ile; 

neutral hydrophilic: cys, ser, thr, asn, gin; 
--- ------------- -- - - ----- - -

acidic: asp, glu; 

basic: his, lys, arg; 

residues that influence chain orientation: gly, pro; and 

aron1atic: trp, tyr, phe. 

Non-conservative substitutions \Viii entail exchanging a mc1nber of one of these classes for 

another class. 

In another embodiment, the sites selected for modification are affinity matured using phage 

display (see above). 

Nucleic acid 111olecules encoding a1nino acid sequence mutants are prepared by a variety of 

methods known in the ait. These methods include, but are not limited to, oligonucleotide-mediated 

(or site-directed) nrntagenesis, PCR mutagenesis, and cassette mutagenesis of an earlier prepared 

mutant or a non-mutant version of the parent antibody. The prefcJTed method for making mutants is 

site directed mutagencsis (see, e.g., Kunkel (1985) Proc. Natl. Acad. Sci. USA 82:488). 

In certain embodiments, the antibody mutant will only have a single hypervariable region 

residue substituted. In other embodiments, two or more of the hypervariable region residues of the 

parent antibody will have been substituted, e.g. from about two to about ten hypervariablc region 

substitutions. 

Ordinarily, the antibody mutant with improved biological properties will have an amino acid 

sequence having at least 75% a1nino acid sequence identity or siinilarity with the amino acid 

sequence of either the heavy or light chain variable domain of the parent antibody, more preferably at 

least 80%, more prelerably at least 85%, more preferably at least 90%, and most preferably at least 

95%. Identity or similarity with respect to this sequence is defined herein as the percentage of amino 

acid residues in the candidate sequence that are identical (i.e san1e residue) or sin1ilar (i.e. an1ino acid 

residue fro1n the san1e group based on con1mon side-chain prope1iies, see above) with the parent 

antibody residues, after aligning the sequences and introducing gaps, if necessary, to achieve the 

1Tiaxi1num percent sequence identity. None ofN-terminal, C-tenninal, or internal extensions, 
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deletions, or insetiions into the antibody sequence outside of the variable don1ain shall be construed 

as affecting sequence identity or si1nilarity. 

Following production of the antibody mutant, the biological activity of that molecule relative 

to the parent antibody is detennined. As noted above, this 1nay involve dctcn11ining the binding 

affinity and/or other biological activities of the antibody. In a preferred embodiment of the invention, 

a panel of antibody mutants is prepared and screened for binding alfinity for the antigen such as CJb 

or a fragn1cnt thereof. One or more of the antibody mutants selected fi·o1n this initial screen are 

optionally subjected to one or more further biological activity assays to confirm that the antibody 

mutant(s) with enhanced binding affinity are indeed useful, e.g. for preclinical studies. 

The antibody mutant(s) so selected may be subjected to fmiher modifications, oftentimes 

depending on the intended use of the antibody. Such modifications may involve fmther alteration of 

the amino acid sequence, fusion to heterologous polypcptide(s) and/or covalent modifications such as 

those elaborated below. With respect to amino acid sequence alterations, exemplary modifications 

arc elaborated above. For example, any cysteine residue not involved in n1aintaining the proper 

conformation of the antibody mutant also may be substituted, generally with serine, to improve the 

oxidative stability of the molecule and prevent aberrant cross linking. Conversely, cysteine bond(s) 

may be added to the antibody to improve its stability (paiticularly where the antibody is an antibody 

fragment such as an Fv fragment). Another type of amino acid mutant has an altered glycosylation 

pattern. This may be achieved by deleting one or more carbohydrate moieties found in the antibody, 

and/or adding one or more glycosylation sites that are not present in the antibody. Glycosylation of 

antibodies is typically either N-linked or 0-linked. N-linked refers to the attachment of the 

carbohydrate moiety to the side chain of an asparagine residue. The tripeptide sequences asparagine­

X-serine and asparagine-X-threonine, where Xis any amino acid except proline, are the recognition 

sequences for enzymatic attachment of the carbohydrate moiety to the asparagine side chain. Thus, 

the presence of either of these tripeptide sequences in a polypeptide creates a potential glycosylation 

site. 0-linked glycosylation refers to the attachment of one of the sugars N-aceylgalactosamine, 

galactose, or xylose to a hydroxyamino acid, 111ost con11nonly serine or threonine, although 5-

hydroxyproline or 5-hydroxylysine may also be used. Addition of glycosylation sites to the antibody 

is conveniently acco1nplished by altering the an1ino acid sequence such that it contains one or 111ore 

of the above-described tripeptide sequences (for N-linked glycosylation sites). The alterntion may 

also be 1nade by the addition of, or substitution by, one or more serine or threonine residues to the 

sequence of the original antibody (for 0-linked glycosylation sites). 

Frnther details of the preparation, selection, enrichment and affinity maturation ofCJb 

antibodies by phage display are provided in the Examples below. 

Recombinant production o[CJb antibodies 

rrhe anti-C3b antibodies of the invention can be produced rccon1binantly, using· techniques 

and 1naterials readily obtainable. 
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For recombinant production of an anti-C3b antibody, the nucleic acid encoding it is isolated 

and inserted into a replicable vector for further cloning (amplification of the DNA) or for expression. 

DNA encoding the antibody is readily isolated or synthethized using conventional procedures (e.g., 

by using oligonucleotide probes that are capable of binding specifically to DNAs encoding the heavy 

and light chains of the antibody). Many vectors arc available. The vector components generally 

include, but are not lin1ited to, one or 1nore of the following: a signal sequence, an origin of 

replication, one or n1ore marker genes, an enhancer elen1ent, a pro1noter, and a transcription 

tern1ination sequence. 

(i) Signal sequence component 

.. The . .antihody..ofthis .. invention . .1nay.be.producedrecomhinantlynotonly.directly,.butalso. as 

a fusion polypeptide with a heterologous polypeptide, which is preferably a signal sequence or other 

polypeptide having a specific cleavage site .at the N-terminus of the mature protein or polypepti.de. 

The heterologous signal sequence selected preferably is one that is recognized and processed (i.e., 

cleaved by a signal peptidase) by the host cell. For prokaryotic host cells that do not recognize and 

process the native antibody signal sequence, the signal sequence is substituted by a prokaryotic signal 

sequence selected, for example, from the group of the alkaline phosphatase, penicillinase, lpp, or 

heat-stable enterotoxin II leaders. For yeast secretion the native signal sequence may be substituted 

by, e.g., the yeast inve1tase leader, a factor leader (including Saccharomyces and Kluyveromyces a­

factor leaders), or acid phosphatase leader, the C. albicans glucoa1nylase leader, or the signal 

described in WO 90/13646. In mammalian cell expression, mammalian signal sequences as well as 

viral secretory leaders, for example, the herpes simplex gD signal, am available. The DNA for such 

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

(ii) Origin of replication component 

Both expression and cloning vectors contain a nucleic acid sequence that enables the vector 

to replicate in one or tnore selected host cells. Generally, in cloning vectors this sequence is one that 

enables the vector to replicate independently of the host chromosomal DNA, and includes origins of 

replication or autono1nously replicating sequences. Such sequences are well known for a variety of 

bacteria, yeast, and viruses. The origin of replication from the plasmid pBR322 is suitable for most 

Grain-negative bacteria, the 2~L plas1nid origin is suitable for yeast, and various viral origins (SV40, 

polyoma, adenovirns, VSY or BPV) are useful for cloning vectors in mammalian cells. Generally, 

the origin of replication co1nponent is not needed for 1nam1nalian expression vectors (the SV40 origin 

may typically be used only because it contains lhe early promoter). 

(iii) Selection gene component 

Expression and cloning vectors niay contain a selection gene, also tenned a selectable 

1narker. Typical selection genes encode proteins that (a) confer resistance to antibiotic·s or other 

toxins, e.g., a1npicillin, ncon1ycin, 1nethotrexate, or tetracycline, (b) co111ple1ncnt auxotrophic 
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deficiencies, or (c) supply critical nutrients not available from complex media, e.g., the gene 

encoding D-alanine racemase for Bacilli. 

One example of a selection scheme utilizes a drug to an-est growth of a host cell. Those cells 

that are successfully transfo11ned with a heterologous gene produce a protein conferring drug 

resistance and thus survive the selection regi1nen. Exarnples of such do1ninant selection use the drugs 

neomycin, 1nycophenolic acid and hygromycin. 

Another example of suitable selectable markers for mammalian cells are those that enable the 

identification of cells comp.etent to take up the antibody nucleic acid, such as DHFR, thymidine 

kinase, 1netallothionein-I and -11, preferably pri1nate tnetallothionein genes, adenosine dea1ninase, 

.... omithine decarboxy.lase, etc .. ·.· 
---c---···--------··------ .... 

For example, cells transformed with the DHFR selection gene are first identified by culturing 

all of the transfonnants in a culture medium that contains methotrexate (Mix}, a competitive 

antagonist of DHFR. An appropriate host cell when wild-type DHFR is employed is the Chinese 

hamster ovary (CHO) cell line deficient in DHFR activity. 

Alternatively, host cells (particularly wild-type hosts that contain endoge110us DHFR) 

transformed or co-transfom1ed with DNA sequences encoding antibody, wild-type DHFR protein, 

and another selectable marker such as aminoglycoside 3'-phosphotransferase (APH) can be selected 

by cell growth in medium containing a selection agent for the selectable marker such as an 

aminoglycosidic antibiotic, e.g., kanamycin, neomycin, or 0418. See U.S. Patent No. 4,965, 199. 

A suitable selection gene for use in yeast is the trp I gene present in the yeast plasmid YRp7 

(Stinchcomb et al. (1979) Nature 282:39). The trp I gene provides a selection marker fora mutant 

strain of yeast lacking the ability to grow in tryptophan, for example, ATCC No. 44076 or PEP4- l. 

Jones ( 1977) Genetics 85: 12. The presence of the trp I lesion in the yeast host cell genome then 

provides an effective environ1nent for detecting transfonnation by growth in the absence of 

tryptophan. Similarly, Leu2-deficient yeast strains (i\TCC 20,622 or 38,626) arc complemented by 

known plasmids bearing the Leu2 gene. 

In addition, vectors derived from the 1.6 ftm circular plasmid pKD I can be used for 

transformation of Kluyveromyces yeasts. Alternatively, an expression system for large-scale 

production ofrecombinant calf chymosin was reported for K. /actis. Van den Berg (1990) 

Bio/Technology 8:135. Stable multi-copy expression vectors for· secretion of mature recombinant 

human serum albumin by industrial strains of Kluyveromyces have also been disclosed. Fleer et al. 

(1991) Bio/Technology 9:968-975. 

(iv) l)ron1oter cOn7JJonent 

I~xpression and cloning vectors usually contain a pro1noter that is recognized by the host 

organism and is operably linked to the antibody nucleic acid. Promoters suitable for use with 

prokaryotic hosts include the jJhoA pro1noter, B-lacta1nasc and lactose pi-01noter syste1ns, alkaline 

phosphatase, a tryptophan (trp} promoter system, and hybrid promoters such as the tac promoter. 
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However, other kno\vn bacterial pro1noters are suitable. Pro1nolers for use in bacterial systen1s also 

will contain a Shine-Dalgarno (S.D.) sequence operably linked to the DNA encoding the antibody. 

Promoter sequences are known for eukaryotes. Virtually all eukaryotic genes have an AT­

rich region located approximately 25 to 30 bases upstream from the site where transcription is 

initiated. Another sequence found 70 to 80 bases upstream from the stait of transcription of many 

genes is a CNCAA T region where N may be any nucleotide. At the 3' end of most eukaryotic genes 

is an AATAAA sequence that may be the signal for addition of the poly A tail to the 3' end of the 

coding sequence. All of these sequences are suitably inserted into eukaryotic expression vectors. 

Examples of suitable promoting sequences for use with yeast hosts include the promoters for 

3-phosphoglycerate kinase or other glycolytic enzymes, such as enolase, glyceraldehyde-3-phospbate 

dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate 

iso111erase, 3-phosphoglycerate 1nutase, pyruvate kinase, triosephosphate iso1nerase, phosphoglucosc 

isoinerase, and glucokinase. 

Other yeast promoters, which are inducible promoters having the additional advantage of 

transcription controlled by growth conditions, are the promoter regions for alcohol dehydrogenase 2, 

isocytochrome C, acid phosphatase, degradative enzymes associated with nitrogen metabolism, 

metallothionein, glyceraldehyde-3-phosphatc dehydrogenase, and enzymes responsible for maltose 

and galactose utilization. Suitable vectors and promoters for use in yeast expression are further 

described in EP 73,657. Yeast enhancers also are advantageously used with yeast promoters. 

Antibody transcription from vectors in mammalian host cells is controlled, for example, by 

pro1noters obtained from the genomes of viruses such as polyo1na virus, fo\.vlpox virus, adenovirus 

(such as Adenovirus 2): bovine papillon1a virus, avian sarcoma virus, cytomegalovirus, a retrovirus, 

hepatitis-B virus and most preferably Simian Virus 40 (SV40), from heterologous mammalian 

pron1oters, e.g., the actin pron1oter or an in1n1unoglobulin pro1noter, fro1n heat-shock pron1oters, 

provided such promoters are compatible with the host cell systems. 

The early and late promoters of the SV40 virus are conveniently obtained as an SV40 

restriction fragment that also contains the SV40 viral origin of replication. The immediate early 

promoter of the human cytomegalovirus is conveniently obtained as a Hindl11 E restriction fragment. 

A syste111 for expressing DNA in rnan11nalian hosts using the bovine papilloma virus as a vector is 

disclosed in U.S. Patent No. 4,419,446. A modification of this system is described in U.S. Patent No. 

4,601,978. See also Reyes et al. (1982) Nature 297:598-601 on expression of human P-interferon 

cDNA in mouse cells under the control of a thymidine kinase promoter from herpes simplex vims. 

Alternatively, the rot1s sarcon1a virus long tenninal repeat can be used as the proinotcr. 

(v) Enhancer elernenl con1pone11t 

Transcription of a DNA encoding the antibody of this invention by higher eukaryotes is often 

increased by inserting an enhancer sequence into the vector. Many enhancer sequences are now 

known fron1 nia1n1nalian genes (globin, elastase, albu1nin, a-fetoprotein, and insulin). Typically, 
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however, one will use an enhancer from a eukaryotic cell virus. Examples include the SV40 

enhancer on the late side of the replication origin (bp 100-270), the cytomegalovirns early promoter 

enhancer, the polyo1na enhancer on the late side of the replication origin, and adenovirus enhancers. 

See also Yaniv (1982) Nature 297: 17-18 on enhancing elements for activation of eukaryotic 

promoters. The enhancer may be spliced into the vector at a position 5' or 3' to tl1e antibody­

encoding sequence, but is preferably located at a site 5' from the promoter. 

(vi) Transcription ternzination co1nponent 

Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant, animal, human, 

or nucleated eel Is from other multicellular organisms) will also contain sequences necessary for the 

.. termination of transcription and for stabilizing the mRNA .Such sequences are rnmmonly available 

from the 5' and, occasionally 3', untranslated regions of eukaryotic or viral DNJ\s or cDNAs. These 

regions contain nucleotide segments transcribed as polyadenylated fragments in the untranslated 

portion of the mRNA encoding the antibody. One useful transcription termination component is the 

bovine growth hormone polyadenylation region. See W094/11026 and the expression vector 

disclosed therein. 

(vii) Selection and transformation of host cells 

Suitable host cells for cloning or expressing the DNA in the vectors herein are the 

prokaryote, yeast, or higher eukaryote cells described above. Suitable prokaryotes for this purpose 

include eubacteria, such as Grain-negative or Grain-positive organisn1s, for example, 

Enterobacteriaceae such as Escherichia, e.g., E. coli, Enterobacter, Erwinia, Klebsiella, Proteus, 

Salmonella, e.g., Salmonella typhimurium, Serratia, e.g., Serratia marcescans, and Shige//a, as well 

as Bacilli such as B. subtilis and B. licheniformis (e.g., B. /icheniformis 4 IP disclosed in DD 266, 710 

published 12 April 1989), Pseudomonas such as P. aeruginosa, and Streptomyces. One preferred E. 

coli cloning host is E. coli 294 (ATCC 31,446), although other strains such as E. coli B, E. coli 

XI 776 (J\TCC 31,537), and E.coli W3 l 10 (ATCC 27,325) are suitable. These examples are 

illustrative rather than lin1iting. 

fn addition to prokaryotes, eukaryotic 111icrobes such as fila111entous fungi or yeast are 

suitable cloning or expression hosts for antibody-encoding vectors . .. \~accharo111yces cerevisiae, or 

com1non baker's yeast, is the most con11nonly used a1nong lo\ver eukaryotic host n1icroorganisn1s. 

J.Iowever, a nun1ber of other genera, species, and strains are co1n1nonly available and useful herein, 

such as Schizosaccharomyces pombe; Kluyveromyces hosts such as, e.g., K. lac tis, K. ji·agilis (A TCC 

12,424), K. bu/garicus (ATCC 16,045), K. wickeramii (A'fCC 24, 178), K. waltii (A TCC 56,500), K. 

drosophilarum (ATCC 36,906), K. rhermotolerans, and K. marxianus; yarrowia (EP 402,226); 

Pichia pastoris (EP 183,070); Candida; Trichoderma reesia (EP 244,234); Neurospora crassa; 

,':;ch111a1111ion1;'ces such as ,_'Jchwannion1yces occidental is; and tilatnentous fungi such as, e.g., 

Neurospora, Penicillizon, 10lypoc/adiuni, and As11ergillus hosts such as A. nidulans and A. niger. 
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Suitable host cells for the expression of glycosylated antibody are derived from multicellular 

organisms. Examples of invertebrate cells include plant and insect cells. Numerous baculoviral 

strains and variants and corresponding per111issive insect host cells from hosts such as 5'podoJJlera 

frugiperda (caterpillar), Aedes aegypti (mosquito), Aedes albopic/us (mosquito), Drosophila 

melanogaster (fruitfly), and Bombyx mori have been identified. A variety of viral strains for 

transfection are publicly available, e.g., the L-1 variant of Autographa californica NPV and the Bm-5 

strain of Bombyx mori NPV, and such viruses may be used as the virus herein according to the 

present invention, paiticularly for transfection of Spodoplerafrugiperda cells. Plant cell cultures of 

cotton, corn, potato, soybean, petunia, tomato, and tobacco can also be utilized as hosts. 

However, interest has been greatest in ve1tebrate cells, and propagation of vertebrate cells in 

culture (tissue culture) has become a routine procedure. Examples of useful mammalian host cell 

lines are monkey kidney CV! line transformed by SV40 (COS-7, ATCC CRL 1651); human 

embryonic kidney line (293 or 293 cells subcloned for growth in suspension culture, Graham ct al. 

( 1977) .!. Gen Viral. 36:59) ; baby hamster kidney cells (BHK, ATCC CCL IO); Chinese hamster 

ovary cells/-DHFR (CHO, Urlaub et al. (1980) Proc. Natl. Acad. Sci. USA 77:4216); mouse sertoli 

cells (TM4, Mather (1980) Biol. Reprod. 23:243-251 ); monkey kidney cells (CV! ATCC CCL 70); 

African green monkey kidney cells (VER0-76, ATCC CRL-1587); human cervical carcinoma cells 

(HELA, ATCC CCL 2); canine kidney cells (MOCK, ATCC CCL 34); buffalo rat liver cells (BRL 

3A, ATCC CRL 1442); human lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 

8065); mouse mammary tumor (MMT 060562, ATCC CCL51); TRI cells (Mather et al. (1982) 

Annals N.Y. Acad. Sci. 383:44-68); MRC 5 cells; FS4 cells; and a human hepatoma line (Hep G2). 

Host cells are transformed with the above-described expression or cloning vectors for 

antibody production and cultured in conventional nutrient media modified as appropriate for inducing 

pron1oters, selecting transfonnants, or a1nplifying the genes encoding the desired sequences. 

(viii) Culturing the host cells 

The host cells used to produce the antibody of this invention may be cultmed in a variety of 

media. Commercially available media such as Ham's FIO (Sigma), Minimal Essential Medium 

((MEM), (Sigma), RPMl-1640 (Sigma), and Dulbeeeo's Modified Eagle's Medium ((DMEM), 

Sigma) arc suitable for culturing the host cells. In addition, any of the media described in Ham et al. 

( 1979) Meth Enz. 58:44, Barnes et al. (1980) Anal. Biochem. 102:255, U.S. Pat. Nos. 4,767,704; 

4,657,866; 4,927,762; 4,560,655; or 5,122,469; WO 90/03430; WO 87/00195; or U.S. Patent Re. 

30,985 may be used as culture media for the host cells. Any of these media may be supplemented as 

necessary with horn1ones and/or other growth factors (such as insulin, transferrin, or epidennal 

growth factor), salts (such as sodium chloride, calcium, magnesium, and phosphate), buffers (such as 

HEPES), nucleotides (such as adenosine and thymidine), antibiotics (such as GENTAMYCJNTM 

drug), trace elements (defined as inorganic compounds usually present at final concentrations in the 

1nicro1nolar range), and glucose or an equivalent energy source. Any other necessary supple1nents 
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may also be included at appropriate concentrations that would be known to those skilled in the aii. 

The culture conditions, such as temperature, pH, and the like, are those previously used with the host 

cell selected for expression, and will be apparent to the ordinarily skilled a1tisan. 

(ix) Antibody pur[fication 

When using recotnbinanttechniques, the antibody can be produced intracellularly, in the 

periplasmic space, or directly secreted into the medium. If the antibody is produced inlracellularly, as 

a first step, the particulate debris, either host cells or lysed fragments, is removed, for example, by 

centrifugation or ultrafiltration. Cmter et al. (1992) Bio/'I'echnology 10: 163-167 describe a procedure 

for isolating antibodies which are secreted to the periplasmic space of E. coli. Briefly, cell paste is 

th.~W\:P ... i.n._.tl1e. rrneen.10e. _qf sP~ iim1 .. a9e!a!e .(pl-I. 3_, ;i),J;:PJA, mi 9 .. ph eny i!1l <lt.hyJsulfo11yl flu or id e. . . . 
---·····--------·---

(PMSF) over about 30 min. Cell debris can be removed by centrifugation. Where the antibody is 

secreted into the 1ne~iu.J!l,_ supe_ma~a_nts from ~uch expr~ss_i~n syste1ns_ are gen~ra_l_ly first C?n~entrated 

using a co1nn1ercial1y available protein concentration filter, for example, an A1nicon or Millipore 

Pell icon ultrafiltration unit. A protease inhibitor such as PMSF may be included in any of the 

foregoing steps to inhibit proteolysis and antibiotics may be included lo prevent !he growth of 

adventitious conta1ninants. 

The antibody composition prepared from the cells can be purified using, for example, 

hydroxylapalite chromatography, gel electrophoresis, dialysis, and affinity chromatography, with 

affini!Y chromatography being the preferred purification technique. The suitabili!Y of protein A as an 

affinity ligand depends on the species and isotype of any immunoglobulin Fe domain that is present 

in the antibody. Protein A can be used to purify antibodies that are based on human yl, y2, or y4 

heavy chains (Lindmark et al. (1983) J Immunol. Meth. 62: 1-13). Protein G is recommended for all 

mouse isotypes and for human y3 (Guss et al. (1986) EMBO J 5: 15671575). The matrix to which 

the affinicy ligand is attached is most often agarose, but other matrices are available. Mechanically 

stable matrices such as controlled pore glass or poly(scyrenedivinyl)benzene allow for faster flow 

rates and shorter processing times than can be achieved with agarose. Where the antibody comprises 

a C113 domain, the Bakerbond ABXTMresin (J. T. Baker, Phillipsburg, NJ) is useful for purification. 

Other techniques for protein purification such as fractionation on an ion-exchange column, ethanol 

precipitation, Reverse Phase HPLC, chromatography on silica, chromatography on heparin 

SEPHAROSE™ chromatography on an anion or cation exchange resin (such as a polyaspartic acid 

column), chromatofocusing, SOS-PAGE, and ammonium sulfate precipitation arc also available 

depending on the antibody to be recovered. 

Following any preliminary purification stcp(s), the mixture comprising the antibody of 

interest and contaminants may be subjected to low pH hydrophobic interaction chromatography using 

an elution buffer at a pH between about 2.5-4.5, preferably performed at low salt concentrations 

(e.g., from about 0-0.25M salt). 
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Screening assavs and animal models (iJr identifilin[[ C3b antibodies and other C3b 

antagonists 

C3b antibodies and other C3b antagonists can be evaluated in a variety of in vitro and in vivo 

assays for their ability to selectively inhibit the alternative complement pathway and to prevent and 

treat complen1ent-associate disorders. 

Jn vitro assays, such as binding and co1npetitive binding assays, he111olytixc assays arc 

described in the Examples. 

The in vivo therapeutic activity of the C3b antagonists, such as C3b antibodies, herein can be 

tested in relevant animal models. Thus, for example, recombinant (transgenic) animal models can be 

.. engin.eered .. by .. intrnduci11g .. tbe .. c.o.ding.portio11 .. oftb.e.genes .. ofinternst.into.thegenome.of.animals.of 

interest, using standard techniques for producing transgenic animals. Anitnals that can serve as a 

target for_t_ransgeni_c _man_ipl,ll_a~jon ~nc_lµde,_ wi_t_hou_t liIJ).itat_ion, in.ice, _rats, _rabbits, guinea pigs_,_ ~heep, 

goats, pigs, and non-human primates, e.g. baboons, chimpanzees and other monkeys. Techniques 

known in the art to introduce a transgcne into such ani111als include pronucleic 1nicroinjectio11 (1-Ioppe 

and Wanger, U.S. Patent No. 4,873, 191 ); retrovirus-mediated gene transfer into germ lines (e.g., Van 

der Putten et al., Proc. Natl. Acad. Sci. USA 82, 6148-615 [ 1985]); gene targeting in embryonic >tem 

cells (Thompson et al .. Cell 56, 313-321 [1989]); elcctroporation of embryos (Lo, Mo/. Cell. Biol. ;,l_, 

1803-1814 [ 1983]); sperm-mediated gene transfer (Lavitrano et al., Cell 57, 717-73 [ 1989]). For 

review, see, for example, U.S. Patent No. 4,736,866. 

For the purpose of the present invention, transgenic anin1als include those that cany the 

transgene only in pa1t of their cells· ("mosaic animals"). The trans gene can be integrated either as a 

single transgene, or in concatan1ers, e.g., head-to-head or head-to-tail tanden1s. Selective 

introduction of a transgene into a pa1ticular cell type is also possible by following, for example, the 

technique of Lasko et al, Proc. Natl. Acad Sci. USA 89, 623-636 ( 1992). 

'fhe expression of the transgene in transgenic aniinals can be 1nonitored by standard 

techniques. For example, Southern blot analysis or PCR amplification can be used to verify the 

integration of the transgene. The level ofmRNA expression can then be analyzed using techniques 

such as in situ hybridization, No1thern blot analysis, PCR, or in1111unocytoche1nistry. 

The animals may be fu1ther examined for signs of immune disease pathology, for example by 

histological exan1ination to detenn i ne infiltration of i1nn1une cells into specific tissues. 

Recombinant (transgenic) anin1al 1nodels can be engineered by introducing the coding 

pottion of the genes of interest into the gcnon1e ofanin1als or' interest, using standard techniquc>s for 

producing transgenic anin1als. Ani1nals that can serve as a target for transgenic n1anipulation include, 

without lin1itation, n1icc, rats, rabbits, guinea pigs, sheep, goats, pigs, and no11-hun1an primates, e.g. 

baboons, chiinpanzees and other 1nonkeys. rrechniques known in the a11 to introduce a transgenc into 

such animals include pronucleic microinjection (Hoppe and Wanger, U.S. Patent No. 4,873,191); 

retrovi111s-1nediated gene transfer into genn lines (e.g., Van der Pt1tten et al., Proc. Natl. Acad Sci. 
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USA 82, 6148-615 [1985]); gene targeting in embryonic stem cells (Thompson et al., Cell 56, 313-

321 [1989]); electroporation of embryos (Lo, Mo/. Cell. Biol. J, 1803-1814 [1983]); sperm-mediated 

gene transfer (Lavitrano et al., Cell 57, 717-73 [1989]). For review, see, for example, U.S. Patent 

No. 4,736,866. 

Efficacy in the prevention and/or treatment of aithritis can, for example, be evaluated in a 

collagen-induced arthritis model (Terato etal. Brit. J. Rheuni 35:828-838 (1966)). Potential aithritis 

prophylactics/therapeutics can also be screened in a model of antibody-mediated arthritis induced by 

the intravenous injection of a cocktail of four monoclonal antibodies, as described by Terato ct al.,.!. 

!mmzmol. 148:2103-8 (1992), and Terato ct al., Autoimmunity 22: 137-47 (1995). Candidates for the 

... prevention and/or treatmentofarthritis.can also be.studiedintransgenicanimaLmodels,suc.h as, for. 
---------·-- --------------·-------- ---

exa1nple, 1,N}'-a. transgenic mice (1,aconic). These anitnals express hun1an tu1nor necrosis factor 

(TNF-a), a cytokine which has been implicated in the pathogenesis of human rheumatoid aithritis. 

The expression ofTNF-a in these mice results in severe chronic aithritis of the forepaws and hind 

paws, and provides a simple mouse model of inflammatory arthritis. 

In recent years, animal models of psoriasis have also been developed. Thus, Asebia (ab), 

flaky skin (fsn), and chronic proliferative dermatitis (cpd) are spontaneous mouse mutations with 
' 

psoriasis-like skin alterations. Transgenic 111ice \.Vith cutaneous overexpression of cytokines, such as 

interferon-y, interleukin-1 a, kcraiinocyte growth factor, transfunning growth factor-a, interferon-6, 

vascular endothelial growth factor, or bone tnorphogenic protcin-6, can also be used to study in vivo 

psoriasis and to identify therapeutics for the treatn1ent of psoriasis. Psoriasis-like lesionS were also 

described in fl,-integrin hypomorphic mice backcrossed to the PL/J strain and in B1-integrin 

transgenic mice, scidf scid mice reconstituted with CD4+/CD45RBhi T lymphocytes as well as in 

HLA-B27/hB2m transgenic rats. Xenotransplantation models using human skin grafted on to 

immunodeficient mice are also known. Thus, the antibodies and other C3b antagonists of the 

invention can be tested in the scid/scid mouse model described by Schon, M. P. el al, Nat. Med. 

(1997) J: 183, in which !he mice demonstrate histopathologic skin lesions resembling psoriasis. 

Another suitable model is the human skin/scid mouse chimera prepared as described by Nickoloff, B. 

J. et al, Am . .!. Path. ( 1995) J 46:580. For fiuther details see, e.g. Schon, M.P., J Invest Dermatology 

112:405-410 (1999). 

A model of asthma has been described in which antigen-induced airway hyper-reactivity, 

puhnonary eosinophilia and inflam1nation are induced by sensitizing an anitnal v..1ith ovalbutnin and 

then challenging the animal with the same protein delivered by aerosol. Several animal models 

(guinea pig, rat, non-hu1nan prin1ate) show syn1pton1s sin1ilarto atopic asthma in hun1ans upon 

challenge with aerosol antigens. Murine n1odels have 1nany of the features ofhun1an asth1na. 

Suitable procedures to test CRlg and CRlg agonists for activity and effectiveness in the treatment of 
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asthma arc described by Wolyniec, W.W. el ell, Am. J Respir. Cell Mo/. Biol. (1998) ll_:777 and the 

references cited therein. 

Contact hypersensitivity is a simple in vivo assay of cell me<liated immune function. In this 

procedure, epidermal cells arc exposed to exogenous haptens which give rise to a delayed type 

hypersensitivity reaction which is 1neasured and quantitated. Contact sensitivity involves an initial 

sensitizing phase iollowed by an elicitation phase. The elicitation phase occurs when the epidermal 

cells encounter an antigen to which they have had previous contact. Swelling and inflammation 

occur, 1naking this an excellent 111odel of hun1an allergic contact dermatitis. A suitable procedure is 

described in detail in Current Protocols in Immunology, Eds. J. E. Cologan, /\. M. Kruisbeck, D. II. 

MarguJies,.E .. M. sbevacb ... a.11d.W. strnlier, Jollnwiley,&, sqns,lnc •. ,.JQ94,unit.4..2 ..... se.e.a,ls.o.Greh\le, 
··-------------~-·-------------

----- ---------~---------------
-·------

S. and Schwarz, T, lmmun. Today J.2(1):37-44 (1998). 

Graft-versus-host disease occurs when i1nmunoco1npetent cells are transplanted into 

immunosuppressed or tolerant patients. The donor cells recognize and respond to host antigens. The 

response can vary fron1 life threatening severe infla1n1nation to n1ild cases of diarrhea and weight 

loss. Graft-versus-host disease models provide a means of assessing T cell reactivity against MHC 

antigens and minortransplant antigens. A suitable procedure is described in detail in Current 

Protocols in ln1n1unology, supra, unit 4.3. 

An animal model fol· skin allograft rejection is a means of testing the ability ofT cells to 

1nediate in vivo tissue destruction which is indicative of and a 1neasure of their role in anti-viral and 

tun1or i1111nunity. The n1ostco1n1non and accepted 1nodels use murine tail-skin grafts. Repeated 

experiments have shown that skin allograft rejection is mediated by T cells, helper T cells and killer­

effector T cells, and not antibodies. Auchincloss, H. Jr. and Sachs, D. H., Fundamental Immunology, 

2nd ed., W. E. Paul ed., Raven Press, NY, 1989, 889-992. A suitable procedure is described in detail 

in Current 1:irotocols in l1nn1unology, supra, unit 4.4. Other transplant rejection 1nodels which can be 

used to test CRJg and CRlg agonists are the allogeneic heait transplant models described by Tanabe, 

M. et al, Transplantation (1994) 58:23 and Tinubu, S. A. et al, J Jmmuno/. (1994) 4330-4338. 

Animal models for delayed type hypersensitivity provides an assay of cell mediated immune 

function as well. Delayed type hypersensitivity reactions are a T cell mediated in vivo immune 

response characterized by inflammation which does not reach a peak until after a period of time has 

elapsed after challenge v11ith an antigen. These reactions also occur in tissue specific autoin11nunc 

diseases such as multiple sclerosis (MS) and experimental autoimmune enccphalomyelitis (E/\E, a 

model for MS). A suitable procedure is described in detail in Current Protocols in Immunology, 

above, unit 4.5. 

l:.AE is a Ff cell mediated autoi1nmunc disease characterized by T cell and n1ononuclear cell 

inf1an11nation and ·:subsequent dcn1yclination of axons in the central nervous syste1n. EAE is 

generally considered to be a relevant animal model for MS in humans. Bolton, C., Multiple Sclerosis 

( 1995) l: I 43. Both acute and relapsing-remitting models have been developed. CRlg and its 
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agonists and antagonists can be tested for T cell stin1ulatory or inhibito1y activity against i1n1nune 

mediated demyelinating disease using the protocol described in Current Protocols in Immunology, 

above, units 15.l and 15.2. See also the models for myelin disease in which oligodendrocytes or 

Schwann cells are grafted into the central nervous system as described in Duncan, 1. D. et al, Malec. 

Med. Today (l 997) 554-56 l. 

Models of myocardial ischemia-reperfusion can be performed in mice or rats. Animals arc 

tracheostomized and ventilated with a small animal ventilator.Polyethylene catheters are placed in the 

internal carotid artery and the external jugular vein for measurement of mean arterial blood pressure. 

Myocardial ischemia reperfusion is initiated by ligating the left anterior descending artery (LAD) 

. with a 6-.0.sutureJschemi.a. is producedby tightening the reversible. ligature around the Li\J) to. 

completely occlude the vessel. The ligature is removed after 30 min and the heart perfosed for 4 

hours. CR!g and CR!g agonists can be tested for their efficacy by measuring heart infarct size, heart 

crcatine kinase activity, 1nyeloperoxidasc activity and i1n1nunohistoche1nistry using anti C3 

antibodies. 

A model of diabetic retinopathy involves treatment of mice or rats with streptozotocin. CR!g 

and CR!g agonists can be tested on their effect on venule dilatation, intraretinal microvascular 

abnormalities, and neovascularization of the retina and vitreous cavity. 

A model for mcmbranoproliferative glomcrulonephritis can be established as follows: 

Female mice are immunized i.p. with 0.5mg control rabbit JgG in CFA (day -7). Seven days later 

(<lay 0), 1 mg of the rabbit anti-mouse glomerular basement membrane (GBM) antibody is injected 

i.v. via the tail vein. Elevation of anti-rabbit lgG antibody in the serum is measured by ELISA. 24-h 

urine samples are collected fro1n the rnice in 1netabolic cages, and mouse renal function is assessed 

by the measurement of urinary protein in addition to blood urea nitrogen. 

An animal model of age-related macular degeneration (AMD) consists of mice with a null 

mutation in Ccl-2 or Ccr-2 gnes. These mice develop cardinal features of AMD, including 

accumulation of lipofuscin in and druscn beneath the retinal pigmented epithelium (RPE), 

photoreceptor atrophy and choroidal neovascularization (CNV). These features develop beyond 6 

months of age. CR!g and CR!g agonists can be tested for the formation of drusen, photoreceptor 

atrophy and choroidal neovascularization. 

CNV can be tested in various models oflaser-induced choroidal neovascularization. Thus, 

for example CNV can be induced in rats and cynornolgus monkeys by intense laser photocoagulation, 

\vhich results in choroidal neovascularization. Progess and treat1nent of this condition can be 

evaluated, e.g. by fluorescein angiography, histopathologic and i1nmunohistochemical evaluation, 

and by phannacokinetics, hen1olytic, antibody screening and con1ple1nent activation assays of serun1 

collected from the animals before and after treatment, in different time intervals. Efficacy of 

preventative adn1inistration can be 1nonitored by sin1ilar 1nethods, including 1nonitoring of vascular 

leakage by fluoresce in angiography, inhibition of complement deposition at the site of laser burn, 
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ocular exam, ocular photography, harvest of vitreous and retinal tissue, and the like. Fu1ther details 

are provided in the examples below. 

Treat1nent 111ethods 

For the prevention, treat1nent or reduction in the severity of a co1nple111ent-associated 

disorder, the appropriate dosage of a compound of the invention will depend on the type of disorder 

to be treated, as defined above, the severity and course of the disorder, whether the agent is 

administered for preventive or therapeutic purposes, previous therapy, the patient's clinical histo1y 

and response to the compound, and the discretion of the attending physician. The compound is 

suitably administered to the patient at one time or over a series of treatments. Preferably, it is 

des.irable to determi11e .the dosccrespo11se C!lfYe and, thep!Jarm~c.eµ,tica.l composition o,ftlJ<;>,,ipye1]!ion 

first in vitro, and then in useful anin1al tnodeJs prior to testing in humans."- -----··-----------· 

For example, depending on the type and severity of the disease, about 1 µg/kg to 15 mg/kg 

(e.g. 0.1-20 mg/kg) of an anti-C3b antibody or other C3b antagonist is an initial candidate dosage for 

administration to the patient, whether, for exan1ple, by one or more separate administrations, or by 

continuous infusion. A typical daily dosage might range from about 1 µg/kg to I 00 mg/kg or more, 

depending on the factors mentioned above. For repeated ad1ninistrations 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. 

The efficacy of the treatment of complement-associated eye conditions, such as AMD or 

CNV, can be 1neasured by various endpoints co1n1nonly used in evaluating intraocular diseases. For 

example, 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 (BCV A) from baseline to a desired 

time point (e.g., where the BCVA is based on Early Treatment Diabetic Retinopathy Study (ETDRS) 

visual acuity cha1t and assessn1ent at a test distance of 4 1neters), 1neasuring the proportion of 

subjects who lose fevver than 15 letters in visual acuity at a desired tin1e point con1pared to baseline, 

measuring the proportion of subjects who gain greater than or equal to 15 letters in visual acuity at a 

desired time point coin pared to baseline, 1neasuring the proportion of subjects v.1ith a visual-acuity 

Snellen equivalent of20/2000 or worse at a desired time point, measuring the NE! Visual 

Functioning Questionnaire, measuring the size of CNV and amount of leakage of CNV at a desired 

ti111e point, e.g., by tluorescein angiography, etc. Ocular assessments can be done, e.g., which 

include, but are not lin1ited to, e.g., performing eye exam, measuring intraocular pressure, assessing 

visual acuity, n1easuring slitla1np pressure, assessing intraocular intla1111nation, etc. 

[>har1naceutical Con1]2Q§.itions 

The C3b antibodies and other C3b antagonists of the present invention can be administered 

for the treat1nent of con1plen1ent-associated disorders in the form of phannaccutical con1positions. 
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Therapeutic formulations of a C3b antibody or other antagonist of the invention, are prepared 

for storage by mixing the active molecule having the desired degree of purity with optional 

pharn1aceutically acceptable carriers, excipients or stabilizers (Ren1ington's Phar1naceutical Sciences 

I 6th edition, Osol, A. Ed. [1980]), in the form oflyophilized formulations or aqueous solutions. 

Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and 

concentrations employed, and include buffers such as phosphate, citrate, a11d other organic acids; 

antioxidants including ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyl 

an1moniun1 chloride; hexa111ethonium chlotide; benzalkoniu1n chloride, benzethoniu1n chloride; 

phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol; 

... resorcinol; .. cyclohexanol;.3.,pentanol; . .and .. 111,cresol);.low.mokcular.weight{lessJha.11 .. abou!.J.Q .. 

residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic 

polytners such as poly_viny1pyrro!idone; ap~Jn_o acids _such __ as_ gly_ci_ne, _gluta1n_ine,_a_sparagine, 

histidine, arginine, or lysine; 1nonosaccharides, disaccharides, and other carbohydrates including 

glucose, n1annose, or dextrins; chelating agents such as EDTA; ·sugars such as sucrose, mannitol, 

trehalose or sorbitol; salt-forn1ing counter-ions such as sodium; tnetal complexes (e.g. Zn-protein 

complexes); and/or non-ionic surfactants such as TWEEN"M, PLURONICSTM or polyethylene glycol 

(PEG). 

Lipofections or liposomes can also be used to deliver the polypeptide, antibody, or an 

antibody fragment, into cells. Where antibody fragments arc used, the smallest fragment which 

specifically binds to the binding domain of the target protein is preferred. For example, based upon 

the variable region sequences of an antibody, peptide molecules can be designed which retain the 

ability to bind the target protein sequence. Such peptides can be synthesized chemically and/or 

produced by recombinant DNA technology (see, e.g. Marasco et al., Proc. Natl. Acad Sci. USA 90, 

7889-7893 [1993]). 

The active molecules may also be entrapped in microcapsulcs prepared, for example, by 

coascervation techniques or by intcrfacial polymerization, for example, hydroxymethylcellulose or 

gelatin-microcapsules and poly-(methylmethacylatc) microcapsules, respectively, in colloidal drug 

delivery syste1ns (for exa1nplc, liposo1nes, albu1nin 1nicrospheres, 1nicroen1ulsions, nano-particles and 

nanocapsules) or in macroe1nulsions. Such techniques are disclosed in J?emington's Pharn1aceulical 

Sciences I 6th edition, Osol, A. Ed. (I 980). 

l~he fonnulations to be used for in vivo ad111inistration 1nust be sterile. l'his is readily 

accomplished by filtration through sterile filtration membranes. 

Sustained-release preparations 1nay be prepared. Suitable cxan1ples of sustained-release 

preparations include semipenneable 111atriccs of solid hydrophobic poly1ners containing the antibody, 

which n1atrices are in the form of shaped a1ticles, e.g. fihns, or n1icrocapsules. Exan1ples of 

sustained-release matrices include polyesters, hydrogels (for example, poly(2-hydroxyethyl­

methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No. 3, 773,919), copolymers ofL-
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glutamic acid and y ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid­

glycolic acid copolymers such as the LUPRON DEPOT TM (injectable microspheres composed of 

lactic acid-glycolic acid copolymer and lcuprolidc acetate), and poly-D-(-)-3-hydroxybutyric acid. 

While polymers such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of 

molecules for over I 00 days, ce1iain hydrogels release proteins for shorter time periods. When 

encapsulated antibodies remain in the body for a long time, they may denature or aggregate as a 

result of exposure to moisture at 37C, resulting in a loss of biological activity and possible changes in 

imnnmogenicity. Rational strategies can be devised for stabilization depending on the mechanism 

involved. For example, if the aggregation mechanism is discovered to be intermolecular S-S bond 

. formationthroughthio-disulfideinterchange, stabilization maybe achieved by modifyingsulfhydryl 
----··-------···~-----

----·------~-----

residues, lyophilizing from acidic solutions, cont1·01ling moisture content, using appropriate additives, 

and developing specific poly1ner 1natrix compositions. 

The coin pounds of the invention for prevention or treatlncnt of an ocular disease or condition 

arc typically administered by ocular, intraocular, and/or intravitreal injection. Other methods 

administration by also be used, which includes but is not limited to, topical, parenteral, subcutaneous, 

intraperitoneal, intrapulmonary, intranasal, and intralesional ad1ninistration. Parenteral infusions 

include intra1nuscular, intravenous, intraarterial, intrapcritoneal, or subcutaneous adn1inistration. 

Fonnulations for ocular, intraocular or intravitreal ad1ninistration can be prepared by 

1nethods and using ingredients known in the art. A 1nain rcquire1nent for efficient treatment is proper 

penetration through the eye. Unlike diseases of the front of the eye, where drugs can be delivered 

topically, retinal diseases require a more site-specific approach. Eye drops and ointments rarely 

penetrate the back of the eye, and the blood-ocular barrier hinders penetration of systemically 

administered drugs into ocular tissue. Accordingly, usually the method of choice for drug delivery to 

treat retinal disease, such as AMD and CNV, is direct intravitreal injection. Intravitrial injections arc 

usually repeated at intervals which depend on the patient's condition, and the properties and half-life 

of the drug delivered. For intraocular (e.g. intravitreal) penetration, usually molecules of smaller size 

are prefened. 

The following examples are offered for illustrative purposes only, and are not intended to 

limit the scope of the present invention in any way. 

Commercially available reagents referred to in the examples were used according to 

tnanufacturer's instructions unless othen..vise indicated. rfhe source of those cells identified in the 

following examples, and throughout the specification, by A TCC accession numbers is the American 

Type Culture Collection, I 080 I University Boulevard, Manassas, VA 20110-2209. 

A1nino acid residues vvithin antibody an1ino acid sequences are nu1nbered according to Kabat 

(Kabat et al., Sequences ofprotein.1· of immunological interest, 5th Ed., Public Health Service, 

National Institutes of Health, Bethesda, MD (1991)). Single letter amino acid abbreviations are used. 
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DNA degeneracies are represented using the IUB code (N = A!C!G/T, 0 = A/G/T, V = A!C!G, 13= 

C!Grr, H= A/CIT, K = orr, M = A!C, R = AIG, s = G!C, W= A/T, y = C/T). 

ExampJc.J 

_{\J1tibodies d_er_iyyd frOJll_[>hage cncodingbypervariable regi_ons of a start_ii}g antibody 

The nucleic acid sequences of the VL and Vl·I domains of the HERCEPT!N"' anti-HER2 

antibody rhuMAB 405-8 (Genentech, Inc.) (Figs. I 8A and I 8B) were used as the slatting sequence 

for mutagenesis of the l-lVRs and phage selection for binding to human C3b. Antibody 405 is a 

humanized antibody specific for a cancer-associated antigen known as Her-2 (erbB2). The antibody 

includes var_ia]Jle domains. haying consensus framcw0i:Jqegions, where_ a Jew positions were reveited 
__ ,,. ------------------ ······- ---------

to mouse sequence during the process of increasing aflinity of the humanized antibody. The sequence 

and crystal structure of humanized antibody 405 have been described in U.S. Patent No. 6,054,297, 

Cmtcr ct al, PNAS 89:4285 ( 1992), the crystal stn1cture is shown in Carter et al., J Mo/. Biol. 

229:969 (1993) and online at www/ncbi/nih/gov/structure/ mmdb(MMOB#s-990-992), the entire 

disclosures of which are hereby expressly incorporated by reference. 

The HERCEPTTN® VL and VH domains comprises the consensus human kappa J VL domain 

and a variant of the human subgroup HJ consensus VH domain. The vm·iant VH domain has 3 

changes from the human consensus: R71A, N73T and L78A. 

The phagemid used for this work was a monovalent Fab-g3 display vector(pV0350-2B) 

having 2 open reading frames under control of the phoA promoter, essentially as described in Lee ct 

al.,.!. Mo!. Biol. (2004), 340(5):1073-93. The first open reading frame consists of the stll signal 

sequence fused to the VL and CH I domains acceptor light chain and the second consists of the stll 

signal sequence fused to the VJ-I and CHI domains of the acceptor heavy chain followed by a 

truncated min or phage coat protein P3. See Lee et al., supra. 

Antibodies generated bv mutagenesis ofheavv chain HVRs 

Fab clone YW 144.2.43 was generated by mutagenesis of HVR-Hl, l-12, and 1-13 of huMAb 

405-8 (HERCEPTJN® anti-l-IER2 antibody, Genentech, lllc.) heavy chain m1d selection against 

human C3b fusion protein. In HVR-Hl, Kabat positions 26 (G), 27 (F), 28 (T), 29 (I), 34 (1), and 35 

(H) were held constant, and the amino acids at positions 30-33 were varied. In HVR-1-12, Kabat 

positions 51 (I), 52a (P), 55 (G), 57 (T), 59 (Y), 60 (A), 61 (0), 62 (S), 63 (VJ, 64 (K), and 65 (G) 

were held constant, and positions 49, 50, 52, 53, 54, 56, and 58 were varied. In HVR-1-13, Kabat 

positions 93 (A) and 102 (Y) were held constant, and positions 94-100, I OOa-h, and I 0 I were varied. 

The light chain of YW 144.2.43 was the modified huMAb 405-8 sequence (modified at positions 30, 

66 an<l 91), the lNRs of which were not varied during phage selection. Sequence diversity was 

introduced into each hypervariable region by niutagencsis of selected a1nino acid positions using 

standard mutagencsis techniques. 
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Generation o(phage libraries_ 

Randomized oligonucleotide pools designed for each hypervariable region were 

phoshorylated separately in six 20 µI reactions containing 660 ng of oligonucleotide, 50 mM 

Tris pl-I 7.5, 10 mM MgCI,, 1 mM ATP, 20 mM DTT, and 5 U polynucleotide kinase for 1 h 

at 37°C. The six phosphorylated oligonucleotide pools were then combined with 20 µg of 

Kunkel template in 50 mM Tris pl-I 7.5, 10 mM MgC!i in a final volume of 500 µl resulting 

in an oligonuclcotide to template ratio of 3. The mixture was annealed at 90 °C for 4 min, 50 

°C for 5 min and then cooled on ice. Excess, unannealed oligonucleotide was removed with a 

QIAQUJCK™ PCR purification kit (Qiagen kit 28106) using a modified protocol to prevent 

excessive denatutation oflhe annea1ea-nNA:-'1otile-sOO-µlofannealed-rnixture;T5tY-µlor 

PB was added, and the mixture was split between 2 silica columns. Following a wash of each 

column with 750 µI of PE and an extra spin to dry the columns, each column was eluted with 

110 µI of 10 mM Tris, 1 mM EDTA, pl-I 8. The annealed and cleaned-up template (220 µI) 

was then filled in by adding 1 µI lOOmM ATP, 10 µI 25mM dNTPs (25mM each of dATP, 

dCTP, dGTP and dTTP), 15 µl lOOmM DTI, 25 µI !OX TM buffer (0.5 M Tris pl-17.5, 0.1 

M MgCJ,), 2400 U T4 ligase, and 30 U T7 polymerase for 3 hat room temperature. 

The filled in product was analyzed on Tris-Acetate-EDTA/agarose gels (Sidhu et al., 

Methods in Enzymology 328:333-363 (2000)). Three bands were usually visible: the bottom band is a 

correctly filled and ligated product, the middle band is a filled but unligated product, and the top band 

is a strand displaced product. The top band is produced by an intrinsic side activity ofT7 polymerase 

and is difficult to avoid (Lechner el al.,.!. Biol. Chem. 258: 11174-11184 ( 1983)); however, this band 

transforms 30-fold less efficiently than the bottom band and usually contributes little to the library. 

The middle band is due to the absence of a 5' phosphate for the final ligation reaction; this band 

transforms efficiently and gives mainly wild type sequence. 

The filled in product was then purified and electroporated into SS320 cells and propagated in 

the presence of Ml 3/K07 helper phage as described by Sidhu et al., Methods in Enzymology 

328:333-363 (2000). Libra1y sizes ranged from 1-2 x 109 independent clones. Random clones from 

the initial libraries were sequenced to assess library quality. 

Phage Selection 

The hu1nan C3b proteins were used as the selection antigens. Hu1nan C3b was coated on 

MaxiSorp microtiter plates (Nunc) at 10 µg/ml in PBS and incubated overnight at 4 degrees. For the 

first round of selection 12 wells of target were used. Wells were blocked for 1 hat RT using Phage 

Blocking Buffer ( 1 % BSA, .05% Tween 20, PBS). Phage libraries were l'EG precipitates from frozen 

glycerol stocks, resuspended in Phage Blocking Buffer and incubated for I hr, al RT. Phage libraries 

were then added to the blocked antigen plates incubated overnight at RT. After overnight binding, 
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unbound/non-specific phage were removed from the antigen plates by washing with Wash Buffer 

(PBS, 05% Tween20. Bound phage were eluted by incubating the wells with 50 mM HCI, 0.5 M KCI 

for 30 min. Phage were amplified using XL-I Blue cells and MI3/K07 helper phage and grown for 

36hrs at 30 °C in 2YT, 50 µg/ml carbanecillin, 50 µg/ml kanamycin, 1 Oug./ml tetracycline. Amplified 

phage were then recovered using a modified PEG precipitation protocol (Monaci, P., Cmtese, R., 

Screening phage libraries with sern, In: Phage display- A practical approach, Clackson and 

Lowman, eds., 2004, pp. 193-215).The titers of phage eluted from a target coated well were 

con1pared to titers of phage recovered fro111 a non-target coated well to assess enrichment. Four 

rounds of phage selection were completed with the number of target wells decreasing to 4 (round 2) 

and . .2. .. (rounds.J&.4),.Casei11.Blocking.Buffer .. (Pierce) .. was ... uscd .. asthe.blocking .. reagentJorantigc11 .. 

plates and phage fo1· rounds 2 & 4. Seleciion rounds 2-4 used a 3-4 hour phage-antigen binding 

period and increased washing str_ige.ncy. ln the case ofhu1nan C_3_b panning, hun1an C3 wa.s.~ls_o 

added (>I µM) in selection rounds 2-4 during phage-antigen incubation as counter select against 

phage antibodies that could also bind human C3. Human phage clone YW144.2.43 was selected. 

The C3b panning results are shown in Figure I. The C3b binding characteristics were determined as 

disclosed in Example 3. 

Example2 

Antibodies generated by variation of HVRs HI. H2, H3 and L3 

Clone YWl44.2.43 was generated by mutagenesis ofHVR-HI, H2, 1-13 and L3 ofhuMAb 

4D5-8 (HERCEPTIN® anti-I-IER2 antibody, Genentech, Inc.) heavy ehain variable domain and 

huMAb 4D5-8 modified light chain variable domain. In HVR-l-11, Kabat positions 26 (G), 28 (T), 29 

(F), 30 (S), 31 (S), and 35 (S) were held constant, and the amino acids at positions 27, 32-34 were 

varied. In HVR-H2, Kabat positions 49 (S), 51 (I), 55 (G), 57 (T), 59 (Y), 60 (A), 61 (D), 62 (S), 63 

(V), 64 (K), and 65 (G) were held constant, and positions 50, 52, 52a, 53, 54, 56, and 58 were varied. 

In HVR-H3, Kabat positions 93 (A), 94 (R), I OOf-g (deletion) were held constant, and positions 95-

100, IOOa-e, I OOh, and J 02 were varied. In HYR-L3, Kabat positions 89 (Q), 90 (()), 95 (P) and 97 

(T) were held constant, and positions 91-94 and 96 were varied. The sequence ofHVR-Ll was held 

constant as RASQSISSYLA (SEQ ID NO: J I) and the sequence of HVR-L2 was held constant as 

GASSRAS (SEQ ID NO:l2). Sequence diversity was introduced into each hypervariable region by 

111utagencsis of selected an1ino acid positions using standard 1nutagenesis techniques. Anti-C3v 

antibody clones were selected and sequenced. 

Affinity maturation ofYW144.2.43 

To improve the affinity ofanti-C3b antibody YW144.2.43, three phage display libraries were 

generated in the background ofYWJ44.2.43, each targeting a mulitple HVRs for soft randomization 

mutagenesis as described in Lee et al., J. Mo/. Biol. (2004), 340(5): I 073-93. To avoid re-selecting 
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YWl44.2.43 from a potential high background of template, stop codons were introduced into the 

HVJl to be 1nutated prior to generating each library. A solution so11ing 111ethod was used to enhance 

the efficiency of the affinity-based phage selection process. By manipulating the biotinylated target 

concentration, reducing the phage capture tin1e to lo\ver backgrounds and the addition of 

unbiotinylated target to eliminate clones with faster off rates, high affinity clones can be proficiently 

selected. Lee et al., J. Mo/. Biol. (2004), 340(5): I 073-93. From the firs! round of selection, 

enrichment (target dependent phage capture) was observed suggesting a large number of clones were 

present in each library with reasonably high affinity for human C3b. Selection stringency was 

increased in subsequent rounds. After 5 rounds of selection, clones from each library were analyzed. 

-- .New .. >cql.le11ces.werc9hserve.d.in ... l.ibr.aric_s,targeti11geac1u>fJ11e.si1'.HYRfi .... S.e.l<-:ct~d.,i;lp11,9:;,we1.:~ 

screened by phage ELISA and then expressed as lgG protein and their affinity characterized using 

Biacore™ binding.a11~.lys_i_s 

Phage libraries of affinity matured clones weresmied using a solid/solution sorting method. 

Human C3b was biotinylated by mixing 500 rtl of3.6 mg/ml human human C3b in PBS, and I 0 µI of 

I M potassium phosphate, pH 8 with 20 fli 4 mM Sulfa-NHS-LC-biotin (Pierce). For the !st round of 

selection, biotinylated C3b was coated on MaxiSorp microtiter plates (Nunc) at 10 µg/ml in PBS and 

incubated overnight at 4 degrees. For the first round of selection 16 wells of target were used. Wells 

were blocked for I hat RT using SuperBJock (Pierce). Maturation phage libries were diluted in 

SuperBlock buffer and incubated I hr. at RT. Phage libraries were then added lo the blocked antigen 

plates incubated 2hrs. at RT. After binding, unbound/non-specific phage were removed from the 

antigen plates by washing with Wash Buffer (PBS, 05% Tween20. Bound phage were eluted by 

incubating the wells with 50 mM HCI, 0.5 M KCJ for 30 min. Phage were amplified using XL-I 

Blue cells and Ml3/K07 helper phage and grown for 36hrs at 30°C in 2YT, 50 ftg/ml carbanecillin, 

50 ug/ml kanamycin, I Oug./ml tetracycline. Amplified phage were then recovered using a modified 

PEG precipitation protocol (Monaci, P., Cortese, R., supra).The titers of phage eluted from a target 

coated well were coin pared to titers of phage recovered fron1 a non-target coated well to assess 

c-nrichn1cnt. For sclction rounds 2-5 a solution so1ting protocol was itnplc1nented. Microtiter wells 

were coated with I 0 µg/ml neutravidin in PBS overnight at 4°C and then blocked for I h using 

SuperBlock (Pierce). Recovered phage libraries were suspended in SuperBlock were mixed with 50 

nM b-Robo4-l-lis for I hr. Phage bound to b-C3b were captured on neutravidin coated wells for 30 

min and unbound phage were washed away with Wash Buffer. Phage were eluted using 50 mM HCI, 

500 mM KC! for 30 min, neutralized, and propagated in XL! blue cells (Stratagene) in the presence 

ofK07 helper phage (New England Biolabs). Subsequent rounds of sorting were performed similm-ly 

with the following exceptions: in round 2 the final b-C3b concentration was 50 nM, in round 3 the 

final b-C3b concentration was 25 nM, in round 4 the final b-C3b concentration was 5 nM and in 

round 5 the final b-C3b concentration was .5nM with 50 nM ofunbiotinylated C3b added to the 

1nixture for I h prior to capture on neutravidin. 
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Several affinity matured clones were selected for binding to human CJb and sequenced. The 

amino acid sequences of the heavy and light chain Fab fragments of affinity matured antibody YW 

144.2.43.S77 (briefly, S77) are shown in Figure 5. 

Examf!IC 3 

Characterization of selected anti-CJb antibody clone 

Phage 1',"LJSA - Phage competition binding assays were pe1formed to determine the 

approximate binding affinity (determined as phage IC50) of phage-displayed Fahs for CJb. The 

assays were performed as follows. Purified phage supernatants from each clone were produced using 

... a. mo.dified.PEG prec;ipiMion.proto<Oo I as. des.cril>ed .. above .. Purified .phage. supernatants. were. serially. 

diluted in Phage Blocking buffer, then incubated on plates coated with CJb (lµg/ml) for 15 minutes. 

The plates were washed with Wash Buffer and were incubated for 30 minutes with horseradish 

peroxidase/anti-MJJ antibody conjugate (diluted 1:5000 in PBS buffer) (Amcrsham Phmmacia 

Biotech). The plates were washed, developed with tetramethylbenzidine (TMB) substrate 

(Kirkegaard and Perry Laboratories) and quenched with .JN HS04. Absorbance was measured 

spectrophotometrically at 450 nm to determine the phage concentration giving about 50% of the 

signal at saturation. A fixed, sub-saturating concentration of phage was diluted in Phage Blocking 

buffer containing two-fold serial dilutions ofCJb protein from 350 nM CJb to 5nM C3b. The 

mixtures were incubated for one hour with gentle shaking at roo1n te1nperature, transferred to plates 

coated with C3b 0 >cg/ml) and the plates were incubated for 20 minutes. The plates were washed and 

treated as above. The binding affinities were estimated as JC50 values (defined as the concentration 

of antigen that blocked 50% of the phage binding to the immobilized antigen). The C3b phage 

competition results are shown in Figure 2. 

lgG production and affinity determination - To express JgG protein for affinity 

characterization, a stop codon was intToduced between the heavy chain and g3 jn the phage display 

vector. Clones were transformed into E. coli 34B8 cells and grown in AP5 media at 30 C (Presta et 

al. Cancer Res. 57: 4593-4599 (1997)). Cells were harvested by centrifugation,suspended in 10 mM 

Tris, I mM EDTA pl-I 8 and broken open using a microfluidizer. Fab was purified with Protein G 

affinity chromatography. 

The binding affinit¥ of the phage-derived anti-C3b antibody YW144.2.43 and its affinity 

matured variant YWl 44.2.43S77 (Fab fragments) for human C3b and C3 was determined by surface 

plasmon resonance measurement using a BIA CORE® 3000 system (Biacore, inc., Piscataway, NJ). 

The antibody Fab fragments tested were YW144.2.43 and YW144.2.43S7. Briefly, flow cells land 

2 on carboxymethylated dextran biosensor chips (CM5, Biacore lnc.) were activated with 0.2 MN­

ethyl-N'- (3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC) and 0.05 MN­

hydroxysuccinimide (NHS) at a flow rate of 5 >Lllin for 7 min. Flow cell one was left uncoated as 
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negative control. These activated chips were coated with anti-C3b Fab by dilution to 5ftg/ml with 

1 On1M sodiu1n acetate, pH 4.8, before injection at a flovv rate of S ~d/Jninute to achieve approxi1nately 

50 response units (RU) of coupled antibody. Next, IM cthanolarninc was injected to block unreacted 

groups. For kinetics measurements, two-fold serial dilutions of human C3b or C3 soluble antigen 

(approximately lOOnM to approximately 3nM for C3b, ~ lftM to 50nM for C3) were injected in PBS 

with 0.05% Tween 20 at 25°C at a flow rate of35µ1/min. After each injection the chip was 

regenerated using 20 mM HCI. Binding response was corrected by subtracting the RU from a blank 

flow cell. Association rates (k0 ,,) and dissociation rates (k,n) were calculated using a simple one-to­

one Langmuir binding model (BJAevaluation Software version 3.2). The equilibrium dissociation 

. . constant(Ko) was-calculated as the-ratio kt.11ssocintionlk:.ssocfatioii" 1,he-binding-affinities-are-shown-in-- · 

Figures 6 and 7. 

In another experi111ent, purified C3b or C3 were captured in 1n icrotiter plates using a 

polyclonal C3 antibody. Binding ofS77 (A) or a polyclonal anti C3 antibody (B) lo captured C3b or 

C3 was determined using a secondary HRPO-co1\jugatcd antibody. Color was developed with TMB 

(KPL), stopped in 2N H2S04 and absorbance read at 450 nm. 

C3b ELISA for testing specificity of anti C3b antibody S77. Twenty-five µL of capture 

antibody (YW144.2.45.S77 Affinity Matured xC3/C3b (Genenlech) 2ftg/ml) diluted in PBS was 

added to wells ofa microtitre plate and incubated overnight at 4°C. The plate was washed 3x with 

wash buffer (PBS/0.05% Tween 20 (20x stock; Media Prep; Cat. A3355)). Fifty ftL of block buffer 

was added to the wells and the plate incubated for l-3 hours with gentle agitation (room temperature) 

and washed 3x with wash buffer. Standard stock (C3b, Complement Technology Inc.; Cat. Al 14, 

stored at 1 OOx in -20°C) was prepared in Magic Buffer (IX PBS pH 7.4, 0.5% BSA, 0.05% Tween 

20, 0.2% BgG, 15PPM Proclin (Media Prep; Cat. A3381) + 0.35M NaCl. Magic Buffer+ 0.35M 

NaCl is also used to prepare samples for analysis. Twentyfive µL of standards/samples is added to 

designated wells. Samples were incubate for-2 hours(+/- 0.5 hr) at RT with gentle agitation amd 

washed 3x with wash buffer. The plate was turned 180 degrees and the wash step repeated. Detection 

antibody (Peroxidase Cot\j. Goat F(ab')2 Anti-human C3 (Protos Immunoresearch; Cat. 765) was 

diluted 1 :7K in Assay Diluent and incubated on the plate for 1-2 hours at RT with gentle agitation. 

The plate was washed 3x with wash buffer and turned 180 degrees with the wash step repeated. 50/50 

TMB solution was made. ELISA plate was washed 3x with wash buffer. The plate was turned 180 

degrees and the wash step repeated. 25ftL TMB was added to the wells.Color was developed at room 

temperature. Development time: 10 minutes for both plates. Color development was stopped by 

adding 25pL I .OM Phosphoric acid to wells. OD reading of plate was taken (450/630 nm). The 

results are shovvn in Figure 8, panel A. 

The total C3 used as a positive control for detection ofC3 was carried out similarly to the 

C3b ELISA assay described above used to test specificity ofS77 except that a goat lgG fraction to 
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human C3 (Cappel SS033) was used as a capture antibody. The results are shown in Figure 8, panel 

B. 

As shown in Figure 8, S77 recognizes C3b, but not the pro-molecule C3. 

Example 4 

C3b antibodies s11ecificallyji1.hibit the alte1:1Jative pathway of complement 

Hemolytic assay- For determining alternative pathway activity, rabbit erythrocytes (Er, 

Colorado Serum) were washed 3x in GVB and resuspended to 2 x 109/mL Inhibitors (SOftl) and 20ftl 

of Er suspension were mixed 1: 1 with GVB/O. 1 M EGTA/0, JM MgCl,. Complement activation was 

. initiated. by.the ad£1ition.of Clq-depleted human.serum(Quidel;JOul diluted .. ld inGVB).Aftera30 

minute incubation at room temperature, 200 ftl GVB/l 0 mM EDTA were added to stop the reaction 

and samples were centrifuged for S min at SOO g. Hcmolysis was determined in 200 fd supernatant 

by measuring absorbancc at 412 nm. Data were expressed as% of hemolysis induced in the absence 

of the inhibitor. To determine the effect ofCRlg on the classical pathway of complement, a similar 

procedure was followed except that Er were replaced with lgM-coated sheep e1ythrocyt.es (E-lgM, 

CompTech) and the assay was performed in factor B deficient human serum in GVB++, 

As shown in Figures 9 and I 0, affinity matured C3b antibody S77 specifically inhibits the 

alternative complement pan1way and not the classical pathway. 

Example S 

C3b antibodies inhibit CS binding to the CS conve1tase 

C5 competition assay - C3b was coated on a microtiter by incubation with 3 ftg/ml C3b in 

PBS o/n at 4C. The plate was blocked with 1 % BSA in PBS and incubated with increasing 

concentrations of antibody mixed with 0.4 uM CS in 20 mM Tris/20 mM Ca/20 mM Mg/I SO mM 

NaCl/O.OS% Tween/1% BSA. CS binding was detected by incubation with anti-human CS antibody 

(clone 7012, Genentech) for 30 min@RT, followed by 1 :SOOO donkey-anti-mouse HRP (Jackson). 

As shown in Figures 11 and 12, affinity matured C3b antibody S77 inhibits CS convertase. 

Example 6 

C3b antibodies do not display decay activity 

Decay acceleration activity- Microtiter plates were coated overnight with 3 f(g/ml C3b in 

PBS. Plates were washed 2 times in PBST (PBS/O. 1 %-Tween), blocked for 2h at 37°C with PBST 

containing 4o/o l3SA. Plates \Vere incubated for 2 hrs at roon1 ternperature in veronal buffer containing 

400 ng/ml of factor B, 25 ng/ml of factor D, and 2 mM NiClz. 2S mM NaCl, O.OS% Tween 20 and 4% 

35 BSA followed by incubation for JS min with factor Hor S77 in PBST. Factor Bb was detected with 

sequential 1 hr incubations with I :S,000 dilution of goat anti-human factor B polyclonal antibody 
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(Kent) in PBST and 1 :5,000 dilution of donkey anti-goat antibody conjugated to HRPO (Caltag) in 

PBST. Color was developed with TMB (KPL), stopped in 2N H2S04 and absorbance read at 450 nm. 

Co-factor activity for factor I-mediated cleavage of C3b was measured by incubating 0.8 µM C3b 

and 80 nM factor l with 80 nM factor Hor varying concentrations of S77 in 30 ml GVB. The mixture 

was incubated for 60 min at 37 °C and the samples analyzed by gel-electrophoresis as described for 

the C3 conve1tase assay. 

As shown in Figure 13, S77 does not display decay acceleration activity. 

Example 7 

...... en.inhibits.binding .ofpro-factru:.Rto.C1b..and.formati on .ofC3b Bhgonvertasc .. 

Protocol 

MaxiSorp plate was coatedfor.4.hrs.at RT with 3 µg/ml CJb (PUR13420) in PBS.(20 .. 

;ti/well). Wash was carried out 6X with 100 ;ti PBS 0.1 % Tween (PBST) (BioTek EL405 washer). 

The plates were blocked 2 hrs at RT with 4% BSA I 0.05% Tween I PBS, followed by shaking off the 

block into the sink. 20 µI AP convertase buffer was added for 2 hr at RT, followed by wash 6x 

PBST. 20 µI Abs were added for 45 min at RT, and the wells were washed 6x PBST. For detection 

of factor B/Bb, the wells were incubated with I :7000 goat-anti-ID (Kent Labs) for 30 min at RT. For 

detection ofS77 and CRl, PBSTwas added to the wells, which were then washed 6x with PBST, and 

incubated 30 min with 1:7,000 donkey-anti-goat IgG-HRPO (Jackson) in PBST++. Incubation 30 

min at RT with 1: I 00 anti-6x-l-lis (SEQ ID NO: 19) (R&D) in PBST++ was followed by wash 6x 

PBST. Developing was performed with 20 ;ti TMB substrate, and reaction stopped with 10 µI 2N 

sulfuric acid. Plate were read at 450 nm. 

"AP Convertase Buffer": 4% BSAO. l % Tween 20 2 mM NiCl2 25 mM NaCl 25 ng/mL 

factor D 400 ng/ml factor B (CompTcch). 

Following the above protocol, C3b was coated on microtiter plates. S77, a control Fab or 

CRl fragment (LHRA-C) was added followed I hr later by addition of factor B. Binding of factor B 

to C3b was detected with a HRPO-conjugatcd secondary antibody, and absorbanceread at450nm. 

The results are shown in Figure 14, panel A. 

Similarly, following the above protocol, C3b was coated on mierotiter plates followed by 

addition ofS77, a control Fab or a CRl fragment (LHRA-C). A CJ conve1tase was generated by the 

addition of factor D and factor B. Convcitasc formation was determined using a primary antibody 

that recognizes factor Bb and a secondary HRPO-conjugated antibody. Color was developed with 

TMB (KPL), stopped in ZN H2S0.1 and absorbance read at 450 nm. The results are shown in Figure 

14, panel B. 

As shown in Figure 14, antibody S77 inhibits binding of pro-factor B to CJB, and inhibits 

formation of the C3bBb convertase. 
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Example 8 

S77 binds C3b in the presence of bound ffib and does not decay C3 conve1iase 

Using the protocol described in Example 7, C3b was coated on microtiter plates. A C3 

conve1iase was generated by the addition of factor D and factor B. S77, a control Fab or a CR I 

fragment (LHRA-C) was added to the plate, and binding of these molecules was determined with 

secondary antibodies conjugated to HRPO. The results are shown in Figure 15, panel A. 

Similarly, following the protocol described in Example 7, microtiter plates were coated with 

3 µg/ml C3b. Plates were incubated with factor Band factor D followed by incubation with CRI 

... Ck!iRAcC),SJ} .. ()r.s;9n\mL.l~ar .... J;ac1Pr11l? .. was.d.cteste9.wit.hgq<Jt .. ~ntH.1\lma.11.fae.!9r.l.}lln>l.dqnJsex .. 

anti-goat antibody ~0;1jugated to HRPO·.- Color was developed with TMB (KPL), stopped in 2N 

H2S04 and absorbance read at 450 nm. The results are shown in Figure_ 15_, panel B. 

The results set fo11h in Figure 15 show that S77 can bind C3b in the presence of bound ffib 

and does not decay the C3 convertase. 

Exam12le 9 

S77 inhibits factor 1:1 binding to C3b and inhibits factor H co-factor activity 

Protocol l (Fig. 15, panel A) - MaxiSorp plates were coated 3 hr at RT with 3 µg/ml C3b 

(PUR 13420) in PBS (20 µI/well). The plates were washed 6X with I 00 fII PBS 0.1 % Tween (PBST) 

(BioTek EL405 washer), and blocked 2 hrs at RT with 4% BSA I 0.05% Tween I PBS. The plates 

were incubated 30 min @RT with shaking blocking Abs, 20 µI, followed by incubation I hr at RT 

with 0.33 µM fH (CompTech) and addition of I 0 µI I µM fl-I. The plates were washed 6X with 

PBST in plate washer (BioTek EL405), incubated 30 min with I :7000 donkey-anti-mouse IgG 

(H+L)- HRPO (Jackson), and washed 6X with PBST in plate washer (BioTek EL405). Development 

was carried out with 20 ;Li TMB substrate. Reaction was stopped with 10 µI 2N sulfuric acid, and 

plates read al 450 nm 

Protoco/ 2 (Fig. J 5, pane/BJ - Alldilt!tions were in GVl.}+t(l mMMgCI, OJ5 mM CaCI), 

Add in an eppendorftube JO µI 1.6 uM C3b (final 0.4 uM C3b). Add 10 µI anti-C3b Fab, control Fab 

or CR!. Incubate 20 min at RT. Add 10 µI 0.08 uM fl (final 20 nM 11). Incubate 60 min at 37 C. Add 

40 µI Laemmeli's buffer+ 2-bME, boil 3 min. Run on 8% lnvitrogen gel, 25 ;ti/well, 125 mV 1.5 

hours. Wash gel Jx 5 min H20. Stain 60 min at RT with rocking with Simply Blue (lnvitrogen). 

Wash 3x 5 min ddf-1 20. Wash O/N with ddl-J,O in big baking dish on rocker, cover with plastic. 

Reagents: C3b PURI 3240, fl from Complement Technologies, ffJ from Complement Technologies, 

GVB++ from Bio Whittaker. 

As described above, plates were coated with C3b. Factor H was added in the presence of 

increasing concentrations of control Fab or S77. l~inding of-factor H to C3b was detern1ined using an 
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anti factor H antibody and a secondary HRPO-conjugated anti mouse antibody. Color was developed . 

with TMB (KPL), stopped in 2N H2S04 and absorbance read at 450 nm. The results are shown in 

Figure 16, panel A. 

Co-factor activity for factor I-mediated cleavage of C3b was measured by incubating 0.8 µM 

C3h and 80 nM factor I with 80 nM factor Hor varying concentrations ofS77 in 30 ml GVB. The 

mixture was incubated for 60 min at 37 °C and the samples analyzed by gel-electrophoresis as 

described for the CJ conve11ase assay. The results are shown in Figure 16, panel B. 

As shown in Figure 16, antibody S77 inhibits factor H binding to C3b and also inhibits factor 

H co-factor activity. 

Example 10 

S77 inhibits CR! bindil)g to C3b 

Protocol-Coat MaxiSorp plate o/n at 4 C with 3 µglml C3b (PUR13420) in PBS (JOO 

µI/well). Wash 3X with 100 µI PBS 0.1 % Tween (PBST) (BioTek EL405 washer). Block 2 hrs at RT 

with 4% BSA I 0.1 % Tween I PBS. Incubate 30 min at RT with shaking blocking Abs, 20 µI. 

Incubate I hr at RT with 50 nM CR! LHR-AC. Wash 3X with PBST in plate washer (BioTek 

EL405). Incubate 45 min at RT witl1 I: I 0 migG I anti-hCD35-FJTC (Pharmingen) in PBST. Wash 

3X with PSST in plate washer (BioTck EL405). Incubate 30 min with I :7000 donkey anti-mouse 

JgG - HRPO (Jackson) Wash 6X with PBST in plate washer (BioTek EL405). Develop with 20 µI 

TMB substrate. Stop reaction with IO µI 2N sulfuric acid. Read plate at 450 nm. 

As shown in Figure 17, antibody S77 inhibits CR! binding to C3b. 

Example 11 

Crystallization and data refinement 

Hanging-drop experiments were performed using the vapor-diffusion method with 2 µI drops 

consisting of a 1: 1 ratio of protein solution and reservoir solution. 'fhe protein solution contained the 

C3b:S7714 complex at a concentration of IO mg/ml in25 mM Tris, 50 mM NaCl at pH7.5 and the 

reservoir 10% PEG 4000, 0.2 M MgC12 in 0.1 M Hepes at pH 7.2. Crystals appeared after two 

weeks. Crystals were incubated in reservoir solution supplemented with 20% glycerol prior to flash 

freezing. Data were collected from a single frozen crystal ai the beam line 5.0.1 of the Advanced 

Light Source (Berkeley) and processed using the programs DENZO and SCALEPACK. Crystals 

belonged to space group C2 with cell parameters of a= 216.4 A, b = 180.4 A, c = 154.6 A and f3 = 

115.73 A with 2 complexes, each composed of one C3b molecule bound to one Fab molecule in the 

asyn11netric unit. 'rhe structure was solved by n1olecular replacen1ent using the progra1n Phaser and 

the coordinates of C3b, the constant domains, and the variable domains of a Fab fragment. The model 

was manually adjusted using program 0 and refinement was performed with program REFMAC 
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using tight2-fold non-crystallographic symmetry restraints. The Rand Rfrcc of the refined model are 

22.5% and 29.0% respectively. 

The crystal structure ofC3b in complex with antibody S77 is sown in Figure 3. Figure 41 a 

close-up of the binding interaction of antibody S77 with C3b. Utilizing the ctystallization data, the 

residues within th C77 Fab heavy chain sequence that are in close contact with C3b are shown in red. 

In addition, Supplemental Figure I lists residues on C3b that are in contact with S77. 

Supplemental Figure 2 lists Fab S77 residues that are in contact with C3b. 

Targeting C3b, a component central to complement activation, provides a powerful 

approach to inhibit the complement cascade at the level of both the C3 and C5 conve1iases. 

In the· studies deseribed in tll<') ~xam2les above, plJ:ige technology wa~J~fl1J2lQXed to ge®.l:at~: 

antibodies that selectively recognize C3b but not its pro-molecule C3. The crystal structure 

of C3b in complex with the Fab fragment of a specific antibody (S77) indicates that the 

antibody recognizes an epitope on the MG? domain exposed following cleavage of C3 to 

C3b. S77 blocks binding of factor Band CS to C3b, resulting in potent inhibition of the C3 

and CS convertases of the alternative, but not classical, complement pathway. In addition, 

S77 inhibits fH binding and cofactor activity, as well as CR! binding to C3b, indicating that 

the binding site of S77 to the C3b MG? domain is a hot-spot for regulation of complement 

activation. Together, the results of this study illustrate the molecular basis for complement 

activation and inhibition at the level of the C3 and CS conve11ase of the alterative pathway, 

and demonstrate the utility of phage display, and other display technologies, to generate 

selective antibodies with promising therapeutic potential. 

The foregoing written specification is considered to be sufficient to enable one skilled in the 

art to practice the invention. Various 1nodifications of the invention in addition to those shown and 

described herein will become apparent to those skilled in the ait from the foregoing description and 

fall within the scope of the appended claims. 
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GNE02.50PCTSeq 
SEQUENCE LISTING 

<110> GENENTECH, INC. 
VAN. LOOKEREN CAMPAGNE, Menno 

<120> C3B ANTIBODIES AND METHODS FOR THE PREVENTION AND 
TREATMENT OF COMPLEMENT-ASSOCIATED DISORDERS. 

<130> 39766-0250PCT 

<140> Not· yet Assigned: 
<141> Herewith 

«150> 61/05:5. 068 
<l51> 2008-05-21 

<150> 60/933,721 
<151> 2007-06-07 

<160> 19 
{,'.::"'. 

<170> Patentrn Ver. 3.3 

<210> 1 
<211> 44 
<212> PRT 
<213_> Arti-fi cial sequence . 

<220> 

. ·, 

<223> Description of Artificial sequence:_ syn_theti~ ss7 
heavy chain regi:on 

<400>.1 
Met Gly Trp Ser cys·rle Ile Leu Phe 

L 5 . 

; 

Leu· Val ·Ala Th_r Ala ;hr -Gly 
.10 . . 15 

Ala Tyr .Ala Glu ·val Glti -Leu val Glu ser Gly. '3i:v. ·Gly ·Leu val Glri 
20 25 . . ... ' .30. 

i!ro Gly ·Gly ser leu Arg-:Leu_ ser·('.ys_ Ala Aia·.se~·:. · · 
35 40 . . 

<210> 2· 
<211> 25 
<212> PRT 

· <213> · Arti··fi ci al sequence. 

<220> 
<223> Description -of. Artifidal. Sequence~ 

heavy chain regi-on 

... · 

synthetic ss7 . 

I 

<400> 2 
Giy Phe Ser 

1 
Phe Thr ~er ·Ser· ser val ser i'r°i:i val ·-Arg_ Gln Ala Pro 

-5· 10 . . . 15 . 

Gly Lys· Gly Leu· Glu· Trp va-1" Gly Leu 
20 25 

<110> 3 
<211> 48 

. <212> PRT 
<213> Artificial_ sequence 

<22"0> 
<223> Description of ·-Artificial sequence: .synthet.ic ss7 · 

heavy- chain regfon 

<400> 3 
Ile Tyr Pro Tyr A_sn Gly :Phe Asn T.y_r Tyr Ala ·Asp ser val Lys Gly 

1 5 10 . 15 

. Arg Phe Thr Ile Ser Afa :Asp Thr Ser Lys Asn Thr Ala Tyr Leu Gln 
20 25 -30 
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Met Asn Ser Leu Arg Ala Glu Asp Thr 
35 40 

GNE0250PCTSeq 
Ala val Tyr Tyr cys ·Ala Arg 

45 

<210> 4 
<211> 26 
<2·12> PRT 
<213> Artificial Sequence 

<220> 
<223> Description of Artificial Sequence: Synthetic SS7 

heavy chain region 

<400> 4 
Asn Ala Leu 

1 
Tyr Gly Ser Gly Gly Tyr Tyr .Ala Met Asp Tyr Trp Gly 

5 10 ·15 

G.ln ·Gly Thr Leu Val .Thr Val Ser Ser Ala 

<Z10> 5· 
<211> 42 
<212> P,RT 

. 20 25 

<213> Artificial sequence 

<220> 
<223> Description. of Artificial s~quence: synthetic s77 

light chain region · 

·<400> 5 
Met <;ly Trp 
.. 1 

Ser c;ys.Ile .. Iie LeU Phe Leu Val Ala Thr Ala Thr ·(;1;/ 
5 . . 10 ·15 

v.al His ser .. Asp Ile ·Gfo Met :rh·r. Gin. ser Pro Ser ser Leu 'ser Ala : ., 

·~ ~ m 
.i •, 

Ser Val Gly ASP .Arg \la1 
35 

Thr. lJe. Thr cys 
. 40 

<210> 6 .. 
<211> 26 
<212> PRT 
. <2'13> Artificial. seque·nce 

. <220> 
<223> Description of Artificial Sequence: synthetic S77 

li.ght chain region 

<400> 6 
Arg Ala 

1 . 
ser Gln Asp val Ser Thr .Ala: Val A:la. Trp :ryr Gln ·Gln Lys 

5 . . 10. . . 15 

Pro Gl y Lys A la Pro Lys ·Leu Leu ·Ile: Tyr 
20 25 . 

<210>- 7 
<2:Ll> 39 
<212> PRT 
<213> Arti fi ci a 1 sequence 

<220> 
<223> Description of Artificial sequence: synthetic s77 

light chafo region 

<400> 7 
Ser Ala 

1 
ser Phe Leu Tyr ·ser Gly Val p·ro Ser Arg Phe ser .Gly Ser 

5 10 15 

Gly ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser ·Leu Gln Pro c;lu 
20 25 m 
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Asp Phe Ala Thr Tyr Tyr cys 
35 

, . <210> 8 
<211> 19 
<2·12> PRT · 
<213> Artificial Sequence 

<220> 

GNE0250PCTSeq 

<223> Description of Artificial sequence: synthetic s77 
light chain region ~ 

<400> 8 
Gln Gln ser Tyr Ala Thr Leu Pro Thr Phe Glu Gln Gly Thr Lys Val 

1 5 10 15 

Glti Ile Lys 

. <210> 9 
.. <211>. 1641 

·<212> P.RT 
<213> Homo. sapi ens 

<400> 9. 

- ... ,. 
· .. 

Ser Prci Met Tyr ser Ile Ile Thr Pro Asn Ile Leu·Arg Leu Glu-ser 
1 5 10 . -~--

·._:-· 

GJu".GlU• Thr Met val -Leu Glu Ala -His Asp Ala Gln Gly As·p -vale-."Pri>· 
. 29 . . 25 -· - . .30. _. .' .. : . / 

: vai_ Jhr Val.Thr val· His Asp Phe Pro Gly Lys Lys Leu val Leu ser 
• . . 35 . . . . 40 . . . 45 . : ·-·-:· .. : . 

. ·ser Glu .Lys Thr val Leu Thr Pro.Ala Thr -Asn ·Hi·s.Met::.<i;y-::;;~~-:~ai. ·.· ... , 
. :50 .· 55_ . -60 .. ,,_,'". •· :•:-- ... -·. 

: . Th~ Phe. fhr Ile Pro A~ a Asn Arg Gl u 
. 65 . . .· 7-0 

Phe" Lys· .Ser ·~Ju· LyS· GTY· Ar9 :·· ··-, · . ." -_.. 
75 . . .. ·. . . ·.· ' 80 . 

\ . . -·· 

. Asn'Lys· Pl)e val Thr val Gln Ala thr Plle. Gly Thr Gln-Va:l- Val Gi~- · · · 
85 90 . . . . . . . . :95 : • .. : 

. i:;ys vai Val Leu vai: Ser Leu Gln Ser Gly Tyr Leu Phe· iTe· Gln Th'r · · 
100 . . 105 ·110 

Asp' Lys Thr .Ile Toyr Thr Pro Gly· Ser Thr Val Leu Tyr' Arg Ile .Phe 
115 120 125 . 

Thr val .Asn His Lys· Leu Leu Pro val Gly Arg Thr. val--Met val_. Asn 
. 130 135 140 . 

Ile Glu Asn Pro. Glti Gly J:le Pro val· Lys Gln Asp ser Le.u se-r se·r. 
145 150 155 160 

Gln Asn Gln Leu Gly Val Leu Pro.Leu Ser .Trp Asp Ile Pro Glu Leu 
165 . 170 . . ·175 

Val Asn Met Gl y Gl n :rrp Lys .rl e Arg Al a ·Tyr Tyr Glu Asn Ser Pro 
·. uo us · ~o 

G] n Gl n 
1
v

9
a

5
1 ·phe ser Thr Gl u Phe Gl u val LYS Gl u Tyr va:l Leu Pro 

200 . 205 

Ser Phe Glti val ·Ile val -Glu Pro Thr Glu Lys Phe Tyr Tyr Ile Tyr 
210 215 . 220 

·Asn -Glu Lys. Gly Leu Gfo Val Thr Ile Thr Al;t At'g Phe Leu Tyr Gly 
225 230 2J5 . 240 

Lys Lys Val Glu Gly Thr Ala Phe Val Ile Phe Gly Ile Gln Asp Gly 
245 250 255 
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' . 

Ile ser Leu Pro 
GNE0250PCTSeq 

Glu Gln Arg Glu Ser Leu Lys Arg Ile Pro Ile Glu 

260 265 270 

' 
Asp Gly Ser Gly Glu val val Leu ser Arg Lys val Leu Leu Asp Gly 

275 280 285 

val GlnAsn Leu Arg Ala Glu ASP Leu val Gly Lys ser Leu Tyr val 

290 295 3-00 

ser Ala Thr val.Ile Leu Hisser Gly ser Asp.Met.val Gln Ala Glu 

305 31-0 315 320 

Arg Ser Gly Ile Pro.Ile val Thr Ser Pro Tyr Gln Ile His Phe Thr 
325 330 . 335 

Lys T-hr Pro Lys Tyr Phe Lys Pro Gly Met ·Pro Phe Asp Leu Met Val 
. 340 345 350 

·rhe val Thr Asn Pro Asp Gly ser Pro Ala Tyr Arg val Pro Ala val 
355 360 365 

Ala val Gln Gly·Glu Asp Thr val. Gln Ser Leu Thr Gln Gly Asp Gly 
370 375 380 

va1· Ala Lys Leu ser Ile.Asn Thr ·His. Pro s·er Gln Lys Pr.o .Leu ser 
. 385 . 390 ... ' . . . 395. . 400 

·Ile Thr val Arg Thr Lys Lys Glh Glu 1.:eu ·sei;- Glu Ala Glu Gln Ala 
. .405 . . . . . •· . . .4·10 415 

1'hr Arg Thr Met Gln .Ala··Leu ·Pro.1Y.r" ser i;hr.-)fal iily:Asti ser Asn 
. 420: . \ .• . . .. 425 . . . . . . 430 . . 

,.,Mn Tyr ·Leu His ·Leu ·s.;r :val ·L.~u: Ar~: T~; '~,~-'~eu .. A~g i>..ro Gly Glu 

435· 440 ':-::. :. : .·.· 44.5 .. 

. thr ·1.:eu As;.. vai · Asn f\he uiµ· Leu· . ..:rg :i4et 'Asp Arg_ Ala ·His Glu Ala. 
450 . ·. . . 455. . . . ' ·•: 460 : . . . . 

tys Ile ;;;.9 Tyr Ty~· Thr. -iy~ ~~u':i~i ~ei A~rt ~ys Gl; A~g -~eu Leu-
465 47-0 ·. . ,·.· : .. ... 475.. . 480. 

·· .. · 
toys Ala Gly Arg Gln .val Arg Glu'.:rr:o·: Gly'Gln AsP. Le~ .val Val Leu 

. 485 : . ·490 . . 495 . . 

Pto. L~u Ser Ile Thr -rhr A~P Ph~"rle.i>ro :Ser l'h~ Arg Leu· val Ala· 
500 .. . 505 . . . 510 

Tyr iyr Th·r Leu· Ile Gly:'AJa ser Gly G1n· Arg Glu val. val Ala· Asp 
. . 515 . . . 52.0 . . . '525 

Ser Val. Trp. Val Asp ·val ··i,.y~ Asp Ser Cys Val Gly Ser ·Leu Val Val 
. 53.0 " . . . 535 ·. . . ·540 

uys Ser Gly Gln Ser. Glu ASP Arg Gln ·Pro val Pro ·Gly Gln Gln Met 
545 . . . . . . 550. . . . 555 . . . 560 

.1'hr Leu Lys.J:le Glu Gly Asp His Gly Ala Arg val val Leu·val Ala 
565 . . . . . . 570 . . . . 575 . 

val Asp Lys Giy val ·.f>he·.V<il Leu Asn Lys Lys Asn Lys ·Leu Thr Gln · 
·580 . : 585 590 

s.er Lys Ile Trp Asp !Jal val Glu ·Lys Ala Asp. Ile Gly cys ·Thr Pro 
595 . . 600 605 

G.ly' Ser Gly LYS Asp Tyr Ala Gly val Phe Ser Asp Ala Gly Leu Thr 
. 610 615 620 . 

Phe Thr Ser ser ser ·Gly Gln Gln Thr Ala·Gln Arg·Ala Glu Leu Gln 

625. 630 . 635 640 

cys Pro Gln Pro Ala Ala.Arg Arg Arg,:Arg Ser Val Gln Leu Thr Glu 
645 650. 655 

Lys Arg Met Asp Lys Val Gl y Lys Tyr ·rro Lys Gl u Leu Arg Lys cys · 
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660 665 
GNE0250PCTSeq 

670 

cys G1u Asp G1y Met Arg G1u .Asn Pro Met Arg Phe ser cys G1n Arg 
675 680 685 

Arg Thr Arg Phe r1e Ser Leu G1Y G1u A1a cys Lys Lys val Phe Leu 
690 695 700 

Asp Cys cys Asn TYr I1e Thr G1u Leu Arg Arg G1n His Ala Arg Ala. 
705 710 715 720 

ser His Leu G_1y Leu A1a Arg $er Asn Leu Asp G1u Asp I1e I1e Ala· 
. 725 730 . 735· 

G1u G1u Asn I1e· va1 ser Arg Ser G1u Phe Pro Glu Ser Trp Leu Trp 
740· 745 750 

,o;sn va1 Glu Asp Leu. Lys Glu Pro Pro Lys. Asn G1y r1e Ser Thr Lys 
755 760 765 

Leu Asn Asn I1e· .Phe Leu Lys Asp ser Ile Thr Thr Trp G1u I1e Leu · 
770 775 ?80 

Ala va1 ser -Met s•fr .Asp Lys Lys ·Gly rle cys vaT Aia Asp Pro .Phe 
785 . 790. . 795 800 

Glu Va1 Thr."val Mei:Gl~ Asp Phe·Ph~ Ile Asp Leu Arg Leu ·Pro TYr 
8~ .· 810 8~ 

Ser Val ilal .. Arg Asn .Glµ .Gl~ Va1 .Glu Ile Arg A1a Val· Leu Tyr Asn 
.. _820, · :825 · 8·30 

T.yr Arg Gln Asri Gln G-1u Leu ·Lys Val Arg val Glu Leu Leu H·is ASn 
. 835 . ·840. 845 

Pr~ ·Aia rhe cyii ser 1-eu ;Ala ~hr' Thr ~ys Arg Arg His Glti 
850· . . . 855 . \ . 860 

G1n Thr 

. · ... 
Val ilil" :Ile ·Pro Pro ·Lys·'.Ser Ser. Leµ ·Ser .val l'ro· Ty'r Val. Ile Val 
·8-65 . ... .. . &·7-0 . .- . . .· 875 880 

·Pro L:~~- 't_yi Thr:Gly Leu \'iln Glu Val Glu .Val Lys Ala Ala I/al Tyr 
. . . 885 . . 890 895 

>. •• ·: • ; : ·. • . . '. 

His. His Phe I1 e Ser Asp· G1 y Val Arg Lys Ser 
. ' • ·900 905 . 

Leu Lys val val Pro ,. 
91-0 . 

G]u G1y Ile Arg Met Asn·Lys Thr Va1 Ala val Arg-Thr.Leu Asp Pro 
915 . . 920 925 

Glu Arg.Leu .G1y. Arg ... Glu·Gly Val Glti LYS Glu Asp I1e P·ro Pro Ala 
930 . 935 940 

·ASP Leu Ser Asp Gln Val Pro ·Asp thr ·Giu· Ser Gl~ Thr· Ar.g rle Leu 
945 950 955 960 

i:eu Gln Gly Thr Pr'o ·va.>1 A1_a G1n Met Thr ·Glu Asp Ala val ASp A1a 
. 965 .. 970 975 . 

Glu Arg Leu LYS.His Leu.Ile Val Thr Pro Ser Gl.y Cys Gly G1u Gln 
980 985 ' 990 

Asn Met Ile Gly Met thr Pro Thr val· Ile Ala Val His Tyr Leu Asp 
995 . 1000 . . . 1005 . 

Glu Thr Glu·Gln Trp G1u Lys Phe Gly Leu G1u ·Lys Arg Gln G1y Ala 
. ;I.010 .1015 1020 

·Leu G1u Leu ·I1e Lys Lys Gly TYr Thr G1n Gln Leu Ala ·Phe Arg. Gln 
1025 1030 1035 1040 

Pro Ser Ser A1a Phe Ala A1a -Phe Va1 Lys Arg Ala Pro ser Thr Trp 
1045 1050 1055 

Leu Thr A1a Tyr Va1 val Lys va1 Phe Ser Leu Ala va1 Ash Leu Ile 
1060 1065 1070 
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GNE0250PCTSeq 

A]a Ile Asp Ser Gln Val Leu Cys Gly Ala Val Lys Trp Leu Ile t.eu 
1075 1080 1085 

Glu Lys Gln Lys Pro. Asp Gly Val Phe Gln .Glu Asp Ala· Pro val Ile 
1090 1095 1100 

His Gln Glu Met Ile.Gly Gly Leu Arg Asn Asn Asn Glu Lys Asp Met 
1105. 1110 1115 1120 

Ala Leu Thr Ala Phe val Leu Ile Ser Leu Gln Glu Ala Lys Asp Ile 
1125 1130 1135 

·cys Glu Glu Gln val Asn ser Leu Pro Gly ser Ile Thr Lys Ala Gly 
1140 1145 ·1150 

Asp Phe Leu Glu Ala Asn Tyr Met Asn Leu Gln Arg Ser Tyr Thr val 
115 5 1160 1165 

. Ala Ile Ala Gly -ryr Ala Leu Ala Gln Met Gly Arg Leu Lys Gly Pro 
. 1170 . . 1175 1180 

' 
Leu Leu Asn Lys Phe. Leu Thr Thr Ala Lys.Asp Lys Asn Arg Trp Glu 
1185 1190 1195 1200 

1<sp pro Gly" Lys Gln Leu Tyr Asn Val Glu Ala· Thr ser TYr Ala .Let.i 
1205 1210 1215 . 

·leu Ala 1.:eu ·Leu.Gln Leu Lys Asp Phe Asp Phe val Pro· Pro val val 
1220 1225 · 1230 . 

· :. Arg Trp .Leu Asn Glu Gln Arg' Tyr Tyr Gly Gly Gly Tyr .c;ly ser Thr 
.1235 1240 • 1245 . . . . 

. . 
Gln'Ala Thr: Phe Met Va] .•Phe Gln :Ala Leu Ala Gln .Tyr Gln. LYS:ASP· ·. 
. 1250 ·1255 . . . 1260 

-1¥la Pro; Jlsp. His Gln Glu Leu Asn Leu ·Asp Val Ser· Leu. Gln L.eu. Pro . 
. 1265 . . . 1270 . ·1275 : :·. . 1280 .•. 

ser Arg .ser ser Lys, rl.e Thr His Arg :I·le. His Trp .Glµ· ser. Ala ·ser· .. 
. 1285 ' . 1290 . . • .. 1295 . . , 

Leu Leu Ar.g Ser Glu ·Glu Thr Lys Glu Asn Glu Gly Phe Thr val Thr 
. ·1300 1305 1310 .. 

. Ala .. Glu Gly ·Lys Gly Gln ··Gly Thr Leu Ser Val Val Thr Met Tyl" His 
1315 . 1320 1325 . . 

Ala Lys Ala Lys As.p Gln Leu Thr cys Asn·Lys Phe.Asp Leu Lys_val 
· 1330 1335 1340 

·Thr .Ile Lys Pro Al<1 Pr.o •.Glu Thr Glu Lys Arg Pro Gln ASp Ala·Lys 
1345 . . 1350 . 1355. 1360 

Asn Thr Met Ile Leu Glu Ile. Cys Thr Arg Tyr Arg ·Gly Asp Gln Asp· 
1365 . 1370 . 1375 

Ala Thr Met Ser Ile Leu Asp Ile Ser Met Met Thr Gly Phe Ala Pro 
. 1380 . 1385 1390 

Asp Thr Asp !<Sp Leu ·Lys ·.Gln Leu Ala Asn Gly. Val AS.P Arg Tyr Ile 
1395 1400 1405 

Ser Lys Tyr Glu Leu A5p.·-Lys ·Ala Phe Ser Asp Arg Asn Thr Leu Ile 
1410 .. '.1415 1420 . . 

Ile Tyr· ui,u Asp Lys Val •ser His ser Glu As:p Asp cys Leu ·Ala- Phe 
1425 . 143-0 1435 1440· 

Lys.val His Gfo Tyr Phe •Asn val Glu Leu Ile Gln Pro Gly Ala val 
1445 1450 .1455 

Lys val Tyr Al a Tyr Tyr Asn Leu Gl u Gl u Ser cys Thr Arg Phe Tyr 
1460 1465 1470 
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GNE0250PCTSeq 
His Pro Glu Lys Glu Asp Gly Lys Leu 

1475 1480 
Asn Lys Leu cys Arg Asp Glu 

1485 

leu cys Arg cys Ala Glu Glu cys Phe Ile Gln Lys Ser Asp Asp Lys 
1490 1495 1500 

val Thr Leu Glu Glu Arg Leu Asp Lys Ala cys Glu Pro Gly val Asp 
1505 1510 1515 1520 

Tyr val Tyr Lys Thr Arg Leu val Lys val Gln Leu Ser Asn Asp .. Phe 
1525 1530 1535 

Asp Glu Tyr Ile.Met Ala Ile Glu -Gln Thr Ile Lys Ser Gly Ser Asp 
1540 1545 1550 

Glu val Gln val Gly_.Gln Gln Arg Thr Phe Ile ·Ser Pro Ile Lys cys 
1555 1560 . . 1565· 

Arg Glu Ala Leu Lys Leu Glu Glu Lys Lys His Tyr Leu Met Trp Gly.· 
. 1570 1575 . 1580 

leu ser ser Asp Phe Trp Gly Glu Lys Pro Asn -t.eu ser Tyr Ile Ile 
1585 1S90 . 1595 . 1600 

Gly Lys Asp Thr Trp val Glu His-Trp Pro Glu Glu Asp Glu·cys Gln 
1605 . 161,0 1615 . 

Asp -Glu Glu 'Asn Glri LYS Glri cys ·G1i1 Asp Leu Gly Ala Phe Thr Glu 
1620 162 5 . . 1630 

Ser Met Val val Phe Gly cys .Pro Asn 
. 1635 1640 

<210> 10 
<211> 1639 

· <212> PRT 
<2B> Mus . .mus_culus 

;:400> 10 . . . . .. . . 
:n_e Pro Met Tyr Ser I)·e Ile· Thr Pro Asn' va 1 Leu Arg_ Leu Gl u Ser. 
··1· 5 10 . . 15 . 

Glu Glu Thr Ile val Leu Glu Ala His Asp Ala Gln Gly Asp I1e Pro 
20 ZS· . W 

Val Thr Val 'rhr val Gln Asp Phe Leu Lys· Arg ·G·ln val Leu Thr Ser · 
~ w ·45 

Glu Lys Thr Val Leu 'rhr Gly Ala Ser Gly Hjs Leu Arg Ser Val Ser 
so 55 60 

n e Lys Ile Pro ~ ia·· ser Lys Glu Phe Asn ser Asp Lys Gi u Gl y His 
~ · m · · 75 · w 

Lys Tyr va·l Thr va:l val Ala· Asn Phe Gly Glu Thr val val G1u _Lys 
'85 90 . 95 

Ala Val Met Val se.r Phe Gln Ser· Gly· Tyr -Leu Phe Ile Gln Thr. Asp 
. 100 105 . 110 

lys Thr Ile Tyr Thr Pro Gly .ser Thr Val Leu T.yr Arg Ile Phe Thr 
115 . 120 . 125 

.val Asp Asn AsnLeu Leu Pro val Gly Lys Thr val val Ile Leu Ile 
130 135 140 

Glu Thr .Pro Asp Gly Ile -Pro val Lys Arg Asp Ile Leu ser ·ser Asn 
145 150 155 160 

Asn· Gln His Gly I·le Leu Pro Leu ser Trp Asn Ile Pro Glu Leu val 
· HS 1m u~ 

Asn Met Gly Gln Trp Lys Ile Arg Ala Phe Tyr Glu His Ala ?ro Lys 
180 185 190 
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Gln Ile Phe Ser Ala Glu Phe Glu Val Lys Glu Tyr Val Leu ·pro Ser 

195 200 205 

Phe Glu val Arg val Glu Pro Thr Glu Thr Phe Tyr Tyr ·Ile Asp Asp 
210 215 220 

rro Asn Gly Leu Glu Val Ser Ile Ile. Ala Lys Phe L·eu Tyr Gl y Lys 
235 . 240 225 230 

/\SO val· Asp Gly Thr Ala Phe val Ile Phe Gly Val· Gln Asp Gly Asp 
. 245 . -25.0 255 

Lys Lys Ile Ser Leu Ala His ser Leu Thr Arg Val Val Ile Glu Asp 
2(i0. 265 270 

Gly val Gly Asp Ala val Leu Thr Arg Lys val Leu Met Glu Gly val 
275 280 285 

A:rg Proser Asn Ala Asp Ala Leu val Gly Lysser Leu Tyr Val ser 
290 295 300 

Val Thr-Val Ile Leu· H'5 ser Gly Ser Asp Met Val Glu Ala Glu Arg 
305 . 310 . 315 . 32!} 

ser·Gly Ile· Pr.o rle val· Thr Ser Pro Tyr Gln Ile His Phe Thr· Lys. 
325 330 335 

Thr Pro Lys Phe· Phe Lys Pro. Ala Met Pro Phe Asp Leu Met· Val r>he 
340 . 345 350 . 

Val Thr Asn Pro.Asp Gly Ser Pro Ala ser ·Lys val .Leu val Val Thr. 
355 360' 365' 

Gln GlySer Asn Ala Lys Ala Leu Thr Gln Asp Asp Gly Val.Ala Lys 
. 370 375 38-0 

· Leu ser Ile Asn Thr Pro Asn ser A~g G.ln Pro Leu Thr Ile Thr vaJ 
3'85 . ' 390 395 . . 400 

· Arg T.h r Lys Lys ASp ~hr Leu 
' ' 495. ... 

M<tt Glu. Ala Hi·s Pro tyr ser Tlir Met 'His ·Asn Ser Asn Asn Ty·r Leu " .. " 
420 425 430 

.'His Leu Ser Val Ser Arg Met Glu Leu Lys Pro Gly Asp Asn Leu Asn 
435 440 445 

Val -Asn Phe His Leu Arg Thr Asp Pro Gly His Glu Ala Lys Ile Arg · 
450 455 460 

Tyr Tyr Thr Tyr Leu Val Met Asn .Lys Gly Lys Leu -Leu Lys Ala Gll." 
465 470 ' ·475 . 480 

Arg Gll) Val ·Arg Gl LI· Pro Gly Gln ASP Leu val Val ·Leu _Ser t,.eu Pro 
485 490 ·495 .. 

. ' 

Ile Thr Pro Giu Phe I·le Pro Ser Phe. Arg Leu Val Ala Tyr Tyr Thr 
500 51)5 510 

Leu Ile Gly Ala ser Gly Gln Arg Glu val val Ala Asp ·se~ Val Trp 
515 520 -525 

.. ; . 

.. _:: 

Val Asp Val Lys Asp ser cys Ile Gly Thr Leu val va.l Lys ·Gly Asp .t 

530 535 540 

Pro Arg Asp Asn His Leu Ala Pro Gly Gln Gln Thr Thr Leu Arg Ile 
545 . . 550 555 560 

Glu: GlY Asn Gln GlY Ala· Arg val Gly Leu val Ala val· Asp Lys Gly 
965 570 575 

val Phe val ·Leu Asn Lys Lys Asn Lys Leu Thr Gln ser Lys Ile Trp 
580 585 590 

Asp val Val Glu Lys Ala Asp Ile Gly cys Thr Pro Gly ser .Gly Lys 
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595 600 
GNE0250PCTSeq 

605 

Asn Tyr Ala Gly val Phe Met Asp Ala Gly Leu Ala Phe Lys Thr Ser 
610 615 620 

Gln Gly Leu Gln Thr Glu Gln Arg Ala Asp Leu Glu.cys Thr Lys Pro 
625· 630 635 640 

Ala Ala Arg Arg Arg Arg Ser val Gln Leu Met Glu Arg Arg.Met Asp 
645 650 655 

Lys A 1 a Gl y Gl n Tyr Thr Asp Lys Gl y Leu Arg Lys cys Cy:S Gl LI Asp . 
660 665 670 

G~y Met Arg Asp Ile Pro Met Arg Tyr Ser cys Gln Arg Arg Ala Arg 
675 680 685 

Leu Ile Thr Gln Gly Glu Asn Cys Ile Lys Ala Phe Ile Asp·cy5 Cys 
690 695 . 700 . 

Asn Hjs Ile Thr Lys Leu Arg Glu Gln His Ar.g Arg ,lisp His val Leu 
·705 710 7-15. ' 720 

Gl.Y Leu Al a Arg ·ser G1 u Leu Gl u Glu Asp ITe Ile Pro Gl u ·G1.u Asp· 
725 730 . .735. 

Iie Ile Ser Arg Ser His Phe Pro Gln Ser· i:rp .Leu Trp ··Thr ·J'le ·Glu 
. 740· 745 750 

··Glu Leu Lys Glu Pro Glu Lys /\Sn Gly Ile Ser Thr Lys Val .Met Asn 
755 760 -7:65 

iie Phe .Leu Lys Asp Ser Ile Thr Thr Trp Glu 'Ile Leu Ala val :ser 
.770 775 no · · 

Eeu ser .Asp Lys Lys Gly Ile cys val Ala ASP. ·Pro Tyi' ·Glu Ile Arg 
785 . 790 795 .· 800 : 

val Met Gln Asp Phe Phe Ile Asp Leu :Arg Leu· Pro Tyr. ser:Val·:vaT. 
. . 805 . 810 815 . 

. Arg Asn Glu Gln val Glu .Ile Arg Ala vai Leu .. Phe :Asn Tyr ·Arg. GJu 
820 . 825 . 830 . 

Gln Glu Glu Leu kys val Arg val Glu Leu Leu ·His.Ash ·pro Afa Phe 
835 840 845. 

·eys ser Met Ala:rhr Ala Lys Asn Arg Tyr Phe Gln Thr Ile L~s Ile. 
8.50 855 860 .·. 

·.Pro Pro Lys Ser Ser VaTAla· Val Pro Tyr Val Ile val Pro I,.eu Lys 
S:65 . . 870 875 . 880 

Ile Giy Gln Gln Glu val Glli val Lys Ala Ala Val Phe ASO His Phe 
. . 885 890 895. 

Ile ser Asp Gly val ·.1;ys Lys Thr Leu Lys .. val .Val p·ro Glu Gly Met. 
900 905 no 

·Arg Ile Asn Lys.Thr val Ala Ile His Thr Leu Asp Pro Glu Lys Leu 
. 915 920 . . 925 

Gly Gln Gly Gly val .. Gln 1.,ys val Asp Val .Pro Ala Ala Asp Leu S!"r 
930 935 940 

Asp Gln val P.ro Asp Thr Asp Ser ·Glu Thr Arg Ile·. Ile Leu G1n. GJy 
945 950 95? 960 

ser Pro val val Gln Met Ala Glu Asp Ala val Asp ·Gly Glu l\rg Leu 
965 970 975 

L.ys His Leu Ile .Val Thr Pro Ala Gly ·cys Gly Glu Gln Asn Met Ile. 
980 . 985 990 . 

Gly Met Thr Pro Thr Val Ile Ala val His Tyr Leu Asp Gln Thr Glu 
99 5 1000 100 5 
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Gln Trp Glu. Lys Phe Gly Ile Glu Lys Arg Gln Glu Ala Leu Gl.u Leu 
1010 1015 1020 

Ile Lys Lys Gly ·Tyr Thr Gln Gln Leu Ala Phe Lys Gln Pro Ser Ser 
102-5 1030. 1035 1040 

Ala·Tyr Ala Ala Phe Asn Asn Arg Pro Pro Ser Thr Trp Leu Thr Ala 
1045 1050 1055 

Tyr val val Lys val Phe Ser Leu Ala Aia Asn Leu Ile Ala Ile Asp 
1060 1065 1070 

Ser His val Leu Cys Gly Ala-.val Lys Trp Leu Ile Leu Glu Lys Gln 
1075 .1080 1085 

Lys Pro ASP Gly val Phe Gln.Glu Asp.Gly Pro Val Ile His Gln Glu 
1090 . 109 5 . 1100 

Met Ile Gly Gly Phe Arg Asn Ala Lys Glu· Ala Asp val Ser Leu Thr 
1105 1110 1115 1120 

Ala Phe Val- Leu Ile Ala. Leu Gln Glu Aia ·Arg Asp Ile cys Glu Gly 
1125 . 1130 . . . 113 5 

Gln val Asn s.er.Leu Pro·:Gly s.er Ile ·Asn L,ys A]a Gly Glu Tyr Ile 
1140. 1145 . 1150 

Glu Ala Ser Tyr.Met·Asn: Leu ·Gln··Arg Pro Tyr Thr val Ala Ile lila 
115 5 1160 1165 

. Gl y Tyr Al a .Leu Ji.1 ,;: .. ~~u Met ilsn · Lys 
1170. . . ·1175 .. 

Leu GTu.Glu Pro Tyr Leu Gly 
. 1180.: 

Lys Phe Leu·Asn Thr.Ala.Lys.Asp Arg Asn Arg trp Glu Glu Pro Asp 
J:185 . 1190··. . . ·. . . . .. · 1195 . . . . . . 1200 

· Gln Gl~ Leu Tyr Asn ·val:· GluAl<i.Thr ~~r· Tyr Ala Leu ·Leu f\fa Leu 
- . ·: ,. . 1205 .;. . 1210 .. . - . 1215 . 

. Leu Leu Leu Lys Asp ·Phe· ·i\sp ser val Pro Pro val val Arg Trp Leu 
1220 . . - . 1225 . 1230 

Asn Glu Gl~ Arg Tyr Tyr: Gly~lyGiy·°-ry; Gly Se~ ·Thr Gln Ala Thr 
. 1235 . . . 1240 . . . . . . . . 1245 . 

Phe Met.val Phe ·GTn .Ala ·Leu·A1a Gln Tyr Gin Thr·Asp val Pro Asp 
' 1250 1255 . . . . . 1260 . 

·.Hfs Lys Asp Leu Asn Met. Asp val Ser Phe His Leu Pro .Ser Arg ser 
}265 ' ·1270 . . 1275 . 1280 . 

ser A la ·Thr Thr. Phe Arg. Leu ·Leu Trp Gl~· Asn ·Gly Asn Leu Leu Arg 
. 1285 . . . : . . 1290 . 1295 

ser Glu Glu Thr Lys Gln .ASn .Glu Ala Phe Ser Leu·Thr Ala Lys Gly 
1300 . ·1305 . . 1310 

.Lys· Gly Arg.- Gly Thr Leu ser val val Ala val Tyr His Ala Lys Leu 
1315 1320 1325 . 

L:ys Ser Lys Val·Th·r Cys Lys Lys ·Phe Asp· Leu Arg Val Ser Ile Arg 
1330 . 1335 . . 1340 

Pro Ala Pro Glu.Thr Ala Lys LYS Pro Glu Glu Ala ·LYS Asn Thr Met 
1345 1350 1355 . 1360 

Phe Leu Glu Ile cys Th:r Lys Tyr Leu Gly Asp Val Asp Ala Thr Met 
1365 1370 . 1375 

se·r Ile Leu Asp Ile Ser ·Met Met Thr Gly Phe Ala Pro Asp Thr Lys 
1380 1385 1390 

Asp Leu Glu ·Leu Leu Ala Ser Gly Val Asp Arg Tyr Ile Ser .Lys Tyr 
1395 1400 1405 
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Glu Met Asn Lys Ala Phe Ser Asn Lys Asn Thr Leu Ile Ile Tyr Leu 

1410 1415 1420 . 

Glu Lys Ile ser His Thr Glu Glu Asp Cys Leu Thr PheLys val His 
1425 1430 1435 1440 

Gln Tyr Phe Asn val Gly Leu Ile Gln Pro Gly Ser· val Lys val Tyr 
.1445 1450. 1455 

Ser Tyr Tyr Asn·Leu Glu Glu Ser Cys Thr Arg Phe Tyr His Pro Glu 
1460 1465 . 1470 

Lys Asp Asp Gly Met Leu Ser Lys Leu cys His Ser Glu Met cys Arg 
1475 . 1480 1485 

i::ys Ala Glu Glu·Asn cys Phe Met Gln Gln Ser Gln Glu Lys Ile Asn 
1490 1495 1500 

Leu Asn val Arg Leu Asp Lys Ala cys Glu Pro Gly val Asp Tyr val 
1505 1510 1515 . 1520 

Ty.r Lys Thr Glu Leu Thr Asn Ile Lys ·Leu Leu Asp Asp Phe Asp Glu 
1525 1530 1535 

Tyr Thr Met Thr Ile Gin ·Gln val Ile Lys ser Gly Ser Asp Glu val · 
. 1540 . . . : ·. . 1545 . 1>50 

r ·. Gln Ala Gly illn .Gin. )i~g:.Lys Phe Ile Ser His Ile Lys. Cys Arg Asn I 1sss . . . ·. · · 1s60 . · . 156.s · 
I . . 

·Ala Leu Ly~ 'Leu .Gin Ly~·'Gly Lys Lys :1yr Leu Met Trp Gly Leu ser 
157() · ·' · · :1575 · .. 1580 

" . 

se'r A~·p Leu 'f,rp ?lY Glu LYS Pro Asn Th~ Ser 'Tyr Ile Ile Gly Lys 
:b585 . . . . 1590 1595 1600 

Asp -fnr irp :v~i ci1.U: 1:1i ~ ~rp 
. 16Q5· : " 

· ... 
pro Glu Ala.,G)u ·Glu cys Gln Asp Gln 

. 16}0 . . . 1615 
. . · .. 

·lys Ty,r ·Gi.n ·Lys GJn.cys· G1u ·Glll Leu Gly. ~ia Phe Thr Glu ser Me.t 
. " " 1620 . . " :J,625 1630 

·val V~l i'yr Gly cys'Pr.o.:Asn 
1635 . " 

<210> Ii.· 
. <211> 11 

. · .. 

~212> PRT . 
<213> Arti.fici <i:l Sequence·: 

<02il0> 
o.:<223> .oesc~iption .of· Artificial sequence: synthetic 
. ·pepnde 

<;400> 11 
A:rg Ala Ser .. Gfo ser Ile"Ser ser TYr Leu Ala 

l 5. ·10 

<210>'12 
. -:<211> 7 

<212>. PRT 
<213> Arti fici a 1 sequence 

<220> 
<223> ·oescription of Ar:tificial sequence: synthetk 

peptide 

<400> 12 
Gly.Ala Ser 

1 

<210> 13 
<211> 214 

ser. Arg Al a -Ser 
5 
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. <212> PRT 
<213> Homo sapiens 

<400> 13 
· Asp Ile Gln Met Thr Gln Ser Pro Ser ser·Leu Ser Ala Ser Val Gly 

10 15 1 5 

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Asn Thr Ala 
20 25· 30 

Val Ala Trp 
35 

Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys. Leu Leu Ile 
40. . 45 

Tyr. Ser Ala Ser Phe Leu Tyr Ser Gly val Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Arg ser Gly Thr Asp Phe Thr Leu Thr Ile ser ser Leu Gln Pro 
65 70 75 80 

Giu ASP Phe·Ala Thr Tyr Tyr Cys Gln Gln His.Tyr Thr Thr Pro Pro 
~ ~ 95 

I 

Thr Phe Gly Gln · Gly Thr Lys val· Glu Ile ·Lys Arg Thr Val Ala Ala. 
100 . 105 110 . . . 

Pro Ser Val· Phe Ile Phe Pro Pro Ser Asp· Glu Gln. Leu Lys Ser Gly 
115 . 120 . . 125 . . 

Thr Ala Ser Val val cys Leu Leu-Asn Asn Phe Tyr Pro·Arg· Glu:Ala 
130. 135 140 

LYs. val Gln Trp Lys val Asp Asn Ala Leu Gln ser Gly Asnser Gln. 
:1:45 150 155 . 160 

<>lu Ser Val Thr Glu Gln ASP Ser Lys A5p Ser Thr Tyr Ser Leu ·ser 
. .165 . 170 . 175· . 

ser Thr Leu Th.r Leu Ser Lys A 1 a Asp Tyr Ghi Lys H.i s Lys. ·val Tyr . · 
. . . . . . 18Q . . . 185 . . . ·190. . . 

.A~.a'Cys Glu val Thr His Gln Gly Leu Ser s.er· Pro ·vaf 'rhr L.Y.s ser_. 
. . . . 195 . 200 . 205 . 

. . Phe Asn Arg Gly Glu. cys 
.. 210 

<210> 14 
<211> 449 
<212> PRT 
~213> Homo sapiens 

-<:400> 14 
Glu val Gln Leu val ·Glu·ser Gly·Gly Gly Leu val·Gln Pro Gly Gly 

:1 5 10 15 

Ser Leu .. Arg L~g Ser Cys Ala Ala S~~ Gly Phe Asn Ile L§g _Asp Thr 

·Tyr Ile His Trp val Arg Gln Ala Pro Gly.Lys Gly Leu Glu Trp val 
35 40 45 . 

Ala Arg Ile Tyr Pro .Thr Asn Gl.y Tyr Thr Arg Tyr Ala. Asp Ser Val 
50. 55. 60 . 

Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr ser Lys Asn Thr Ala fyr 
· 65 70 i'5 . 80 

Leu Gln Met Asn s.er Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr cys 
85 90 . ··95 . 

Ser Arg Trp ·Gly Gly Asp Gly Phe Tyr Ala Met As"p Tyr Trp. Gly Gln 
100 105 110 

Gly Thr: Leu val Thr val ser Ser Ala, ser Thr Lys Gly Pro Ser val 
115 120 125 
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Phe Pro Leu Ala Pro ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala 
DO D5 MO 

Leu Gly cys Leu val Lys Asp Tyr Phe Pro Glu Pro val. Thr val Ser 
145 150 15 5 160 

Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val 
165. . 170 175 

. Leu Gln Ser ser Gly Leu Tyr Ser Leu Ser ser Val val Thr Val Pro 
180 . l85 190 

Ser s"r ser Leu Gly Thr Gln Thr Tyr Ile cys Asn val Asn His Asp 
195 . . 200 205 

Pro Ser Asn Thr Lys Val· Asp Lys Lys Val.Glu Pro Lys Ser Cys Asp. 
210 215 220 

Lys Thr His Thr tys Pro Pro cys Pro Ala Pro Glu Leu Leu Gly Gly 
22S 230 235 240 

Pro Ser va 1 Phe Leu Phe Pro Pr.o Lys Pro Lys Asp Thr Leu Met Ile · 
245 .. 250 255 

ser Arg Thr Pro Glu· vai Thr cys va1·.val val Asp val Ser His ·Glu 
260 265 270 

Asp Pro Gl LI Va 1 Lys Phe Asn Trp . Tyr ya 1 Asp· Gl y Va 1. Gl LI Va 1 His 
275 -280 285 

Asn ·Ala Lys T.hr Lys Pro -Arg Glu Glu Gln tyr Asn Ser Thr Tyr Ar.g 
290 . 295. -- . . . 300. . 

var val ser val· Leu· T.hr Val Leu ·His 'Glii Asp· Trp Leu ASn Gly Lys 
.. 305 . -310 . ' . . 3-15 . 320 
~ . . 

Gl a Tyr Lys cys Lys val ser: A~n '.Lys Ala 'Leu Pro A la P-ro Ile G1 u · 
32'5 . . . 3.30 .335 

Lys Thr Ile ser Lys Ala,-1..ys Gly·6in Pro Arg Gltt ~.ro Glil val Tyr 
340 . . :34,5 ' . .. . . ' 350 

Thr leu Pro Pro ser Arg Glu :Glu Met ·Thr. Lys Asn Gln. val Ser -Leu 
355 . . . ~60 ' . . . 36~ 

Thr cys Leu val Lys Gly Phe Tyr l'ro-ser·Asp. I~e Ala val Glu Trp 
370 375. . 380 

Glu Ser Asn Gly Gln Pro Gl-u Asn· Asn TYr Lys Thr Thr Pro Pro Val 
385 '390 395 400 

Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr ser Lys ·Leu Thr val Asp 
.405 410 415 

·:' 

Lys Ser Arg Trp Gl i1 Gfo Gly Asn val Phe Ser cys Ser val Met His 
420 

Glu Ala Leu His Asn 

Gly 

<210> 15 
<211> 7 

435 

<212> PRT - . 

425 

His Tyr· Thr Gln 
440 

<213> Artificial Sequence 

<220> 

Ly.5 Ser-Leu Ser 
445' 

<223> Description of.Artificial sequence: ·synthetic 
peptide 

<400> 15 
Arg Gln Asn Gln Glu Leu Lys 
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1 5 

<210>.16 
<211> 5 
<212> PRT 
<213> J!._rti fi ci a 1 sequence 

<220> 

GNE0250PCTSeq 

<223> Description of Artificial sequence: synthetic 
peptide 

-<400> 16 
Tyr His His-Phe Ile 

1 5 

<210> l.7 
<211> 4 
<212> PRT 
<213> Arti fi ci a 1 sequence 

<220> 
·<-223> Description ·of Artificial sequence: synthetic 

peptide 

<400:> 17 
Thr ser.ser Ser 

1 

<2.lb>. 18 
·<211> 10 
<212> PRT 
<2B> Artificial sequence 

<220> 
<223> ·Description of Artificial S·equence: Synthetic'· 

pepti.de , 

<400> 18 
Arg.AS(I Ala_."-eU Tyr (ily Ser G1y -Gly Tyr 

1 5 10. 

<210> 19 
<211> 6 
·<212> l'RT 
<213> Arti fi ci.a 1 · sequence 

<220> 
<223> Description of Arti f~-ci al sequence: sym:heti c 6x 

. His tag 

<400> 19. 
His His Hi.s His His His 

1 5 
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CLAIMS 

I. A method for the prevention or treatment of a complement-associated 

disorder comprising administering to a subject in need an effective amount of an anti-C3b 

antibody or antigen binding-fragment or affinity matured variant thereof selectively binding 

to C3b and not to C3 and inhibiting the binding of CS to C3b, wherein said antibody 

comprises the heavy chain CDRHI, CDRH2 and CDRH3 sequences of SEQ ID NOS 2, 3, 

and 4, respectively and the light chain CDRL I, CDRL2 and CDRL3 sequences of SEQ ID 

NOS 6, 7, and 8, respectively. 

2. The method of claim I wherein said subject is a mammal. 

3. The method of claim 2 wherein said subject is a human. 

4. The method of claim 3 wherein said antibody is a human, humanized or 

chimeric antibody. 

5. The method of claim 3 wherein said antibody fragment is selected from the 

group consisting ofFab, Fab', F(ab')i. scFv, (scFv)i, dAb, complementarity determining 

region (CDR) fragments, linear antibodies, single-chain antibody molecules, minibodies, 

diabodies, and multispecific antibodies formed from antibody fragments. 

6. The method of claim 5 wherein said antibody fragment is a Fab, Fab', 

F(ab')2, scFv, or (scFv)2 fragment. 

7. The method of claim 3, wherein the antibody is antibody YW144.2.43S77 

or a Fab fragment thereof. 

8. The method of claim 3 wherein said complement-associated disorder is an 

inflammatory disease or an autoimmune disease. 

9. The method of claim 3 wherein said complement-associated disorder is 

selected from the group consisting ofrheumatoid arthritis (RA), acute respiratory distress 

syndrome (ARDS), remote tissue injury after ischemia and reperfusion, complement 
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activation during cardiopulmonary bypass surgery, dermatomyositis, pemphigus, lupus 

nephritis and resultant glomerulonephritis and vasculitis, cardiopulmonary bypass, 

cardioplegia-induced coronary endothelial dysfunction, type II membranoproliferative 

glomerulonephritis, IgA nephropathy, acute renal failure, cryoglobulemia, antiphospholipid 

syndrome, macular degenerative diseases, such as age-related macular degeneration (AMD), 

choroidal neovascularization (CNV), uveitis, diabetic and other ischemia-related 

retinopathies, endophthalmitis, and other intraocular neovascular diseases, such as diabetic 

macular edema, pathological myopia, von Rippel-Lindau disease, histoplasmosis of the eye, 

Central Retinal Vein Occlusion (CRVO), corneal neovascularization, retinal 

neovascularization, as we11 as allo-transplantation, hyperacute rejection, hemodialysis, 

chronic occlusive pulmonary distress syndrome (COPD), asthma, and aspiration pneumonia. 

10. The method of claim 3 wherein said complement-associated disorder is a 

complement-associated eye condition. 

11. The method of claim I 0 wherein the complement-associated eye condition 

is age-related macular degeneration (AMD) or choroidal neovascularization (CNV). 
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