WO 2009/081285PCT/TB2008/003952 HEPATITIS C VIRUS ANTIBODIES CROSS-REFERENCE TO
RELATED APPLICATIONS [0001]This application claims the priority benefit of U.S. Provisional
Application 61/006,066 filed December 17, 2007, which is hereby incorporated herein by reference in

its entirety. FRghLygafsTidE INVENTION [0002] This invention relates to thggapgufie fidpaanized
antibodies and fragments thereof that retain broad spectrum inhibitory effect on HCV infection of the

parent murine monoclonal antibod Q fthejr use. BACKGROUND OF THE INVENTION
[0003] HCV is a positive strand R%@%ﬁ%}s&gﬁ*&%}tﬁé‘sﬁé?mﬁﬁae family. It is the major cause of
non-A non-B viral hepatitis. i dasiReiesaRpied Rataly 499 rilipReople and current estimates
suggest that as many as 3 million individuals are newly infected each year. Approximately 80% of
those infectegbfail to clediithgplicdsonthranie plestionaTaugs) Feruesily Jeaging.tesevere chronic
liver disease, cirrhasi hepat carginoma, Current treatments for chronic infection are
ineffective?&@éﬁ@%@%@%?@?ﬁ%%%w e‘(%éi%géﬁe%/giﬁ%ﬂ?/@%%n%f lélfba%reeL%fgn\(i‘gé%llﬁses. [0004] Due
to the errorcPpiBsHie nature of the RNA-dependent RNA polymerase and the high replicative rate in vivo,
HCV exhibits a high degree of genetic paiabihty T vanbgslassified into six genetically distinct
genotypes and further subdivided into at least 70 subtypes, which differ by approximately 30% and
15% at thelf{E1k otidhes leveltiesphctivelthefosivm ficannoed lenyelfer it fdevelopthweatfahumaccines will
be identifyipg. proteatiye-cRiloRes Al afe-conser et malgin et imlk9enlyRgs and subtypes.
This problem is compounded bfy the fact that the envelope proteins, the natural target for the
neutralizind P48 A8E Moy 8%3heHd $ost variable proteins. [0005] The envelope proteins, El and E2,
are responsible for cell binding an%gigE&RW@ﬁ gqﬁliﬁq,ggfmlated transmembrane proteins with
hydrophobic r

an N-terminal ectodomain and a C-telminal membrane anchor. In vitro expression
exgerirr?e?mme ?mwg %%ﬁi&b@ﬂgamﬂtm tﬁ@ﬁﬂgﬁ@?ﬂf@%ﬁfﬂhﬁ@%ﬁ@ﬁk@ﬁﬁfm@iﬁﬁﬁ propﬁsed
to be the functional complex on the virus e. Due tq the lack of a icjent culture system, the
exact mecﬁg‘?]si%cr%%)cfn\"/#;&%%h rV%Pt}J’e ar%l&vz%ﬁg Sslgl%’l?tﬁgneapé) itV iﬁ&ﬁémg‘gﬂeé &f%htry into
isolated prisnarytbsemes sigacscaitinesregaiteylime iaditivhalitirahevde indenttaicadepeptors CD81 and
Scavenger Rerniarfy86% Br Tvre iaBr Bl iAlipuah hess (ReaRINE ANG. &I, At suffisient to

allow viral Teggé% 00069 Current evidence sug ests that cell mediated immunity is pivotal in clearance
0

and contro PSP AT BT e S TR B A T S U Qe B B fE et R TFRERERS8lich as
animal infetstighremid icés tamduevefftotibindihd cas say/meckdnerkighhghtetbthespotartiakidle of antibodies
in both acuig:apd.ghignig.dgfection. Unsurprisingly, neutralizing antibodies recognize both linear and
conformat&pal epitopes. The majority of antibodies that demonstrate broad neutrali7ation capacity are

directed addité? coRrsHn eGSR SRR e hatReao o R AP a6 a0 s Mgtconserved
- conformatioséicepitopesrisiextiEMedyblievantiolvace rfedesigmrbbilityisHe Vkehybtocpseie difficult, as

the variabl HoR, pe | - pant : i - inant linear epitope lies
within the %ﬁ?%%ggg;?ggg%@gﬁoﬁg%%@%ﬂ% ﬁ“§§§§ %&?%g%@g%\%? I-clg\gBR m’lrur}lﬂof%pes has been

proposed t8'BYere AREPHBRIMY Graukin@atipristetige el 1spstiyeb kAcignilisether this approach
will be succhsdiugdE07E Aevelkpienniediaialy didwe steeafyigf MMMRGweapiaips anumber of epitopes.
One epitop, S i inedby.the manoclaonal anti P33, inhibits
the interact?gg%g%g%ﬁ%&h%é%%ﬁ r%ﬁ%g%%eé 0 ﬁ%%deqr?%?%%go}?ﬁpé%%% ud icnogm golli é)ngézéhElEz and
virus-like pEtidiasths srvenpsiamreing e miura sgs (o iegeutadizing [200nsy: O0B] Wi 2066/100449
teaches thakthslimesesional antibody designated AP33 can bind to and neutralize each of the six

oo L B R e ), 8o and s
an immunoﬁéﬁlf%ﬁ’ ggy@ﬁdampp{@wmmﬁs with an N-terminal ectodomain and a C-terminal

hydrophobic membrane anchor. /n vitro expression experiments have shown that E1 and E2
proteins form a non-covalent heterodimer, which is proposed to be the functional complex on the
virus surface. Due to the lack of an efficient culture system, the exact mechanism of viral entry is
unknown. That said, there is mounting evidence that entry into isolated primary liver cells and
cell lines requires interaction with the cell surface receptors CD81 and Scavenger Receptor Class

B Type 1 (SR-B1), although these receptors alone are not sufficient to allow viral entry,



[0009] AP33 is a mouse antibody, and as such is likely to raise a human anti-mouse antigenic
response (HAMA) in human patients if used therapeutically for multiple administrations. There is
accordingly a need for an antibody which shares the cross-reactivity of AP33, but which possesses
reduced antigenicity in human subjects. BRIEF SUMMARY OF THE INVENTION [0010] Disclosed is
an improveddberageutic.manized antibedyithatetainshreas spretiviy ihibitarygffect on HCV

infection. The humanization of AP33 has been shown to be technlcallyﬂg_roblqmatic, and the generation
of humanigerirA PEATH AP AN e RN TV HEC [ IR ISt 1A (ot ARRsRiZAtion of the
AP33 monggianakantibadsdheniveeniorbriioauntesechpro bigmisiebingse-paotaxpression levels of
the humanized variable light chain domain. There is no. human ortholog for.the.mouse light chain. The
Li loop caﬁﬁg?tﬁleesrﬁnagé?ﬁg méenaé_@gqg nﬁcﬁnﬁﬁcﬁg%% %: in and ‘tﬁ%ﬁ%%ﬁ?& 4 'é)%%%i%%ﬂt of the
humanizafiot: frevess -Béupirdaey epipprd diic SREIET o Taetbariabbdighnehdintdeomadins, such as

removing potentialsplica sitemiations And exshangingPadenSeaueEnces pngRiihese
modifications were effective in restoring expression levels above backmound even though such
modificati GRS MRS THrREFGHEI5HE: e?ecﬁ%ﬁ’ TBE BB & FRBr E ErE8 I8 Rsvels. Surprisingly,
the inventeiesigventtally itehtibquoacdffale hgthwhaa’vielmgmm designatedrereindamizak2b, which not
only expregaes el bl lssnosersses aeed W ahp RN, Akl gl oFh inventors have

also discovered that the retention of W at position 47 is required for optimal-activity of the humanized

* variable héBRER I BAiarPnstiRd i E Bl TERR Bedm SE5h REPIHEUS O TeIRme ey A#En By it does not
appear to haatinpeHanse whribasthe RO VikatNORIEEprdLIsHN Grduntan residue) or Y (the,
mouse resj . In, the . hiimanived.variable heay, in domain the amino acid at position 47 should
be NV for é%{{tﬁal é&?ﬁ?f/.%mﬁégc%l%ag%‘f%s?f Eil %?tﬁ?eﬁ c&:lﬁog%sp%%% %g%neg%cgfﬁ'rce%?dues, l.e the
vernier anémgporicamesithgassifiessd 1o-HE apduiciest toyiho vsenodprsl roskhds AISE optifpied activity.
[0013] The,jpyaniprs, have.careeYer sy HRHsINgMiseoyaRtdrbat he Rumanizecantiedy described
herein is at least as effective as AP33 at inﬁ'bgl F%'Cﬁcl\g igfectLon. Usually, when an antibody is
humanized S84 S48 A6tV ?(gefff@ii’ &'t §eﬁ|%%’é‘?ﬁéﬁ%1f}murine‘framework which forms
the enviro_r[mleﬂ)t smmg&h@ @a&smtmmmnmmmngmg@mmimwe, however,
rep'aceme”t%é%%“&gﬁJ{%{P%W%%%Q@&B%%'Bf%ﬂ:‘@%%@&%jﬁg@b ?E&é&%ﬁ%&@&‘&%"“s'y’ the

antibody of the present disclosure not only has the advantages associated with hunianizabon (e.g.
rendering iERESREHFESAIGYANIET S AN ARASHBCCRPD X gragansing fhélbroderissareiias of neutralizing
cross-reactivity: agaistPIG) apesinss[A0MhDiselinsed-isayatiakevightteaan domain ofa
humanize 3 antibady comprisi r IS amino acid sequence set forth in any of
o 1o N R B S R B e variablo
light chain thopeash GFdvi imdnzesnaie3s KispbemsecHbpiamutRiy adErsyrsteth Towas)] Also
disclosed igayarahleResiy shalawdemang aRthanizedeactvity of APA3, but which

possesses Teduced antigenicity in buman subjects.

BRIEF SUMMARY OF THE INVENTION

[0010] Disclosed is an improved therapéutic humanized antibody that

retzins broad spectrum inhibitory effect on HCV infection. The humanization of AP33 has been
shows o be technically probiematic, and the generation of bumanized AP33 has jed to the
folowing developments. '

[0011] During the bumanization of the AP33 monoclonal antibody, the inventors encountered
probléms relating to poor expression levels of the humanized variable Iight E,hain domain. There
is no human ortholog for the mouse Hight chain. The L1 loop cannot be matched and to a uman
kap?a chain and this is normally 2 key component of the humanization process. Despite several
modifications to the variable light chain domains, such as removing potential sphice site

mutations and exchanging leader sequences, none of these modifications were effective in



A.P33 antibody comprising orconsisting of the amino acid set forth in SEC? ID No. 3. SEQ ID No 3
represents mmine CDP,s grafted onto a human framework. Advantageously, the human frameWork is
modified by backamtation at one or more of positions 30, 48, 67, 71 78 and 94 thereof, to match the
equivalent positions in the mouse gnome. [0016] Suitably, the amino acid mutations are substitutions,
for example S30T, 148M, V67|, V71R, F78Y and .R94L. In the forgoing, the mouse residue is
lepresenmbr SETBHIRTRT PR eeHRIMAR Foeth P RPS e B mem e iications proceduriepsigsidue 30 is T

in the orlglbaénﬂc%ﬁéiwwm&:ﬁhﬁmm mgieifRmewerk Smpiened, aRdulndheRal tated,
humanized dange fra h}[m())maln{] one asp (ﬁ@t there is rowded a humani7ed aritibody that

binds hepatltl virus £ elin or an antlge ffﬁ@ﬁ%ﬁﬂﬁ’é‘i’é&?%ﬂ@i’eﬁ‘ﬁﬁﬁﬁﬁumamzed
antibody tht@éﬁSbmm@ﬂ?ag@ﬁéﬁh&h@edﬁmbmm variable heavy chain domain selected from

th t SEQJPNO: | Q4D NO:13 SEQ ID
Ngglfué’quﬁl%mcnﬁ%&%%%‘%%%ﬁ%g‘ 358 ID NO: 1%%% Qfgp B %§i’§ riiaIBﬁe%abut '

chain dom W E8IETaHP PO tHE BBt EorE s%ﬂ%%ﬁ@@%?@lgmmwc@@@n@mo 19, and

SEQ ID N@ia&e[@mbmmmbmhmepmm fabie-RemeyaRaIR damain.camprises or consists
of the aming acid SPANLIES 85,58 of SEOQ 1) NO: 10, SEQ ED NO:11, SEQ ID NO: 12,

SEQ ID ND13 SES ID NOIA EQ | t% B | 5 & SERFRRRIO #7205 BEY 1D NO:18. In
some Ambhinemafe V&Wﬁtﬂ‘é‘iﬁéﬁ?ﬁ;’/‘?@ﬁéﬁ Ao OF Eohoptismi 2EAvAR 33 @rtibedy-binds hepatitis C

virus E2 Drﬂlwﬂm%lﬁdﬁﬂaﬂﬁﬁ@%dﬂ&%ﬁu‘ﬁ@@i&g @@&@9%%@@ 7?%%““%% fragment

comprisin hg variable li ht chal in as described in the present disclosure. Tn some
embodiments, fﬁaet‘hmﬁ%e 128 Aitiboc d@c aaﬁ!f?é‘&antlbody fragment comprising the variable light
chain dom&iﬁ%dﬂwpa@m@mmmﬁ@qamm%g@&emmﬁﬁzﬁwmﬁ%@d antibody

fragment ig;an.aiigen;bioding fratiment, JQ013EASq 91% lggedHs 2 humanized antibody or humanized
antibody fragment compr ISII’]P the variable heavy chain dorfain a§uéeescr| r@ﬁ"%ﬁb\?’ Eohae

antibody is burn decrease in activity 5 expected due to the replacemment of murine

framework which forms {he epvironment siwyounding the CDRs with 2 human framework. In the

present disclosure, however, replacement of the murine frameworks has resulted in an increase in
activity. Advantageously, the antibody of the present disclosure not only has the advantages

associated W1th humanization {¢.g. rendering it less } Immpunogenic i human sobjects) but also
retains the broad spectrum of neutralizing cross-reactivity against HCV species.

- [0014] Disclosed is a variable light chair domain of a
humanized AP33 antibody comprising or consisting of the amino acid sequence set forth in any
of SEQID NC} 6, SBQ ID NO:7, SEQ ID NO:19, or S3EQ ID NQ:2C. In some embodiments, the
variabie iight chain domain of 2 bumanized AP33 ancibody bmds hepatitis C virus E2 protein,
[0015] Also disclosed is a variable heavy chain domain of a humanized
AP33 antibody comprising or-consisting of the armin acid set forth in SEQ ID Ne. 3. SEQ ID No
3 represents murine CDRs grafted onto 2 humam Tramework. Advantageously, the human
framework is modified by backmutation at one or more of positions 30, 48, 67,71 78 and 94
thereof, to match the equivalent positions in the monse genome. |
[0016]  Suitably, the amine acid mutmtions are substitutions, for example S30T, 148M, V67],
V71R, F78Y and RB4L. Ir the forgoing, the movse residue is represented second and the puman
residne first thus, in the hmnanié.ation procedure; residne 30 15T in the original AP33
framework, S in the human framework employed, and T in the backmutated, humanized antibodﬁ
frazneworic

[0016a] In one aspect, there is provided a humamze:d antibody that binds hepatitis C virus E2 protein or

an antigen binding fragment



some embodiments, the humanind antibody OT humanized antibody fragment comprising the variable
heavy chain domain binds hepatitis C virus E2 protein. In some embodiments, the humani7ed antibody
fragment is an antigen binding fragment. [0020] Also disclosed is a humanized antibody or humanized
antibody fragment comprising a light chain and a heavy chain, wherein the variable region of the light
chain ankthriariable: testiomaiithe ebvyyohairtigen asrdefinfeatsovehelnsomeeimaadiments, the
humanized antibedy ok manized iantib odynftagprent compiisingrtheyariabte regiem gbithe light chain
and varigble regiof of the eawopincbinds hemstitint vikischd ets-dsemagmbagiments, the
humanitBd gatihody kaarentafiereqlis ssiesler Aumiihe gy cansistiag ofa Fab fragment, a Fab
fragment, a F(ab"), a scFv i .In some embo ments?ﬁ%ephumanlzed
antibodf‘fﬁi‘bﬁ%?ﬁé%%”ﬁr}%@ﬁ’éﬁgi% #Qg& ﬁp[ ] fn Ylother A5pttthere is provided a
nucleic acjd.comprising a leotide sequ encading, the.variable heavy chain.domain and/or the
variable%%%f%h ¥ 0%5? #o mé%‘.%}%%%?%%% antibo ?%%%‘?ﬁ}agﬁnﬁ’,ﬁﬁﬁ n{g’;I ﬁ%%mrﬁ% ﬁgc%%eéreof as
describedrébowed jpg2t}vdserdistiosedyisiSRudRI QEl8: SEQUENTO dhatdinBPth@ varidBle light chain
domain. [0022] Suitably, the nucleic acid sequence encoding the variable light chain domain
comprises or consists of the sequence set forth in any of SEQ ID NO:26, SEQ ID NO:27, SEQ ID
NO:39, or _ o

3a



SEQ ID NO:40. 100231 Also disclosed is a nucleic acid sequence encoding the variable heavy chain
domain. [0024] Suitably, the variable heavy chain domain comprises or consists of the sequence set
forth in any of SEQ ED NO:30, SEQ NO:31, SEQ ID NO:32, SEQ ED NO:33, SEQ ID NO:34, SEQ ED
NO:35, SEQ ID NO:36, SEQ ID NO:37, or SEQ ID NO:38. [00244a] In another aspect, there is

provided a nucleic acid comprising a nucleotide sequence complementary to the nucleotide sequence

as descri@d&%&%@ﬁ[@éﬁgﬁm@%ﬁé&%g‘é}%é&%é\@ ¥h %?’5??8 S&YubreeEdadiiy the humanized

antibody dn komanizethantibtey fragiment pshdinsisineth be einmL0R26] Aisendizelossmds a nucleic acid

sequenceh%gmgwaﬁy tpoégg nucleic acid sequence(s) described herein. [0027] Also disclosed is a
t

nucleic acid’sequence atis capable of hybridizing to the nucleotide sequence(s) described herein.
[0027a] IN¥HEthélsasiveloscihe rchimnprizoiadmdcntbroantadrimgode nucleic acid as described above.
[0028] Alsesgissiosahisia CRiRek0LR VesiahERmRsisiagithe nudsic.agid spauence(s) described
herein. In some em oig‘inmetsntgib@e vectgrafrdumjgher C(gﬁgses an expression control sequence.
operativelJITRET 16 ThE Rliciee A8t &Rc8aing the VASBIE Rt e s thbrraremstarke variable light
chain regivariShiftépiy rsmdiveeopis nrepsinss siom EL tontdin Samere sbodiments there is provided a
recombinaptcell containing 1he consirusharvaciar oEthe eleventh aspect. In some embodiments, the

cell is a eukaryotic cell. In some embodiments, the eukar- yotic cell is a CHO cell. [0028a] In another
aspect, thEi&I W phgidistioscrde o rbirardcatibuienmeptiredanstordss described above. [0029] Also
disclosed imgnearsingsaaunogiencadingdhea variableskeavscham sdescribed herein.

some embodimenté, the humanized anfibody or hurnanized antibody fragment comprising the

variable heavy chain domain binds hepatitis C vires E2 protein. In some embodiments, the

humanized antibody fragment is an antigen binding fracment.

{0020} Also disclosed is a humanized antibody or hﬁmanized antibody

fragment comprising 2 light chain and a heavy chain, wherein the variable region of the light

chain and the variable region of the beavy chain are as defined

above. In some embodiments, the humanized antibody or humanized antibody fragrent

comprising the variable region of the light chain and variable region of the heavy chain binds

hepatitis C virus E2 protein. In some embodiments, the humanized antibody fragms:nf thereof is

selected from the group consisting of 2 Fab fragment, 2 Fab' fragment, a F(ab’), fragment, a

scFv, a Fv, and a diabody. In some embodiments, fne_humanizsd antibody fragment is an antigen
~ binding fragment.

[0020a]} In another aspect, there is provided & nucleic acid comprising a nucléoﬁde sequence encoding the

varizble heavy chain domain and/or the variable light chain domain of the humanized antibody or antigen
binding fragment thereof as described above,

[0021] Also disclosed is a nucleic acid sequence encoding the variable light

chain domain. | |

[0022} Suitably, the nucleic acid sequence encoding the variable ight chain domain COInprises
or consists of the sequence set forth in any of SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:39, or
SEQ ID NG:40. :

[0623] Also disclosed is a nucleic acid “se"q{ience .encoding the variable

heavy chain domain.

[0024]  Suitably, the variable heavy chain domain comprises or consists of the sequence set
forth ir any of SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO.32, SEQ ID NO:33, SEQ ID NO:34,
SEQ ID NO:335, SEQ ID NO:36, SEQ ID NO:37, or SEQ ID N(O:38. ‘



[0030] Also disclosed is an amino sequence encoding the humanized antibody or humanized antibody
fragment as described herein. [0031] Also disclosed is an amino acid sequence comprising the
sequence set forth in any of SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:10, SEQ ID NO:11, SEQ ID
NO:12, SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID 140:16, SEQ ID 140:17, SEQ ID
140:18, SEQ ID NO:19, or SEQ ED NO:20. [0032] Also disclosed is a process for preparing a
humanizegeniipady Gempristnghthe;s af . @-Rrovid; host cell transformed with either (i) a first
expression vector which g?;coagggsghgﬁgﬁble light %\égi&rr}%llglrﬁlg%%aann cgegté%%sr? S e
which encodés the variabie %eavy ¢hain domain according to the preceding aspects; or (ii) a single
expression¥édton ixhitstlesed delesubisth dhva wanalbiedight haimdamain according to and the variable
heavy chaﬂﬁ%mm@pgﬁggﬁg@@ggg&gpg@%@ £0)-gulturing said host cell under such
conditions that each chain is expressed; and (c) optionally isolating the humanized antibody formed by
assembly of the expressed chains. [0033] In another aspect, there is provided a method of producing a
humanized antibody, or antigen binding fragment thereof, comprising growing a recombinant cell
containing the nucleic acid as described herein such that the encoded variable heavy chain region
and/or variable light chain region are expressed by the cell; and recovering the expressed the
humanized antibody or antigen binding fragment thereof. In some embodiments, the method further
comprises isolating and/or purifying the recovered humanized antibody or antigen binding fragment
thereof. [0034] Also disclosed is a h1mmi7ed antibody obtained or obtainable by this process.
10034a] In another aspect, there is provided a pharmaceutical composition comprising the humani7ed
antibody or antigen binding' ft-am:lent thereof as described above and a pharmaceutically acceptable
carrier Or excipient [0035] Also disclosed is a pharmaceutical composition comprising a
nhannaceutically acceptable =trier or dilutent an& as active. Meiechent, the humani7e,..d antibody or
the humanized antibody framnent as described herein.

4g



[0036] Also disclosed is a method for the treatment and/or prevention of the hepatitis C virus infection,
"ortonsing fir nst= of the iarrnRni 7,-d antibody or the huinanii-d antibody fragment or the
pharmaceutical composition as desthhed herein, ha sons -..mbodirnattc the hepatitis vials *nfection is
an acute hepatitis C virus infection. In some embodimenM the hematitis C virus infection is a chronic
hepadtis ®4AslisAhfebadrsa isems!demsadiranes, crmplanstent oftthe hepatitis C virus infection
comprise%&eﬁg@aggé&;@hba@,gicag&jm-h\é@diem In some embodiment, the method further corn 'es
administering a second therapeutic agent. [0037] Suitably, the method for the treatment and/or
preventi0|[1(}?)$7 eﬁgﬂrﬁlé“&f’?ﬁ?d?iHP(S&%W%?%%%@%W%E?&% an effective, amount of the
humanizebvandibiog yo drurrtikodaamitrot yistashed! lord¢he pharmaceutical composition to a subject in
need titer 73] In another ect, there is provided the hymanized antibady qr antigen binding
fragment hegrz%?lé%m eesfcgﬁ egggap ove S‘rml%ﬂséeEL %ﬁ%a%?ﬁléa or preventing %%%easb%?%? Jitt€infection in a
human. [008 Afder distisedd iscomeiristipiaaviiTed-anpitiodytor thddraY m-nt thereof or the
pharmac%g%gm&g@g@gg&(mﬂnﬂ@g&%%@g@/g{w&y@mpgmg%c virus infection in a
subject in some mnbodim-nfs, the hepatitis C virus infection is an acute htpadds virus infests:, In Some
embodim&RRETHRY FRpRtifRTEsRAT CRTRFEERO IS G IR ek aaitisreodingshnteenbls e Some
embodimehisy; itgon aeditr teatriebit ifhepatitis gowiris tifec o wompese sadustngdial load and/or
viral, titer. {0031 AlSOISCOSRAL IR [PEIES g&@%ﬂm@éﬂ%%g%g Qr.the frapment thereof or the
pharmaceutical composition in the manufacture of a composition f6r the tr=tmen andlor Fe-mention of
he-ponds EaYs EPetioR FRRSEBROEITR b e SR Botimiantot s e Patftins Coviadiniptesction is an acute
hepatitis Goaisrististeutionchceme embodiments, the hepatitis C virus infection is a chronic hepatitis C
- yams infection. In some embodiment, treamient of hepatitis C virus infection compiises reducing viral
load and/S1OFf2lIBREeU sttt BRbBamTes: tronbinaniatibrpeemipgifeyastiministerivg sbsecond
therapeutjgoaditiatistQe32atd i aneiies agpech diaitiis provided.ait-comprising the humanized

antibody %ES}Q'[' en bi diré%fragment thereof as described above and instructions for administering
said humanized antibody or antigen binding frapnent thereof. [0040] Also disclosed is an assay

method fdPFABNtIEAn dissivg érpaithipTBiRes Brhirsfiedyraessticacy of the neutralizi:ng activity of
the humanizadanibegyner-fragient tagreaf againgiaepatiis C virus, comprising the steps of: (a)
providing IE“%QU;RW e ar&tibongor fr‘a% er&t thereof; gb’g ctgntacting said humanized antibody or - - -~
- fragment thereo With g%ogﬁelﬁfl td e 1€ eiqare]%p?ccf’ de errﬁinieng whether the agent improves or
enhancesstqgeafficacyrof therh ofidild BTy Bp Wagm8BQtHe ie0flih FeQURINMgItEEMfectivity of
hepatitis Gryias:, 9944 lacRnethen asnest: hese isprpvidedan Asraymatiad:iguidentifying an agent

that improves or enhances the efficacy of the neutralizing activity of the humani 7F-d antibody or - -
antigen biﬁﬁ%B)f%%ﬁ%ﬁﬁ%@ég?ﬁaa?ﬁ%%%aﬁ%%virus is provided herein, comprising the steps of
(a) contagbergjsaidbaistiaed antihoey or antigen bindiagfagmbntthereof with an agent to be tested;

and (0) delsibinaieie: ne AgsRREIRI e G aRRaREe s e allleany gling humapized antibody

or antigen birding fragment thereof in neutralizing the inf,tivity of hepatitis C viru

embodim&rErRBdGaRtdR S Veebi dshbriRE RS e A seom FersEpR e amtibelly or antigen
binding fragseentibesaetiihasyttatizingtar infertiiy ofikapatititsg aMpussioeampared to a suitable
- control. In.some ergft:)cggiq}e

the absencé of the ageﬁt. Tﬁ%}gftA SO éﬁ%@%gﬂ%@g%ﬁ uor%?%ggcg?qgﬁ%?%/%g 'é?/ntqheig tthereotin
variabie beavy chain domain according to the preceding aspects; (b) culturing said host cell under
such conditions that each chain is expressed; and (c} optionally isolating the humanized antibody
formed by assembly of the expressed chains,
| [0033] In another aspect, there is provided a method of producing a humanized antibody,
or anﬁgcn bmdmg fz‘agmé:nt trlheré‘c}f,dcbmprising tgl'-owing a recombinant cell containing the
nucleic acid as described heréin such that the encodéd vaxiéble heavycham -fé;gion and/or o
variable light chain region are expressed by the cell; and recovering the expressed the humanized
antibody or antigen binding fragment thereof. In' some embodiments, the method further
comprises isolating and/or purifying the recovered humanized antibody or antigen binding

fragmment thereof.
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method. [0042a] In another aspect, there is provided a method for determining the presence or
absence of hepatitis C virus in a sample, comprising the use of a humanized antibody or antigen
binding fr nt fhereof %;ggﬁggiged ab €40 43] There is also_provided a method for determining
the preseﬁ%glif hepaztitisSC virus in a Eé‘?aérlnnp 8, Bc[:ggr)%%ngs{}noé %%%Jﬁ@éegﬁ’ the hunianiz.ed antibody or
Immanird@ﬁﬁﬁ&é’ﬁ-hasnent described hm:-thia.. [0044] Suitably, the method comprises the step of
contactingogssampiecientaautbiect wishithehnmaniz ciantibody.or humanized.antibody framnent. In
some emglgdig'nentt)% .thce,‘mggbn?gafqggwa?-rdgornbpgis§s com aringgtoS agsuiggzlgfg%grt\‘}“ﬁr}fl. r%ns},lzdgn%nmdy
embodiménts, the S&ﬁlﬁgﬁe‘ control is an ésrﬁlnb%d%/ W& CrREBH B FREe Mrsemescipient.
embodim&ME3thessultalsteddonmeripesazam sRekmWer tevaomtainHCV. BREF DESCRIPTION OF THE
DRAWINGES00458 - fyque d-showstheshinding of trimpniz.-d and chimeric antibody to the A_P33
mimotope H6. To co,mpakrlg?,relaxiv_e binding of the_chimeric an“gnjbagld& & fhnéjfrlﬁar%‘gﬁ%@agﬁ%vy and light
~ chains Cﬁ%&éﬁ@%ﬁmﬁmiﬁ% FEEHes BEEHmeric and humanized heavy and light chain
constructsapsl thessupasndtantssiersdsedtasennar.bindingte the mimotope HG. me binding of the
mimotop- peptide I-16~to chimeric (Vh/\/1).an p'qré_r_ganriﬁﬁegi antibodies RI-1- h/R.K2bc and
RHA/RK2bc or r;:‘ﬁxturé’smcrﬁshurfi'sr%g“eg1 and chimenic ANt OTESEE ARFPRIT - nPaRvH/RK 2bc were
measuredeby-Pii S2EC10048} Rigtre Zistb erstivei B mrdin g of-Al=P B3R 12 terpephitesHBy o determine if
the heavy:chainnterface residue:Q3%issespansible for the suboptimal binding to peptide H6 the
binding of humanized heavy chain P.:-31 (Q39K) was m(gas‘ureg'k% ﬁéﬁgﬁ%?]gc fs were
mansfectedRRTHT & @ﬁé@%?ﬁﬁ%ﬁ?ﬁ?ﬁ&"ﬁﬁgﬁ VY A RICRbN gheehaivpéomstructs and the
supernatamtsnnereitbetimtoMparedindmng-tothe imptope . 1khe.bindipg. of the.mimotope peptide
“H6to WQ %geo%ggéﬁggpgg é%%%g%gsc% 2 clg_‘ismgric.g.\/h/vn and humanized antibodies RHb-h, -

R_HURngc and mixtures of humanized and chimeric an%%%????%‘ﬁﬁ%‘lﬁﬁ?ﬂl were measured
by RASA. 484 7] Sgiaie &es ArEhaninfh &timergrotiChinverician df hupaati Zed-antibegisio E2 peptides.
To compa&%&gﬁ.@&@/@ﬁﬂ%@g&@&%&%ﬁ%ﬁﬁ%ﬁi&g@@ e%%““b“d!?@%'é JV1, COS7 cells
were transfected with a series, of chimeric and humanized antibody onstructs. T4 Atbody
supernatafife eVe EIBERET 1 ELTS R TP (Re R ©opate Bmemg to the peptides described in
Table 5. [0048] Figure 4 shows the binding of RIC variants to H6 peptide. The minimal number of
mutations! HECBLEARP ST B s e ilpe e iimmicsd ribpdtiorwiiasdénénnitrehby ompering the
binding of kg withethe light cbains RievRikeh, RpAR K26t hechimsaric,antbody Vh/V1 was
included as a comparator to previous experiments. COS7 cells were transfected with a series of
- chimeric dAtFRUMERiZePEdtbBay RS eefbTHebiheigrotutitipedy supernatants to the E2 peptides
-~ (Table 5) wate MeasHselDydifion for nse in fhe treatment and/or prevention of heparitis C virs
~ infection in 2 subject. In sorme smbodiments, the hepatifs C virns infection is an asmis bepatitis O
virus infestien. In some emnbodiments, the hepatitis C viras infection is 2 chrome hepatiis C vin
~ infectorn. In som¢ embodiments, the wse in wearment of hepadss C virus iI;fSC‘ﬁDn compp;s:s
redncing viral load andier virel tter. '
[0039] Also disclosed is. the nse of the numamz&d anibody or the
fragment thereof or the pharmacentical composition in the mannfacture of 2 composition for e
treatment and/or prevantion of bepaitis C virs infertion in 2 subject In some embodiments, the
hepatins C virus infection 1s an acute hepatitis C virns mfection. In some f:mboﬁiments., the
hepatitis C virs infection is 2 chromic hepatits C virns ifection. In some embodiments,
treatment of hepatitis C virns infection comprises Teducing viral load andlor viral fiter, In some

embodiments, the use further comprises administering a sscond fherapenric asemt.



[0049] Figures 5A-I show the binding of E2 peptides to the humanized heavy chain VC variants. The
minimal number of mutations necessary for the humanized heavy chain RHb-h to function was
determined by comparing the binding of Rflb-h with the back mutated heavy chains  RH-C, RH-D,
RH-E, RH-F, RH-G and RH-H..The chimeric antibody.Vh/VI| was included as a comparator to previous
MSSRN TR L T A s st e
chains. ClogRaeiiswsies trambricy e onh B TRTHOEsofE AiF R ARY SHd Marzee antbRsdPeBRstfucts. The
binding ogﬁWg@ﬁﬁntS to the E2 peptides (Table 5) were measured by ELISA. [0050]
Figures 6A-E shows a comparison of h ize tibo?y VC mutants binding to E2 peptides using
% ‘%8%1 afrom Figure \{;\?arf]gréngl%)%gnag ur i

percentagepbiis bimcianpaie: SEsH-Y Oh 61y B FIGIERIE Yt FfCOS EPIZIGAER T I show that
humanizeg, AR33 aptibedigsinhiitd € VaRsiniastionnhewisalization byociametic ARdgipuhumanized
antibodies Q‘f HCVpp derived fro r(%iverseczgjj()?vnot es. HCVpa%vgeEe reincub B?g fofr 1 hour at 37C
with differeieSHCe R LEERuHST R meEne. g%%%lr umz[-in?zg(?I an %%’E?%s“ﬁ??orﬁ to iAtection of
Huh-7 celig=The neutatiziniyacitktyoith e/ setibdby isexpresses aspersentegeivkitibiton of the
infectious.titers..[0052]. Fi A5 )| feuitalizatiop Ry chimetic,AR3 Imanized
antibodiesj1 %?%%E%De?%e%é%%éﬁe%%%%? 5(5% HCVpp werg]gre-incubgted for%lelrcl)atﬁlr at 37C with
different concentrations of purified chimeric AP33 or humanized antibodies prior to infection of Huh-7
cells. The neutralizing activity of the antibody is expressed as percentage of inhibition of the infectious
titers. Results from two separate experiments are shown. WO 2009/081285PCT/D32008/003952
[0053] Figure 9 shows the molecular model of AP33 showing the top view of the CDRs of AP33.The
transparent Connolly surface shows the lipophilic regions in brown. Vernier and canonical residues are
depicted as tapered sticks. The view is looking down on CDRs from above. The Loops HI, H2, L3, and
Li help to form a valley shaped structure that is lipophilic. [00541 Figure 10 shows the molecular model
of AP33 showing the bottom view of the CDRs of AP33. The transparent Connolly surface shows the
lipophilic regions in brown. Vernier and canonical residues are depicted as tapered sticks. [0055]
Figures 11A-E show the binding of AP33 mutants Y47F and Y47W to E2 peptides. The impact of
mutating residue Y47 of the chimeric heavy of AP33. The binding of the E2 peptides shown in Table 5
were used to compare wild type heavy chain AP33 and the mutants Y47F and Y47W. COS7 cells
were transfected with a series of chimeric and mutant antibody constructs. The binding of antibody
supernatants to the E2 peptides were measured by ELISA. The data was manipulated by normalizing
each data set as a percentage of H6 binding and each genotype grouped together. [0056] Figure 12
shows inhibition of FICVpp infection by AP33 mutants Y47F and Y47W. Neutralization by chimeric
AP33 or humanized antibodies of HCVpp derived from la genotype. HCVpp were preincubated for 1
hour at 37C with different concentrations of purified chimeric AP33 or humanized antibodies prior to
infection of Huh-7 cells. The neutralizing activity of the antibody is expressed as percentage of
inhibition of the infectious titers. [0057] Figure 13 (previously Table 7 in 61/006,066) shows
Comparison of Vernier Canonical and Interface residues in AP33 H and L chains with the donor

. € -
normalizedd8ta oM Figure ¢ ther by normalizing each data set as a

indicates CDRs. Black highlighting with white text indicates VCI residues. Dark gray highlighting with
bolded text differences between the VCI residues found in AP33 and 567826, X61125, AB064133,
AB064072 and AY68527. [0058] Figure 14 (previously Table 8 in 61/006,066) shows a comparison of
the VCI residues in AP33 VH and selected human VH genes. Twenty human VII sequences with best
VCI scores, and matching CDR1 and 2 sizes compared to AP33VH. "." indicates residue identical to
that in AP33VH. Black highlighting with white text indicates sites that differ in potential donor
frameworks. VCI /' FW score indicates number of VCI or FW residues identical to AP33VH. Light grey
highlighting, dark grey highlighting with bolded text, and no highlighting with bolded text indicate
non-conservative, conservative, and acceptable canonical alternative residues, respectively. [0059]
Figure 15 (previously Table 9 in 61/006,066) shows a comparison of AP33VH with selected human VIl
protein sequences. This is a comparison of twenty human VII sequences as in

ba



WO 2009/081285PCT/1132008/003952 Figure 14. Grey highlighting denotes Pro residues. Dark grey
highlighting with bolded text denotes Cys residues. [0060] Figure 16 (previously Table 10 in
61/006,066) shows a ClustalW alignment of the best four human VI; sequences. Black highlighting
with white text indicates CDRs, and grey highlighting and dark grey highlighting with bolded text show
differencepetyvecmeenaksandidatesouridanthe s RRSJ006dd-Figrres 174:B preyigusly Table 11 in -
61/006,066), show AP33RHA leader selection and SignalP results with VH4-59 leader and 567826

FW1 [14]. TOHES] Flg S TeAs @m§%€fM@6@®ﬁbWMSMOtein and DNA
sequence yenermtierroF igniesliBAS HoW siAPE IR A RQIH SEAUSRGE gfgggtﬁryi I@gure 18B shows
AP33RHA DNA:sedL , LDar ighlighting with bolded text.indicates CDRs. [0063] Figure
19 (previﬁﬁsly :Fag%y(ie%ag{%goa%%%f gs%%n\%%% b m&%ﬁ%ﬁ%@&ﬁeﬂ&%fﬁﬁ%@@ﬁllA. Light grey
boxes shofFticebi e-traigsTitrehiaestipprosplice Sites 006 4iFigure 26 (previously Table 15
in 61/006, Bag)shownihiia: iicarmnatisen i asualing BURANYK 4e00s.a gepe segment only of

AP33VK and hugr&a\p eﬁnllngc%%%gg{ Comparison of AP33VK with human gennline V genes shows .

that this CRT Terigth s hEPTE SR ST hy A i AL VAR Getieans Firhiirgenniive kappa genes
have the Samensizen@bRY doepieDREigumRimde thtecbiith blask-highlightingvandwhite text,
HighlightegE%ﬁQ/sQf halded tesidues highlight the differences between a.conseryed proline with V genes
with short CDR1 loops and%?ose with Ionger»lpoogé. 0065] Figure s(ﬁ?%\%ﬁé\{‘ycfgﬁélﬁ in
61/006,068§ SHEMEFEFRGRE FrRammatorri Fiths ERRGBsizentOnly 6 "human”, VK sequences

~ with matchspgeganapigstitRepiiengtbs tounddnthedaialasenyere either phage or humanized
' antibodiesm;él'oi@dicates residue identical to that in AP33VK. VCI / FW score indicates number of VCI
' or FW residues identical to AP33VK. Black highlighting with white letters in AP33K indicates
unconsen/Bf +akie eE 0BT Figtit és PR ((srdviowsip dTablistginif 1006:066) ahbwsdlomandiko
(includinghifferentGRR lolepgihs)swike bidh\Ghiscoras, FYeAUman:YiGsequenses with best VCI
scores an&@?};gmggngRz size compared to AP33VK. "."indicates residue identical to that in
AP33VK. VCI / FW score indicates number of VCI or FW residues identical to AP33VK. Black
highlightirigodath Theite delie gsoivided: 2t dnche deasrsites: thapdildesein potential donor framework. [0067]
Figure 23A-B, Fi 23A (previously Table 18A in 61/006,066) shows AP33 VK and human VK
sequenceéfv% aér%gr?%éﬂiﬁémﬁjﬁ%? e. Ufg“ ﬁ%%ﬁhﬁéﬁwgga?é FReheated Bymaniskdrey highlighting
with boldediasdy Bresletigsstigheiveeamith white text, and light grey highlighting, respectively. Figure 23B
(previousl le 48Bhip £1/006,966; }@Q@u stalb\ alignment of AP33 VK and human sequences
e cDF?;L size. dentity ofﬁ%%%?%%%%ﬁé% gIbB T 8B E T 1E5008/003952

=

with non-matchins : 2
~ indicated %%inﬁ”d%géﬁ%“aﬁ‘%w‘&ﬁﬁﬁ‘ﬁ?  BERY RS Hiffera raboiitengtiBlatiohigtiighting with
white textdrriisitescenpiffereneeuiralaGitrasduengrexnvithubelded texkis a pan copservative change in

X61125 o AY6R5279. £W4 KL f X84125.]s very.unusual and is likely to be a sequencing artifact,
and may be IC%%%C%&%%%%? g%:’o%lﬁ%% #&?ﬁ%ﬂ%ﬁ;}%éﬁ?@“&f‘(ﬁ?@{ﬁ%éﬁwﬁéble 19 in

61/006,088) ERSWERE BFXP33 VK and non-VK4 human VK sequences with longer CDR1. Twenty

human VK nonVK4 sequence%%g Bgﬁ&@ﬁ? res, matching CDR2 size and longer CDR1 compared
RSB GREWhESRES

to AP33VK. VCI / FW score indicates n idtie®identical to AP33VK. [0069]
Figure 25ggreyiously-T able20:in 6 14006,880) shows AP33 VK and human VK nonVK4 sequences
with larger CDR1. Cys, Pro and CDRs are indic_ated%% TGSV G R HERGwRIPHBIREY text, black
highlightirifwifh oEE e writneghe ) 85 FrapS R orasp dtivelbenio7RFiguteg6 (previously Table
21 in 61/086iR68)y ShenlisvwahssialyitakgataentotAR 33 MK 200 NaR-YK4 hur S@%@nces with larger
CDR1. R%ﬁﬁﬁ‘%&jgﬁ{lﬂ%"é 10 AP33VK %r%_iptdicb%t?dﬁby a dot, In the top 7 sequences, conservative
changes are medium grey aﬁdlﬂo‘n conservative Chaiyas sadegogheynioprs Bfe Tt grey. [0071]
Figure 275(BfeRa60SK Tasfe2 X061 /006 068)sh (Ws AP aaRItAAesgmIsHguman framework
X61125 apgt AtE8R2EAARIedicted:signal pratease clegye fesult [204 with VKIV-B3 leader and
SN e

X6llZS-A%’?GAé%@é%\GGGTCCCTGQITCYAGCTCCTGG Y.
GGCTCTELGHE EReFeageasured by ELISA.

{0046 Figure 2 shows the binding of AP33RH] o peptide HE. To determiine if the heavy chain
intsriace residue Q39 is responsible for the suboptimal binding to peptide Hf the binding of

burmanized keavy chain R¥I (Q39K) was measured by ELISA. COST cells were transfected with
a semies of chimeric and RHI heavy and RE 2b light chain constructs and the. supernatapts were

used to compare binding to the mimotope H. The binding of the rmimotope peptide HS to
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[0072] Figure 28 (previously Table 23 in 61/006,066) shows predicted signal protease cleavage [21]
result with VKI-012/02 leader and AY685279-ATGGACATGAGGGTCCCTGC

TCAGCTCCEQ gGCT(Q‘,CTGCAGCTCTGGCTCTCCGGCGCCAGATGT 1;@%]?“ Sgure 29 (previously
Table 24 in 61/ 8& 88%1)2 shows predicted signal protease cleavage result 2 Pé4t2a17 leader
and AB064133 FW1. [0074] Figures 30A and B (previously Table 25 in 61/006,066) show generation
of AP33RWA‘@@%@W&WR@WNW&@I@WMM@W@@%M@@@@B shows
AP33RKA &h&ﬁms&m%mﬁw@mwsm@g%%@%@@@mIlghted [0075] Figures 31A-B
(previously, e# in 6 66).s 0 tlon of AP33RK2 s e. F| ure 31A shows
AP33RK2 Jo%t? pir ueésr%é%%i% gﬁare %E@Bﬁ Ecﬁéf?cFe J&Ri&tion. CDRs are
highlighted? T@G?’BFF@W@@ B@AHE (’é#b@/mrsﬁm abibOQthtEﬂm@@%@)ashmsg%Hémn of AP33RK3
sequence. fmur&%ﬂm%%%%%&%ﬁm Fhafin ZIQUWRIRRE SHWR ARRSRK3 DNA
sequence% eration. CDRts are hi hI| (er /7] Figure 33 (prewously Table 28 |n 61/006,066)
shows AP DRAEEGHREE gen’\eé {g%rz’i‘%!" *fithiRgRag. binfee to the peptides

2009/081 28507 BERGG37003952 [0078] Figures 34A-D (previously Table 29 in 61/006,066) show

APSSRICAOMBPS R ABRARIGR ik BBAIRI AN SepAca Y laadsts GRRS are Mighlihted
[0079] Flgure 35 Qprewously Table 30 in 61/006 066 shows roteln sequence of AP33RICA

with leade HRIRPYPESFHBRSTES ‘é‘g?'f’ﬂ%?%‘ég’?fﬁf fﬂé&rﬁf‘?@rﬁ Ernedy R pRERSr
unwanted Bahidirg RSO RifuieBe preREIsBKPabie BRKAGTHROGiH66) sitihwdyDNA/RN protein

sequence gt ARTARKZ wilhisades. bt rex boresencesarLbaniadiyeleqias o emove crypic

‘splice sites or unwanted BamH1 sites. [0081 ure 37 (previously Table 32 in 61 8%6) shows
DNA and (otEcEEqae ATRIIZAHASRICY cosstlct TR Rpag R B hadtmpeveareie Bisdmutated. No
splice site pariigaflebatSpvinythisad8@68RY Eigare 38 (previously Table 33 in 61/006,066) shows DNA

and proteiggggiue 8§§E§§ﬁ>§rﬁ%@§&f L [9D83 El Ures 39A-C: F ure3 As s AP33 and
RH-C/RK2 r?gﬁutraih!%egltlon of Conl H s me§ ét by p%%cénﬁﬂﬁ?ecﬁ%w gur 9B shows AP33

and RH-CNSE%H Fewangzﬂ.awwﬂefw@%%w&sa%f@dwwﬁmﬁ@wﬁﬁw 89C shows the
EC50 (pg/mﬂx)rmﬁﬁv%&and:ﬁﬁlb%aiﬁabugmgai@aﬂ}gaﬂméﬁmhﬁn@a HO84hRigaes4 Qhufes Figure 40A

shows AP f as measure rcent infection. Figure
40B showﬁ%%%#d%ﬁis@%ﬁ% neutra |zat|o%§$1%% Vee glémmareltau%ljﬁj et%g{ﬁpercen ?riﬁ%ctlon
Figure 40CSSHSWR M EC BT (94/ s sreap 3nddhel mmeaRidgl cingREabt aneuselidisc.

with all the humanized heavy chains. COS7 cells were transfected with a series of chimeric and

humanized antibody constructs. The binding of antibody supernatants to the E2 peptides (Table
5) were measured by ELISA.

(0650} Figures 6A-E shows a comparison of humanized antibody VC mutants binding to E2
peptides using normalized data. The data from Figure 5 was analyzed further by normalizing each
data set as a percentage of H6 binding and each genotype grouped together.

[0051] Figures 7A-E show that humanized AP33 antibodies inhibit HCVpp infection,
Neutralization by chimeric AP33 or humanized antibodies of HCVpp derived from diverse
genotypes. HCVpp were preincubated for 1 hour at 37°C with different concentrations of purified
chimeric AP33 or humanized antibodies prior to infection of Huh-7 cells. The neutralizing
activity of the antibody is expressed as percentage of inhibition of the infectious titers.

[6052] Figures 8A-B show the neutralization by chimeric AP33 or humanized antibodies of
HCVpp derived from genotype 5. HCVpp were pre-incubated for 1 hour at 37°C with different
concentrations of purified chimeric AP33 or humanized antibodies prior to infection of Huh-7
cells. The neutralizing activity of the antibody is expressed as percentage of inhibition of the

infectious titers. Results from two separate experiments are shown.



[0085] Figures 41A-B. Figure 41A shows the results of a neutralization assay using Conl HCVpp in the
presence of RH-C/RK2b and 10% normal human serum (NHS) or sera from chronic HCV-infected
patients (CH%z’&a?é%%%i{CHC'Z)' Figure 41B shows level of binding of NHS, CHCHS-1, CHCHS-2,
and RH-C/RI CV E1E2-reactive antibodies by ELISA assay‘i%THE%@}@é‘l%’éﬁ%om GT1b
(Conl) EIE2-transfected 293T cells as measured by absorbance (A450). [0086] Figure 42A-G shows
the amino H4PAnFHIISOHIY SBE dekabomrlfRIMFSd Settesie tanatitey chdinSBRTable 8.

DETAILEDAPESGRIRAIQNOFTHd By NMERITGN HeAptifanias O8] haiikodigs.arg naturally

occurring immunoglobulin molecules which have varying structures, all based ypon the
immunogIo‘faafjﬁ}%l(i‘?)illr .S’é{é?seaigrr? Véle 1%3(.&; Ilibo %g'%ﬁggﬁ\s@%ﬂg\‘% %8“5%0 \K%Sﬁlaﬁh%"%nd two
'light' chainstteteRfd disitphidenBéddetp fo forme afirictioped WOr2O00/G8HRBEMC T/1B2008/003952
antibody. GosSefeayaITh kb i el A ABISeA YCHRRIALTHELAGH. Ay arighlebRO) region. The
V regions determine the antigen bindi ecificity of the antibody, whijlst the C regions provide
T i s m%npcgnno-lé%’flg B-Epe ﬁ{]cﬂiﬁ]fg RO R AT R & SHSERSES. The antigen

S
structural support and OREGoN i hon-antgan-Spec
binding speaifigieg! otsédnesnib desiatrdamtiapereditickng fragment of an antibody is the ability of an

antibody opdesgment-tharent 1o seecificalivibing ip-esRasticuaraetigen:(RR88ET he antigen.binding
specificity of an alt]tlb%d. is de&er%}iﬁ%t@%ﬁthﬁ structural gharacterlstlcs, of the V region. The variability

is not evenHisthBUIed Scroce th TRBRE geapant Srtthd Varimtingsitihnme? ietiss, the v
regions cos#isignot dakitivekeinvsaddnrsmpicheddoajieiciranckain kPidgiohtd FRenaf EBamino acids
separated pyzshartssredionseiextema varahiliscrlad.nenvaable agieps.hat are each 9-12

-amino acidgs lang,, The variable domains of native heavy and light chains each comprise four FRs,
largely adc;[%’ﬁr}\’éf?%“ig?ﬁgﬁ’ggiogéﬁﬁﬁ%?ﬁﬁﬂﬁ,%&?%ﬁ%“ﬂ?tﬂ?é%%@ﬁ%?a@l@%ﬁQ?‘\ﬁ/ﬂ’i%*’n form loops
connectingpauipliriesdmeccasdsidgnaihgquast: of, therdbishecifSitibitmg Thedypasvariable regions in
each chai g@é&q@égggther in close proximity by the FRs and, with the hypervariable regions from
the other chain, contribute to the formation of the antigen-binding site of antibodies (see Kabat et al.,
Sequence P8P rofdmLed maTisholion thtdrder Bircten PUARS HRURRSSHERINATShal Institutes of
Health, Betvesalizalital. H{l Q8ipkid hE3cansianimemainsddte boHIOVved;ditemsiy in kndiRg an antibody
to an anti ibi ' r ! sueh as participation qQf the.antibody in antibody
depender?%gal ?g{%#gr% é%?g%‘(é%ﬁ% Afgfé?c%@ O%ggit? r{% i%r#eﬁ em go |%%%{E%s{??ﬁ8?ﬁ%é?v§%%?écregions are
the amino &3d Pelmitredzed arfibedisveRrivRivieaie esPamdiprsor e meyariBnarediTies thypervariable
region mayntibadpiisexpizied acidreesisiies Hpikin cOmplemaniasibedetermining region” or "CDR" (e.g.,
around ab sidues 24-34 (1.1 =56 (1.2 -97 (L3) in the VL, and around about 31-35B
(H1), 50-6@%—@) 3#83%6514133? ri‘é‘?sf? %ﬁ%%/b‘%@étg ’eatﬁg{s,ﬁggéué)ﬁl 886F ﬁ?&%‘?ﬁ?o {3l ological
Interest, SHREACHsIE st S8AKERand Atidats it thedospHeattncBetMewd £, 1N id08ey) and/or
those resiguasfiesashypery anmilelaop 1 (610 sresifnasifis 2dlchleS00p2 Bi2hand 91-96 (L3) in the

VL, and 26-32.(H1). 52A-55 (H2) and 96- H3) in the. VII (Chathia and Lesk J. Mol. Biol.
196:901-9%%3%&%W%@§5T£Eﬁ3’gﬁr@l%ﬁfon yl(ﬁlséga V 'c@%kﬁfg%i%@%%fgﬁ%ﬁ%?ﬁv determining
regions ("GiRerceshetistmhick Gontitdnes SuhdpeARITabI60129, B0 26uARHERROrk regions. An
antibody bimtingysitesdheyaipimal structural unit required to bind with substantial affinity to a particular

desired antigen, will therefore typically include t r DRs, and at least three, preferably four,
frameworEHkgé%ﬂor:As%%‘fé?slé ?éeévd}ig‘# rd Btk 1&%@@2?%‘5?3%@&?8%B%Egeiﬁ/%ée%fﬂb%priate
conformatiohPEtaéEiend felacelavmantiboglies, SvehtrbuiRB3]ragesartigeth BAROVCI scores,
2009/081285 RGIHikE320R 8003852 bingi [ ich; are g 2 V- doamains in
cooperatio % ﬁ gﬂéa %b %ies, suc%g%%ragzﬁgg g}%{k a%%%%%%%%@&%ﬁ%%ﬁﬁgms and rely on
binding sit/ér%3 o‘? Ztg%g 1§% FrOR&IKNIORIV e SR Bt aitrS i lErE i pRIFREbEBHUIINS can be
prepared irewencitkth & Bindifgssites mliesfermahbyehPalydidinsdndighitahains afo®rn absence of
cooperatigR.RENCHEL Yl ad M L0 ;hﬁgﬁﬁkigf{l%{tﬁ&ﬁeaf%§ﬁ%L&gg%%ﬁﬁé&g}“n RShCRimy, unless

otherwise indicated, the numbering oﬁﬁe residues in the constant domadins n itrununoglobulin
heavy chdffiP I OIPEEEF IS SemsRalys: Blaccailirraedisn pigrmarestiidittunological
Interest, SHsectiielyblic Health Service, National Institutes of Health, Bethesda, Md. (1991), expressly
incorporatgggerein hv.reference. The EUin | bat" refers to the ?iﬂ.{ﬁ numbering of the
human Ig@l EfJ antibod .‘%‘Fhe. réig}l-ﬁugs #ﬁﬁe%@bi%qg%%%rg“ﬁsuarﬁgg% Sgggérg‘ ing to Rabat numbering
unless sedfieHthIyPHYer OB &GSy tERS i§ spemreiny pidikeredioman Vi sequences as in



[0092] The antibody or antibody fragment described herein may be isolated or purified to any degree.
As used herein, "isolated" means that that antibody or antibody fragment has been removed from its
natural envir e é&ls?%me embodiments, contaminant components of its natural environment are
materials whic Wouf Interfere with diagnostic or therapeutic uses for thé’gﬁﬁ%ﬁwgﬁﬁzmay include
enzymes, hormones, and other proteinaceous or nonproteinaceous solutes. In some embodiments,
the antibody&Rif L Grwmksiig inesiostes Rrassites bk ashinis st yitbddst trined by the Lowry
method, ardnstesCprefasakly more than 99% by weight, (2) to a degree sufficient to obtain at least 15

residues o N imilg | gr.internal ami id se y.use of a spinning cup sequenator, or (3) to
homogeneﬁty%@ SD -PﬁAié‘] " 3?Ené?£3%ﬁ§ Iarég]}é)ﬁ}gg)gblﬁfr?gwc%ﬁ8%8%@%@%8'&5?#;@?835Iue or,
preferably feif@ataihu rearsrses Hatiobightisitioe vithevaritrdiniticsits GhiRinandegmybinant cells since at
least one aagingnigtal heanibagysnasmtienianmenilbietheLmwsent, @idinarily, however,
isolated antibg Xwill %e pIep, by at least one purification step. [0093] "Purified" means that the

. candigates ogisid . . . . ) . . .
antibody or anti oaﬁragm_en as been increased in purity, such that it exists in,a form that is more
pure than 08&13ts FigwschaTurd eraiioridiablarid/or 660,06 faty s yitbrRize ttakdlereamplified under

laboratory GRgiitiaIs:Rikk tyiig a;mlg@iy&ggrgg@g@;gggsﬁpfm{cessariIy mean absolute purity. [0094]

Antibody " or functions!' refer to those bjological activities attributable to the Fc region (a native

squegcg 'ﬁ_%%}gﬁi r?ﬁﬁé%@%gg ﬁﬁ%e\/ 3%@2@?@83% ﬁiﬁﬁﬁ%d’ff?‘ﬁgﬂﬁaé:&ith the

antibody isefppeceRraaratiers B anstibadshetiesitr tiposiin L inadE gard gBrERiement

dependent«%ﬁt@?ﬂ@ﬂb@i&&@&@@?ﬁﬂaiEq}i&%i%flﬂgﬁ?%ﬁ&%‘lﬁeﬁﬁ&h%?lk@%‘%ﬁ%‘é égs&ggf)xicity (ADCC);
ors (e. or);

phagocytogg?é:g)w @r%gul ation of cell surface receg g. B cel receﬁgrmr_ and B cell activation.
wo 2009/89%355 13305052 10605 SEAMLIE) - Hepatdih red Prveaisaenspsioxicity” or
"ADCC" refdBSRdia forghiafaybotexiditwinunlhicidessdagiadilg kaivd antadspiteceptors (FCRs) present on
certain Cyl@jsgge Cﬁ'ﬁ;ﬁ@ﬂ}(ﬂ}@%ﬁ@iﬂuﬁ% (K é’ﬁﬂée,ﬁ@%&ﬁ@@l’%@@% %‘%ﬁ? ﬁg‘é‘s ueg%?tfnab'e these

cytotoxic effec}pr cells to bind specifically to an antigen-bearing target ce sequently kill the

target cell SFHR R BIBEhY SFraaNYiIS505 ST EF AL OB EERIN K cafidupen gesndingaieresly required for such
killing. The& pripaaisprced|4 ¥83 ViiediatingoAbDgmINK\C eliscsakprasadeyRUbRIK Whergss monocytes
express F Langd ECYRIY. ion_on hematopoietic cells is summarized in Table 3
on page 46 ofegz%e caf?_gﬁla <in%el# _ er:&rﬁﬁé%%%%%ﬁﬁﬁ% 69?(3%{27 ???L%@Vf) cs)aglgssézsesaﬁééc activity of
a molecul&8PiffeRdSp R isificonivt Kirdack bighlighiine aad whitadadriblistilishgdsindiar bNded, 500,362 or
5,821,337revidRrasiighisht t(Ralifientcf 34,056 naydevpepammedit/sefeifgsionsetipiar such assays
include peripheral Bload mononuclear cells (PBMC) and Natural Killer (NK) cells. Alternatively, or
additionalklié, DCC activity of the molécule of interest may be assessed in vivo, e.g., in a animal model

such as tHAPERdcIdEsws? CRmEs whal alpnA T RS 06 b9RB5 8 (L9983 §0DOBI! NEiman effector cells”

e cotoam o S e Sl
express a and perform effector functign. Examples of human leukocytes whic
mediate A{I}I])%QC%?E% ué’i’éﬁrﬁé"npﬁé‘f‘ giice am:?boé' Eﬁﬁﬁﬁ,r?fé?ﬂ?é??}ﬁ&?l(‘ﬂF%‘)'“d@lls,

rarbiood mononuciear cells (]IB
monocyte S FEVTOtoXIE T E&Yiscarrd rdiaites phibenthvVioB M CW aemidhic idetischising B &BthcK he effector

cells may highnglatecfammRIve SONFASKE,Gic{amRioadIIQa7RIES receptor” or "FcR" describes a

receptor t inds.to the, Fc regio tibod referred FCR is a native sequence human
FcR. Mor?g‘\}/égj,n a%‘r%lfrgr%ép Eé’rg"fér‘]%o%té%mzh“éHﬁ%%Egﬁgﬁom%%w(X%&ma%éa%%ﬁ and includes
receptors ePiklFeiR) wdyRth ¥hlsFoyR Mvsubclassesy fetgoing:atiélicovariabiscand akiernatively

spliced formephihesrIgnRRInREeYRNERARION NFlude-ER A a0 Reihypling secaetor) and
FcyRIM (%ép itin rece((%}or ), which_have similar amino acid S?}[;%Jencest at differ p

‘ ) rimarily in the
cytoplasmicdomaitis thEFaot & SRR §Er S EE BESTE B ebsitispldombimiindiskeptor tyrosine-based

activationneblgkHRA Mt cistopids it Hidadivatahibitint reteptorrioeyRil RGN fRins vk,

immunor r tyEQsinesha inhibHi ' indts. ic domai review Daeron,
Annu. Re??glgnﬁ?nuhﬁo : 15‘5%%33?‘;%%[(]%%%%&%%% %ge%%g}\?iégv%ég ?ﬁ%ﬁ%ﬁi %r?g k%{rlfé(?s %A%r? ﬁ\é Rev.
Immunot 8F%7- 85 sreerpree Kk nat-FraiGHing (ot sifb vy Bro-and (9B a praindierschibndak al., J. Lab.
Clin. Medgt26i8B0eHin 1085 po D eexEaRekinighiingnghome nibedge nidiashiniherfutumsdage

encompa - n " in, t .alspd the neonatal receptor, FeRn, which is
responsibﬁe g?ﬁﬁﬁ?ﬁ%ﬁﬁ%? g%E%%g?;gr?gﬁg%kgetggt%‘énfg%%a u egrh(é %ﬁ?tﬁﬁélgn eite
2000/081288R ¢ AMIneDrIssE i Rer MarchEE Cle)iendiritiselatsidud arBpbls 24:249 (1994))
and regulates homeostasis of immunoglobulins. [0098] W000/42072 (Presta) describes antibody
variants with improved or diminished binding to FCRs. The content of that patent publication is
specifically incorporated herein by reference. Seelalso, Shields et al., J. Biol. Chem. 9(2): 6591-6604
(2001). [0099] For binding affinity to FcRn, in one embodiment, the EC50 or apparent Kd (at pH 6.0) of
the antibody is <100 nM, more preferably <10 nM. For increased binding affinity to FcyRIII (F158; i.e.,
low-affinity isotype), in one embodiment the EC50 or apparent Kd<10 nM, and for FcyRIIl (VI 58;
high-affinity) the EC50 or apparent Kd<3 nM. Methods of measuring binding to FcRn are known (see,

oan Chetie 1007 Hinton 2004\ ac well ac dAeceribed helow Rindina to hitman EcRPn in vivva and cariim

et




[0102] As used herein, reference to "about" a value or parameter herein includes (and describes)
variations that are directed to that value or parameter per se. For example, description referring to
"about X" incIH%e&&%ﬁfhgtion of "X". [0103] As used herein and in the appended claims, the singular
forms "a,"” "or," and 't?1e include plural referents unless the context clearl GHEBEEs/ S Rvise. It is
understood that aspects and variations of the invention described herein include "consisting" and/or
"consisting ¥HeErdiaNy &t srsheerdhightishsralBs snditaiedifRaansastib defigh. Plok highlighting
2009/081285R GHB2QRHR3052 f0ddd ThevaresentinyRyticH RuNidesaihwmanized anti-HCV

antibody based on.AP33. Ge th ibody wi is least three recognizable CDRs or
hypervariable | &)%sv%?\%n el@ﬁ%@%@f %%?é%y%ﬁ%@%ﬁ?ﬁ&ﬁ%&%ﬂ? fBA4S and will retain
the ability BNt ProAEEHS IR e athtian &y BIFTEOMEiEde AlRfhis chaimroonstetift region and/or a
heavy chajpasspstaiviegiop-arsierihsatin B RI0ERRIeNR Veymanized,antibady vgiers to an
antibody ti}j%tiﬂggl{;g%s %t lgg:;Sti e hgmﬁe antlbgd chain (i.e., at least one humanized light or
heavy chain - Such as &t least one famanized Vet ?%M%P%Y%ﬁﬁ@%ﬁw #iiksst {6ios] The term
i‘humanize‘éffﬁﬁfﬁméiﬁm.é@?aﬂmMnﬁ@_ﬂlmmmgwﬁﬁﬁght\ﬁhmlﬁ"?\bsdaauma&md _
immunogleRulhgay: ehein kieirLs dogr.antibpdy ghain (i.e., a light or heavy chain, respectively)
having a Vﬁ%& ie r (1%139 ré%at includes.a variable framework region s(substantially) from an acceptor

0 co

human an an (BIRARFy Gl S AHEURREh e RIS ¥ andt humap SKerePR, preferably
two CDRs Yi6requrafesabitl irgee(DBR <) suBstandi ARE am iadiarehbyiark dend gnighedy (e.g., a
mouse antjpady)isand qpiienallituther bgludes constanpt.redi .Jleast one constant region or
portion the{r gf in ﬁ%ﬁge of a)_élli‘fgét ch%ain a%gﬁﬁg%éﬁ%%gg%@&&%; r%‘gl f‘%@?%s §c|r§|vﬁi1)yé case of a
heavy cha @ B U SOJRIYIPSHOHF o dn PR SR RN alisnsmspie BIIOFK may be
mutated to:mdateh (ke hesituegipresenttinisherdobii fraseivorienteineseass viogdingatialy. [0107] The
term “humgniZgs YRRS QRN 8 o LANIZRAIIANL Cainyaable teglon. o hymanized heavy
chain variable region”) refers to a variable region that includes a variahle franiewor region
substantiaﬁ?ﬁﬁf‘éﬁ%"“? ﬁ%&”ﬁya%ﬁeal%‘c%i*ﬁplementarity determining regions (CDRs) substantially
from a noriéiéaantantibetyp LSl Thelaonihdmers des)chantibedYRE Ardsgdativeg fiemithe
monoclon ' ' 33. Th bridoma secreting th 3. al antibody is
the su bjec%l%ﬁf%u%g%%g? 2%@% tqéggsl%:gb%sefhf ?eeé;l}'t/1 %% ﬁ{%%ﬂ?g%g‘éen %%?ii%z(t)l Wof%ﬂ% ltures
(ECACC, EXKn8 SHed AR CSLABEAC AR el PSS 1RGE CEEEsTRCIGIAGHEFE D006,
accessionGLeErQs 22401 AJAT69] Humanized antibodies are less immunogenic than murine or
chimeric anptibeodies, Chimeric antihodi -.antipadies that include an entire non-human antibody
variable r?a@?(?fsl)fliinl?é f%%g?'m?r‘{g}n Sc%n%%zler?%r%%?ér}ﬁ rl‘%é’ ?}r?oc‘:’hslﬁ{{égﬁ%%dn IBBIRS & C/5H38Te region is

from the nerAETHAN HohEF UAG et rab AN RTP 14 ForsRAThAMEHETAMBBARs and methods for
making thexmaase testaoestor farexenptediocdiat chcadcBeiadRfs$1: 6841-6855 (1984).

Although anbe less immun Ig than e mqnoclonal antibody, administrations of
chimeric Egﬁzgﬁdielf%%sng@éeﬁr Igg%%ﬁli%a&feec? %v} aﬁ%@ﬁ&%ﬂﬁﬂ%ﬁ%ﬁ@ﬁmﬁﬁfféeﬁ\’égﬁonhuman
portion of ¥#@laRt ot Y Kohivh & freden ehd diBOGAP3iS6 be produced by splicing the genes WO
2009/081265RC T 132088400395 - from.a MaYRS aibsy Helesite of APRIgPLiate-Aptigen-binding

specificity to etherPWitp %8”%5 from an antibody molecule of appropriate biological activity, such
m

as the ability 10 activate human co PR RBE Estie WAt placement of a
Fc region AMH tharatamifterehtMESY/BE 14:6itd CDRumsinpdantibodies include CDR-grafted
antibodieqopdich piR0dpRAIRHARINGIGR NG fr RIREGER AAN:0HAIGE, dRPLRYbOdY linked fo

e

the framework regign froe%] a human "acceptor” antibody. Generally, CDR-gra antibodies include

more huriSA SRt oy Seaetieds MHanthmRarieia sriysiie spt gt HEshrmsdd ¥Bisble region
(framewomRNdeggeece gdnertibu iR asesppbiignédodies, rather than from the non-human donor.

i o AP ert b S ATBIGA a0 AIRARABL e e DRLLERD SOMAIRE £ ooy cher

that comprises a contiguous amino acid sequence (e.g., about 5 of more, 10 or more, or even 15 or
more configiiSAEeaheRG AxitsRogdIESy REAPIE R precuet Rl Biguse A2Rurkeirs ARBBES (e.g., FR-1,
FR-2, or ARN3 sfqdnamaneanishoUpRe propigmighdmost or all of the entire framework region of a

human anfjgody. - ntibodies and or makj described in Nature, 321: .
522-525 r(\@986 . l\%&ﬁb 5 t%%%ca‘fr%%%dﬁ% tbng:lzé l?é% éu%%ﬁi%%%%%&%%@?ﬁ?e described in, for
example, 352 QBRsie bz Beh 7.
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101111 In some embodiments, humanized antibodies are human immunoglobulins (recipient or
acceptor antibody) in which hypervariable region residues of the recipient are replaced by
hypervariable region residues from a non-human species (donor antibody) such as mouse, rat, rabbit
or nonhuman%ﬂ%‘?g%@aﬁé’{ﬁng the desired specificity, affinity, and capacity® tt/StME&H5ddiments, Fv
framework region (PR) residues of the human immunoglobulin are replaced by corresponding
non-humab0fd8idu&tgursidharh e vieushiaFibleR Atibboie SoaashceMBridR KasitiER3RKAich are not found
in the recipigatrribadwesiresonaaniiaads iEhesemrdificatiansae. made to further refine

antibody peréo mance sych as binding affinity. In some embodiments, the humanized antibody will
comprise 24 é};mt%’;{ﬁﬁ}“é OPFISREY SR AN ORI 5D AR SHARAHCEI or
substantiaiy3¥Rdt Aheithypervdriglsl grtodosesoepespordidogtioseleftaiesan ntmoese drvpticisdgobulin and all
or substangjglly,all.of. the R iegigns are those of a human immunoglobulin sequence although the FR -
regions may include one or more amino acid substitutions that improve binding affinity. In some
embodimelffthe Rt Braneedyaio A dntd{edRfishe dROHE PRBIEPEREA 6 in the H
chain, andARIBRK ehiditvatka. highe ghabSekrgommeinbgeimetitstites thummnizagpantpiedy also will
comprise afleast ARiieR.0fan;Immunoglobulin constant region (Fc), typically that of a human
immunoglobulin. For further details, see Jones et al., Nature 321:522-525 (1986); Reichmann et al.,

Nature 3359885 37agpro 8B pramauskedalecann A8 G0 Skwr Db audaectaiogoyuenwest
2009/08128BRR K3 tERAGE/GISAB23 RN 2 G hRwgr ¥ilRshaniibadies. Nayptidieita iasscidiading activity,
due to theigj%%otion of the CDR environment. In order to partially correct this, CDR grafting may be
supplemented with mutations to the framework regions, designed to restore antigen-binding activity.
See, for eX@ffiple, Bpuo3dmoyifyily jablie hinta0eeratrosuPitaIerEois sedrageaitibody” which is
a humanizegarthadysthat.has been engineered to replace certain solvent-exposed amino acid
residues s o reduce theirimmunogenicity qr.enhance their function. Veneeri ay comprise
identifyingfggﬁént-%%%égﬁgérigﬁgg %gt Seh%vg?gﬁ)é rgn%fﬁg ram%?\%vﬁg#kj Pglgl?rc?ﬁzaa%ﬁanrcé%ﬁﬁggﬁg at least one of

them with tHeVeortesisanerd g semerss infitor 3 iesin Whanwn AT enlodikredidRbveneering can be
accomplished-hy:any stivhevepginaesingdeshniaus iidtidh Theumeanizad aptitady.@ay be a

heteroantib et | g%es.are two or ore tibodies, or antibody binding fragments (Fab)
linked togé)ﬁ%}rg?glg%:%%gggg y o?s%irlggcrﬁ%n%d;?/mg gn’a)lfferent specificity. [0115] Details on antibodies,

humanizedt8$tibodigsrch didah sngirretre dhamipdtie sndRH 1 &K8H sdfesrthiwiiprep@eation can be found

in AntibodyEngingerint: I ReRkNaNYorkEMY. 308 ndy thesigiaiisiarhmanization of antibodies

is summarized |n for e ueen a al., Proc. Natl, Acad. Sci. USA 86:10029-10033 (1989),
55,530, T B BB e FISEEs A0 GO 7l AN S5 236248, [0116]

one embodihE8ni, aveRl i/ BioidethaCariabielidit ¥hain domain of a humanized AP33 antibody

comprisinggdi AMiNR.RC I 3eUSRGE 984 Ik dimankalibrank AR ERIDNG Ringke QD NO:7, SEQ ID
NO:19, or SEQ ID NO:20, [0117] In another embaodiment, there is provided a variable heavy chain

domain of AN A HerrARSS % MGG R ANBHANTE Mammab et TR Shop s8/iBRR 30, 48, 67, 71 78
and 94 of SE@i¢DING.iFefeH Bl di e @R acadhitHafthndzhe dRaiheds byvsldidtitdiigrOf one or
more amingaCieiepigye(s) BsCerAING YRISHANG 8%, 2 eI YR A INSRLIOR AR ﬁlgﬁted-

Mutation can be carried out using standard techniques such as for example site dirécted mutagenesis.
[0119] SuASHY T8 HRRbEadThi4tieny SdLiBeatnshe’ 1198 ahmis e AvStAseht, the
variable hesayy chain domain according comprises the amino acid sequence as set forth in any of SEQ
ID NO:10, &E IDANO: l’f%A%Es(R IUP MQm%n%[ %&QL MQ%& SE(g ID NQ:14. SEQ ID NQ:15, SEQ ID
NO:16, séQJ% NOLT. of SEQ 1D NO:18. [0124] T%ereéis 950 Progiden 3 Sﬁ%ﬂ%i'%‘%@‘éarﬁibody or
humanize¥2EAMsGEY#4 FdHR Lomprising the variable light chain domain. [0122] There is also

provided a humanized antibc@%gggg&;&%@%ﬁdggm@&?%%mg the variable heavy chain

domain. WO 2009/081285Pt
L Antibodies

[0087] Antibodies are naturally occurring immunoglobulin molecules which have varying
structures, all based upon the immunoglobulin fold. For example, IgG antibodies such as AP33

have two heavy' chains and two Tight' chains that are disulphide-bonded to form a functional
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[0123] There is also provided a humanized antibody or humanized antibody fragment comprising a
light chain and a heavy chain, wherein the variable region of the light chain and the variable region of
the heavy chain are as defined herein. [0124] In some embodiments, the humanized antibody or
fragment ther&dt %“8%"6&%333 a variable heavy chain domain selected froml)'[ﬁgléirzgﬂ%og%gr‘?gisting of SEQ
ID NO: 10, SEQ ID NO:11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID
NO: 16, SEGiINGadrheanysEighND isgibrararatiaianigt kairndanyartidelddied from the group
conbsisdting Mg&%@ﬂ@ﬂ%ﬁnﬁ%@n&%m}n@%@l%gﬁ&ifﬂﬁ@ §E@ DG 20ni[01RETIn some
embodiments, the variable heayy chain ain is,selected from t roup consisting of SEQ ID
010, SR M T e R G S e TR A B U R G 1D
NO:16, SEC¥eeorRCEheamizgndndinDspeofirg vapidirratihedapietigtrnchiading drmimnsoS®Q ID NO:6. In
some embggliByaRts (baviRk e R £oah damaiisoselaptedifranuthe wropkdeansisting of SEQ 1D
NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID
NO:16, SE‘%UI%?INO:N, and SEQ ID NO:18 and the variable light chain domain is SEQ ID NO:7. In
some embUWFRENntIherratige dbidikespegiitigividormetibhddyde daseedifedrpytie graeiprdonsisting of SEQ ID
NO: 10, SERRNRicl bt SEQUR N2 SERIDNR 30 SER AR MDA 10NR:LBSEQ ID
NO:16, SEQ ID NO:17, %?d SE(%I I\tlo:glggag,d the variahle Iit%glt Challin domain is SEQéP NO:19. In
some embSUTAAS, IS RIS HABRE A BRI dHER ‘SR S SR GBI P It & o5ARHTR St chain
domain is SE@WOrKegkes (FRo k! i{budimentds stpmatadatyehhevysitrainfdatrrain Veredidoted from the
group CONSiiAg SR QBNGiH: SEQURNOLDSER IDARHAABERURNG LA, SFQ ID NO:14,
SEQ ID NO:15, SEQ ID NO:16, SEQ |ID NO:17, and.SEQ ID Ne%és anﬁ the varigble light chain
domain is &5 B RG 881611 PG H T R ER s PR h RS &4 A1 SHR T 8P ALY ment thereof
described harsirtdsi b shroeHh@erviarigd aregimb odiivieivis) thephomeasized adtibedyeorafeagment thereof is

capable of Bl a KGN BARPE TR el ERAeiohf epLRiArimat RN HGYRLProtein and

HCV E2 protein. In same emhodiments, the humanized antjbody or fragment thereot binds HCV E2
protein. In S8MREERBIY Y SRERT G By B%f&ﬁé@?&ﬁ%’&ﬁ%%%@%?‘tﬂ@‘ﬁé?}‘E’é’HE‘}tﬁibes

selected framfthegiouy densistincgpoidgenitypixititedics gendivise daantkgenctypeHbyegenptype 2 (e.g.,
genotype 23, eROPS 2R 98 NVPE PRHiIRPANRE VLS R BRNANAR B SRARY RS s gENOtyPe 5, and

genotype 6. In some embodiments, the humanized antibody or fragment thereof inhibits the interaction
of HCV E2MYKotEIR Withhe ersdtans dmasenssbimented e Ui Ah AN OCRAGRYERE thereof
prevents amd/edhibhibitsolCYcenirfemntmihewel bsl pasdrpetembidineitisd the cebisaitivardesl|, e.q.,
hepatocyte, WO %Q&g@g ﬁ%PC%I/1132OO8/003952 [0127] In some embodiments, the humanized
antibody or fragment thereof binds to soluble HCV E2 protein with a binding affinity of between 1-100
nM. In sor@8HMboiieaifte MY IBIFkn G A AR 5 ARSI SHE ey 1 204 ErFifie1 8280 nM, or 50-100
nM. In sometoiyodiroe ais rdijpRiring affinityimangUlte AMeranbdtc&honMalcsapizembodiments,
the numanized Jniibadyt iBament iereal BiRdn e NG ERBRIGrodmel il g binding
affinity of between 1- 1 0'nM. In somé embodiments, the inding alffinity is bateen about any of 1-10

nM, 10-506ffusF BH1db MM O1pedbii e eibddithéhis thed b Al A shgufs dsBtE i ePabout 50 nM.
In some enmdimentsotherbintingwafiKiyaofithe sniibedy sarfor.examplechedetermingd by the
Scatchard gnalysi ibed.in M l...Anal. Bi 107 .[0128] |

catchar ﬁﬂ%é{.féﬁ@l% é%?%%é?wcéf%da%n%ff Al chﬁk%a ¢ Bethe: %ﬁg.gﬁ%%%f[ﬂd}o f some

embodiments, the humanized antibody or fragment thereot descri e Its infection. In
some embiséitiente e hignsiarizely nnbbes setagimendt thdredi-dédetirad ReASIALKIbIS HCV
pseudoparticladdie\prhinfections Suiiabivdhe hamanizecanitiegy.ascessribeghersin is capable of
inhibiting I(—jl%/ %?%%?P@sr’% le infection wherein the IC50 of infectious titers in the presence of said
humanize ar'\% odyasiu E}'ed by the HCVpp neutralization assay is: at least about 0.032 for genotype
1 (la H77 2009€k |ebkstinBacaiandyioediymotypiésas (use oog)plamkadsita doamoignpregenstype 1 (1B5.23); at
ot S B A e o o
or genotype 4 (4.21.16); at least ahout 0.41 for genotype .8); and at least Q. or genotype
(o117 S EBRAIaA BN L TRt o7 P EhTARUALON AL BLT bed herain i
capable ofpahituitindeb GV qpseed ophttiolginfention]lywhehaln tra hESOR infed iblesstitere:in the presence

of said humapized, 3HP A Al d08GLYHEHCMRR RAMIAlIZANGI A SRR S AMEOTUBRS Hhan about
0.41, less than about 0.137, or about 0.32 for genotype 1 (la H77 20), about 1.6 for genotype 1

(1A20.8), ASCHPEBISF GRHBTRE - (1BY 153 AR oS FHiPgEisEtsE & BF: 1458186 64 for genotype 2
(2a JFH1), about 0.51 for genotype 2 (2A2.4), less than about 0.41 for genotype 3 (3a F4/2-35), less
than about 0.41 for genotype 4 (4.21.16), about 0.053 for genotype 5 (5.15.11), or less than about 0.41
for genotype 6(6.5.8). [0129] In some embodiments3 the humanized antibody as described herein is
capable of inhibiting HCVpp infection wherein the EC50 of infectious titers in the presence of said
humanized antibody as judged by the HCVpp neutralization assay is: at least about 0.511 for genotype
Ib or at least about 0.793 for genotype 2a. [0130] Suitably, the 1C90 of infectious titers in the presence

of said humanized antibody as judged by the HCVpp neutralization assay is: at least about 0.6 for
nennthyvyne 1 (1a 1177 20): at leaact ahoniit 18 for cenotvvne 1 (1 A20 Q) at leact ahniit Q 2 far nenntyvne |



[0133] Several techniques for engineering antibodies are known in the art. Generally, antibodies are

rendered less immunogenic by transferring CDRs from a donor (non-human) antibody to an acceptor

(human) antibody framework; this procedure is known as CDR grafting, of FP&%{%‘% tion. A

di WO 2009/051283 . : PCT/ 68‘03952
isadvantage of this procédure is that, as a result of differences between donor-and acceptor

frameworks, binding activity may be impaired or lost. Moreover, a certain amount of immunogenicity

may be ret@ifiegsiansiichre R BI¥e athM ot Hiiastaliyra ke Bitcipitiictetiitigties,
including veneg Hi@siasurHaciags MoRiranstensand AaimtmdzalinRsTare-DeeRdarQRasRE to address

these problems.[0134] In.some emhodiments,. a.humanized antibody.described.herein has one or
more amind R e R R e B R e R 2 e
amino acideEstdiwdene eshepsarbghs gheng slonnpa rbsasioricw onme e Wpich Yt Rken from an
"import” vagsable damaiiznbiidmapizatioseancheosssenlialy, parey sirahiakawdnadhanmethod of Winter
and co-workers (Jones. et al., Naturg, 321:522-525 (1986): Reichmann et al., Nature, 332:323-327
(1555, Vel HRa T e B s G SR B e s Fegion
sequencestoEthindur re b nbihef sbqarressof Eratsinasy dnttyoelysisedorenenylythsEé vhlimanized"
antibodies aRIERYERRES RMIBAYIBSI(MeSoF1alaINOBAIR1E: TG 4) WhRNEI SRS atRly-dess than an intact
human varf']%bl.e gom in haslkﬁgegﬁu stitute ¥atth?e orrespondi %seé:l‘gence Er:glm a nonhuman

- Teln FELeTCTICE, 1-% ea.as 11 Ka . ﬁI'S o the resi JEL STIg O fhhuman
species. Inpractice, humaniZed antibodies are typically human antibodies irr which some WO

2009/081 285 Y 208200 ST00 885 Rasyp e Nriaplen rrg ivmnhesid necoednt poKalishnuoime R residues are
substituted, pesi ggaflrgmtgé}q{@lg%gig%ﬁem {Qﬁﬁ@iﬁ%ﬂi@gﬁi@ﬁeﬁol%] The choice of human

variable domains, both light and heavy, to be used in.making the humanized antihodies is very
mportant (e B UG AP AR PSS EB A H RS BBy LRER e antibody
is intendedifgreaufisanctherape (itiolesd’” Aeoordinght shrebsdycalletittisky dtefimendthoitethe sequence of

the variablg domaiR.af Asrerear aRiBRO¥-S SERRNadBaRIBSLIREHRRR IR AL e human
variable domain sequences. The human_ V domain seﬁ}uencgé thich is cloigst to that of the rodent is
b St i

identified dRE TR RUMYRSHAFATRYS SRR BB Rk RIS Re R RES 8 5 ¥body (Sims
et al., J. Intheungbod 5 1nRPO6 Y1088}, cGhoibiahetradned, MovBiolprdioBRedus bO8T)praeimtbaumethod uses
a pa”icu'aEJf&@é?MQEEE%%BQdQﬁéB{E%UQHB%%‘%QH%%%H%&?H?%@%@&%’EH@%GN&E@HP&?S of a

particular subgroup of light or heavy chains. The same framework may be used for several different

b
humanized" 498 areleEaiter BY Si¢ Iorge. TP daRtimedPIs S RPEGY BN 885 P sl &eh., J.
Immunol., b&ild26238 {F88i38)).1§0L86} Ht isakurth ersiduporidiithatrahtibiogies! bainoneahizedwith retention
of high binging affinity; far the antigen.and. e favarable: RislogicabRigRHies Je.aghieve this goal,

according to a preferred method, humanized antibodiés are prepared b)i a process of analysis of the
4

parental séQREARERSTRAGLABUS B fOSpIReitA ShiPEIC R uRtEL ¥/ (FrleEdimidndional models of
the parentalamtddienanizely seduencss ddorsandimenisional dresiraglabunéacdels are commonly

’B‘@{j]%'i 9 Q&ﬁ%e?iHUﬁfjnHE EQ?@Qn%mﬁl‘ﬂ}ﬁ?ﬁ{&%@é}]?géfa‘%eé\éﬁﬂé‘!?d Wiigh illustrate

available a&h‘?ﬂ%&’éan
and display probable three-dimensional conformational structures of selected candidate

immunogl RSy HAssonR SPREERIIPD I MRese displays permits analysis of the likely role of the
resio!ues ir[ﬂh%juncri_mmg’aﬁaﬁsmdidapaﬁmmww@m@yl&a@_ﬁﬂﬂﬁﬁ%z@ﬁ@h@s@@ﬁi)ﬁi&@f resid‘ues
At e D AP Ol SRR D B ORUIR O PGS AR, M ANBHBCR residues
can be selected and com megqlrjomt_e recn%lent and import sequences so that the desired antibody
characterigtiéiadehdesHrereansider ammifizdomntse ihrEraringdhi@)s iBuathievedlatinegenerat the
hypervaria@&esrﬁgig&ggai@weﬁeamggmglyuﬁm most substantially involved in influencing antigen
binding. [0 nti umanization has,been described in, for example, EP46016,7/, EP682040,
U555301o@%s&%&u@%@éﬁgﬁflﬂ’és‘éegeéf%a‘,o gé‘gg%]ﬁg)é"%@?é)é‘%g“f?@3‘8%39%‘05,
US58861522198688129 $:4u859 55 5581 /5 808207 4+ ISE R80T, rPriestofirfethstedl involve
redesigningthe.Ma¥iak e d eaiendefi dypaitihadyse dhalidha paninaacidJesiduerdesoapsitia. for

conferring the antigen bindin ecificity. are [ntegrated, intp the framework regions of a human
antibody VATLETEPAAIER. O SB0SIE LR HEIBOB oSt T TR Rs e i
immunogesiitepaititn ST hardnenytatisrvdhody aitetiepti celtishyfacesichgpety Ghg - Bvakhan antibody (e.g.,
US5712120)pligrnativeluihedesigues on the surface of the antibody variable domain can be
replaced by residues from a human antibody to "resurface” the non-human variable domain (e.g.,
US5639641). Resurfacing was suggested by Padlan (1991, EP0519596) and is also termed
"veneering". In this procedure the solvent-accessible residues of a first (equivalent of the donor -
source of CDRs) antibody are replaced by residues from a second ("acceptor"”) antibody. Typically, the
second antibody is a human antibody. The solventlihaccessible residues, CDRSs, inter-domain contact
residues, and residues immediately flanking the CDRs all remain as in the first antibody. This strategy
is intended to mimic the surface of a second antibody while retaining all of the packing and interface
interactions from the first antibody, which may aid in retention of full antigen binding activity. This

should reduce the number of B cell epitopes (and may also reduce some T epitopes), leading to lower
immiinocenicityy 012201 The ecalvvent acrrcreacceihle racidiieae are identified hy inenectinn 0f hicnh-reacnliition



WO 20091081285PCT/1132008/003952 [0143] A further technique seeks to identify and remove T cell
epitopes (called "detope”) so that T help for an immune response is unavailable or reduced, leading to
a minimal immune response to the introduced antibody (see US5712120; EP0699755A2). It is also
possible that‘%oczeoﬁgé%i 8|f§es are abolished in this process. [0144] Antibo&’fﬁﬁ?ﬁ%\%@wgﬁ techniques
are also taught in "Antibody Engineering" (Eds. Kontermann and Dhubel), Chapter 40 p567-592
(O'Brien aH§¥dnes)idrdsiprasme shbodings srotrrechuinvaniedGraksty afayibel an antibody
fragment, sp6d:a6i hathivuhicheis ORUIRNANY SO BILGABEN R RYGREMALENIRIQ¥S@gent(s) in order to

generate an jmmunoconjugate. rnatively, the humanized antibod be a full length antibody,
uch as AU g T o et s e TP e MO EeEeh & Fwithin the scope
of the preséistipnastsitnbind saenibedly freayraetisen-bseate dardanedrrivdelbsstiveydy killdgmdmest capable of
binldi gg to @@%@&@%@ﬁ@trfﬁ@%mﬁa@éngﬁv:&%{)@&eﬂ%ﬁ%}z@ Qﬁaﬁrfwmageﬁeg@gdies
including chimerijc, CDR-gra and humanj ibqgdies, and artificially selected antibodies
orociuce NG SHAGE TRy O RS A e SR G 4 AP b, P, andl
ScFv, posseascityarpagebudiprbp@tiesddrdagitsticanssiberagpemitpppiicetibns on account of their

small size apeheensedtahiSHREFIRE issue distiutian:lR147kIN RAMe.Ambasimesis: tag,antibody
fragments}gom rise ag%ortlon Off ull length antibody, generally the antigen binding or variable region
thereof. E grﬁsﬁ}%&‘%}? ASBEPPAGMEKEE Al e EL A" FRp e éséﬁdsﬁ}’f?%\%ents; diabodies;

linear antidesdi®zdsmgl8-EhaiNaAtitodyroktliles? anbresalispetifitNantiBddiss fomted from antibody

fragments,, {01 48ldN SOMS ALBPAUMEH Suck Xéh@ghﬁlﬂﬁgwﬂeﬂi%ﬁﬁqﬂéﬂ&ﬁ@%\é@f@ contains a

complete anti[%ergreco nition and -binding site. This fragment consists of a dimer of one heavy-and
it vat

one light-dh&M ¢ i B g S G SRE RS LoV AT e bitiB SRR 3HY Fiding of these two
domains envématediklaypenarabledaop sn(Btoops .enchifron theldtsacidal toitaiingitived sontribute the
amino aci@fﬁégdé{gﬁfpﬁgg@ggﬂ)@g@%gg@Ilgg}g?fer antigen binding specificity to the antibody.

[ ' [ hal

However, even a single variable domain (or of an Fv comprising only three CDRs specific for an

antigen) hEEk adiliti 48 TEeSErTsbsand bt aicRmRseHITS A TeWRFLHiARY RS the entire
binding siteffQdADhirieanie-tmblydineeals, dipgmertso FthR Mlund pizfedraniiiititkdescribed herein
are prOVidﬁqcéﬂé%‘%%ﬁﬂlg&%iﬁﬁﬁﬁtﬁuﬂaﬁy@d ’Qﬁgi&g@ﬂ%&iﬁ?ﬁ’z’é FRGNEHS:RE-aptiggn binding

fragments. In some embodiments, the antigen binding fragments of the humanized antibody bind to
HCV. In sSIPBHABTARRHE RS Mie: At KB aNY felgreaneedetneyintnistizets dhtibody are capable of
binding to td@NphiZspradie PB olubla MCM IEDgnateicfened Tieterfdioneslnfidd ve oMM from a
2009/081%§§53C§g'l{‘1c§28008é%%3%§§dprotein and HCV E2 protein. In some embodiments, the HCV E2
protein is from one of rore of the HCV genotypes selected from the group consisting of genotype 1
(e.g., gend¥iBd Ia ditdegeristyse KR gerictise 2 aerior Jethbtypeiogederefie o8 §Ehedype 20),
genotype BHepg{peBtipR 3a)tigenaipectugansineyandrgepeiynei¢ic[0LAE Wypisally, these
fragments, exhibit cific hinding to antigen with an affinity of at least 10 dJnore typically 108 or
105, In sl B S S S RS vovein with a
binding affif8 Brptirisen nclping il santatembatimaiel yirmienh &g afthnse i setoveen about any
of 1-10 NMicH0556c8pb: O InoRrdkO FRYA Nag ORIEvEANRQE RIS ati BRI g A ffiityiim@bout 5 nM or about
50 n. In some smbediments, e humanized antbody.or dragment ereal bigds (o HICV EIf HCV E2
heterodimer with & bin ing afﬁrr\?tly of between 11106 A some em oaimerﬁs,p P]énblnding affinity is
between alsoinilestof - dotivring@eseriohFicoRBO-100nman iysraereseoidirmesme birsd binding affinity is
about 5 n\:-@r.abRHicad MMND SomeespRasinmenisatiemhindineaffioityokine Aptihady can, for
example, be determined#% the_bSca C%‘?‘ dt.analé/s'}slq.ﬁ\s}gr.ib%d int I\/llunson et aI.,r(IAnaI. Biochem.,
107:220 (PO TBIB I I S s o a R S P THE LS R PSSR B (B 74 S B same HCV
neutralizingrerstivityras Rae AP38ehdhcobA aiviBbdic8s thie tvinvedireBaxeiibonly Kescribed herein.
Humanizegantiggdy,fradpenis;iaslude sepaiata heavyehains:dight haingefab.faal wa4ab)2, Fabe,
and Fv. Fracgﬁ{nents are produced hy recombinant DNA techniques or lé))[/o%nz maftic or chemical

separati orf! I’r‘&a{(ﬂbm%'fb%ﬁo ; .—41 (1995). Other FcRs, including thos e 1dentified in the
future, are encompassed by the term "FcR" herein. The term also includes the neonatal receptor,

FcRn, which is responsible for the transfer of maternal IgGs to the fetus (Guyer et al., J.
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[0152] In some embodiments, the humanized antibody fragments are functional fragments. "Functional
fragments" of the humanized antibodies described herein such as functional fragments of the
humanized AP33 antibody are those fragments that retain binding to HCV with substantially the same
affinity as the‘ﬁﬁ&gwﬁﬁli@%gth molecule from which they are derived and gﬁ%ﬁﬁ?&ﬁ?@@?@ﬁ activity as
measured by in vitro or in vivo assays such as those described herein. In some embodiments, the
functional fragmieht hES¥i2E8)and Birthibitd. Hewmd Shadh (BYOHCAEpeandior IdCysasieutralization
assays. In somsueRlediments, the humanized antibody fragment prevents and/or inhibits the

interaction \Y, in.with CD81. In some embodiments, the humanjzed. antjpody fragment
orevents T n O e R A KR GO TS 8 LB TS VB8 g,
hepatocytee [BFE3Thandotestteichaigaiest pabicmrisdeveioply foothaysed derioby ot farsibady fragments.
Traditionalky.theseskaanants WessidervedMia gielegbaiesiggstion of intact antibodies (see, e.g.,
Morimoto Journal of Biochemical and Biophysical Methods 24:107-117 (1992); and Brennan et
Al Sciencd BB herRighss TTE ol da WAGTIRTIE Sl Koy 58 HrBidEe o Gl 63 hecombinant
host cells. #ahe Fviodd B FWaitibodse ragméhts KanvalFreexpresdactingafiiiniy/ @ FeyRIIT
2009/081285RC MBRANRANRIR2 RS BleH ML Enrlinthiie lovinahe facls aiodustign of large

amounts of thgﬁe? frargme,nts. Antibody fragments can be isolated from the antibody phage libraries

d
discussed EBBI e HEVAG LS H pL g ARRESEHR 5d B b RS TEH O A
chemicallyfcBupkedtoviolsed-¢abl Glagnedns [Gareltdaks Bidffackmolbel/btD 63t (992)).
According {Q-A00H0e% ARRTBARH &RLidF fi@%@lﬁ%&%ﬁﬁi@%ﬁﬁﬂ{&ﬁﬂg SEPepaaoabingnt host cell

-culture. Fab and F(abp2 fragment with increased in vivo half-life comprising a Salvage receptor binding

epitope re&IH%S-4r& JB SARET TTEF S P RPN e4 IeEE IR 1es sFREsRng iR Re Brdftiuction of
antibody fradmeentsdwilliderappahaht o the skipagdpppadtii dnesrthinethbsdindacdibedntsxtizedantibody of
choice i il LAl EY HAMMIGRLASEEN SCR IO YRGS uRING. APELARS: and U.S. Pat.

No. 5,587,458. Fv and sFy are the only species with intact combining sitées that are devoid of constant
regions; thif§"es tipdieg idisieriby F%‘&Ei’é‘e%f%ﬂ%%é@iﬁ’&“ﬁﬂﬁ’diH@%rﬁ?&iﬁ%fﬁ%g&%}%%ion proteins
may be cosstiudieddatyielfbiysidaaf sTaiestor proteithaitdiine 1 theckinpnd-ostiyaaasaary terminus of

an sFv. SegdniBersERARERING. e, RYEhagek. 3R e antbody fragment may also be a
"linear antibod b e';&., as described in U.S. Pat. No. 5,641,870 for example. Such linear antibody
e mb

fragments AR EBr BspETHRICNAY efi- Dirkding drtiis diefraghmé teieshcs Broduced by
enzymstic {0k glf@mB@éw@f@ﬂmmgﬁa@ﬁmlmm&bﬂdiﬂ@@wﬁemm@y@%mw@?ulced by
recombinant DNA techniques (e.g., King et al, 1992 Biochem. J, 281, 317-323; Carter et al, 1992
Brotechno G T ES TE H S HENEESY AU SEIE LRI GHAB TS LBl At Al @ove produced by
digestion cipfutideagtivbddsngrdeduerdes:witio fedevaghaestridtion Enzgmessoniisnadainovo synthesis.
[0154] For : D2 fr [ fr. I Vaproteplytic digestion
it pepats B B L P R ot AR (roee
"AntibodiesI 168K Pafary Ry amBfd-Spring Harbor Laboratory, NY). [0155] Fab fragments may be

obtained fromf(alpafrgraentsibydinitederdustieion o whaleantibody b digestion with papain
in the presence of . reducing agents. [0156] The humanized antibod; a rized in a
mumb of B e L e e e P e P R g
measurenkatsnsf ehiipseonisanhpatioatioystercnigifs buskoas BigSikrandyot frrenantisedyspurity by

SDS-PAGEle.gddition thesfficackef shespalypeptiges can be determined by detecting the binding of
the molecib

HCV E2 glycoprotein in sojution,or in a solid phase system such as ELISA, surface
plasmon r ﬁ)&ngénc‘é“s(lé{f’ d 'if&gor é?%?ﬁ?ﬁﬁw%ﬁ%‘ffu%r‘éa@%ee?fc%ﬂ eévgﬁ%&ggggﬁéi% , the neutralizing
capability otshebgolypeptidettdnioditestatiadaivstuel G\paamie serepr&seenativl . clthapsbaknown
genotypes, iRkl BRsRexiralizing assapas desgribed herein, such as HCVpp and HCVcc
neutralization gssays. Bisgecific Antibodies WO 2009/081285PCT/1132008/003952 [0157] Bispecific
antibodies[ﬁ}g é‘mtigéﬂf’gg REthaE bR ARG Lpet mumed TP asibade ™ aifidfentCpitpes. Exemplary
bispecific antibdxdiesaineielomsiddwohdifferentcépiiopésaofitreriGM. Diherdsuotpdritibagiessmay
combine a,HEN hindinge e ith - PiRdingsiR.05 AvRther rgtain.Bispsciisantihpdies may also be
used to localize cytotoxic agents to cells. These antibodies possess a HCV-binding arm and an arm
which binﬁ%"%ﬁt@f’ofﬁ? ?ﬂd((‘éﬁlﬁ‘ﬁt@ﬁﬁxorin, anti-interferon-a, vinca alkaloid, ricin A chain,
methotrexate or rédioacivetisdtaje hapten). Bispecific antibodies can be prepared as full length
antibodies or antibody fragments (e.g., F(abD2 bispecific antibodies). [0158] WO 96/16673 describes a
bispecific anti-ErbB2/anti-Fc7RIII antibody and U.S. Pat. No. 5,837,234 discloses a bispecific
anti-ErbB2/anti-EcyRI antibody. A bispecific antiErdB2/Fca antibody is shown in W098/02463. U.S.
Pat. No. 5,821,337 teaches a bispecific antiErbB2/anti-CD3 antibody. [0159] Methods for making
bispecific antibodies are known in the art. Traditional production of full length bispecific antibodies is
based on the co-expression of two immunoglobulin heavy chain-light chain pairs, where the two chains
have different specificities (Millstein et al., Nature, 305:537-539 (1983)). Because of the random

acenrtmaent of immiinoanlobiilin heaw and licnht chaine thece hvvhridomace (armadromac) nrodiice a



WO 2009/081285PCT/1132008/003952 [0161] In a preferred embodiment of this approach, the
bispecific antibodies are composed of a hybrid immunoglobulin heavy chain with a first binding
specificity in a hybrid immunoglobulin heavy chain-light chaj 'rjr‘;g)r vi%jing a second
binding speci ic(?[y ﬁ%ﬂfﬁé&%ther arm. It was found that this asymmetric str?c%ﬁ% agllﬁg &5 the
separation of the desired bispecific compound from unwanted immunoglobulin chain combinations, as
the presend ¥ an TR RGIFEHIBBEHITIBRY dsambHBARE O AR brifkogsprsetienbRcule provides for a
facile way OtsepiayatioantHoi; approaghiis dikckosaekireddlo 24104090 drorfarthesielails of generating
bispectlic anRPAiRPRRe- IRFLHANIBIE. S ALl Methors 0 Eagymalooy, Tl 24 (186). [0162]

According to another approach described fh U.S. Pat. No. 5,731,168, the interface betieen a pair of
antibody niorEdHies Earrtee Agfedhod talin ARTARE SRS P e sepstantietitbaitiers henieh are
recovered §ram desambiaant peleeabivtaml he preferred interface comprises at least a part of the CH3
domain. In this.method, one or more small.amino acid side chains from.the. interface of the first
antibody niolCEhle o e B L e B B e R B ompensatory
"cavities" dliganavbIBisinibinide atisesianydemnaieerbighson et o thasptétsic@of the
second antibagyinolesaie bynieplacingdaegeyaming. acid side chains with smaller ones (e.g., alanine or
threonine), This proyides a,mechanism for.increasing the yield.of the heterodimer. qver ather unwanted
ena-produ L o e R S s R e R R S
"heterocorfjudataampdbouesoferdindegyiechaie ot iee taativodbedsishitio tietcrdebjubere can be

coupled tocayiflinsspheothehiikictivirasshantibagdiasave {onsramplewbasRdupposed to target
“immune S@%Em ceé%t;funwanted cells (U.S. Pat. No, 4 6755 980@1 .%m for treatment of HIV infection

(WO 91/00355" W B e B B ) AR S A e (ST IR A58 madee using any
convenient@abss {inkinglerie tho 4D witalbrebly o8 s fiRRngnayepsiesne xwbibk EORN irvtktengrllyand are

disclosed igobh Snétakush bRAGRBRRICNT Wb AIIIHREY Ph s adiRkNE.@chRiques. [0164]
Techniques forgeneratlgfg bispecific antibodies from antibody fragments haV? a %?Hb en described in

the literatdf& E8} ERMIeS BisBEE e SRHRYIEE RAAHE BREsATEE UEIAY ERSHRICATHNRAYE. Brennan et
al., Scienceld2efea8bly1B8s rolsturibaiaprocbe oree whekeinvintatt aflibodiewigne pratdviytically cleaved
to generatg,Kabpifiagmeniss flese-fRoments alefaiicad:indhe ﬁé&%@ﬁsﬁegﬁaﬁgﬁd&@ﬂemom plexing

agent, sodium arsenite, to stabjlize vicinal, dithjgls and prevent intermolecular disulfide formation. The

Fab' fragniBhfS L AERTEe & & iR EB RIS 3 hionitrobenzoate (TNB) derivatives. One of the
Fabs-TNBl@HINati¥és tsthénmecerd ertadltorthedb sthiiokinpired bigtibrhwit handie aggioethylamine and
is mixed wifh 2, eavimAIAEAMUALAL e AheEEaRy TR ferivaliveria iormdhs bispgsific antibody.

The bispecific antibodies produced can be used as agents for the selective immohilization of enzymes.

WO 2009/53T088 EFSB S0EI0EYHET6 1 65BRAGHESL/ RS FamRtems BHY dirsErHes Jes St Fab'-SH
fragmentsftoRssubslantidii raan hendhemicaltipadupled to form bispecific antibodies. Shalaby et al., J.
Exp. Med s0}g57 21 225 (1992 )sIRSGHRR S wORuetion ol M HRRizSH pisecific antibody

F(abt)2 molecule. Each Fab fragment was separately secreted from E, coli and subjected to directed
chemical @Gﬂﬁﬂﬁfﬁqﬁ%Pé%Tﬂﬂ%‘{ﬂgoﬂ?gﬁ‘é‘Eﬂﬁ@&  RARPHRIBL RO AN S TGS ®fifned was able
to bind to aefisspuadexprelsiap:th@rkalyB2 e GepipsaanithbieraabhUenainueallE @s0uel asirigger the
tic activity gbRwnan SHAKCIBRIecA RGN AN FPARLINTRbIALOEIS R RERharlous
techniques for making and isolating bispecific antibody ffagments diréctly from recombinant cell culture
have also $den'déscribed. For example, bispecific antibodies have been produced using leucine
zippers. Kpgi@ny etuabankzenintiboales 2ASER) bndindadd: (AAPR)rihb el crigiBeczipfekpeptides from the
Fos and Jupproteins wate linked to he Fab, portions of two different antibodies, e%e%fo%e fusion. The
antibody homodimers were reduced at the hinge region to form monomer and thenTe-oxidized to
form the abitiisddy hBtETEiRReiu TasiemEMSd eI 16 hadicte ieointinblp regiae bkiost @atibody
homodimessa-Fheartishadindashvinlegy fessrbaddinn Holinger Mtisbdibyec NatlofAGa#d. Sci. USA,

90:6444-6448 (1993) has pravided an alternative mechanis r 19g, ecifi ihody fragments.
The fragm B e e SR e I B oy bt R 1as SR S it
between thethareklheistas riatiersmime ganid thancosrthaghgnastona-apitepW. dormairaionorfe fragment

are forc:_edctgnm;b_ C}_e th&hli%qug%qJ@éﬂ%MMM;L@H&E@Q&&ME@;@J@H@@H X Afmmrmte &Eﬁtﬁby form:cng
two antigen-binding.sites.. Another.strateqy for maki Ispecific antibody fragment the use o
single-chal Y (0 L TS A U U BB S DIRUe BT AB =A% 368 (1094).
[0167] Antibodies with more than two valencies are contemplated. For example, trispecific antibodies
can be prepared. Tun et al. J. Immunol. 147: 60 (1991). Multivalent Antibodies [0168] A multivalent
antibody may be internalized (and/or catabolized) tster than a bivalent antibody by a cell expressing
an antigen to which the antibodies bind. The antibodies of the present invention can be multivalent
antibodies (which are other than of the IgM class) with three or more antigen binding sites (e.g.,
tetravalent antibodies), which can be readily produced by recombinant expression of nucleic acid

encoding the polypeptide chains of the antibody. The multivalent antibody can comprise a dimerization
Adomain and three or more anticnen bhindina citee The nrefarred dimerization domain commnricac (Or



[0169] Amino acid sequence modification(s) of the HCV binding antibodies described herein are
contemplated. For example, it may be desirable to improve the binding affinity and/or other biological
properties of 0 dy. Amino acid sequence variants of the anti- HCV %5% h as humanized
AP33 antlbodﬁg(z%ré}%ge%ared by introducing appropriate nucleotide changeéils}liB 9t0 §%3ant| HCV
antibody nucleic acid, or by peptide synthesis. Such modifications include, for example, deletions from,
and/or |ns&?ﬁ@ﬁﬂ?@éﬁﬂ?ﬁ?&%%ﬁ%BE@WR%%%@%WWWMEGSF%&W%éé%eéf the

anti-HCV arihedymAnynGosibinakoi i Geleipiissidion] and kylkstiuikmismade ieuakeve at the final
construct, Frowded tl]gt thE-:-aflnaI 80@§H ?Cpcbss sses the eS|r d charfactter}gstlcs The H?]po acid
a

men al e €Xam 1 & 1¢ £11 TEeL10

changes also may a fer post- Jfransiational processes %F tﬁe ﬁf& antlbocfy, §Uchas ¢ anging the
number orgbastfEraest igissylation sites. [0170] A useful method for identification of certain residues
or regions [of {og ammeaaﬁmmm@demwa@mm@ fanmuieganssisdssEalled "alanine
scanning mutagene descrlb Gunnin Wells in C|enc 244:1081-1085 (1989).
Here, a resﬁfué% o@%?gjp ot fré?g%otnresmxn es&I cénr%r,l% ?{31?(1&3 (ﬂ argae F‘éosrl UES S s%cﬂ‘as arg, asp, his,

lys, and gIh‘}faﬁd“ﬁé?ﬁaf@édabﬁ}badﬁeﬁW&FﬂYn@@Enﬁ@@eéHa?@e@%%@a@@fﬁmﬁéf&%w alanine or

p0|ya|anin@q&xﬂ;ﬁi@%ﬁ@ﬂﬁ%@f@.ﬁ{i%&&th&mmﬁbﬁlﬁiéiadé/%rﬁﬁéé@g%ig&&nm amieg.acid locations
demonstratlln[ggg nct_ional ensmbga\{ to tte S bs tutloFs theﬂ are r(iaflne%g) i troduqu further or other
variants aft, or for, Y6 Sites ozf ef’ufﬁ)ner Us” Wh & Siteor Mo C|hg an aAmino acid sequence
variation iS"pRdsaéiedinadniied mitondy of the invarsito sapceveicadwiat bhaprduétempitiesia For example,

to analyze @i fRAOEMRADGE @5 EHEaEAN, %&lgs'vcﬁ«mﬂ@qalaf%c@@rﬂn%{ I%@M&nutagenesis is
conducted at the tar%gt codon or re% %n a%i ame 0Hgssed anti- CV anti ﬁgo (%y vari screened
Cl

for the de<PEHEIV AT IO APTFAINSE S G EEseSThES mcfn%neaﬁ ﬁﬁd a oxyl-terminal
fusions ra@gm@iﬁﬂ@ﬁgmmmmmgd@etm@ﬂyp@mrd@ﬁ eﬁﬂtamtng fratnemdrkcegiondre residues, as

well as m&i@%lggu&mwé@ﬁt%ai ﬂﬂg&gmﬂwplmgm O A
Insertons [INciu antl WI an ermjina etnionyil resi Ue or the antubo y use (0]
o i B e e o 206 ST oA A o IS mchod o Tusion
to the N- ote@dberhinfsrekthgplantiSHCV1 &tfilbodp fE@d/@nzyme (e.g. for ADEPT) or a polypeptide
which incregses thF, S5ru Bl o n.AnkackblGLT 2bAVRER MORaTAN 5 ARrRBIn acid

substitution variant. These variants have at least one amino acid residue in the anti-HCV antibody

molecule RSB L BTN AU rIE SHRL S e I TSI RSP 8r°dGR G 68 nal mutagenesis
include théypppervariatigregions:suti-Realtérationgaies dkoconteniyated:. € onssrvative
substitutiongAre,SRANMI HFRRNE RE'ow duader the:Rerdingafy RrferedsuRsiiytons”. If such

substitutions result in a change in biological activity, then'more substantial changes denominated

"exemplar§SUBEERH ALY TR PR ROD T e QELERHEH bENRINRRIRPE AERTEBI6HHRY acid
classes, mayrigdndiogneetuand tbadpeadueis:-aoree hachaliadlehtDsilinaldR esidpresExeitptary

SubStitUtiQ@ﬁi&rggﬂ&%%ﬁt&%qgagié%ﬁgﬁ?léﬁg lﬂhg Qonor antibody. These modifications are
made to further refine antibody performance such as binding affinity. In some embodiments, 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 although the FR regions may include one or more amino acid
substitutions that improve binding affinity. In some embodiments, the number of these amino
acid substitutions in the FR are no more than 6 in the H chain, and in the L chain, no more than 3,
In some embodiments, the humanized antibody also will comprise at least a portion of an
immunoglobulin constant region (Fc), typically that of a human immunoglobulin. For further
details, see Jones et al., Nature 321:522-525 (1986); Reichmann et al., Nature 332:323-329
(1988}; and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992).

18



Val Arg (R) Lys; Gin; Asn Lys Asn (N) Gin; His; Asp, Lys; Arg Gin Asp (D) Glu; Asn Glu Cys (C) Ser;
Ala Ser Gin (Q) Asn; Glu

WO 2009/081285 PCT/EB2008/003952

f0112] CDR-grafted antibodies may suffer a loss in binding activity, due to the disruption of
the CDR environment, In order to partially correct this, CDR grafting may be supplemented with
mutations to the framework regions, designed to restore antigen-binding activity. See, for
example, EP0239400.

[6113] The humanized antibody may be a “veneered antibody” which is a humanized antibody
that has been engineered to replace certain solvent-exposed amino acid residues so as to reduce
their immunogenicity or enhance their function. Veneering may comprise identifying solvent-
exposed residues in the non-human framework region and replacing at least one of them with the
corresponding surface residues from a human framework region. Veneering can be accomplished
by any suitable engineering technique.

[0114] The humanized antibody may be a heteroantibody, Heteroantibodies are two or more
antibodies, or antibody binding fragments (Fab) linked together, each antibody or fragment
having a different specificity.

[01E5] Details on antibodies, humanized antibodies, human engineered antibodies, and
methods for their preparation can be found in Antibody Engineering, Springer, New York, NY,
2001. Further details on humanization of antibodies is summarized in for example Queen et al.,
Proc. Natl. Acad. Sci. USA 86:10029-10033 (1989), US5,530,101, US5,585,089, USS5,693,761,
US5,693,762, WO 90/07861, and US5,225,539.

{60116] In one embodiment, there is provided a variable light chain domain of a humanized
AP33 antibody comprising the amino acid sequence set forth in any of in any of SEQ ID NQO:6,
SEQ ID NO:7, SEQ ID NO:19, or SEQ ID NO:20.

[0117] In another embodiment, there is provided a variable heavy chain domain of a
humanized AP33 antibody comprising amino acid mutations at positions 30, 48, 67, 71 78 and 94
of SEQ ID No. 3.

{0118] The amino acid mutation may be obtained by substitution of one or more amino acid
residue(s}. In certain circumstances, a deletion or insertion may be folerated, Mutation can be
carried out using standard techniques such as for example site directed mutagenesis.

{0119]  Suitably, the amino acid mutations are substitutions.

[0120] In another embodiment, the variable heavy chain domain according comprises the
amino acid sequence as set forth in any of SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ
ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, or SEQ ID NO:18.
[0121] There is also provided a humanized antibody or humanized antibody fragment
comprising the variable light chain domain.

[0122] There is also provided a humanized antibody or humanized antibody fragment

comprising the variable heavy chain domain.

19



Asn Glu (E) Asp; Gin Asp Gly (G) Ala Ala His (H) Asn; Gin; Lys; Arg Arg lle (1) Leu; Val; Met; Ala; Phe;
Norleucine Leu Leu (L) Norleucine; lle; Val; Met; Ala; Phe

WO 2009/081285 PCT/IB2008/0603952

[0123] There is also provided a humanized antibody or humanized antibody fragment
comprising a light chain and a heavy chain, wherein the variable region of the light chain and the
variable region of the heavy chain are as defined herein. 7

[0124] In some embodiments, the humanized antibody or fragment thereof comprises a
variable heavy chain domain selected from the group consisting of SEQ ID NO:10, SEQ ID
NO:11, SEQ ID NO:12, SEQ ID NG:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ
ID NO:17, and SEQ ID NO:18 and a variable light chain domain selected from the group
consisting of SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:19, and SEQ ID NO:20.

[0125] In some embodiments, the variable heavy chain domain is selected from the group
consisting of SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:14,
SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, and SEQ ID NO:18 and the variable light chain
domain is SEQ ID NO:6, In some embodiments, the variable heavy chain domain is selected from
the group consisting of SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13, SEQ
1D NO:14, SEQ ID NO:15, SEQ I NO:16, SEQ ID NO:17, and SEQ I NO: 18 and the variable
Hght chain domain is SEQ ID N(O:7. In some embodiments, the variable heavy chain domain is
selected from the group consisting of SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID
NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, and SEQ ID NO:18
and the variable light chain domain is SEQ ID NO:19. In some embodiments, the variable heavy
chain domain is SEQ ID NO:13 and the variable lght chain domain is SEQ 1D NO:19. In some
embodiments, the variable heavy chain domain is selected from the group consisting of SEQ) ID
NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:14, SEGQ 1D NO:15, SEQ
ID NO:16, SEQ ID NO:17, and SEQ ID NO:18 and the variable light chain domain is SEQ ID
NQO:20,

{0126] In some embodiments, the humanized antibody or fragment thereof described herein
binds to HCV. Is some embodiments, the humanized antibody or fragment thereof is capable of
binding to HCV E2 protein, soluble HCV E2 protein, or a heterodimer of HCV E1 protein and
HCV E2 protein. In some embodiments, the humanized antibody or fragment thereof binds HCV
E2 protein. In some embodiments, the HCV E2 protein is from one or more of the HCV
genotypes selected from the group consisting of genotype 1 {e.g., genotype 1a and genotype 1b},
genotype 2 (e.g., genotype 2a, genotype 2b, genotype 2c¢), genotype 3 (e.g., genotype 3a),
genotype 4, genotype 5, and genotype 6. In some embodiments, the humanized antibody or
fragment thereof inhibits the interaction of HCV E2 protein with CD81. In some embodiments,
the humanized antibody or fragment thereof prevents and/or inhibits HCV entry into the cell. In

some embodiments, the cell is a liver cell, e.g., hepatocyte.
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lle Lys (K) Arg; Gin; Asn Arg Met (M) Leu; Phe; lle Leu Phe (F) Trp; Len; Val; lle; Ala; Tyr Tyr Pro (P)
Ala Ala Ser (S) Thr

WO 2009/081285 PCTAB2008/063952

[0127] In some embodiments, the humanized antibody or fragment thereof binds to soluble
HCV E2 protein with a binding affinity of between 1-100 nM. In some embodiments, the binding
affinity is between about any of 1-10 nM, 10-50 nM, or 50-100 nM. In some embodiments, the
binding affinity is about 5 nM or about 50 nM. In some embodiments, the humanized antibody or
fragment thereof binds to HCV E1/ HCV E2 heterodimer with a binding affinity of between 1-
100 nM. In some embodiments, the binding affinity is between about any of 1-10 nM, 10-50 nM,
or 50-100 nM. In some embodiments, the binding affinity is about 5 nM or about 30 1M, In some
embodiments, the binding affinity of the antibody can, for example, be determined by the
Scatchard analysis described in Munson et al., Anal. Biochem., 107:220 (1980).

[0128] In some embodiments, the humanized antibody or fragment thereof described herein
inhibits HCV infection. In some embodiments, the humanized antibody or fragment thereof
described herein inhibits HCV pseudoparticle (HCVpp) infection. Suitably, the humanized
antibody as described herein is capable of inhibiting HCV pseudoparticle infection wherein the
1C50 of infectious titers in the presence of said humanized antibody as judged by the HCVpp
neutralization assay is: at least about 0.032 for genotype 1 (1a H77 20); at least about 1.6 for
genotype 1 (1A20.8); at least about 0.9 for genotype 1 (1B5.23); at least about 3 for genotype 2
(2B1.1); at least about 0.41 for genotype 3a (F4/2-35); at least about 0.41 for genotype 4
(4.21.16); at least about 0.41 for genotype 6 (6.5.8); and at least 0.053 for genotype 5 (5.15.11).
In some embodiments, the humanized antibody or fragment thereof as described herein is capable
of inhibiting HCV pseudoparticle infection wherein the IC50 of infectious titers in the presence
of said humanized antibody as judged by the HCVpp neutralization assay is any of less than
about (.41, less than about 0.137, or about 0.32 for genotype 1 (1a H77 20), about 1.6 for
genotype 1 (1A20.8), about 0.9 for genotype 1 (1B5.23), about 3 for genotype 2 (2B1.1), about
0.64 for genotype 2 (2a JFH1), about 0.51 for genotype 2 (2A2.4), less than about 0.41 for
genotype 3 (3a F4/2-35), less than about 0.41 for genotype 4 (4.21.16), about 0.053 for genotype
5(5.15.11}), or less than about 0.41 for genotype 6 (6.5.8).

[6129] In some embodiments, the humanized antibody as described herein is capable of
inhibiting HCVpp infection wherein the ECsp of infectious titers in the presence of said
humanized antibody as judged by the HCVpp neutralization assay is: at least about 0.511 for
genotype 1b or at least about 0.793 for genotype 2a.

{0130]  Suitably, the IC90 of infectious titers in the presence of said humanized antibody as
judged by the HCVpp neutralization assay is: at least about 0.6 for genotype 1 (1a H77 20); at
least about 15 for genotype 1 (1A20.8); at least about 8.3 for genotype 1 (1B5.23); at least about
15 for genotype 2 (2B1.1); at least about 2.15 for genotype 3a (D4/2-35); at least about 0.92 for
genotype 4 (4.21.16); at least about 1.8 for genotype 6 (6.5.8); and at least 0.82 for genotype 5
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Thr Thr (T) Val; Set Ser Tip (W) Tyr; Phe Tyr Tyr (Y) Trp; Phe; Th Ser Phe WO
2009/081285PCTM32008/003952 Val (V) lie; Leu; Met; Phe; Ala; Norleucine Leu

WO 2009/681285 PCT/IB2008/003952

(5.15.11). In some embodiments, the humanized antibody or fragment thereof as described herein
1s capable of inhibiting HCV pseudoparticle infection wherein the IC90 of infectious titers in the
presence of said humanized antibody as judged by the HCVpp neutralization assay is any of less
than about 0.41, about 2.4, or about 0.6for genotype 1 (1a H77 20), about 15 for genotype 1
(1A20.8), about 8.3 for genotype 1 (1B5.23), greater than about 15 for genotype 2 (2B1.1), about
7 for genotype 2 (2a JFH1), about 0.51 for genotype 2 (2A2.4), less than about 0.41 for genotype
3 (3a F4/2-35}, less than about 6 for genotype 4 (4.21.16), about 0.82 for genotype 5 (5.15.11), or
Iess than about 1.8 for genotype 6 (6.5.8).
[0131] In some embodiments, the humanized antibody or fragment thereof described herein
inhibit recombinant cell culture-derived HCV (HCVcc) infection. In some embodiments, the
humanized antibody as described herein is capable of inhibiting HCVec infection wherein the
ECsp of infectious titers in the presence of said humanized antibody as judged by the HCVpp
neufralization assay is: at least about 0.72 for genotype 1b or at least about 1.7 for genotype 2a.
[6132] In some embodiments, the humanized antibody or fragment thercof exhibits one or
more of the above characteristics.

Antibody Engineering
[6133] Several technigues for engineering antibodies are known in the art. Generally,
antibodies are rendered less immunogenic by transferring CDRs from a donor (non-human)
antibody to an acceptor (human) antibody framework; this procedure is known as CDR grafting,
or humanization. A disadvantage of this procedure is that, as a result of differences between
donor and acceptor frameworks, binding activity may be impaired or lost. Moreover, a certain
amount of immunogenicity may be retained by the CDRs themselves. Various complementary
and alternative techniques, including veneering, resurfacing, SDR fransfer and deimmunization
have been proposed to address these problems.
[6134] In some embodiments, a humanized antibody described herein has one or-more amino
acid residues introduced into it from a source which is non-human. These non-human amino acid
residues are often referred to as "import” residues, which are typically taken from an "import”
variable domain. Humanization can be essentially performed following the method of Winter and
co-workers (Jones et al., Nature, 321:522-525 (1986); Reichmann et al., Nature, 332:323-327
(1988); Verhoeyen et al,, Science, 239:1534-1536 (1988)), by substituting hypervariable region
sequences for the corresponding sequences of a human antibody. Accordingly, such "humanized"
antibodies are chimeric antibodies (U.S. Pat. No. 4,816,567} wherein substantially less than an
intact human variable domain has been substituted by the corresponding sequence from a non-

human species. In practice, humanized antibodies are typically human antibodies in which some

22



[0173] Substantial modifications in the biological properties of the antibody are accomplished by
selecting substitutions that differ significantly in their effect on maintaining (a) the structure of the
olypeptide t%] e in the area of the substitution, for example, as a sheet or helical conformation,
E)b) the chargt{egglr<2 Eilgrc)jorsoﬁcz)?}sobicity of the molecule at the target site, or (c) REBHREYIRE % de chain.
Amino acids may be grouped according to similarities in the properties of their side chains (in A. L.
Lehninger ReBTatplipiRaiNy: SeigueicradiPopibly 3075, KR speiiumg Brstibesitars P yvissideeofrs): (1) non-polar:
Ala (A), Vab\bgduesils)in Heithy RepBysPhe (F), Trp (W), Met (M) (2) uncharged polar: Gly (G), Ser

(S), Thr (T, (), Tyr.(Y),Asn (N), G 3) acidic: A , Glu 4) basic; Lys.(K), Arg (R),
His(ll) [Ol‘?%g%\/ﬁerqh%gﬁi%?lgerzﬁﬁ}lr{g y%éggllfqr?%z]}(‘ae]é?dﬁ(géclﬁ%g%%%‘f&’eté %r%té%%%lﬁl&]%%%%% on common

side-chainfisresestieaniErisy dy Spiomieo Dt feuedie: MegcTacety vad, HAMAlespeystdberasthgrtiophilic: Cys,

Ser, Thr, Astus&iniiedacidia: Gy ($inkasicd Hdigukis, AdEpERNd asidnestiaL ifluensce chain

Orientationc: elx "'g:ars?»l‘ﬁ@%%ﬁ%g%ﬂg St;rqlﬁ)én-gg [)’th)hrc]ae\FaﬁabIe domain of a rodent antibody is screened
against the entire library of known human variable domain sequences. The human V domain
sequence which is closest to that of the rodent is identified and the human framework region (FR)
within it accepted for the hwmanized antibody (Sims et al., J. fmmunol., 151:2296 (1993);
Chothia et al., J. Mol. Biol., 196:901 (1987)). Another method uses a particular framework region
derived from the consensus sequence of all human antibodies of a particular subgroup of light or
heavy chains. The same framework may be used for several different humanized antibodies
(Carter et al., Proc. Natl. Acad. Sci. USA, 89:4285 (1992); Presta et al., J. Immuneol., 151:2623
(1993)).
[0136] It is further important that antibodies be humanized with retention of high binding
affinity for the antigen and other favorable biological properties. To achieve this goal, according
to a preferred method, humanized antibodies are prepared by a process of analysis of the parental
sequences and various conceptual humanized products using three-dimensional models of the
parental and humanized sequences. Three-dimensional immunoglobulin models are commonly
available and are familiar to those skilled in the art. Computer programs are available which
llustrate and display probable three-dimensional conformational structures of selected candidate
immunoglobulin sequences. Inspection of these displays permits analysis of the likely role of the
residues in the functioning of the candidate immunoglobulin sequence, i.¢., the analysis of
restdues that influence the ability of the candidate immunoglobulin to bind its antigen. In this
way, PR residues can be selected and combined from the recipient and import sequences so that
the desired antibody characteristic, such as increased affinity for the target antigen(s), is achieved.
In general, the hypervariable region residues are directly and most substantially involved in
influencing antigen binding.
[01371  Antibody humanization has been described in, for example, EP460167, EP682040,
US85530101, US3585089, US5693761, US5693762, US5766886, US5821337, US5859205,
US3886152, US5887293, US5955358, US6054297 and US6180370. These methods all involve
redesigning the variable region of an antibody so that the amino acid residues responsible for
conferring the antigen binding specificity are integrated into the framework regions of a human

antibody variable region.
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[0175] Non-conservative substitutions will entail exchanging a member of one of these classes for
another class. [0176] Any cysteine residue not involved in maintaining the proper conformation of the
antiHCV anti%&éﬁﬁ&f{@/ be substituted, generally with serine, to imprcl,v %O%J'g@%ig/e stability of
the molecule and prevent aberrant crosslinking. Conversely, cysteine bond(s) may be aéded to the
antibody to improve its stability (particularly where the antibody is an antibody fragment such as an Fv
fragment). [I£3Y) APpaRR RS ratereRethise oSt et ATB A PRHP I SR 5PifBeMUiting one or
more hypernsdigableore ginmeasistitesolea @IS T A odye(eativedy ienanizaedambeite Generally, the
resulting valantis)Rliasien Bhibsrdsipieemeblhane TRIRYEdRidlagisal Rippetiies relative to

the parent antibody from which they are generated. A convenient way for generating such
substitutiof4 RN YoBIEammRyerfalis aBA0 T PHagRTEs gty Bedlandl Ppervariable
region siteEX@s@9586Y aaites)iss enmattaa dariggn enates alopansiole: asnina-stlasditisionmaiseash site. The
antibody vari re displ ' ongvalent.fashion from WO
009108128 D B el Mo it et of
MI3 packagétFeitiin EsbRisafieiealivhdorespd aniedics aaymarenieotiehscrdeméd for their biological
activity (e.gnadeineling raifinity)srhsrein ciseinsedain erdredoaidantinaantidaiednypaivadable region
sites for medification, alanine scanning, mult is.can he performed to .identi variable region
residues c%%tﬁ%ﬁ%r }gzlrgl?ﬁll |g%hri|§efému gﬁ%@ﬁ%ﬁdﬁﬁéﬁ%&ﬁ%ﬁ\%&@? %‘gﬁfo%gﬁ%ﬁyﬁ%‘ be benefigial
to analyzeSsceristaiiRagyothiie sranig i geleprshbgyebinpibxadiniererinysdenrabe fisihts between the
antibody angibd@y whidenap aiast esiduesrant ReighboringasidueTRiaandisalasder substitution
oG e S e SRt Iel IR, drce e Eap Al gersated. the panel of
variants is sﬁ%]ecte to screening as ﬁéscrlbe%‘J erein and antigodies with Superior properties in one or
more releVartESSasithay be selected for further development. [0178] Another type of amino acid
variant of togzantibpglysaliershesaruinal abcasyiationpaliespaliheoaniinadie s bumanized

antibodiesogr fg%%g}gsnﬁ thlglgeofngne%y com r(i) en réhamin acid mtotieﬂes. F.ortexa u%Ie the humanized
antibodies of fragmen R IS R e RS TG R RS SR Ra L B M aturally during
expressiomesidiite Wioianike doaitiboillebaor Ry mdnts diftareof battventibs noaiho pbstrorganism, or may

be a delibgratpmaedificatiptrREgln AN QUMAR iRtAVERTQR. R AleHPS: isrReant delgting one or more
carbohydrate %oi(et)g%ss ound, in the anti?odgl, %nd/or ]addin(t], one or more ﬁgglycosylation sites that are not
present in the antbody: :féf%?@%ﬁsaﬁ ation biahtivdyidés f§et'§e§f3dﬂ§’§l PREHR REHASF Binked.
N-linked refersh toahelattdshnpenteodithel cagldotydratnrbiaty od & sideidhainodfeantasparhgine
residue. TheipeRIde SRIHEIBEEHASRABLIARBRING ARBASPAIRBINANHHeaInRYSere X is any
amino acid except proline, are the recognition sequences for enzymatic attachment of the

carbohyd raa‘féﬁﬁ%ei’(gfﬁ‘f?)nﬁ% (GBS PRAHAVE & R PG TS D AR S SPBARB S these tripeptide
sequence§litél polypEpHaE! areldies @i Otevitiddsghmodidatiore sitegh @i fikedsglircbgy [Htien refers to the
attachmengofeone Qi SIS N-RcrYARRSIRsaMiNG.YRL LRSI UAINSE I g Q¥ygmino acid,

most commqnh{ serine or threonine, although 5-hydroxyproline or 5-hydroxylysine may also be used.
' [0180] Ad&itiGH BrRYRIEEASiGA ShEada R CARARGUY A TUSRVRHIENY! SEREHET I altering the
amino acidwsegeaencessibity thatdticbrtains Reddoesrictd ok thealioleydesoribedtipptideesequences
(for N-linked,glyeaaylatianisies) (Ja.HSRIRRma AeaAsMRAR LHiE AdiiARR,qL substitution

by, one or more serine or threonine residues to the sequence of the original antibody (for 0-linked
glycosylattsfisité& 1B Riiiele Beryivibmediias htoding e ath Seaibhraciegiits of the
anti-HCV éwtibhd yiateogy efiaregiey: orasiety akimgihrdsiladaidn shy aid.sohesexraaigds include, but
are not limitgd,1q, isolation from a natural source (in the case of naturally occurring amino acid
sequence variants) or preparation by oligonucleotide-mediated (or site-directed) mutagenesis, WO
200910818888 C T4 risstnrafg3onhop daristhigel Oy | Al aadbStdonnstijenaiss rditlearlier
prepared vésiark @fa8can Osvariantare iiancaithetani- G\ antiradyriats2dilmanbe desirable to
modify the antibody of the.inveption with respect to effector. function, e.g...so as to enhance
mtigen 4ol B A e B o B W toxicty (CDO)
of the antisseRPIPRisHHEycHE aeHieded by introducing one or more amino acid substitutions in an Fc

region of teaantibody. ivesnatively-ef raddilicnally.Qystainerosiduals) ayobsrintmadiiced in the Fc
region, th%rtgp&z gé@g_i@&é@}g({%lg& adisulfiggﬁagggg%pa%%%&l@é? gggion. The homodimeric antibody
thus generatedamay have improve Yntémalization capability and/or iricreased complement-mediated
cell killing and antibody-dependent cellular cytotoxicity (ADCC). See Caron et al., J. Exp Med.
176:1191-1195 (1992) and Shopes, B. J., Immunal. 148:2918-2922 (1992). Homodimeric antibodies
with enhanced anti-tumor activity may also be pre%‘éred using heterobifunctional cross-linkers as
described in Wolff et al., Cancer Research 53:2560-2565 (1993). Alternatively, an antibody can be
engineered which has dual Fc regions and may thereby have enhanced complement mediated lysis
and ADCC capabilities. See Stevenson et al., Anti-Cancer Drug Design 3:219-230 (1989). [0183] For

increasing serum half the serum half life of the antibody, amino acid alterations can be made in the
antiboAdy ac decerihed in IS 200G/00R7020 Othear Antihndyy Modificatinne T01241 Othear modifiratinne



WO 2009/081285PC1711132008/003952 Screening for Antibodies with desired properties [0186]
Antibodies with certain biological characteristics may be selected as described in the Experimental
Examples. [0 7% creen for antibodies which bind to an epitope on the rotein bound by
an antibody o f?l é)-l?-g/g%é%%utine cross-blocking assay such as that desc%ggg%\éogﬁg%gscﬁes, A
Laboratory Manual, Cold Spring Harbor Laboratory, Ed Harlow and David Lane (1988), can be
performed Gl asddyrdshtesdridisateke dlenine P e antisdRpinnes tAked aflstorite B epitope as an
anti-HCV kzzantiipdy: ah ihenmeanijonsoiiiennatively opradeitioeallys epitopamappping<an be
pertormec BpMEos KAGMIR HIS.af For RIS, BRI SRAEISE DR Ha0eieed
such as by alanine scanning, to fg'en'tl ontact residues. The mutant antlf)o%y IS initially tested for
binding witt'peNerRshareambieny to Biistresfroper folding. In a different method, peptides
corresponggngato diffeieay legiemsabiiednkidrateincandaeiisadirepmpaiiion assays with the test
antibodies.or with a test anti nd an.antibc ith a characterized or known epitope. [0188] In
some emblg #lg% Isln 3?1%%%%%5)06%% ggb@ggs%%ggr%&grﬁeﬁgg?ﬁféfo neutralize an HCV infection. In

some emb@dihlents, eesteaibasiioents ha MORirféerdrrily brigdy shaatidy pesiraotfirdicdparticles
(HCVpp) newtralizatioBpassalyyasHeseibethhain nldfe YRpsan sisghab upmediiegehbaM snvelop
glycoproteins assembled opto retroyiral or lentiviral cqre particles. HCVpp.infect hepatoma cell lines
E L it S RO S S s S el e
packaged withlhlehgtiHeWhanabieslys fast and reliable determination of antibody-mediated neutralization.
In some embodimgpisanerialiaation of an HCV infection is based on a recombinant cell
culture-derived HCV (HCVcc) neytralizatjon assay infecting human hepatama cell lines as described
norein, 1ROl A EPTTRBES FRUS LR TR EIEE BRSO 9 T S
"Polynuclesvities brtimuetdientibidly o rsadsintepebland baldlgshereinlertdé tatgep alyhintidifg fivleotides of

anydlltﬁngthsgln,g};ti%g!qfégoggm%gn l%ge]gﬁig&%@qggg@@&pge{%&ﬁﬁbé?migﬁdes, ribor:uglgtitides,
modified nucleotides or bases, and/gr.their analogs, or any sybstrate can_be incorporated into a
M e e A AL e e o
methylated!rrociwtigebnandstSom b frajfnyst pradsend ArolificatiGoito theseraelbetitigestructure may be
imparted k}ﬁ-ﬁ%ﬁi@g ﬁ}(xt‘éfagﬁéﬁi@m{ &EH}%&Q'X{S&EE&%QQJ FQLEHIMRIS theurglyaugleotide may encode

an entire immunoglobulin molecule chain, such as a light chain or a heavy chain. A complete heavy
chain inclfEEE RSO EHLERT Fi Y iHable region (VH) but also a heavy chain constant region
(CH), whic_ﬂﬁlmcaﬂtysmihle@mmmiserthrée ewitsigniradpmainseGiike € b2 tandO1LB jantha "h_ingc_e" region.
In some Slaueﬂ@{}%gmaﬁwﬁ@mg&{%@r@ép%ﬁ%@éﬁagpél@%g QiR £ARSHNt region is

0

desirable. For example, where the antibody is desire kill an HCVintected cell, the presence of a

complete CBRBENT FddA Fedahrabith te atdiTaEoeBm T Mo ERAR HhOG RS SO-FAETEIS the
presence aﬁ%c@nmm@mmamﬂ&gieﬁﬁmayib@mdﬁﬁhﬁdbl@n{@ﬂtﬂiﬂd}'lﬁe_gnmmsu(_:Ieotide may encode a
variable light ghain 20d/ar.axarable heavy chalR 92108 RobRePldRs wWhishiyay be encoded

by the polynucleotide include antigen-binding antibody fragments Such as single domain antibodies
("dAbs"), FEOTELES 2RtigsnAREP BTGP 2dnbinAiSi MG EES EmBBhes ety Sty BRFdIERYantibody
fragments dtia shavigah dhenGiHaine e £k abtdindamgin fascbeamexsisedicAFminibedigtqrersmaller
than conveni; ntibodi I ' ttgndi ratiqn.in,glinj jagnostic use,
but being %%/gggg{)t °e%%ﬁoﬁ%%ﬁ%%§%ﬁ%%§%ﬁﬁn%ﬁ@ r?%%tlo%acl?e?n‘t antigl%%lé%%%ments, such
as dAbs. AeBBikhifle YRR acidectighte erdrigtad BdiBRATSC M faiEeninbiBa PGB herein
encompasgesipoan|ywhale, antibe ey drolairsibubialée ratigepindinganibedy diagments of the
type discu above. [0193] Whilst the encoded polypeptide will typically. have CDR sequences
entical o0 DS LT s S R Ea i A B B o
AP33, beintfiofthheiahcorigire. bisingsiipaucleotide of the invention will thus preferably encode a

polypeptid@ieyind:fsbas ensainmtg thehains\aiableregion assasesibad heteindalative to the heavy

and/or light chain (as appropriate) of 3. If the encoded polypeptide comprises a partial or complete
oay and T ThaT O RGOl B R ARy o R e, (01041 Preferably
at least onfeagitins flarewenkbratioms ohthreiigtoddedngdippapride! Brudunesizpdaftibdsly Wadh of the

rameworiegiane WHE ORISR FENURINISBIRUE L HRWIAAGLEHOT S0 s (0
ecome more_ simijar to thos , S0 as to | the binding activity o anize
o (G0 Br A e B N R e e e bR e samprise at

least one amino acid substitution relative to the corresponding human acceptor framework. Thus, for
example, the framework regions may comprise, in total, three, four, five, six, seven, eight, nine, ten,
eleven, twelve, thirteen, fourteen or fifteen amino &€id substitutions relative to the acceptor framework
regions. Advantageously, the mutations are backmutations to match the residues present at the
equivalent positions in the murine AP33 framework. Preferably, six backmutations are made in the
heavy chain and one in the light chain. [0196] Suitably, the polynucleotide and/or the polypeptide of

the invention may be isolated and/or purified. In some embodiments, the polynucleotide and/or
nolvinentide are an ienlated nolvvniiclantide and/or nolvvnentide The tarm ienlated ie intended to indicate



polynucleotide and/or polypeptide are a purified polynucleotide and/or polypeptide. The term purified is
intended to indicate that at least some contaminating molecules or substances have been removed.
[0197] Suitably, the polynucleotide and/or polypeptide are substantially purified, such that the relevant
polynucleotid %ﬁ%’/ﬁsﬁ%ﬁ@peptide constitutes the dominant (i.e., most abﬁﬁgé%ﬁoﬁg@ﬁga%:leotide or
polypeptide present in a composition. [0198] The invention therefore employs recombinant nucleic
acids compristiah HRsé R oeraleig- forsammeenioemantsy dhrdifeVobrmante B forioma tigreteriin variable
do_r(r;air(l]I astéqli@ggwbgﬂ' dgﬁ;@j?@&y@d%fmﬁtmg gg@cei?ﬁggi%@gg&@@mﬁy@%gggﬂagﬁngflﬁlgtralnded nucleic
acids, double stranded nucleic,acids consisting of sai ing nucleic acids ang of complementary
uclelo acHSTHETAY. BPLBE s A ) oS AR B A B RS HErfseives. [0100]
Modificaticis}sralahlsadiepmadenstimide dbgegivgechain variable domain and/or of the light chain

variable degasgp ofithe-AR33apthefkns el it visleicARidmayieP.SH8R} spdtankwherein one
or more nugleotides are replaceg by gther nucleotides with,the new cqdons coding for the same amino
(), Sl B T Do H e e Ee S R LAt E oo are

degeneratbddnithinlthis FEH A grofdhevife abindiogdiimttdthatvaen milddnisemef nucleotides are
replaced t&ﬁﬁﬁ@@rﬁ&iﬂ&'@@ﬁﬁ&ﬁdﬂhﬂ%fﬁ%lu@&ﬂM@Q@?Qﬁiﬁdh@g?ﬁﬂiﬁ@ﬂ@!@@gmﬁﬂgina”y
encoded. Such d%% nerated se| u.encagg maél %e u%eful due to their different restriction sites and/or
froquency STSHIRIAP Tt SHeRORTER AP By SR Rh Gy MS SR Rbah TRV BB acterial or
mammaliamuoeligetoanitaiy anfegtinmkexpridssibricdf (e Hé dyMchaireweriabte didmrdimding/or the light
chain variglgig; @éﬂvéﬁqUﬁﬂ@ﬁ\d%@ﬂ%%ﬁ&ﬂ%ﬂ&?ﬂﬁ%@@@%@é %ﬂ?e@ﬁ%%@ﬁ‘ttiﬂggf‘“on

e

encompasses the use of sequences having a de!%triee of sequence identity or sequence homology with
amino acid 8G0EAdardt 8N IRBGdHEMA G PReEPEH hﬁl%ﬁ%‘ﬂ?@ﬁ@é‘ﬁﬁ%@ﬂ‘é?@%f’rof any
nucleotideabeqUi®ndé. &neodirgnbudimenoliypiiptiohe éffmmmiftm m;:ibo&yetam &zr acﬁhqﬁﬂdbogqus
sequence(@yonfifieoy i CURAIAMAIOGUE:MBRNH MAVILNRYINGASSHRIN Nemekeay with the
subject amino acid sequences and the subject nucleotide sequences. Here, the term "homology" can
be equate@%% "identity”. [0201] The homologous amino acid sequence and/or nucleotide sequence
shc_)u_ld prdﬂitﬁd]andﬁanmamdmﬁrmhypﬁaﬁdﬁgvmm eehingtiatunalipnbd m&sﬁﬁnd/or enhances the
activity of fagAniRad (R ehiD ADSSHGABNLARIRKLA BOROIRHRHS SEAUSARPIRIAKED (O Include an

amino acid sequence which may be at least 75, 85, or'90% identical, preferably at least 95 or 98%

identical td & SHBRRH SELRIERERY Fopneais/ nth'n Simsrogtry iihdsishs et dahd Ytive sites etc.
as the subjedi arnibe, asidFseHtemests Altheoghdiamalogybtamdadobechainsiderdy imietnasof similarity
WO 2009/918&1%%%& ﬂa@a%%g%ggégé%&k&a S‘Siﬁf?l_s‘?‘dd residues having similar chemical

properties/functions), in the context of the present invention it is preferred to express homology in

terms of sEYd&hcedamsty e the prevdrcyntesdy rommvge i 818 &ken to include
a nuqleotidmeq(uamagwiaiﬁkl' ﬁfayebﬂ]ﬂﬁd_&aﬁhﬂtﬁycﬁfes@g%%ddﬁfﬂiﬁabpprésfﬂi&bbnﬂt least 95 or 98%
identical tg.a Pn‘é%l?o%@% I %FA%%%%E%%@ %%'%PO%Q%%%QJH@E %Qtr?e%%ﬂ%snéfﬁgt@g!;@b%ﬁ bject

- sequence). 'prlc.aﬁ3 , e‘homofo_gues wil cor}ﬁprlse the same sequences thatco e for the active sites
etc. as the'SpjaitSediastee Ay dg hhisne Sg) et pacdseisiddidthsterndsordiaiarity (i.e.,
amino acidiesilupgibaing sinllaaheamipalDiopestigsiiunetionsiuth thesariexietdhempresent
invention iiS ReTElied 0. XPAESS NAMISI G I 1P HS. Bf Sequance idani- 102G Hamolooy
comparisons can be conaucte by eye, or nore usually, with the aid or readl?y available sequence

comparisoRpYepAafder FiRdse rutmivetaialysaxiaiin e e ormsuiacpib grahvserircdartiiiads % homology

between tyygupie IIBrEERE URIEERNIROBE HerhiammeiamBay:becalslatedOYENLestHgUOUS sequences,

i.e. one see%?%ce ist altignﬁzd with gwe tol'ggé—;'r se uertlceeaeng %agp e}rrﬂ%g)tsa}g&ign ne sequengce is directly

compared Wi Iﬁlée%cs)’rre%p%mna|hzﬁ AMinG aciatn th lbf'ﬁgrssé}ql?én%el, one Tesidue at a tme. This is

called an langappedodiiamndhe. CFiipicdiNer sabheundappedalignments are performed only over a

relatively %bmpumg%&fté@mﬁ% nfQ208Alhaugh: WisHs sruesiapiaaadceRsiRignt method, it fails
)

to take intQ, consideration that, for example, in an otherwise identical pair of sequences, one insertion
or deletion i EELE THESGTAAIIAY ARG Et ARG W T BL LY P SRR potentially
resulting im. &.|dMgemed e bbn/nAtzhgiBoidgyintendiibphe aligierieds B 8oiMeddDonmskquently,
most Sequﬁ%ﬁﬂaﬁ%ﬁa@?ﬂ&@ﬁka@ﬁ.%qz1%}5’&%@9&}%&}919@%@%9@%&%@'ﬁl@&ﬁ&ﬁ“@}é@rﬁﬁ into

consideration possible insertions and deletions without penalizing unduly the overall homology score.
This is aceFRSaER/ ARG G apE bV SShHY BHERe X JRFARE 6O MIARIATTSS o2t homology.
[0207] However, these more complex methods assign "gap penalties” to each gap that occurs in the
alignment so that, for the same number of identical amino acids, a sequence alignment with as few
gaps as possible - reflecting higher relatedness beéfiveen the two compared sequences - will achieve a
higher score than one with many gaps. "Affine gap costs" are typically used that charge a relatively
high cost for the existence of a gap and a smaller penalty for each subsequent residue in the gap. This
is the most commonly used gap scoring system. High gap penalties will of course produce optimized

alignments with fewer gaps. Most alignment programs allow the gap penalties to be modified.
Howoevaer it ic nrafarread to 11ce the defarilt valiiee when ricina crich eonfiwarea for ceadrience



[0208] Calculation of maximum % homology therefore firstly requires the production of an optimal
alignment, taking into consideration gap penalties. A suitable computer program for WO

2009/081285PCT/LB2008/003952 carrying out such an alignment is the }(((tefﬁ%rz‘%érﬁ&nvitrogen Corp.).
u

WG 2009/08128 , i 9372
Examples of sortware A% can perform sequence comparisons include, but are no |mﬁed to, the

BLAST package (see Ausubel etal., (1999) Short Protocols in Molecular Biologé\;, 4th Ed - Chapter 18),
BLAST 2 (ssertins BliepbbitLdlening By fsalr godirgoo pl Hrsa s sohese dragray: 187-80999)),
FASTA (AliseBuletradmehtMah B3 #dh tht A0 pBNshAMIIbkafk axaispieatdiieast BLAST, BLAST
2 and FASTA are availabl offline and online searching (seeAusubel et al., (1999) pages 7-58 to
7-60) 1020 Ry et Pl sy oretutl S 6o o5 by RO

process itéeforntifsie sl faamena searsncan -affiefledtisiagyg&il 6rHA88h) 1 nsteringiscaled similarity
score matexoisgapaeaty, e thabassions seamado BaehyRwiseoadmpansatdpsaa.en chemical

similarity volutiopary distance,. An example.of matrix commaonly used is,the.BLOSUMG62
e - e e TR I iR B B e e B R R ISR o either

the public etefersresiduessusrdgsctibedin S/baBal Bonfgdiduf. e iesupitrsdosée msdicimrtial for further
details). For@omeraprlicationsdhipaeaiesad daiaeihadeiauth valvesiosdheeator NTI package.

Vector NTHIRAGSISREB o BAESR S s ARG dncfogtas tLLORTAL THibine DG & Sharp
PM, GeneS730)328 72445 1138 8yp- 038714 BriteeteSotte tirconbisspraduesll iaropamtahiaignment, it is
possible tq;calgilate do/bRrplogsRraigsabind argurnca Rt dhsisRityRrig bmicaly does this as
part of the sequence comp rison ando er;erat s gont%meri al res gﬁ%ﬁ%ﬂnse'}%”igﬁaf Penalties be
used wherf %‘ﬁﬂ%&%é?&fﬂ%@"ﬁ&&?‘ﬁ&”fﬁ&% SR fﬁé"?o‘# WiRG Parametsr L 5ret&ed for
pairwise atigméntnSeedt digleathokalstaos ORBEASTeGARL QP ENGnGAR: X BNSIONB, FOR
CLUSTALSW&?} The antibody fragment may also be a "linear antibody”, e.g., as described in U.S. Pat. No.

5,641,870 for example. Such linear antibody fragments may be monospecific or bispecific.

Antigen-binding antibody fragments can be produced by enzymatic or chemical separation of

intact immunoglobulins. Fragments can also be produced by recombinant DNA techniques (e.g.,

King et al, 1992 Biochem. J. 281, 317-323; Carter et al, 1992 Biotechnology 10, 163-167).

Segments of nucleic acids encoding selected fragments are produced by digestion of full-length

coding sequences with relevant restriction enzymes, or by de novo synthesis.

[0154] For example, a F(ab'), fragment can be obtained from an IgG molecule by proteolytic

digestion with pepsin at pH 3.0-3.5 using standard methods such as those described in Harlow &

Lane (1988 "Antibodies, A Laboratory Manual", Cold Spring Harbor Laboratory, NY).

[0155] Fab fragments may be obtained from F(ab"), fragments by limited reduction, or from

whole antibody by digestion with papain in the presence of reducing agents.

[0156] The humanized antibodies may be characterized in a number of ways which will be

apparent to those skilled in the art. These include physical measurements of their concentration

by techniques such as ELISA, and of the antibody purity by SDS-PAGE. In addition the efficacy

of the polypeptides can be determined by detecting the binding of the molecule to HCV E2

glycoprotein in solution or in a solid phase system such as ELISA, surface plasmon resonance

(e.g., BIAcore) or immunofluorescence assays. More especially, the neutralizing capability of the

polypeptide can be tested against HCV samples representative of the six known genotypes in a

HCV pp-neutralizing assay as described herein, such as HCVpp and HCVcce neutralization

assays.

Bispecific Antibodies

27
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WO 2009/081285 BCT/IB2008/0039572

[0157] Bispecific antibodies are antibodies that have binding specificities for at least two
different epitopes. Exemplary bispecific antibodies may bind to two different epitopes of the
HCV. Gther such antibodies may combine a HCV binding site with a binding site for another
protein. Bispecific antibodies may also be used to localize cytotoxic agents to cells. These
antibodies possess a HCV-binding arm and an arm which binds the cytotoxic agent (e.g., saporin,
anti-interferon-a, vinca alkaloid, ricin A chain, methotrexate or radioactive isotope hapten).
Bispecific antibodies can be prepared as full length antibodies or antibody fragments {e.g., F(ab"),
bispecific antibodies).

[0158] WO 96/16673 describes a bispecific anti-ErbB2/anti-FeyRIII antibody and U.S. Pat.
No. 5,837,234 discloses a bispecific anti-ErbB2/anti-FcyRI antibody. A bispecific anti-
ErbB2/Fca antibody is shown in W098/02463. U.S. Pat. No. 5,821,337 teaches a bispecific anti-
ErbB2/anti-CD3 antibody,

f0159] Methods for making bispecific antibodies are known in the art. Traditional production
of full length bispecific antibodies is based on the co-expression of two immunoglobulin heavy
chain-light chain pairs, where the two chains have different specificities (Millstein et al., Nature,
305:537-539 (1983)). Because of the random assortment of immunoglobulin heavy and lght
chains, these hybridomas (quadromas) produce a potential mixture of 10 different antibody
molecules, of which only one has the correct bispecific structure. Purification of the correct
molecule, which is usually done by affinity chromatography steps, is rather cumbersome, and the
product yields are low. Similar procedures are disclosed in WO 93/08829, and in Traunecker et
al., EMBO J., 10:3655-3659 (1991).

[0160] According to a different approach, antibody variable domains with the desired binding
specificities (antibody-antigen combining sites) are fused to immunoglobulin constant domain
sequences. Preferably, the fusion is with an Ig heavy chain constant domain, comprising at least
part of the hinge, Ci, and Cy; regions. It is preferred to have the first heavy-chain constant
region (Cy;) containing the site necessary for light chain bonding, present in at least one of the
fusions. DNAs encoding the immunoglobulin heavy chain fusions and, if desired, the
immunoglobulin light chain, are inserted into separate expression vectors, and are co-transfected
into a suitable host cell. This provides for greater flexibility in adjusting the mutual proportions of
the three polypeptide fragments in embodiments when unequal ratios of the three polypeptide
chains used in the construction provide the optimum yield of the desired bispecific antibody. It is,
however, possible to insert the coding sequences for two or all three polypeptide chains into a
single expression vector when the expression of at least two polypeptide chains in equal ratios
results in high yields or when the ratios have no significant affect on the yield of the desired chain

combination.
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[0213] In one embodiment, CLUSTAL may be used with the gap penalty and gap extension set as
defined above. [0214] Suitably, the degree of identity with regard to a nucleotide sequence is

determined 20 contiguous nucleotides, preferably over at le iguous nucleotides,
W AR iR

preferably »85PCT/1B20081003952 over at least 40 contiguous nucleotides, preferably
over at least 50 contiguous nucleotides, preferably over at least 60 cont%léous nucleotides, preferably

over at led81¢H0 cBritijaGtedrichatiines ofdbit spBeAtintls PPl ariBrRfs Aty WHIPIELEA to a
nucleotidensegd @ncrdsgtigianniase el Wia whalsharitisgapesiitlybiidizaton 02 2&tha further aspect,

there is provided g nucleic acid sequ that.i le of hybridiz ; ificall bridizing) to
the |tﬂa§&1;f;:zm @ﬁggzﬁbagﬁﬂ%}%%‘ﬁ%&?‘fﬁpﬂg f}ﬁ*ﬁﬁﬂﬁ%ﬁfﬁﬁ ﬁ* shall
include "th&pr PRRTE RS BrBFRFOC STBREEC b Rt ARitRPar € i B 4R St¥efté hrough base
pairing”. Hyhsishaadifbne onditiedsnadraasas oncthe melbhgdemnpe e {fmot)dhihe nucleic acid
binding complex taught in,Berger and Kj {1987 ide to Molecular Cloning Techniques,
Viothods 1 ER A aala P L e e B B e gency as
explained %WW@?WM%@FH@%WWC%%EM@IQWGF‘B@' BeESIERiENigh stringency
at about S6isedAChelowd 5, inkesmaegialswtineencyalanom G20 G helow 98s).and low
stingency g ahoul 2060 oG bplow T A be Whreraions by

303,034 e an. &
maximum strin ency Izatllon ca e used to identify or detec 1 :

cria
entical nuc eotl(ﬁe sequences

while an irteifaeniide (o deibpdtrirderidss kybbiipratserediy Paues theiBertfAsY detect similar or
related segueRr@selO%ARh Svitakhsrtaebrcieisrasidseauenaaisiteaisaapatlerathybridizing to the

nucleotide sequence(s) described herein is a ence, that is capable of. hybridizing under stringent

concitons g B0t M ASae Fredatet IR U T LR T to e

nucleotidecbeigséncebadetsefibef Hermt Jodxely Dwleisly athecplaetdiv deiarsagitsmdels) at is capable

of hybridizipg %@mﬁgmmmm&pn&@g@; 66GANIQIXSRE $1X8 9 Fulelfdl NaC1l, 0.015
tot

M Naicitratg prg 7.0 the n%cle(%ti e segéy}inces é)retsgnted eref'nb 02 1%'ThF present invention also
relates to ROCKOtHTE SRS THET 362 USH STEPREAEAR 1 R eiTcad TAFRE IRTEHHSe to the
nucleotidessapifsrdegoiiteprdserndn(entidaniieciuthngnomdlkaentalss seppsbawes Bfthose

presented iﬁt@ﬁ@t’gﬁﬁg [Qg%%]cvl%lﬁﬁ]}é'r:ﬁ%&%_ﬁﬂn\é@%U%}%?GQ@%}&&E%@F@&%@ mm@@;&@ﬁ@n&y&leogde
sequences are capapile 0] rnaizing to tne nucleollde sequences presente erein unaer
conditions[g}ﬁ{errﬁgﬂ?ﬁ CHR i%é?%ﬂ%é?r?&%“%‘z&ﬁ@?ﬁ%ﬁcﬁ%ﬁ?‘fﬁ 003952

example, one of the antibodies in the heteroconjugate can be coupied to avidin, the other to
biotin. Such antibodies have, for example, been proposed to target immune system cells to
vnwanted cells (U.S. Pat. No. 4,676,980}, and for treatment of HIV infection (WO 91/00360, WO
92/200373, and EP 03089). Heteroconjugate antibodies may be made using any convenient cross-
linking methods. Suitable cross-linking agents are well known in the art, and are disclosed in U.S.
Pat. No. 4,676,980, along with a number of cross-linking techniques.

[06164] Techniques for generating bispecific antibodies from antibody fragments have also
been described in the literature. For example, bispecific antibodies can be prepared using
chemical linkage. Brennan et al., Science, 229: 81 (1985) describe a procedure wherein intact
antibodies are proteolytically cleaved to generate F(ab'), fragments. These fragments are reduced
in the presence of the dithiol complexing agent, sodium arsenite, to stabilize vicinal dithiols and
prevent intermolecular disulfide formation. The Fab' fragments generated are then converted to
thionitrobenzoate (TNB) derivatives. One of the Fab'-TNB derivatives is then reconverted to the
Fab'-thiol by reduction with mercaptoethylamine and is mixed with an equimolar amount of the
other Fab'-TNB derivative to form the bispecific antibody. The bispecific antibodies produced

can be used as agents for the selective immobilization of enzymes.
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111.Expression of Recombinant Antibodies [0223] Also provided are isolated nucleic acids encoding
the anti-HCV antibodies and fragments thereof described herein such as the humanized AP33
antibodies, vectors and host cells comprising the nucleic acid, and recombinant techniques for the
production of HR2EN {{?6%18? The antibodies described herein may be prodﬁgyaﬂﬁﬂoﬁéo@fﬁ?%ﬁnant
expression. [0224] Nucleic acids encoding light and heavy chain variable regions as described herein
are option&#i6Rhketrearetsssdatibittigo i dirgtimseret dhlstar B ipweitrivecford). Whietlight and

heavy Chflilﬁﬁ E@Eh%@lﬁp@@hﬂleﬂl@ ﬁﬁefi‘ilix Qﬁ@iﬁﬁﬁ?@fgﬁﬁmy\é@ﬂtoﬁ%ﬂ?Wﬁﬁegme(nt)s ﬁncodlng
irnmunog in ntrol seguences in the sion vector(s) that
ensure th(? 2%?98%(‘?%8 |(F'ntjr2ng nog uI|n p ep’fnamz e8diof con‘f uné?\%(:eug “include, but are
not limitedBeshoreimisrensievgs Wateﬁfa]bysefse@élﬁtemléwhé@eﬁbmgeﬂsdp@wm@ris‘)heigﬁdl sequences,
enhancer glemegts ang tU@&%P&EE%%J&ﬂ@H&ﬁBQ@WE&%&;JQ@%?Eﬁ@%ﬁlﬁv@é@%ﬁ’éﬁon control

sequence are eu otic promoter te sm vectors ¢ ble of transforming or transfecting
eukaryotic S5t §EP ‘{e "Ef%*é‘%&lfséé @f%ﬁ%u&a&Hff Sy O BREEtor has been

incorporatédidraoitifs aﬁpnumlat@thmstlymﬁlh@seasgﬂamtamedbmde!ruumneﬁtgyrﬁs suitable for high level
expressionggiie W&@;@&%gg%pmqm%&eﬂﬁgmwnﬁ Qﬁ{{bfé)% %&é&@%ﬂ&%& reacting

antibodies, [0226] These expression vectors are typicall y replicable in the host grganisms either as

episomes ‘3?’8&53“?3{8@?&16 SHBrARY R AP PRFB S AR ISR Pl RS ¥R B mponent-
Commonlyheex predsichumgtiomsicontgiersdestioy enakkérsnteugol atdBibIn4BESHROGE2). The
hygromyCiﬁJﬁﬁﬁﬁ%é&E@Q&W&é%@ﬂ@% kRRamYRR 163I8Ia06R PIEARMRIBFGRIstance) to

permit detection of those cells transformed with the desired DNA sequences (see, e.g., Itakura et al.,

US 4,704, 8851 SRR ﬁfb@?%‘e‘é"gﬁ’&ﬁagﬁ?&?&?@?ﬁéﬂ’&‘}‘&%’f’%@?@sstance to
_antlblotlcstomtheﬁdmom &g thampicillized eofoycihe augithdiréxatedioretetiady oltisd(tgncasaplement
aUXOtrOph%%ﬂ%ﬁ%}%ﬁe 8!0&%&%!10&‘Xn%%gﬁs’?‘hl?}ﬂﬁ!ﬁ%?s”?ﬁea'vcﬁﬁ@ok&'? EE‘BH%&Q@@&?&AH@%? e.g., the

gene encod mlg D-alanine racemase for Bacilli. [0228] One example of a seléttion scheme utilizes a
drug to arreStgEshRhebf & todebeficahdse %’1‘15 Qfdaﬁéﬁﬁééa%@fﬁﬂi/%‘ﬂ?gﬁﬂé’éew&ﬁva heterologous
gene produeehanpriatéimecide tisggiit gneridiangenaisl Thadragnane thaptlesticooagiomeinoExamples
of such dofrjn %P aﬁ‘ﬁlﬁé%t AYE BQ%r%fgﬁri gfi&?ﬁ%‘g SONRRDENQIIE ?%ﬁ{%r?s%% B}’%&[}@%ﬁ%mz”]

Another example of suna e se ecta ers formammalian cells are those that enable the

identificati®ReErHBRY dBinpetah Mo eRdns e direa e i UReEb i By At Yo BeiEE described
herein such; asdhe, uman Zﬁdnﬁ:ﬂé’xﬁfrﬁ@ﬁbﬁd@&e‘sjﬂ ehas DR bRtigthymidinesi Qi nother
200910812@%& g}-({lr:!’l%i% r\g%@%%%s ﬁﬂubo %‘gﬁrﬁ@h Qhe%rs}go zsé(ﬁref 2{1%9%@ W%t% r‘ﬁlta"Othlonem

genes, adenosine deaminase, ornithine oxylage, etc. [0 or examp e, cells transformed
with the DHW%I&H%W%@%%%%@H%M@WW éél%t?ﬁﬁ% (éﬁ%‘) the transformants in a culture

medium tmlmntamﬁmeMthﬁe(M&x)m campRitivearagaaist. sbRHthiAliappiopriate host cell
when wild- Iy 81 nese h t (CHO) cell line deficient in DHFR

~activity (e. g (HKQFD 8%(5%[ ﬁg ?e?ﬁnanff\‘/neﬁy?l%]efs@c@? )|{oart|cularly wild-type hosts that contain
endogenous DHRER fﬂ’ﬁh@téﬁﬁ@d"@f co -transformed with DNA sequences encoding an antibody

described fpgsgin, Wi Hﬂl‘{ﬂ@l&&lkﬂbdﬁm?\ bendeﬁm&aer(zﬁﬂeeamomaak%&umﬁﬁ @migaglycoside 3*-
phosphotra sg O{Ea cel %Xc%gsge ésnef!l% ted gl %g\gg b'lerQ lémiﬁggltl%nl g a P&Iectlon agent for
the seIectaB er SUCAAS ansaminot yCOSI iC antibiotic, e.g anam cin, neomycin, or G418. See
U.S. Pat. IH@S@%'S@!I&Q@ f@@@??ﬂ\l%iﬁlﬁﬁl@eb@mdw]geheﬁf@ﬁ@s@m yé@stl@/m@-i?bwgéﬁfe“%resent in

the yeas! glaSeRchY 3o RBE ORIl NaiVIARER:A9 (272U THhedtn) grRgOIN e a seleciion

marker for a mytant strain Qf stI the abilit grow i for e, ATCC No.
44076 or ﬁ%ﬁ’[ﬂ%inaﬁ ﬁ@&%enefmc Tgi(eﬂ?? gI}?%e pr ﬁhg%{g{ Otta 'Relé“éllon i %e yeast host cell
genome th@ﬂtpr@viidestiaﬂdeﬁemnvefenwmw@n deteatingyitiansio mtlembyngn@vhﬂg ehe absence
of tryptophap. pRlFaia ik & YR HEIRRRL S &wm&ﬁi&%@%%%&&&&ﬁgﬁ)ngé@e%mFﬂ?mented by

known plasmids bearing the Leu2 gene. [023 (]ﬁcn addltlon vectors derived from the 1.6 um circular

plasmid pREBTEA e HE &Y RS A FMRE IO AP ST I RRR B 5&5’%8&5”%?&?1‘%%@“%% expression
system foriargetsodtelprotiel €t orgohrdbombinaent mlﬁ&ﬂymammhmepamed)ﬂstsmdadmtdan den
Berg, Rio/Jeehao QQ}So@tlﬁﬁc A9 iR 6 SR UIHECRR Y RXRES Eo‘i*ﬁéer%‘?{%aff%ts&%ﬁs?%&%“ of mature

recombinant human serum albumin by industrial strains of Iuyvero ces have al een disclosed.
Fleer et al°°RISIEEChHERHGY 9"@"6’89@%%@)“"[@%%}’ Ydﬁ’éﬂ@@@ﬁ%ﬁ‘%e o BhERt? Hie anti-HCV
antibodies described herein such as the humanized AP33 antibodies may be produced recombinantly
not only directly, but also as a fusion polypeptide with a heterologous polypeptide, which is preferably
a signal sequence or other polypeptide having a specific cleavage site at the N-terminus of the mature
protein or polypeptide. The heterologous signal sequence selected preferably is one that is recognized
and processed (i.e., cleaved by a signal peptidase) by the host cell. A signal sequence can be
substituted with a prokaryotic signal sequence selected, for example, from the group of the alkaline

phosphatase, penicillinase, 1 pp, or heat-stable enterotoxin Il leaders. For yeast secretion the native
cinnal cearieance Mmav he crithetitiited by e A the veact invvartace leadar a factor leadar (inchiidina



WO 2009/081285PCT/1B2008/003952 C. albicans glucoamylase leader or the signal described in WO
90/13646. In mammalian cell expression, mammalian signal sequences as well as viral secretory
leaders, for examzole7 the herpes simplex gD signal, are available. [0235] The DNA for such precursor
region is Iigatgé)inﬁ?%gscﬁ%sé frame to DNA encoding the anti-HCV antibodies UELPHERarein such as
the humanized AP33 antibodies. [0236] Origin of Replication-Both expression and cloning vectors
contain a ritfeYERPE GhsEt BeREwTR P EhabBIestEive tiaire dife dtstiaceribeaiohpstigelected host cells.
Generally, ¢Ra6i0) igy\@aipsd v SeauereR isnertairraR e theavasioniacie pigale, mdependently of
the host chiomosomal DA ad inclldes rgins of replication.or alonomaysly replicating
sequences. &lc sequences are welKnewn avarle{y of bacterta, yeasatr,l and viruses. The origin of
replication R a5 prasiidpBER 30D S itdbiotonstatns: Beavlvnerfatpabiaeieniy, aprarziset plasmid
origin is suitabtasforyeset AR VRLOHS Fi flatiding {2 403-p ety OrraC A GRQVbYS N3V Bl.BPV) are
useful for clorlltlnglvect%sw ammaparu;egllﬁtheneral%, tl‘t] orti in (afrd? Iigatibn orﬁu;i)o tent is not
needed for Mammaliah e&ﬂrees'fgll% Vectors gr%norlsg?n Fna%y t)?p%na f%eb%“hs%d’ or If/ggecause it
contains thehammyrisbdmdoteain poXaFtHesAbtan @b pureibotihreisivyy dadicismnirgovettors usually

contain a premetesthal is g@&@gx%mgmm Pesherganismpanskisiaremabiynkedtotagpucleic acid
encoding a antibocg%described efei%ﬁuch as a hu:P nized AP33 antibo &/ Promoters suitable for

use with proRERIRT RIS DGR R RS HRSA SRR & B3 CRARARER s ek RAMEr systems,
alkaline phospratemerisearbdtderaitryptophan (tip) promoter system, and hybrid promoters such as the

tac promoter. HOW&\é%rﬂ%‘%{c}ﬁ‘@gﬂeD&Cﬁﬁf REgypoters are suitable. Promoters for use in bacterial
systems alﬁ algarno (S.D.) sequence operably linked to the DNA encoding the

(iwill contain ai;hine- 0 (s d%ﬁ? :

anti-HCV & ﬁ%dygﬁﬁﬂc rSHRSTSE DleqtsAdeu iRl Bsdin B dmR AR bRt s ArR s A Sifkary otic
genes haveesridptitere forlavpked appledasatbly @5pratebasbadipstfdaity rotthégite where
transcriptiqp,is JRitiied.A0h ek §%&9§§Miﬁ@é&§%@%ﬁ%@ Bﬁﬁ@%&l—ﬁfﬁ(}d HAgwtart of

transcription of many genes_is a CNCAAT region where N may be any nucleotide. At the 3' end of
most eukafy Ot JERARFELAFAAER ORISR BIFRA AV I B e RR RIS PUURRHER GRE8E poly A tail to
the 3' er_ld infdhleaeadiﬁg‘éeqﬁmmumﬂioﬁm_bse@qzwe‘dme;sz@misuﬂtabhyldnmm_éritmledd{aﬁyotic_
expression Ve etrs 0ot iRles iR AR MIRRIRIBPLE SRAHROCRS USSR deask fipsts include

the promoters for 3-phos hogrlgcerate kinase or other glycolytic enzymes, such as enolase,
guyceramewaé@@%eﬁﬁ%?ﬁ%%é eRiaroydidse) restrtiiate plralate decaisdidse,
phosphofrsuﬂtsti@&ae‘s gimmmﬁvpmaspﬁaiedgammamyﬂqdmwhegwemwmﬁ&esswnwate kinase,
triosephosphale IS0 ASE. PRSI gIG RS SOMBLASE AN, USRS A M Besses o the |
2009/081285PCT/132008/003952 [0240] Otheﬂrwéeast promoters, which are inducible promoters having
the additio%‘g&ya?ﬂ‘é@‘é%fsﬂ%{h%‘ﬁ[ﬁﬁ%ﬁ%ﬁﬂ B BYRPFNME ShERISKHECB /M the promoter regions for
alcohol defppadoggenasefia, igaayd datitenieGriackd haspheithse ot egradativR-angylEss associated with
nitrogen m li metallothionein, alyceraldehyde-3- phate dehydrogenase, and enzymes
responsibl@%?}%n%z t%tsaéeégﬁ%rgg}ra?g%%lgg%ﬁﬁggﬁgﬁ%%%a%%h\%eﬁct%% 13%%@5{%'1?%%&1 rs oﬁre‘ls}gealsn yeast

* expressioSFETEHhLEdrdagFeyR BElrd el e 24t d AR ki8S K1Y - diradvaritag ep@sPused with
yeast prorspigaks: [0ddids Ereideansediplioncpirgaiandidte Mianihgedy e saibed:hegin siach as the

humanized ﬁPng\ntiboqy rom vectars in m%mmalian(b st cells.is niirolled for e>§amlpl)e, by
Teplace affxneu ﬁor neﬁa 1ve C#ﬂl‘ ed amimo aﬁl gnos reiera Piaal}me Pt’ 01621 aAnne .
promoters dhtamed from t e gerfomes of vituses such as polyoma virus, fowlpox virus, adenovirus

(such as Adéffesvihespyrastone papmémacidpusitaliaN sefieemahoivaniperiibgesboius, a retrovirus,
hepatitis-BaMiruss @achETestRreieraiinvhinian Vi is ¢ Q4B \H) sk osm heter alagous i Ammpalan
promoters, e.g., the actin prompter or an immunoglgbulin. promoter, from heat-shock promoters,
Drovided e LRt T 1 S S R Rty el
promotersaofdthRISUAv giripa te reeraianisndytshraivie ¢ fabean e pestictismatdgment that also
contains the.ad4M visal _EGRLHIERISAR dbsdnmediRtereanvpranoierRhthe human
cytomegalovirus is conveniently obtained as at%intdt%ltl E {eg;[{iction fra men(fr. A system for expressing
DNA in maRREIER FESRTLBHEEE 5Oy A PASHARS ViFee s VLS R WL SATTHY s. Pat. No.
4,419,446z bdifictitioty obthis systemds:désotibdebired a&ivitnt. No. 4,601,978. See also Reyes et
al., Nature @9£1598:60h (LB, QA RXRIGSSIN Rl MaR.beidsinisHeANERNA ifmause cells under

the control of a thymidine kinase promoter from herpes simplex virus. Alternatively, the Rous Sarcoma
Virus long B8R FESHLT QP I T8l POt e et BIRREHCE MErg mrsiib eoth B hent-
Transcription of a DNA encoding the anti-HCV antibody described herein such as the humanized
AP33 antibody by higher eukaryotes is often increased by inserting an enhancer sequence into the
vector. Many enhancer sequences are now knowrfrom mammalian genes (globin, elastase, albumin,
.alpha.-fetoprotein, and insulin). Typically, however, one will use an enhancer from a eukaryotic cell
virus. Examples include the SV40 enhancer on the late side of the replication origin (bp 100-270), the
cytomegalovirus early promoter enhancer, the polyoma enhancer on the late side of the replication

origin, and adenovirus enhancers. See also Yaniv, Nature 297:17-18 (1982) on enhancing elements
far activvation of atilkarviotic nromoteare The enhancar mav bhe enliced into the vector at 2 nncitionn &' ar 2



[0244] Transcription Termination Component- Expression vectors used in eukaryotic host cells (yeast,
fungi, insect, plant, animal, human, or nucleated cells from other multicellular organisms) will also
contain sequences necessary for the termination of transcription and for stabilizing the mRNA. Such
sequences ary gé?ﬂ?f%fﬂ?/savailable from the 5' and, occasionally 3' untraﬁgmaﬂp(éﬁfgﬁgzof eukaryotic
or viral DNAs or cDNAs. One useful transcription termination component is the bovine growth hormone
polyadenykitiorareghor:cSeenivoodf smerdmnutint axpiessibreydets Fakenbsed tariam. [0245] The
vectors corairing: theReInLaeRtive, sastdo Raas N ihR MaraRim NesRRE(RE ¥anialle light chain

encoding sequences and.optional expression control sequences) ca transferred into a host cell by
WeII-knoWnf('alr(sf:]?éitﬁ;’oaid‘?ft W %‘ig\c}]gﬁf%ne%éé ﬁdn(%%rtfﬁ%afyﬁrel%%gcoelf%?aarnﬂbse%Fa&ug?if rﬁ‘%’f&ﬁcium chloride
transfectiomitude thirfosity tritheed-for Hrokeinpo i€ the stivliefeastediciont phvsphate freatment,
electropora{ioppiipefaiiap-pirlislieRithvitapasedtanafeshoor maydaeddged for other cellular hosts.
ambrook et al., Malecular Cloning: A %abor,atorgﬁMa al (Cold Sprin}g Harbor Press,
hdife s

(See generall A . g,:
2nd ed., 15@&% OthPHEBE S el Y A A BT SRS Apn & o] BF Fblybrene,
protoplast femsioneliposorrebtesidstiopor atiohl(Ahehnbicip infdetidn tebegdneardifferSambiroek et al.,

supra). FO_WBEQQEEC&P&QIJJQH{%Q&P%r%ﬂﬂ%ﬂ%oﬁfé%ﬁﬂ%&ﬁ&%ﬂcﬁlﬁl&@ﬁ%@ﬁﬁé@@ﬁ&ﬁ@@gﬁ%ﬁgliﬂﬁd oocytes,
or can be mcorPorated into the genome of embryonic stem cells, and the nuclei of such cells

transferred it SRS A ¥ BSAHELP A SARHEANE P ARG ISR cHhore B fshlbYR*eparate
expressiornuénttrshdlrbingadtre aredt obstinsiosie df tudbidistioxpressioh and zsgenbly of intact
immunog'%&E@@ﬂ@&@@%ﬁ%ﬁa@sﬁagtyxhgl%@é@?&gﬁnmddmﬁlmwﬂahmtﬁ% heavy

chains, or othef immunoglobulin forms can be purified according to standard procedures of the art,
including aPiRoRiAh RS rRbs SibalPoni A RAFIRYCE SRATHRS 2% EhiBMAEIgrRArsF4art.C purification,
gel electropharedistasddiiedike (see generally Scopes, Protein Purification (Springer-Verlag, N.Y.,
(1982)). Syhstgntially pure immunoglobulins of at least about 90 to 95% homogeneity are preferred,
and 98 to 99% ar. mare homageneity is mast preferred _far pharmaceutical uses._Constructs [0247]
The inventidrPR&#Er provides a nucleic acidi6RetATE comprising a polyRidattide|as described
herein. [0248%8 848 ally the oRstruC RIS 0N, in a suitable
host, of the éf\? ’é\btide(s) e-nc%oleed“&?the polynucleotide. The constrd (:Y%ay comprise, for example,
one or morg éfigi&followinglafdmater active in the host; one or morglrggulatory $equences, such as
enhancers; AR QNEIN Of TePICAHON; ARG EIKES, preferably a sefectablginarker. The host may be a
eukaryotic arprekanyetic-hast_although-eukaryotic (and-especially WO
2009/081285‘5@%]32008/00%5‘55%amma|ian) hosts may be preferred.Glhﬁe selection of suitable
promoters wiltwh¥ipusly depeadadsome extent on the host cell used, i may inclyde promoters from

human virus e@ﬂ{% as HSYAqVER, RSV and the ke Numerous prorjmmmwn to those skilled
T ’ ncodes-a-p

in the art. [0R49]-Fhe-constiuct-may-comprise-a-polynucleotide-which-et palypeptide

comprising ARt chain Wﬁéﬁ;?iriable loops or three heavy chain Il])’}ﬁSrvariable loops. Alternatively
the polynucle@lydémay encoéla a polypeptide comprising three heavy ¢&n hypervariable loops and

" three light ¢ Al @%pervaria J@Sfp%@ge‘grgy a suitabty flexibte tinker qj&ppropria e length. Another

possibility is i ( j } i parate

polypeptides 2tk comprising the HoMeErd F86p8 AlEEe comprisingtRe heavy ghain loops. The

separate polypeplitles may |iéinaheipe nderithy; tpregsclhor may form pdtt of a singI’E common operon.

[0250] The IS TRFTMay T mgrig&u&&ur more-regutatory features;s glllgdb arrenhancer, an origin of

replication, and one or more matkers (selectable ar.oth i ake the form of a
plasmid, a yeb§§f Sdficial chrh?ﬁb%hg‘f a yeast mini-chromosome, or aé‘?ﬂtegrated into all or part of
the genome| Gha@rus, espedsgiyl.an diemaatad Tiyus or similar which isenpathogénic for humans.
[0251] The (,W&Embt may beggnvenentty formutated-forsafeadmimistrat ammalian,
preferably human,_subject Typically they will be provided in a plurality of aliquats,_each aliquot
containing su?ﬁ%fght constry & r effective immunization of at least one h¥rmal adult human subject.
[0252] The ¢amstmict may beviogeded in liquid or solid form, preferably asra freeze{dried powder

which, typic i cilyu'loltt.fi" j“"hg. sterite aqueous inUIuI pliUI touse? mn53] Fhe-gonstruct may be
formulated ﬁ m)adjuvan nﬁ’;ﬁmr compaonent which has the effect i ing the immune
response of| the §¥ibject (e.d. T4 Piealiired by specific antibody titer) in P8&ponse td administration of
the construct.

conctruct will he B tx];\tynpggcinn vaector.alloy
HOHSHUGE- - E-al -2 Xt 8 55toH- Ve bt Bl-ahtt

Tt Tryrrteoroteudon

32



Vectors [0254] The term "vector' includes expression vectors and transformation vectors and shuttle
vectors. [0255] The term "expression vector" means a construct capable of in vivo or in vitro
expression. [0256] The term "transformation vector" means a construct capable of being transferred
from one entifw& ngﬁ@Fentity - which may be of the species or may bepgfrglffi‘f%@ﬁf ecies. If the
construct is capable of being transferred from one species to another - such as from an Escherichia
coli plasmid [t§2 Bacterium] Sacheashdttitbeg &t dNBEoitins, then the trgdsformation| vector is
sometimes caifeda ™ shuttie vector it may even be aconstruct capabie of beingtransferred from an E.
coli plasmid to an Agrobacterium to a plant. 53257] Vectors may be transformed into a suitable host
cell as destHé2h b%‘%BW%fB%&%C?&P‘é%&B%% 1104 BRI L e ARD e ESG st sent
invention. Bhudsdning fubthiertiaspéet ditervymifionthrovitasei aracassiforprg fanhgspolypeptides for use
in the presgRsygaraRlicheanalises sullbatingadorcehiaesionnrd o fapgfected with an

expression vector as described above under conditions to provide for expression by the vector of a
coding sedBERHIBGHG ARSI TR TR it ToRs BT IHE Ia‘%‘?é%“é%ﬂep‘alw Bk f6258] The
vectors mayebéiéahaxampie; alesmig, be supepitagdive cicimpaotid @ thie raparossgintpdireplication,
optionally &prMLEsIal 119 Sithress LA SR eAlRLESRIYE ANdARYMBIaquiator of the
promoter. 02591I Vectors may contain one or more selectable marker genes which are well known in
the art. HodPed %7@260] The invention further provides a host cell - such as a host cell in vitro -

comprising the polynsicieddiclalar apn&irges, desclinad (1 mis (MhehhB), Tl (waynie @bpacterium, a yeast
or other fungal cell, i c % p, I PR i I )I[c; X . The invention
also provides a t%lkg%%f%%efﬁ ?%%ef%%ﬁ ﬁo%? E)Sre}g’anlsm V%%%:%éﬁaﬁ; é@ﬁ%@%b@ﬁ@anipulmed SO as
to produce a polypeisitie hsaePorHhER with the invention. The organism may be, for example, a
transgenic mammaliageIganiema: k) aikarsgenic goat or mouse line). [0262] E. coli is one
prokaryoti iost thalmay. be, of ysen el misrobial hasts.nclude,Bacill sueh,as Bacillus subtils, and
other enterobacteriaceae, s ¢h as S Imonells, Serratia. and various B&eudomonas species. In these
prokaryotiCHerses Sifecbaif Pries8Xpression vectors, which will typically contain expression control
sequences compajibiaraptivihe ashealk (91, 4R VHyieefmeplication). In addition, any number of a
variety of Well-an\‘vrpegéa 0 §rshvi/gclzl_ %espg(%?eﬁtf %léghcﬁlg_ the lactose promoter system, a tryptophan
(trp) promoter sy nase pré

tem, a a-Thctamase promoter system, or a promoter system from phage lambda.
The promoters will 8giéeillyseortiol expression, optionally with an operator sequence, and have
ribosome binding gitassequengesard the like, for initiating and completing transcription and
translation. [0263& Oth%r mi gt?% suci}lg}s yeast mg&bepgg_ed for expression. Saccharotnyces is a

)5 2s1dtes uence tion g it
preferred yeast host, wi able vectors having expression’control sequences (e.g., promoters), an

origin of replicatién, atematisation Eaglithces and the like as desired. Typical promoters include
3-phosphqglyegratedsinaseanshothskmlyeailit eRavesidciig Mea RIRPOIRES inclide,

for another class.

[0176] Any cysteine residue not involved in maintaining the proper conformation of the anti-
HCV antibody also may be substituted, generally with serine, to improve the oxidative stability of
the molecule and prevent aberrant crosslinking. Conversely, cysteine bond(s} may be added to the
antibody to improve its stability (particularly where the antibody is an antibody fragment such as
an Fv fragment).

[0177] A particularly preferred type of substitutional variant involves substituting one or more
hypervariable region residues of a parent antibody (e.g., a humanized antibody). Generally, the
resulting variant(s} selected for further development will have improved biological properties
relative to the parent antibody from which they are generated. A convenient way for generating
such substitutional variants involves affinity maturation using phage display. Briefly, several
hypervariable region sites {e.g., 6-7 sites) are mutated to generate all possible amino substitutions

at each site. The antibody variants thus generated are displayed in a monovalent fashion from
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WO 20091081285PCT/EB2008/003952 among others, promoters from alcohol dehydrogenase,
isocytochrome C, and enzymes responsible for maltose and galactose utilization. [0264] In addition to
microorganisms, mammalian tissue cell culture may also be used to express and produce the
humanized atibBYREE BFragments thereof as described herein and in sdh&TR¥EHEEL A re preferred
(See Winnacker, From Genes to Clones, VCH Publishers, N.Y., N.Y. (1987). For some embodiments,
eukaryotictdettsriewy @D 87 gdHs)vhmobetp tedemed [yscdur @ Vit gidsuitablexttost cell lines
capable ofsacretifg Bﬁ&ﬁ@qug@y@ RESIRIRS Eetkn Eaf@&kmﬁ&%%gi@ﬁ)awmsgpb%ﬂﬁ ped in the
art, and inclyde CHO cell lines, various Cos cell lines, HelLa cells, preferably, myeloma cell lines, or
transformet B AS 5T Biicisrrddn SR it SBHtmRETYRr Bk FedotdleidY vertebrate host cell.
Examples wbdiSeftibmakuinelcaniios toedktiness ane m pafeynkitinage@ift pertrandlompdsh by SV40
(COS-7, ATGh & Bhndiinhi: DuiRa ApR¥agiciidime R8L393 05 A3 elis-aHpoiangrkior growth in

suspension culture, Graham et al., J. Gen Virol. 36:5 (1%}?87&; baby hamster kidney cells (BHK, ATCC
CCL 10); CriRkeal e s oAt anestepisheanteefnt %ﬂ?{‘ﬁiﬁsé‘? idefifAconiactppiRis A 77:4216
(1980)) or xR 2itibndy mo tKEVsSridlicoatts (EAteMatherighBioting epideks28: 24@a5(ks(1980));
monkey KiFney el lo (s o G lediblo A IR0, AIEARMANKEY. IALEEHS LY ERAAE ATCC
CRL-1587); human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC
CCL 34); g’ﬁﬁ@lﬁe’r&f KAt tSRested e sarpenE R ooy hstrinamd inEbedifs W 3esrcc ccL 75);
human liveggelisefiremo2; hi@-30B5)Hmougenmabemdeytdd foo fuhidd §e080pmH2ntATCC CCL51); TRI cells

(Vather gl gorgley cﬁ;&g-aa%s‘;%m%%%} MRGREISHERA g5 ande uman

hepatoma line (Hep 02). [0266] Alternatively, antibody-co sequences cah’be Incorporated into
transgeneBAET RIS ANIEAGA Fepigrievitadics feamcaifaraha e iosaiie APERMBRsion in the
milk of theatiansgemic. Bnisxah{seahegmbehaanetalesdiSaRataly thébedth 3D, fResamtd.S. Pat. No.
5,304,489 anc, Neade shalu'bSuhak Ny 2,849 392 3HieRle ALansgenss pcluds coding sequences
for light an Jorhitavy chains in operéab e %kage with a promoter and enhancer from a mammary gland
specific gefgrsiErisicehisdic brBhett pASYRSBUIAT[OERY Ria dedhcely, medifisaiiss diésindescribed
herein carrfae: praduced:Rifanseeaieani se.g ddebacem: faise., seyhigamanshatiedfaudmproved
plantioodrveclots, (Hend gt a1, (1999) ) Immunol, Methods 234:187:45) and purification sirategies
coupled with &n Increase in franstrmable cro gpegles fender such methods a pracﬁca and efficient

means of Ptbtlcirg' reestrinpahanhedinogobitHe rideeNyirsederatinked Nrirksf thérapy, but for
industrial applicatienRs: as mellde By catahdicpptibodieshMaeavappiant paducatantibodies have

been shovyn to tb safe and effective gnd avoid dthe use ofﬁgl_rtll[lmal-.derivgd r&aterials. Furthgr, the
differences M %fy&%%%}fg?%ﬁ aﬁﬁ%f%%hnf 0 “’pGIgIrll and'hafmanan ce llIyzl)efb‘(l:fuecrgd antibodies iave little WO
2009108 1985FCTIN2GOsIT03 9B PR ecatiaceOanteribiritirigrorispekifratolydatiition, no
evidence gfdeyiciyronipaMhdashaen oservedinnatientssecsi e episaleRlaprlication of a
plant-derive(ii secr torg dimerict: I%g ajntiboﬂ}g Stseet L rﬁi%ltggt ?[ 51%983 Rets. IEnt un?l. 149:603-608).
[0268] FulP TEHGHI ShabBa) BARBSH fragmaits *Ahd atbody f8iGH Brteisdodhh 2 BrsEiced in
bacteria, infpartiduhersugieNyivepisylatiornaimg. Lol effesetor fiyhsticn aedrotneidedisushtas when the
therapeutic.anptinegy.is.copiHaaies AP RXRRIRRbiRDy &10XIN AN INGIMINocQR|ugate by
itself shov%ﬁﬁ%gﬁctlx ness i? tumor cell destruction. Full Iength antibqdies have greater half life in
circulation uctiSHIRPET &oiF 8 TAREE U BT B LR RO e B L R HBRIBICE PR ALBEY) fragments
and polypéptidesdndibsteracseehahgt U GtRatoNer 51648087 (@artdesetitat yripeBidPat. No.
5,789,199(Jaly. &% @#&a@ﬁ&%&a@l,&:’&tﬂmﬁ%@e@@8&@5@%@%&&@ Jeuhighrierctles rapsiation

initiation region (TIR) and signal sequences for optimizing expression and secretion, these patents

incorporate HRSHERT B} Pre AKE TR K AR S BEIBIne drd it Bty sa9ustad HofeEE. coli cell paste
in a solublexfiaetyafmabdicka lgtypusifieditkites)gh, e.g., a protein A or G column depending on the

isotype. Figaspurifigation canis.caried Quksmian Rie pIacessorRuriing Anikedy expressed
e.g., in CHO cells. [0269] Suitable host cells for the expression of glycosylated anti-HCV antibodies

such as a MRS ZEPEPES Bifoeds ard BERLRaNT sl b6 rgshrdhiacideipiae of
invertebratetdaliecludeiplantranc nsect callse Numhetaussbaautonirat strainaang watiants and
correspong; rmissive in h lls. from.hosts opter iperda.(caterpillar),
ecies a6 0y Lo R ), an
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, particularly for transfection
of Spodoptera frugiperda cells. Purification of Anti&®dy [0270] When using recombinant techniques,
the antibody can be produced intracellularly, in the periplasmic space, or directly secreted into the
medium. If the antibody is produced intracellularly, as a first step, the particulate debris, either host
cells or lysed fragments, are removed, for example, by centrifugation or ultrafiltration. Carter et al.,
Bioffechnology 10: 163- 167 (1992) describe a procedure for isolating antibodies which are secreted to

the narinlacmiec ecnace of E /i Rrieflvy cell nacte iec thawed in the nrecence nf eoditim acetate (nH



WO 2009/081285PCT/1132008/003952 inhibitor such as PMSF may be included in any of the
foregoing steps to inhibit proteolysis and antibiotics may be included to prevent the growth of
adventitious contaminants. [0271] The antibody composition prepared from the cells can be purified
using, for exalhBE°HYHSERylapatite chromatography, gel electrophoresis, diafEI8084H3 3 inity
chromatography, with affinity chromatography being the preferred purification technique. The suitability
of protein AGB mmtadfinvisis|imd vdsshtpentscor theispeidisranchisetypdaof armenrvaraglobulin Fc domain
that is presgnt;in thenantibefy Bi@isiy A can be used to purify antibodies that are based on human yl,
y2, or y4 heavy chains Lin?mar etal., J. | _munot(!\/le h. 62:1-13 (1983)). Protein G is recommended
for all moust Rty JER RS PR S S (18 SBE R Ty eBUPB RHPIRDIGIdR ETICiHe matrix to
which the dffinitynligandassattatiredeisntigyst drfieniay ac sesdhitdiiyetonictyiCADEEd avtdiable.
Mechanically,sfable, MBIERRISYAR FPRHRH PG B 6. GIRES. ahRahMStw eRedbny ) he allow for

faster flow rates and shorter processing times than can be achieved with agarose. Where the antibody
comprises PEOSHTE FYBRSI ST BHRS Bt ABRIR PTG AT Ry BARP2BY SSburg, N.J.) is useful
for purificaﬁ@ti@ﬂﬁfgr_mmﬁnéqa@@ﬁms)m@yémiplmq;ﬁimdjimtmmdmmmm@bmmmchﬁxchange
column, ethane] RIRERHAHAN. R VRS FNess b G B e MARRrARY g%ﬂeﬂlu!@@m%?'i%%atwaphy on

heparin SEPHAROSETM chromatography on an anion or cation exchange resin (such as a
polyaspartiPBFL AR ZE bR F8MY, arsresplxain emeramrficiitAr kitine Pdcipitation are
also availaﬁé@épéqmﬁn@@mgméaanyibwm bm@@m&m&:@@&?aﬂ.,ﬁpﬁmmmmzpﬁéﬁmi@ary purification
SIep(S). (e GKJER SRIBRIBING s A RRNOTNss2s1 AT FRIAIMIIARIRMAKASgblected o low pH

hydrophobic interaction chromatography using an elu uffer at a pH between about 2.5-4.5,
preferably PRy SAIAEIB 4t BomeAtiaReRERR Y UhibabeisklifbeioncEeititeRiibody
Conjugatesd&z63] & aiiibadymay: Reseanjushisdta BTyIo0Xia hgent el hramaneXinar a
radioactive_[sqQt i [ : T icheamicin inoigd,. a dolastatin,
auristatin elg‘!:a%1 12%5%1 &éﬁgrg géﬁ@%%%%?&%%%%%“ﬁ%@é%% e. g‘%ﬁﬁeg%%ﬂ%%?l%s t"i(gg((%ns include
DNA damdgiifgateRist irammineies ot anRFSHIN & Soly i 2ane bradstamen it 1ie)-
antimetabgbiigs} Prederied slagsas:ohaytooia agamsfing ddesnitioaxaamme athe pzyime dahibitors such
as dihydroéglg}%geng%tg%%ilagigsi%%rs% %Q&W%ﬂéf&%ﬁg% hase inhibitors, DNA intercalators, DNA
cleavers, topoisomerase inhi itors, tﬁe anﬁwracyc ine family of drugs, the vinca drugs, the mitomycins,
the bleomycins, tH&eAGtE%e Ardéssidws, the pteridine family of drugs, diynenes, the podophyllotoxins
and differemtig4ipn indeicasaifRanticubare usabsimesdarspiihose-classesinsidenionayample,

methotrexate VVQ];(%QQ(%%?%?%PCT/1§3200§/003952 m]ethg tenin icf&IXOfome hoﬁrexate,

5-f|uorouran8?|5,} g?mercaptopurlnae‘:ag)?t%s?i ne arabinosic gq %?e‘ﬁ%ha zfﬁ‘? 'Iéﬁ) r%esn?’e‘?nleeﬁt%gldeine,
actinomycitP! aaepierab B i BRIk laNescos cenabteR phentyiyrd et gbiesh a¥dorpholino-doxorubicin,
1-(2-choro§$1y@y$}aﬂqe%a;§r9@mqﬁ@§mwlWeegﬁdﬁﬁ@wmlrﬁ_m{mﬁﬁm@mm&%ﬂn methopterin,
esperamicin, iijomycin, G, mitomyeln, i actinomyeln, blepmycin, capinomygin, arminopterin,
tallysomycin, p%gb y(i GtoxXin an podophyl OtoXIn dervatives such as effopoglde or etoposide
phosphate}sarstanethalcciivdesstin aciaitdonimeanivisk sadkptbrémashirioiehaeidateLtyideaiiiesamptothecin,
calicheamigip.QyagiatinsieRRN@NSIRIINSyAPSRHY GG Bx ARKRS IlpdRRNiaNIHRAIGS SHERAS M- 1,
maytansine, ma talnsmol, Ndesm thz1é4,5-deselHoxymaytanS|noI,lC-19-§je§rglohomag/tansmol,
C-20-hydrB¥S Ay S P e R S R A S 8 B Sk Slig echmques are
C-14-a|Ico&iymmwmmnblf_@:wﬂgwcmm@wmemFﬁabyt&nﬁd}o{,l%ﬂ). _
C-15-hydrgygacetyiQuymaiiansinoh-frdpmetbrymaransipel rdhfematayimgansinol and
4,5-deoxymaytansinol, auristatins such as auristatin E M, PHE and PE; dolostatins such as dolostatin
q ol Ayt é : MA‘ dol : h as dol ,

A, dolostatitPECaBfeusheery SthRIeHAB A AP B MR A P 24 6AME dolostatin H,
dolostatin ihatelograthyidncdgiestdif @) dolgstaths 8)doiobiatined shiolostatindysdolgsifatint, dolostatin 7,
dolostatin . doleself Srdalosialn A, JRdolasia orfndelasinin byflolgsialn 12, dlostatn 13,

dolostatin 14, dolostatin 15, dolostatin 16, dolostatin 17, and dolostatin 18; cephalostatins such as
cephalostafih 1+ PePRYRE atR L BprATGeme i Ry HigReatiran RasHirbbtdEHiBeREbhalostatin 6,
cephalostatiiact; &bthe pisciphatiastaif e it-gpeaephatostagion Mnceiratostaiinies cephainstatin 9, _
cephalostaflp Al eephalasialindf sepAlasialinat & seRelas AlinuA3- ceRRAIARIaIn 14, cephalostatin

15, cephalostatin 16, cephalostatin 17, cephalostatin 18, and cephalostatin 19. [0275] Maytansinoids
are mitototfeSMRMSHEIERAItIS Bt IhlorliRd imselin poigietiZans - orptantr@ivas first isolated from
the east African shrub Maytenus serrata (U.S. Pat. No. 3,896,111). Subsequently, it was discovered
that certain microbes also produce maytansinoids, such as maytansinol and C-3 maytansinol esters
(U.S. Pat. No. 4,151,042). Synthetic maytansinol &d derivatives and analogues thereof are disclosed,
for example, in U.S. Pat. Nos. 4,137,230; 4,248,870; 4,256,746; 4,260,608; 4,265,814;



4,294,757; 4,307,016; 4,308,268; 4,308,269; 4,309,428; 4,313,946; 4,315,929; 4,317,821; 4,322,348;
4,331,598 4,361,650:; 4,364,866:; 4,424,219:; 4,450,254:; 4,362,663; and 4,371,533, the disclosures of
which are hereby expressly

WO 2009/081285 PCT/TB2008/063952
Screening for Antibodies with desired properties

[6186] Antibodies with certain biological characteristics may be selected as described in the
Experimental Examples.
[¢6187] To screen for antibodies which bind to an epitope on the HCV E2 protein bound by an
antibody of interest, a routine cross-blocking assay such as that described in Antibodies, A
Laboratory Manual, Cold Spring Harbor Laboratory, Ed Harlow and David Lane (1988), can be
performed. This assay can be used to determine if a test antibody binds the same site or epitope as
an anti-HCV E2 antibody of the invention. Alternatively, or additionally, epitope mapping can be
performed by methods known in the art. For example, the antibody sequence can be mutagenized
such as by alanine scanning, to identify contact residues. The mutant antibody is initially tested
for binding with polyclonal antibody to ensure proper folding. In a different method, peptides
corresponding to different regions of HCV E2 protein can be used in competition assays with the
test antibodies or with a test antibody and an antibody with a characterized or known epitope.
{0188] In some embodiments, antibodies can also be screen for their ability to neutralize an
HCV infection. In some embodiments, neutralization of an HCV infection is based on a HCV
pseudotyped particles (HCVpp) neutralization assay as described herein. HCVpp consist of
unmodified HCV envelop glycoproteins assembled onto retroviral or lentiviral core particles.
HCVpp infect hepatoma cell lines and hepatocytes in an HCV envelop protein-dependent matter.
The presence of a marker gene packaged within the HCVpp allows fast and reliable
determination of antibody-mediated neutralization. In some embodiments, neutralization of an
HCYV infection is based on a recombinant cell cultare-derived HCV (HCVcc) neutralization assay

infecting human hepatoma cell lines as described herein.
1L Polynucleotides

[0189] The present invention also provides polynucleotide(s). “Polynucleotide” or “nucleic
acid” as used interchangeably herein, refer to polymers of nucleotides of any length, and include
DNA and RNA. The nucleotides can be deoxyribonucleotides, ribonucleotides, modified
nucleotides or bases, and/or their analogs, or any substrate that can be incorperated into a
polymer by DNA or RNA polymerase. A polynucleotide may comprise modified nucleotides,
such as methylated nucleotides and their analogs. If present, modification to the nucleotide
structure may be imparted before or after assembly of the polymer.

[0190] For example, the polynucleotide may encode an entire immunoglobulin molecule chain,
such as a light chain or a heavy chain. A complete heavy chain includes not only a heavy chain
variable region (Vy) but also a heavy chain constant region (Cy), which typically will comprise

three constant domains: Cyl, Cy2 and Cu3; and a "hinge" region. In some situations, the presence
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incorporated by reference. [0276] Maytansine and maytansinoids have been conjugated to antibodies
specifically binding to tumor cell antigens. Immunoconjugates containing maytansinoids and their
therapeutic use are disclosed, for example, in U.S. Pat. Nos. 5,208,020, 5,416,064 and European
Patent EP 0 X¥3%%0 %1I $he disclosures of which are hereby expressly i int 8?63?3?3’806?/5?eference Liu
et al., Proc. Natl. Acad. Set USA 93:8618-8623 (1996) described immunoconjugates comprising a
WO 2009/081 285RT TP 2008/G0BOEX piayrinsificid Hesigivatydsdeitetinr&d! v tHe Ynonoclonal

antibody Gaadsliresian-aoaint REumamseloresiaheanssy 1qu'&§1&91%]th§§@!¥@§0?9§?@&&& be highly
cytotoxic t?_i/vards cultu]Eed colgn c gneer cells, Iand shgwed antitumor activ{;[é/ nanin in VIVO tumor growth

assay. chad &étar, BRREEH zle‘:}soélglrcﬁ%?%% §fD(T§ gt)cgggtgﬁtoreglr%nmnha oconjuﬁg?es in which a
maytansintli®has Ebnjutyandeofalcandis aifidde rleeable thghimbarin endfttilaoudyiskie béadingae.an antigen on

E‘ggaglCO'm%ncgﬂﬁ?@éﬁ’%}g@pﬁéé%ﬁ@ﬁ)mﬁ H@%ﬁﬂ%@é&‘%%‘%@hﬁﬂ@&ﬂ%}d@ﬁ% Sﬁﬁgé?ik nds the

ney oncogene ere are many. linkj S n.in.the art for in

aribocty AR LB aL A BT ERAP B T AN BEaa s L& St 5,208,020
or EP Patemtl Oni2b@B& BMindndiGhad(epahligarveeR es@ardhiBRreaR ii@m M@let)l.e'[hé linking groups
include disiiide greyRsmiiPRINGQRURS aGith| 3R AURS PRPIRIA IR BIELRS oRERIigASE labile

groups, or esterase labile groups, as disclosed in the above-identified patents, disulfide and thioether

groups beﬁ}fay 6?@%%@%‘?@%?%‘]‘6@5?8@%? PHE YA s rs e ‘Fh"éiﬁﬁ ade using a
variety of bﬁuﬂdmcjnaﬂ Ipgbteivircingpdiifigi gbnt snsucriast MegbedyHimgdydis3s(@hpgrddiislithio) propionate

(SPDP), suceiimidy L @%&1{&9&@&&@%&%@%@%'wm%yléé%sm&%&nlolane (T,

-bifunctional derivatives of imidoesters (such as dimethyl adipimidate HCLé active esters (such as

disuccinin 8§t ERtrEra ey, O%W&@@ﬁﬁﬁ‘ﬁ%leﬁﬂ}?é@%w sPbadins RBMpL fAsRESEh as bis

(p-azidobehz oyfthisanedisimire), bis- dlazonlum derivatives (such as

bis-(p-dia @%ﬁnb%%fé?é@{k%ﬁ&?ﬁ% Ldispeyanaerinepesipliena afidispoyanate), and
bis-active fluorine compounds (su 5-difluoro-2,4- dlnltrobenzene) Partlcu eferred coupling
agents mchB%aRP%]u%Bfﬁ‘?ﬁﬁWT Yaops ‘ﬁﬁ%@ﬁdﬁﬁl@?ﬁ%ﬁﬁ%@%% %fyA%%chem J.

173:723- 7Béix{§,9f7ﬁ])xmdri\gxsuﬁmwydweaa@wndmthmmewtamtﬁéﬁﬁaym@mmde for a disulfide
linkage. [0 &%ﬁwﬁe‘%ﬁ{%@%{&?&a@%@%@ﬁ ‘ﬁatfﬁ%mé‘éﬂ&%ém'% @9&989&%&&‘{&@ H%F%Qﬁk jons,

depending on pe of the link. For example, an ester [ih ga;ggmay be formed by reaction with a
hydroxyl gfé&ify 6%‘% HehhrdRtfdAn RIS OpIRE fgc‘]‘ﬁadééheﬂ?é APOPTRENF SEEWFisHsthEAtA position
having a hmokrﬁmylewmu@ythﬁiﬁsrL@memtmmdufﬂaddmmmwdwmthgdoﬂih@ efﬂlﬁrp@stHgﬁ modified

with a hydIHWA]gr ﬁegabgy Qqegstocr)leo h aﬁ]l%\\ﬂox% qu r%%(%egggc% & I‘FC?(;%L? red lement the

linkage is Tormed at the C-3 position of maytansinol o fa maytansinol a 280 Another
immunocobiftitaysriierdat tanmsrsessnmntilievaitIsay sEhs A SHinmrlzéw KP.33 antibody
conjugateqia@l@r@&pmcwaagaéleb@&ﬁe@mm@@uie&owef@eﬂwheamlwmntamwm gindikigtics are
capable of Qro@ucmgeql%yngle S c}) DNA breaks at subpicomolar concentrations. For the
preparation o¥ cyonjugates of the calicheamicin family, see U.S. WO 2009/081285PCT/IB2008/003952
_Pat. Nos. 80¥43 37&6@@&1&,%é,f@svgwlwg@}vm?ze@p@wew@%ﬁ B rRrkoyE PR8I0 265,877,296
(all to AmeEiGABNe YRR RIHEHRRRMN reﬁﬁu@turabaeﬂa@g&@ﬁngm@a{m@&pd@irﬂrmmrm%@e used

include, b t are nogezralt%d to,a 11f a31dN -acetyl 7_’LéL P%ﬁfgﬁ f“ %—hnmarb\ gt aI ancer Research
53: 3336- 34‘3‘?%’ To6e e\*for ?lcs’erflﬁesegrc% 5% 59 %f Ahd the aforementioned
U.S. paterﬂ@@otwmi@aﬁ@mélmmép Kmmcarﬂftwwwwglmbm@mwwem% conjugated is
QFA whichds iaratiifelaife ﬁgﬁhgd@&sﬁm@@%%&ﬁm@rw@%u&@mit@%@ﬁcﬁ@tl@n and do not

readily cross.the plasma embrane. Therefore, cellular upt of thes rough antibody
mediated [t&TRAIZSTON agtr?gaﬁ%mﬁem & né’l?nc@jfo%uﬁge ?"ﬁ’a |oa3gr t%pes

backmutatlons are made in the heavy chain and one in the ilght chain.

[0196] Suitably, the polynucleotide and/or the polypeptide of the invention may be isolated
and/or purified. In some embodiments, the polynucleotide and/or polypeptide are an isolated
polynucleotide and/or polypeptide. The term isolated is intended to indicate that the molecule is
removed or separated from its normal or natural environment or has been produced in such a way

that it is not present in its normal or natural environment. In some embodiments, the
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[0281] For selective destruction of an HCV infected cell, the antibody may comprise a highly
radioactive atom. A variety of radioactive isotopes are available for the production of Y90, Re', Re188,
sm153, 7, radioconjugated anti-HCV antibodies. Examples include At-11, 1131 , 112"5 Bj212, /332, pi
212 0 ar%oré%q%éc]ﬁ\% isotopes of Lu. When the conjugate is used fo?%?gg%%'g{g?%%ay comprise
a radioactive atom for scintigraphic studies, for example Tc99m or 1123, or a spin label for nuclear
magnetic reagmeRasidnNIIT ReRGIPRta e KrioWindaehnglretida asd Pt RRiadindieian such as
iodine-123aga jiodinerk3d iadiuembidd, Khone: 4sh saheinl SoRERI RN st bstaxygeiyd 7, gadolinium,
manganesg or ii,gorg).v% 282] The radio- or other labels may be incorporated in the conjugate in known
ways. For examf)-?e, e peptide may be biosynthesized or may be synthesized by chemical amino acid
synthesis (814G sufteitiblaiinprhoierisrtida psdier ipntpbeirigle for exbataplic! I noritrd. 59dn thiwde of

hydrogen. l.ahels st 8sclie9 20/8 fd Ppdp &kl R RedRS @ dBMasan Laratiashegvip a cysteine
residue in th Ee?ti%%. YttriLfm-QOdcan betattached via a lysine residue. The IODOGEN method (Fraker
et al (19785’0510%%%%.ﬁ%ﬁ%%?ﬂﬂe%?ﬁ%&ﬁ%nﬁow %897 can be used to incorporate iodine-123.
"MonoclonEitAgitibddieis venkimmiberofeirmigplphiet ¢Ohalt 'OREPrids-1989)itkathibat etieg methods in

detail. [0283] GprivaatesLftbe aptihpdy @t Haxicaganl Iy e madedsing spvaliety of

bifunctional protein couplin ents such as N-succinimidy1-3-(2-pyridyldithio)propionate (SPDP),
ppebients it e R R R e S R e
derivativesnoflimisodstensi{surbf asidiporiil plualdip avidietedd Cioppletivotastevsi¢Bushdatheigaccinimidyl
suberate), aldebydss {smeh.25 QA eldaliygek his-azidacampounds (such as

, bis(p-azidobenzoyDhexanediamine), bis-diazonium derivatives (such a )
bis-(pdiazdfidmbeN A R AR AR RS Pl By e SR TcH 4 ¥ iR ate), and
bisactive fleright chapeuiatls (uctnad thiARTIanda]4- Sinkre berme nedlelkorc Bixamy bea silkoin
immunotoxjn can e AERATGA RS EINEd iR ViSHA P AluSrIRNeS 2RR A8 (198 aGarbon-14- WO
2009/081285PCI111132008/003952 labeled 1-isothiocyanatobenzyl-3-methyldiethylene
triaminepefREAE S LTATR ARBA ISR TS SYFRL R BT PITBISIAY 858N RSPBSAGEERSS  of
radionucleﬁﬁ@m&mwg@mﬂb@e &@Mﬂ%#ﬁﬂﬁ)ﬂﬁwﬂmﬂin&g{" mmgehgiadmiempdadinke r fgcilitgting
release of e, AR LI IARE L0 APl ARG inkerafRdAseRERSTive inker.

photolabile linker, dimethyl linker or disulfide-containing linker (Chad et al. Cancer Research 52:
127-131 (1588) 20yie 3sickSaquesesegnoly Fckysk %@ﬁ%@%ﬂﬁﬁ?ﬁ%ﬁ@&%@éﬁ% Rigtsefibite (8284
Pharm acedtwaiiﬁemp@sétmms@iﬂnfdsh&qqnesepbﬁrpuafﬁim m&y;cm}ripﬂisg préferapgutieally effective
amount of %Fe%iﬂks' Q] 'fe?rﬂc%ﬁ‘ilﬂo}%xserbfa@&@leé}trﬁg%ﬁﬁﬁia%‘él% ROBERRASHUICRAI AccaRiablg carrier,

dilutent or excipient (including combinations thereof). [0285] Pharmaceutical compositions may be for
human or dKifFarusbiie YAHB SPrmsHtPoR R Al 18iaiablg Wmaically comprise any one or more
of a pharmaceutisajiyaccrpiable;dibstent.camielpor excipient. Acceptable carriers or diluents for
therapeuti are-well known in.the pharmaceutical art, and ar §crib§d fgr £xam le, in
Remingtor S arr s B R e SR Bk SR PR,  eptable
carriers, eX¢ipidhes setusesiicBd e idipie W0'dceqrsessartieelsramyes kavinedrceatittions
employed, sy e degnbuHatsrsualt as phasphrte:@iratenandRthenarganiediadgianimddants
including ascorbic acid and rnethionine; preservatives (such.as octadecyldimethylbenzyl ammonium
Chioride: HE R S e o
benzyl alcelvortandmprieal et sichrischiatingl astdispgrparisdhe sdhisehsicireddecrisrieyelohexanol;
3-pentanokiarduperesablemsmalaculagweightdesstaan about 10 residues) polypeptides; proteins,
such as Stf}%%}f'b‘fﬁé'?16%812“5‘[;3%5{&‘(%%1 %%%EHJL”% ydrophilic pol urQnecI;aSsﬁgtﬁQ a3 .ovinylpyrrolidone;
amino acias’such as g ycme,gg utamine, asparagine, histidine, arginme, or ysmep, monosaccharides,
disaccharidedonend ssihe papoplinardick iefeludinglelctose aptain avBoombenasirtbe etialdring agents
such as ELXEAn@ERIs such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such
as sodium; | complexes (e.g., Zn-protein complexes); and/or non-ignic surfactants such as
TWEENTH B Bt 5P ARG PR [H286) PHEhEI L 6P B Ermacetioa
carrier, excigiemcomtilitent oyt resséfe8iedriitfy rdguiaiiprferibte atleast8fite Y adimtistration and
standard pRauRAceUliGAREaSlsR RN AMAGRIILAL CATRRSIRP S CONRlISR A% A di addition to -

the carrier, excipient or dilutent any g]ulitablehbindler(s), Iu?rlcgnt(s),, Eus(P_ending a en,tl(s), coating
agent(s) o’s%fﬁbﬂ%%aéﬁieﬁwce. though homology can also be considered in termS of similarity
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WO 2009/081285PC-171E2008/003952 [0287] Preservatives, stabilizers, dyes and even flavoring
agents may be provided in pharmaceutical compositions. Examples of preservatives include sodium
benzoate, sorbic acid and esters of p-hydroxybenzoic acid. Antioxidants and suspending agents may
be also used%@f@@]’oﬂi“éﬁe may be different composition/formulation reqﬁﬁgm%‘(‘% dent on the
different delivery systems. By way of example, pharmaceutical compositions useful in the present
invention rfiay weiforvidimtidits Hoaringishiniatcheaionlipyreninsiopetinmoribyha sericssdlthoute, for
example, 33.3RasARIAY I9pR&NOSPISeLiRRaIAtQY) ingsstiesqldtianddidparenterally in which the

composition |§ orrﬁglated by an in'ect%b e form, for delivery, by, for example, an,%{uravenous,

intramusclf4 GO P8 ite 2 ARBRARRAE K7 IR S I AT B e et a8°pes
administeretithmzntmablrsf/fotfesr P0Z8E}Tivel inuefrariibed Basidtdy 88 % atgntenl tthereof may also be
used in copybinatieR.with2 %&%géwﬂ@}mdﬁm%@ﬁ KRewRIedebinglusianand non-inclusion
complexes with drug molecules. Formation of a drug-cyclodextrin complex may modify the solubility,
dissolution'PRIE* BrdB AREBIRET Sralbr SeRBfft P raPe BT S b fosfetn e Btg-t566eXirin
complexestaratigenecaligncrs eflihdoginostotipyage dbnhs cneldeiedimi strali of sioultesy Ag.an alternative to
direct complexation with,the.d s{mg&yﬂgﬁ@%gﬂ)ls@ﬁ%@ﬁd&ﬁ%gs;}%patﬂewwﬁrxfmve@n@-9-1 asa

carrier, dilutent or solubilizer. Alpha-, beta- and gamma-cyclodextrins are most commonly used and

suitable exXAYiHies hIePEdEEFbEF T ARe PR 11 15O HSARG I8 Und WO-A-98/55148. [0290]
The pharniézfE]ticBlocamppsiiopudises can ee dndarpd iateyt, bdesieadyatito Wpbgemes;fmicrospheres, or

other polymermaltices. LARSAMSS Jorexamals.which.consistalmhasahalinisgr.pther lipids, are

nontoxic, physiologically acceptable and metabolizable carriers that are relatively simple to make and
administeP 591 PREAURE ThGPEIOSISORNTEA IS SETRITE SHBBBCH: microcapsules prepared, for
example, p§2espcertatiosdgchnidas otlbydnterfacidkpaly saeuaton fenexamale, is aligned
oGS o5 BRI A D SUIER 0 AT RINIMAINARIRIEL MiSHCapsu s,
respectively, in colloidal drug delivery systems (for exa p?e, liposomes, albumin microspheres,
microemuRSBRPR4AS PRMIE REHRGE LHBE SFRENEE) VE T THET OB AIFSIDNS ISttt hniques are

disclosed ifukdespiay iisdehamyscalitjeatiSeignpes diptmediiiar, asehnéd &ty 61980)146297)
Sustainedéﬁ%ll_@%seé%;%%gsggfps.s may be prepared. Suitable examples of sustained-release

preparations incluc semi-permeable matrices of solid hydrophobic polymers containing the

antagonistOaffith Ahrrdistipdsia Yre fbmplioTdrapdsicatiemyde it 2l ifcrorsidsstiies. Examples
of sustaineghsaleasarpialiicas inelwie: pRlyesigrs: bydipaaiss(for-axamipleofRly(dn will cause
hydroxyethyl-methacrylate), ar. poly(vinylalcohol lylactides (U.S. Pat. No. 3.773,919), copolymers
o Lo B B S B R e e
acid-glycotidheionds folipmelezzditaa bl RoR PEPOTTRH (ajsetpidy s sequence
2009/081235/pikéh BRAANNSSI: Ricte SR SRnmpasethefdastic acithglyealigeagighcopolymer and
leuprolide acetate), and polyD-(-)-3-hydroxybutyric acid, [0293] The formulations to e used for in vivo
it R e e e e P e s Wi SB o haion
membranéshfoRd by Tertnamasiyet tetiooapesrfiagnsahioths teolariayzevesridepeéqssired in situ in the
subject bejpmiieaigsneilisdsRaclabnlaotide RRANCRCes e poaaiRg: seid AunpRizee-antibody or
fragment thetLeoI.ma be d&liv%edpbg use of on-v.i(gal teqhnlqlues.gs.%., b}; use ?f li osomt%s) ancUor
viral technigUES (B By Us& o TetioWiPE R‘/"e“&%?s e tharthie Sid-proteiis %)’(%}%%Iéte‘ﬁ’ tom said
nucleotideas&uenses [B296le Fheflotaraiageutidaledorspasivions imtyolseupaekdiseaupp ot theilinethods
described heraip » [3290kdde Rhrrmascailical camPosiirn AL Re Ured AReNe:Lhase sujects (e.q.,
humans) su;ggpg})lgt mfegtlon with HCV i.e. to prevent %E redu&)e{/ ecreasebthe onset of HCV
infection. [H297]"TH ‘6%8??1‘1 e OTEA BRSO &ifdn LR B8 BG AN JRE RO SEOSEBIRE &8, , humans)
a_lready inﬁe@te@apitﬁm&}\mbenw Mb@\hm‘ﬁ@a@qﬂo@@m@atmghgm@ﬁé@ﬁm of@rame of the _
virus fromﬁf&ﬁ@e%ﬁlﬁﬁ@i‘ﬁé AR ORI, %Q;EQWUMHEE%E&%QQHQ&%&W@QE%Q;@ﬁ'ﬁ{?& undergoing

liver transplantation, [0298] Thus,_ in a further aspect the invention provides a method for the treatment
and/or preVetBRttiedeartEce LRt ise i SR AiRes S0 tHE RSN eI tibody or the

humanizedeamiibedyrifagment or the pharmaceutical composition. Suitably, an effective amount of the

humanizedsapiibody opumarized.antiedyihesanhor e Rhaymarsulcnl sompesitign is administered

to the subject. In some embodiments, the humanized antibody ‘or humanized antibody fragment is
administeRRIRRAHEBRHE R REHBERICRMEATHURT R FE frdne e AR AREPHEE TR RLifding, but not
limited to ameliorating one or more symptoms of HCV infections or aspects of HCV infection. In some
embodiments, the humanized antibody or humanized antibody fragment is administered in a
therapeutic effective amount to reduce viral titer ad®/or viral load of HCV. [0299] There is also provided
a humanized antibody of a fragment thereof or the pharmaceutical composition for use in the treatment
and/or prevention of hepatitis C virus infection in a subject. [0300] There is also provided the use of a
humanized antibody of a fragment thereof or the pharmaceutical composition in the manufacture of a
composition for the treatment and/or prevention of hepatitis C virus infection in a subject.



[0301] The antibody/les may be administered, for example, in the form of immune serum or may more
preferably be a purified recombinant or monoclonal antibody. Methods of producing sera or
monoclonal antibodies with the desired specificity are routine and well-known to those WO
2009/081285PEPREYH8/003952 skilled in the art. One skilled in the art BhEEFEMAHHE WAt the
antibody/ies can be administered by various routes including, for example, injection, intubation, via a
suppositorgamraeursushisaizthe dbitdreof switicN Uainbie s ey ok aaiep lef, softdire 61agpplication of
an ointmen&RLAAWHGE FRMAIIAG.IAG ANHARGICS. QrACI Ve [N RXBBIEA YPGB AASEl Spray or
inhalant. The nt'bo(%;es can also be administered as g topical spray, if desirable, in which case one
component BTG & 8inCBa LTI ARSSBHb Y B 3E AR [ 402 T e Shcefies and
fragments fH&{edfidedsriBed Ha(@In283rH 0 &l 8FiAISYET étictoldod Lbietid md 8GR\ known methods,
such as byrityANeRRYSALMINISIRLIOR; 5. 90336 8 BoMEH A LNIFQRIRAUS IBUSIPR.AYRE Ageriod of time,

by subcutaneous,.intramuscular intraperitoneal, intracerobrospinal, intra-articular, intrasynovial,
intrathecal BN RARM LS BEHEP BSOS BB e TSR Also0n, [0303]

Preferablygmaﬂﬁﬁimﬁémd antibody/antibodies are su_bstantially purified (e.g., preferably at least 95%
homoge”eﬂMOﬂ?Or%ﬂﬁﬁd&%@%ﬂ&l'%ﬁ&%@ft{%me BOGREINY. ARCMOSLAIRIREIAN. 3l 83RL,98%
e

homogenelty, as ju L? y SDS-PAGE). [0304] Suitably, a passive immunization regime may
convenienBPEBHRTE SaTR B RACS e RER R AR TP Ut R adiEAtAsfdsT as described
herein andfmrikdimistietr atiorixaf gaitodbyuredchm bisgtioscoitothel paitivisat theeapeutissebsapounds.

Recently s VR [k iZatj iques, d Al jon
ambrusta e e Eathaert ) Rtmicrob.

l, J.
ChemothePLEXSUMo2 pasrpo othe e fyionptnn don din BLoVTuike T RRPREAR atiBst FEREBAthe invention
should allgsnfeslthespratestionpobliraRimeniabicneivicusals aganrs tbifpation wiil igupaisof any of
genotypes o ol il SECRRLRTYER CeASIaNal MUIANL ISAIRIGS (UGN ARl sxgplified by
UK.N5.14.4, below) which contain several amino A&id differences to that of the consensus peptide
epitope defed SsdreY tosbBitiPadi#gs-embodiments, the humanized antibody or fragment thereof can
be adminigtensd inAembiivalopewihasheondite iaperticrgRid RIS ME RMmhndiments;ithe second
therapeutif AgaN, %A1, A0 [l Rstapentic ageatnsome. mbadiments.Jbe hymgnized antioody or
fragment t ‘e.re(_)f' is administered In CombinAtion wit , sequential to, c%ncurrenty with, consecutively
with, rotatiSHEHPWItH Srte htEres Hith: 2¥etdhd WBrapeutic agent. In some embodiment, the
administragion1gf thmeombis@diar p{sgRidntanzeshantiboyaédiagmpntiherectamndiasecond
therapeutic agent ameliorates one or mqre tom of HCV, reduces and/or suppresses viral titer
and/or virj%%%),gghgfé?%@ v%r??éqlﬁﬁc\?lrgrlegﬁg%h@agﬁ fge%té\farﬁ%%f) Wit tL‘Ii%3 tl?#l%.?’l iagf a%ﬁbody or fragment
thereof or SEEBRE ARETAPERR R0 GERAIDENUNACC2089/981285P CT/D32008/003952 VI.Diagnosis
[0307] In yepaiurtbpsaspagtrdhanesisiddad rusiaghast cdashaprratysiand-arethaddr determining
or detecti Ier.Eregl%rI}cI:e% of HO/ iQF sample. 'Iihe ag)ézaégt%s@ai/rcomprise, as a reagent, one or more
humanized antibodies or ?%Srr%gsnets {hdreot as descrived herein. The antibody/ies may, for example,
be immobilizéld 4n a solid support (e.g., on a microtiter assay plate, or on a particulate support) and
serve to [q@apkusg A€V pariicles from a sample (€.g., a blood or Serum sarriplé or other dlinical
specimen sapchrasia liver biopsy). The capturedj\yrus particles may then be detected by, for example,
adding aifaprerXanEkdNeagent which binds to e captured virus particles. Conveniently, the assay
may take the form of an ELISA, especially a sandwich-type ELISA, but any other assay format could in
principle peECRHEPIEREAE.g .. radBmunoassay. WeRErREDot) including immunochromatofraphic or
dipstick-tyMORd31EE [0308] Fér diagnostic purpasks, the humanized| dhatifidelies or fragments thereof
as describﬁ%&%%%?%tz labeled.or unlad8lled. Unlabelled antibodies.can be used in
combinatiSHNERSEEH (2N ela $ Shtibadies (secon sﬁnfihndipq) Alternatively  the antibodies can be
directly labeled. A wide variety of labels may be employed - such as radionuclides, fluors, enzymes,
enzyme s(@tRatedn enzymisdiafant@ElSMTAImeanbibiet syitigau dap pariicy tad\s liaptenspn atc.
Numerous,types of igagaunoassays are available and are well known to those skilled in the art. [0309]
Since the humanized antibodies or fragments thereof as described herein can bind to HCV from any of
genotyped ¥:E o8kl Hissisaca SHAENEST RS BEaA (P BERS Ak Setuasecds fepraissdievecting in a
sample HeMeeprosentgtives i @iy bibead igeneiyprast[ 0Bl dsa samectmbieipenishthe sample is
compared to a control sample. In some embodiments, the control sample is from an individual known
to be infected with HCV. In some embodiments, the individual is known to infected with one or more
HCV genotypes selected from the group consisting of genotype 1 (e.g., genotype la and genotype Ib),
genotype 2 (e.g., genotype 2a, genotype 2b, geno¥fpe 2c), genotype 3 (e.g., genotype 3a), genotype
4, genotype 5, and genotype 6. In some embodiments, the control sample is from an individual known
not to be infected with HCV. [0311] In some embodiments, any of the methods of treatment described
are based on the determination or detection of HCV in a sample by any of the humanized antibodies or

fragments thereof described herein. As used herein, "based upon" includes (1) assessing,
dAetearminina or meaciirina the crithiect'e rharactaricetire ac deceribed hereain (and nrefarahlhv celectina A




WO 2009/081285PCT/1132008/003952 Agent [0313] In a further aspect, there is provided an assay
method for identifying an agent that improves or enhances the efficacy of the neutralizing activity of the
humanized antibody or fragment thereof as described herein. [0314] Provided herein is an assay
method for idgﬁ)tﬁ?/ 885%18%1gent that improves or enhances the efficacy of"%’ﬁéﬁlﬂ%ﬂ%’g activity of the
humanized antibody or fragment thereof against hepatitis C virus, comprising the steps of: (a)
contacting YaTcHerfA% seith et suy i iderigeteBibld it Tradine AP geares eyt Arpbgrent to be tested:;
and (b) defesraiingowetnekdhe Raenidi RIS Rk SN TanEBsNe £ifisacymidhebumanized antibody
or antigennbi&gi%gegagment thereof in neutralizing the infectivity of hepatitis C virus. [0315] In some
embodimen"{s, the ability of the agent to improve or enhance the efficacy of the neutralizing activity of
the humarlB&§antiysen) o i dganernfideratr ayametri épattislatidesedeeeifpiaietnioed ematrol. In some
embodimetsyHae seflslds the humanized antibody or fragment thereof in the absence of the agent.
In some embodiments, the control is humanized antibody or fragment thereof with a placebo, e.g.,
water, saline, sudabviditetipetc. [0316] As used herein, the term "agent" may be a single entity or it may
be a combination of entities. [0317] The agent may be an organic compound or other chemical. The
agent may ¥ cofhpSURE" wRTch ResHtRmfetAdRrioHdd srmansy B/ stapabie Lource, whether
natural or Aytifidiaingl{ac agenfitaidy Hyeratizig) nocacildectae stepenpaly depiitied deraishemical derivative
thereof, org,qombinalion, EAGOF LN6AGE ALIRASY SRS ARRMANEIED %%N%M%@M‘&h may be a

i
sense or an anti-sense molecule. The agent may even be an antib dﬁyb@ )318] The agent may be
designed GFOBGIEd T RAARFPIERERIY SIS MREEP IR & pASOHERRRICORLINAR as other

com poundﬁrﬁwﬁd as snadioig anpdnalrodles ofQRd Sl dRyc\weig &ﬁm@gadﬁa&g@g}tt may be a naturgl
substancey belagikah masiomolerls, ian SvarmedeSamAaiipaioal matelalaauch as bactera

fungi, or aninial (particularly' mammalian) cells or tissues, an organic or an inorganic rﬁ)(’)’lecule, a
synthetic dgénficadearsifsyinmatisgeita st raniairgicfuseisnaemmetic e papdigeloy.
peptidominpetigs, avigiMatizashagrytysagptidercieaveshiomrIvhela; PioteimnsR PaRtidas
synthesizeﬁ, §\énﬂ¢,§ ica%sllgl (such as, by way of examEIe, d%e"r usi}g’g a pieptide synthesizer or by
recombinahttet iéL]i’S B CHFAAHOHE TSy 2 R nalft 2H& SR ARiBEHP™A natural or a
non-naturatrbgenty atfisiarRHOteIRSOT bejuivdleniihelieoé amitmetdbisthder vaiivie s, aiecambinations

thereof. W%%QMELQ@%&%%C%%&ML*agnfgg o i%@ﬁ{ﬂﬁﬁ;ﬁ TRl ig.rganic compounds wil

i

comprise two or more _ I groups. Here, the term’"hydroca i}‘/ group” means a group
comprisinge4PTESRt Whinip riarer g Splronainesnsp HERrgHaten feree ofse faifieatis owo
2009/081 285G IHit2 00%AR3 G sbstituents. Examples of such substituents may include halo-,
alkoxy-, nitfg-,an alkyl.group, a cyclic.group etc. ddition to t ossibility of the substituents being
T vere o B e e SRR o
comprisesSfBraciariBebes firasiniostcadmissrischBedrabie né Beyadirivesmdpileaingseach other. For
example, ablrasiive of v catapnsayikedinked viss & suitall eselement:or grou. Tiduss the
hydrocarbél gro%ﬁ ma contgin hgt ro atoms. Suitable hetero atoms will be apparent to those skilled in

UCleo leeS_Fé]rX S descri

the art and mciu s ance, i p eﬁ?l,nhitrogen and oxygen. For some applications, preferably the

agent comffd@ls abiitaklyothe wirdtic ardupdmRects)dliet growpiaay bdidogcycke Yebspingaeh as a
non-fused alieyeliceGrosPCRR SRS @NRISStiaNs, e agentaamptisesakieast 19 ape.of said cyclic
groups "”lﬁﬁdlé nother hg/drocarbgl %ro,up. [0321] The agent may contain halo groups. Here, "halo”

0,
C ige sequences present; .
means fludto, ChIGrS; BFORbESTB4S. T0522] The agent may contain one or more of alkyl, alkoxy,

alkenyl, all§2dhke afteaikemnyiarentivoaps relattiee mimleblidel pignctiatiat ordoremplead nthiite.
sequences that can hybridize to the nucleotide sequences of the present invention (including
complementary sequences of those presented herein),
[0222]  Also included within the scope of the present invention are nucleotide sequences that
are capable of hybridizing to the nucleotide sequences presented herein under conditions of

intermediate to maximal stringency.
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VII. Therapeutic Uses [0323] The humanized anti-HCV antibodies and fragments thereof or a
pharmaceutical composition comprising same are useful in reducing, eliminating, or inhibiting HCV
infection and_can be used for treating any pathological condition that is characterized, at least in part,
by HCV infechSHE“THE Hiimanized antibodies and fragments thereof and/%ﬁﬁgzgﬁsa{?{rﬁ%sczeutical
composition can be used for treating a HCV infection. The humanized antibodies and fragments
thereof angypr thephaieacerlicahsampasiissiesan also be used in methods for preventing a HCV
infection. [0324] The term "hepatitis C virus" or "HCV" is well understood in the art and refers to a virus
which is ai##fibe Adhothe gdnise lepaeciingd ofahds familniiabeanddl, HE@Vbsigdigid enveloped virus
having a digmgler of ARRRXImAEI=R-GrITUD R diRmeGer Wi:anasiive srahd Rigename. The
hepatitis C virus species is classified into six genotypes (1-6) with several subtypes within each

genotype. TAYBHIBEIPTBEHFIfATIE, WH-EIRBREHTE (HIREAES TS REEP MBI S REIHBAGty b selected
from the guotijpdensisting:dheemotypbelpfedgeed bnotypebiaaanckgesdtype Ib), genotype 2 (e.g.,
genotype i qenalieRié Re:aEHRMAS: A6k Qﬁd‘f?éé(ﬂﬁcﬁaﬁ?&m%?&%%(&% 330 SEBODIRE - Henotype 5, and

genotype 6. In North America, genotypé la predominates followed by Ib, 2a, 2b, and 3a. In Europe,
genotype PICHFEHERkSARCTBNBW Seisy o Bsosted b e Brerigpee A Ehdbs g8t midhd amost
exclusivelgaeimvﬁﬁ}iaﬁs Eﬁa%]cl%r_ﬁuiiﬂneﬁehami praﬁﬁ’mth@plsmmmwng Ehbwmg@aﬂws infection in a
human, compiisipe.AAmISIIRYAREHecHYGAMaNDE of e BHnanizedirailagy.lagment thereof

“described herein: In some embodiments, "treatment” or "treating™is an approach for obtaining WO
2009/0812850%5) P8beEI0 B SEP GERB AEIAIBY I8Pl BRRePHilat drRy il aPP&eLIts. For purposes
of this inveriienchenaiictiabardesitdchilinioaprasultss Gy debilyarsdaidinit@ekdmlaresor more of the
following: degrsaRIGaNe.of MRLe SYMAIBTIRESKIING TanuiDediasARE dipining the extent of the
disease, stabilizing the disease (e.g., preventing or delaying the worsening of the disease), delay or
slowing thE3®greadiabpl b hn e arssHEecoriRl fEAEERIGSAE BHERASHCABOGEEIESSHY HieRdse of one or
more othefanellcatiangsaguy echiadfatihthaklispasecandr e easirgiihegualityCofdife. [0326] In
some embogiments, e pumanized antHEantibodies. and freaments hersefdeacribed herein or a
pharmaceutical composition comprising same are usetul In methods of t?eatlng an acute HCV
infection. MasBAE ISR sthaiaiy fan iU L evsaTaRiiinensfes detderge eAfinating, or
inhibiting ak: asude:biCMdpiegtianed frrHetssaekigniepatibisd. virus infection” or "acute FICV infection,"

as used h%{tﬁ?—}l refers tq thr%SEi{St ‘§e_ mcr)s%bst afltcearninlteeci'gié%gl‘g\/iit h'g'ﬁ\éf (!ﬂrf] same %ﬁbodiments, a subject
with an acuté HCV intection will not develo any%y ptomsn(l.e., ree Gf acute HCV infection
symptoms)PiBEmica R Go0aRERDRY offd bibjwetshosetite NGV infection develop no symptoms during
the acute ghase. 18.20M6 emRedimants:-arbaiest wWith-agsteddGY dpfestendmibepvalen symptoms.

In some embodime .&s,_the rtneth ds of trea_trg]e‘;gt dgscggceglqlgggisnstaanrggl'oarn%tig .9, getgluce incidence
of, reduce('aﬁ’l’aaﬁnc})ﬁ% et iceor é/%oe“ﬁyglélvreﬁfyagf) of one of more symptoms ot acute HCV infection.
In the minorityoofisatikenisapdsdte pparichriecion e phaselymmpsbmsedivatsyingrsived Biégenerally mild
and nonsegilse nhiarsly feRchie:sRariR BN ONS A ARIS e SMRIGNS R4 BRuIR hepatits C
infection include olgcreaseg re:\}:)p,etite, fati%u \ abdomitgal ain, jaundice,,ﬁchin%@nd flu-like symptoms.
In some eRABSHMIERE) HRB'EUBTERNRRIT RN TE T MRSCHE s e &Y With 15V 8P the genotype 1.
Treatment@tiritgtie acttetididnfoctior bigenotypethhad begreate otiarsg@ds sileeess rate with half
the treatmept;time, segiietdaroshEoR| ém@é‘&ig,rb?g.[%@%an%@mgemm@m@mngggfaumanized
anti-HCV antibodies and fragments thereof described herein or a pharmaceutical composition
comprisingz’félrlhe are useful in methods of treating a chronic HCV infection. In some embodiments,
treating afteRsdnico N amfectidn stiettide schedwainizelinimatingyor gndwhitiong: Aehrehid#4&V infection.

The term ' ehronic ReRALS iyt RIGHIORPE hehiBRIGE GV ITIRIRR . RSl edHAGIGID, refers to as
infection with HCV which aersnstlng for more than six months. In some embodiments, the methods of

treatment YBSEFRSEN Feth ST TR G RR SOt S BRI SRS Yo tifce or lessen
;everity of_)mﬂmlgermbmaﬁe, Wioﬁgﬁmﬂi@ﬁﬁmmﬁection. Symptqms qf chronic .HCV infection
include fafignigy marked walghtloss, e ke AVmROMS  USE S RaiRsIQINLRAIN. dyjgrpittent low-grade

fevers, itching, sleep disturbances, abdominal pain (especially in the right upper guadrant), appetite
changes, fi9&cRe dispEation eheysicorepigritilR difdifs o ﬁfe@é‘i’tfﬁ‘??f@%é’&‘ﬁgsc,\énd mood swings.
Once chrantbbiteY drasipeagresasdcto-£itib BSitaEigH AR a M ROOQIABIABE P TH1:h3R608/003952
symptoms may appear that are generally caused by either decreased liver function or increased
pressure in the liver circulation, a condition known as portal hypertension. Possible signs and
symptoms of liver cirrhosis include ascites, bruising and bleeding tendency, bone pain, varices
(especially in the stomach and esophagus), fatty é‘tg%ols (steatorrhea), jaundice, and a syndrome of
cognitive impairment known as hepatic encephalopathy. In some embodiments, the chronic HCV
infection may result in hepatocellular carcinoma (HCC). Chronic HCV infection can be further divided
into two types (either or both of which are included in the methods of treatment provided herein)

chronic active HCV infection and chronic persistent HCV infection. Chronic active HCV infection is
HC\/ which ic carice acrtivie damane to the livver Chronie nercictent HC\/ infectinn ic a chroniec HC\/



WO 2009/081285PCT/1132008/003952 weight unit, such as grams. Methods for determining amount
of virus are known in the art and are also described herein. [0331] In some embodiments, the subject

treated with t d antibodies and fragments thereof described higaé i { I Ee
pharmaceutica ?grgnggggi%n is at risk for rapid HCV infection progression. i}c%g(r%g P%a%tﬁ 2ave been

reported to influence the rate of HCV disease progression include age (increasing age associated with
more rapidBroGrReEb b e B HE R IR A5 TG e OdHRe 5 8 e s&iBRPHRE females), alcohol
consumptidefssectatat: i teamngieasead, rate of disease progression), HIV co-infection (associated
i & e eSS RIS A USRS QI QAR B A AINY NS QB RREE.Qhfal 1 e cels
has been associated with an’increased rate of disease progression). [0332] In some embodiments of

any of the THEtFBES! Plehs BfREPaE BescaltRHeg 4RI RSN BsHReEGMtReAts, the anti-HCV
antibodies @rgpeigiectablgosgof BN idrppantibodias A1 evEaiectalnpayHER SAnifisens

embodimepts-{he anti-HE:V antibodiss produc bé/gheﬂ,tﬁtg' ¢t are neutr "@%‘mtj ies. In some
embodimenfs?%ﬁlgsaeﬁt?fﬁg{/ogﬁrﬁggﬁéz 6?(}] Sc%g%yntﬁ% su je%%tﬁgyg%_ﬁl’rﬁeﬁra |Z|ngpg%?bodies. [0333]
The humaHZéH antibgarydndesasriemstirdiepfaistitp seskdhatratircndescppiay R EBUtical
compositichednaletobeoUsediiBe thatoNor pirvenlirg-adiliG Wniiasionddi:seina-embodiments, the
humanized antibod; nd fragments thereof and/or the pharmaceutical composition can be used in
etods 13 B E e e B i some

embodimepitesrbrirttfaest A Hheiouiedesisd o ernstiheraefispayeont shieng s seifelew areal
compositiqerGasal&RbR HeaedidumeathadsiRbpreuaningdidteVdefastioninia subigskhesposed to or
potentially 5&0§egé%ki,cv "Eng?s%s" to HCV denotes an encounter or potential encounter with HCV
which could resaftin an AcVi % ction. ‘Generally, an exposed subject is a subject that has been
exposed td0ER3Y by auitaiie dolptinictrmdy esgrinaeasbinshaitiet stneguatencimbo drere plasttid subject has

been exposegesanariansialy expasedde Hloosof ararbiectwithah RO MdRieRMR.aEPlapd from a

subject which may or may naqt he infected with HCV (i.e., HCV infection st he d exposure is
ko) A0 RSN Ay O 8 Bt CAFRIED: o SO B b AU ubject has
been expoElittd. densotéiatietiss SpBsEaT0. HB\ Pivyeivatoh Stelimpitdebien nskeotiidodtprdiducts (e.g., a
blood trangfusignincRpRAEes UGk REGIRASoahRANG UL RREAIG SaRNREHNG,dHigRn dhggxual partner,
iatrogenic ruedlcal or denhal eépo,gu e,Lnﬁgeﬁlz_s ,usted in body pg{r?(%%g) ,fl taﬁ{) s, or a child whose
mother ha& SH B EVTHERIRH MM L8 EHBEHHENS B HE T f%?e?fe {17 & humanized
antibodiescamgfragrdiitgs tieve plaesdy ivedrigaheibowdlgbe administered at the time or within any of
about one [@%’3]0”‘?n"X@cﬁKo&{r@&ﬁrﬂlﬂﬂ%@frmﬁ%ﬂ@%Hﬁeci?éuﬁ’a{?tﬁgst.}ﬂlcﬁﬁi@@?Uéﬁ 80 H&a\Mor WO _
2009/081285PCT/M2008/003952 [0334] In some embodiments of any of the methods described
herein, the"&0HSFERRICR HUbHAN BPBHIRI SaRE & HTEENTY o SBRTHAMS 18 SObEe 4 human. HCV
infects onlyrbduriam ahdchitipanzel cHOB3%] rsometairioklifentsVah any Béthe methods described
herein, thesmethad somprises asimnisisung e diyngrizgd-antibedi, or kagmenkligreof in

combination with a second therapeutic agent. In some embodiments, the second therapeutic agent is
an antiviralSHRSrBRUHERER AMTIA eBHR LR TRt ARk RS e RBMpTREE dihiifltering the
humanizg&aﬂd&;ﬂdylmmmmmqum weﬁammaﬁmwjth, sequential to, cpncurrently with,
consecutivghysyith siotationally with,, grinierriligniein Aseeand AaapgiG 4e61L df some

embodiment, the method comprising administering the combination of a humanized antibody or

fragment tREFEBFEH A 203 aeBhilitiarap baRtodysAr e BhBREEs Ehendr HisrdyshihpRAASSF HCV, reduces
and/or su pfpg&sg&gwﬁidiﬁeﬁamﬁ@:rewr@dmlwmrem&m&spﬂfékéme;ghamdqeatme,ﬁt with the
humanized aniibady, rAragment Neeol AL seeand ARSI ASBPhAIaNgIQ73ehin some

fany of t i e y or

embodiments e metho es umani antibo ragment thereof comprises a variable
heavy chah9!deiplids: dérebssaripspytsigt sepresisdargorgeainaeee ot SEormirgdad SEQ ID
NO:12, SEfBMOIL3, REfd By NQh4dl, j2fdabd) DAt oSt IR Ml qedmed hNO:17, and SEQ ID
NO:18 and riable. light chain domain selected from the group copsisting of SEQ.ID NO:6, SEQ ID
NG, SEGT N R R o e S E B R BER S Ree hmanizen
antibody igisalaetelpsrbatatn epghisiiireon dipinegr 8¢ 2-Rall dratpmesorind [Hengeralirnsenst aeP&isB2 fragment,
a scFv, a ki adagiahadieRsAma e 50beuipebls ctheduypanizedantibady, arriragnent-thereof binds
to HCV. In some e bodiments, thedI]#manized anti oc(zl%lorc[ra mentéh%reoll; ig, cal%agl/e@f binding to
HCV E2 pPo %Pn,l Sordbe VS aIpl)ro ém, or & ?fégt%rf)xéltlmt-f?r‘?1 of HV/ES d’roqtS i and v ES protein. In
some embodiments, the humanized antibody or fragment thereof binds HCV E2 protein. In some
embodiments, the HCV E2 protein is from one or more of the HCV genotypes selected from the group
consisting of genotype 1 (e.g., genotype la and ge%type Ib), genotype 2 (e.g., genotype 2a, genotype
2b, genotype 2c), genotype 3 (e.g., genotype 3a), genotype 4, genotype 5, and genotype 6. In some
embodiments, the humanized antibody or fragment thereof inhibits the interaction of HCV E2 protein
with CD81. In some embodiments, the humanized antibody or fragment thereof prevents and/or

inhibits HCV entry into the cell. In some embodiments, the cell is a liver cell, e.g., hepatocyte. VIII.
NMaonitorina the Coiirce of Treatment T0OR271 Thare ic alen nrovvided methode of monitorina treatmeaent in



patient. The methods can be used to monitor both therapeutic treatment on symptomatic patients and
prophylactic treatment on asymptomatic patients. In particular, the methods are useful for monitoring
passive immunization (le. ., measuring level of administered antibody). [OS3§£}6Some methods involve
determining apaseinevs ue, for example, of the level or profile of HCV infet %QQEIOa?sﬁg%ient, before
administering a dosage of agent, and comparing this with a value for the profile or level after

treatment. Edfiieriesilyorneirseddadeprofie Bechsimeeis AU Bttt mmveenalitn ¢Ak humanized
antibody oefpagsiat)hifterechas gdeseives-haremrAsigaificantincraass, (e axgigaenthan the typical
margin of (?1>E<=rpﬁ%rirsrgﬂe1 t&l errar ig re e%%g iligglgsurements of the same sample, expressed as one standard
deviation fro & theark ofséﬂc]h measurements) in value of the level or profile signals a positive

treatment S0ASDMelliccDNAdPaghthmswatoraiend dgeat husubrduae foddketaukpoiise). If the value

for immunefesronse BeasRiGIRIUESIoRIfic ANt HaFIRcEAasES mingRtive treatment outcome is
indicated. inical Trials [0339] A single-dose phase | trial can be performed o determine the safety
of the hurmD3hha DU P e SRR S 2 e 4 FE AR Semprising same ac
described brapsitrdribatijeldss, (reofstobly rdplipateris ofher mamscasieeidddviedly. Gefagingnt thereof is

administeredinncreasing dosraes{ediffarepimatisnisslaringpiion ahosd:d.AdthedeveLof presumed
efficacy, an? increasaipﬁg%%a ctor gf three urgil al.lev.el of about 10 tj&‘ues thet'_ effective mouse dosage
is reached [O3%40f A% A S R T R B G P QP B ST R B RH SH et ieB e acy . Patients
with HCV ibiektiohranesseteetdknotidose laottrrthiteldtsareasiaandationes. ie tikigly 06 survive the
duration oftbe-skdd¥SRhack SOMPHIRBING la5H6ss ﬁf%@@@%&@@%@ﬁt megicatiang that may

interfere. Disease Qro refg}snon can be monitored ,usinﬁ%QL?od profiles of patients, Following baseline
y

‘measuremBHS BAHERE 108 A VK B AR RS OF GV D PN ARG Y 8HRAH either the
humanizedzntgiotipor dragnvertbther eofrosaiiaceie Beachilhd de fasdivort répditiatis arepmenitored at
least eVerXsSJEStrﬁlz‘&@éﬁ%oﬁﬁ&%ﬁ%i%@ﬁﬁ%&l&%&bfr@@@@W@Qﬁ%ﬁrﬁﬁ&ﬁ?%ﬂ&l@i% iRsgign,of I-ICV

i

infection in the treatment group relative to a placebo group. X. Kits and Articles of Manufacture [0341]
Kits can alRSBEIppIRGEr GRENPIARAE intibodies in the protection against or detection of a cellular
activity or fo23fk pf-e_semee Gérapsg&@ciédpm@ennd' ﬂu;inﬁﬁ&bmmgmz@wmﬁbmwmmw fhag_ ments
thereof may B, EeIFRF A . A QRNINERCBET RS GORIAIE EUIELAIARG:0R I conjunction with

additional antibodies specific for the desired cell type. [0342] The antibodies, which may be conjugated

0
to a label PO, BrURES ARIGARYD ¢ HOaaBetiA kRS 1t odnTsomeaes stitah lgdorpee phbsphate,
carbonate petiarstatikizarsichidcibeshoWRo2003/ (825 RE T1d 14200 $10038D 2yinert piatdins, €.g.,
serum albuminyor. the like, Seneraliynihess maesials wilbeAreasnt iiessdhanabout 5% wt. based

on the amount of antibody, and usually present in total amount of at least about 0.001% wt. based

again on tRE RIS EIHE SHFREBNY EPACERM PRIURE BY S P R BN ERIGE Ush it &tbnder or

excipient teystduteathevalitbeacing settizntbalyiang IR exgipientopaybhaipkes enthiniiron: akaiis]l to 99%

wt. of the total nqogj@gzm%% 5,9343] The invention also provides diagnostic kits, for example, research,
lag

detection and/or nostic Kits. Such kits typically contain the humanized antibody or fragment thereof

as describdd3reifosgieasfivaeea Aaioay ies pefaa Sesa SeteHu al cHBaINtG segdatisincluded in the
kit. Preferabiysitheekibisldahelepwittiinsdrucsiensofesspesieteingiibe intendedapplicatipaofor example,
for performing an.in X%%}EVPS‘ N9 as3ay, [3344h 0. seme embadiments, the. kit contains a package
insert. Pac age Insert reters to Instructions customarlﬂ/a InCa[ll}‘1 eain commermaﬁpfo’kages of

therapeuti®'pb EeRES SRR Odrtangiprorkamd maberAthaudartistonsthasagrd efosage, administration,
congraéiI ndicatienstRnid/es Yy@ﬁn&m@%@%&ﬁﬁﬂﬂ&fdﬁh@t uHe B ﬁié@ilgmf&pﬂdd If'tco@mw:@ Iy Ega\a/p_ ction. |
embodiment, t ckage insert indicate e composition is. or treatjin infection. In
come e R Rt P e o e et M S Sboctes o
fragmentsaFeredeiryertyrof the methods of treatment, prevention, or diagnosis described herein.
[0345] Proygsied hereinaes srticlesiobmandfaciveacsishsomnlinaf umapizedantioadiar fragment
thereof defcr%tz)etg h reiln. In Sqme emb%(ljirrl.nti, tthe articles of manuff\ctur? cor%nﬂs? (_?s_container and
a label or p%lrc Bg(ggn%%ﬁcgﬁ 6r 28&beiated with the coh gfﬁseﬁuglﬁﬁsa%}g ContRers méftae, for example,
bottles, viakowprtgebydizeTire, donthiners pray de doavedyirom ety abiinaterigisseeh as glass or
plastic. Thecaniaines Qs 3 cosprsilieandichis glieciveianiteating e randiiprand may have a

sterile access port (for example the container may be an intravenous solution bag or a vial having a
stopper pig%éﬁtﬂ@ 05 KOPSHEFnitdigIkii Keedle). Additionally, the article of manufacture may
further comprise a second container comprising a pharmaceutically-acceptable buffer, such as
bacteriostatic water for injection (BWFI), phosphate. bufferedsaline, Ringer's solution and dextrose
solution. It may further include other materials desffhble from a commercial and user standpoint,
including other buffers, diluents, filters, needles, and syringes. XI.General Recombinant DNA
Methodology Techniques [0346] The present invention employs, unless otherwise indicated,
conventional techniques of chemistry, molecular biology, microbiology, recombinant DNA and

immunology, which are within the capabilities of a person of ordinary skill in the art. Such techniques
area avhlained in the literatiire <|ee for avamnle 1 [|amhronk E E Eriteeh and T Maniatice 1090



WO 2009/081285PCT/1132008/003952 Cloning: A Laboratory Manual, Second Edition, Books 1-3,
Cold Spring Harbor Laboratory Press; Ausubel, F. M. et al. (1995 and periodic supplements; Current
Protocols in Molecular Biglogy, ch. 9, 13, and 16, John Wiley & Sons, New Yorkb N.Y.); B. Roe, J.
Crabtree, and'X %Q‘é%oﬁ,vfé%, DNA Isolation and Sequencing: Essential TPe%Walfg@() ofn Wiley &
Sons; M. J. Gait (Editor), 1984, Oligonucleotide Synthesis: A Practical Approach, In Press; and, D. M.
J. Lilley ant348] DA&lhsEYest DOmavEsgishGrERRHi GERm e Sttt eddiiqnal -ysnteesis and
Physical AppdysisfioNAMEIBOEs dkzyonaligy, oae prritdriassiorarh A dhase general texts is
herein incorporated by reference. [0347] The invention will now be further described py way of
Eramplos, RO s A TS o Sy A e AT ot e
invention articgee nefehelésnt axitiahipteay e mriidehedscbpecshitie dalehasmar e mERS{0348] The
examples, ishRinesdniended 401 e R e naxannlay efithe daye ptiopr-anstab eilekihgrrigre not be
considered to limit the nv n:t[icﬁn irLa{W \gg}gg%lﬁ) esgri%e and detail aszpectts andlembé)dirﬂents of the
invention diSEUSSRY dhove. The- ofceg(rnling examp esan 8?5%3%%%&?6 iorrare oftered lE)y way of
illustration ¥ag protisietiay of limitation. Example | Materials and Methods Cloning of Humanized V

genes [034g}4lipe heawychainod feaionsi (see ExanR!g-OnvaiasionseinoRGERLGAyia 1-lindlll and

Apal restrictjgn en e.sites. Similarly, the light chajp V regions.were cloned into pKN100 via the
Hindill anc e P B EIB00 VBB BT BIGoLt e P R 6y M ESREFAREE DNA with 20
units of Hirtidingddamp dicigenmuiicof ¢ ifPxormelay rebwivdondidestiuffarnforingras GZeh.a¥hen 1 unit of
shri{np alkﬁu@@?amsmﬁﬁaﬁg yxeglaéégeﬂu@5@&@%@5@%&@@9&%&@%@%@@&%@, 2? minutes. The
vector preparation was then purified on a Qiaquick (Qiagen) column following manufacturer's
instructionSHHESR B AL BT HBY 5“%‘%}?3?1%1285 Ve Br R S EIRRT B igesting 5pg of
DNA with poumaitssof. Hitid] HeéinghBandR Drianb offeméz (Frdimpge)der, frimobeatsB#@ . pTdneoBiNA was

treated with, ShAMR.AIKHINRLRISP eangipurlisdas gengtined above. V region DNA including
mutant V re{géons was supplied by GENART in the vectors pGA4 or pGAL. Insert DNAs (approx 4ug)

were digedfEdds dESEHREMHBV ST 8 By VAT FIHE AT FAEIHEP R8s BB from the
vector by gedteteotr bpinoeesisat Rive appampriats Bndrwas g cifeg!fratiortBhgghamdipeedibd on a

Qiaquick calymp.(GHagemand eliied 5,00 fotlowing ManHRGUY SR asl K CllgAshigations were

carried out by mixing 1 pl of vector with either 1 or 3 pl 6f insert DNA in Ix ligase buffer (Promega) and

WO 2009/58888E PSR SRS EE 10 ih B RYAR BofsTBieghs PP HaT B igRAVES At ubated at
14C overnightand 2isipbsiend s edtiditrahsiormesa podffiddba eahpsteandcetss¢hibatragen). Site

directed Whtagenesis{Rpaheite diered.OWGIRNRRISVASRAIEE vk by auisauring the
mutagenesis to GENEART AG except for the chimeric heavy chain mutants AP33 Y47W and Y47F.

The chimetMRBRAA cHSHsTRSYRASE S qre i g theursiigehsd showitine Sitsn atestfdes:
AP33_YATidh AATAMBGK GAGCATCAT GG Gk TRYGASRAAGTVirus long terminal repeat can be

used as the promoter.

[0243] Enhancer Element Component- Transcription of a DNA encoding the anti-HCV
antibody described herein such as the humanized AP33 antibody by higher eukaryotes is often
increased by inserting an enhancer sequence into the vector. Many enhancer sequences are now
known from mammalian genes (globin, elastase, albumin, .alpha.-fetoprotein, and insulin).
Typically, however, one will use an enhancer from a eukaryotic cell virus, Examples include the
SV40 enhancer on the late side of the replication origin (bp 100-270), the cytomegalovirus early
promoter enhancer, the polyoma enhancer on the late side of the rephcation origin, and
adenovirus enhancers. See also Yaniv, Nature 297:17-18 (1982) on enhancing elements for
activation of eukaryotic promoters. The enhancer may be spliced into the vector at a position 5' or
3' to the HCV binding antibody-encoding sequence, but is preferably located at a site 5' from the

promoter,
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AP33 Y47F R: ACTTATGTATCCCATGAACTCAAGTTTATT AP33_Y47W_F: GAATAAACI
TGAGTGGATGGGATACATAAG AP33 Y47W_R: CTTATGTATCCCATCCACTCAAGri TA!IC. [0351]
The mutagenesis PCR reaction used oligonucleotides at a final concentration of 0.5 micro Molar,
combined WitW?@Wﬁl%ﬁvﬁl.pGlDZOO (Chimeric heavy chain construct) aRi RS0 Aster mix
(NEB). PCR conditions were: 98C for 30 sec then 12 cycles of 98C for 10 sec, 55C for 15 sec, 72C for
2 min 15 sé@4dhcd tie PigRtdsotipaivas eorprotelauesiinms CERBMsfdrersteticd eqetiiPCR

reaction fofybAQWknat, 3keer fla O ANEP Gl stigastumbstbd e g4 15 eehto transionm: 504 ghssL-1 blue
competent c,ﬁla Q)Stragta ene). LO352 The rfecglmtbinantﬁchin%eric andt.huma izedg] a\ﬁge&hains RHA,
RHbcdengW( bR EHA HamanZe ﬁf‘éﬁcﬁrames R R SRG RRYSERTE MoRed IRt §ntibody
expressionvaiStorSupGEDROG g grRNDOD peaibeidei (et dsmid OMsondly graparasiaising the
appropriate.Qiagendaiasipit auiHaaiioRski JBieakroRe RN A3edhéasdsallsimersgrawm and split 1:3
on the day b foge transfe;:&lign. LO%B?}?S%%?SY cells Wgre %W@)Séﬂl?@% ancfl t}\{vashed in PBS and
resuspendSd P8 RSP T BB AN OB T B RaRY AfGUinted il efdeiBpaESH Buvettes
(Bio-Rad). &¢or daclessfl ieaary. and light chain constructs were mixed with the cells and electroporated

at 1.9KV ang ghpFriellsyeredalk tia%ﬂ&éﬂiﬁ@éﬁ&é QoA RPLLAtME, IR IREAKeYARd/added to 8 ml of
DMEM with Glutam %<%|n,vitrog Nn)/10% FCS/Penicillin 500U/m1/ Streptomycin 500pg/m1 on 10 cm2

tissue cult) PSS EE AR LS RP R SHIRISE R U AARFS WA SRy SSAHBSEY) @Bnentration was
analyzed by=Efd B, ig&A lioki SA (3352 Mawis orgsholatediniererg dapenkimi e te prpet gdiataanti-human

I9G antibogy, and StoreaAt AG.IAI-RRMO e AR b MU BaIarE S ! Gie dupshed three times
in PBS/0.02% Tween 20 (v/v) then blocked in PBS/0.02% Tween 20 (v/v)/0.2% (ﬁv;/v) BSA. Plates were

washed as'HererecAlHC A RILE FEpHR AR F St Bl Jradrion A b AR e akME doubling dilutions
and incubatedfat®aCGuigrbit inedHatebaveribulyabired (Gs:lzetore/aisdmbeuiiated Wit ge&t anti-human WO

20091081295 TIL2000I09A57% KapRA i A PRIGXASE CONMIOBIRLSIOMAL Al S000 diion.

Plates were washed, as before, then 150 lit of K Blue One-Step substrate Neogen) was added. After

10 minutestfaTEA BRI RtsH RISt 86 P of RbdrenPasmishitNeb RIS the optical density
was measesletgictibnnandepiiciejEditHAsH 3ob i SAnplaidsNLNneMaxRenppivedercefated with

sueptavad,(SiGma S087 7). AQRRIT, BAORM NAHE A SAMM, SIS AT B 8, 400341/ wel)

and stored at 4C for up to one month. Before usg, plates were washéd three times in PBS/0.1%(v/v)
Tween 20 B EERIVSORRBBTCBIOTPBSIPyAE Sk TAT) THFSHE Hi HatieTs MReprtasdvere then
washed as:bgfese and 100 pi peptide (0.5 jig/ml in SEC buffer) was added for one hour at 37C. All

peptides "Lﬁ d %e%i%iapv??égqi#ﬁ]tk&rmsn%%ea% e&%@%ﬁ? Iofi, The o) %%?t)%i‘,%ﬁ’é’@&'l%ds 213 before and

I
100 pl antibody supernatan ed In serial doubling dildtions in"SEC buffer and incubated for one

hour. Platevadieriee@ ¥ forscanenintdiiataty fopidnech BomaresreWinh HRpeeariiiehids anti-human
kappa antipaely §SigoaasahdiiaDRerdilbiiong100pl Axvelbhvy bBaplatesouerenwasbedas brfere and 150 pl
for TMB O&%‘?‘e n'ﬁze%'yc%o%%f%ﬂ[@%‘?aﬂé‘%\%%eo% idded for 10 minytes and stored i the dark at room
temperature. & reaction wasgstoppe h p of Red top ](Ne%gen . The optical density was

measured HeEBSHIPR PHEH B etlomest soBURRIRITERY infBEfioiraleting. gel electrophoresis
and the like (see generally Scopes, Protein Purification (Springer-Verlag, N.Y., (1982)).

Substantially pure immunoglobulins of at least about 90 to 95% homogeneity are preferred, and
98 to 99% or more homogeneity is most preferred, for pharmaceutical uses.

Constructs
[0247] The invention further provides a nucleic acid construct comprising a polynucleotide as
described herein.
[0248] Typically the construct will be an expression vector allowing expression, in a suitable
host, of the polypeptide(s) encoded by the polynucleotide. The construct may comprise, for
example, one or more of the following: a promoter active in the host; one or more regulatory
sequences, such as enhancers; an origin of replication; and a marker, preferably a selectable

marker. The host may be a eukaryotic or prokaryotic host, although eukaryotic (and especially
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[0356] In order to carry out HCVpp experiments, antibodies from COS7 cell transfection supernatants
were purified and concentrated by Protein A purification. For each chimeric or humanized antibody:
Prosep-vA beads MiIIiPore) were resuspended and 400 pl added to a 10 ml disposable
chromatogra%?/zé)o?égrsflr%séPierce) and washed with 20 ml of PBS. COS7 t?gﬁ%zé}ﬁ%ﬁogﬁ?ﬁematant
(approximately 150 ml) was added to the column under gravity flow. The column was subsequently

washed withPBIiIEpDAEf)Ea el orelgrwith DS Acoprmu kO RrERE E MNERP HoreY tererédy. The eluate

}Nas neutralizecywH ﬁ%ﬂfw st d9dg/ H%hw}i&xlé@@ebm&g%ﬂmmrﬁaa mslidecAdsygey,(Pierce) in 3
iters of P ight at 4C. HCV Pseudopatrticle Infection Assays [0357] HCVpp for genotypes 1, 2,
3, 4, and gslvtg?'/’e?{rg{ag g%%t%ﬁ’s ec |r{§uls-|]f:r&%é)e{ sS%ﬁ%nBI‘g%rﬁ@g %gcﬁé%%ﬁ &W'glycoprotein sequences,
MLV gag-ped4tid [hbifepnsaireparermiien anelroditittothinb disasisyasdoprside asagasepartially
purified byusaganEHHORHRRHBEBHABRCHTRHNRAR AR BULHRS Car8R (Q¥ySIaNkanhi Rlpdre T Virol
79:11095-1({4&2(}55 aThe HCX&) forlgganp pe 5 was made in a SLmH rwa e>%:lerft that t(;:e partial
purificatior?osl?/ebmte?ou%ﬁ‘aggﬂ%ros%pé)r e vﬁaén%“rﬁlf%%’e%‘%?nc%a"a‘( vénr%eKP%’{ eCted nTBLhv y of the
genotype Syssdigiopiaiti depsrEhiebie fotpdidintdriy afeitadly detBoeimkeceflapprapréainzdithn were mixed
with HCV pirnand:tha antiRad Wi S mix iR s Mg TS icub at et alu3idbtifrleAcha @B dthien added to
human WO 2009/0 1285(1P§3T/I82008[0039521£g§$ét0n]aHuh-7 target cells in ngig{licate wells. After 4 h
incubation’ S5 PR REES AR AL PERT B8 PR AR SRS e ARYY 518 s the cells
were lysedeans ks sepethfopdlypifptidesensthatpdhpatdptd watisesedeinfer fednpiakt $f@Wipglén the absence
of antibody,apa.all e, results are expressed as a percentage of this "no antibody" control. The
genotypes for HCV used in the following experiments ari?shown in Table 3. Table 3 (previously Table

1in 61/006/008): THE GEABTHBEYSORER AT the ESBRR 1 SGEEH HE Mt dRd iimanized
antibodiesoizpef i@ rtti@ emdtypeclanidZ/nRekda GekllaBa fi4dRe3FisdC Unitonstruct may take

the form of a plasmid, a yeast artificial chromosome, a yeast mini-chromosome, or be integrated
into all or part of the genome of a virgs, especially an attenuated virus or similar which is non-
pathogenic for humans.
102511 The construct may be conveniently formulated for safe administration to a mammalian,
preferably human, subject. Typically, they will be provided in a plurality of aliquots, each aliguot
containing sufficient construct for effective immunization of at least one normal adult human
subject.
[0252] The construct may be provided in liquid or solid form, preferably as a freeze-dried
powder which, typically, is rehydrated with a sterile aqueous liquid prior to use.
[0253] The construct may be formulated with an adjuvant or other component which has the
effect of increasing the immune response of the subject {e.g., as measured by specific antibody
titer) in response to administration of the construct.

Vectors
[0254] The term "vector” includes expression vectors and transformation vectors and shuitle
vectors.
[0255] The term “expression vector” means a construct capable of in vive or in vitro
expression.
{0256] The term "transformation vector™ means a constract capable of being transferred from
one entity to another entity - which may be of the species or may be of a different species, If the
construct is capable of being transferred from one species to another - such as from an

Escherichia coli plasmid to a bacterium, such as of the genus Bacillus, then the transformation
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vector is sometimes called a “shuttle vector”. It may even be a construct capable of being
transferred from an E. coli plasmid to an Agrobacterium to a plant.
[6257] Vectors may be transformed into a suitable host cell as described below to provide for
expression of a polypeptide encompassed in the present invention. Thus, in a further aspect the
invention provides a process for preparing polypeptides for use in the present invention which
comprises cultivating a host cell transformed or transfected with an expression vector as
described above under conditions to provide for expression by the vector of a coding sequence
encoding the polypeptides, and recovering the expressed polypeptides.
{0258] The vectors may be for example, plasmid, virus or phage vectors provided with an
origin of replication, optionally a promoter for the expression of the said polynucleotide and
optionally a regulator of the promoter.
f0259] Vectors may contain one or more selectable marker genes which are well known in the
arf,

Host Cells
[0260] The invention further provides a host cell — such as a host cell in vitro - comprising the
polynucleotide or construct described herein. The host cell may be a bacterium, a veast or other
fungal cell, insect cell, a plant cell, or a mammalian cell, for example.
[0261] The invention also provides a transgenic multicellular host organism which has been
genetically manipulated so as to produce a polypeptide in accordance with the invention. The
organism may be, for example, a transgenic mammalian organism {(e.g., a transgenic goat or
mouse line).
[0262] E. coli is one prokaryotic host that may be of use. Other microbial hosts include bacilli,
such as Bacillus subtilis, and other enterobacteriaceae, such as Salmonella, Serratia, and various
FPseudomonas species. In these prokaryotic hosts, one can make expression vectors, which will
typically contain expression control sequences compatible with the host cell (e.g., an origin of
replication). In addition, any number of a variety of well-known promoters will be present, such
as the lactose promoter system, a tryptophan (trp) promoter system, a beta-lactamase promoter
system, or a promoter system from phage lambda. The promoters will typically control
expression, optionally with an operator sequence, and have ribosome binding site sequences and
the like, for initiating and completing transcription and translation.
[0263] Other maicrobes, such as yeast, may be used for expression. Saccharomyces is a
preferred yeast host, with suitable vectors having expression control sequences (e.g., promoters),
an origin of replication, termination sequences and the like as desired. Typical promoters include

3-phosphoglycerate kinase and other glycolytic enzymes. Inducible yeast promoters include,
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among others, promoters from alcohol dehydrogenase, isocytochrome C, and enzymes
responsible for maltose and galactose utilization.

[0264] In addition to microorganisms, mammalian tissue cell culture may also be used to
express and produce the humanized antibodies or fragments thereof as described herein and in
some instances are preferred (See Winnacker, From Genes to Clones, VCH Publishers, N.Y.,
N.Y. (1987). For some embodiments, eukaryotic cells (e.g., COS7 cells) may be preferred,
because a number of suitable host cell lines capable of secreting heterologous proteins (e.g., intact
immunoglobulins) have been developed in the art, and include CHO cell lines, various Cos cell
lines, HeLa cells, preferably, myeloma cell lines, or transformed B-cells or hybridomas.

[0265] In some embodiments, the host cell is a vertebrate host cell. Examples of useful
mammalian host cell lines are monkey kidney CV1 line transformed by SV40 (COS-7, ATCC
CRL 1651); human embryonic kidney line (293 or 293 cells subcloned for growth in suspension
culture, Graham et al., J. Gen Virol. 36:59 (1977)); baby hamster kidney cells (BHK, ATCC CCL
10); Chinese hamster ovary cells/-DHFR(CHO, Urlaub et al., Proc. Nail. Acad. Sci. USA 77:4216
(1980)) or CHO-DP-12 line; mouse sertoli cells {TM4, Mather, Biol. Reprod. 23:243-251
(1980)); monkey kidney cells (CV1 ATCC CCL 70); African green monkey kidney cells (VERO-
76, ATCC CRL-1587); human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney
cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human lung
cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary tumor
{MMT 060562, ATCC CCL51); TRI cells (Mather et al., Annals N.Y. Acad. Sci. 383:44-68
(1982)); MRC 5 cells; I'S4 cells; and a hurnan hepatoma line (Hep G2).

[0266] Alternatively, antibody-coding sequences can be incorporated into transgenes for
introduction into the genome of a transgenic animal and subsequent expression in the milk of the
transgenic animal (see, e.g., Deboer et al,, U.S. Pat. No. 5,741,957, Rosen, U.S. Pat. No.
3,304,489, and Meade et al., U.S. Pat. No. 5,849,992). Suitable transgenes include coding
sequences for light and/or heavy chains in operable linkage with a promoter and enhancer from a
mammary gland specific gene, such as casein or beta lactoglobulin.

[0267] Alternatively, the antibodies described herein can be produced in transgenic plants {e.g.,
tobacco, maize, soybean and alfalfa). Improved “plantibody™ vectors (Hendy et al. (1999) J.
Immunol. Methods 231:137-146) and purification strategies coupled with an increase in
transformable crop species render such methods a practical and efficient means of producing
recombinant immunoglobulins not only for human and animal therapy, but for industrial
applications as well (e.g., catalytic antibodies). Moreover, plant produced antibodies have been
shown to be safe and effective and avoid the use of animal-derived materials, Further, the

differences in glycosylation patterns of plant and mammalian cell-produced antibodies have little
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or no effect on antigen binding or specificity. In addition, no evidence of toxicity or HAMA has
been observed in patients receiving topical oral application of a plant-derived secretory dimeric
IgA antibody (see Larrick et al. (1998) Res. Immunol. 149:603-608).
[0268] Full length antibody, antibody fragments, and antibody fusion proteins can be produced
in bacteria, in particular when glycosylation and Fc effector function are not needed, such as
when the therapeutic antibody is conjugated to a cytotoxic agent (e.g., a toxin) and the
immunoconjugate by itself shows effectiveness in tumor cell destruction. Full length antibodies
have greater half life in circulation. Production in E. coli is faster and more cost efficient. For
expression of antibody fragments and polypeptides in bacteria, see, e.g., U.S. Pat. No. 5,648,237
(Carter et. al.), U.S. Pat. No. 5,789,199 (Joly et al.), and U.S. Pat. No. 5,840,523 (Simmons et al.)
which describes translation initiation region (TIR) and signal sequences for optimizing expression
and secretion, these patents incorporated herein by reference. After expression, the antibody is
isolated from the E. coli cell paste in a soluble fraction and can be purified through, e.g., a protein
A or G column depending on the isotype. Final purification can be carried out similar to the
process for purifying antibody expressed e.g., in CHO cells.
[0269] Suitable host cells for the expression of glycosylated anti-HCV antibodies such as a
humanized AP33 antibody are derived from multicellular organisms. Examples of invertebrate
cells include plant and insect cells. Numerous baculoviral strains and variants and corresponding
permissive insect host cells from hosts such as Spedoprera frugiperda (caterpillar), Aedes aegypti
(mosquito), Aedes albopictus (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-35 strain of Bombyx mori NPV, and such
viruses may be used as the virus herein according to the present invention, particularly for
transfection of Spodoprera frugiperda cells,

Purification of Antibody
[0270] When using recombinant techniques, the antibody can be produced intracellularly, in
the periplasmic space, or directly secreted into the medium. If the antibody is produced
intracellularly, as a first step, the particulate debris, either host cells or lysed fragments, are
removed, for example, by centrifugation or ultrafiltration. Carter et al., Bio/Technology 10: 163-
167 (1992) describe a procedure for isolating antibodies which are secreted to the periplasmic
space of E. coli. Briefly, cell paste is thawed in the presence of sodium acetate (pH 3.5), EDTA,
and phenylmethylsulfonylfluoride (PMSF) over about 30-min. Cell debris can be removed by
centrifugation. Where the antibody is secreted into the medivm, supernatants from such
expression sysiems are generally first concentrated using a commercially available protein

concentration filter, for example, an Amicon or Millipore Pellicon ultrafiltration unit. A protease
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inhibitor such as PMSF may be included in any of the foregoing steps to inhibit proteolysis and
antibiotics may be included to prevent the growth of adventitious contaminants.

{0271] The antibody composition prepared from the cells can be purified using, for example,
hydroxylapatite chromatography, gel electrophoresis, dialysis, and affinity chromatography, with
affinity chromatography being the preferred purification techuique. The suitability of protein A as
an affinity ligand depends on the species and isotype of any immunoglobulin Fc domain that is
present in the antibody. Protein A can be used to purify antibodies that are based on human y1,
v2, or y4 heavy chains (Lindmark et al,, J. Immuaniol, Meth, 62:1-13 (1983)). Protein G is
recommended for all mouse isotypes and for human v3 (Guss et al., EMBO J. 5:15671575
(1986)). The matrix to which the affinity ligand is attached is most often agarose, but other
matrices are available. Mechanically stable matrices such as controlled pore glass or
poly(styrenedivinyl)benzene allow for faster flow rates and shorter processing times than can be
achieved with agarose. Where the antibody comprises a C.sub.H3 domain, the Baketbond ABX™
resin (J. T. Baker, Phillipsburg, N.J.) 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, SDS-PAGE, and ammonium sulfate precipitation are also available depending
on the antibody to be recovered.

[6272] Following any preliminary purification step(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).
IV.  Antibody Conjugates

[0273] The antibody may be conjugated to a cytotoxic agent such as a toxin or a radioactive
1sotope. In certain embodiments, the toxin is calicheamicin, a maytansinoid, a dolastatin,
auristatin E and analogs or derivatives thereof, are preferable.

[0274]  Preferred drugs/toxins include DNA damaging agents, inhibitors of microtubule
polymerization or depolymerization and antimetabolites. Preferred classes of cytotoxic agents
include, for example, the enzyme inhibitors such as dihydrofolate reductase inhibitors, and
thymidylate synthase inhibitors, DNA intercalators, DNA cleavers, topoisomerase inhibitors, the
anthracycline family of drugs, the vinca drugs, the mitomycins, the bleomycins, the cytotoxic
nucleosides, the pteridine family of drugs, diynenes, the podophyllotoxins and differentiation

inducers. Particularly useful members of those classes include, for example, methotrexate,
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methopterin, dichloromethotrexate, 5-fluorouracil, 6-mercaptopurine, cytosine arabinoside,
melphalan, leurosine, leurosideine, actinomycin, daunorubicin, doxorubicin, N-(5,5-
diacetoxypentyl)doxorubicin, morpholino-doxorubicin, 1-(2-choroehthyl)-1,2-dimethanesulfonyl
hydrazide, N*-acetyl spermidine, aminopterin methopterin, esperamicin, mitomycin C, mitomycin
A, actinomiycin, bleomycin, carminomycin, aminopterin, tallysomycin, podophyllotoxin and
podophyllotoxin derivatives such as etoposide or etoposide phosphate, vinblastine, vincristine,
vindesine, taxol, taxotere, retinoic acid, butyric acid, camptothecin, calicheamicin, bryostatins,
cephalostatins, ansamitocin, actosin, maytansinoids such as DM-1, maytansine, maytansinol, N-
desmethyl-4,5-desepoxymaytansinol, C-19-dechloromaytansinol, C-20-hydroxymaytansinol, C-
20-demethoxymaytansinol, C-9-SH maytansinol, C-14-alkoxymethylmaytansinol, C-14-hydroxy
or acetyloxymethlmaytansinol, C-15-hydroxy/acetyloxymaytansinol, C-15-methoxymaytansinol,
C-18-N-demethylmaytansinol and 4,5-deoxymaytansinol, auristatins such as auristatin E, M, PHE
and PE; dolostatins such as dolostatin A, dolostatin B, dolostatin C, dolostatin D, dolostatin E
(20-epi and 11-epi), dolostatin G, dolostatin H, dolostatin I, dolostatin 1, dolostatin 2, dolostatin
3, dolostatin 4, dolostatin 5, dolostatin 6, dolostatin 7, dolostatin 8, dolostatin 9, dolostatin 10,
deo-dolostatin 10, dolostatin 11, dolostatin 12, dolostatin 13, dolostatin 14, dolostatin 153,
dolostatin 16, dolostatin 17, and dolostatin 18; cephalostatins such as cephalostatin 1,
cephalostatin 2, cephalostatin 3, cephalostatin 4, cephalostatin 5, cephalostatin 6, cephalostatin 7,
25'-epi-cephalostatin 7,20-epi-cephalostatin 7, cephalostatin 8, cephalostatin 9, cephalostatin 10,
cephalostatin 11, cephalostatin 12, cephalostatin 13, cephalostatin 14, cephalostatin 15,
cephalostatin 16, cephalostatin 17, cephalostatin 18, and cephalostatin 19,

[0275] Maytansinoids are mitototic inhibitors which act by inhibiting tubulin polymerization.
Maytansine was first isolated from the east African shrub Maytenus serrata (U.S. Pat. No.
3,896,111). Subsequently, it was discovered that certain microbes also produce maytansinoids,
such as maytansinol and C-3 maytansinol esters (11.S. Pat. No, 4,151,042). Synthetic maytansinol
and derivatives and analogues thereof are disclosed, for example, in U.S. Pat. Nos. 4,137,230,
4,248 ,870; 4,256,746; 4,260,608; 4,265,814; 4,294,757, 4,307,016; 4,308,268; 4,308,269;
4,309,428; 4,313,946; 4,315,929; 4,317,821; 4,322,348; 4,331,598; 4,361,650; 4,364,866;
4,424,219; 4,450,254; 4,362,663; and 4,371,533, the disclosures of which are hereby expressly
incorporated by reference.

[6276] Maytansine and maytansinoids have been conjugated to antibodies specifically binding
to tumor cell antigens. Immunoconjugates containing maytansineids and their therapeutic use are
disclosed, for example, in U.S. Pat. Nos. 5,208,020, 5,416,064 and European Patent EP 0 425 235
B1, the disclosures of which are hereby expressly incorporated by reference. Liu et al., Proc.

Natl. Acad. Sci. USA 93:8618-8623 (1996) described immunoconjugates comprising a
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maytansinoid designated DM]1 linked to the monoclonal antibody C242 directed against human
colorectal cancer. The conjugate was found to be highly cytotoxic towards cultured colon cancer
cells, and showed antitumor activity in an in vivo temor growth assay. Chari et al., Cancer
Research 52:127-131 {1992) describe immunoconjugates in which a maytansinoid was
conjugated via a disulfide linker to the murine antibody A7 binding to an antigen on human colon
cancer cell lines, or to another murine monoclonal antibody TA.1 that binds the HER-2/nen
oncogene.

[0277] There are many linking groups known in the art for making antibody-maytansinoid
conjugates, including, for example, those disclosed in U.S. Pat. No. 5,208,020 or EP Patent 0 425
235 B 1, and Chari et al. Cancer Research 52: 127-131 (1992). The linking groups include
disulfide groups, thioether groups, acid labile groups, photolabile groups, peptidase labile groups,
or esterase labile groups, as disclosed in the above-identified patents, disulfide and thioether
groups being preferred.

[0278] Conjugates of the antibody and maytansinoid may be made using a variety of
bifunctional protein coupling agents such as N-succinimidyl-3-(2-pyridyldithio)propionate
(SPDP), succinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate, iminothiolane (IT),
bifunctional derivatives of imidoesters (such as dimethyl adipimidate HCL), active esters (such as
disuccinimidyl suberate}, aldehydes (such as ghitareldehyde), bis-azido compounds (such as bis
(p-azidobenzoyl}hexanediamine}, bis-diazonium derivatives (such as bis-{(p-diazoniumbenzoyl)-
ethylenediamine), diisocyanates (such as toluene 2 6-diisocyanate), and bis-active fluorine
compounds (such as 1,5-difluoro-2,4-dinitrobenzene). Particularly preferred coupling agents
include N-succinimidyl-3-(2-pyridyldithio)propionate (SPDP) (Carlsson et al., Biochem. J.
173:723-737 {1978}) and N-succinimidyl-4-{2-pyridylthio)pentanoate (SPP) to provide for a
disulfide linkage.

[0279] The linker may be attached to the maytansinoid molecule at various positions,
depending on the type of the link. For example, an ester linkage may be formed by reaction with
a hydroxyl group using conventional coupling techniques. The reaction may occur at the C-3
position having a hydroxyl group, the C-14 position medified with hyrdoxymethyl, the C-15
position modified with a hydroxyl group, and the C-20 position having a hydroxyl group. In a
preferred embodiment, the linkage is formed at the C-3 position of maytansinol or a maytansinol
analogue.

[0280] Another immunoconjugate of interest comprises an anti-HCV antibody such as a
humanized APP-33 antibody conjugated to one or more calicheamicin molecules. The
calicheamicin family of antibiotics are capable of producing double-stranded DNA breaks at sub-

picomolar concentrations. For the preparation of conjugates of the calicheamicin family, see U.S.
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Pat. Nos. 5,712,374, 5,714,586, 5,739,116, 5,767,285, 5,770,701, 5,770,710, 5,773,001,
5,877,296 (all to American Cyanamid Company). Structural analogues of calicheamicin which
may be used include, but are not limited to, v,', o', as’, N-acetyl-y,", PSAG and 8'; (Hinman et al.
Cancer Research 53: 3336-3342 (1993), Lode et al. Cancer Research 58: 2925-2928 (1998) and
the aforementioned U.S. patents to American Cyanamid). Another anti-tumor drug that the
antibody can be conjugated is QFA which is an antifolate. Both calicheamicin and QFA have
intrace]lular sites of action and do not readily cross the plasma membrane. Therefore, cellular
uptake of these agents through antibody mediated internalization greatly enhances their cytotoxic
effects.

Radioactive Isotopes
[0281] For selective destruction of an HCV infected cell, the antibody inay comprise a highly
radioactive atom. A variety of radioactive isotopes are available for the production of
radioconjugated anti-HCV antibodies. Examples include A", IPY 1'%, Y% Re'®, Re'®, Sm'>,
Bi*"%, P*?, Pb®" and radioactive isotopes of Lu. When the conjugate is used for diagnosis, it may
comprise a radioactive atom for scintigraphic studies, for example Tc*™ or I'*, or a spin label for
nuclear magnetic resonance (NMR) imaging (also known as magnetic resonance imaging, mri),
such as iodine-123 again, iodine-131, indium-111, fluorine-19, carbon-13, nitrogen-15, oxygen-
17, gadolinium, manganese or iron,
{0282] The radio- or other labels may be incorporated in the conjugate in known ways. For
example, the peptide may be biosynthesized or may be synthesized by chemical amino acid
synthesis using suitable amino acid precursors involving, for example, fluorine-19 in place of
hydrogen. Labels such as Tc”™ or I'%%, Re'® Re!® and In'!! can be attached via a cysteine residue
in the peptide. Yttrium-90 can be attached via a lysine residue. The IODOGEN method (Fraker et
al (1978) Biochem. Biophys. Res. Commun. 80: 49-57 can be used to incorporate iodine-123.
"Monoclonal Antibodies in Immunoscintigraphy” (Chatal, CRC Press 1989) describes other
methods in detail.
[0283] Conjugates of the antibody and cytotoxic agent may be made using a variety of
bifunctional protein coupling agents such as N-succinimidyl-3-(2-pyridyldithio)propionate
(SPDP), succinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate, iminothiolane (IT),
bifunctional derivatives of imidoesters (such as dimethyl adipimidate HCL.), active esters (such as
disuccinimidyl suberate), aldehydes (such as glatareldehyde), bis-azido compounds (such as
bis(p-azidobenzoyljhexanediamine), bis-diazonium derivatives (such as bis-(p-
diazoniumbenzoyl)-ethylenediamine}, diisocyanates (such as tolyene 2,6-diisocyanate), and bis-
active fluorine compounds (such as 1,5-difluoro-2,4-dinitrobenzene). For example, a ricin

immunotoxin can be prepared as described in Vitetta et al. Science 238: 1098 (1987). Carbon-14-
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Iabeled I-isothiocyanatobenzyl-3-methyldiethylene triaminepentaacetic acid (MX-DTPA}) is an
exemplary chelating agent for conjugation of radionucleotide to the antibody. See W0O94/11026.
The linker may be a "cleavable linker" facilitating release of the cytotoxic drug in the cell. For
example, an acid-labile linker, peptidase-sensitive linker, photolabile linker, dimethyl linker or
disulfide-containing linker (Chari et al. Cancer Research 52: 127-131 (1992); U.S. Pat. No.
5,208,020) may be used.

V. Pharmaceutical Compositions

[6284] Pharmaceutical compositions useful in the present invention may comprise a
therapeutically effective amount of the humanized antibody or fragment thereof and a
pharmaceutically acceptable carrier, dilutent or excipient (including combinations thereof).
[6285] Pharmaceutical compositions may be for human or animal usage in human and
veterinary medicine and will typically comprise any one or more of a pharmaceutically
acceptable dilutent, carrier, or excipient. Acceptable carxiers or diluents for therapeutic use are
well known in the pharmaceutical art, and are described, for example, in Remington's
Pharmaceutical Sciences, Mack Publishing Co. {A. R. Gennaro edit. 1985). Acceptable carriers,
excipients, or stabilizers are nontoxic to recipients at the dosages and concentrations employed,
and include buffers such as phosphate, citrate, and other organic acids; antioxidants including
ascorbic acid and methicnine; preservatives {such as octadecyldimethylbenzyl ammonium
chloride; hexamethonivm chloride; benzalkonium chloride, benzethonium chloride; phenol, butyl
or benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol; resorcinol;
cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less than about 10 residues)
polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic
polymers such as olyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine,
histidine, arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates including
glucose, mannose, or dextring; chelating agents such as EDTA; sugars such as sucrose, mannitol,
trehalose or sorbitol; salt-forming counter-ions such as sodium; metal complexes (e.g., Zn-protein
complexes); and/or non-ionic surfactants such as TWEEN™, PLURONICS™ or polyethylene
glycol (PEG).

[6286] The choice of pharmaceutical catrier, excipient or dilutent may be selected with regard
to the intended route of administration and standard pharmaceutical practice. Pharmaceutical
compositions may comprise as - or in addition to - the carrier, excipient or dilutent any suitable

binder(s), lubricant(s), suspending agent(s), coating agent(s) or solubilizing agent(s).
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{0287] Preservatives, stabilizers, dyes and even flavoring agents may be provided in
pharmaceutical compositions. Examples of preservatives include sodium benzoate, sorbic acid
and esters of p-hydroxybenzoic acid. Antioxidants and suspending agents may be also used.
[6288] There may be different composition/formulation requirements dependent on the
different delivery systems. By way of example, pharmaceutical compositions useful in the present
invention may be formulated to be administered using a mini-pump or by a mucosal route, for
example, as a nasal spray or aerosol for inhalation or ingestible solution, or parenterally in which
the composition is formulated by an injectable form, for delivery, by, for example, an
intravenous, intramuscular or subcutaneous route. Alternatively, the formulation may be designed
to be administered by a number of routes.

[6289] The humanized antibody or fragment thereof may also be used in combination with a
cyclodextrin. Cyclodextrins are known to form inclusion and non-inclusion complexes with drug
molecules. Formation of a drug-cyclodextrin complex may modify the solubility, dissolution rate,
bioavailability and/or stability property of a drug molecule. Drug-cyclodextrin complexes are
generally useful for most dosage forms and administration routes. As an alternative to direct
complexation with the drug the cyclodexirin may be used as an auxiliary additive, e.g., as a
carrier, dilutent or solubilizer. Alpha-, beta- and gamma-cyclodextrins are most commonly used
and suitable examples are described in WO-A-91/11172, WO-A-94/02518 and WO-A-98/55148.
[0296] The pharmaceutical composition also can be incorporated, if desired, into liposomes,
microspheres, or other polymer matrices. Liposomes, for example, which consist of
phospholipids or other lipids, are nontoxic, physiologically acceptable and metabolizable carriers
that are relatively simple to make and administer.

{0291] The active ingredients may also be entrapped in microcapsules prepared, for example,
by coacervation techniques or by interfacial polymerization, for example,
hydroxymethylcellulose or gelatin-microcapsules and poly-{methylmethacylate) microcapsules,
respectively, in colloidal drug delivery systems (for example, liposomes, albumin microspheres,
microemulsions, nanoparticles and nanocapsules) or in macroemulsions. Such techniques are
disclosed in Remington’s Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980).

[6292] Sustained-release preparations may be prepared. Suitable examples of sustained-release
preparations include semi-permeable matrices of solid hydrophobic polymers containing the
antagonist, which matrices are in the form of shaped articles, e.g., films, or microcapsules.
Examples of sustained-release matrices include polyesters, hydrogels (for example, poly(2-
hydroxyethyl-methacrylate), or poly(vinylalcohol}), polylactides (U.S. Pat. No. 3,773,919),
copolymers of L-glutamic acid and ethyl-L-glutamate, non-degradable ethylene-vinyl acetate,

degradable lactic acid-glycolic acid copolymers such as the LUPRON DEPOT™ (injectable
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microspheres composed of lactic acid-glycolic acid copolymer and leuprolide acetate), and poly-
[3-(-)-3-hydroxybutyric acid.

{02931 The formulations to be used for in vivo administration must be sterile. This is readily
accomplished by filtration through sterile filtration membranes,

[0294] The humanized antibody or fragment thereof may even be prepared in situ in the
subject being treated. In this respect, nucleotide sequences encoding said humanized antibody or
fragment thereof may be delivered by use of non-viral techniques (e.g., by use of liposomes)
and/or viral techniques (e.g., by use of retroviral vectors) such that the said protein is expressed
from said nucleotide sequence.

[0295] The pharmaceutical compositions may be used in any of the methods described herein.
[0296]1 The pharmaceutical composition may be used among those subjects {e.g., humans)
susceptible to infection with HCV i.e. to prevent or reduce/decrease the onset of HCV infection.
[0297] The pharmaceutical composition may be used among those subjects (e.g., humans)
already infected with HCV i.e. to treat HCV infection. Such treatment may facilitate clearance of
the virus from those subjects who are acutely or chronically infected including infected patients
undergoing liver transplantation.

[0298] Thus, in a further aspect the invention provides a method for the treatment and/or
prevention of hepatitis C virus infection, comprising the use of the humanized antibody or the
humanized antibody fragment or the pharmaceutical composition. Suitably, an effective amount
of the humanized antibody or humanized antibody thereof or the pharmaceutical composition is
administered to the subject. In some embodiments, the humanized antibody or humanized
antibody fragment is administered in a therapeutic effective amount to effect beneficial clinical
results, including, but not limited to ameliorating one or more symptoms of HCV infections or
aspects of HCV infection. In some embodiments, the humanized antibody or humanized antibody
fragment is administered in a therapeutic effective amount to reduce viral titer and/or viral load of
HCV.

[02991 There is also provided a humanized antibody of a fragment thereof or the
pharmaceutical composition for use in the treatment and/or prevention of hepatitis C virus
infection in a subject.

[6309] There is also provided the use of a humanized antibody of a fragment thereof or the
pharmaceutical composition in the manufacture of a composition for the treatment and/or
prevention of hepatitis C virus infection in a subject.

f0301] The antibody/ies may be administered, for example, in the form of immune serum or
may more preferably be a purified recombinant or monoclonal antibody. Methods of producing

sera or monoclonal antibodies with the desired specificity are routine and well-known to those
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skilled in the art. One skilled in the art understands that the antibody/ies can be administered by
various routes including, for example, injection, intubation, via a suppository, orally or topically,
the latter of which can be passive, for example, by direct application of an ointment or powder
containing the antibodies, or active, for example, using a nasal spray or inhalant. The antibodies
can also be administered as a topical spray, if desirable, in which case one component of the
composition is an appropriate propellant.

[0302] The humanized antibodies and fragments thereof described herein can be administered
to a subject in accord with known methods, such as by intravenous administration, e.g., as a bolus
or by continuous infusion over a period of time, by subcutaneous, intramuscular, intraperitoneal,
intracerobrospinal, intra-articular, intrasynovial, intrathecal, or inhalation routes, generally by
intravenous or subcutaneous administration.

{0303] Preferably the administered antibody/fantibodies are substantially purified (e.g.,
preferably at least 95% homogeneity, more preferably at least 97% homogeneity, and most
preferably at least 98% homogeneity, as judged by SDS-PAGE).

[06304] Suitably, a passive immunization regime may conveniently comprise administration of
the humanized antibody of fragment thereof as described herein and/or administration of antibody
in combination with other antiviral therapeutic compounds. Recently such passive immunization
techniques have been used safely to treat HIV infection (Armbruster et al, J. Antimicrob.
Chemother, 54, 915-920 (2004); Stiegler & Katinger, J. Antimicrob. Chemother. 51, 757-759
(2003)).

{0305] The active or passive immunization methods of the invention should allow for the
protection or treatment of individuals against infection with viruses of any of genotypes 1-6 of
HCV, except for very occasional mutant isolates (such as that exemplified by UKN3.14.4, below)
which contain several amino acid differences to that of the consensus peptide epitope defined
ahove.

[0306] In some embodiments, the humanized antibody or fragment thereof can be administered
in combination with a second therapeutic agent. In some embodiments, the second therapeutic
agent is an antiviral therapeutic agent. In some embodiments, the humanized antibody or
fragment thereof is administered in combination with, sequential to, concurrently with,
consecutively with, rotationally with, or intermittently with a second therapeutic agent. In some
embodiment, the administration of the combination of a humanized antibody or fragment thereof
and a second therapeutic agent ameliorates one or more symptom of HCV, reduces and/or
suppresses viral titer and/or viral load, and/or prevents HCV more than treatment with the

humanized antibody or fragment thereof or second therapeutic agent alone.
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VI. Diagnosis

[0307] In yet a further aspect, there is provided a diagnostic test apparatus and method for
determining or detecting the presence of HCV in a samiple. The apparatus may comprise, as a
reagent, one or more humanized antibodies or fragments thereof as described herein. The
antibody/ies may, for example, be immobilized on a solid support (e.g., on a microtiter assay
plate, or on a particulate support) and serve to "capture” HCV particles from a sample (e.g., a
blood or serum sample or other clinical specimen - such as a liver biopsy). The captured virus
particles may then be detected by, for example, adding a further, labeled, reagent which binds o
the captured virus particles. Conveniently, the assay may take the form of an ELISA, especially a
sandwich-type ELISA, but any other assay format could in principle be adopted (e.g.,
radioimmunocassay, Western blot) including immunochromatographic or dipstick-type assays.
[0308] For diagnostic purposes, the humanized antibodies or fragments thereof as described
herein may either be labeled or unlabelled. Unlabelled antibodies can be used in combination
with other labeled antibodies (second antibodies). Alternatively, the antibodies can be directly
labeled. A wide variety of labels may be employed - such as radionuclides, fluors, enzymes,
enzyme substrates, enzyme cofactors, enzyme inhibitors, ligands (particularly haptens), efc.
Numerous types of immunoassays are available and are well known to those skilled in the art.
[030%] Since the humanized antibodies or fragments thereof as described herein can bind to
HCYV from any of genotypes 1-6, the assay apparatus and corresponding method should be
capable of detecting in a sample HCV representative from any of these genotypes.

[0310] In some embodiments, the sample is compared to a control sample. In some
embodiments, the control sample is from an individual known to be infected with HCV. In some
embodiments, the individual is known to infected with one or more HCV genotypes selected from
the group consisting of genotype 1 {e.g., genotype 1a and genotype 1b), genotype 2 (e.g.,
genotype 2a, genotype 2b, genotype 2¢), genotype 3 (e.g., genotype 3a), genotype 4, genotype 5,
and genotype 6. In some embodiments, the control sample is from an individual known not to be
infected with HCV.

[0311] In some embodiments, any of the methods of treatment described are based on the
determination or detectionp of HCV in a sample by any of the humanized antibodies or fragments
thereof described herein. As used herein, "based upon” includes (1) assessing, determining, or
measuring the subject’s characteristics as described herein (and preferably selecting a subject
suitable for receiving treatment); and (2} administering the treatment(s) as described herein.
[0312] In some embodiments a method is provided for identifying an individual suitable or not

suitable (unsuitable) for treatment with the humanized antibody or fragment thereof.
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Agent
[0313] In a further aspect, there is provided an assay method for identifying an agent that
improves or enhances the efficacy of the neutralizing activity of the humanized antibody or
fragment thereof as described herein.
[0314] Provided herein is an assay method for identifying an agent that improves or enhances
the efficacy of the nentralizing activity of the humanized antibody or fragment thereof against
hepatitis C virus, comprising the steps of: (a} contacting said humanized antibody or antigen
binding fragment thereof with an agent to be tested; and (b) determining whether the agent
mmproves or enhances the efficacy of the humanized antibody or antigen binding fragment thereof
in neutralizing the infectivity of hepatitis C virus.
[6315] In some embodiments, the ability of the agent to improve or enhance the efficacy of the
neutralizing activity of the humanized antibody or fragment thereof against hepatitis C virus is
compared to a control, In some embodiments, the control is the humanized antibody or fragment
thereof in the absence of the agent. In some embodiments, the control is humanized antibody or
fragment thereof with a placebo, e.g., water, saline, sugar water, etc.
[0316]  As used herein, the term “agent” may be a single entity or it may be a combination of
entities.
[06317] The agent may be an organic compound or other chemical. The agent may be a
compound, which is obtainable from or produced by any suitable source, whether natural or
artificial. The agent may be an amino acid molecule, a polypeptide, or a chemical derivative
thereof, or a combination thereof. The agent may even be a polynucleotide molecule - which may
be a sense or an anti-sense molecule. The agent may even be an antibody.
[0318] The agent may be designed or obtained from a library of compounds, which may
comprise peptides, as well as other compounds, such as small organic molecules.
[0319] By way of example, the agent may be a natural substance, a biclogical macromolecule,
or an extract made from biological materials such as bacteria, fungi, or animal {particularly
mammalian) cells or tissues, an organic or an inorganic molecule, a synthetic agent, a semi-
synthetic agent, a structural or functional mimetic, a peptide, a peptidomimetics, a derivatized
agent, a peptide cleaved from a whole protein, or a peptides synthesized syntheticaily (such as, by
way of example, either using a peptide synthesizer or by recombinant techniques or combinations
thereof, a recombinant agent, an antibody, a natural or a non-natural agent, a fusion protein or
equivalent thereof and mutants, derivatives or combinations thereof.
[0320] Typically, the agent will be an organic compound. Typically the organic compounds
will comprise two or more hydrocarbyl groups. Here, the term “hydrocarbyl group” means a

group comprising at least C and H and may optionally comprise one or more other suitable

60



RH-H/RK2b 0.37 8 Molecular modelling AP33 [0358] The nearest VH and VK structures to AP33
in the RCSB protein databank were 1DQD_H (84% identity) and IEGLL (91% identity) respectively.
The 1DQD_H VH and the
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substituents, Examples of such substituents may include halo-, alkoxy-, nitro-, an alkyl group, a
cyclic group etc, In addition to the possibility of the substituents being a cyclic group, a
combination of substituents may form a cyclic group. If the hydrocarbyl group comprises more
than one C then those carbons need not necessarily be linked to each other. For example, at least
two of the carbons may be linked via a suitable element or group. Thus, the hydrocarbyl group
may contain hetero atoms. Suitable hetero atoms will be apparent to those skilled in the art and
include, for instance, sulphur, nitrogen and oxygen. For some applications, preferably the agent
comprises at least one cyclic group. The cyclic group may be a polycyclic group, such as a non-
fused polycyclic group. For some applications, the agent comprises at least the one of said cyclic
groups linked to another hydrocarby! group.

[0321} The agent may contain halo groups. Here, “halo” means fluoro, chloro, bromo or iodo.
[6322] The agent may contain one or more of alkyl, alkoxy, alkenyl, alkylene and alkenylene

groups — which may be unbranched- or branched-chain.
VII.  Therapeutic Uses

{0323] The humanized anti-HCV antibodies and fragments thereof or a pharmaceutical
composition comprising same are useful in reducing, eliminating, or inhibiting HCV infection
and can be used for treating any pathological condition that is characterized, at least in part, by
HCYV infection. The humanized antibodies and fragments thereof and/or the pharmaceutical
composition can be used for treating a HCV infection. The humanized antibodies and fragments
thereof and/or the pharmaceutical composition can also be used in methods for preventing a HCV
infection,

[0324] The term “hepatitis C virus” or “HCV” is well understood in the art and refers to a virus
which is 2 member of the genus Hepacivirus of the family flaviviridae. HCV is a lipid enveloped
virus having a diameter of approximately 55-65 nm in diameter with a positive strand RNA
genome. The hepatitis C virus species is classified into six genotypes (1-6) with several subtypes
within each genotype. In some embodiments, the subject is infected with one or more HCV
genotypes selected from the group consisting of genotype 1 (e.g., genotype 1a and genotype 1b),
genotype 2 (e.g., genotype 2a, genotype 2b, genotype 2c), genotype 3 {e.g., genotype 3a),
genotype 4, genotype 3, and genotype 6. In North America, genotype la predominates followed
by 1b, 2a, 2b, and 3a. In Europe, genotype 1b is predominant followed by 2a, 2b, 2¢, and 3a.
Genotypes 4 and 5 are found almost exclusively in Africa.

[0325] Provided herein are methods for treating a hepatitis C virus infection in a human,
comprising administering an effective amount of the humanized antibody fragment thereof

described herein. In some embodiments, "treatment” or "treating” is an approach for obtaining
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WO 2009/081285PCT/032008/003952 VK structures were combined into a single template
structure. The AP33 sequences (Table 4) were aligned with the combined template sequences. The
heavy chain and kappa light chain CDR lengths were identical to those of AP33 except for the H3 loop.
A homology MEUE%PER#3 was generated based on this combined tempFt& Mg/ M¥deler software.
See Fiser A. et al., Protein Sci 9:1753-73 (2000); Fiser A. and Sali A., Methods Enzymol 374:461-91
(2003); ant<Befical enrvid BremdsiltT inglddvipkBiohDB4u Ry 58 Ioui0e3)f habloehtprchioeilyallable 2 in
61/006,06Qieamh RN 91@&@14]tﬁr%%%@ﬁdﬁ%&?o%%%&?@dﬁ@@%ﬂ&mg%’e&gﬁﬁ H (117 amino
acids) EVQLQESGPSLVKPSQTLSLTCSVTGDSITSGYWNVVIRICFPGNICLEYMGYISYSGSTYYN

L SLRSRISTHRD TR TP P IO IR AT AP e, AP RISPRR B et fE RS U598 AP33_L (111
amino acidsjbilizing the disease (e.g., preventing or delaying the worsening of the disease), delay or
NIVLTOSRYSHAVRLGQEATISCRASESDAYGNAE I WEQOKROGRRIRL ILASNIAS.
GVPARFSGSGSRTDFTLTIDPVEADDAATYYCQQNNVDPWTEGGGTKLEIK Results [0359] liCV is
described 85BEHAGH T SH G ey DI Fadhersubintiar it s ts geaibniidés-infected
individuals{6326y a Bvsanm ofivaliasigehobypededcendedVrommtihadntafindeetionhdrbef region of the
HCV protej &2 DA I8, W h%?e%ﬁc*ai’?:gﬁqfkﬁs}ﬁ%‘o%%%' ﬂ%%’%és?%gr&@e%‘ﬁnHrﬁ%&&%”o?types so the

AP33 antibody exhibits cross genotype specificity. It was t ore important to ensure the humanized

AP33 retail{e2Epe RS Hrdds Yaatainy oises criediotte fieativg mhathsdiciMédripriadiietanized
antibody mﬂdﬁn@pﬁﬁﬂﬁaﬁﬁg exphitinenia mect&uhm&imﬂ% fetagadktdhipitalC Rradeins 40:355-66
(2000)) th%Lé@&é{x’t*a?=QL%?M@\P£J§§%RS%‘994%%@%8!& %@%%%8%8@*

rs%J E 1 70%31”383' Owgggorlp seudo
particle infection studies required relatively large amounts of antibody that would have caused
logistical pPAR&thy ifhiphetribotintaiye viispardrapacaistsigd atedens diNinef desciamaamization
process. Thesplare peptide HlakS HOM ysiscwas 1ap@ie)PBE@EnaNmit abscse e REdwiantibody
variants agaj ariety. of HCV genatypes. [0361] The D tide is the seguence identified by
Anonymo%%ﬂ%g\%ﬁyl if‘eﬁﬁat%’iéié%"g%?ﬁ%%) d{?fg %ﬁgéfggadgg%%n% ﬁ%vggﬁég}%%gs’;aﬁeptides B I, Cl,
H3 and 03st@jredetacatealilefaaey Hakduaher vamarssa i spostad sty edtpdsiot AP33
identified hy:plhrgeddisphay heash.afihrse EentisesNasdised dsraiprobaieonaasidirdlae success of
the humanliza‘taiogle aerlllcti tgls s(fq%encfg sehé)wn tlﬂn Igpégu%. F}% izg(():%%S]rantﬁeSPW&&S%@O&[OO?@SZ Tables
(previouslye'?‘sagl‘e in'61/0 g, 6%): E’repﬁlggs Ue8ah' the mdllng analysis 0 R Eh e AP33.
PEPTIDE NE\MEeENOT VP Fhase symptoms, the symptoms are generally mild and nonspecific, and

rarely lead to a specific diagnosis of hepatitis C. Symptoms of acute hepatitis C infection include

decreased appetite, fatigue, abdominal pain, jaundice, itching, and flu-like symptoms. In some
embodiments, the subject with acute HCV infection is infected with HCV of the genotype 1.
Treatment during the acute HCV injection of genotype 1 has a greater than 90% success rate with
half the treatment tirne required for chronic infections.

[0327] In some embodiments, the humanized anti-HCV antibodies and fragments thereof
described berein or a pharmaceutical composition comprising same are useful in methods of
treating a chronic HCV infection. In some embodiments, treating an chronic HCV infection
includes reducing, eliminating, or inhibiting a chronic HCV infection. The term “chronic hepatitis
C virus infection” or “chronic HCV infection,” as used herein, refers to as infection with HCV
which persisting for more than six months. In some embodiments, the methods of treatment
described herein ameliorate {e.g., reduce incidence of, reduce duration of, reduce or lessen
severity of} of one or more symptoms of chronic HCV infection. Symgptoms of chronic HCV
infection include fatigue, marked weight loss, flu-like symptoims, muscle pain, joint pain,
intermittent low-grade fevers, itching, sleep disturbances, abdominal pain (especially in the right
upper quadrant), appetite changes, nausea, diarrhea, dyspepsia, cognitive changes, depression,

headaches, and mood swings. Once chronic HCV has progressed to cirrhosis, signs and
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symptoms may appear that are generally caused by either decreased liver function or increased
pressure in the liver circulation, a condition known as portal hypertension. Possible signs and
symptoms of liver cirrhosis include ascites, bruising and bleeding tendency, bone pain, varices
(especially in the stomach and esophagus), fatty stools (steatorrhea), jaundice, and a syndrome of
cognitive impairment known as hepatic encephalopathy. In some embodiments, the chronic HCV
infection may result in hepatocellular carcinoma (HCC). Chronic HCV infection can be further
divided into two types (either or both of which are included in the methods of treatment provided
herein) chronic active HCV infection and chronic persistent HCV infection. Chronic active HCV
infection is HCV which is cause active damage to the liver. Chronic persistent HCV infection is a
chronic HCV infection which is not currently causing damage to the liver, although pre-existing
liver damage may be present.

[0328] Insome embodiments, the humanized antibodies or fragments thereof may be
administered to the subject infected with HCV prior to, concurrent with, or subsequent to a liver
transplant.

{6329] In some embodiments of any of the methods of treating, the humanized anti-HCV
anfibodies and fragments thereof described herein or a pharmaceutical composition comprising
same are useful in methods of treatment including suppressing one or more aspects of a HCV
infection. In some embodiments, the HCV infection is a chronic HCV infection. In some
embodiments, the HCV infection is an acute HCV infection. In some embodiments, the methods
described herein suppress a HCV-associated laboratory finding (e.g., ALAT, AST, and GGTP
levels in blood), viral replication, viral titer, viral load, or viremia.

[0330] Insome embodiments, the methods described herein suppress or reduce viral titer.
“Viral titer” is known in the art and indicates the amount of virus in a given biological sample, In
some embodiments, the methods described herein suppress or reduce viremia. “Viremia” is
known in the art as the presence of virus in the bloodstream and/or viral titer in a blood or serum
sample. In some embodiments, the methods described herein suppress or reduce viral load, "Viral
load" refers to the amount of hepatitis C virus in a person's blood. The results of a hepatitis C
viral Joad test (known as a viral RNA test or HCV RNA test) are usually expressed as
International Units/ml. (IU/mL) or RNA copies/mL. A subject with a hepatitis C viral load of 1
million IU/mL or more is considered to have a high viral load. Amount of virus {e.g., viral titer or
viral load) are indicated by various measurements, including, but not limited to amount of viral
nucleic acid, the presence of viral particles, replicating units (RU), plaque forming units (PFU).
Generally, for fluid samples such as blood and urine, amount of virus is determined per unit fluid,

such as milliliters. For solid samples, such as tissue samples, amount of virus is determined per
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VELRNLGGTWRPGSGK-biotin H6 Mimotope Example 2-Selection of a human VH framework for
AP33RHA [0362] Human VH sequences with highest identity to AP33 VH at Vernier, Canonical and
VL Interface residues (VCI residues) and which have the same size of CDR1 and 2, are shown in
Figure 14 and &ré&* &3 select the optimal donor framework. See Footd S AR RMIEEF%G., J Mol Bid |
224:487-99(1992) and Chothia C. et al., J Mot Biol 186:651-63 (1985). The FW identity scores are also
shown. Se¥gishcetvwhiblraranhsiMediodulenviirotiomanooeet ahtipedinskor s vtiaeattadeen
omitted, exgepiderna39R % the D1.3 mouse anti-lysozyme VH. The interface residues tend to be
buried, aWﬁ%grl m the CDRﬁf hereas Ver{{%r and ﬁanﬁnicm residues tend.to be close to CDRs.
[0363] With Faspectts BESPAIPYEr e Hifty  URsb R JaBrecHTYRadr el srietie s B F 8™V Cl score

and 80 outlsigs derctiiediammnotios tersl)afFignersichiyoMbes topn 182hush dor sgauBAsematitvad a VCI
score of 13%@%&9%&&5?@%%@@9&%@&% feaam@h QULOTAO PHIETSH NG YGEiGSidye differences

that were the least c%servative when, compared to the mouse antibod%aequences were at positions

71 and 94 (KASSAFNIBSPITYS 2RG 36 RRA)AIR BPHE R RIS R S P 8P (RS APa8 tiigures 15 and
16) showetpidits865255rS678 26420 71t5)42069] 40668pGHYB2ddiatednwithnu suatSydrar Pro residues

in the FW bioinexer| i8R cantainehmake m%&gaﬁ%ﬂﬁﬂ%ﬁ&%gﬁ&ﬁ&éﬁ&@ﬁ?@&H}?e'asé67826 (ie.,
residues 23, 40, 81, and 92: using Figure 16 numbering). The S67826 antibody VH, which was derived

from a patfBREWHIPR AT HPn RIS Mftnss ¥ Ridafv R relihatdemesroded ¥ ifige)), was therefore
chosen to acteasstheifrefimseast ip@gospiton for the donor mouse AP33 VH CDRs to produce AP33RHA.

Flaure 13 g the comeatsanrtueen ofisHandoatal b ample.dnardighghadeader
sequence for AP33RHA [0365] The initial’humanization is the grartt of the Kabat CDRs 1, 2 and 3 from

AP33VH il tHE sebedimrmss fisre kEA abedies arydsieamblsre- gafhertnd-BS o mitbedisy fites the
addition ofdatsigibil tpefitide flanviircegdmiiling g aneaxiHA9 dhdddias thelctesegtisegiipReaddentity to

507826 (P ks WenHsed INSoniOnAlaJLaRIe d. ane MAgiEs Bog d MBLRID é%é“s%j%g? (1992)) WO

2009/081285PCT/182008/003952 (V2.0.b2) server to co s leader (Figure T fwould cut
with signaPeliasealiras 3odifing the 567826 FWI sequence. Figure 18 shows the generation of
AP33RHA[383¢in dinchiAi segimehesid3\aidteigalaiin ddhe AR seDReintadhe diman FW. The DNA
sequence of AP3IRHA ig}gl%g;p&ig I%%%%r lg g&mvm tlgggg\y previowls! 3 in 61/006,066):
ATGAAACATCTGTGGITC 1T CCTTCTGCTGG T GGCAGC] 58@&@’%%‘?%&#?& YOme
Ccaggtgcdgityedgaghedugrecadgackndigaydeteygidheeccigntetduetaraagiéeetggtgact
ccatcagtAGhG&THEAGHE GGANGRICIBGBIIEFRACAGHIAHIYCREISGRTIYE ioREaTAGATA ©
AGTTACAGT GG TAREAC TTAGTAGAAT A e Kl SaeNnG Leaggigaccatale thereot
agtagacacgtctaagaaccaguctgcctgaggctgagctctgtgaccgctgcggacacggccatgr%lftactg gegagaAT
TACTACGAETAE CisTseint OoRE AT s banyy anseleyticicsgetdss 2 HCV

infection in a subject exposed to or potentially exposed to HCV. “Exposure” to HCV denotes an
encounter or potential encounter with HCV which could result in an HCV infection. Generally,
an exposed subject is a subject that has been exposed to HCV by a ronte by which HCV can be
transmitted. In some embodiments, the subject has been exposed to or potentially exposed to
blood of a subject with an HCV infection or blood from a subject which may or may not be
infected with HCV (i.e., HCV infection status of the blood exposure is unknown). HCV is often
transmitted by blood-to-blood contact. In some embodiments, the subject has been exposed (o or
potentially exposed to HCV by, but not limited to, use of blood products (e.g., a blood
transfusion), “needle stick” accidents, sharing drug needles, snorting drugs, a sexual partner,
iatrogenic medical or dental exposure, needles used in body piercings and tattoos, or a child
whose mother has an HCV infection. In some embodiments of the methods of prevention, the
humanized antibodies and fragments thereof described herein will be administered at the time or

within any of about one day, one week, or one month of the exposure or potential exposure to
HCV.
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[0366] AP33RHA DNA sequence with leader. Italics, upper case text indicates leader sequence, lower
case text indicates FW, and upper case, bolded text indicates CDR sequences. [0367] The completed
protein and DNA sequence of the AP33RHA including the VH4-59 signal peptide is shown in Figure
19. Example X‘C%é‘fg@{’%ﬁggf human VK frameworks for AP33RK4 and AP§§I§W?@%@§?“6omparison of
human germline VK genes with AP33K revealed that there were none with the same canonical loop

length for €384 (Figsraconbadimsesselue o g thethoss dededbritiedeivitihesebisstrisatlCDRPioop length
from our databpse el husanidiiFhaiR, gRNeSWeteaitheh hHaMzed aptibreies fascFvs (Figure 21).
Human VK%% uences with non-matching CDRI lengths but with matching CDR2/3 lengths and highest

identity to APE8RK at Vernier, Canonical and VH Interface residues (VCI Score) were selected and
are shownliB¥hurtr sompgabadmeity ehaiy sédre siehFiadreritit borAR3B: vikthSecprapries which are

humanizedanfipedias (PRuse 388 heskssy: seEh AR VR ReEH cmitiaskdQI6R Ficidra 23A shows the
complete stgqgenc;e of thelnhuman \{)}§dl13est m%tfchin &A‘ 33VK. The ClustalW alignment of these

sequences 1S oW i EigttE S S8 8RR A AR K SRS RN fURL B S Pl ence of a
human canegitdh GDR tuiboditentstthommbtshc AR Bevwdrehbseritng chh invaavirethaetikodyowith differing
loop CDRklenatlisn 2eauensauteddeailc bothiadg ! Bheot MehBigh 18683468 (4885)) has the
highest VCI score, CDR1 two residues longer than AP33 and an Alanine at position 80, matching
AP33 V K PBPRELe P S5 TR g e S Senqud es B bt Hb??&engl'ﬁ%WB‘?Rttg‘@enerate
AP33RKAMRYEEATY¢BhedmiSsteting (hE hombimdiod 18 28608 42005ppthasrdrGDRT deresidues shorter
than AP33,gad @ Lraling ALRRSINAN A0:mRied! §or thalaeqming faspileyn,adrition,y 685279 has high

VCI and framework scares and no unusual Proline or Cysteine residues in its sequence. Under these

criteria AYSEBEFE WAS O/ 3V 'SALand A G Y Ml isAs HmEaER 2. wo
2009/081 286RQiF¢V/200819 0885@ iexaihvpiel 5:Selentidrrefdeddareseduences for AP33RKA and
APSSRK §5369] TR ARAIRBLRHTIRDISHT UE IS B6RC LS Bl dS e B iiichopugld be the

natural choice of leader sequence. The use of the predictive SignalP algorithm (Nielsen H. et al.,

Protein Eng™ 6" (1356 74) MitH (i teloma Lot ith seokpLeansis®s o6 LHOHA NRat Gignal
protease GGRUNGSKHOUIY BRI O SEIEs MO R EPRD-MnSRQyDINO gengiiQdigene nearest to

Y852 TNBNK LA AR JBRdeRIRESANNCRALYI A 208 WieR ComligyaUs Wilh FIV1 of
AY685279 is predicted to cut correctly (F%Jre 28). Example 6-Generation of AP33RKA, AP33RK2,

te ) l
AP332K3 &paeassiiA ST dndEd o8k IR%%&%E‘!]E%&éﬁdM[BNN%HJME% of AP33VK
CDRs betwebsim\iss1h2 i gina bbhXGlhabeBashiowp insHigue iy thgeihgr witlisthe BINA sequence
of the B3 legder 3 tercalating t in A seque f AP33VK CDRs into
FVsrs 1, 2,3 éern_ @‘régtf fégg}%%%%s%%%vgngfnﬁgfugﬂ%e%fa?f ae_tﬁfé?ﬁ%%%#eg ?l\?&ssog](fuence of the
VKI-012/0 2 pEnagispltduapriarianibipgy Apsamrmbthagpidied itAGNelr resperivetieseer sequences
attached ishshowtninH iguites pd- 86107 AkkuiSuithek igbichaindramennsksaveseiierted based on
the human geguences. ABO64133 and A 2 that be%aﬁtg, anized kappa light chains RK3 and
RKA4, respectiveii‘ll%/.p Il%eénégféic%%ﬁog?rﬁeéggg@% %ﬁ%\?\}}na?n |gurr%%np2rﬁ?-eé%%lnsépl§§. The VCI residues are

defined in FGaRETESSwhTBuRHankrstanskad wAssaLdrrceSToL DBV RRPminR 40812 shown in
Figures 32-3doanek34;38. IRIKBay o ehosarohesausentwassE: frany a-diffgieni-genalingfamily, i.e. V
kappa 5. Alt&?ug)@l S%Ig%gfﬁ)?e%ovtvag a (renemtggrtof et e Kg@gto\{KleVI%Jb Iggtlsigé &/?I;ich heav? historically
been poorﬁ/[ egpresseagm &n'UBY inee MBIt At ay NSRS, this SPEtific uan framework
sequence HadBeancsHoumigreyidlistpre vept éss- veellanmsuih zate whénspeatyof & hudanized

\a/ntiquy- %M@B%Yﬁ@ﬁ@%ﬁ@&ﬁﬂéﬁ@ﬁ%@ﬂ%iﬁ&ﬁ%@m @g%tagaa@&Eng%Aﬂr%ﬁﬁ%binaqr intil?]OQy
regions were expr transient. tr ection of CosY cells. Chimeric  heavy or light chain
DNA constriic éz?{ifv)eroeefiuf‘s(é‘(?dE g 5’5% i{"/véﬁ?;griﬁr(glsnasﬁ) g6 rg%%%%?tesdt%?ﬁl & 1%fffl;))"?5t|bbr?gf(e°ﬁumanized
antibody clorgnenstidashed e vikialiy/ thenh it tEIN G R AntaribeRélb Ih sgmevtricledithesyghewnitonserved
vernier zope, Y¢ePagkdRuiatiansy@nd RKAbd and RK2bc were tested. RICbc has both conflicting VC
residues back-mutated. The light chain RKA had two residues replaced; the VC residue Y36F, and
since Asn W§Highoeitusugbied Pasitiory Toekpitanas also replaced with Lys (RICAbd). It was noted that
RKADbd expression was very low and below viable experimental and commercial levels (Table 9). In
subsequeHtBperithsré Aistrrrdtehasiiad afamioRCEyareldinrertsimgpbrsntal splice sites
WO 2009/653338bREIHIB 20818395 Zor monitoring a course of treatment being administered to a
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mutation 0380C and exchanging leader sequences from leader B3 to L11, shown in Table 6, which
from our experience had worked efficiently in other fight chain genes. In addition, others have reported
that the aming acid substitution D9S was effective at rescuing expression of VKIV genes. See
Saldanha LWYEPIN? Biol Immunol 5391(22436):487709-99719 (1955)?%6?{‘396‘?31%6%
modifications were effective in restoring expression levels above background. Table 6 (previously

Table 4 in BHO06l b6 BT dembleissd uontity totRIeAPBEd ariBr BeUORRIOMA patients
ATGGC TG ah&froifipdelicCrdbabehloh hiypitbhGtid Gatients! GGGl e Ad felfed e GEfilFFACGGG B3

leader se uen,ce.Proteqzin MVLOTOVFI LLLWISGAY%#%}@?ader sequence E)NA
ATGGACATEABEETEECREEIEREEF CETRBEE Beerec antibody).
GCTCTGGEBEICCAGRBERIE AGNT AF-tihikpbissetuahse Proteinple, of the level or profile
MDMRVPAQit-GhklbWEPGARE, fabiedripraonshulable. B4R 6 IR  Fppesion of
humanized Iigh c@ns. OS]7 cegll‘r:ts were transfected b¥5} stated anti {) 31/? I(_:I%r‘l/gtrlfmts. Heavy Chain
RHb-h AntlBOGY SigtPEb i S1 A ArSE SRRt PRV SR BB B A7) o Protile o miection

can de determined with the humanized antibody or fragment thereof as described herein. A

significant increase (i.e., greater than the typical margin of experimental exror in repeat

measurements of the same sample, expressed as one standard deviation from the mean of such

measurements) in value of the level or profile signals a positive treatment cutcome (i.e., that

administration of the agent has achieved a desired response). If the value for immune response

does not change significantly, or decreases, a negative treatment outcome is indicated,
IX. Clinical Trials

[0339] A single-dose phase I trial can be performed to determine the safety of the humanized
antibody or fragment thereof or the pharmaceutical composition comprising same as described
herein in subjects, preferably, humans. The humanized antibody or fragment thereof is
administered in increasing dosages to different patients starting from about 0.01 the level of
presumed efficacy, and increasing by a factor of three until a level of about 10 times the effective
mouse dosage is reached.

[0340] A phase II trial can be further performed to determine therapeutic efficacy. Patients
with HCV infection are selected. Other selection criteria are that patients are likely to survive the
duration of the study and lack complicating issues such as use of concomitant medications that
may interfere. Disease progression can be monitored using blood profiles of patients. Following
baseline measurements, patients begin receiving treatment. They are randomized and treated with
¢ither the humanized antibody or fragment thereof or placebo in a blinded fashion, Patients are
monitored at least every six months. Efficacy is determined by a significant reduction in

progression of HCV infection in the treatment group relative to a placebo group.
X Kits and Ariicles of Manufacture

[0341] Kits can also be supplied for use with the antibodies in the protection against or
detection of a cellular activity or for the presence of a selected antigen. Thus, the humanized
antibody/ies or fragments thereof may be provided, usually in a lyophilized form in a contaisner,
either alone or in conjunction with additional antibodies specific for the desired cell type.
{6342] The antibodies, which may be conjugated to a label or toxin, or unconjugated, are

included in the kits with buffers, such as Tris, phosphate, carbonate, etc., stabilizers, biocides,
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RKADbd/VH Not detected 1008 ng/ml RKAbd (leader plus D9S)/VH Not detected 1415 ng/ml RK2bc/VL
389 ng/ml 3335 ng/ml RK2bc/RHb-h 1555 ng/ml 3335 ng/ml RK2b/RHb-h 1552 Wm] 849 ng/ml

WO 2009/081285 PCT/IB2008/003952

inert proteins, e.g., serum albumin, or the like. Generally, these materials will be present in less
than about 5% wt, based on the amount of antibody, and usually present in total amount of at
least about 0.001% wt. based again on the antibody concentration. Frequently, it will be desirable
to include an inert extender or excipient to dilute the active ingredients, where the excipient may
be present in from about 1 to 99% wt. of the total composition.

[0343] The invention also provides diagnostic kits, for example, research, detection and/or
diagnostic kits. Such kits typically contain the humanized antibody or fragment thereof as
described herein. Suitably, the antibody is labeled or a secondary labeling reagent is included in
the kit. Preferably, the kit is labeled with instractions for performing the intended application, for
example, for performing an in vivo imaging assay.

{0344} In some embodiments, the kit contains a package insert. Package insert refers to
instructions customarily included in commercial packages of therapeutic products, which contain
information about the indications, usage, dosage, administration, contraindications and/or
warnings concerning the use of such therapeutic products. In one embodiment, the package insert
indicates that the composition is used for treating a HCV infection. In some embodiments, the
package insert provides instructions for using the humanized antibodies or fragments thereof in
any of the methods of treatment, prevention, or diagnosis described herein.

[0345] Provided herein are articles of manufacture which comprise a humanized antibody or
fragment thereof described herein. In some embodiments, the articles of manufacture compiise a
container and a label or package insert on or associated with the container. Suitable containers
include, for example, bottles, vials, syringes, efc. The containers may be formed from a variety of
materials such as glass or plastic. The container holds a composition which is effective for
treating the condition and may have a sterile access port (for example the container may be an
intravenous solution bag or a vial having a stopper pierceable by a hypodermic injection needle).
Additionally, the article of manufacture may further comprise a second container comprising a
pharmaceutically-acceptable buffer, such as bacteriostatic water for injection (BWFI), phosphate-
buffered saline, Ringer's solution and dextrose solution. It may further include other materials
desirable from a commercial and user standpoint, including other buffers, diluents, filters,

needles, and syringes.
Xl General Recombinant DNA Methodology Techniques

[06346] The present invention employs, unless otherwise indicated, conventional techniques of
chemistry, molecular biology, microbiclogy, recombinant DNA and immunology, which are
within the capabilities of a person of ordinary skill in the art. Such techniques are explained in the

literatore. See, for example, J. Sambrook, E. F. Fritsch, and T. Maniatis, 1989, Molecular
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RIC2b/RH-C 1222 ng/ml 1036 ng/ml RK3N H 39 ng/ml 1518 na/ml t, RK3/RHb-h 2.3 ng/ml 1518 ng/ml
RK4/RHb-h 124 ng/ml 5161 ng/ml [0374] Moreover, alternative light chain constructs RK3 and RK4
also show extremely low levels of expression (Table 9). Only RK2 can be expressed at levels suitable

for prod ucingvgonzt? ARIZEY antibody. PCT/IB2008/003952
Cloning: A Laboratory Manual, Second Edition, Books 1-3, Cold Spring Harbor Laboratory
Press; Ausubel, F. M. et al. (1995 and periodic supplements; Current Protocols in Molecular
Biology, ch. 9, 13, and 16, John Wiley & Sons, New York, N.Y.); B. Roe, I. Crabtree, and A.
Kahn, 1996, DNA Isolation and Sequencing: Essential Technigues, John Wiley & Sons; M. J.
Gait (Bditor), 1984, Oligonucleotide Synthesis: A Practical Approach, It Press; and, D. M. 1.
Lilley and J. E. Dahlberg, 1992, Methods of Enzymology: DNA Structure Part A: Synthesis and
Physical Analysis of DNA Methods in Enzymology, Academic Press. Each of these general texts
is herein incorporated by reference.
[6347] The invention will now be further described by way of Examples, which are meant to
serve to assist one of ordinary skill in the art in carrying out the invention and are not intended in

any way to limit the scope of the invention.
EXAMPLES

[0348] The examples, which are intended to be purely exemplary of the invention and should
therefore not be considered to limit the invention in any way, also describe and detail aspects and
embodiments of the invention discussed above. The foregoing examples and detailed description
are offered by way of illustration and not by way of limitation,
Example 1
Materials and Methods

Cloning of Humanized V genes
f0349] The heavy chain V regions (see Example 2} were cloned into pG1D200 via HindIII and
Apal restriction enzyme sites. Similarly, the light chain V regions were cloned into pKN100 via
the Hindlil and BamHI sites. pG1D200 vector were prepared for ligation by digesting Spg of
DNA with 20 units of HindlIl and Apal in multicore (Promega) restriction digest buffer for 2 hrs
at 37°C. Then 1 unit of shrimp alkaline phosphatase was added for 30 min at 37°C and
inactivated at 65°C for 20 minutes. The vector preparation was then purified on a Qiaquick
(Qiagen) column following manufacturer’s instructions. The vector was eluted in 50 ul. Similarly
pKN100 vector was prepared by digesting Spg of DNA with 20 units of HindIll and BamHI in
buffer E (Promega) for 1 hour at 37°C. The DNA was treated with shrimp alkaline phosphatase
and purified as described above. V region DNA including mutant V regions was supplied by
GENART in the vectors pGA4 or pGAL. Insert DNAs (approx 4ug) were digested as described
above and the heavy and light chain fragments were purified from the vector by gel
electrophoresis. The appropriate band was excised from the gel and purified on a Qiaquick
column (Qiagen) and eluted in 50p following manufacturer’s instructions. Ligations were carried

out by mixing 1 pl of vector with either 1 or 3 pl of insert DNA in 1x ligase buffer (Promega) and

68



Example 8-The binding of RHb-h/12K2bc to E2 peptides [0375] The supernatants from the Cos7
transfections were used to compare the binding of the humanized antibody RHb-h/RK2bc with the

chimeric anti igure 1. [0376] The results from the antibody binding to the H6 mimotope
suggest that %ﬁg%gg?r]?é;%%ne (Foote J. and Winter G., J Mol Biol 224:48&%%%%333% canonical

residues (Chothia C. et al., J Mol Biol 186:651-63 (1985), and Chothia C. et al., Nature 342:877-83
(1989)) intrGdte af s RiER B erhdde POV BiHdINgetrE 1116 pestige Biding by thevssttibody
RHb-hN1 was kR0 200084 268PEh{ TIR200841083H52 closest to the chimeric antibody (Vh/V1)
positive control abng Qz%tc% J%@aﬂ;%eflg}'y humanized RHb-h/RK2bc antibody suggesting that the
humanized light chain'is not as 5003 as the chimeric light chain. This is emphasized by the particularly

poor bindit@P IR HAFRIoBeANNERINFSIE BiatraraRe R e QHImBre i IreHaSACRI4ANI. [0377] The

conclusiondBNRARIB £&pRkEPERT thibahibe heavierhamndrte-Amasgtwiaedyauehred the structural
features in AP33 \AH critical to §ntigen bindiglI%, ut that tig}(]a fnanize i is less good.
TIE11C e ai SNES & £ T0LOW

] vy C. TITLIER Was C tusin 1 Oql Cg\?lgl%g%%g .
However, the absence of & numan orf%of’ggue of the Touse |g]ht cHainyene with the same Li loop

length was\&Adicifdiad oA pde RTEIHEBIERNEF Gufmbtizalidn Example 9-The interface between the
heavy andAieiyt ghams mediateddyhunanized heary soaminterface residue Q39 was not responsible

for the subppti indin 78 i I th fungtion of the light chain was that the
RpimalApding 105761 Qae expianaien deriie poge e

interface resi tween the heavy ight chains were incompatible. See Chothia C. et al., J Mol

Biol 186:65F363((7885}: GREARteFAEE GRS eETdA0ERIon 39 was mutated back to the
gﬁtllse eq g@gsﬁggﬁmagﬁﬂ%ﬁgm@f%&% e &%@ﬁ&é@l&ﬂ%ﬁgﬁ g@&h&ﬁ@%ﬁ%bﬁhe _ginding of

paire Wit C or the chi ric li C ! o Improve binding to t eptl e
rggoatin PR Yo R AR o T e R oy SRR RS BHROA R g Shown in
Figure 2. Exsimpieas@-TheWERINYBf coaditionh Wora: AfgdooBE Sepptides j0880f $8°6rtherlfb estimate the
bindoilng of;é@mpﬁy@izﬁé@tmb@%;gﬂﬁfmf& kjﬁc\{ a@pmpfégbﬁwﬁm&ﬁﬁef ' i h%?gw&di& %ﬁkt)rl]e 5 r\:vere _
usea as proxies 10r pectrum o variants. € pe e_ Dl g 0-N palred wi e cnimeric
prepeaip ek irbdiie SRty e A e R e LA
spectrum ofqgdptidesfdsut 3§ of &3. dffdetiverastthecelirtieritigenddody, VhNI, shown in Figure 3A.
Indeed thq ypianized ApHRaMY LGS ROLAPRE Ao RINdRERGR Rl haseauits indicapgshat

replacing the unconserved canonical and vernier zone residues in the heavy chain was insufficient to

retain the FOITEPERILER SPHBLIEE RS GO BRI S T8 o 1E MMENEERE TS B Y4E the peptides with
variant APE3183110 pesgFavig orrpertied e Ringas oA exampieBd ueplacesp BGhpdotd§rgmd the peptides
C2 and 03,1, RediaahsgRiacements. These conservative changes to smaller residues may
represent a contraction of the epitope. This raises the possibility that the antigen contact residues on
AP33 and the hu%ﬁi%@d”é’ﬁﬂbody may be altered to give them greater reach. The effect of this could
be to enhd2gsthe Gwililvelly/ sehinding tadhpke! Gy tigehotypiesewhistedriclu degprashOodT epitope

residues angIhatshow weaken Rinding [e 433 LS RlRrIMPeraniJang o al pifgap the

humanized antibody fails to bind the B1 peptide this Sequence has not been found in infectious
isolates of FHE FHaEStethiBR el TARATRRIMECHTESHIRIMBR LSS B! REeyY and light chain

constructs were mixed with the cells and electroporated at 1.9KV and 25u¥F. Cells were left for 10
minutes at room temperature to recover and added to 8 ml of DMEM with Glutamax
(Invitrogen)/10% FCS/Penicillin 500U/ml/ Streptomycin 500ug/ml on 10 cm?2 tissue culture
plates. The superpatant was harvested after 3 days and antibody concentration was analyzed by
ELISA.

IgG1 ELISA
[0354] Maxisorp plates were coated with 0.4 pg/ml goat anti-human IgG antibody and stored
at 4°C for no more than 1 month. Before use, plates were washed three times in PBS/0.02%
Tween 20 (v/v) then blocked in PBS/0.02% Tween 20 (v/v)/0.2% (w/v) BSA. Plates were washed
as before and sample supernatant added over a concentration range using doubling dilutions and

incubated at 37°C for 1 hr, Plates were washed as before and incubated with goat anfi-human
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[0382] There were only 2 VC residues that were unconserved and were mutated in the RK2 light chain
(mutation b (Y36F) and mutation ¢ (G68R). Each VC mutation was back mutated to the human
equivalent reﬂdgj d G68. The results (Figure 4) show that mutation b is essential for light
chain activity w erea{s n;lutation c is not. Example 12-identifying the minimal nuBar Bf37C changes
necessary for the heavy chain humanization [0383] In order to identify the minimal number of VC

mutations FEERIERY TERBISEY daTeRnBItEHE MmN EER HilniratiIaies, wera washed o hyfasemutated
back to theleiigiftakhufapIseQuersts, sovdk Nebahlpsd add A%ee alsmbigute 43418 wkable 7

resoso Tl PSR AR el APl il e e

655nm.

Peptide ELISA
[0355] ELISA plates (Nunc Maxisorp) were coated with streptavadin (Sigma $0677) (10ug/ml
m 100mM Na;HPO4, S0mM citric acid pH 5.0, 1001 / well) and stored at 4°C for up to one
month. Before use, plates were washed three times in PBS/0.1%(v/v) Tween 20 and blocked with
200 ul of PBS/2% BSA (w/v) for one hour at 37°C. The plates were then washed as before and
100 ul peptide (0.5 pg/mi in SEC buffer) was added for one hour at 37°C. All peptides included
the biotinylated linker sequence GSGK-biotin. The plate was washed as before and 100 ul
antibody supernatant added in serial doubling dilutions in SEC buffer and incubated for one hour.
Plate was washed as before and incubated for one hour at 37°C with HRP conjugated anti-human
kappa antibody (Sigma) at 1:5000 dilution (1001 / well). The plates were washed as before and
150 ul for TMB One-Step K-Blue substrate (Neogen) added for 10 minutes and stored in the dark
at room tempeyature. The reaction was stopped with 50 pl of Red Stop (Neogen). The optical
density was measured at 655nm.

Preparation of antibody for HCVpp infection assays
[0356] In order to carry out HCVpp experiments, antibodies from COS7 cell transfection
supernatants were purified and concentrated by Protein A purification. For each chimeric or
humanized antibody: Prosep-vA beads (Millipore) were resuspended and 400 pf added to a 10 ml
disposable chromatography column (Pierce) and washed with 20 m] of PBS. COS7 transfection
supernatant (approximately 150 ml) was added to the column under gravity flow. The column
was subsequently washed with PBS (20 ml)and eluted with 0.5 ml of Immunopure 1gG Elution
buffer (Pierce). The eluate was neutralized with 20 u! of 1 M Tris/HCL pH 7.6 and dialyzed in a
0.5 ml Slide-A-Lyser (Pierce) in 3 liters of PBS overnight at 4°C.

HCYV Pseudoparticle Infection Assays
[0357] HCVpp for genotypes 1, 2, 3, 4, and 6 were made by transfecting HEK cells with
plasmids encoding HCV glycoprotein sequences, MLV gag-pol and luciferase reporter, then the
conditioned medium was concentrated and partially purified by ultracentrifugation through a
cushion of 20% sucrose. See Owsianka A. et al., J Virol 79:11095-104 (2005). The HCVpp for
genotype 5 was made in a similar way except that the partial purification step through a sucrose
gradient was omitted since adversely affected infectivity of the genotype 5 pseudoparticles.
Three-fold dilutions of each antibody in cell culture medium were mixed with HCVpp and the

antibody/HCVpp mixtures were incubated at 37°C for 1 h, and then added to human
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hepatomaHuh-7 target cells in triplicate wells. After 4 h incubation at 37°C, the inoculum was
removed and replaced with fresh medium. After 3 days the cells were lysed and assayed for
Iuciferase activity. Multiple wells were infected with HCVpp in the absence of antibody, and all
the results are expressed as a percentage of this “no antibody” control. The genotypes for HCV

used in the following experiments are shown in Table 3.

Table 3 (previously Table 1 in 61/006,066): The genotypes of HCV and the IC50 and 1C90s of

the chimeric and humanized antibodies.

Experiment 1

Genotype 1a H77 20 2a JFH1 3a F4/2-35
IC units IC50 1C90 1C50 IC%0 IC50 IC90
(ng/ml)
Vh/Vi <(0.137 0.31 1.1 9.31 0.48 3.2
RH B- <0.41 0.73 2.7 22.1 1.15 8.3
H/RK2b
RH -C/RK2b <0.41 <0.41 0.64 7 <(0.41 2.15
RH-H/RK2b | <0.41 1 3 26 0.67 8.3
Experiment 2
Genotype 1a H77 20 ' 2A2.4 4.21.16 6.5.8
IC units IC50 1C90 IC50 IC90 IC50 IC90 IC50 1C90
(g/ml) .
RH B- 0.08 1 1.7 20 0.33 3.64 <0.41 37
H/RK2b
RH-C/RE2b | <0.0137 0.24 0.51 6 <0.41 0.92 <(1.41 1.8
RH-H/RK?b 0.06 1.2 3.33 26.67 0.33 53 0.79 18
Vh/V1 0.018 0.28 0.88 6.67 <0.137 0.83 <0.137 3.7
Experiment 3
Genotype 1z H77 20 1A26.8 1B5.23 2B1.1
IC units IC50 190 IC50 IC90 IC50 1C90 1C50 IC90
(ug/mi)
Vh/Vi 0.03 0.43 .1 11.5 1.15 i1 3 >15
RH-C/RK2b 0.032 0.6 1.6 15 0.9 8.3 3 >15
Experiment 4
Genotype 5.15.11
IC units IC59 1C90
(ug/mb)
VhiVI 0.088 111
RH-C/RKZb 0.053 0.82
RH-H/RKZb 0.37 8

Molecular modelling AP33
[0358] The nearest VH and VK structures to AP33 in the RCSB protein databank were
1DQD_H (84% identity) and 1EGI_L (91% identity) respectively. The 1DQD_H VH and the
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WO 2009/081285 PCT/IB2008/003952

1EGI_L VK structures were combined into a single template structure. The AP33 sequences
(Table 4) were aligned with the combined template sequences. The heavy chain and kappa light
chain CDR lengths were identical to those of AP33 except for the H3 loop. A homology model of
AP33 was generated based on this combined template using Modeler software. See Fiser A. et al.,
Protein Sci 9:1753-73 (2000); Fiser A. and Sali A., Methods Enzymol 374:461-91 {2003); and
Salt A. and Blundell TL., J Mol Biol 234:779-815 (1993).

Table 4 (previously Table 2 in 61/006,066): Heavy and light protein sequence used to model the
AP33 antibody.

AP33_H (117 amino acids)
EVQLQESGPSLVKPSQTLSLTCSVTGDSITSGYWNWIRKFPGNKLEYMGYISYSGSTYYN
LSLRSRISITTRDTSKNQYYLQLNSVTTEDTATYYCALITTTTYAMDYWGQGTSVTVS

AP33_L (111 amino acids)
NIVLTQSPVSLAVSLGQRATISCRASESVDGYGNSFLHWFQQKPGQPPKLLIYL ASNLNS
GVPARFSGSGSRTDFTLTIDPVEADDAATYYCQQNNVDPWTFGGGTKILEIK

Results

[0359] HCV is described as belonging to six genotypes but is further subdivided into sub
genotypes. Infected individuals carry a swarm of variant genotype descended from the initial
infection. The region of the HCV protein E2 protein to which AP33 binds is unusually conserved
among HCV genotypes so the AP33 antibody exhibits cross genotype specificity. It was therefore
important to ensure the humanized AP33 retains species cross-reactivity.

[0360] The most effective method of testing the humanized antibody was to replicate the
experiments carried out with AP33 (Yagnik A.T. et al., Proteins 40:355-66 {2000)} that show the
blocking of HCV pseudoparticle infection of Huh-7 cells. However pseudo particle infection
studies required relatively large amounts of antibody that would have caused logistical problems
if applied to the large number of variants generated during the humanization process. Therefore
peptide ELISA analysis was used to perform an initial screen of the antibody variants against a
variety of HCV genotypes.

[0361] The D3 peptide is the sequence identified by Anonymous, J Viral Hepatology 6:35-47
(1999) as conserved among HCV genotypes; peptides B1, C1, H3 and G3 represents alternative
HCV genotype variants and peptide H6 is a mimotope for AP33 identified by phage display.
Each of these peptides was used as a probe to measure the success of the humanization and the

sequence shown in Table 5.
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h (R94L) L94 R94 Table 8 (previously Table 6 in 61/006,066): Humanized antibody mutants and there
sequence identification. V gene name V chain hame Mutations from parent sequence Amino Acid SEQ

ID NO Nucleic Acid SEQ ID NO AP33H heavy chain VII SEQ ID NO:1
WO 2009/081385 PCT/IB2008/003952

Table 5 (previously Table 3 in 61/006,066): Peptides used in the binding analysis of humanized

AP33.

PEPTIDE NAME GENOTYPE
QLINTNGSWHINGSGK-biotin D3 All
1 GSGK-biotin B1 2b
.......... V. GSGK-biotin C2 la
e S, GSGK-biotin H3 2a, 4
S GSGK-biotin G3 1a,3
VELRNLGGTWRPGSGK-biotin Ho6 Mimotope

Example 2-Selection of a human VH framework for AP33RHA

{0362] Human VH sequences with highest identity to AP33 VH at Yernier, Canonical and VL
Interface residoes (VCI residues) and which have the same size of CDR1 and 2, are shown in
Figure 14 and are used to select the optimal donor framework. See Foote J. and Winter G., J Mol
Biol 224:487-99 (1992) and Chothia C. et al., J Mol Biol 186:651-63 (1985). The FW identity
scores are also shown. Sequences which are humanized antibodies, mouse antibodies or scFv
have also been omitted, except for A03907, the D1.3 mouse anti-lysozyme VH. The interface
residues tend to be buried, away from the CDRs, whereas Vernier and Canonical residues tend to
be close to CDRs.

[0363] With respect to overall VCI identity, U86525 had the highest score (14 out of 17 for
VCI score and 80 out of 86 for the framework score) (Figure 14). The top 18 human sequences all
had a VCI score of 14 whilst the framework scores varied from 61 out of 86 or less, The VCI
residue differences that were the least conservative when compared to the mouse antibody
sequences were at positions 71 and 94 (Kabat numbering).

[0364] Analysis of the complete human VH sequences (Figures 15 and 16) showed that
UB6525, 567826, 42071, 42069, 42068, S67827 had no unusual Cys or Pro residues in the FW.
However U86525 contained more non-conservative residue differences than S67826 (i.le.,
residues 23, 40, 81, and 92: using Figure 16 numbering). The §67826 antibody VH, which was
derived from a patient with a CLL lymphoma (Mierau R. et al., Rhewnatol Int 12:23-31 (1992)),
was therefore chosen to act as the framework acceptor for the donor mouse AP33 VH CDRs to
produce AP33RHA. Figure 13 shows the comparison between AP33H and $56827.

Example 3-Selection of a leader sequence for AP33RHA

{0365] The initial humanization is the graft of the Kabat CDRs 1, 2 and 3 from AP33VH into
the acceptor S67826 Kabat FWs 1, 2, 3, 4 (Figure 18). This sequence requires the addition of a

signal peptide from the germline gene VH4-39 that has the closest sequence identity to S67826

(Figure 17). We used the SignalP (Foote J. and Winter G., ] Mol Biol 224:487-99 (1992))
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SEQ ID NO:21 AP33H light chain VI SEQ ID NO:2 SEQ ID NO:22 AP33RHA RHA None SEQ ID
NO:3 SEQ ID NO:23 AP33RKA RICA SEQ ID NO:4

WO 2009/681285 PCT/IB20G8/063952

{V2.0.b2) server to confirm that this leader (Figure 17) would cut with signal peptidase when
preceding the S67826 FW1 sequence. Figure 18 shows the generation of AP33RHA protein and
DNA sequence by intercalating the AP33 CDRs into the human FW. The DNA sequence of
AP33RHA including its leader is shown below (previously Table 13 in 61/006,066):

ATGAAACATCTGTGGTTCTICCTICTGCTGGTGGCAGCTCCCAGATGGGTCCTGTC

Ccaggtscagetgeaggagtcggpeccaggactggtgaagecticggagacectgteccteacetgeactgtetetggtgact

ceatcagt AGTGGTTACTGGA ACatecggeageececagggagggeactggagtggataggaTACATA
AGTTACAGTGGTAGCACTTACTACAATCTATCTCTCAGAAG Tcgggtcaccatate
agtagacacgtctaagaaccagttcicectgaggetgagetetgigacegetgeggacacgeccatgtattactgtgegagaA’T
TACTACGACTACCTATGCTATGGACTA Ctggggccaagggaccacggtcaccgtetee

[0366] AP33RHA DNA sequence with leader. Italics, upper case text indicates leader
sequence, lower case text indicates FW, and upper case, bolded text indicates CDR sequences.
[0367] The completed protein and DNA sequence of the AP33RHA including the VH4-59
signal peptide is shown in Figure 19.

Example 4-Selection of human VK frameworks for AP33RKA and AP33RK2

[0368] Comparison of human germline VK genes with AP33K revealed that there were none
with the same canonical loop length for CDR1 (Figure 20). Those sequences that were identified
with the correct CDR1 loop length from our database of human light chain genes were either
humanized antibodies or scFvs (Figure 21). Human VK sequences with non-matching CDR1
lengths but with matching CDR2/3 lengths and highest identity to AP33 VK at Vernier,
Canonical and VH Interface residues (VCI Score) were selected and are shown in Figure 22
together with their scores of FW identity to AP33 VK. Sequences which are humanized
antibodies, mouse antibodies or scFv have been omitted.

[0369] Tigure 23A shows the complete sequence of the human VK best matching AP33VK.
The ClustalW alignment of these sequences is shown in Figure 23B, and indicates the conserved
residues. Due to the absence of a human canonical CDR1 loop length to match AP33, we chose
two human frameworks with differing loop CDR1 lengths. Sequence X61125 (Chothia C. et al., J
Mol Biol 186:651-63 (1985)) has the highest VCI score, CDR1 two residues longer than AP33
and an Alanine at position 80, matching AP33 VK. For these reasons we chose this sequence as
the first donor framework to generate AP33RKA. AY0685279 (Ghosh S. et al., J Immunol
174:2860-9 (2005)) has a CDR1 4-residues shorter than AP33 and a Proline at position 80 typical
for that germline family. In addition, AY685279 has high VCI and framework scores and no
unusual Proline or Cysteine residues in its sequence. Under these criteria AY685279 was chosen

as the second framework donor to generate AP33RK2.
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SEQ ID NO:24 AP33RICAbd RKAbd Y36F, N107K SEQ ID NO:5 SEQ ID NO:25 AP33RK3 RK3 SEQ
ID NO:8 SEQ ID NO:28 AP33RK4 RK4 SEQ ID NO:9

WO 2009/081285 PCT/IB2008/003952

Example 5-Selection of leader sequences for AP33RKA and AP33RK2

[6370] The nearest human germline VK gene to X61125 is VKIV-B3, which would be the
natural choice of leader sequence. The use of the predictive SignalP algorithm (Nielsen H. et al.,
Protein Eng. 10:1-6 (1997)) with this leader contiguous with FW1 of X61126 shows that signal
protease cutting should be at the correct position (Figure 27). Similarly, the germline gene nearest
to AY685279 is VKI-012/02. Again, the leader sequence of VKI-012/02 when contiguous with
FW1 of AY685279 is predicied to cut correctly (Figure 28).

Example 6-Generation of AP33RKA, AP33RK2, AP33RK3 and AP33 RK4 sequences

{63711 Intercalating the protein and DNA sequences of AP33VK CDRs between FWs 1, 2, 3
and 4 of X611251 is shown in Figure 30, together with the DNA sequence of the B3 leader
(AP33RKA). Intercalating the protein and DNA sequences of AP33VK CDRs into FWs 1,2, 3
and 4 of AY685279 is shown in Figure 31, together with the DNA sequence of the VKI-012/02.
The complete AP33RKA and AP33RK2 sequence with their respective leader sequences attached
is shown in Figures 34-36.

f0372] Two further light chain frameworks were tested based on the human sequences
ABG64133 and AB064072 that became humanized kappa light chains RK3 and RK4,
respectively. The selection of AB064133 is shown in Figures 24-26 and 29. The VCI residues are
defined in Figure 13, while the protein and DNA sequences for both RK3 and RK4 are shown in
Figures 32-34 and 37-38. RK3 was chosen because it was a from a different germline family, i.e.
V kappa 5. Although AB064072 was a member of the Kabat VKIV subgroup, which have
historically been poorly expressed when used in recombinant antibody constructs, this specific
human framework sequence had been shown previously to express well in our hands when part of

a humanized antibody.
Example 7-Expression of recombinant heavy and light chains

[6373] Recombinant antibody V regions were expressed by transient transfection of Cos7 cells.
Chimeric AP33 heavy or light chain DNA constructs were used as positive controls and co-
transfected with the appropriate humanized antibody constructs chains. Initially the unmutated
RHA and REb-h (in which all seven unconserved vernier zone VC back-mutations) and RKAbd
and RK2bc were tested. RK2bc has both conflicting VC residues back-mutated. The light chain
RKA had two residues replaced; the VC residue Y36F, and since Asn is highly unusual at
position 107, it was also replaced with Lys (RKAbd). It was noted that RKAbd expression was
very low and below viable experimental and commercial levels (Table 9). In subsequent

experiments modifications were made to RKAbd including removing potential splice sites
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SEQ ID NO:29 RHbcdefgh RHb-h S30T, W47Y,148M, V671, V71R, F78Y, R94L SEQ ID NO:10 SEQ
ID NO:30 RHcdefgh RH-B W47Y,148M, V671, V71R, F78Y, R94L SEQ ID NO:12 SEQ ID NO:32

RHcdefgh RH-C S30T ,148M, V671, V71R, F78Y, R94L

WO 2009/081285 PCT/IB2008/003952

mutation G380C and exchanging leader sequences from leader B3 to L11, shown in Table 6,
which from our experience had worked efficiently in other light chain genes. In addition, others
have reported that the amino acid substitution D9S was effective at rescuing expression of VKIV
genes. See Saldapha IW. et al. J Mol Biol Immunol 5391(22436):487709-99719 (1992), None of
these modifications were effective in restoring expression levels above background.

Table 6 (previously Table 4 in 61/006,066): The leader sequences for RKA.

B3 leader sequence | ATGGTGTTGCAGACCCAGGTCTTCATTTCTCTGTTGCTCTGGAT
DNA CTCTGGGGCTTACGGG

B3 Jeader sequence | MVLQTQVFISLLLWISGAYG

Protein

L.11 leader sequence | ATGGACATGAGGGTCCCCGCTCAGCTCCTGGGGCTCCTGCT
DNA GCTCTGGCTCCCAGGCGCCAGATGT

L11 Jeader sequence | MDMRVPAQLLGLLLLWLPGARC

Protein

Table 9 (previously Table 34 in 61/006,066): Expression of humanized light chains. COS 7 cells
were transfected by the stated antibody constructs.

Heavy Chain RHb-h Antibody yield Contrel transfection
chimeric antibody
(Va/V0u)
RKAbd/VH Not detected 1008 ng/ml
RKAbd (leader plus Not detected 1415 ng/ml
DISy/ VH
RK2bc/VL 389 ng/ml 3335 ng/ml
RK2bc/RHb-h 1555 ng/ml 3335 ng/ml
RK2b/RHb-h 1552 ng/ml 849 ng/mt
RK2b/RH-C 1222 ng/ml 1036 ng/ml
RK3/VH 39 ng/ml 1518 ng/ml
RK3/RHb-h 2.3 ng/ml 1518 ng/ml
RK4/RHb-h 124 ng/m] 5161 ng/ml

[6374] Moreover, alternative light chain constructs RK3 and RK4 also show extremely low

levels of expression (Table 9). Only RK2 can be expressed at levels suitable for producing a

humanized antibody.

Example 8-The binding of RHb-W/REK2bc to E2 peptides

[0375] The supernatants from the Cos7 transfections were used to compare the binding of the

humanized antibody RHb-h/RK2bc with the chimeric antibody. See Figure 1.

[0376] The results from the antibody binding to the H6 mimotope suggest that the vernier zone
{Foote J, and Winter G., J Mol Biol 224:487-99 (1992)) and canonical residues {Chothia C. et al.,
J Mol Biol 186:651-63 (1985), and Chothia C. et al., Nature 342:877-83 (1989)) introduced into
RHA are necessary for binding, The H6 peptide binding of the antibody RHb-h/V] was the
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SEQ ID NO:13 SEQ ID NO:33 WO 20091081285PCT/IB2008/003952 V gene name V chain name
Mutations from parent sequence Amino Acid SEQ ED NO Nucleic Acid SEQ ID NO RHcdefgh RH-D

530T, W47Y, V671, V1R, F78Y, R94L SEQ ID NO:14
WO 2009/081285 PCT/IB2608/003952

closest to the chimeric antibody (Vh/V]) positive control and better than the fully humanized
RHb-h/RK2bc antibody suggesting that the humanized light chain is not as good as the chimeric
Iight chain. This is emphasized by the particularly poor binding of RHA/RK2bc when it is
compared to the chimeric light chain RHA/VL.

[0377] The conclusion from this experiment is that the heavy chain RHb-h has retained much
of the structural features in AP33 VH critical to antigen binding, but that the humanized lHght
chain is less good. However, the absence of a human orthologue of the mouse light chain gene

with the same L1 loop length was anticipated as a potential problem for humanization.

Example 9-The interface between the heavy and light chains mediated by humanized heavy
chain interface residue 39 was not responsible for the suboptimal binding

f0378] One explanation for the poor function of the light chain was that the interface residues
between the heavy and light chains were incompatible. See Chothia C. et al., J Mol Biol 186:651-
03 (1985). The interface glutamine residues at position 39 was mutated back to the mouse
equivalent, lysine, in RHb-h and the new heavy chain denoted as RHI

[0379] The binding of RHI paired with RK2bc or the chimeric light chain failed to improve
binding to the H6 peptide suggesting that the interface residue Q39K was not responsible for the

suboptimal binding shown in Figure 2.
Example 10-The binding of RHb-h to a range of E2 peptides

[0380] In order to estimate the binding of the humanized antibody to different HCV genotypes
the peptides shown in Table 5 were used as proxies for a spectrum of E2 variants. The peptide
binding of RHb-h paired with the chimeric light chain, V1, is shown in Figure 3B. The results
show that the humanized heavy chain binds a spectrum of peptides but is not as effective as the
chimeric antibody, Vh/V1, shown in Figure 3A. Indeed the humanized antibody does not appear
to bind peptide B1. The results indicated that replacing the unconserved canonical and vernier
zone residues in the heavy chain was insufficient to retain the full spectrom of peptide antigen
binding.

[6381] Itisinteresting to note that the peptides with variant AP33 epitopes have conserved
changes, for example B1 replaces Gln to Asn and the peptides C2 and G3 are Ile to Val
replacements. These conservative changes to smaller residues may represent a contraction of the
epitope. This raises the possibility that the antigen contact residues on AP33 and the humanized
antibody may be altered to give them greater reach. The effect of this could be to enhance the
antibody’s binding to these HCV genotypes which include the shorter epitope residues and that
show weaker binding to AP33. It is also important to note that although the humanized antibody

fails to bind the B1 peptide this sequence has not been found in infectious isolates of HCV,
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SEQ ID NO:34 RHcdefgh RH-E S30T, W47Y,148M, V71R, F78Y, R94L SEQ ID NO:15 SEQ ID NO:35
RHcdefgh RH-F S30T, W47Y,148M, V671, F78Y, R94L SEQ ID NO:16 SEQ ID NO:36 RHcdefgh RH-G

530T, W47Y,148M, V671, V71R, R94L

WO 2009/681285 PCT/AB2608/003952

Example 11-Identifying the minimal mutaiions to RK2

[0382]
light chain (mutation b (Y36F) and mutation ¢ (G68R}. Fach VC mutation was back mutated to

There were only 2 VC residues that were unconserved and were mutated in the RK2

the haman equivalent residue, Y36 and G68. The results (Figure 4) show that mutation b is

essential for light chain activity whereas mutation c is not.

Example 12-Identifving the minimal number of VC changes necessary for the heavy chain

humanization

[0383]
humanization each mutation b, ¢, d, e, f, g, h was mutated back to the original human sequence,
shown in Tables 7 and &. See also Figure 42A-G.

In order to identify the minimal number of VC mutations residues necessary for RHb-h

Table 7 (previously Table 5 in 61/006,066): Table of VC mutations.

Antibody chain Mutation name Mouse residue Human residue
RK2 b F36 Y36

RK2 c R68 G68

RH b (S30T) T30 S30

RH ¢ (W47Y) Y47 W47

RH d (J48M) M48 148

RH e (V6TI) 167 ve7

RH fF{VTIR) R71 V71

RH g (F78Y) Y78 F78

RH h (RO4L) 1.94 R94

Table 8 {previously Table 6 in 61/006,066): Humanized antibody mutants and there sequence

identification.
V gene name V chain Mutations from Amino Acid Nucleic Acid
name parent seguence SEQ ID NO SEQ ID NG
AP33H heavy VH SEQ ID NO:1 SEQ ID NO:21
chain
AP33H light V1 SEQID NO:2 SEQID NO:22
chain
AP33RHA RHA None SEQ ID NO:3 SEQ D NO:23
AP33RKA RKA SEQID NO:4 SEQ ID NO:24
AP33RKADd RKAbd Y36F, N107K SEQ ID NO:5 SEQ ID NO:25
AP33RK3 RK3 SEQ ID NO:8 SEQ ID N(O:28
AP33RK4 RK4 SEQ ID NO:9 SEQ ID NO:29
RHbcdefgh RHEb-h S30T, W47Y,I48M, | SEQIDNQO:10 | SEQID NO:30
Vo671l VIIR, F78Y,
RO4L
Ricdefgh RH-B WATY,J48M, V671, | SEQID NO:12 | SEQID NO:32
V71R, F78Y, RO4L
RHcdefgh RH-C S30T ,I148M, V671, | SEQID NO:13 SEQID NO:33
V71R, F78Y, R941L
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SEQ ID NO:17 SEQ ID NO:37 RHcdefgh RH-H 530T, W47Y,148M, V671, V71R, F78Y SEQ ID NO:18
SEQ ID NO:38 RHI RHI Q39K SEQ ID NO:11 SEQ ID NO:31 RIC RIC. none

WO 2009/081285 PCT/IB2008/003952
V gene name Y chain Mutations from Amine Acid Nucleic Acid
name parent sequence SEQ ID NO SEQ ID NO

RHcdefgh RH-D S30T, W47Y, SEQIDNO:14 | SEQIDNO:34
Vo671, V71R, FI8Y,
RO4L

RHcdefgh RH-E S30T, W47Y,148M, | SEQID NO:15 | SEQ ID NO:35
V7IR, F78Y, RO4L

RHcdefgh RH-F S30T, W47Y,148M, | SEQID NO:16 | SEQ ID NO:36
V671, F78Y, R94L

RHcdefgh RH-G S30T, W47Y,148M, | SEQID NO:17 | SEQ ID NO:37
V67l V71R, R94L

RHcdefgh RH-H S30T, W47Y,148M, | SEQIDNO:18 | SEQ ID NO:38
V671, V7IR, F78Y

RHI RHI Q39K SEQIDNO:11 | SEQ ID NO:31

RK2 RK2 none SEQ ID NO:6 SEQ ID NO:26

RK2b RK2b Y36F SEQIDNO:19 | SEQ ID NO:39

RK2c RK2c G68R SEQIDNG:20 | SEQ ID NO:40

RK2be RK2bc Y36F Go8R SEQID NO:7 SEQ ID NO:27

[0384] The effect of the mutations was assessed by comparing the binding to the peptides

described in Table 5 of different versions of the humanized antibody. The results are shown in
Figure 5 and normalized in Figure 6 by expressing each data set as a percentage of the maximum
binding to H6. The results from antibody RH-F suggested that the absence of the VC mutation F
(V71R) significantly affected the binding of the antibody. Therefore, despite the presence of all
other VC mutations from human to the mouse sequence, Arginine at position 71 is necessary for
optimal binding. In all cases where binding could be detected, RH-F bound to the peptides more
weakly. However, binding to peptide G3 by the back-mutated variants also identified the original
mutations S30T (b), [48M (d) and V671 {e) as being important for binding affinity. Mutations
F78Y (g) and R94L (h) were essentially indistinguishable (displaying only marginally less
binding when back-mutated, when compared to the RHb-h standard) and so did not appear to be
critical to peptide binding. However, antibody version RH-C resulted in an increased binding to
peptides G3 and C2 over all other variants, including RHb-h (Figure 6). In this case mutation c
(W47Y) is not present and the human tryptophan residue is retained (but VC mutations S30T,
148M, V671, V1R, F78Y, and R94L are present). On this basis the humanized antibody
containing the heavy chain variant RH-C was chosen to be tested in the HCVpp assays and
compared to RHb-h. The humanized antibody RH-H (where the mutation h (R941) is not present)
was also included for testing in the HCVpp assays. The R94L mutation is a canonical and vernier
zone residue that supports the H3 loop and we wished to determine if disruption of the H3 loop
adversely affected mhibition of HCVpp infection. These heavy chains were co-expressed with the
humanized light chain variant RK2b.
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SEQ ID NO:6 SEQ ID NO:26 RK2b RK2b Y36F SEQ ID NO:19 SEQ ID NO:39 RK2c RK2c 068R SEQ
ID NO:20 SEQ ID NO:40 RK2bc RK2bc Y36F G68R

WO 2009/081285 PCT/IB2008/603952

Example 13-HCYV Pseudoparticle Infection Assays

[0385]  Three humanized antibodies were tested in the HCVpp infection assays. All humanized
heavy chains were paired with light chain RK2b, Although the peptide binding data suggested
little difference between the heavy chains RHb-h, RH-C and RH-H, the data shown in Figures 7
and 8 suggested that RH-C is the best inhibitor of HCVpp infection. The RH-C antibody was at
least as effective as the positive control chimeric AP33, at inhibiting HCVpp infection but the
other humanized antibodies RHb-h and RH-H were significantly less effective. The IC50 and
IC90 for four experiments are shown in Table 3 and show that the humanized antibody shows
very similar IC50 and ¥CS0 values to that of the chimeric antibody across all genotypes.

[0386] This result was unexpected since the location of the back-mutation in RH-C (i.e,,
residue position 47), is both a vernier and interface residue suggesting that the tryptophan residue
found in the original human FW may either improve the interface between the heavy and light
chains, or may better support the H2 loop, or may do both (Figures 9 and 10). In addition, the
tryptophan residue may augment the lipophilic area identified in Figure 9 and perhaps contribute
to binding.

{0387] The tryptophan residue present in the AP33 epitope has been shown to be crucial for
AP33 binding. See Tarr A.W. et al., Hepatology 43:592-601 (2006). The position of the mouse
heavy chain residue Y47 is shown in Figure 10 which also shows the positions of the vernier and
canonical residues that have been mutated in the humanized antibody. The Y47 residue lies
directly underneath a lipophilic region of the CDRs and it is a reasonable supposition that the
Y47W mutation helps to fill a gap at the base of the lipophilic region.

[0388] One method that may help to elucidate the nature of the improved binding mediated by
the Y47W mutation is a kinetic analysis of antibody E2 binding. However, we have been unable
to perform kinetic analysis of the interaction between RH-C and the E2 protein. The HCV E2
protein forms aggregates when purified. Unfortunately, monomeric E2 protein, which so far is
unavailable, is necessary to measure binding affinity to antibody.

[0389] The data from the peptide analysis suggested that there is very little difference between
the binding of heavy cham versions RH-G and RH-H. It would be interesting to test these
versions combined with RH-C in the HCV pseudoparticle experiments. It is plausible that there
may be a positive effect on binding and inhibition since these residues might help support the H2
and H3 loops respectively.

Example 14-Analysis of the chimeric mutanis AP33 Y47F and Y47W

[0390] In order to further investigate the contribution of residue Y47 to binding, two chimeric

heavy chain mutants were made, Y47W and Y47F. Both these mutants were expressed in
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SEQ ID NO:7 SEQ ID NO:27 [0384] The effect of the mutations was assessed by comparing the
binding to the peptides described in Table 5 of different versions of the humanized antibody. The
results are shown in Figure 5 and normalized in Figure 6 by expressing each data set as a percentage
of the maxim¥ BdIRGE H6. The results from antibody RH-F suggesteBGRH###8/8088hce of the VC
mutation F (V71R) significantly affected the binding of the antibody. Therefore, despite the presence of
all other V@&snittiowsrbarhiomdmbighthiein odsesaguenaeoXgilinetlat POSippinfdtinecessary for
optimal binding; Aﬁu@éﬁ@@%ﬂﬁgf%ﬁgmmwp@&iggﬁgg% %ﬁ@%%ﬁé&é@e&%@?s more

weakly. However, binding to peptide G3 by the back-mutated variants also identifliedthe original
mutations S¥E KBS TEAISHF feaine VentedyaomisiG in sttt BikdmgeartlgiorRitations F78Y (g)
and R94L (@ypigre osseintialitydhiistipgoishaiie édmmmymgedﬂw_mm@aallxgemﬁmwg when _
baCk'mUtaﬂﬁa%e‘é’é?%&P&L"ﬁﬁﬂ%&%%ﬁ@k&?&%%E%QM%&Q&%&%%%%%B?%%&%%'Ca' to peptide

binding. However, antibody version RH-C resulted in an increase 10 to peptides G3 and C2 over
all other véﬁﬁ’ﬁt‘é‘ﬂﬁ&lbﬂ%ﬁﬁ% BRAYEAGGP8UE) P H57E W38 B RBRARRHEWATYHORBY piegeNnt and the
human trypwipkian Yesituetis setiinag thoén/Gdriutrtidos 830The ldGbvMOTE7WihRafos8Y, and R94L are
present). thi ' ized-anti iqu%,ﬁhe. vy chain variant RH-C was chosen
to be testtg%llililrtmE t%ﬁ%%é%%ﬂ&ﬁéﬁl&@éﬁ%ggﬁ%%%@% I.IIQH -h. 'Pﬁeg}%%r%ﬁa%sffgénaeﬁﬁooorycgﬂ- (where the
mutation HPERYUL YFEHHP deLqupiiAd iRfe & oY sty ke Haowp geagsdly SmpryYR 4L
mutation isha eaibodygalais sEnfetigonaibaridue that supports the H3 loop and we wished to
determineifxgﬁgyeo}pn of the H3 loop adversely affected inhibition of HCVpp infection. These heavy
chains were co-expressed with the humanized light chain variant RIC2b. WO
2009/081 24ty gd6lo63952 Example 13-11CV Pseudopartick Infection Assays [0385] Three
humanizedgagtipodinstyirneiig sheddarthadieMpgs miaction assaysxplihvmanizadheavy chains were
paired Witfﬁ}!{i htlcq%méaKZb. Although the peptide binding data suggested little difference between the
heavy chains Hb- , RH-C and RH-H, the data shown in Figures 7 and 8 suggested that RH-C is the
best inhibitor of HEppinvathier orieRIE HAtpEHE WasBEleast as effective as the positive control
chimeric Agmllatliﬂbi@i%&@sib@ﬂlﬁx&é&ﬁ@ﬂ@ﬁ&%%fﬁif@&@ﬂ%ﬁﬁﬁg tﬁ@&@&@iﬁ&ﬁdﬂ@'h agld 1RH-dH
were significantly less effective. The IC or four experiments are shown in Table 3 an
show that réj%rtljxrr? ?ﬁ%c %alfﬁtl ?o yngﬁgbggﬁggf%%r%%zﬁ ﬁf@cﬁl %er?op T@éﬁ%&u%‘%ﬁgcﬁ%etcg)?’ “thimeric
antibody a®ros¥ial GEhSHEE<S 20038 6E A5 vestienvhinrigrregsetaeaisinusitheddgention of the
bhack- r:n utatmféﬁtam @@ﬁwig%%&sﬁi@m% @E]b@tf?:r\ﬁ/c{lvﬁmiﬁ{ ﬁm&éﬂtgﬁ@%i&%@l@@ fsuggssting'
that the tryptophan e found.in the original huma may. ejthe ve the interface between
the hoavy ST LS L P Ay S LT e 9585, B i Aetbl (ERJIFES Sanct 10y, 1
addition, thedkyprophpiirddidise wriag dugmehechievipophillodrbalidentifiedengeRicalr@®teind perhaps
contributeﬁfbmjaqﬂﬂgrﬂ%g&ﬁh&nﬁ ypteRbanwesidus; ase! (B he AR3RSPHORELasPERN shown to
be crucial for AP33 binding. Seeilé?é}iA'W' etal., He atoi?gﬁ 43:592-601 (2006). The Eosition of the

| |

mouse heSA' & ’ﬁ?ﬁesrsé%‘lld%?étwsl SUHTA BRTRCTE Wridn! %168 SHon R aBa et 8F the vernier
and canonidabfégidiueksthet 4vavephred nbongtdtedsipdhe thumanized setibblyurT pestdéctesidue lies
directly ungerngathea-inanbiic se6ian pitheGRAHaR ik Areasonakit.sppRasition that the Y47W
mutation helps to, fill a gap at the base of the lipophilic region. [0388] One method that may help to
elucidate fRHEAU of the improved binding mediated by the Y47W mutation is a kinetic analysis of
antibody E@Bﬁidim@Zlﬂmﬁfm@wmﬁhmé baaﬂnunabh@mmeniopm anditid ahhﬁisiﬁlo&ﬂﬁgzkateraction
between RiCrand e F RIDIEN IR HEV.ES RGN UM AOQIRIRIE S WS pHigd-

Unfortunately, monomeric EZ protein, which so far is unavailable, is necessary to measure binding
affinity to ARTSOA)! RH0T A RHAETTOMHRS Bep O e b SR hae bRty lite

diffe rencer_bleﬁfpéémiﬂm bim!imgeafohe_ﬁmmhampm&iom R{ﬂe@ cefigh Fﬁbjal:d-,talt*ewwfid»hex ia_tanesting to test
(hese vers\aes. sATINGH VA3 toaalh I, ok e SBPPATESXRSHMFNPAS 15 PARIS nat fnere

may be a positive effect on binding and inhibition since these residues might help support the H2 and
H3 loops rddieleesynte PR Brdten I8 AR D6F th Bstr et PRt HaRRUR e Nvarmmas eatehpdy [0390] In
order to futtbetpavrasigaiaihe eOnl kutien efaesidue Y47 to binding, two chimeric heavy chain
mutants were made, Y47W and Y47F. Both these mutants were expressed in

81



WO 2009/081285PCT/1B2008/003952 association with the chimeric light chain, VI and compared to
AP33 in the HCVpp infection assays and peptide binding. The data from the peptide binding
experiments (Figure 11) suggest that making residue tyrosine 47 more hydrophobic, by substitution
with a pheny#23R& B ¥yptophan, may improve binding to some E2 peptfdE$28peE I peptide B1
(genotype 2a). However when the antibodies were used in the HCVpp infection assay against a
genotype la (fronDiselateirg +38/RB) CSIRKRD afikigweélC¥, Ahere was no enhancement of inhibition by
either Y47Yy:a5 Y 427, musation. & may @ssﬁfaﬂ9&49&@%&%{3;ﬁegaa}em&emrgmc&ﬁwemutatlon in

RH-C is specific to the humariization although further infection assays need to be carried out

on a variet|FSMGERbRAIRLES Retesrmine AR dirdmsatisiue2d st hdy yhediip fpidve the
antibody pefengyrebinfetliariiaibihiabodyeanmp k- buMatdialman dHifeilvads, [0B8d4dhe following
materials gpd methed é [ per] s deseribed.i ple d3A: G Generation of
baculovirus g)% ressej ﬁ%ﬁ?ﬁ%’gx ggﬁzﬁé%gégé%{%x&essﬁsffog&égﬁlu %[IEI]E%g ESAI)E?;Z \%gsre generated by
deleting theHAFH ERFBEAR Se SR SerRse 4G %&ﬂaﬁﬁhﬁ%ﬂ,eeiﬂe@@% & described

previously nheeRlnesatReham it ahtidoyrahy Ji8Ra-6,/ifRo033 om0k Was glanecinte a
baculovirug, transfer.v r cotrangfected with. BacPak6 linearized .viral. DN lontech) into
amarent S D B ) S et 27c.
The resultifff s Btsreaiipsis s gifretiaine sty sthn traransaiuibuirsriotesar $eddie use in
large-scalanpatein-piad ustianubher praduetioewasgandilscianal et bioreasseysfalznBioscience).
Teniter Ty B1a.Gells (Xpression SYSIsSHhihellyies narg,otoan to-8.x, 400 Sellsyml. and
infected with 50 ML Of t ngjﬂ Stock as prepare above: The supernatant was arve%ftnegd 48 hours
post infectféP bl ¥ert it SAadhinddoldiscrenassnfifursssirtente redudadisghtiang s dreebrior to
purificationiaf9 394] skZpurdigaiiean Tha 10 kihasyieviEs supsipaiarhwashatehagdmith &0 mL of
NickeINTA resin., The HIS-tagged soluhle E2 wa ted off of the resin with 2 M Imjdazole in
DB 10,3 KT e B i B 00 T NNt T O Bl S m 54 L

SpFF catideraeetaisgecoiimi hasedl threvisro toirhirrisvety fetl lofrighvr sutatgenindiersinth 0.3M NaCl.
The elutioRarasthapppadgcdivahmidni:, 2200:g8hfltkalioR€altena:nLBS+0.15M NaCl and dialyzed

into PBS In Source Decay using .ma et -termin ed the expected
N-terminu@ﬂgﬁ é%e ssg‘étrcegférg %’F% i %tﬁ gﬁé@%ﬁ#ﬁ?ﬁ%@?@@%@?@ %i;g?mining P
AP33/RH-B/RKREmeffiriystod4C hE[agod] RiXcoke. assayteBuedusplasmdiviiesshatice (SPR)
mEZSL:re "ﬁ%&%@ @s/_@\af |ﬂ§9§ﬁ%ﬁi@@ éﬁﬁﬂﬁﬁﬁ%ﬁﬁﬂl\l@mg@ﬁﬁﬁﬁgﬁg@mﬁﬁj?Hef%ﬁbiﬁgdﬂgiﬁ% solu rt:_le E2
s o anti . A format of capfure of the niz ntibody on_an anti-hu c sensor chi
gurfa)ce, foﬁf’&ﬁgg CRINELS ﬁlo%hc?fr %lfg?f’e%e Sﬂ%'(gﬁraﬂ%tﬁb%%%t%?ﬁﬁ%ﬂé%%%’%g?%qéﬁﬁ- uman Fcp
antibody wegs idovttentnlinked R trdugendbe phigisURdde RKiHpadritteORERISIN 2astodiggested by the
manufactuggy.. L fdmaniaet 0ROk WasgaB I %@ng@lﬁﬁé@gf@ Mrnpt@iBn3 el solution at a

flow rate of 30 jiL/min, Sensorgrams were collected for 60 tiL injections of SE2 solutions followed by

monitoring ¥ HEESEATISh YO RS G L A HE %R ASEH SRS LR e A TG LHASH BT TREREEIS of a 15 pt
aliquot of 3dicMyg@i2nsagttind inlidissboitielr birthiedntibodyaactigenStomlipktbo Y Thptlise antibody.
Measurem@&@%@&@@%}%@@ﬁ%@%&%ﬁ%@@m@w BamkB6.4M-to 50 M in 2-fold

increments. All measurements included real-time subtraction of data from a reference flow cell with no

captured BB SHABITy CAIS LR PG A S rifettig BHeRTEES Bt WA L ELeetHtrase. The
running bufferfinds-tlepesflRificied Baknglephtdhidy dnditheete fijpeshiviteonias 28 Ppléhese. data were

analyzed with g, 1,4 LaRgmHIpAIRYAREEL MIING.SRIVAI e SPBiiet by ihs manyiaciuer, to
determine the kinetics constants. [0395] Scatchard analysis: Affinity of RII-C/RK2b to HCV E2, as part

of the EI EP¥i&te idierBgiietisd 0at MBI B RIS RsHdErniHeL ARG a radioligand
cell bindingnassajurnt hedntind GMdeaniiho digseRihC ARG AN RIG/RIC2Eabyimaig iodinated using
the lodoasq.methat Mg AdipaReird AN i AN bAsIEREIE RIS IR e, dgo! N by el
filtration using a NAP-5 column. The purified RH-C/RKZb an RH-C/RK2b Fab antli)odles had a
specific actRHBPOf 1708 HERsG S esstzr Bty plsrespediel fo Sideftion redcrbrMiftres of 50 pL
volume CORKAICIRE 2bTPeedcDReenipdionaliodinatad amtibaey atdod¢eiersiagsaitioantations of
serially dilgied uplabeler antibodyaers Plaped inio. SGuel plajes, 3351 sl egs ansfected with
Fugene6 transfection reagenF%F?oc eSl as per manufacturers recommendations. Cells were
transfecte§ WP P EFPALOPFAS A gellssra OuUMRter G R AE relehGanapeiEInASRIHE Bith5 ml. of
Freestyle medium (Invitrogen, Gibco) without any supplements. Cells were detached from plates 48
hours post transfection using Sigma Cell Dissociation buffer, washed with binding buffer (50:50
DMEM/F12 with 2% FBS, 50 mM FIEPES, pH 7.282nd 2 mM sodium azide) and added at an
approximate density of 2x105 cells in 0.2 mL of binding buffer to the 50 p L competition reaction
mixtures. The final concentration of the iodinated antibody in each competition reaction with cells was
-200 pM for RH-C/RK2b and -500pM for RH-C/RK2b Fab and the final concentration of the unlabeled

antibody in the competition reaction with cells varied, starting at 500 nM and then decreasing by 1:2
fold for 10 concaentratione Combpaetition reactione with celle weare incirihated at RT for 2 hnotire



WO 2009/081285PCT/1B2008/003952 cells for each concentration of unlabeled antibody was
assayed in triplicate. After the incubation, the competition reactions were transferred to a Millipore
Multiscreen filter plate and washed 4x with binding buffer to separate the free from bound iodinated
antibody. Theffét&REE5counted on a Wallac Wizard 1470 gamma courtfeF [BEAiEIPer Life and
Analytical Sciences Inc.). The binding data was evaluated using NewLigand software (Genentech),
which usesdheffitiad atgoritmiicofofiumidsicdadiRabare hMayrson tEhligatandily tRodhéxdoAnal Biochem

107:220-39, (13800} driermins.dheindipeaffintingidhe Anikody dransralion Qbiniactious cell
culture HCV. (HCVcc) [0396] Generation of plastnids encoding full Iengilh HCVcc genomes: Full length

HCV genofhh hﬁBFiﬂéIbgﬁféelﬁf%ﬁ%‘ed%%ffé‘é%%ﬂ@w@ﬁﬂ@émﬂ@ﬁm&i 8 B\eBUtEH g Yo Gene
Oracle IncofM &Vaitai Witied/] 00 kaisingcArg@epliovibes: flofd Hod of ¥t {7 8)icdbds Idcan@heonl as
described mnﬁiﬁg'}l%gaém&mggﬁ%m @Q@{é&ﬁéﬁ@&%ﬁ%ﬁ&@%ﬁﬂ&éﬁ%ﬂ639 for

HC-J6(CH) (clone pJ6CF), Con! and J1FH-TI, respectively]. Chimeric HCVcc viruses that encode the
J6 and Coﬁ%ﬁ@&&%@@?&%%%ﬁ@@?%%ﬁt BANsBedhedatrriiioskur 1NSHNBSB region were
generated@ssdpsoribecpietie bilyitR idlybme adtitetial., Proc Natl Acad Sci USA
103:7408-13(200@%;1;9 %%kﬁlfggg {g@g@[&;wg&}é@y}%@c NA fragment containing the 5'-

0 Yy

untranslated region (UTR owe the neomycin resistance gene and the Encephalomyocarditis

virus interh& ¥ osErre aiRAERE I IR ST R fersEnt X Ak g B ascCOR) epidhPTR| restriction sites
was chemigaliynsy fithre$iZeiCBy 20 Soniicin gvig: Gendcaiaglethasiz¢Mpuniasuvieyne Géye The plasmid
encoding EERHCRNAR LY CH e %%g?‘%t%?\ﬂysg SRUDR VIR RePR| b el k o)rgg" (16/C3) and

Conl/C3-neo DNA fragments weré ligated Tnto pUC19 vector using uniqu€ EcoRlI an &% restriction

. sites to gefierated e NGB datshere Corrre R mesrosd ) THGRr o draR E8TiptbABeA&R3der puC-Jcl and
pUC-Conl/g3-J5e0p | asmidg svgnectigestad sith, xbalctwhigh dhiaeatadcatdhadsenphoédhadCV
genome. of pJC-Jel and pUC-Caonl/C3-n ere_ di overnjgh 7 j 0 U Xbal in a
el vorm R B B L e e
previously'ssE8 Kas&ER51254Bs desaribed preyigusB 7RIS 1paor) Ti stk d tradsetibtishSeé Bctibns were
performedigsinguthes T2oddpgas et kit-(@snboR:asHEY anufat ki snsHiecammmangations. HCV RNA
was extracted using, pheno roform and ethanol precipitation, as described previously. See
Kapadia. ST B R R A e B e T 7. oao8] Generation of HOVCC
stocks: HURTEB eleny orerd tatnreatirebsietacDiiede SIS oalRES Einiets faekidhy (c-DMEM)

(supplemerder withrhQYedatatibeving serurRIBER] Ak irnd pepitiincHQuughnbsirapigmycin, 2 mM
L-glutamine, and 0.1 mM nanessential aming.acids er osphere of 5% CO2 at 37C. On the
oy of rar STSEREHT CETE Gt P SR S S D SR A SR e et mice vith
Opti-MEMwiadiceRI(@ibRoyhRdthdst sfehdetrdCanifal-conBer igneofs 1oFdedii¢dhinie Opti-MEM. 400
pl of cells {Axd36.cals)RlHg ki iRESRD MErxBEaRsEHheM b & i grren:RMApvere added to 0.4
cm electro or?}' n cuvettes (BinRad). Electroporation was performed using a Gene Pulser (BioRad)
using the foHOWING Parameters: 0.27 kV, 100 Ohms and 950 pF. The cuvettes were incubated at RT
for 10 min(fié¥7io aowrtheapetisptivreeapératebEidré andpsierting! thé-vediplimtadre®162 flask
containingegsLIMEM GRS Weie tnpsiniaadians splitwheneviluresteasned8R80% gfronfluency as

required. Supernatants were harvested starting at 3 days post transfection, clarified and infectious viral
titers weré’mea %JZQ using’ ?ﬁeedﬂgﬁﬁ‘%ﬁvgﬂlﬁﬂtaﬁ%ﬂ atsFaY dealima ‘BJé’\?ﬂBﬁfh‘}f &'t indenbach,
B. D., et all h&tibmee 8096246420080 Sdpemnpiad phveie adigooted perdstdyetkakapdGa, Generation

of HCV psguslQparticlas, (RICMRRA399), Blmi%@ﬁ%@yqéa@a@{mmgeﬁoﬁﬂgd%&%lwotems from
HCV genoﬁa(gpes la (H77), Ib,(Conl) and 2a (J6) were generated as previously described (Hsu, M. et al,

Proc Nat! XEHEH! s miery sme st S rdeinesddny BYR A f&#e§fon encoding El
and E2 (ansigopitainintjlthefsignad péptidiepfeoipititeCateluniibe pidviGWIzdfe) Rupsdtiphiarl #nto the pRK

mammalia,ﬁefp[t%ﬁig%ggg%d&geﬁg@@amog@ap&e,%@ plasmids, pRK-H77, pRK-Conl and pRK-J6,
respectively. The 48.9 pa\ckaBgz;(r}(ga lasmid was originally acquired by Genentech from Greg Hannon

(Cold SprityWarb&iereBey Bafirrtrd el W suted iy e e teNtire B otechnology
15:871-87m¢d#98d EaEhe Medbvh [ DIRES-@shiED aleswit iHe feed fiednp siGVIFBsIsmiiel, which was
obtained tach fram Greg Hannon 4. Spring. Harb nd.en s firefly luciferase
and DeRes O L BT AR v B e B0 ¢ R R ST were
produced AfiffRgY IR FErspisraescrbEBhrediotshnBafvsehrasEeden. yeixyNred
197:633-42(2003)) with some modifications. Briefly, 2.5x106 293T cells were seeded the day before in
10-cm plates. The following day, the cells were co-transfected with the FCMVLuc-IRES-DsRed
plasmid (5 jig), 48.9 transfer vector (10 jig) and eitB&r the pRK-H77, pRKConl or pRK-J6 plasmids (1
Jjig) using Lipofectamine 2000 (Invitrogen), as per manufacturer's recommendations. Six hours
post-transfection the OptiMEM medium (Invitrogen, Gibco) was replaced with c-DMEM. Two days post
transfection, supernatants were harvested, clarified and further purified by ultracentrifugation (3000

rpm for 5 minutes) and used in infectivity assays. 5x103 Huh-7.5 cells were seeded in white walled
AQA_weall nlatace (Coctary The followina dav calle ware trancediiced with annronriate dilivition of HC\/nn



ELJSA assay to determine antibody binding to HCV E2 [0401] Preparation of E2 lysates: 293T cells
were transiently transfected with 10 jig pPRKH77, pRK-Conl or pRK-J6 plasmids using Lipofectamine
2000, as per manufacturer's recommendations. Forty-eight hours post transfection, cells were washed
with PBS andtREANEISER 1 jt.L lysis buffer (20 mM Tris-HC1, pH 7.4; 156 KIRZPS08ER1 mM EDTA;

0.5% NP-40; 20 inM iodoacetarnide). The lysate was incubated with shaking at 4C for 20 minutes and
centrifuge @ Yer i Bispintaskeditiéce pi BgtshBdYhaednira Oiven aatetespadedts HiNBA plates. [0402] HCV

E2 ELISA:cEzLds%&aasﬁ@ywb&emiﬁpﬁﬂmﬁm?muqulmeﬁ@(md@ é(?g %wai@pllg@./fmﬁi@.i J \:]irol |
79:11095-104(200 ri -we ulon es were coated with 0.25 lig/we anthus nivalis
ectin (OnE SR T B BT G e PSR it 25 Haces were
washed 3EiicPBSiebheaiptigroebmrewssnc Ry PEBTR g s Witiodeviygs ateadittimed in PBST and
incubated gbRIVIONE bRMESnPUstinRSTRE Chvemis kite Yinieaterhpriient Refanvriestiligeehin 2% skimmed
milk powderf BST and in%ulpat%d far 1 hotFr agFT.tAfterﬁ%éNth es with PB: gBQ‘Oét well of
anti-human’] 5%%}’5@%%8 Seconi §Wn§n 13}ee f was atded at'a difttion 6 i: inPBST and
incubated Yeare thypeinigedmd Yl wheoe relvees ineatied HitPIRRETonie:w0E s wetrech Srbeneehoith 100 }HL
1 fzzlg)j%@}gli\%&ﬁfedéﬂﬁﬁiga%f?%@iﬂéﬁéﬁéet%‘ﬁ?&g@ﬁ@‘é{ﬁ{@%ﬁé&ﬂggc}lj% @dding:50 Ii; fwel of 051
an wa ured using a Synergy. 2 plate reader. (Bjo nstruments). cc
infection LSO P M B S B E Y = e B B ot The
following ddy Stieeei¥dwts RfidoteSupdthatielor @onllBSedeadi@vdaat’/A Multiplicity of infection (MOI)

= 0.3. To identify antbodies hel nesliphizs: bl Vigevaptibodies were diluted to 150 jtg/ml in cDMEM
In a separate 96-wg/|l plate. HCVcc and antibody

and seven_3-fold dilutions of the antibody were m )
dilutions mﬁgr”g%c]o ﬁfgﬁ‘%}?‘%}aﬁ?&%‘fﬂ%ﬁé‘bﬁ%} i“ﬁ&?ﬁ&icg%‘?ﬂﬁso??@iﬁ&u%&ﬂﬂ%ﬂ‘?é&@ Huh-7.5 cells.
Total RNAM/ES, HarifestBduB! day pesteipfectind anprdlCMIRAEAcrbpli¢BoMmedstredNag! a ratio of

HCVIGAPRH £RNA) Wag et Dinees|sing REoRhGdias.dessrhad Q@@go@d%@@tmﬁé HCV
Infection [0404] FICVcc RNA replication: For experiments performed in 9 -Well(ﬁl_llg%es, total RNA was

extracted TSN HEENraRe TistSepalRerudrfin &y Sedtproridlay, eporantlrrs hinih haefer's
instructionsaRMAi firorrpeashnvettwas ghutet ihte:4H0:¢thn phhRiNds pHIGE Watdkald tkdof RNA was

reverse tragseribedsing. therlagman Reystsa.TrapseUBlion Reassnidci (@anlind Piasystems)

RT-gPCR was performed using 5 'AL of iIn a 251.11.7 reaction using TagMan Universal PCR
Master Mif (2P Bibslfstarte) Hrstan ke dbryiidabiassro 8 ierd)\iigg 2utferey et al.,

2009/081 2¢5RHE Bt RAN8003352-fugeker pingrINe- DiycBidaiRte rdaphiasp haiedsiaidydrogenase
(GAPDH) termin s;an.internal enous eont | for;amplification.efficien 0Iand
H“Oﬁ?driﬁn_ v §1 NRed A% %[a;%efﬁ‘lfg\% Mot O G P & (P?oﬁﬁé‘éﬁ%gn%b‘?ﬁ%’

normaliza primers and probes fo and GAPDI-1"are as tollows: sense primer,

5-CTGCcdarkame s licinenizescidsRedbise birhidi BY geretaafdRACGAGACCTCC-3,;
GT1b prokg:enAMspLGRAGEGCTCGTCCTGGCAATTCC-MGBNFQ; GT2a sense primer,

S-CTTCAf ol CHLORSES Tl G T HERUSFSS PSR e T T ERIRE A GRCACT 3
J Exp Med 197:633-42 (2003)) with some modifications. Briefly, 2.5x10° 293T cells were seeded
the day before in 10-cm plates. The following day, the cells were co-transfected with the FCMV-
Luc-IRES-DsRed plasmid (5 y1g), 48.9 transfer vector {10 pg) and either the pRK-H77, pRK-
Conl or pRK-J6 plasmids (1 pg) using Lipofectamine 2000 (Invitrogen), as per manufacturer’s
recommendations. Six hours post-transfection the OptiMEM medium (Invitrogen, Gibco) was
replaced with c-DMEM. Two days post transfection, supernatants were harvested, clarified and
further purified by ultracentrifugation (3000 rpm for 5 minutes) and used in infectivity assays.
5x10° Huh-7.5 cells were seeded in white walled 96-well plates (Costar). The following day, cells
were transduced with appropriate dilution of HCVpp. Seventy-two hours post-infection, cells
were lysed in 1x lysis buffer and luciferase activity was measured using the Luciferase Assay

System (Promega), as per manufacturer’s recommendations.

84



GT2a probe, 6FAM-TATGAGTGTCGTACAGCCTC-MGBNFQ; GAPDH sense primer,
5'-GAAGGTGAAGGTCGGAGTC-3'; GAPDH anti-sense primer, 5-GAAGATGGTGATGGGATTTC-3;;
GAPDH prob% 0Vzl{gl-AT%%CCCCTTCA TTGACCTC-MGBNFQ. Fluorescence was monitored using a
7500 HT real-time ‘B@ machine (Applied Biosystems, CA). [0405] Titration O iSCHotE HCVec:
Infectious HCVcc present in the supernatants of infected cells was measured as described previously.

See Lindenbach B3, 4wt fo Setatiées 309Pedrbadraas f1E¥iéfy, titrations were performed by seeding
5x1h03 HU:'[0714%}39|br@mmb@0%mﬁtm9?e@&@&%igﬁl@ {gﬂﬁﬁé@ﬂ% day, qul@lm%rﬁ inoculatedd )
with 10-fold_dilutions, of super ts in a final volume of 1 L. Three days later, cells were fixed wit
4% parafo?{rr?ziﬂgmﬁgni}hogg%ﬁggﬂ%ﬁnm“ﬂsn‘g&gi% l%];scaggg% %(g)d BB Ae 4R adia, S. B. et al., J
Virol 81:374<8@(200wy)nwilfetineighti HICY posraaasftibonly c<l7 BO Nhtad iR iFRS avdtbepalculated
according {a.the,meth 193&@9@@&%%%@@,%&@@ﬁq@pm&%ﬂq%mwm%%ﬂa?- D.etal,

Science 309:623-6 (2005). Effect of sera from chronically HCV-infected patients on

RH-C/12Kk 28 rdeagstrstideh Ths Sras Ansjrestatd Yigiret SEPRAPIHPIFGIE HCV-infected
patients am@gﬁn@ﬁd@ﬁ@ﬁ&@ﬁ%e&ﬁﬁeﬂ snpetﬁtaﬁaaikthfdﬁﬂ_\*b Eﬁﬂcﬁeﬁmwmmeutralization _
assays WeigpRfoppedysing NGV RR, SYSIE L ISR 1A% %%%gsgbwat%e%'féﬁ&sgﬁzgoncentfat'ons

of RH-C/RIC2b for 1 h at 37C in the presence of either 10% fetal bovine serum (FBé  10% normal
human sertirfit @UHSFr e PedPoT-58¢ BRFSMi Opresll Inveeiay Telashiere oetefsvitilgid 3). Huh -7.5
cells seedag/ireSGwaltnplaiaaNvesain@aatedyds e dCVpp aatibadysaixtwre okauishours

posttransd.ic.}gzti , the medium was replac Wiﬂq] -DMEM containi 0% E fp Ly@sup lements for
the remain éer%?l?ﬁvén @S&W@ﬁ%"é"éé‘%ﬁﬁgﬁ 8 ZP\%%A% %néaggjh%?gg} eereans% c#w ’v(\:/%as!?’ easured as

“described uisbyel! begieldipfed in FHEV mi mpuaatd st RE fwct ddssebimitiots uérhgorkc|BAVas described
e oo VR MMM g
‘ etermine whether RH-( inhibits HCV entry an
infection, ézf‘e F%i%ﬁ8$?sgﬁ%%§%p@%%ﬂsiﬁ B RRR AR LSIRY B EREVB ndPef¥vee. AP33
was used assadbrdinoh dilnige ofify NS spRISHICanhittibatedfbtC Vicen iRy WEGYRIGR2BhddEX/ pp

containing k454 SpAHERCAS M, G hARAGRNNR" S A dR)Wel s, REURAIGHdY fiegresence of AP33
or RHC/RK2b. RH-C/RIC2b inhibited Conl and 15 HCVpp entry equivalently (EC50=0.511 Rg/mL and
0.793 mg/mnytss BsAtERE T8 HERASH biesjsatgive ) /e ot oM S86A aad puadditionaREE/RK2b
neutralizatignOf bath G YR genetyRRTWasseamRasable to that seen with AP33 (EC50=1.417 [tg/mL
and 2.066 iwg/m ﬁ%CC% I ?nd 16 HCVpp, respectively (Figures 39A-C). [0408] To determine if
RH-C/RK2b neutralizéd the mréctious cell culture virus (HCVcc), similar neutralization assays were
performed ¢RBIAP3S i iR O/ @2h PRRS 3 i bitdd7sotticwal st pBiEC Ve fdldavrts comparable

to that preyigualy deseriRedfRrhiGMPR contalning RlEdceauancaadppar miiple Qanefypes
(Owsianka, A, et al., J Virol 79:11095_10‘%?5{‘26% ():)&While RH-C/RK2h inhibited Conl HCVcc infection to

l., J. 9] 05 > RN )
levels comparab R 5 AP I8 {RIGir Rl AR EIC Kes: ATRIRIIS SISty b O # /Bt 8 st -4.7-fold
better tharPME3 B4t genes340B-Glutloxaniple ABBodyffiritym éasur ermpants 98- aelli #HEVHEXY antibodies to
- E2[0409] In f {ifst Ei 3 E:? ;[:ge algé I f'g‘—l?n%% A oH- (/)er<51 S(I')|¢:l>J IoeinE%u g) was
determineJl gy% é%%ggréeﬁgtsigy{g. %otﬁltAP?Q,Saxa{P RH-C??IQ%gzrblgoﬁng %é% Wit qsiml ar(l%agﬁ%ities (-5-8 nM
for AP33 antre3isini/f fsfiR oI RR 20y 2t hasprisadstns 96 Fies g RS \ORBacr RliseBerly bound sE2

with an affimiéyseledb AMEdLAHANIERAROHNIING Shds RERIRINLdA NSINORAL 433 andRiddd/RK2Db to E1E2
heterodim erﬁj‘gxpressed on the surface of 293T cells was determined. Since it is known that 293T cells
transfected with plasmids encoding E1E2 express functional ELE2 heterodimers on their cell surface,
scatchard analys&4raigperferifed tdedétermine affinities of RH-C/RIC2b and RH-C/RK2b Fab.

Affinities qblikC/RiAR AREARHEHRKADPHoaRkiR col mupateRePresserdiFd 422, ansl 180 ks respectively)
were comparable to.that s ith in the BIAcore assay described.above. See Tahle 10. Table
10: An tibo%%lrﬁzftﬁ?li ﬁliﬁﬁ?érf gﬁ’gé’g ?F%Aqs&aﬂonps%stem o%ega), according to manu?acturer 8

instructions. RNA from each well was eluted into 100 uL of RNase-free water and 4 gL of RNA

was reverse transcribed using the Tagman Reverse Transcription Reagent Kit (Applied

Biosystems). RT-gPCR was performed using 5 uL of cDNA in a 25 pL reaction using TagMan

Universal PCR Master Mix (Applied Biosystems). In all reactions, expression of the
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housekeeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was determined asan
internal endogenous control for amplification efficiency and normalization. The primers and
probes for HCV and GAPDH are as follows:
GT1b sense primer, 5'-CTGCGGAACCGGTGAGTACA-3’;
(GT1b anti-sense primer, 5'-TGCACGGTCTACGAGACCTCC-3";
GT1b probe, 6FAM-ACCCGGTCGTCCTGGCAATTCC-MGBNFQ;
GT2a sense primer, 5'-CTTCACGCAGAAAGCGCCTA;
GT2a anti-sense primer, 5’ -CAAGCACCCTATCAGGCAGT-3";
GT2a probe, 6FAM-TATGAGTGTCGTACAGCCTC-MGBNFQ;
GAPDH sense primer, 5"-GAAGGTGAAGGTCGGAGTC-3’,
GAPDH anti-sense primer, 5'-GAAGATGGTGATGGGATTTC-3;
GAPDH probe, VIC-ATGACCCCTTCA TTGACCTC-MGBNFQ.
Fluorescence was monitored using a 7500 HT real-time PCR machine (Applied Biosystems, CA).
[0405] Titration of infectious HCVee: Infectious HCVcce present in the supernatants of infected
cells was measured as described previously. See Lindenbach, B. D. et al., Science 309:623-6
(2005). Briefly, titrations were performed by seeding 5x10* Huh-7.5 cells in poly-L-lysine coated
96-well plates. The following day, cells were inoculated with 10-fold dilutions of supernatants in
a final volume of 100 pl.. Three days later, cells were fixed with 4% paraformaldehyde in PBS
and immunostained as described previously (Kapadia, S. B. et al., J Virol 81:374-83 (2007)) with
an anti-HCV core antibody, C7-50 (Abcam). Titers were calculated according to the method of
Reed and Muench as described previously. See Lindenbach, B. D. et al,, Science 309:623-6
(2003).
Effect of sera from chronically HCV-infected patients on RH-C/RK2b-mediated
neutralization
[0406]) To determine whether sera from chronic HCV-infected patients antagonized RH-
C/RK2b-mediated neutralization of HCV infection in vitro, neutralization assays were performed
using the HCVpp system. HCVpp was incubated with different concentrations of RH-C/RK2b for
1 h at 37°C in the presence of either 10% fetal bovine serum (FBS), 10% normal human serum
(NHS), or 10% of sera from chronic HCV-infected patients (CHCHS-1,2 and 3). Huh -7.5 cells
seeded in 96-well plates were inoculated with the HCVpp:antibody mixture. Four hours post-
transduction, the medium was replaced with ¢-DMEM containing 10% FBS plus supplements for
the remainder of the assay. Three days later, cells were lysed and luciferase activity was
measured as described above. Levels of anti-HCV E1/E2 antibodies were determined using

ELISA as described above.

Example 15A: Neutralization of HCVce and HCVpp by RH-C/RK2b
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0.6 RH-C/RK2b Fab " -50 WO 2009/081285PCT/1132008/003952 Example 15C: Sera from
chronic HCV-infected patients do not antagonize RH-C/RIC2b-mediated neutralization [0410] In order

to determine nic patient sera, which contain anti-HCV antibodi onize the
I RS

neutralizing a /RK2b, a neutralization assay was performed using pp in the
presence of 10% normal human serum (NHS) or sera from chronic I-ICY-infected patients (CHCHS-1

and -2). RILER I CEp Jrrmirg el GG S shpariplecrivetedinepiotisedtmiea®arce of human
serum (FigisseydidA pefforgetimting nhediheisihe seic FOwp HHa\B{IYectagatienissera gontained
antibodies ' =l LISAASS f rp%q_dgﬁ' I)g@{,e from.GT Ib (Conl)
E1E2-trans egbgjf%%'lg%gﬁs‘é%pgﬁg% ﬁﬁtﬁ)%s (ﬁgg%sﬂgtl gi startl_née%’an inﬁ?aﬁ concefitration of 10
yg/mL werEiFeqaenesntieis SRS o) Lk Sikd (00 P Shrad et ot ieRangs, 8- berdident binding

was detectek kit REtL/RINIBshHH M niaat e DRIV Sesa:-H Uggeatngy Rt ibey nqntaines£onl HCV El
i patont S RS e HOTNHaRe RRE RETF B P LRI e A e i viro.
Reference§/Rioreypnrdiastich irbdthl B0 MphagyByB&- 4 4s(d9899kaBle Yagmnilkedd vathoh PProteins 40:355-66
(2000).  (BCsy=1.417 pg/mL and 2.066 ug/mL for Conl and J6 HCVpp, respectively (Figures 39A-C),

[0408] To detenmnine if RH-C/RK2b neutralized the infectious cell culture virus (HCVce),

similar neutralization assays were performed with AP33 and RH-C/RK2b. AP33 inhibited both

Conl and I6 HCVcc to levels comparable to that previously described for HCVpp containing

E1EZ sequences from muitiple genotypes (Owsianka, A. et al., J Virol 79:11095-104 (2005)).

While RH-C/RK2b inhibited Con1 HCVcc infection to levels comparable to AP33 (Figures 40A

and C), RH-C/RK2b inhibited 6 HCVcc at least ~4.7-fold better than AP33 (Figures 40B-C).

Example 15B: Affinity measurements of anti-HCV E2 antibodies to E2

[6409] In further experiments, the affinity of AP33 and RH-C/RKZ2b to soluble E2 (sE2) was
determined by BIAcore assays. Both AP33 and RH-C/RK2b bound sE2 with similar affinities
(~5-8 nM for AP33 and 3.8 oM for RH-C/RK2Zb). In comparison, the Fab fragments of each
antibody bound sEZ2 with an affinity of ~50 nM. In addition to binding sE2 protein, binding of
AP33 and RH-C/RK2b to E1E2 heterodimers expressed on the surface of 2937 cells was
determined. Since it is known that 293T cells transfected with plasmids encoding E1E2 express
functional E1E2 heterodimers on their cell surface, scatchard analysis was performed to
determine affinities of RH-C/RK2b and RH-C/RK2b Fab. Affinities of RH-C/RK2b and RH-
C/RK2b Fab to cell surface expressed E2 (~5 and ~50 nM, respectively) were comparable to that
seen with sE2 in the BIAcore assay described above. See Table 10.

Table 10: Antibody Affinity (nM)

Antibody sE2
AP33 5-8
AP33 Fab 50
RH-C/RK2b
RH-C/RK2b Fab
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3. Owsianka A. et al., J Gen Virol 82:1877-83 (2001). 4. Patel A.H. et al., J Gen Virol 81:2873-83
(2000). 5. Owsianka A. et al., J Virol 79:11095-104(2005). 6. Fiser Act al., Protein Sci 9:1753-73

(2000). 7. Fis @g& i A., Methods Enzymol 374:461-91 (2003). 8. Sali % dell T.L., J Mol
Biol 234:779-2’@?1 93 %. Saldanha J.W. et al., J Mol Biol Immunol 533%"2%3123 R 0-00710

(1992). 10. Foote J. and Winter G., J Mol Biol 224:487-99 (1992). 11. Chothia C. et al., J Mol Biol

186:651-6342AH5 )1 512 Sexh@ihriackropic HG Wagut & BAR S s(38 241 H8orlide RIAC/ARIBL-ekaluddepatology
43:592-601%9{%%. 14. Mierau R. et al., Rheumatol fat 12:23-31(1992). 15. Ghosh S. et al., J Immunol
0

174:2860-9 "16. Nielsen H. eta]., Protein Eng. 10:1-6 (1997). [0411] All publications mentioned

in the abovg4apecification R beipinhcaRoraiad Ridaiaiancaiciapus madiftatiens.ard variations of
the described Methoti And syslem.ofing INGRIGRI S 3RBRISIL0. s sdllegn e an withour
using Conl HCVpp in the presence of 10% normal human serum (NHS) or sera from chronic
HCV-infected patients (CHCHS-1 and -2). RH-C/RK2b inhibited HCV infection to comparable
levels irrespective of the source of human serum (Figure 41 A). To determine whether these
chronic HCV-infected patient sera contained antibodies against genotype ib, an ELISA assay was
performed using lysates from GT1b (Conl) E1E2-transfected 2937 cells. 3-fold dilutions of RH-
C/RK2b starting at an initial concentration of 10 [tg/mL were used as controls. While no binding
to E2 was detected with NHS, dose-dependent binding was detected with both chronic HCV-
infected patient sera, suggesting that they contained Conl HCV E1E2-reactive antibodies. See
Figure 41B. These results suggest that while anti-HCV antibodies do exist in patient sera, they do
not interfere with the ability of RH-C/RK2b to neutralize HCV in vitro.
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[0411] All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system of the

invention will be apparent to those skilled in the art without departing from the scope and spirit of
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the invention. Although the invention has been described in connection with specific preferred
embodiments, it should be understood that the invention as claimed should not be unduly limited to
such specific i s. Indeed, various modifications of the describelgj (;1 r.carrying out the
invention Whi&ma%éég(})%‘ég%s to those skilled in molecular biology or relate #é‘%sggsgé%ﬁ%nded to be
within the scope of the following claims. CLAIMS: I. A humanized antibody that binds hepatitis C virus
E2 protein®f @ﬁ%ﬁ?ﬁgeﬂ%ﬁ%@%ﬁﬁ@&hﬁ&%ﬂw@@ﬁit?féi?ﬁﬁﬁ?&ﬁ&@d@ﬁtﬁfdﬂ@f%re&ntigen binding
fragment tbereafmamprisesia vakakicthebuy: chai comais deipeteddiodhie: grauy tansisting of SEQ
IDNO: 10, 860, RN SRR N2, SF0R NORESEQRNAIA, SEQUDNO.A5, SEQ NO:16,
SEQ ID NO:17; and SEQ ID NO:18, and a varla%_e |g11t chain domain se ected from the éroup
consisting 8t SEGEHDYEIGR thyrige 2, Beer b o:molesparSpbarrneaw foldy A humanized
antibody omasiidge b bingime irrgospabiheseafafistainins wherein the antigen binding fragment thereof
is selected from the group consisting of a Fab fragment, a Fab' fragment, a F(ab')2 fragment, a say, a
Fv, and a diabody. 3. A nucleic acid comprising a nucleotide sequence encoding the variable heavy
chain domain and/or the variable light chain domain of the humanized antibody or antigen binding
fragment thereof of claim 1. 4. The nucleic acid of claim 3, wherein the nucleic acid comprises one or
more nucleotide sequence selected from the group consisting of SEQ ID NO:26, SEQ ID NO:27, SEQ
ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ ID
NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, and SEQ ID NO:40. 5. A nucleic acid
comprising a nucleotide sequence complementary to the nucleotide sequence of claim 3. 6. A vector
containing the nucleic acid of claim 3. 7. The vector of claim 6, wherein the vector further comprises
an expression control sequence operatively linked to the nucleic acid encoding the variable heavy
chain domain and/or the variable light chain domain. 8. A recombinant cell containing the vector of
claim 6. 9. The recombinant cell of claim 8, wherein the cell is a eukaryotic cell. 10. The recombinant
cell of claim 9, wherein the eukaryotic cell is a CHO cell.
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11. A method of producing a humanized antibody, or antigen binding fragment thereof', comprising
growing a recombinant cell containing the nucleic acid of claim 3 such that the encoded variable heavy
chain domain and/or variable light chain domain is expressed by the cell; and recovering the
expressed the humanized antibody or antigen binding fragment thereof. 12. The method of claim 11,
which fugther;camprises isolating and/or purifying the recovered humanized antibody or antigen
binding fragment thereof 13. A pharmaceutical composition comprising the humanized antibody or
antigen Hinglihgnfragrbnitthete dfaoboldirepaaind @ phay apeutivallyacoeptaliédanrigrgnexcipient. 14.
A kit comipsisingvthe-hmanizaghartibedyar antige pdaipting dragment theteotohelaim 4 and

- instructions; fer-adavpisiering said fymanizes antibiedy %lﬁmgr&m@m@)mm@ﬁbwm 15. The

nepatitis R R Al Wér%grg% ?%%ﬂ%f e et
thereof d E‘#‘?i t%hﬁweag?? l)rin(“erzll ga%ﬂggég& iihoé roup consisting

ofa Fab‘??&@’ﬁﬁlé’ﬁtO%éEéb”?réﬁPr{éﬁtﬁg F:E)aWS)z fgggﬁk, HtNé)ééi:\fngﬁﬂWéHd\@d’%Qbody 17. The

humanized antibody or antigen binding fragment thereof of claim 15, wherein the hepatitis C virus
infectionds HIF AETHE e ARHEOC AR RACHIH Mg & Frens iamsizde Bdody e riti§entisrting
fragmenbindirepfrafrofaintheBolvhersician & o phtisotpvirusi hfertion listaliclgromit héphtitis C virus
infectionfrd®nchine: Mhapizadmntilody ok antigedh dddiody fragment thereof of claim 15, wherein
treating the hepatitis C virus infection comprises reducing viral load. 20. The humanized antibody or
antigen Binding:feagroenictheraofzof olalmoikl, wienein saic higranized-énibod i adtigambinding

fragment faesegkisd9.be administe Rehwith aiseronddhesapautigyagenti oSl Assaymeathod for
identifying.an agent that improves or enhances the efficacy of the neutralizing activity of the
humanized antibody or antigen binding fragment thereof of claim 1 against hepatitis C virus,

comprisigg e Siaps of gaaf%%m%t%é@m ngm@pgsgcmm vl a{w&%&em@%m@ment thereof

with an agent to be test eterminin r e efficacy
of the hur% inized %Iﬁflﬁog Olgr ae ﬁiz)uﬁ’ Bmalsm”#o\?l E[E? ereo ingnézll}pj %@ﬁz N E{}#?Bcﬁnty of hepatitis
C virs. SEOACAUAROH R LR G ok oGS S AURAES b MU AR G SE A R sarmple
comprisifgthe §§&69Mﬁ7aﬁﬁ@d%ﬁf@é§y§ﬁ%h@d\éﬂ %?nélﬁbgﬁébm&ﬁ@tﬁ%reof of claim 1.

5. A nucleic acid comprising a nucleotide sequence complementary to the nucleotide sequence of
claim 3.

6. A vector containing the nucleic acid of claim 3.

7. The vector of claim 6, wherein the vector further comprises an expression controf sequence
operatively finked to the nucleic acid encoding the variable heavy chain domain and/or the
variable light chain domain.

8. A recombinant cell containing the vector of claim 6.

9. The recombinant cell of claim 8, wherein the cell 1s a eukaryotic cell.
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23. The method according to claim 22, comprising the step of: contacting a sample from a subject with
humanized antibody or antigen binding fragment thereof of claim |

10. The recombinant cell of claim 9, wherein the eukaryotic cell is a CHO cell.

11. A method of producing a humanized antibody, or antigen binding fragment thereof,
comprising growing a recombinant cell containing the nucleic acid of claim 3 such that the
encoded variable heavy chain domain and/or variable light chain domain is expressed by the cell;
and recovering the expressed the humanized antibody or antigen binding fragment thereof,

12. The method of claim 11, which further comprises isolating and/or purifying the recovered
humanized antibody or antigen binding fragment thereof.

13. A pharmaceutical composition comprising the humanized antibody or antigen binding
fragment thereof of claim 1 and a pharmaceutically acceptable carrier or excipient,

I4. A kit comprising the humanized antibody or antigen binding fragment thereof of claim | and
instructions for administering satd humanized antibody or antigen binding fragment thercof.

[5. The humanized antibody or antigen binding fragment thereof of claim 1 for use in treating or
preventing a hepatitis C virus infection in a human.

[6. The humanized antibody or antigen binding fragment thercof of claim 135, wherein the antigen
binding fragment thereof is selected from the group consisting of a Fab fragment, a Fab’
fragment, a F(ab’), fragment, a scFv, a Fv, and a diabody.

17. The humanized antibody or antigen binding fragment thereof of claim 15, wherein the
hepatitis C virus infection is an acute hepatitis C virus infection.

18. The humanized antibody or antigen binding fragment thereof of claim 15, wherein the
hepatitis C virus infection is a chronic hepatitis C virus infection.

19. The humanized antibody or antigen binding fragment thereof of claim 15, wherein treating
the hepatitis C virus infection comprises reducing viral load.

20. The humanized antibody or antigen binding fragment thereof of claim 15, wherein said
humanized antibody or antigen binding fragment thereof is to be administered with a second
therapeutic agent. '

21. An assay method for identifying an agent that improves or enhances the efficacy of the
neutralizing activity of the humanized antibody or antigen binding fragment thereof of claim 1
against hepatitis C virus, comprising the steps of:

(a) contacting said humanized antibody or antigen binding fragment thereof with an agent to
be tested; and :
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(b) determining whether the agent improves or enhances the efficacy of the humanized
antibody or antigen binding fragment thereof in neutralizing the infectivity of hepatitis C
VIrus.

22. A method for determining the presence or absence of hepatitis C virus in a sample,
comprising the use of a humanized antibody or antigen binding fragment thereof of claim 1.

23. The method according to claim 22, comprising the step of: contacting a sample from a subject
with humanized antibody or antigen binding fragment thereof of claim 1.



