ANTI BODI ES HAVI NG REDUCED | MMUNOGENI CI TY I N A HUMAN Rel at ed Applications
5This application clains the benefit of U S. Provisional Application No.
61/ 330, 26%0 2hi@Beon April 30, 2010. Al the teachi ngs ®CTIUSR011/034598
above-referenced application are incorporated herein by reference. Sequence
Li sting 10The_jnstant ap Ilcatl on cont ai ns a Sequence Li stl whi ch has
been subni tANTTBOIHHES QG(EDHCJE e inits
entirety. Said ASC I copy, createdﬂoﬁ Agé*l 29, 2011, is naned
ALXN155W t xt, and is 29,908 bytes i M 15Techni cal Field The
field of the invention is nedicine, inmmnology, nolecular biology, and
protein chem stry. Background 20Adm ni strati on of rodent antibodies (e.g.,
nouse, rat, or rabbit) to a humala&dﬂﬁaifnﬂiﬂchtyonrsesul ts in the production in
t he human of anti-rodent imunogl obulin_antibodies. The antl - r odent

anti botli es canTRE@PPRIAtiLB Ciips Bsthsefital U RerrapeipnaApRlitation Nof t he

t her apeut p s of

non- hunanbg/%'?? glqgés&?nAghﬁéé?ﬁggnAgﬁﬁ?%ogﬁg%&tg%%%? g{er%%%)(g a human. To
over cone tppleadn pre didogmrated @ereonbhiehimencant i bodi es can be re-engi neered as,
e.g., chimeric human anti bodies or CDR-grafted human anti bodies. In a human
chineric anti body, the variable regions are of non-human origin (e.g.,
nmouse origin) and the constant regiRRAs: BlsGn®f human origin. The generation
of CDR-grafted antibodies, often'referred to as humani zed anti bodies, is a

I f
Tor e ST PAACERRy MARLEN AR TS (M AR IR ORI
human ant viaHLESRW chrind holkyrclfyHAERporagsidone&scrae én &5 i:lhtireuye paid A8Ciflor each of

t hese re-engi neer d ant i body vari ant t et al. [(2003)
G n CancEMIREST64 p3gu 33 610 el dr i A0 posssfinfouin st body,
when 2661gZ£18 21 adm nistered to human col on cancer patients, elicited a

HAHA response in 73% of the patients. In another exanple, the chineric
anti-TNF anti body Remicade(r) (Johnson & Johnson) has been shown to provoke

a HAHA response in up to 53% of riqe nmat '.d1 arthritis patients on

nonot hier apy and as high as 15% of%ﬁﬁ—é&—lg%en 5adm ni stered in

conbi nati on t hgpapyldwftih MRERRNIEXRHRne( ﬁ@ﬁun&ogy mddultebidbgydland (2008)
Curr Opin Imunol 20:431-435.) As high as 26% of patients wi th ankyl osing
spondyl i t Pepteie ckerfistind t o devel op anti bodi es to Reni cadeO upon repeated
adm nistration of the drug. Anderson [(2005) Semin Arthritis Rheum
34:19-22] reported that in patients receiving adalimmb (HUMRA(r)), a
fully humani zed 10 anti body, t he iBadkgenmd of human anti-adal i mumab

anti bodies is around 6% with Rem cadeO a lower incidence of HAHA
respotise aga| né@na@aqr?tmrﬁéﬁoma@@ére@éﬁgmw, k&> ArebYOd9 2828 dni ni st er ed
in conbin pra).

tovever . Ao ey e TR UG bENERE il BERuARn SE o R bR ondHP 2

adal i mumabntbexdesndbe aam{adenge_mtfbbdgs carhnmmrahkeeary gotasmmhthresapautitelmheﬁor 15

i nproved nEtthdS for. Lzi t her a{)eutl C antl bOﬁil es to_red
i mmunogenftt &hqr?PeHHFrﬁ% Sedtl§ SUPPIACESISFT TP HENS 9L 1PT u’é]ﬁ’th bodi es
that are HQiR@iS feé g”hi‘ﬁﬁﬁﬂ Xntﬁ%ﬁle?j}}é‘dn%ﬁ%@%recﬁé%rﬂan 210 gs@nt di sclosure

is based, at least in part e discovery by the inventors that the
human2% ed peatidm, U8 sert- hlhmdyatéﬁmhez aarnbe exdnigincesdasyeg.y chimarit dvehn of

i mrunogeni ci.ty.in et ai in th accoppan: ng exanpl es,
over 130 vl dr RS TR AiSiticn \MARu R TRRIY PEHBE Hnd Vi L
patients %ﬁ%l@@gmaf%fnoﬁ%ﬁ{aﬂ@nghﬁ@@lIﬁ@ms@wgal)(aﬁadkﬁe @¥ShntBgogouUr se of
several years The patients were not concurrently adm ni stered an

i mrunosuppiced damen ogeh. derasnerationt PR-mprietanbegicaofigarafcapd & #ved from
the patie t t ai ned

ant i bodi egﬁ@ﬁ@? ého%ﬁ%axlt%cgiqse%%foggéﬁn{ﬁ@l&%\g@%f glgérr?crgtﬁgﬁj‘g (ﬁ- ﬁ fbodies is

i ndi c3d i vaumin acdapiiorantéioidy ahwimplcahivith ddyCDRs pﬁmﬁenﬁgmamaonc&cauhbadyrmb. I t

was found that only 1.2%of the _patients (2 of 161) had | ow, 30 but
det ect abl Hopevyet Bupen anit-hwpen sxitods(HpsUNconewsars silhigportedboResash £ urt her

of these re-engineered antibody variants. For example, Welt et al. [(2003) Clin

Cancer Res 9:1338-1346] describes that a humanized anti-A33 antibody, when

26619718 2 1



anal ysis confirned that neither of the two bl ood sanpl es contai ned

anti bodi es that were capable of neutralizing the therapeutic efficacy of
ecul i zumeWwo 20twis736khe i nventors reasoned that ecul i zunalpctars2tie/osusesl as a
scaffold to create additional, therapeutic antibodies that also exhibit a
| ow | evel of imunogenicity in a human. 26619718 22 Accordingl t he

di scl osur g(?rfl@a%tw%go RIS RS {Cltsﬁﬁaﬁéﬁ?ﬁpﬂ%ﬂﬁ@éﬁf&%f a
donor ant QRQ%.QE%B&ﬁQggﬁhﬁkgﬂ&§9M£&@:&ﬁﬂ@ﬂ@gﬁﬁb&¢ﬁﬂmﬁﬁ§&ﬁ§@khﬁﬂ%!bOdy
scaffold and are | ess inmmunogenic in a human as conpared to the

i mmunogeni&clohysanf) hashleeed shown émpriooldya HARRA hespamse iThp tehifioméer ed ant i bodi es

can be derived, f.rom donor. 5anti bodi,es that, are,kn r redi cted, or are
expect ed. MegalqiE AR e PR or ST ren Ans e Py ek pGeth Fhefe hummn,
especi sl | Ydmhedtertd 8YcahBn&nanées Wth abthdiexher Ssiee 8., desed had herein, the
donor anti body can be, g., a non-human anti body (e.g., a rodent anti body

e.
or a non- YEhCprr Greit dmamtpbikd 1 -5 a AsdngingszZ20do of patighisyviugrkylasie body
that is f . h n ti - . -0 ) response
10ce. o SRR SERTRE RSP UR B i L R REE R} ¢ oty o the
donor ant hdrafysttafioRohthowif)g. Afderaddr200anSéhady /ait/ Riteuhlel: 18321l ti ng
engi neered anti body can be an _antibody that is useful for treating or

di agnosi niFPargd Brt & Rasepts rgechingiidatiasewb (HLM RN aylly semapiged udi ng,

W thoyd | hﬁﬂﬁoﬁ%} tﬁ@ incdnBOGLhumA ki BfkuAb 23t B8HALS atfind 6897 A€ fvithan

i nfl ammat ory condition, an autol nmune di Sease, a neuréioglcal di sorder, 15a
hemat ol ogRealicade®pa thever irandbnac cHAIHY ecspaisangansadadénumAls was sbiessed i n t he

wor ki ng Ex |.es, .eculizunmpbh is a humanized anti body havi set of |ight
hai 1 1t aHORbHE eGSR DI R B LoD 3 g PGRC LA HIFREL ¢ and a
set of hegvy0pRRidyfih apBwelk, A@ﬂ!eﬁ@ﬁald%fuhHHggatBEéﬁm 16 oFRREPALG heavy chain

nmol ecul e. The ami no acid sequence of the C3 heavy chain 20 pol ypeptide
i s provi dedpomeNorrglabmualab Wet@aQitralizingnilhos, thet® ¢l @ Bb@iREPeeedrdr i s al so

avai | abl e. under . NCBI cession. No, AAA52985. The nucleic acid sequence
encod g IB0E Betiadt B FheBR g heR e PR oo g Bk pRp D SRR Sger nt 1 ne
heavy Chaimdﬂﬂﬂmgh@,gpﬂrﬁéhlﬂﬁynﬁﬁ theFRuAO M Hodfds ehas QAU e hfddicalibe 1. 23

i ght chain polypeptide is set forth partially in Klein et al. (1993) Eur J
| mrunol 23{mpyst@edg- 253262 and the conpl ete sequence is also publicly
avai |l abl e under NCBI Accession No. CAA51145.1. The 1.23 codi ng sequence was
derived fromhuman germine Vi, and Ji, genes, and contains but a single
am no acid change fromthe germ i neSigefimgnces at position 38. Accordingly,
framewor k regi ons from eculi zunab éthe | i ght chain or heavyy chain variabl e
regi ot of ecul T2EREBINt disclogurednbasse, atpegesnPar uthgsesgorsty Phéhaogener at i on
of engi ne J i : xPk Qi & I : I o LCl in a
N T e by s A B e RS o e

f unct i onaimmunegenoég iahtmbod yAd dadiladno thedesoipghtingiwatking examglesy k regi ons 1

to 3 and heavy chain framework regions 1 to 3.fromecuylizumab. In sone
enbodi menP¥r IdnSireste dvret salizmat ,W%%%do%latst%? to1g 1Vf‘ﬁ‘épl?ﬁ§ﬁ§tsof
ecul i Zumalih by AR ACH0gRBirRka PPRA) USGUNL BodilieofangLAidan Of the

engi neered anti bodies. In one aspect, isclosure features a pol ypeptide
(e. g.25 a Thghaticnkaivere pot gqrepirenily) advomsteiresd angintrhenolepriressniguelnino aci d

sequence se nts ip,order: LFRl- 5 L - LFR2- L -LFR3- L -LFR4. One
o mor e ol eTTGRENE IR PRI P RGOREOTRRS DY GHIAEER ar o obi ai ned
froma |i ghttrrginainmethadr ihdRh@ples gbmRinb@Wh iR ehaABb RUcdliapsibenr depicted

in SEQID NG 2 or SEQ ID NO 8, and one or nore of the |ight chain
conpl emenPessncy of schirantinedigs s ardienity clofmRuman @mRAUMEA GILEPIRICHOBSDObt ai ned

froma dopor i i i fo . i oes not
conpr se. FRnEShupaby WL b REAHIZR 20 GEak i8R PR TS 0y S2q 1o
NO 8. 30 n senktemdidichEnbBantibofiés dam bdendab teailivehabr efovidver, ity chai n

vari abl e region the amno acid seﬂgence depicted in SEQ ID NO 2 or

havi n )
SEQ | D NOM& yalﬁwcogléiﬁ@eg%aw%ﬁ?&h%we biodisgapleprantaingd petifadimthaie | ght
chai n var 2Rl &plic LPALRRIDAKIRGHERBCAE BRCAGI SRANAREE THERIE: ed in SEQ 1D
NG 2 or Sg% IDthfg. I'n §Oné %%%o%?%ents,ct&B)S %ﬁe %DRS can be fromthe
| i ght chainventars midoaed gyt equlizamalngart hreusadiane seatfold megemaeddidepil,ct ed i n SEQ
ID NO2 or, SEQ LD NO 8. In sone enbodi nents, .at | east. two of the CDRs can
be 11 om ¢ SRR HBRGHIcS HEt Blaawhlgﬁ S domag TRIESTICUY [0 HRUPHE CDRs can
be from t kev8ame donor anti body. 20l n2sone enbodi nents, the franmework
regions and the CDRs are defined according to Kabat. In sonme enbodi nents,
the framework regions and the CDRs are defined according to Chothia. In
sonme enbodi nents, the framework regions and the CDRs are defined according
to the combined Kabat-Chothia definition. In sone enbodinents, LFR1

o o o o, o . 1 ~r— o o N - A=~ 1 I~



sequence depicted in SEQ ID NO 9; LFR2 conprises, or consists of, the am no
aci d sequence depicted in SEQ ID NO 10; LFR3 conprises, or consists of, the
am no aciwoenuemse depicted in SEQ ID NO 11; and LFRAPCOMSRIISM34590Tr
consists of, the arri no acid sequence depicted in SEQ ID NO 12. 26619718 24
In sone e OdIlTE FR1 coppri ses, . or onS|stso the a cid
sequence ggf)‘?ré{“& Ufs Rejuges queRsere ﬁB?‘?%’é? %wheaﬂ@i "f]the RS the ani no
aci d Sequgf“'gﬁoﬂiﬁrﬁhﬁl&ﬁ@ dritcFSatd Qré\égcecﬂ-ﬁmmﬁlﬁ%nﬁﬁgﬁ&e%?o?’an%ocﬁlons' sts of,

the am no acid sequence depicted In ; and LFR4 cConprises, or
consi st s efaffoldhendaare hass Bamunbg:em}eradmndle@seomganedu t@@@lmmenl@ty ofn sorre
enbodi nmen LFRl Fi $ or.consi sts .of e am,no

dopt ot od 1y deges TREY st Bk s Spiioai Ao e pd s YeRi

CONpr i $€s antfod kMt SkcSkridhwn, LRGrEITEBE, RFatd-$REEENE lifieRhElRMizing 7EQ | D NO
:21 or SEQ I D NO 25. In sone enbodi nents, LFR3 conprises, or consists of,
the ani noalliogdk irespesUe Mecehudess, etnseially whEnthep a{r@mnlealbsgh;nn@tm 26. In
sone enbodi |sts d, sequence
depi cted gn B%Ff)h%% g‘%% hlsglf)[ﬂ)rrg%n%nogdﬁs ﬁiﬁ a%%g?% *br consi sts
of , the aridest agibddysecuenschuteppiied alnnbcﬁs@ot E)hm@aﬂlaed bIFﬂBHy(hOﬁiaﬁl ses, or

consists of, the am no acid sequence depicted in_SEQ ID NO 21; LFR3

conpri sesant&odaéb?éﬂeﬁoen%fo getnﬁ@tea%hlﬁearaemah%a%@w@ﬁx EHAEWYCER9Sh SEQ 1 D
NG 225 an F depi cted
i Sl | e b PRPERIER Al nghRlRe SR (g e ATaRPoPEL Ao AHERGR P! he
am no aci meshmuar)cghdelpnmtamﬂbody Sia@rithe NQni2idg etgi%red)amrhodesanbeamonm sts

of, the am oaC|d se ce delct d in.SE NO.25; LFR3 conpri ses, or
Consi ot BbadRahal i R A rEhG Bt (RS A B0 A Y SES PN 56, and LFRa
corrprl Seshurﬁﬁnmm&ﬁg v&l@l%u@l@ﬂlﬂ@tld%ch@a&%ﬂ%‘ﬁriﬁ%cﬁj&p'a%&éjodh@ SEQ I D

NG 2 I n Sonme enbodi nents, th e pol ypepti de (eg the Iight chain
pol ypept i deprdenmpnifémsmatoty @ndpmnt arpfutammwrad sQbo tauieuml¢glgﬁtdlsoh@r n

polyp ti de constant .reagi on t he tide can conprise the am no
aci d g qugﬁglelatc?i lcc?{lglﬁoﬁ% ré‘%ac di%a%wl%ad %loﬁg%orre embodi nents, the |ight
chai n pol ypept deliscansd anthe hegkiap E;‘(@ﬂ@fdss&ﬁhﬂnﬂwﬁ@fa hiaR .o Ghihosl quence. In
some enbodi nents, the |ight chain constant on is a X light chain
constant hegn®nseof dgkt thaghlraraersenk regasy @aﬁtved %r@nbfrhe 1.23 Ig lightrchghot her

aspect, r ain

pol ypepti Bq%)le%hﬁe nﬁ%;kleﬁoijheeg%yélgaﬁ% ?rg@%héﬁ%?z?loﬂ Egéﬁﬁgl fg%gﬁﬂg%el?r:ql ng(:) aci d

sequence Béhvge:gmanh@lemne OThkedrninbllRRL-sdqidite biFRR-HXORZefiR3hdHCDR3- HFR4. One
or nore of heavy chain, franmewor kt%rilegJ1 gns HFR1, HFR2, and HFR3 can be, or
a

are, &bt aPl¥BeRtidsAs pronidadn Weagst YaflioFe) Linuwid A4RENZALE LR A 80 aci d

sequence gﬁ@'a%lﬁfhe'dhdéﬁ%hﬁ)ﬁw%s@mﬂwos@é%d@ 7l"heql'ilﬁllef%na,%lcpgeqﬂa{c% of the
heavy chaln 26619718 25 conplenentarity determ ning regl ons HCDR1L, HCDR2,

and HCDR3cmodingi2(1CGed appomnatdgri8lo simiilabodpuntet tant ltdmmnrgeunhs@hdzahyt t he

pol ypepti does not nprise the conplete amn Ci uence depicted in
) B NOF 8 s R ey, T G B A P b S o LIRH R GBS bt o ned f r om
t he heavy ﬁllgﬁééﬁld%%ée@%rﬁl%%gél%nhﬁﬂn% al. b@@)@mnw%mﬂwqe— depi ct ed

in SEQ or SE I n sone” enbodi nents, one of the CDRs
can b%5 f r 62»62 ¢l thea@xrypletﬁmequanaqb 1seddscepubdiglycryaiiable ngder PNC Bl ensssien Nos equence

ohs oo bR P ARk T2 boTRE SRR K At Ea o™ ﬁboéj%efeﬁfeé Ve Tact o
sequence gdgpi Cén‘ﬁ%ohﬁnﬁ%@t h Qnﬁlfg anifd acdE@hAdR NI thdl g&ﬁﬁﬂ@sehge&%%ﬂ' ments, at

| east two of the CDRs can fromthe sanme donor antibody. In sone
enbodi nenpesitiel 8. oAchn@ngiDR&amawomeguomﬁbmeecghmMmlmhgu’atchebody I n
somne enbogl nmen

o Kabat . PSS URE ‘EHEDE e p Rk arr PEHPEE oBhfe PRY TR Tare

def i nggl agwawﬁg)fteﬁglﬁe@b@aﬁlboufmmexlemedbmweeofﬁqhﬁuﬁdgeﬂﬂemphka regions
and the 15CDRs are defined according to the conbi ned Kabat - Chot hi a

def i ni t i ohuman. The warkénmexampisdicpathedhe W@mﬂaeeédlt@nalcﬁmetmaé of, the
am no aci f 7 I

sone enbog}l@rgﬂggdqﬁﬂl]—j@{h%{ ﬁgldgg%ﬁg%{fﬂg%r%néet%%¥%@% té% arlll(j:()1 haec%l d sequence
depi ct ed timiSE@MERoNQegibhs 1It@3§ﬁiﬂf8eﬁiﬁzaﬂamm®md-ﬁﬁ&d@ﬁams,lcﬁle$r or consists
of, the am no acid sequence 20 depicted in SEQ ID NO 15. In sone

enbodi nents, HFR4 conprises, or consists of, the amno acid sequence
depicted PAOSEQ I D NO 16. I n some enbagdi nents, HFRL conprises, or consists
of, the am no acid sequence depicted in SEQ ID NGO 13; HFR2 conprises, or
consists of, the am no acid



sequence depicted in SEQ ID NO 14; HFR3 conprises, or consists of, the
am no acid 25 sequence depicted in SEQ I D NO 15; and HFR4 conprises, or
consi sts wD,20th8738A1 Nno aci d sequence depicted in SEQ | DPRDUKG011/084599 e
enbodi nents, HFRLl conprises, or consists of, the am no aci d sequence

deplctedlnSQID FR2 conpris e ami.no acid
sequence WY N aﬁlogééf B efuhzmﬁi%sl %@ﬁﬁ%&?&a&gﬁ a%%ggpgeddfl t he
am no aci qle@n&gg&ggp@egﬁé{hggr@@aﬂtﬁo%g I D NG 15; and HFR4 conprises, or
consists of,” the amno acid sequence depicted in SEQ ID NO 16. In sone

enbodi nent s, Hﬁmnecasm:nu thQISC]@Sur@(fW‘IHE$ 8 polypepthe (agi, nadlgat:q:ldursequence
depicted i IP NO 19 t@ %‘ i ses [ consi sts ﬂ o acid
sequence HE P%P: § ?‘Hnlgl‘é&?% OVTB Cé‘gfﬁSP?%cééegIBf’n L Bh S"ti " the
am no aci QC%@@FR@-IZ@)I&E—MFRBCECDRBIW O SERBf N@ltﬁ,auﬁﬂﬂﬂnﬁﬁﬁ

conprises, or consists of, the amno acid se?uence depicted in SEQ ID

NO 16.  regionsh.FRdmbFRAban Ikt are obfieddinm pilighschadn vartshis r§gl§nof t he anmino
acid sequ

compr  ses g BRRAAE Sl Ve SRR i 0 P AT SRRROL PGP T P 1

NO 27 or GEQotddfithy Boht ch&n&@ﬁipl@ﬁﬁi%tﬂﬁ%ﬁmnhﬂ@%g@ﬁmﬂ)?ﬁ$LC@’RZ;@ﬁ@I sts of,
the am no_aci d sequence dep| cted in SEQ I.D NO 28 or. SEQ ID NG 31. In sone
enmbodi ment§ DRI ob@isdifians a delaor@aﬁéwa yithsthe PWélSaﬁh%heamlwe@e%ence

depi c{gd HFR1

compr | es Bt EE b R0 ik A e e R I ey 1

NO 17; HFREQAOMEOLS ely, soore eudmsllmd:ms @fFR4tdae barmbtumedd‘rcdnﬂ@q@unclmuﬂepl cted in

dopi cted 1 OSEIMIBNBR B NaRRRH ol daacep i SR E Lt S no

aci d sequgupg depicted in SEQ I D NO 29. 15In sone enbodi nents, HFRL
conprises, or consists of, the am no acid sequence depicted in‘ SEQ ID
NO 17, HFR2 cohpsdnseenbatimerntnginstod tlmeDRheaIah@ fomgh¢ Heglwehaoneeabepi ct ed in

SEQ I . NO_30; HFR3 |ses or co i quence

dop, cod TSRS e St Bl ORREI DB SE LI NEA PESECUP SEHEan no

aci d sequanggnd@nbsdients twdRRHdX DR %an b2fb the ﬁghmibmwaﬁanﬂe&eglbﬂﬂe

pol ypeptide (e.g., the heavy chai n pol yﬁ@gﬁt' de rises all or part of an

| munogl obWNingtiréayo eraseausBIY/frRopatedia & 2r0é§ D NQOs8., Intgeane

pol ypepti r Q I D NO 6.
In sone e?@g@?ﬁ%ﬁﬁg@ 1%%?‘%%? g}gﬁ%{ %%%e%%ﬁ%%ﬁwg%h& Ea%lbi')]&po ypepti de)
C?Ytr; gonpr bafe &ﬂb&dlnﬁﬁfsl&lb@ft‘hé CleRs| d%iﬁ%ﬂdgin@’ﬁﬂsﬁﬂﬁe rateh@(amhe%dyl n somne

enbodj ments, the 25 i munogl obul i.n heavy chain ypept i de onstant region
is an?( gG | gAln o5 embagimgits, t Bwﬁﬁ@awﬂﬂ?ams 6’6‘{3 %éﬁ@ﬁ%e %?dant r egi on.

I n anot he

compr 1 S e K e S R e SO, B AR e

pol ypept i definadhecaidmgttd €hbihgght Inchaierenboldypay, ittefraoemporksegonhandftbe | owi ng

am no aci equenc egnments in order: : ..

LFR1- LCDR%Q_S‘?% E%%ﬁg ag?‘?!(g (tﬁ)&? ﬁ%@edﬁ@aépﬁoﬁhﬂagﬁiﬁﬁném n franmework
regions LFR1, kF&me é}ﬂﬁbdrﬁa%squpéﬁ@bﬁs%sﬂ ofrrc@ﬂglﬁs bf, Wit arkindlapigvar i abl e
regi on having the am no acid sequence depicted in SEQ I D NO 2 or SEQ ID

NO: 8, 2andseguenasi depisinsl ioSE@H2N6Y:9t hesdnigémbashaicmis.ddripl eareprisas.iory

det er m ni n in onor

ant body. IR YR PO0T St s e PRt U3 PR S RO B bept | de
does not @pgHd &EbdReROMITES Cordpiises, crEbhbkisteaE eRCanide ptidtsegudnte SEQ 1 D NO 2
or SEQ ID NO 8. The heavy chain pol ypepti de conprises the follow ng am no
aci d sequésrigicd EypERUR Né Hrd@ﬁGmﬁF‘RE &UEREE HERS coqnprees, MRRYSIBICOR3- HFRY,
wherei n hgav, i HFR2, and 5 HFR3 are obtai ned
froma heg@y@ﬁ@?ﬁ%%{@gﬁ%’\@ép‘fa&f@n %ﬁ@t%e arri no acid sequence depicted
in SEE I D NO SIrosonSa'EéaﬂbdauﬁiaatZ,,LHnnccvﬂwses ror@ossiss ofyticeanihotabid heavy chain

conplenentarity determ nj i ons HCDR1,  HCDR2 CDR3 are obtai ned
froma doffsiuengstdeptseRs m\ﬁnﬁiﬁ Ng) %»r%%%eor{lwa%e&t%%%twy EARNgSFnept i de

does not I D NO 5
o 10 SEQ T RS P B e e o o R Ehlo A0 i o,
t he heavy sauanee depanevo SEQ HYNGh$1; mdéHK@Mnmhas, or GDBRssts anthetamendheavy
chain are defined a he Kabat definition. In sone

enbodi rrenf‘@ s?qygnng%l ?ﬁ%%iﬁm?k regi ons, the heavy chain framework
regi ons, thealtpght chain CDRs, and thel heavy 15chain CDRs are defined
according to the Chothia defi ni tion. In sone enbodinents, the light chain
framewor k regions, the heavy chain framework regions, the |Iight chain CDRs,

and the heavy chain CDRs are defined according to a conbi ned Kabat - Chot hi a
def| niti on. In sonme enbodi nents, LFRL conprises the am no acid sequence

N 1



20 SEQ ID NO 9; LFR2 conprises the amno acid sequence depicted in SEQ ID
NG 10; LFR3 conprises the am no acid sequence depicted in SEQ ID NO 11;
LFR4A conpwoO=es/Bhs2am no aci d sequence depicted in SEQ PDTNS20112345p8R1
conprises the am no acid sequence depicted in SEQ ID NGO 13; HFR2 conpri ses

the am no aci d_sequence depi ct ﬂn SE(gIDNO 14; %RB conprises the am no
aci d sequence %Sog%ep FRfs; cy . canStipR COMPPIE'Es the amino
acid _Sequﬁ‘élﬁ &%&&&%Idﬁ(ﬁﬁ%ﬂd@ |\ﬁ'fﬂ-ﬁcomplrlses dr%oﬁﬁﬁ?o?@%ﬂﬁ@%ﬁi LFR1
conpri ses e am nho aci d sequence depicted in SEQ ID NO9; LFR2 conpri ses
the ami nosagirucesienivenicie SEEPTI2 NEU 1 8;rFREQ@AnTpriNes, of 8pnsifERaf, d@rqnmneeedt he ami no

d d LFR4 30 h d
Cequence TOrRCGRP i S QMR ) b AR R Qe 6 TR S R P coquence

depi ct®d héd ch& A& inHE IO pnses the am no acid sequence depi cted
in SEQ 1D NO 14; HFR3 conprises the am no acid sequence depicted in SEQ ID

NO 15: and HFRusesemesmbesimenthd BR ermpriscs os squesie ef, thaineinedcidn SEQ | D

NO 16. 26 Lk he am no acid
sequence gﬁ]qp %(%%lcmdéﬁsq(%lmzﬁgg%bqﬁwél2§es§%%%8§?lh£%%%§gfsd sequence
depi ct ed LRAR3kQMpBRsdNOr doBisistsfdR3he anpo edsdqhencgrdepioteddh S EQERCE] depi ct ed
in SEQID NQ. 11; LFR4 conprises the am no acid sequence dep |cted in SEQ ID
NO 12, HPRIE @dl?ﬂﬁ@s?és Tp geme cghpdigcats; BFE\éﬁa@ﬁﬁﬁeSd@moéﬁlé@ of, nt SEYNOD NO 13;
HFR2 ¢onp HFR3
conpr | Db Skl ARG AN Ho GRS e JEG) 1P RQIC B SRg: CylShinkdis. o

conpr i sesLFRd camipnisesaaot mbnsismuné,rthe anhe mcesbqhmdslﬁ@ﬂctédl‘iﬁ)SEQ ID NOsZire

enbodi ments, L Rl co r es t no aci d seguenc icted in 10 SEQID
NG 9 LFR2 60 b T b O GORUY Bk 41 THISEEA! D NG 107 LFRS
conpri Sessécf&@n&rﬂeﬁf&t&lqhds]ﬁfﬁym% qﬁﬂ&cé ris@s %Egbﬁs%tm thtlamikE BAdconpri ses

the am no acid sequence depicted in SEQ R1 conprises the am no
acid seqummlenmtct@dnlsﬂﬁ(ls@l\ﬂ@mfﬂ@ came&mpomss@sof& He aamiheacidci d

sequengce de |cte in SE rises th aci.d sequence
15 deht ot SR ety RGP S TR RS Br b B g ance
dep| cted aadg&@eh& cl&im SEQ IDIND:sgone enbodl ments, LFR1 conprises the
am no acid sequence depicted in SEQID NO 9; LFR2 conprises the am no acid
sequence depi cletpmacngrgimpntngHRE CQRBCEAWSPREES Of, Hee aminagcidci d sequence
depi cted ce

depi cted Férgl %E%(i Blc%gln%?Q EES?) %%)’rercfﬁ{B;%ds Sgg %%C&%%%?fgﬁ{segngﬁggﬁdepl cted
in SEQ | Dsdyedck; depichel mcsgm IBaw: BheLfgm cun@ises ogeqmmggf depingihedcidn SEQ | D
NO 14: HFR3 conprises the am no_acid sequence depicted in SEQ I.D NO 15;
and HER4 W%@@@l%%ﬂéﬁ%@%& 31658@3&@%2@0&@)&8% SHCOISERS he 3N 6. 251 n
some enmbodiigeatSncdde &pmlg(%%ﬁél%am no aci d sequence depicted in SEQID
NG 9; LFR2 conpri ses e am no acl d sequence depicted in SEQ ID NO 18;
LFR3 conpri seslt meneaafmbmilmemtd, tbeqolgpoeiddépic thedighn clBEQpolPpii@ide) 1; LFR4

conprising the a a enc i.Cc EQID NO 12, HFR1
o sen iR 32 paF B o e ot b el ORI I w orrpr | s
the am nocaciih &Qyﬁe%ﬁﬁ@@ﬁ?cdﬁ?ﬁis@tﬂ?edaﬂn'ﬂoﬁa@se%dﬂ@% ddftetedTFRSEQAPNOSES t he

am no aci d sequence depicted in , and HFR4 conprises the am no
aci d %%quém@enéd@pquh@dntﬁ,rthsli@tlObamob@eptldﬁ emianeregiodi ceeprises 4 IR1arconpr i ses

the amno_acid uence icted, i compri.ses the am no
el 0 sequeidis HEHTUESES) ARG FErolmrem b ua i e BT T ces ¢ he

am no aci g |gROMRNFSERRT £LRA dr'aKSl t RN Rstant kgRdn.conpri sing the ami no
aci d sequence depicted in SEQ I 23, HFR1 conprises the am no acid

sequence depi cim@ilqthﬁrSE@Ct,Eild\dtmciﬂsurﬁt-mrwml}’mgd@Eﬁegafnhmyaibald sequence
depicted i NO 27: HFR3 am no acid seguence 5 depicted
TP SEO | DRI i Bb T DBE CF RS A R e R e coed T S20
| D NGB@9. sdgincaeima oedd?odFREHGDR ILFRIR T 00D R 565 RBNIECHR3NAFRE] Dnseguence

depicted in SE(?II D NO 20; LFR2 conprises the am no acid sequence depicted
in SEQ | DQe ofil eaKFF@leérﬁmewgégregwes &R HER2dandbdiRAcan beiréteed in SEQ | D

NO 22; LF D NO 23,
HERL somply 200d FREPL RS LT AINERAG fn R AOHE RS R B R T o

conpri seslrtmamm.saﬁlﬁ@ﬁnmcemﬂme@rﬁd)re of thEQed\y dNaIn30; HFR3 conpri ses
the ami no acid sequence depicted in SEQ I D NGO 31; and HFR4 conprises the
am no aci d sequence depicted in SEQ ID NO 32. 15In sonme enbodi ments, LFR1
conpri ses2®hBs am no aci d sequence depixted in SEQ I D NGO 24; LFR2 conprises
the am no acid sequence depicted in SEQ ID NO 25; LFR3 conprises the am no
aci d sequence depicted in SEQ ID NGO 26; LFR4 conprising the ami no acid
sequence depicted in SEQ ID NG 23, HFRL conprises the amno acid sequence
dep| ct ed |n SEQ | D NO 17, HFR2 corrprl ses the amni no aC| d 20 ~sequence

o NI~ 1 NI\ N~ - " o . L |



sequence depicted in SEQ ID NO 30; HFR3 conprises the am no acid sequence
depicted in SEQ ID NG 31; and HFR4 conprises the am no acid sequence

depi ct ed wo 280/18B2| D NO 32. I n sonme enbodi ment s, PCimaSesgiosuses ed
anti body conprises a paired set of heavy chain framework regi ons and |ight

h f k d ted 66 0 ) I
cbodi nenPGMTEREN GG S ML G DI DA BEDRE: §10 (K DRHEFISB L agment
e.g., an aghd Pashor Bﬁm%ng @Aeg%engo tﬂa@metﬂa?yp%@&b%e@ nei mza}ge @fc an Fd

fragment, an Fab fragnent ragnent,” and an fragnent. In
sone enboddmplatesingifio aoy soquenb@dmmgﬁdlmeﬁ‘ﬁallam@lﬁ@dﬁ@@ Héy&Vbhdsdm ein, 5

coval ent| §BOIRE Kot EREbonaRemed on R heGa bR R RS RIS, neer ca

anti bogly bﬂnﬂﬁﬁacﬁc@se@lu&%mbﬁlﬁ&ﬂthE RO BF OEQIID-NGITe COWD' enrent conponent
protein can be one selected fromt 8roup consi sti ng , dr, Gs, 4,

Cda, C4b, C3, bmewmagpbodapentsame ofshy CIRBs cambgham tos eavmhalewan@se
properdin I t. I\/ASPZ and
2B AP SOTRLBIARE 5 R STREPIRDS SEELES nBs MEApoBR 572,
surface racgpioemb@lifients,awo qitied EDRs @ﬁmbda adnrtecapivgrchaia V@h&lﬁﬂ@ kégien r ecept or,
a cytokine receptor, or a receptor t(g/r05| ne ki nase. 15l n sone enbodi nents,

the engi né@fl@gﬂﬂl&rﬁm%wdwwgcqéﬁpw ISR AP NG 06 SEQHIHNOLT i In s911< gand of

2 deal,  SERiRlenc! B ISR, FHRACCTRN &y kTR FIRARE LB ARLIAIYIAD! nds to
factor, a che Ine, or a cytokine In sone e ment's, the

engl neer esbrammb@d:imebtsm:llsoﬁthe E@Rmrbadtombﬂielsmnaﬁbmﬂnabo@ g., an IgE

nol ecule. In y anot her .aspec t he di sclosure, fe eic aC|d

encodi ng: (1) ShypToEBiR BRE S FTypant raoe aRLLE Bt He el 3(

l'i ght Chah&oﬁﬁh%ﬂﬁl@%a@ehpgon?e HERMERS tHe R@ﬂn%@@ﬂ%ﬂegi%}ls hd t(hle'ODI@é“MeOf the

engi neered antibodi es descri bed herein. Also featufed is a vector

conpri si ndefitted acemrtlisigdo &bivthia. MQommodmntbdleamam%mréssglom angddhor. In

addi tjon ure features a.cel I N he nucleic acid or the

vect ol S Dl aPH AR S Sor i B e APER B PIRANOG For product ng o

25 pol ypept i deTpgonderBhiiMess SdFRNbbRPEEs, oltonst Bedhd Atinddert cul turing the

af orenenti oned cell containing the vector under conditions suitable to

al | ow f or sespresispistedon aﬂh@n@ef PEQMADtN@s:pdI ypept . da semetanebodigeniver ed
ant i bod C 4 The
nmet Ihod Zaﬁﬂ%%gcgg}ptr%fst ggcclmsé%# fictr%lg% q%o %dg{i q@gﬁce\éﬁgb%l}&ehlggﬁﬁ r%gﬁa\@j ant i body
fromthe tuidnw @ab@imksts FFR3 oasmpm&smdjoumts of, 3Mnrhinb acldeseqedrcs wer e

cultured. Also featured i s an isolated polype tlde or. an isol ated

engi nédr edenifed BbRQIPdSd Iwomﬁémgia@lgﬁa snif PR BRI nOT B RO aspect ,

the di scl gaulg ﬁf)%ﬁi% " {.%’E&&gl fgf g@mqgl ng an engi neered |ight chain
anti body vari a e region |sn] I mmunogeni ¢ in a human as conpared to
t he i mmunogeni &i somaémiodinmas, IHFlghtompraseﬂ araonsilth ef ithgaomo athie 26619718 211

met hod i ncl udes vi di i ti risin acce tor i ght
e o ant Sastaoeedeiciad i iy, IS NL TR s SETRIAR Mon il of M R Bl o1
aci d sequ @n&%&&&dnlgméﬁm&lm&peorﬁmek er\d&lﬁst%f (ﬂhé e)mﬁo%'i%l' eic acid

sequence encodl the acceptor |ight chain antibody variable regi on am no
acid %%qumeﬂcepg‘@mt@ in$ES) HY diQkd;iaod FoTkpednepirings, of icpisjstaef, thezgninone donor
anti body li.ght chai am no acid sequence or (iv) a nucleic
acid sequ%‘Hgéeaé]ﬁ%edﬁ?e%&?%éltg&g%iﬁ%(ﬁ body | i ght chain variable region am no
aci d sequence; Id &phaahBgiNbes MFRDEEMHRRS, @ cohkists 3€aRPiamolacght chain

anti body variable region with one or nore CDRs from the donor ant | body

l'i ght chaﬁﬁfﬂuﬁ%ﬁqdfmcéedrléé%ﬂ? DQ: RGN gempiiss oTLANEHYPH&RT wAINPiaghlt chai n
10 variab | grgﬂljﬁ]gg c to the

i mmnogenlgegugg&(% Cwﬁ ogr]??% ant’i E &ﬂ#ﬁ %?glcﬁcgg%ggfzherée}@gnggw th the
provi 3® tkmpleﬁde&iepnagsdnﬁe}‘fﬁyﬂb Nght s; calnalHFRmcrdrﬁ;bises roegomtﬂoieslermlncorrprl se a
| i ght chain poI ypept i de conprising the conplete amno acid sequence

depi ct ed i Serenes r@ P8. The nethod can include obtaining a
heavy chain angj bady rﬂ’@c;dlﬁgllltg ﬁﬁRI@ ?lnsesocgr Rnése beitke Afind sgfic0di ng a heavy
chain anti body varia ?:) l'e region, s conplenentary to the engi neered

| i ght chabequamdei @pwyed\ﬂatﬁEébHéNlChg‘i’ dﬂlFRbcdnhmﬁb,wrgenmtabé tlmqaremgmmder ed

anti body. n. sone ihent t he foregoin ods,

6l ot s oSSl BER PO RIS TR e 00 & R B didon. 201 n
sone enbod#rBnts of the foregoing nethpds, the heavy chain anti body
variable region is an engi neered heavy chain anti body variable region. In
sonme enbodi nents of the foregoing nethods, the generation of the engi neered

heavy chain anti body vari abl e region includes: providing information
conprising: (i) an acceptor heavy chain antibody variable region amno acid



25 conprising the am no acid sequence depicted in SEQID NO5 or SEQID
NG 7 or (ii) a nucleic acid sequence encodi ng the acceptor heavy chain
ant i body wearoabi3gseeegi on am no aci d sequence; provi di ngPCRfuseemBE4308
conprising: (iii) at |east one donor antibody heavy chain variable region

am no acid sequenpce or. (JV uc| ei | d sequence encodi t he donor
anti body PEBEYCS aw&ﬁvagﬁégﬂgbﬂég%dwﬁéﬁﬁﬁ%“ﬁﬂﬁ&e%@f§@ﬁﬁ%ﬁ%€%ﬁ¥gﬁpgc;ng one
or nore ChRR§ sQfuchheiBFGaPIhNER WO ¢hai n antibody variable region with one

or nmore CDRs fromthe donor antibody heavy chain variable region to thereby
gener ate an endi sweey gubdieaeyts dER hcampiidsody opasibtabl.éhg eyinoractdhat is | ess

i nmmunogeni ¢ _in a, hunan i o the i nogeni.cl of .t he donor

anti body ﬁ%@cec%g}cﬂ%ﬁﬁig e regf‘o]%], So\metqﬁntf%nﬁﬁ%%%ﬁ %/Wnsteﬁeorengi neered
anti bogly vasisaddfethd@@ky 48d ddiené CpRAHRASE@ 0D NPIP O SEQADRBY3Z0. chai n

pol ypeptide variabl e regi on conprising the conplete am no acid sequence
depi ct ed ImsosE@mipdyacss.diFISECYMpyiNg: o copsisty ef, thhenieracklsysaeance t he

di scl osurg_f. f At eng vy chain

ant i body @eﬁﬁg%ﬁ£§$%3P§ﬁ5?%g¥fﬁﬁ3ﬁzgﬁi?%nﬁﬁﬁggﬁic F%S§ﬁ§3ﬂ§§95 as conpar ed
to the i noanpdes) &icoysiat of tikoanihoanid dgasnchdepiyted haS BQUBINO9%orSHY) on. The
nmet hod i ncludes: providing information conprising: (i) an acceptor heavy
chai n antﬂB@H%3%ariable_region am no acid sequence conprising the an no

aci d_spauence deiid &thddina ik Nebipfles FhBuNEF TnOfmiblaid® nucl ei ¢ aci d
sequence encodi ng the acceptor heavy aln antibody vari abl e region am no
aci d sequsmymenceptepiciadi inp EADII NG hMEtHIR? camprides,) axgongists b, tlat athmastidone donor

anti body heavy chain varj eql ino acid sequence or (iv nucl ei ¢
201 0 sequsoEte e BENSE LT DOt RSy CRAT. OL SBIEO Rt on - an no
acid 53qU§ﬂﬁ@ﬁaﬁﬁBkﬁ%ﬁﬁ%Eﬁ?ﬁ)@Kl@&ﬁﬁd@ﬁﬁ@i@%%gﬂf&QE%gﬁﬁﬁio@ﬁﬁ%&MﬁBa'”

anti body variable region with one or nore romthe donor antibody
heavy chaieidsequcadd deprated orPHQIDMNG:@By generate an engi neered heavy chain

15ant | body variabl e regien th LS | ess inmmunogeni ¢ in a human as conpared
Lo TP T mun oo iR SRS dURb T cafE by hadss cLibl Wi pRATYI o°r ogi on.
with the %qﬁvﬁcsecneb{wéd ih [BECRITY NTE €7 dF RN Edhpahes M Tcoadibts of, € Ahindaes not

conpri se a heavy chain pol ﬁ§ tide variable region conprising the conplete
ani no aci ép%lé@ﬁ%iwwf&ielpisﬁ(g 19 SEGIFRS penprisss. SEonsisys NOte anpiie agist hod can
i ncl ude obt ai nj i .20 [ i.abl ' co ment ary
to the en%%ﬁgg%g%p ggfg@%ﬁgﬁ%bg%$£6%g§h§§€%g%ﬁ§eggﬁ?%%§¥%8¢H5¥%%bggenerate
an engi neesi¢de@rhéddmycted in SEQ D N®BR. enbodi nents of the foregoi ng nethods,
gui ded selection is used.to oﬂhain t he. engi neered |i ght chain, anti body

vari afl e regi offt some embodiments,the ptsPeHids d¢-Be thedheary elan pelyagdidsly net hods,
the 1ight Ghainsal irg £ ZPMALLAI SR AR LiiPholShGi b &ign, chai n

ant i body gggﬁgﬁfe %e %gﬁ. Ih sg @%%bg#ﬁgmésngg)?ﬁ%hpgggggwhé%ﬂg%hods, t he
gener at i on.gofthd prdymapgde eer @aingrisghiic ahabncEdntqlendy deactedbl BEQADIMOA:6. ncl udes:
providing informati on conprising:. (i) an acceptor. light chain antibody

Ve abl o FeBIa e e baidhil Comr Srvy i PP CLT Soquence

depi cted tHnSiR dnlFdYerRoPsf AERMRINILRIR MmodQuld. Inomk ¢hBbainkantd tikequence
encodi ng the acceptor |ight chain antibody variable region amno acid
sequebTe; ipmoneglodin heoy elein pelypentgeicenstant r¢gion is aatlgGeledy, IghdgBooor

anti body | i.ght chi%n vqriaple reg%gn anm no acid sequence or (iv) a nucleic
acid sequ @6@95: FH%)ﬁ%QIS%ﬁgp Fﬁggﬁy | i ght chain variable region am no
acid sequence; I &tlagafgcRie: dicloRiefehiRs BfenbhReraasRbsdy dohghisinghai n

anti body vari able 26619718 213 region with one or nore fromthe donor

ant i body (i) ghghicthainpalwreptise end @igiadsatsochalepdpyengdnayiareinhe ighii neer ed

l'i ght chajn.: i reqi t i S - ] i .G as conpar ed
to the 1 moib BOlPe s SR S koo M ARy T SHERCE shen S WIBRE2 CP0T

wi th 3the PFRVISCRMIFR2AECPREHIERI-£ADR3ZHFRShahaicividighatiain fregeworkdoes 5 not
conprise a |ight chain _polypeptide conprising the conplete amno acid
sequence HEHCLER L HFgl%@qdé?lﬁ% %e&bt@E@HF@lﬂ%g& hamVa“ai% IS8R8 embodi nent s,
the methogds,ih NElUdePEAHYE| REcd &g&% nGes 89 NIbIPARY) I 8.5 Clagi n vari abl e
regi on and/érgtﬁe e%ginee%L %H?%Eo y heavy gﬁgin vg¥%able r‘egi on (the

| i ght chavhe@ndotvemvnyore lodihe light tleih eomplgimentrigadeterimnisg megiemsdddDRént s,
contain 1 tan i.ons as.described herejn). | one enbodi ments, the
oot neor ebC e oy LERGE oRGinRd 3 agretcugbal: et sFORDEEa 0 UF coi i or
using a c&rPLfree system I n some enbodi nents, the nethods include
isolating fromthe cell or the nedia in which the cell is cultured the

engi neered anti body |ight chain variable region and/or the engi neered heavy
chain variable region. 15In sonme enbodi nents, the nethods include producing
the engineered antibody. The engineered antibody can be produced in a cel

o o o, o e



anti body. In sone enbodi nents, the reshaping includes substituting at |east
one amno acid of a franmework region. In sone enbodi nents, the reshaping
i ncl udes wobsti/3ziseng at | east two am no acids of a framemarskomagison. |n
sone enbodi nents, 30t he reshaping includes substituting at |east one am no

acid in af. |east t di.fferent framework regions.. In.sonme enbodi ments, the
r eshapi ngilﬁlbtégaﬁd’co\[\fﬂ?e?%goeé@BE‘EQWRH%%BE S I6H iR ch TR i o
f r amewor kjf $@H90-NO:2 or SEQI NS CTHOALLE hin follbepadhaRhiifiel el udes

substituting at | east one amno acid of "at | east one The reshaping, in
sonme enboillsensamineciciidequeniss ségrurtnig a8 1BFRS-I2GDR1dFR24AKIDRM0 ani no

aci ds of I .. In sonme enbodi nents, the hapi i ncl udes
Substi ¢ ut FRECERC PEAORF a3 o GRE S Pransp S R TR 4 e "CoR 1 s
defi ned am%%@%tbﬁelfﬁbﬁ{aHéav&%ﬁaiﬁ@ﬁﬁhﬁl@@e%@b@dvi@&% Ridnggfid nition. In
sonme enbodi nents, the reshaping includes substituting am no acids at one 5
or both ofequergetdepivtedig SEUIBOQ:5 0t SEQIRNO: . ehé whatsai orperseerewifheof t he
heavy chaj Labl LoON;,. | e i ' e i i.ncl udes
cubst it ut [y Y ap SRR e uBeRRT b [T fciShe RIIR R
sonme enbodbtakied $ront i orice ahalpddyg wiith chaiptesiss ths thid heainohaidt pdlgpgitidene am no
acid at pgsition 27, 28, 30, 71, or 78 (according to the Kabat nunbering)
of the he8Q%p "Oh&PRPYLthapPEPEFENAC 2did spaussFrdrgedinnddi R 40 NG reshapi ng
inclugfs gpbquggiﬁg at | east one spacer am no acid sequence into one or
both of a light chain variable region and a heavy chain variabl e regi on of
t he engi neer edlmstnmdadyodiments, th¢ hglstaheindndnodiork m¢gows tHeheatyoclagoi ng

met hods, qQne or nore anj np acids afr wor k or. are.substituted
b1 or o (HESREI BEHy thf RedahandgR e psoBiie CO ey Geiino. aci ds. of
a fraﬂﬁmﬂﬁ&mﬁﬁnguﬂﬁgKébﬁc&%ﬁﬁkhﬁQﬁﬁgnééﬁﬁééhﬁﬁm[@@h%ﬁ{&ﬁhlﬁmnmmnkn Sorme
enbodi nents, the acceptor antibody |ight chain variable region conprises

t he am noregaind, hehoanodaof framgwark regiend, thgHight blzdim GBR sy padthc desvydescri bed

her ei In _so nbodi ts, the acceptor. anti.body heav haj.n vari abl e
Feq o anthe SRR e gtTROaS ot S B6 Chelhia Athn P08 1 SR ARGy "ot L e
heavy chaim 120t iy ReREWIRS cERES thOREhv @h&h Tranlcd oo FagiRDOdIlgRNdtaIOf the
foregoi ng nethods, the acceptor antibody |ight chain variable region amno
aci d seque¥es, ashipe heay ehiam GRRp areadeliges acpeeties togt camined Kabps-GhiogHe chai n
polypeptig&%ﬁg&§cribed herein and the acceptor antibody heavy chain

vari abl e region 'am no acid sequence conprises the amno acid sequence of
any of the healtyscaiwdmbgqimypet iRliesormigses tHeeghine batd Requebéndepdtedimot her
aspect, the disclosure features an engingered anti body. co rising: (1) a
i ght 2&haPRQIB YPehliFRe comprisey the ampiraisy é%lpm%p piSEQ IHANG-E9n t he
ot chaj prBQLBRRLHC.GRIAIIFEIUIRE dbokiauh BBCAT No. AT frgequence
segnents I n order: LFR1-LCDR1-LFR2-L -LFR3-L -LFR4.” I'n sone

enbodi nentenplifeRihecamipo iasidseqieacadimaedoi SEQeRUeDdE, HERIl corghrises tBEQ | D
NG 9, but with zero to 30 three 1 no_acjd stitutions; LFR2 .conprises
the.ani nodduiopEEiuits dubRuras IR § Y eSS B agid 18 but

Wi th zer ogd@ehdd Rpicadd iH(SE%%IIﬂWPAEtHFM EASrisch ARZnGianREdSeguchBe am no acid
sequence depicted in SEQ ID NO 11, but with zero to three amno acid
subst 21 ut demeted anBEQARNQdapandHERE kemarasdhagnthossiusqeencddppicteddn i n SEQ
ID NO 12 @Hﬁ%ﬁkﬁﬂ%zero to three amno acid substitutions; LCDRL conprises
26619718 §E e amno acid sequence of |ight chain CDRL froma donor

anti body, LCDRE ¢RieérhSREmEMRE, IR Neorasrisds BRAUMENS Bcibleducatd dephabdinCDR2 from

a donor antibody, and LCDR3 conprises the am no acid sequence of |ight

chai n CDRQEQrJ&ﬂ%Qr%drF&Z G SeTIC aTTHEO #qidyPRAVEPIES] %PWWB%&Q HeNG&& not
conpri se j ' LG 1 NO r SEQ I D NO 8.
In sone e%ggé?ggﬁﬁg%qbﬁgaﬁggggﬁ%ﬂgﬁﬁgg%&%%gﬁéSgéﬁggﬁ%%fggéR?he fol |l ow ng
am no3@ci dorapriyes ficeansiag Aeidissquancodegcted HFFEQ ID NO:12, HFR1 comprises the

HCDR1- HFR2- HCDR2- HFR3- HCDR3- HFR4, wherei n. HFRL conpri ses the am no acid
sequence ABHIOACKESGIRCISEACPBiekidR SEQ IDNO: 1 HER2 ¢ampriges the 281pe 34t hree ani no
aci d substd i s i HE i l i : icted in SEQ
D 10 N0 LA e N g G B e S e g

conpr i sesd¢eheedm B6QdDiNOsISqashidERdepmpties thaaBBQ acld ddquents depatedwi t h zer o
to three g 'q£¥§§£ substitutions; and HFR4 conprises the am no acid
sequence Epi . SEQ I D NO 16, but with zero to three am no acid

substi t ut pO¥HEs 2wherein HCDRL conpri sesg the am no acid sequence of heavy
chain CDR1 froma donor anti body, HCDR2 15 conprises the am no acid
sequence of heavy chain CDR2 from a donor anti body, and HCDR3 conprises the
am no aci d sequence of heavy chain CDR3 from a donor antibody. The heavy
chai n pol ypepti de does not conprise the am no acid sequence depicted in SEQ

AN I~ - o NI~ 1 a1 N o - o



26619718 216 O her features and advant ages of the present disclosure,
e.g., nethods for generating a therapeutic antibody with reduced

i Mmunogerwoi2ou/i3méa hurmman, will be apparent fromthe folPConiSa@ideesesi ption,
t he exanples, and fromthe clains. 5Brief Description of the Draw ngs

Fig. 1 depicts_an alignnent of e am no acid sequence for the [ight chain
vari abl e regi offt Wneeﬁ‘:‘%li"? R I(é]%cﬁf’rﬁlpr(%ﬁ | RGPV SSHFNPHECPITERE aci d

sequence Kon ihgob A TTRAL O hAlL FOACUPRIARIEG RINERIL. 22"

(SEQ ID NO 8). The three conplenentarity determ ning regions (

LCDR1, LCDRRJ3 canmgirik8DiRSaminbRicabsedueéricnddpiacdan SEQGD NO: hle LKRYat and Chot hi a

definiti e identified by bracketing. N i i i
fr amovor keTEgISA LGSl Ea feit e FRus TR G AR RoF B RS def Pned
by Kabat pmieicid@yudickicpieergs SEQOD NO: BX: HAR UGB riefthenaand scid ndi cat ed

above the aligned sequences. Fig. 2 depicts an alignment of the am no acid
sequence PasUCRdgelch nSFA 1D N@ibﬁrﬂm eOTRRIECH Hhepfmige afid sagkebe " Ecu”) ( SEQ

| D NO 5) i id. - ' li.p.heavy
chai n var ?%gf%gl?negg\lﬁ%Eﬁ(ﬁﬁlzlgc%ﬁ?ﬁ?%géo%hf\%&% m%hggacl r g&%é%@gﬁgﬁ arity
det er m ni SEQrIEONON. (CDRs) - HCDR1, HCDR2, and HCDR3 - as defined according
to the Kabat and Chothjia definitions are identified by bracketing. The
heavy chain vaFl $Brecpisigantsdiflepmoissy thsrianine acidsediepsridpattedin 20 The
am noj@ci I b 1(BS | Eﬁ;&p : gé.g]gg i  ; .14.0 the
ecul i lz(ﬁrragEggqﬁulgtr??g I'S |%§?ﬂg§tg§eitgg§ cl)ve&{l%e I?{:}elne }Céégqlhgr%(gisﬁ dé(?’ti ons
52a, 82a, L8RB coBpasestbOaminbCeh seh0fce dépioad imaRHQIDONOarle LERdo specifically

identified. Detailed Description 25The,di rovi.des engi neer ed
ant 1 bod! eSomRRE: etEiG o Bebatsac Aauent & o MoHE kRIS EBRTAES to ¢ he
i mmunogenigidoyacaf sehﬁ@hc%%l%@{ﬁﬁfi'iﬂ SEGAMPRNOATY; IHIFd &enfriseMntihGho kg engi neer ed

anti bodi es were derived. e in no way intended to be limting, exenplary
conposi t i sswen@glopestdd iaSERthddks 14,d1FRheompyes teramino acidsdquesec ar e

el aborated_o el i ne Ant i bodi es . .. As used herei.n, an
Pengr heer et Fhorg BN BREERASOBRSPH T wying sits TnefRE Bt die oo
three, foBEQIDNE:1@r six) CDRs of a donor antibody grafted onto the
26619718 217 variabl e regions of an acceptor anti body scaffold, wherein the
engi neer ed ant {tbwaye ¢rakodimsrts; IR henjepriseh the anHne a¢id vegicaec damped 8d to the

i mmunogeniggit 4. ' i n. : 4T, the

engi neer egﬁgnlibl @g)déyﬁ“ﬁ:s@gés% péﬁ?%ﬂlmg%%de&éﬁaﬁég@% e%gggﬁdflh()gmgﬁ c;ﬁod)rr];l)(gl se a

| i ght chaLBERPebypepdsitheatharol dag qbarqdepicedoB8BEQ B N, 11QLF&ansi sti ng of,
the follow ng.am no acid ,sequenceﬂ%%rergnt s in.ard

, er.: ,
LFR1- $ DRI PSS thersping peig SEQysRac IFREQ dBY@dgoHER L egmpHeesdhs no aci d
sequence fr : i .mﬁ@' L.apl 20} 0f; LFR2
corres pon%lr{ooa%ﬁ%&gﬁlwﬁgégl% ngfgggj}nbcfgt%y’ r arreé\?t)n)r{lﬁr{sg§1 E%Z 1&%?8?% | i ght
chai n var sajokscerdegiotat; in [SERBIR dIQ: &4 ORI ceroptites thendnmoo aciddegeguence of

framework ,3 .(F f | i hai n .varj abl e regjon; and LFR4.
cor r esponditt ThSE B NOS: e ElERERERGH S o ety dSRCEA | | gh
chai n varggbl i Kegign. LCDRL corresponds to the am no acid sequence of the

conplenentarity determning region 1 (CDRLl) of the light chain variable
regi o LCDR2 bosanesgobaibmenstiR hedmiprisgs ihd g esid scpfenehéepcdepinenent arity

det er m ni r-eol of the Light ,chain variabl.e i . d 15
Coore cor SEOTEANEN: 2 i B Rpln i SOk RhlARR SRR - FEY
det er m ni NGRBLPMPAsSS th&RHb Hfd defeerce dbpickhah BEQAD KDL B, 1#gi4on. One or nore

(e.g., one, twy, three, or all four) of LFRl, LFR2, LFR3, and LFR4 am no
aci d sequeeEREsIBE theaiag agif sequeccadeigssip (@ 112 YY1 2 JHFR b copppises dicc ept or

ant i body. S iqent .S, . ri buted by
an accept (a)l#lﬂlaona&ﬂﬁsoegg&& ?rﬁigglg{erré %gﬁebx%lgﬁlﬁgﬁ%g% prgsggéf%@mgf%e}&contri but ed
by an3@ccegjuericeadtpidosidy. SBQS DIGe 1 4HIORIE o@mnpsses kifcR2niandcidsBicate contri but ed
by an accgpt-or antibody. In Srgﬂlg enbodi nents, LFRL and LFR3 are contri buted
by an accéptigied 4htEQIHNOIlR: ayhEFRAsemPHEsttRC apmprAcidsehpince daRiFiCB iR ed by an
acceptor aphippedy-j¢ne or nore of the LCDRI, LCDR2, and LCDR3 amino acid
sequences are contributed fromat |east one 25 (e.g., one, two, or three)
donor anti bodyln e enbotdiinentst IR 1 campriseh dicrmnGbRscid apqusecoddpaitedth from a

single do t i.bod r,, in some enbodiments, . fram or nore

i £ Per ent SHOABNRARE Y s Koo anE e SRS HorE SRsteat SEE BT he sare
antigen, bat’thave different |ight chaicn CDR sequences). In sone

enbodi nents, at |east one (e.g., one, two, or even all three) of the LCDRs
is obtained fromthe acceptor 30 anti body. For exanple, an engi neered

anti body can have a LCDR3 from a donor antibody and LCDRL and LCDR2 from
the acceptor antibody. In sone enbodi nents, an engi neered anti body can have

1 NSNS e - 1 NN A o 1 AN\~ e



I n sone enbodi nents, the positions of the CDRs and/or framework regions
with a light or heavy chain variable domain can be as defined by Honnegger
and Pliickohlrony/3(001) J Mol Ri ot 309: 657-670]. 25As destrusbed/obsspei n and
exenplified in the working Exanples, the |ight chain variable region of

ecul i zuma erated b rafting the L of . | ti- C5

ant! body gqu\'\gftlﬁigﬁ ‘P%ﬁ%%ﬁ? ﬁ‘e%%’il%ﬁc@é%ﬂ‘“%? e@f“?‘{ﬂé‘%@ @Egpfp%&‘i i ght _
chai n ol gGHhSsind e a%ﬁh&@cié%écheﬁé‘é]&%ﬂ%‘di‘ﬂfsﬁ(ﬁ‘ﬁ)h\l(ﬂb@,I‘Hﬁl@l BoMpridRie region
of eculizumab is as follows: 30

DI QVITQSPS8in $iSi¢ GDRIT¢IECEASEN YGAERVIVOIKPGK AR A ¢ovigpaisis the amino acid
LADGVPSRFSGSGSGIDFTLTI.S JYY NTPLTF KVEI K .(SEQ I D NO 2). The
e oo G Rl gt m S [P DR TR b pihist I sy el PR 5.

fol I ove: ém@m%%m@mmm@%gmwmemgeqmm a1

LLI YAASSLOSGVPSRFSGSGSGTDETL TI SSLQPEDFATYYCQUSYNTPWIEG OGTKVEI K ( SEQ | D

NO: 8). TheEQHRPNGRho aci d sequence of eculizumab differs fromthe anino

aci d sequence e . i : j i d. gl ut am ne
2 posi i on seit et eafRRERRANE et iShutlo 0T BIRE: Bdea
parti cul aSEQN®0NY:210; LFRCh@hipsisesthe agiinoodtid sdquersceliepicaesddn SEQeID t he | i ght

chain framework regi on sequences (i.. LFR3, and/or LFR4) from

.e., LFR1, LFR2,
ei ther ecOiQ2liddiRbromprigs s drmuneecit sequenca depidied BrdgaANQA2IFFRh
engi nggr e i . ina
A A R R o M i o
in sonme lmembed svgntwe depibd ih BRE), INLNR3] 7; 3R oconiffRds tharanbeo édié
correspondi ng |ight chai i ons .derived from ecul i zumab and/ or
o e s el Bisiunorg I N R e rotns dnin s gEEhal n
framewor k j£8aL@ %SE%ﬁD@@@!3r1eQnopMFK@Q6ﬁ1pri§31%$‘hﬁino%id%%ﬁé‘éﬁc@&%éi@ﬂeé,in are set
forth in Table 1. 26619718 220 cC50a 11 z1 Q@2 1z Z Z C5d0
11 71  SEQUENNE:32.ecul i zumab ecul i zumab ecul i zumab ecul i zumab ecul i zunab

15 In some embodiments, LFR1 comprises the amino acid sequence depicted in
SEQ ID NO:24; LFR2 comprises the amino acid sequence depicted in SEQ ID
NO:25; LFR3 comprises the amino acid sequence depicted in SEQ ID NO:26; LFR4
comprising the amino acid sequence depicted in SEQ ID NO:23, HFR1 comprises the
amino acid sequence depicted in SEQ ID NO:17; HFR2 comprises the amino acid

20 sequence depicted in SEQ ID NO:27; HFR3 comprises the amino acid sequence
depicted in SEQ ID NO:28; and HFR4 comprises the amino acid sequence depicted in
SEQ ID NO:29.

In some embodiments, LFR1 comprises the amino acid sequence depicted in
SEQ ID NO:24; LFR2 comprises the amino acid sequence depicted in SEQ ID

25  NO:25; LFR3 comprises the amino acid sequence depicted in SEQ ID NO:26; LFR4
comprising the amino acid sequence depicted in SEQ ID NO:23, HFR1 comprises the
amino acid sequence depicted in SEQ ID NO:17; HFR2 comprises the amino acid
sequence depicted in SEQ ID NO:30; HFR3 comprises the amino acid sequence
depicted in SEQ ID NO:31; and HFR4 comprises the amino acid sequence depicted in

30  SEQIDNO:32.

In some embodiments, the engineered antibody comprises a paired set of
heavy chain framework regions and light chain framework regions depicted in Table

5.

26619718 2 10



ecul i zumab ecul i zumab ecul i zumab ecul i zumab ecul i zunab ecul i zumab
ecul i zunmab Kabat Kabat Kabat Kabat Chothia Chothia Chothia Chothia
Kabat - Chowbi2a1ikabase - Chot hi a Kabat - Chot hi a Kabat - Chot hi aPCRag2@n/ 08455y
Li ght Chain, FRL Light Chain, FR2 Light Chain, FR3 Light Chain, FR4 Light
Chain, FRL Li gm so(r:nheaeinr;"t’)ocfi:rﬁgnts, the engineered antibody can be, ¢.g., an antibody
fragment, e.g., an antibody fragment selected from the group consisting of an Fd
fragment, an Fab fragment, an Fab’ fragment, and an F(ab’), fragment.

In some embodiments of any of the engineered antibodies described herein,

5  the light chain polypeptide and the heavy chain polypeptide can be covalently bound
to each other.

In some embodiments, the engineered antibody binds to a complement
component protein. The complement component protein can be one selected from the
group consisting of Clq, Clr, Cls, C4, C4a, C4b, C3, C3a, C3b, C2, C2a, C2b, C5,

10  C5a, C5b, C6, C7, C8, C9, properdin, complement factor D, complement factor B,
MBL, MASP1, MASP2, and MASP3.

In some embodiments, the engineered antibody binds to a cell surface
receptor, e.g., a G protein coupled receptor, a chemokine receptor, a cytokine
receptor, or a receptor tyrosine kinase.

15 In some embodiments, the engineered antibody binds to: (i) a death receptor or
(i1) a ligand of a death receptor. In some embodiments, the engineered antibody binds
to a growth factor, a chemokine, or a cytokine. In some embodiments, the engineered
antibody binds to an immunoglobulin molecule, e.g., an IgE molecule.

In yet another aspect, the disclosure features a nucleic acid encoding: (i) any

20  one of the polypeptides described herein (e.g., a light chain polypeptide or a heavy
chain polypeptide) or (ii) any of the engineered antibodies described herein. Also
featured is a vector comprising the nucleic acid. The vector can be an expression
vector. In addition, the disclosure features a cell comprising the nucleic acid or the
vector. In another aspect, the disclosure features a method for producing a

25  polypeptide or an engineered antibody. The method includes culturing the
aforementioned cell containing the vector under conditions suitable to allow for
expression by the cell of the polypeptide or the engineered antibody encoded by the
nucleic acid contained within the vector. The method can also include isolating the
polypeptide or engineered antibody from the cultured cells or from the medium in

30  which the cells were cultured. Also featured is an isolated polypeptide or an isolated
engineered antibody produced by the foregoing method.

In another aspect, the disclosure features a method for generating an
engineered light chain antibody variable region that is less immunogenic in a human

as compared to the immunogenicity of a donor light chain variable region. The
26619718 2 11



Li ght Chain, FR3 Light Chain, FR4 Light Chain, FRL Light Chain, FR2
FR3 Light Chain, FR4 DI QUTQSPSSL SASVGDRVTI TC WYQQKPGKAPKLLI Y
GVPSRFSGSE&8GI DABIIBR SSL QPEDFATYYC FGQGTKVEI K DI QVITQSPSSL 8ABWSDRYDBIFSGA
LNVWYQOKPGKAPKLLI'Y NLADGVPSRFSGSGSGIDFTLTI SSLQPEDFATYYCQN TFGQGTKVEI K

Chai n,

Li ght

DI QVIT QSPSSL%%%\II@ A | TC i\g)'l(n lnPGKAF?KLLI Y GVPSI?{:SGSGSGT DETLTI SSLQPEDFATYYC

FGQGTKVE! Ract

10

15

20

25

30

a%j proy formption cegpprising: (1) an acceptor light chain
antibody variable region amino acid sequence comprising the amino acid sequence
depicted in SEQ ID NO:2 or SEQ ID NO:8 or (ii) a nucleic acid sequence encoding
the acceptor light chain antibody variable region amino acid sequence; providing
information comprising: (iii) at least one donor antibody light chain variable region
amino acid sequence or (iv) a nucleic acid sequence encoding the donor antibody light
chain variable region amino acid sequence; replacing one or more CDRs of the
acceptor light chain antibody variable region with one or more CDRs from the donor
antibody light chain variable region to thereby generate an engineered light chain
variable region that is less immunogenic in a human as compared to the
immunogenicity of the donor antibody light chain variable region, with the proviso
that the engineered light chain variable region does not comprise a light chain
polypeptide comprising the complete amino acid sequence depicted in SEQ ID NO:2
or SEQ ID NO:8. The method can include obtaining a heavy chain antibody variable
region, or a nucleic acid encoding a heavy chain antibody variable region, that is
complementary to the engineered light chain antibody variable region to thereby
generate an engineered antibody.

In some embodiments of the foregoing methods, guided selection is used to
obtain the heavy chain antibody variable region.

In some embodiments of the foregoing methods, the heavy chain antibody
variable region is an engineered heavy chain antibody variable region.

In some embodiments of the foregoing methods, the generation of the
engineered heavy chain antibody variable region includes: providing information
comprising: (i) an acceptor heavy chain antibody variable region amino acid sequence
comprising the amino acid sequence depicted in SEQ ID NO:5 or SEQ ID NO:7 or
(i1) a nucleic acid sequence encoding the acceptor heavy chain antibody variable
region amino acid sequence; providing information comprising: (iii) at least one
donor antibody heavy chain variable region amino acid sequence or (iv) a nucleic acid
sequence encoding the donor antibody heavy chain variable region amino acid
sequence; replacing one or more CDRSs of the acceptor heavy chain antibody variable
region with one or more CDRs from the donor antibody heavy chain variable region
to thereby generate an engineered heavy chain antibody variable region that is less
immunogenic in a human as compared to the immunogenicity of the donor antibody

heavy chain variable region, with the proviso that the engineered antibody variable
26619718 2 12



92z Z C5 X Il Z1 Sequence Z. zZ1 Z.\ Z.1 Z1 Z| Z1

Z. 1 Z.|

Z. | Z. | Kabat Kabat Kabat Kabat Chot hi a Chot hi a Chot hi a

Chot hi a Kaibavtdizoichi a Kabat - Chot hi a Kabat - Chot hi a Kabat PCnatSké1a/034598

10

15

20

25

30

region does not comprise a heavy chain polypeptide variable region comprising the
complete amino acid sequence depicted in SEQ ID NO:5 or SEQ ID NO:7.

In yet another aspect, the disclosure features a method for generating an
engineered heavy chain antibody variable region that is less immunogenic in a human
as compared to the immunogenicity of a donor antibody heavy chain variable region.
The method includes: providing information comprising: (i) an acceptor heavy chain
antibody variable region amino acid sequence comprising the amino acid sequence
depicted in SEQ ID NO:5 or SEQ ID NO:7 or (ii) a nucleic acid sequence encoding
the acceptor heavy chain antibody variable region amino acid sequence; providing
information comprising: (iii) at least one donor antibody heavy chain variable region
amino acid sequence or (iv) a nucleic acid sequence encoding the donor antibody
heavy chain variable region amino acid sequence; replacing one or more CDRs of the
acceptor heavy chain antibody variable region with one or more CDRs from the donor
antibody heavy chain variable region to thereby generate an engineered heavy chain
antibody variable region that is less immunogenic in a human as compared to the
immunogenicity of the donor antibody heavy chain variable region, with the proviso
that the engineered antibody variable region does not comprise a heavy chain
polypeptide variable region comprising the complete amino acid sequence depicted in
SEQ ID NO:5 or SEQ ID NO:7. The method can include obtaining a light chain
antibody variable region complementary to the engineered heavy chain antibody
variable region to thereby generate an engineered antibody.

In some embodiments of the foregoing methods, guided selection is used to
obtain the engineered light chain antibody variable region.

In some embodiments of the foregoing methods, the light chain antibody
variable region is an engineered light chain antibody variable region.

In some embodiments of the foregoing methods, the generation of the
engineered light chain antibody variable region includes: providing information
comprising: (i) an acceptor light chain antibody variable region amino acid sequence
comprising the amino acid sequence depicted in SEQ ID NO:2 or SEQ ID NO:8 or
(i1) a nucleic acid sequence encoding the acceptor light chain antibody variable region
amino acid sequence; providing information comprising: (iii) at least one donor
antibody light chain variable region amino acid sequence or (iv) a nucleic acid
sequence encoding the donor antibody light chain variable region amino acid

sequence; replacing one or more CDRs of the acceptor light chain antibody variable
26619718 2 13
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Regi on (FR) Li ght Chain, FR1L Light Chain, FR2 Light Chain, FR3 Light
Chain, FR4 Light Chain, FRl1 Light Chain, FR2 Light Chain, FR3 Light Chain,
FR4 Li ghtwGhaim3d7#R1l Li ght Chain, FR2 Light Chain, FRBCLiUsht110h&#p8, FR4
DI QUTQSPSSLSASVGDRVTI TC W(Q?KPGKAPKLLI Y GVPSRFSGSGSGT DFTLTI SSLQPEDFATYYC

EL @ﬁgk}%?JS&WQSPSSPﬁééL% i %}EIE alug variable region to

thereby generate an engineered light chain Varlable region that is less immunogenic in
a human as compared to the immunogenicity of the donor antibody light chain
variable region, with the proviso that the engineered light chain variable region does

5  not comprise a light chain polypeptide comprising the complete amino acid sequence
depicted in SEQ ID NO:2 or SEQ ID NO:8.

In some embodiments, the methods include producing the engineered antibody
light chain variable region and/or the engineered antibody heavy chain variable region
(the light chain and heavy chain variable regions can, in some embodiments, contain

10 constant regions as described herein). In some embodiments, the engineered antibody
light chain variable region is produced in a cell or using a cell-free system.

In some embodiments, the methods include isolating from the cell or the
media in which the cell is cultured the engineered antibody light chain variable region
and/or the engineered heavy chain variable region.

15 In some embodiments, the methods include producing the engineered
antibody. The engineered antibody can be produced in a cell or using a cell-free
system. In some embodiments, the methods include isolating from the cell or the
media in which the cell is cultured the engineered antibody.

In some embodiments, the methods include determining whether the

20  engineered antibody binds to the same antigen as the donor antibody. In some
embodiments, the engineered antibody can have a greater affinity for a target antigen
as compared to the affinity of the donor antibody for the same antigen.

In some embodiments, the methods include determining whether an antibody
that binds to the engineered antibody is produced after the engineered antibody is

25  administered to a human.

In some embodiments, the methods include reshaping the engineered
antibody. In some embodiments, the reshaping includes substituting at least one
amino acid of a framework region. In some embodiments, the reshaping includes
substituting at least two amino acids of a framework region. In some embodiments,

30  the reshaping includes substituting at least one amino acid in at least two different
framework regions. In some embodiments, the reshaping does not include
substituting one or more amino acids in a framework region.

In some embodiments, the reshaping includes substituting at least one amino

acid of at least one CDR. The reshaping, in some embodiments, include substituting
26619718 2 14



Dl QUTQSPSSLSASVGDRVTI TC WYQRKPGKAPKLLI'Y GVPSRFSGSGSGTDFTLTI SSLQPEDFATYYC
FGQGTKVEI K Thus, in sone enbodinents, the light chain pol ypeptide
of the emyDrearwv@sant i body conprises, or consists of: amRCILRRIeloa4FeNnt

conprising, or consisting of, the amno acid sequence depi cted in SEQID

NO 9; an LFR2 el enent coppris or on |st| n the no acid sequence
depi cted Frcasye e&nmeaf&{m%ﬁﬁth%@n %Fg?tioéiﬂfﬁaﬁs C b ng of,

the am nojRE|s SHHHRIRRE afRRIt ShE Bmird a%ﬁQoésﬁld}Qf]aJCDRanh@r%ld-tﬁgélﬁi grent
conprising, or consisting of, the amno acid sequence depicted in SEQ ID
NO 12. definedracemdmgdoiiabibtmenhssontincd Kebat- th&undﬁhily@ept i de of the

engi neered antibody ¢ i ses onsi st Rl el ene t conpri si ng,
or conei st ng. o EraRRE T on Sk fHEE Hehed sieetmine SRt o: *an
LFR2 e4 emghboth @NP6diSd 3PS M 30QR&osdihd b BE Kablehaibchiag péi tHe ﬁ@n?eﬁeﬁ depi ct ed
in SEQID NO 18; an LFR3 el enent conprising, or consisting o the am no
aci d sequéﬁé@lﬁ@gl%lt del some smbpdiments; the reshaping inalyies sebssifsme aclsusr i si ng, or

t 151
cobour mentu it i Rad i RO EToR L SRR B ity " =
conpri sesmchrdeesmgtlﬁmagef leagtdné bfinced cidr@tiposition2r7i 28,130, 7Qlor ¢®NSI st i ng of ,

the am no acid sequence depicted in SEQ ID NO 20; an LFR2 el enent
conpri si nEpccRdinggadhakbag nymbering OéFheﬁt?a‘éﬁéPléﬁl%é%ﬂ?é’lLF‘c@gH’@pl cted in SEQID

NG 21jpan LFR3 d
Sequente  dept ol OB S anint BRI g Ring MIGRBERE [0 o
consi st i ngmafo,acideqasrcadntaoind os bofli@ifi e dightegiaot edtiable S&Qn labd AGe23. I n

sonme enbodi nents, .the.light chain pol tide of the engineered antibody
conpri sesdh%?vﬁrbq?%?’?g?n&%hh%??gt@ﬁﬁ n\éﬁ%‘ﬁi conprising, or consi st| ng of ,

the amno aci dlrﬁﬁﬁb%iﬁ@ocﬂﬁgﬁt%ﬁﬂm'fﬂr%&@g'nEétl'NQs%‘ne FMdER%id K78
conprising, or consisting 25 of, the am no aci d sequence dep| ct ed | n SEQ I D

NO 25; anfremREoH @Tﬁe@DR@mthSiuit@ preor t@tmgﬁlsltamng bf somehambodimentaci d

CouPLer BRCLhER Al et ABRnell Ak eraa T e RRE D% L orre

enbodi nents, t hesdnhdddthbsdabiits aad y&epﬁote@n zlogﬁpéhamalb&ef ron30 consi st of
the am no acid sequence depicted in SE 2 or SEQ 1D The

| i ght chaFempiicy hapamige agidricgusmps Poanyzp é%%glﬁnbameglymptldrérdew@ﬁ%| e, the
light chajp, fgoriﬁtsﬁgé ﬁ%glimn%a{ne%%c 5, a'n'n%‘ J&@%@hﬂﬁ’wﬂ%ﬁé fggnconst ant
region or a arn cons egi on he am no aci uence for a

nunber of aﬂnuml%eqndldé cadpAGS IR 1idind acid @hﬁe@b@f Bnycoftht Aedvyradginons are
known_in the art and described in, Kabat et al. (1991 supr a). The
i ght 2€haPAypeantifsepescaeedicreife I%W%e@la%mﬁﬂe%wor%ﬁmemﬁ@ hg 1'i ght

chain congta 1‘5.1%%09%11_1 Véiih Lheblak %W%%%@Qe%%%&S&%&%ﬁe

RTVAAPSVFI FPPSDEQL KSGT ASWCL LNNFYPR
QESVTE@S&D&Bmlmﬁhmmmwvwmmwm&@eﬂme(dﬁald BeNC 3) . SEQ

IDNO3 is the cogqstant reqgi on of tehe i ht cha n of eculizumab. The
engi neer eB°SRIF BYHROSY haRecieperil drgion A PIALENCS QBRI n 10

pol ypept i deifoanid@qathR B ALy 8€thd h§ﬁ@%@ﬁﬁp&%tl§&rﬁé§éﬁ&a WRfeigonsi sts of the
followi ng am no acid sequence segments in order: HFR1-HCDR1- HFR2- HCDR2-
HFR3- HCDR3- HFRIn yqﬂlamthWSpe@gbndsscmumifeatw Apcrgingtragkaptidéade of framework 1

(FR1) of the heavy..chain varl cor.res to,.the am no

boi ) soquinERRSRAp R RS st ERpSIERNT ) K5y Shiih SRBORR e ety o hera
15 corresgrRnist tiit Pelypeptide camiptls@aBdRMes ik arhingreitdicuchcé Kéghen@d int he heavy
chain variable region; and HFR4 corresponds to the am no aci d sequence of

f r anmewor koulepERAR1 bf:DPHeLW%LHR@ér@%$'éFMg|16ﬁ0mF-IQDm igshtses ponds to
t he am no i I: i ( CDR1)
of the heko ! SRAPRUIAE ulng'dift COURIGEAER,RY 1 KEEATAD HIPMIRELAS L
sequedke thfreet &IﬁlnaﬁcldcyﬁbétﬁﬁmisaLFRy ca@pesariting arginb@gidasqiencEREFtedin t he heavy
chai n variahl e region; corresponds. to the am no acid sequence of

the conpl eREANPEY ‘?fe?FeQ HPRN%ST%% zg1q ferhess 28¥Nq #ad AEbHIItORARI n vari abl e
regi on. ThegphiRhifkRRe aIHFIBSdm@& u&ﬁgﬂeﬂmea% ggggmﬁ@uﬁn%ﬁtswﬁﬁ SerbQHt i but ed

from an acceptor ant| body, where , and amno acid
sequencestlmemarbmoaordtsrubhuutemgﬁfdmfhtomm tlermmife agid seqreace depastedr t hr ee)

donor anti X avy .chai can tained froma
Sohol & doHbS PTG B et Bt S DGR e RASOBP TN o

di ff erent 2¢dénid? anti bodies (e.g., twolanti bodies that bind to the sane
antigen, but have different heavy chain CDR sequences). |In sone

enbodi ments, at |east one of the HCDRs is retained (or contributed) from

t he acceptor 30 anti body. For exanple, HCDR3 can be from a donor antibody
(e g., mhere HCDR3 has been deternlned to contrlbute to the donor antlbody

o, - - = o =



HCDR3 are each contributed froma single donor antibody. Suitable acceptor
anti bodi es and donor anti bodi es are el aborated on herein. As

descri bedwberai37mad exenplified in the worki ng exanpl epCTiuseothmaisys chai n
vari abl e region of eculizumab was generated by grafting the HCDRs of a

murine anti- 5 C5 antibod nto the vy chajn fra rk ion scaffold
of the H2BEFME ﬁﬁ%wee@y qﬁ@%ﬁ#%%cﬁw%mga%%ﬁﬁ%éﬁgy chai n
variabl e r&ghens@fc £eiMbiagid dnge 881idIRIhAWEIDR? from a donor antibody, and

QVQL VQSGAEVKKPGASVKVSCKASGYI FSNYW Q/é/RQAPGQG_ EVWVGE]

L PGSGSTEYTENRIBRVIIVIERONS ESINOY M SSIuRSEDITANHY ARYEPESSTdIo aRNWY-DVWEQGTLVTVSS

(SEQIDNOS)., T 1 no aci d seguence of the.heavy chain, vari abl e region
of Peocs ruitkiys 3 SR el DR R R bR AR R A SiARP aoa, B 1
NPSGGSTNY, QERVIIMYRD NG S ¢ HSINCPE DTN ARt Kdents, the heavy chain ]

RTRI AARPGECDS LVTVSS (SEQ I D NO 7). As defined by Kabat, the 15 am no

aci d sequeplypersidechapHFRthefolloping smmatsc scflegnse pegmanthia asdir BEBdndi ng

am no aci 5 If&?ﬁ ] ci ds... i.fi.cally, the
t hr eoni negla p%5| ?olﬁéggz éaﬁlc:iﬁg'he r%ﬁ%ﬁﬂ%@ﬁ%idgﬁ%ﬁﬁ%ﬁgg %]é ‘H0C3 WH
regi on (Kadiakedueige dupicteédiol SHQEIDAN@NB, I8 oM, bueshleedro t@three aminbhe

ecul i zumab Kabat. FRL sequence. The renai ning framework regions (HFR2, HFR3,
and HFR4) 2¢ifl subsggriong:FRY coyapijics theaping Acifepaushec femetsd e IPhe Kabat

definigi oRy- : i gmﬁg]b&- - hi o tioon. re:-is no
di ffe%(sencgob(tmt’\%ga‘rx\ﬁt? %g&g[?n%%gam sg%%g{é@hg?squpu iézme%%g aﬁﬁ%osam no acid
sequence ofid sRACBcd dpiaed/indFEQ He NO 4 opwo mkthrzegi ortbree (a8eeo &did. 2.) Wt hout

bei ng bound t.o any icul ar theory or mechani sm of . act.i jt is 25
bol | oved PRSTHERYP I RLR KIIAHSHOIR “FEM ] SaERTE oMb fer ecul i zumab
or H20C3 wWd:| 6 it UsBTblo tb kB EmHERA &itk@Ritifhs, IMRNIHTER EbHPody that
exhibits a reduced Ievel of imunogenicity in a human as conpared to the

| evel of iheramogedidséquenes ofdhedon olraimDiRJoidym aTonst aritipodpCBRBodi nent s,

HFR1, , HFR2, HFR3 d/ or HFR4 th ding h hai
£ amebbr kCRBTSRLIIG agi 3604 Eho By StilRis BRATeR 4 Bes thedngnd; o
sequences HCWR 3 bampedeh ieimibo adid sERRES bEavyy eidh CORBHFEWArdonbedi Ons, as

defined by Kabat, Chothia, or KabatChothia, are set forth in Table 2. 25
26619718 antibpdy 230 hewyIbarophwspida dasagpeomprisehepning azgl segugrce 26

depicted in SEQ ID NO:5 or SEQ ID NO:7. The engineered antibody is less
immunogenic in a human as compared to the donor antibody or antibodies and the

20  engineered antibody binds to the same antigen as the donor antibody or antibodies.

In some embodiments, one or both of: (a) the LCDR1, LCDR2, and LCDR3
are from a single donor antibody; and (b) the HCDR1, HCDR2, and HCDR3 are from
a single donor antibody. In some embodiments, all of the light chain CDRs and heavy
chain CDRs are from the same donor antibody.

25 Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which this disclosure pertains. In case of conflict, the present document, including
definitions, will control. Preferred methods and materials are described below,
although methods and materials similar or equivalent to those described herein can

30  also be used in the practice or testing of the presently disclosed methods and
compositions. All publications, patent applications, patents, and other references

mentioned herein are incorporated by reference in their entirety.
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Thus, in sonme enbodi nents HFR1 of the engi neered anti body can conprise or
be, e.g., the am no acid sequence depicted in SEQ ID NGs: 13, 17, or 19. In
sonme enmboaDreent736RIFR2 of the engi neered anti body can cecpriss@10845be, e.g.,
the am no acid sequence depicted in SEQ ID NO 14. In sonme enbodi ments,

HFR3 of the 5e nereda co ri se. or be, am no acid
sequence depi ngtgf W@E@I}‘{T‘&@%‘& Iﬂiﬁelgg(% g‘r'?f)]@d‘?rﬁ’e%$s%eﬁﬁ F%f t he
engi neer ege&%tinfgoddne& t&%’{%écﬁﬁw{?ﬁ r&ﬁce@rrfﬁnunotglaﬁlcﬁmﬂ‘é)hﬁrﬁhrg wiffgpdence
depicted rn SEQ’I In sone enbodi ment's, the headvy chain
pol ypept i d@amntﬂ@m@ngfolﬁmenedemtlmmdbre compl¢ss e from thoplsinst s of : an HFRL
el ement conprising, or consisting of, the am no 10 acid sequence depicted
in SEQ ID NO 13; an HFR2 el ement conprising, or consisting of, the am no

aci d sgquence depicted in FERFABNDtiohdf R DHWR3£! enment conpri sing, or
consisting of, the amno acid sequence depicted In SEQ ID NG 15; and an

HFRA el enment CFE&’&'&H@% anligARREM stith O8m o, ac{dk%qééﬂcg%ﬁﬁé femequgnce depicted
in SEQ ID NGO 16.7 151 h sonme enbodinents, the heavy chain polypeptide of the
engi neer edariabld gy of crpidused, (“Bru”p FRQ ﬁDé\I@ﬂ) arghthelRRincetadeamuensnpri si ng,

ol eront Bt G apsundr S RgRarVERRE SERRG SR AT R b o 1n

SEQ | D NOhrddsoniletibiiari§! RiBmini#O RIS I(CDRsPL LEWISI, $I0DRL, @hd LdRHAM no acid
sequence depicted in SEQ |D NO 15; “and 20 an HFR4 el ement’ conpri sing, or

consi §8 i ngs ¢xfined ﬁecoeidﬁineéo Hieiknbsbapderleshig elpfinitiens 4rq iIGmOfipdLNOraEketing. I n
Some e”bo‘i*hé‘ﬁgﬁt ehafn\ naﬁf%‘fé/%%ﬁ&%f%%kyxﬁgi%%k de a‘PJa M%m%&g*rﬂee%lﬁ% %{H' bOdy
conpri ses, consi'sts g, or CONSI St Ing o

the am n0p@giu1¢h G qulingichydiefliat hebérn gFR@H ﬂas;Na tb7che ecﬁlhleﬂRRb sdq@BBittis
conprising, or 25 consisting of, the amno acid sequence depicted in SEQID
NO  14; aHdiqpted abpeeistalig Y¢%E5- or consi stl ng of, the am no acid

sequence depic [ I g, or
consi sting of, F%Z & Eso naagg g%tﬁoufetﬁ%%nﬁepl cted Eﬁl’nﬁggﬁléh§g% ?%rﬂ In sone
enbodl.‘mentzesr;abﬂdmghmamf;ecuﬂmmbmbmgﬁe(ﬁﬁ@ﬂ)mo Bhendethgiameer sdd swuiady

Che.am notahar2fiGh EEusedphu Bearcisuey pebgscerh (o peka (oeddBR = "0

conpri si ng. % ﬂféﬂﬁfe’é%bﬂ@le?ﬁenta‘rfﬂfd@t@ﬂn’ﬁﬁn@%ﬁoﬁ@@lﬁ@@ﬁ deprat gd DRy, SEQ |1 D
NG 27; an HFR3 el enent conprising, or consisting o the am no acid

sequence aepHEDRS + as BEDc Bedudliag fo tadKadgt aglddierhig dEﬁnlanntHﬁRAld@hﬁné nt

oD " "8 R SISk il L SRS AR RIS SERMEL B0 1O

engi ng@r e¢h@9ﬁ1[ﬂMYd PRI (86 8efirRd by babinsmBdringdithiirEbeed Nt conpri si ng,
or consisting of, the anmino 5 acid sequence depicted in SEQ ID NO 17; an

HFR2 el enmeenliZemab seBiches, is iirdieagrisabont ty abigned srauanfichoPediienssdguEiice depi ct ed
in SEQ I D, n I of, the am no

acid sequé%{ggﬁgelﬁctfjﬁsl(%giE% Wa% AR lgemflf?%&il %gﬁg%t conprising, or
consisting of, the amno acid sequence dep| ct ed in SEQID NG 32. 10In sone

enbodi nent s, t he heavy chai n polypeptide does not conprise or consist of
the anino acid sequence depi ct e&%ﬂ%@?ﬂ@—&@ 5 or SEQ ID NO 7. The
heavyjghain pO'rMPG{%El'o%? ‘foﬂdlq&é%%ﬂ inS&ed AR Mhat cRGHA les%e 9., a heavy chain

constant region 1 avy chaln constant region CH2), heavy chain
const ant meguosgcdicitZh3r humah eavqmpehed to tho mamandganegtiyan the I(eﬁp%)iye or a

conmbi nati gn of e fore Q e heav hai pepti de can
conpri se ?lan@n%%‘?‘{]g ﬁOIBfWQ]éWtB %‘E%ﬂtﬂ’ﬁ ’r?él"vé%%‘i? Q’hgﬁﬁ%’ '"&§i on can be,
e.g., an Rayhaehdea tb beﬁhﬁﬁhg 9@ 1h@%mﬂogﬁéns lag i1 a's%thdcﬂ%r thelE, or 1gD
|mmnogl obulin nol ecul e or n%l nation of portions of each of these. The
am no aci trepengtiemeebusegire alabmmt@élon@feld’mrran heavy chain constant regions are
known,in the art and described in, e.g., Kabat et al. (1991), 20 supra.

In so enbodinents t he heavy chai n pol ypeptide can conprise a hybrid
const ant Efgineded AhtiBodi&y tion thereof, such as a G/ &4 hybrid constant

regi on (see elvg@ Burton et al. (1992) Adv Inmmun. 51:1-18; Canfield et al.
(1991) J Exp uggBhcrgigzan fmgmeeraﬁ@n [’ & anggntigpdy carggrpingyeie ofl nrunol .

34(6):441- r ering),
the 1 gGl gﬁ)dg % g{:obﬁfé é&’ri(eiwgﬁg&%é%@%gg d@%@%a}%ﬂéﬁgﬁésﬁvﬁ%reas t he

| g& constant region does not conprise residue 249, but does conprise &50.
In a G/ GreHybei d constant region, where the 249-250 region conmes fromthe
& sequence, the constant region can be further nodified to introduce a
glycine residue at position 249 to produce a &/ &4 fusion having G249/ G50.
QG her 30 constant donmain hybrids that conprise 49/ G50 can al so be part
of engi neer ed ant| bod| es | n accor dance WI t h the di scl osure. I n sone

I Y L - T e




26619718 2 ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSVWNSGAL TSGVHTF
PAVLQSSAL YSLSSWTVPSSNFGT QT YTCNVDHKPSNTKVDKTVERKCCVE
CPPCPAPPWWRORBMABFPKPKDTLM SRTPEVTCVVWVDVSQEDPEVOFNWYYV  PCT/US2011/034598
DGVEVHNAKTKPREEQF NSTYRVVSVL TVL HQDV\L NGKEYKCKVSNKGLPS 5

S| EKTI SKAK PQVYTL \SL TCL YPSDI AVEVES
N@ENNYKT‘W%@S%SP f EG%SVWLWW%@%L@@ (SEQ I D
NO 6) . SEQR 1@ssl\ﬂﬁ%n§nf$§9me&§mt ahﬁuﬁéﬂ ﬁ%oafﬁaﬁkd%s%ﬁﬁﬁumgeﬁleﬁy Beax¥orbai n
constant region of eculizumab he engi neered anti bodi es descri bed herein

can, in s@mtEbOéprmoehhnmam sTh@stmwrcursef t:karemgmatrad aetxlmwlwllaamﬁawm ngs of Iight

chal n framewor i.ons h av s.. For exanple, an
engi neer ed ant:f %ﬁ‘e%%f?rg@a lﬁ% ﬁrls@a%h%]grrc;ﬁ?lflgglyge (%H}aw&llg(fl n pol ypepti de
conprisi Ngedubgce’doatptsing :19d¥nsiEhRd 6f, tHATBYRIN anfBd 818 sefich¥eeohicfiNin

ecul i zumab and a heaa},llﬁé(:hal n pollﬁzb%{éde conprising the 15 "Kabat" heavy

chain fraﬁ@iﬁbrﬂ?&lebc IR 6P dIPEIEIRA. | Relr@tflﬁféli’m@ﬁ&hﬁllefa |
t
conpr 1 o1 el RREARBLTRREORL ELR BT KO cRfa Rptilstea IR RV PP

the 1.23 tomghtpordsad thedigina ablaavque@babﬂfrmb\y@ﬁm (Feke) oOtherlight dflgurt he
" Kabat Chot hi.a" heavy chain framework regions derived fromthe H20C3 heavy

chain. | nV@@Wg%LHB? C@%ﬁ?ﬁp@ toghe @ﬁgmé@rsgaueawﬁ phiaycwedc? (lel herein
can C%mrbﬁﬁefhg fn GBI flgt ﬁg en?ds@&tﬂe%%&@agké deh@ht ~chain

framewor k regi erive charn an y chain
pol ypepti défrmawonksﬁl (R 4) Ioéthel(@hathalmem@bla:ﬂeglom. fuGE@Rvoorkespeglsan sheder | ved

from ecul i zumab. , Exenpl ary pai s of ht. chain. a chain

fr amevor kHPHS Bibsep B LTy T e e R TR

25Kabat - Chgfhih@inGARRb R eS8 TR D @Fres %Qﬁdsuté%é ﬁnﬁlﬁ%cﬁrs%g@én%& bPﬂleOf an
engi neered anti body are set forth in . 30 26619718 2

2011/ 13736QPUFMUB20 1140348982 Teghore2 @Dmknﬂhaﬂlghmuyvaalﬁuleuﬁghn, agdai n
Fr amewor k on Palrln hPalrl Frarre fﬁh Defl1 d Conbi nat i on:
Kabat abrlgi eI gpqqéig the amino a d sequence of the comp ernentarlty etermining

region 3 (CDR3) of the light chain variable region. One or more (e.g., one, two,

three, or all four) of LFR1, LFR2, LFR3, and LFR4 amino acid sequences of the

engineered antibody are contributed by an acceptor antibody. In some embodiments,
only LFR1, LFR2, or LFR3 are contributed by an acceptor antibody. In some

20  embodiments, LFR1 and LFR2 are contributed by an acceptor antibody. In some
embodiments, LFR2 and LFR3 are contributed by an acceptor antibody. In some
embodiments, LFR1 and LFR3 are contributed by an acceptor antibody. In some
embodiments, LFR4 is not contributed by an acceptor antibody. One or more of the
LCDRI1, LCDR2, and LCDR3 amino acid sequences are contributed from at least one

25  (e.g., one, two, or three) donor antibody. For example, the light chain CDRs can be
obtained from a single donor antibody or, in some embodiments, CDRs from two or
more different donor antibodies (e.g., two antibodies that bind to the same antigen,
but have different light chain CDR sequences). In some embodiments, at least one
(e.g., one, two, or even all three) of the LCDRs is obtained from the acceptor

30 antibody. For example, an engineered antibody can have a LCDR3 from a donor
antibody and LCDR1 and LCDR2 from the acceptor antibody. In some embodiments,
an engineered antibody can have a LCDR2 from a donor antibody and a LCDR1 and
LCDR3 from the acceptor antibody. Suitable acceptor antibodies and donor

antibodies are elaborated on herein.
26619718 2 18
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The exact boundaries of CDRs and framework regions have been defined
differently according to different methods. In some embodiments, the positions of the
CDRs or framework regions within a light or heavy chain variable domain can be as
defined by Kabat et al. [(1991) “Sequences of Proteins of Immunological Interest.”
NIH Publication No. 91-3242, U.S. Department of Health and Human Services,
Bethesda, MD]. In such cases, the CDRs can be referred to as “Kabat CDRs” (e.g.,
“Kabat LCDR2” or “Kabat HCDR1”’) and the framework regions can be referred to as
“Kabat framework regions,” (e.g., “Kabat LFR1” or “Kabat HFR3”). In some
embodiments, the positions of the CDRs or framework regions of a light or heavy
chain variable region can be as defined by Chothia et al. (1989) Nature 342:877-883.
Accordingly, these regions can be referred to as “Chothia CDRs” (e.g., “Chothia
LCDR2” or “Chothia HCDR3”) or “Chothia framework regions” (e.g., “Chothia
LFR1” or “Chothia LFR3”), respectively. In some embodiments, the positions of the
CDRs or framework regions of the light and heavy chain variable regions can be as
defined by a Kabat-Chothia combined definition. In such embodiments, these regions
can be referred to as “combined Kabat-Chothia CDRs” or “combined Kabat-Chothia
framework regions,” respectively. Thomas et al. [(1996) Mol Immunol
33(17/18):1389-1401] exemplifies the identification of CDRs and framework region
boundaries according to Kabat and Chothia definitions. The identification of CDRs
and frameworks using each of the three aforementioned definitions is also shown in
Figs. 1 and 2.

In some embodiments, the positions of the CDRs and/or framework regions
with a light or heavy chain variable domain can be as defined by Honnegger and
Pliickthun [(2001) J Mol Biol 309: 657-670].

As described herein and exemplified in the working Examples, the light chain
variable region of eculizumab was generated by grafting the LCDRs of a murine anti-
C5 antibody onto the framework region scaffold of the 1.23 Ig kappa light chain
molecule. The amino acid sequence of the light chain variable region of eculizumab
1s as follows:
DIQMTQSPSSLSASVGDRVTITCGASENIYGALNWYQQKPGKAPKLLIYGATN
LADGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQNVLNTPLTFGQGTKVEIK
(SEQ ID NO:2). The amino acid sequence of the light chain variable region of .23 is
as follows: DIQMTQSPSSLSASVGDRVTITCRASQSISNYLNWYQRKPGKAPK

26619718 2 19
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Ecu Light Chain/ Ecu Heavy Chain FRL SEQ ID: 9 SEQID: 13 SEQID: 9 SEQ I D:
17 FR2 SEQID: 10 SEQID: 14 SEQID: 10 SEQID: 14 FR3 SEQ ID: 11 SEQ I D
15 SEQ | DvO20118B@6kD: 15 FR4 SEQ ID: 12 SEQ ID: 16 SEQPCDIUS2P18ER9$ D: 16

1.23 Light Chain/ H20C3 Heavy Chain FRL SEQ ID: 9 SEQID: 19 SEQ ID: 9 SEQ

'D 17 LLIYAASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQSYNTPWTFG
QGTKVEIK (SEQ ID NO:8). The LFR2 amino acid sequence of eculizumab differs
from the amino acid sequence of the corresponding 1.23 LFR2 by one amino acid: a
glutamine at position 38 instead of an arginine.
5 Without being bound to any particular theory or mechanism of action, it is

believed that the light chain framework region sequences (i.e., LFR1, LFR2, LFR3,
and/or LFR4) from either eculizumab or 1.23 would be useful in the preparation of an
engineered antibody that exhibits a reduced level of immunogenicity in a human as
compared to the level of immunogenicity of a donor antibody. Thus, in some

10 embodiments, LFR1, LFR2, LFR3, and/or LFR4 can be the corresponding light chain
framework regions derived from eculizumab and/or 1.23. Amino acid sequences for
the eculizumab and 1.23 light chain framework regions, as defined by Kabat, Chothia,
or Kabat-Chothia, are sct forth in Table 1.
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17 FR2 SEQ2hD/1318%2SEQ ID: 14 SEQ ID: 10 SEQ ID: 14 FRBCSE01D034598 SEQ | D:
recited in Table 3 refers to "SEQ ID NO. "

SEQ ID: 11 SEQID. 15 FR4 SEQ ID: 12 SEQID: 16 SEQ ID: 12 SEQ ID: 16 Ecu
15 SEQ ID: 11 SEQ ID: 15 FR4 SEQ ID: 12 SEQID. 16 SEQ ID: 12 SEQ ID:. 16

Li ght Chain/ H20C3 Heavy Chain FRL SEQID: 9 SEQID: 19 SEQID: 9 SEQ I D:

* "SEQ | D"
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Exenmpl ary pairings of |ight chain and heavy chain framework regions, the
5regi ons being defined under Chothia, for use in the preparation of an
engi neer edloant/i3oiby are set forth in Table 4. 31 266197P8TAISYEI1/034598
2011/ 137362PCT/ US2011/ 034598 Tabl e 4. Exenpl ary Heavy and Light Chain

Framewor k Regi Pai ri ngs,. the Regions being fined t he Chot hia Met hod
(Part 1). Pai r&ﬁ@s’ﬁ}%ﬂ%ﬁ@‘{iﬁlﬁﬁ%%ﬁggw C%éwmf@@pnﬁ%e&éﬁ%lﬁe uence

Combi nat i gflibody cbﬁ?i’ﬁ(es, or CisR/olel SNEFIREGARNt cofiRisthg, or consisEfglofkight  Chai n/
Ecu Heavy Chaih FR

amino acid sequence depicted in SEQ ID NO:9; an LFR2 element comprising, or
consisting of, the amino acid sequence depicted in SEQ ID NO:10; an LFR3 element

5  comprising, or consisting of, the amino acid sequence depicted in SEQ ID NO:11; and
an LFR4 element comprising, or consisting of, the amino acid sequence depicted in
SEQ ID NO:12.

In some embodiments, the light chain polypeptide of the engineered antibody
comprises, or consists of: an LFR1 element comprising, or consisting of, the amino

10 acid sequence depicted in SEQ ID NO:9; an LFR2 element comprising, or consisting
of, the amino acid sequence depicted in SEQ ID NO:18; an LFR3 element
comprising, or consisting of, the amino acid sequence depicted in SEQ ID NO:11; and
an LFR4 element comprising, or consisting of, the amino acid sequence depicted in
SEQ ID NO:12.

15 In some embodiments, the light chain polypeptide of the engineered antibody
comprises, or consists of: an LFR1 element comprising, or consisting of, the amino
acid sequence depicted in SEQ ID NO:20; an LFR2 element comprising, or consisting
of, the amino acid sequence depicted in SEQ ID NO:21; an LFR3 element
comprising, or consisting of, the amino acid sequence depicted in SEQ ID NO:22; and

20  an LFR4 clement comprising, or consisting of, the amino acid sequence depicted in
SEQ ID NO:23.

In some embodiments, the light chain polypeptide of the engineered antibody
comprises, or consists of: an LFR1 element comprising, or consisting of, the amino
acid sequence depicted in SEQ ID NO:24; an LFR2 element comprising, or consisting

25  of, the amino acid sequence depicted in SEQ ID NO:25; an LFR3 element
comprising, or consisting of, the amino acid sequence depicted in SEQ ID NO:26; and
an LFR4 element comprising, or consisting of, the amino acid sequence depicted in
SEQ ID NO:23.

In some embodiments, the light chain polypeptide does not comprise or

30  consist of the amino acid sequence depicted in SEQ ID NO:2 or SEQ ID NO:S.

The light chain polypeptide can comprise a constant region. For example, the
light chain constant region can be a A light chain polypeptide constant region or a k

light chain constant region. The amino acid sequence for a number of human A and k
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SEQID NO 20 SEQID NO 17 FR2 SEQID NO 21 SEQID NGO 27 FR3 SEQID
NO 22 SEQID NO 28 FR4 SEQID NO 23 SEQ ID NO 29 Ecu Light Chain/
H20C3 Heaw9 2¢haism6ER1 SEQ I D NO 20 SEQ ID NO 17 FR2 BEQUSiNGB4524 SEQ I D
NO 30 FR3 SEQID NO 22 SEQID NO 31 FR4 SEQID NO 23 SEQ ID NO 32
1.23 U ghhgl?c%iaﬂllcoggtgntl}lggl\é%{s ac%g ingwrlf |iqlil'the art and described in, ¢.g., Kabat et al.
(1991); supra). The light chain polypeptide of the engineered antibody can comprise
a light chain constant region having the following amino acid sequence:
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNS
5 QESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRG
EC
(SEQ ID NO:3). SEQ ID NO:3 is the constant region of the light chain of
eculizumab.
The engineered antibodies described herein also comprise a heavy chain
10 polypeptide having an amino acid sequence that comprises or consists of the
following amino acid sequence segments in order: HFR1-HCDR1-HFR2-HCDR2-
HFR3-HCDR3-HFR4. HFRI1 corresponds to the amino acid sequence of framework
1 (FR1) of the heavy chain variable region; HFR2 corresponds to the amino acid
sequence of framework 2 (FR2) of the heavy chain variable region; HFR3
15  corresponds to the amino acid sequence of framework 3 (FR3) of the heavy chain
variable region; and HFR4 corresponds to the amino acid sequence of framework 4
(FR4) of the heavy chain variable region. HCDRI1 corresponds to the amino acid
sequence of the complementarity determining region 1 (CDR1) of the heavy chain
variable region; HCDR2 corresponds to the amino acid sequence of the
20  complementarity determining region 2 (CDR2) of the heavy chain variable region;
and HCDR3 corresponds to the amino acid sequence of the complementarity
determining region 3 (CDR3) of the heavy chain variable region. The HFR1, HFR2,
HFR3, and HFR4 amino acid sequences are contributed from an acceptor antibody,
whereas the HCDR1, HCDR2, and HCDR3 amino acid sequences can be contributed
25  from at least one (e.g., one, two, or three) donor antibody. For example, the heavy
chain CDRs can be obtained from a single donor antibody or, in some embodiments,
CDRs from two or more different donor antibodies (e.g., two antibodies that bind to
the same antigen, but have different heavy chain CDR sequences). In some
embodiments, at least one of the HCDRSs is retained (or contributed) from the acceptor
30  antibody. For example, HCDR3 can be from a donor antibody (e.g., where HCDR3
has been determined to contribute to the donor antibody the most binding energy for
the antigen to which the donor antibody binds) and HCDR1 and HCDR2 can be
retained from the acceptor antibody. In some embodiments, HCDR1, HCDR2, and

24
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SEQID NO 24 SEQID NO 17 FR2 SEQID NO 25 SEQID NGO 27 FR3 SEQID
NO 26 SEQID NO 28 FR4 SEQID NO 23 SEQ ID NO 29 1.23 Light Chain/
H20C3 Heaw9 20haism6ER1 SEQ I D NO 24 SEQ ID NO 17 FR2 BEQUSIMNGB452% SEQ I D
NO 30 FR3 SEQ ID NO 26 SEQIDNO 31 FR4 SEQIDNO 23 SEQ I D NO 32

S o TR0, BOAt 008 S oS 200 e Pl 1 ramevor
prepar at i gRilliRAng Ggﬁ&%ﬁﬁﬁgdlé’srﬁrb QQQUra%d%n%%elﬁ.or th in Table 5. 32
As described herein and exemplified in the working examples, the heavy chain
variable region of eculizumab was generated by grafting the HCDRs of a murine anti-
5  C5 antibody onto the heavy chain framework region scaffold of the H20C3 Ig
molecule. The amino acid sequence of the heavy chain variable region of eculizumab
1s as follows:
QVQLVQSGAEVKKPGASVKVSCKASGYIFSNYWIQWVRQAPGQGLEWMGEI
LPGSGSTEYTENFKDRVTMTRDTSTSTVYMELSSLRSEDTAVYYCARYFFGSS
10  PNWYFDVWGQGTLVTVSS (SEQ ID NO:5). The amino acid sequence of the
heavy chain variable region of H20C3 is as follows:
QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYYIHWVRQAPGQGLEWMGII
NPSGGSTNYAQKFQGRVTMTRDTSTSTVYMELSSLRSEDTAVYYCARAPHQ
RTRIAARPGEGDSWGQGTLVTVSS (SEQ ID NO:7). As defined by Kabat, the
15  amino acid sequence of the HFR1 of eculizumab differs from the corresponding
amino acid sequence of HFR1 of H20C3 by two amino acids. Specifically, the
threonine at position 28 and the threonine at position 30 of the H20C3 Vy region
(Kabat FR1) are isoleucine and serine, respectively, in the eculizumab Kabat FR1
sequence. The remaining framework regions (HFR2, HFR3, and HFR4) are identical
20 between eculizumab and H20C3 under the Kabat definition. Under the combined
Kabat-Chothia definition, there is no difference between the amino acid sequence of
eculizumab and the amino acid sequence of H20C3 for any of the framework regions.
(See Fig. 2.)
Without being bound to any particular theory or mechanism of action, it is
25  believed that heavy chain framework region sequences from either eculizumab or
H20C3 will be useful in the preparation of an engineered antibody that exhibits a
reduced level of immunogenicity in a human as compared to the level of
immunogenicity of a donor antibody. Thus, in some embodiments, HFR1, HFR2,
HFR3, and/or HFR4 can be the corresponding heavy chain framework regions derived
30  from eculizumab and/or H20C3. Amino acid sequences for the eculizumab and
H20C3 heavy chain framework regions, as defined by Kabat, Chothia, or Kabat-
Chothia, are set forth in Table 2.

25
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1.23 H20CG3 FR2 SEQ ID NO 25 SEQ ID NO 30 Ecu Ecu FR3 SEQ I D NO 22 SEQ

ID NO 28 Ecu** Ecu FRA SEQ ID NO 23 SEQ ID NO 29 D Ecu Ecu* FR1L SEQ I D
NO 20 SBQoRD1NGr3ez7 1.23 Ecu FR2 SEQ I D NO 25 SEQ | DPRQUS2M 1/08£598 H20C3

FR3 SEQ ID NO 22 SEQ ID NO 31

Thus, in some embodiments HFR1 of the engineered antibody can comprise or
be, e.g., the amino acid sequence depicted in SEQ ID NOs:13, 17, or 19. In some
embodiments, HFR2 of the engineered antibody can comprise or be, ¢.g., the amino
acid sequence depicted in SEQ ID NO: 14. In some embodiments, HFR3 of the

5  engineered antibody can comprise or be, ¢.g., the amino acid sequence depicted in
SEQ ID NO:15. In some embodiments, HFR4 of the engineered antibody can
comprise or be, e.g., the amino acid sequence depicted in SEQ ID NO:16.

In some embodiments, the heavy chain polypeptide of the engineered antibody
comprises, or consists of: an HFR1 element comprising, or consisting of, the amino

10 acid sequence depicted in SEQ ID NO:13; an HFR2 element comprising, or
consisting of, the amino acid sequence depicted in SEQ ID NO:14; an HFR3 element
comprising, or consisting of, the amino acid sequence depicted in SEQ ID NO:15; and
an HFR4 element comprising, or consisting of, the amino acid sequence depicted in
SEQ ID NO:16.

15 In some embodiments, the heavy chain polypeptide of the engineered antibody
comprises, or consists of: an HFR1 element comprising, or consisting of, the amino
acid sequence depicted in SEQ ID NO:19; an HFR2 element comprising, or
consisting of, the amino acid sequence depicted in SEQ ID NO:14; an HFR3 element
comprising, or consisting of, the amino acid sequence depicted in SEQ ID NO:15; and

20  an HFR4 element comprising, or consisting of, the amino acid sequence depicted in
SEQ ID NO:16.

In some embodiments, the heavy chain polypeptide of the engineered antibody
comprises, or consists of: an HFR1 element comprising, or consisting of, the amino
acid sequence depicted in SEQ ID NO:17; an HFR2 element comprising, or

25  consisting of, the amino acid sequence depicted in SEQ ID NO:14; an HFR3 element
comprising, or consisting of, the amino acid sequence depicted in SEQ ID NO:15; and
an HFR4 element comprising, or consisting of, the amino acid sequence depicted in
SEQ ID NO:16.

In some embodiments, the heavy chain polypeptide of the engineered antibody

30  comprises, or consists of: an HFR1 element comprising, or consisting of, the amino
acid sequence depicted in SEQ ID NO:17; an HFR2 element comprising, or
consisting of, the amino acid sequence depicted in SEQ ID NO:27; an HFR3 element
comprising, or consisting of, the amino acid sequence depicted in SEQ ID NO:28; and

28
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Ecu** Ecu FR4A SEQ ID NO 23 SEQ ID NO 29 E Ecu Ecu* FRL SEQ ID NO 20 SEQ
IDNO 17 1.23 Ecu FR2 SEQ ID NO 25 SEQ ID NO 27 Ecu Ecu FR3 SEQ I D NO
22 SEQ | DVON1128736Ecu** H20C3 FR4 SEQ I D NO 23 SEQ | D ROI/UB201/0EL568 Ecu*
FRL SEQ ID NO 20 SEQ ID NO 17

an HFR4 element comprising, or consisting of, the amino acid sequence depicted in
SEQ ID NO:29.

In some embodiments, the heavy chain polypeptide of the engineered antibody

comprises, or consists of: an HFR1 element comprising, or consisting of, the amino
5 acid sequence depicted in SEQ ID NO:17; an HFR2 element comprising, or

consisting of, the amino acid sequence depicted in SEQ ID NO:30; an HFR3 element
comprising, or consisting of, the amino acid sequence depicted in SEQ ID NO:31; and
an HFR4 element comprising, or consisting of, the amino acid sequence depicted in
SEQ ID NO:32.

10 In some embodiments, the heavy chain polypeptide does not comprise or
consist of the amino acid sequence depicted in SEQ ID NO:5 or SEQ ID NO:7.

The heavy chain polypeptide can comprise a constant region (e.g., a heavy
chain constant region 1 (CH1), heavy chain constant region 2 (CH2), heavy chain
constant region 3 (CH3), a heavy chain constant region 4 (CH4), or a combination of

15  any of the foregoing). The heavy chain polypeptide can comprise an Fc portion of an
immunoglobulin molecule. The Fe region can be, e.g., an Fc region from an IgGl,
1gG2, 1gG3, IgG4, IgA, IgM, IgE, or IgD immunoglobulin molecule or a combination
of portions of each of these. The amino acid sequences for a number of human heavy
chain constant regions are known in the art and described in, ¢.g., Kabat et al. (1991),

20  supra.

In some embodiments, the heavy chain polypeptide can comprise a hybrid
constant region, or a portion thereof, such as a G2/G4 hybrid constant region (see e.g.,
Burton et al. (1992) Adv Immun. 51:1-18; Canfield et al. (1991) J Exp Med 173:1483-
1491; and Mueller et al. (1997) Mol. Immunol. 34(6):441-452). For example (and in

25  accordance with Kabat numbering), the IgGl and 1gG4 constant regions comprise
G249G3s0 residues whereas the IgG2 constant region does not comprise residue 249,
but does comprise Gaso. In a G2/G4 hybrid constant region, where the 249-250 region
comes from the G2 sequence, the constant region can be further modified to introduce
a glycine residue at position 249 to produce a G2/G4 fusion having G49/Gysg. Other

30  constant domain hybrids that comprise G240/Gas0 can also be part of engineered
antibodies in accordance with the disclosure.

In some embodiments, the heavy chain polypeptide comprises a constant
region comprising, or consisting of, the following amino acid sequence:

29
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1.23 H20CG3 FR2 SEQ ID NO 25 SEQ ID NO 30 Ecu Ecu FR3 SEQ I D NO 22 SEQ
ID NO 28 Ecu** H20C3 FR4 SEQ ID NO 23 SEQ ID NO 32 G Ecu Ecu* FR1 SEQ
D NO 20WweBQ@1IIB7N®. 17 1.23 H20C3 FR2 SEQ ID NO 25 SBQrius2M®03498 Ecu
H20C3 FR3 SEQ ID NO 22 SEQ ID NO 31

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTF
PAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVE
CPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYV
DGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPS
5  SIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHN
HYTQKSLSLSLGK
(SEQ ID NO:6). SEQ ID NO:6 depicts the amino acid sequence of the heavy chain
constant region of eculizumab.

10 The engineered antibodies described herein can, in some embodiments,
comprise particular exemplary pairings of light chain framework regions and heavy
chain framework regions. For example, an engineered antibody described herein can
comprise a light chain polypeptide comprising the “Kabat” light chain framework
regions derived from eculizumab and a heavy chain polypeptide comprising the

15  “Kabat” heavy chain framework regions derived from eculizumab. In another
example, an engineered antibody described herein can comprise a light chain
polypeptide comprising the “Kabat-Chothia” light chain framework regions derived
from the 1.23 light chain and a heavy chain polypeptide comprising the “Kabat-
Chothia” heavy chain framework regions derived from the H20C3 heavy chain. In

20  yet another example, an engineered antibody described herein can comprise a light
chain polypeptide comprising the “Kabat” light chain framework regions derived
from the 1.23 light chain and a heavy chain polypeptide comprising the “Kabat” heavy
chain framework regions derived from eculizumab. Exemplary pairings of light chain
and heavy chain framework regions, the regions being defined under Kabat or the

25  Kabat-Chothia combined definition, for use in the preparation of an engineered

antibody are set forth in Table 3.
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Ecu** Ecu FR4 SEQ ID NO 23 SEQ ID NO 29 H Ecu Ecu* FR1 SEQ ID NO 20 SEQ
ID NO 17 1.23 Ecu FR2 SEQ ID NO 25 SEQ ID NO 27 Ecu H20C3 FR3 SEQ I D
NO 22 SBQoRDINGr3631 Ecu** H20C3 FR4A SEQ I D NO 23 SEQPCIDYUSeN118245b8 Ecu
Ecu* FRL SEQ ID NO 20 SEQ ID NO 17

Table 3. Exemplary Heavy and Light Chain Framework Region Pairings.

Definition
Pairing
—Conll_})ination: Framework Kabat Kabat-Chothia
eavy T haainn

Chain/Light | =esion Light Heavy Light Heavy

Chain Chain Chain Chain Chain
Sequence | Sequence | Sequence | Sequence
Ecu Light FR1 SEQID:9 | SEQID: 13 | SEQID:9 | SEQID: 17
Chain/ Ecu FR2 SEQ ID: 10 | SEQ ID: 14 | SEQ ID: 10 | SEQ ID: 14
Heavy Chain FR3 SEQ ID: 11 | SEQID: 15 | SEQID: 11 | SEQID: 15
FR4 SEQ ID: 12 | SEQ ID: 16 | SEQID: 12 | SEQID: 16
123 Light FR1 SEQID:9 | SEQID: 19 | SEQID:9 | SEQID: 17
Chéin/ 10C3 FR2 SEQ ID: 18 | SEQ ID: 14 | SEQ ID: 18 | SEQ ID: 14
Heavy Chain FR3 SEQ ID: 11 | SEQID: 15 | SEQID: 11 | SEQID: 15
FR4 SEQ ID: 12 | SEQ ID: 16 | SEQID: 12 | SEQID: 16
123 Light FR1 SEQID:9 | SEQID: 13 | SEQID:9 | SEQID: 17
Chain/ Ecu FR2 SEQ ID: 18 | SEQ ID: 14 | SEQ ID: 18 | SEQ ID: 14
Heavy Chain FR3 SEQ ID: 11 | SEQID: 15 | SEQID: 11 | SEQID: 15
FR4 SEQ ID: 12 | SEQ ID: 16 | SEQID: 12 | SEQID: 16
Ecu Light FR1 SEQID:9 | SEQID: 19 | SEQID:9 | SEQID: 17
Chain/ F120C3 FR2 SEQ ID: 10 | SEQ ID: 14 | SEQ ID: 10 | SEQ ID: 14
Heavy Chain FR3 SEQ ID: 11 | SEQID: 15 | SEQID: 11 | SEQID: 15
FR4 SEQ ID: 12 | SEQ ID: 16 | SEQID: 12 | SEQID: 16

*“SEQ ID” recited in Table 3 refers to “SEQ ID NO.”
Exemplary pairings of light chain and heavy chain framework regions, the
5  regions being defined under Chothia, for use in the preparation of an engineered

antibody are set forth in Table 4.
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Ecu Ecu FR2 SEQ ID NO. 21 SEQ ID NO. 27 1.23 Ecu FR3 SEQ ID NO. 26 SEQ ID
NO 28 Ecu** Ecu FR4 SEQ ID NO 23 SEQ ID NO 29 J Ecu Ecu* FRL SEQ ID NO
20 SEQ | DVdb@n11Li3736Ecu H20C3 FR2 SEQ I D NO. 21 SEQ | D NOPC3WS2112345h0C3 FR3
SEQ ID NO 26 SEQ ID NO 31

Table 4. Exemplary Heavy and Light Chain Framework Region Pairings, the Regions

being Defined by the Chothia Method (Part I).

Pairing
Combination:
Heavy Framework
Chain/Light Region
Chain Light Chain Heavy Chain
Sequence Sequence
. FR1 SEQID NO: 20 | SEQ ID NO: 17
CE;;mL/l%I;L FR2 | SEQ ID NO: 21 | SEQ ID NO: 27
Heavy Chain FR3 SEQID NO: 22 | SEQ ID NO: 28
FR4 SEQID NO: 23 | SEQ ID NO: 29
. FR1 SEQID NO: 20 | SEQ ID NO: 17
Chifg/lﬁ%tc \ FR2 | SEQID NO: 21 | SEQ ID NO: 30
Heavy Chain FR3 SEQID NO: 22 | SEQ ID NO: 31
FR4 SEQID NO: 23 | SEQ ID NO: 32
123 Light FR1 SEQID NO: 24 | SEQ ID NO: 17
Chai o Ecu FR2 SEQID NO: 25 | SEQ ID NO: 27
Heavy Chain FR3 SEQID NO: 26 | SEQ ID NO: 28
FR4 SEQID NO: 23 | SEQ ID NO: 29
123 Light FR1 SEQID NO: 24 | SEQ ID NO: 17
Chéin/ H20C3 FR2 SEQ ID NO: 25 | SEQ ID NO: 30
Heavy Chain FR3 SEQID NO: 26 | SEQ ID NO: 31
FR4 SEQID NO: 23 | SEQ ID NO: 32

Additional exemplary pairings of light chain and heavy chain framework

regions, the regions being defined under Chothia, for use in the preparation of an

engineered antibody are set forth in Table 5.

26619718 2
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Ecu** H20C3 FR4 SEQ ID NO 23 SEQ ID NO 32 K Ecu Ecu* FR1 SEQ I D NO. 20
SEQ ID NO 17 Ecu H20C3 FR2 SEQ ID NO 21 SEQID NO 30 1.23 Ecu FR3 SEQ
I D NO 26W6BQ1IIB7N®. 28 Ecu** Ecu FR4 SEQ | D NO 23 SE@CIDSka/0249¢ Ecu
Ecu* FRL SEQ ID NO 20 SEQ ID NO 17

Table 5. Exemplary Heavy and Light Chain Framework Region Pairings, the Regions
being Defined by the Chothia Method (Part 11).

Source Sequence
Light Heavy Framework | Light Chain Heavy Chain
Chain Chain Region Sequence Sequence
A Ecu Ecu* FR1 SEQ ID NO: 20 | SEQ ID NO: 17
1.23 Ecu FR2 SEQ ID NO: 25 | SEQ ID NO: 27
Ecu Ecu FR3 SEQID NO: 22 | SEQ ID NO: 28
Ecu** Ecu FR4 SEQID NO: 23 | SEQ ID NO: 29
B Ecu Ecu* FR1 SEQ ID NO: 20 | SEQ ID NO: 17
1.23 H20C3 FR2 SEQID NO: 25 [ SEQ ID NO: 30
Ecu H20C3 FR3 SEQID NO:22 | SEQ ID NO: 31
Ecu** H20C3 FR4 SEQID NO:23 [ SEQID NO: 32
C Ecu Ecu* FR1 SEQID NO: 20 | SEQ ID NO: 17
1.23 H20C3 FR2 SEQID NO: 25 [ SEQ ID NO: 30
Ecu Ecu FR3 SEQID NO: 22 | SEQ ID NO: 28
Ecu** Ecu FR4 SEQID NO: 23 | SEQ ID NO: 29
D Ecu Ecu* FR1 SEQ ID NO: 20 | SEQ ID NO: 17
1.23 Ecu FR2 SEQ ID NO: 25 | SEQ ID NO: 27
Ecu H20C3 FR3 SEQID NO:22 | SEQ ID NO: 31
Ecu** Ecu FR4 SEQID NO: 23 | SEQ ID NO: 29
E Ecu Ecu* FR1 SEQ ID NO: 20 | SEQ ID NO: 17
1.23 Ecu FR2 SEQ ID NO: 25 | SEQ ID NO: 27
Ecu Ecu FR3 SEQID NO: 22 | SEQ ID NO: 28
Ecu** H20C3 FR4 SEQID NO:23 [ SEQID NO: 32
F Ecu Ecu* FR1 SEQ ID NO: 20 | SEQ ID NO: 17
1.23 H20C3 FR2 SEQID NO: 25 [ SEQ ID NO: 30
Ecu Ecu FR3 SEQID NO: 22 | SEQ ID NO: 28
Ecu** H20C3 FR4 SEQID NO:23 [ SEQID NO: 32
G Ecu Ecu* FR1 SEQID NO: 20 | SEQ ID NO: 17
1.23 H20C3 FR2 SEQID NO: 25 [ SEQ ID NO: 30
Ecu H20C3 FR3 SEQID NO:22 | SEQ ID NO: 31
Ecu** Ecu FR4 SEQID NO: 23 | SEQ ID NO: 29
H Ecu Ecu* FR1 SEQ ID NO: 20 | SEQ ID NO: 17
1.23 Ecu FR2 SEQ ID NO: 25 | SEQ ID NO: 27
Ecu H20C3 FR3 SEQID NO:22 | SEQ ID NO: 31
Ecu** H20C3 FR4 SEQID NO:23 [ SEQID NO: 32
I Ecu Ecu* FR1 SEQ ID NO: 20 | SEQ ID NO: 17
Ecu Ecu FR2 SEQ ID NO: 21 | SEQ ID NO: 27
1.23 Ecu FR3 SEQID NO: 26 | SEQ ID NO: 28
Ecu** Ecu FR4 SEQID NO: 23 | SEQ ID NO: 29
J Ecu Ecu* FR1 SEQID NO: 20 | SEQ ID NO: 17
Ecu H20C3 FR2 SEQIDNO:21 [ SEQID NO: 30
1.23 H20C3 FR3 SEQID NO:26 | SEQ ID NO: 31
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQ ID NO: 32
K Ecu Ecu* FR1 SEQ ID NO: 20 | SEQ ID NO: 17
Ecu H20C3 FR2 SEQIDNO:21 [ SEQID NO: 30
1.23 Ecu FR3 SEQID NO: 26 | SEQ ID NO: 28
Ecu** Ecu FR4 SEQID NO: 23 | SEQ ID NO: 29
L Ecu Ecu* FR1 SEQID NO: 20 | SEQ ID NO: 17
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33 Source Sequence Light Heavy Framework Light Chain Heavy Chain Chain
Chain Re . ion Se wuence Se uence Ecu Ecu FR2Z SEQ ID NGO 21 SEQ ID NG 27
1. 23 H20G80BRA/SERI D NO. 26 SEQ ID NO 31 Ecu** Ecu FRCTIEQD34368 23 SEQ

ID NO 29 M Ecu Ecu*

Source Sequence
Light Heavy Framework | Light Chain Heavy Chain
Chain Chain Region Sequence Sequence
Ecu Ecu FR2 SEQ ID NO: 21 | SEQ ID NO: 27
1.23 H20C3 FR3 SEQ ID NO: 26 [ SEQ ID NO: 31
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
M Ecu Ecu* FR1 SEQ ID NO: 20 | SEQ ID NO: 17
Ecu Ecu FR2 SEQ ID NO: 21 | SEQ ID NO: 27
1.23 Ecu FR3 SEQ ID NO: 26 | SEQ ID NO: 28
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
N Ecu Ecu* FR1 SEQ ID NO: 20 | SEQ ID NO: 17
Ecu H20C3 FR2 SEQ ID NO: 21 [ SEQID NO: 30
1.23 Ecu FR3 SEQ ID NO: 26 | SEQ ID NO: 28
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
O Ecu Ecu* FR1 SEQ ID NO: 20 | SEQ ID NO: 17
Ecu H20C3 FR2 SEQ ID NO: 21 [ SEQID NO: 30
1.23 H20C3 FR3 SEQ ID NO: 26 [ SEQ ID NO: 31
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
P Ecu Ecu* FR1 SEQ ID NO: 20 | SEQ ID NO: 17
Ecu Ecu FR2 SEQ ID NO: 21 | SEQ ID NO: 27
1.23 H20C3 FR3 SEQ ID NO: 26 [ SEQ ID NO: 31
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
Q 1.23 Ecu* FR1 SEQ ID NO:24 | SEQIDNO: 17
Ecu Ecu FR2 SEQID NO: 21 [ SEQ ID NO: 27
Ecu Ecu FR3 SEQ ID NO: 22 | SEQ ID NO: 28
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
R 1.23 Ecu* FR1 SEQ ID NO: 24 [ SEQID NO: 17
Ecu H20C3 FR2 SEQID NO: 21 [ SEQID NO: 30
Ecu H20C3 FR3 SEQ ID NO: 22 [ SEQ ID NO: 31
Ecu** H20C3 FR4 SEQ ID NO: 23 | SEQ ID NO: 32
S 1.23 Ecu* FR1 SEQ ID NO: 24 | SEQIDNO: 17
Ecu H20C3 FR2 SEQ ID NO: 21 [ SEQID NO: 30
Ecu Ecu FR3 SEQ ID NO: 22 | SEQ ID NO: 28
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
T 1.23 Ecu* FR1 SEQ ID NO: 24 | SEQ ID NO: 17
Ecu Ecu FR2 SEQ ID NO: 21 | SEQ ID NO: 27
Ecu H20C3 FR3 SEQ ID NO: 22 [ SEQID NO: 31
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
U 1.23 Ecu* FR1 SEQ ID NO: 24 | SEQID NO: 17
Ecu Ecu FR2 SEQ ID NO: 21 | SEQ ID NO: 27
Ecu Ecu FR3 SEQ ID NO: 22 | SEQ ID NO: 28
Ecu** H20C3 FR4 SEQID NO: 23 [ SEQID NO: 32
A/ 1.23 Ecu* FR1 SEQ ID NO:24 | SEQIDNO: 17
Ecu H20C3 FR2 SEQ ID NO: 21 [ SEQID NO: 30
Ecu Ecu FR3 SEQ ID NO: 22 | SEQ ID NO: 28
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
W 1.23 Ecu* FR1 SEQ ID NO: 24 [ SEQID NO: 17
Ecu H20C3 FR2 SEQ ID NO: 21 [ SEQID NO: 30
Ecu H20C3 FR3 SEQ ID NO: 22 [ SEQID NO: 31
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
X 1.23 Ecu* FR1 SEQ ID NO: 24 | SEQID NO: 17
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FRL SEQ ID NO 20 SEQ ID NO 17 Ecu Ecu FR2 SEQ ID NO 21 SEQ ID NO 27
1.23 Ecu FR3 SEQ ID NO 26 SEQ ID NO 28 Ecu** H20C3 FR4 SEQ ID NO 23 SEQ
I D NO 32awbi2BcunsEse* FRL SEQ | D NO 20 SEQ I D NO 17 EecTHI@3/084398 SEQ | D
NO 21 SEQID NO 30 1.23 Ecu

Source Sequence

Light Heavy Framework | Light Chain Heavy Chain

Chain Chain Region Sequence Sequence
Ecu Ecu FR2 SEQ ID NO: 21 | SEQ ID NO: 27
Ecu H20C3 FR3 SEQ ID NO: 22 [ SEQID NO: 31
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
Y 1.23 Ecu* FR1 SEQ ID NO:24 | SEQIDNO: 17
Ecu Ecu FR2 SEQ ID NO: 21 | SEQ ID NO: 27
1.23 Ecu FR3 SEQ ID NO: 26 | SEQ ID NO: 28
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
Z 1.23 Ecu* FR1 SEQ ID NO: 24 | SEQ ID NO: 17
Ecu H20C3 FR2 SEQ ID NO: 21 [ SEQID NO: 30
1.23 H20C3 FR3 SEQ ID NO: 26 [ SEQ ID NO: 31
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
AA 1.23 Ecu* FR1 SEQ ID NO: 24 [ SEQ ID NO: 17
Ecu H20C3 FR2 SEQ ID NO: 21 [ SEQID NO: 30
1.23 Ecu FR3 SEQ ID NO: 26 | SEQ ID NO: 28
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
BB 1.23 Ecu* FR1 SEQ ID NO: 24 [ SEQ ID NO: 17
Ecu Ecu FR2 SEQ ID NO: 21 | SEQ ID NO: 27
1.23 H20C3 FR3 SEQ ID NO: 26 [ SEQ ID NO: 31
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
CC 1.23 Ecu* FR1 SEQID NO: 24 | SEQ ID NO: 17
Ecu Ecu FR2 SEQID NO: 21 [ SEQ ID NO: 27
1.23 Ecu FR3 SEQ ID NO: 26 | SEQ ID NO: 28
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
DD 1.23 Ecu* FR1 SEQ ID NO: 24 [ SEQ ID NO: 17
Ecu H20C3 FR2 SEQID NQO: 21 [ SEQID NO: 30
1.23 Ecu FR3 SEQ ID NO: 26 | SEQ ID NO: 28
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
EE 1.23 Ecu* FR1 SEQ ID NO: 24 | SEQIDNO: 17
Ecu H20C3 FR2 SEQ ID NO: 21 [ SEQID NO: 30
1.23 H20C3 FR3 SEQ ID NO: 26 [ SEQ ID NO: 31
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
FF 1.23 Ecu* FR1 SEQ ID NO: 24 | SEQIDNO: 17
Ecu Ecu FR2 SEQ ID NO: 21 | SEQ ID NO: 27
1.23 H20C3 FR3 SEQ ID NO: 26 [ SEQ ID NO: 31
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
GG Ecu Ecu* FR1 SEQ ID NO: 20 | SEQIDNO: 17
1.23 Ecu FR2 SEQ ID NO: 25 | SEQ ID NO: 27
1.23 Ecu FR3 SEQ ID NO: 26 | SEQ ID NO: 28
Ecu** Ecu FR4 SEQID NOQO: 23 [ SEQIDNO:29
HH Ecu Ecu* FR1 SEQ ID NO: 20 | SEQIDNO: 17
1.23 H20C3 FR2 SEQ ID NO: 25 [ SEQ ID NO: 30
1.23 H20C3 FR3 SEQ ID NO: 26 [ SEQ ID NO: 31
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
1I Ecu Ecu* FR1 SEQ ID NO: 20 | SEQ ID NO: 17
1.23 H20C3 FR2 SEQ ID NO: 25 [ SEQ ID NO: 30
1.23 Ecu FR3 SEQ ID NO: 26 | SEQ ID NO: 28
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
JI Ecu Ecu* FR1 SEQ ID NO: 20 | SEQIDNO: 17
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FR3 SEQ ID NO 26 SEQ ID NO 28 Ecu** H20C3 FR4 SEQ I D NO 23 SEQ | D NO
32 0 Ecu Ecu* FRL SEQ ID NO 20 SEQID NO 17 Ecu H20C3 FR2 SEQ ID NGO 21
SEQ | D NOwo2011/187363 H20C3 FR3 SEQ I D NO 26 SEQ | D NO ®CT/USearif34ses1 FR4

SEQ ID NO 23 SEQ ID NO 29 P Ecu Ecu*

Source Sequence

Light Heavy Framework | Light Chain Heavy Chain

Chain Chain Region Sequence Sequence
1.23 Ecu FR2 SEQ ID NO: 25 | SEQ ID NO: 27
1.23 H20C3 FR3 SEQ ID NO: 26 [ SEQ ID NO: 31
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
KK Ecu Ecu* FR1 SEQ ID NO: 20 | SEQIDNO: 17
1.23 Ecu FR2 SEQ ID NO: 25 | SEQ ID NO: 27
1.23 Ecu FR3 SEQ ID NO: 26 | SEQ ID NO: 28
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
LL Ecu Ecu* FR1 SEQ ID NO: 20 | SEQ ID NO: 17
1.23 H20C3 FR2 SEQ ID NO: 25 [ SEQ ID NO: 30
1.23 Ecu FR3 SEQ ID NO: 26 | SEQ ID NO: 28
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
MM Ecu Ecu* FR1 SEQ ID NO: 20 | SEQIDNO: 17
1.23 H20C3 FR2 SEQ ID NO: 25 [ SEQ ID NO: 30
1.23 H20C3 FR3 SEQ ID NO: 26 [ SEQ ID NO: 31
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
NN Ecu Ecu* FR1 SEQ ID NO: 20 | SEQIDNO: 17
1.23 Ecu FR2 SEQ ID NO: 25 | SEQ ID NO: 27
1.23 H20C3 FR3 SEQ ID NO: 26 [ SEQ ID NO: 31
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
00 1.23 Ecu* FR1 SEQ ID NO: 24 | SEQ ID NO: 17
1.23 Ecu FR2 SEQ ID NO: 25 | SEQ ID NO: 27
Ecu Ecu FR3 SEQ ID NO: 22 | SEQ ID NO: 28
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
PP 1.23 Ecu* FR1 SEQ ID NO: 24 | SEQIDNO: 17
1.23 H20C3 FR2 SEQID NOQO: 25 [ SEQID NO: 30
Ecu H20C3 FR3 SEQ ID NO: 22 [ SEQID NO: 31
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
Q0 1.23 Ecu* FR1 SEQ ID NO: 24 | SEQ ID NO: 17
1.23 H20C3 FR2 SEQ ID NO: 25 [ SEQ ID NO: 30
Ecu Ecu FR3 SEQ ID NO: 22 | SEQ ID NO: 28
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
RR 1.23 Ecu* FR1 SEQ ID NO: 24 [ SEQ ID NO: 17
1.23 Ecu FR2 SEQ ID NO: 25 | SEQ ID NO: 27
Ecu H20C3 FR3 SEQ ID NO: 22 [ SEQID NO: 31
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
SS 1.23 Ecu* FR1 SEQ ID NO: 24 | SEQ IDNO: 17
1.23 Ecu FR2 SEQ ID NO: 25 | SEQ ID NO: 27
Ecu Ecu FR3 SEQ ID NO: 22 | SEQ ID NO: 28
Ecu** H20C3 FR4 SEQID NO: 23 [ SEQID NO: 32
TT 1.23 Ecu* FR1 SEQ ID NO: 24 | SEQIDNO: 17
1.23 H20C3 FR2 SEQ ID NO: 25 [ SEQ ID NO: 30
Ecu Ecu FR3 SEQ ID NO: 22 | SEQ ID NO: 28
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
uu 1.23 Ecu* FR1 SEQ ID NO: 24 [ SEQ ID NO: 17
1.23 H20C3 FR2 SEQ ID NO: 25 [ SEQ ID NO: 30
Ecu H20C3 FR3 SEQ ID NO: 22 [ SEQID NO: 31
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
\AY 1.23 Ecu* FR1 SEQ ID NO: 24 [ SEQ ID NO: 17
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FRL SEQ ID NO 20 SEQ ID NO 17 Ecu Ecu FR2 SEQ ID NO 21 SEQ ID NO 27
1.23 H20C3 FR3 SEQ ID NO 26 SEQ ID NO 31 Ecu** H20C3 FR4 SEQ I D NO 23
SEQ | D NOwo2811Q313623 Ecu* FR1 SEQ I D NO 24 SEQ | D NO PCT/UScm1/88459%R2 SEQ

ID NO 21 SEQ ID NO 27 Ecu Ecu
Source Sequence

Light Heavy Framework | Light Chain Heavy Chain

Chain Chain Region Sequence Sequence
1.23 Ecu FR2 SEQ ID NO: 25 | SEQ ID NO: 27
Ecu H20C3 FR3 SEQ ID NO: 22 [ SEQID NO: 31
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
WWwW Ecu Ecu* FR1 SEQ ID NO: 20 | SEQ ID NO: 17
Ecu H20C3 FR2 SEQ ID NO: 21 [ SEQID NO: 30
Ecu Ecu FR3 SEQ ID NO: 22 | SEQ ID NO: 28
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
XX Ecu Ecu* FR1 SEQ ID NO: 20 | SEQIDNO: 17
Ecu Ecu FR2 SEQ ID NO: 21 | SEQ ID NO: 27
Ecu H20C3 FR3 SEQ ID NO: 22 [ SEQID NO: 31
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
YY Ecu Ecu* FR1 SEQ ID NO: 20 | SEQIDNO: 17
Ecu Ecu FR2 SEQ ID NO: 21 | SEQ ID NO: 27
Ecu Ecu FR3 SEQ ID NO: 22 | SEQ ID NO: 28
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
Y4 Ecu Ecu* FR1 SEQ ID NO: 20 | SEQ ID NO: 17
Ecu H20C3 FR2 SEQ ID NO: 21 [ SEQID NO: 30
Ecu Ecu FR3 SEQ ID NO: 22 | SEQ ID NO: 28
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
AAA Ecu Ecu* FR1 SEQ ID NO: 20 | SEQ ID NO: 17
Ecu H20C3 FR2 SEQ ID NO: 21 [ SEQID NO: 30
Ecu H20C3 FR3 SEQ ID NO: 22 [ SEQID NO: 31
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
BBB Ecu Ecu* FR1 SEQ ID NO: 20 | SEQIDNO: 17
Ecu Ecu FR2 SEQID NO: 21 | SEQ ID NO: 27
Ecu H20C3 FR3 SEQ ID NO: 22 [ SEQID NO: 31
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
cce | 123 Ecu* FR1 SEQ ID NO: 24 | SEQ ID NO: 17
1.23 H20C3 FR2 SEQ ID NO: 25 [ SEQ ID NO: 30
1.23 Ecu FR3 SEQ ID NO: 26 | SEQ ID NO: 28
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
DDD 1.23 Ecu* FR1 SEQ ID NO: 24 | SEQID NO: 17
1.23 Ecu FR2 SEQ ID NO: 25 | SEQ ID NO: 27
1.23 H20C3 FR3 SEQ ID NO: 26 [ SEQ ID NO: 31
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
EEE 1.23 Ecu* FR1 SEQ ID NO: 24 | SEQIDNO: 17
1.23 Ecu FR2 SEQ ID NO: 25 | SEQ ID NO: 27
1.23 Ecu FR3 SEQ ID NO: 26 | SEQ ID NO: 28
Ecu** H20C3 FR4 SEQID NO: 23 [ SEQID NO: 32
FFF 1.23 Ecu* FR1 SEQ ID NO: 24 | SEQID NO: 17
1.23 H20C3 FR2 SEQ ID NO: 25 [ SEQ ID NO: 30
1.23 Ecu FR3 SEQ ID NO: 26 | SEQ ID NO: 28
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32
GGG | 123 Ecu* FR1 SEQ ID NO: 24 | SEQ ID NO: 17
1.23 H20C3 FR2 SEQ ID NO: 25 [ SEQ ID NO: 30
1.23 H20C3 FR3 SEQ ID NO: 26 [ SEQ ID NO: 31
Ecu** Ecu FR4 SEQ ID NO: 23 | SEQ ID NO: 29
HHH 1.23 Ecu* FR1 SEQ ID NO: 24 | SEQID NO: 17
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FR3 SEQ ID NO 22 SEQ ID NO 28 Ecu** Ecu FR4 SEQ ID NO 23 SEQ ID NO 29
R 1.23 Ecu* FR1 SEQ ID NO 24 SEQ ID NO 17 Ecu H20C3 FR2 SEQ I D NO 21
SEQ | D NOwo02011/18¢362H20C3 FR3 SEQ I D NO 22 SEQ I D NO 3PCTHSTI/0345083 FR4
SEQ ID NO 23 SEQID NO 32 S 1.23 Ecu*

10

15

20

25

30

Source Sequence
Light Heavy Framework | Light Chain Heavy Chain
Chain Chain Region Sequence Sequence
1.23 Ecu FR2 SEQ ID NO: 25 | SEQ ID NO: 27
1.23 H20C3 FR3 SEQ ID NO: 26 [ SEQ ID NO: 31
Ecu** H20C3 FR4 SEQ ID NO: 23 [ SEQID NO: 32

Ecu* refers to the FR1 amino acid sequence of the eculizumab heavy chain
polypeptide as defined under Chothia or the FR1 amino acid sequence of the H20C3
heavy chain polypeptide as defined under Chothia, which FR1 regions are identical to
cach other.

Ecu** refers to the FR4 amino acid sequence of the eculizumab light chain
polypeptide as defined under Chothia or the FR4 amino acid sequence of the 1.23 light
chain polypeptide as defined under Chothia, which FR4 regions are identical to each
other.

In some embodiments, one or more (e.g., one, two, three, four, five, six, seven,
or all eight) of the above framework regions of an engineered antibody can be altered
S0 as to comprise one or more (e.g., two, three, four, five, six, seven, eight, nine, or 10
or more) amino acid substitutions. An engineered antibody that comprises these one
or more substitutions is sometimes referred to as a “variant engineered antibody.”
Such substitutions may be introduced if, e.g., the engineered antibody binds to the
antigen recognized by a donor antibody with a lower affinity as compared to the
affinity of the donor antibody for the antigen. In some embodiments, one or more of
the framework regions of a variant engineered antibody comprise fewer than 10 (e.g.,
fewer than nine, eight, seven, six, five, four, three, two, or one) substitutions. In some
embodiments, only one framework region comprises an amino acid substitution. In
some embodiments, more than one framework region comprises an amino acid
substitution. All that is required is that the resulting engineered antibody, when
administered to a human, is less immunogenic than the corresponding donor antibody
in a human. In some embodiments, the above framework region amino acid
sequences are not substituted.

The amino acid substitutions can be conservative substitutions or non-
conservative substitutions. Conservative substitutions typically include substitutions
within the following groups: glycine and alanine; valine, isoleucine, and leucine;
aspartic acid and glutamic acid; asparagine, glutamine, serine and threonine; lysine,
histidine and arginine; and phenylalanine and tyrosine.

The amino acid sequences of the light and heavy chain polypeptides can

include one or more (e.g., one, two, three, four, five, six, seven, eight, nine, or 10 or
38
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FRL SEQ ID NO 24 SEQ ID NO 17 Ecu H20C3 FR2 SEQ ID NO 21 SEQ ID NO 30

Ecu Ecu FR3 SEQ ID NO 22 SEQ ID NO 28 Ecu** Ecu FR4 SEQ ID NO 23 SEQ ID
NO 29 T wo02811Esws2FRL SEQ ID NO 24 SEQ ID NO 17 EcuPEEWSER2/0SEE | D NO

21 SEQ ID NO 27 Ecu H20C3

10

15

20

25

30

more) amino acids inserted as “spacers” between the various segments (e.g., between
a donor CDR and an acceptor framework region of an engineered antibody). Insertion
of the spacer sequences can be useful, e.g., to recover antigen-binding affinity that
may have been lost during the CDR grafting process (see below). See, ¢.g., Maynard
and Georgiou (2001) Ann Rev Biomed Engineering 2:339-376. For example, a spacer
amino acid sequence can be inserted between LFR1 and LCDR1. In some
embodiments, a spacer amino acid sequence is inserted between LCDR1 and LFR2.
In some embodiments, a spacer amino acid sequence is inserted between LFR2 and
LCDR2. In some embodiments, a spacer amino acid sequence is inserted between
LCDR2 and LFR3. In some embodiments, a spacer amino acid sequence is inserted
between LFR3 and LCDR3. In some embodiments, a spacer amino acid sequence is
inserted between LCDR3 and LFR4. In some embodiments, a spacer amino acid
sequence is inserted between HFR1 and HCDRI1. In some embodiments, a spacer
amino acid sequence is inserted between HCDR1 and HFR2. In some embodiments,
a spacer amino acid sequence is inserted between HFR2 and HCDR2. In some
embodiments, a spacer amino acid sequence is inserted between HCDR2 and HFR3.
In some embodiments, a spacer amino acid sequence is inserted between HFR3 and
HCDR3. In some embodiments, a spacer amino acid sequence is inserted between
HCDR3 and HFR4. In some embodiments, spacer sequences are inserted between all
of the segments of the light chain polypeptide and/or all of the segments of the heavy
chain polypeptide. In some embodiments, no spacers are introduced between any of
the component elements of a light chain or heavy chain variable region. All that is
required of an engineered antibody that comprises one or more spacer sequences is
that the antibody: (a) retains the ability to bind to the same antigen as the donor
antibody and (b) is less immunogenic in a human as compared to the immunogenicity
of the donor antibody in a human.

As used herein, the term “antibody” refers to a whole or intact antibody
molecule (e.g., IgM, IgG (including IgGl, IgG2, 1gG3, and 1gG4), IgA, IgD, or IgE)
or any antigen-binding fragment thereof. The term antibody includes, e.g., a
chimerized or chimeric antibody, a humanized antibody, a deimmunized antibody,
and a fully human antibody. Antigen-binding fragments of an antibody include, e.g.,
a single chain antibody, a single chain Fv fragment (scFv), an Fd fragment, an Fab
fragment, an Fab’ fragment, or an F(ab’), fragment. An scFv fragment is a single
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FR3 SEQ ID NO 22 SEQ ID NO 31 Ecu** Ecu FR4 SEQ ID NO 23 SEQ ID NO 29
U1l 23 Ecu* FR1 SEQ ID NO 24 SEQ ID NO 17 Ecu Ecu FR2 SEQ ID NO 21 SEQ
I D NO 2AawoBeu/Beis2FR3 SEQ | D NO 22 SEQ I D NO 28 EcuPCTHR@3/084398 SEQ | D
NO 23 SEQID NO 32 V 1.23 Ecu*

polypeptide chain that includes both the heavy and light chain variable regions of the
antibody from which the scFv is derived. In addition, intrabodies, minibodies,
triabodies, and diabodies (see, e.g., Todorovska et al. (2001) J Immunol Methods
248(1):47-66; Hudson and Kortt (1999) J Immunol Methods 231(1):177-189; Poljak

5 (1994) Structure 2(12):1121-1123; Rondon and Marasco (1997) Annual Review of
Microbiology 51:257-283, the disclosures of each of which are incorporated herein by
reference in their entirety) are also included in the definition of antibody and are
compatible for use in the methods described herein. Bispecific antibodies are also
embraced by the term “antibody.” Bispecific antibodies are monoclonal, preferably

10 human or humanized, antibodies that have binding specificities for at least two
different antigens.

The disclosure also embraces variant forms of bispecific antibodies such as the
tetravalent dual variable domain immunoglobulin (DVD-Ig) molecules described in
Wu et al. (2007) Nat Biotechnol 25(11):1290-1297. The DVD-Ig molecules are

15  designed such that two different light chain variable domains (VL) from two different
parent antibodies are linked in tandem directly or via a short linker by recombinant
DNA techniques, followed by the light chain constant domain. Methods for
generating DVD-Ig molecules from two parent antibodies are further described in,
¢.g., PCT Publication Nos. WO 08/024188 and WO 07/024715, the disclosures of

20  cach of which are incorporated herein by reference in their entirety.

As used herein, a “donor antibody” is an antibody for which a practitioner
wishes to obtain, using the methods described herein, a variant of the antibody (an
engineered antibody) that: (i) binds to the same antigen as the donor antibody; and (ii)
has one or more (¢.g., one, two, three, four, five, six, or seven or more) improved

25  characteristics as compared to the donor antibody — particularly a decreased level of
immunogenicity in a human as compared to the immunogenicity of the donor
antibody. The donor antibody can be made in or derived from any of a variety of
species, €.g., mammals such as non-human primates (¢.g., monkeys, baboons,
macaques, lemurs, apes, orangutans, gorillas, or chimpanzees), horses, cattle, pigs,

30  sheep, goats, dogs, cats, rabbits, guinea pigs, gerbils, hamsters, rats, and mice. In
some instances, the donor antibody can be a humanized or fully human antibody that
when administered to a human, elicits a neutralizing HAHA response in the human.
The humanized antibody can be an altered antibody that comprises one or more non-
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human germline framework regions. A fully human antibody can be one that
comprises one or more non-germline human framework regions. For example, the
human donor antibody can comprise one or more framework regions that were subject
to somatic hypermutation and thus is no longer germline per se. (See, e.g., Abbas,
Lichtman, and Pober (2000) “Cellular and Molecular Immunology,” 4™ Edition, W.B.
Saunders Company (ISBN:0721682332)). In some embodiments, the donor antibody
is not a humanized or fully human antibody.

An engineered antibody can be derived from any donor antibody that
specifically binds to an antigen and the binding of such donor antibody to its antigen
results or is expected to result in a therapeutic effect in a human. For example, the
donor antibody can bind to a microbial pathogen (e.g., virus, bacterium, protozoon, or
parasite) protein such as, e.g., tetanus toxin; diphtheria toxin; or any of a variety of
viral surface proteins (e.g., cytomegalovirus (CMV) glycoproteins B, H and gCIII;
human immunodeficiency virus 1 (HIV-I) envelope glycoproteins; Rous sarcoma
virus (RSV) envelope glycoproteins; herpes simplex virus (HSV) envelope
glycoproteins; Epstein Barr virus (EBV) envelope glycoproteins; varicella-zoster
virus (VZV) envelope glycoproteins; human papilloma virus (HPV) envelope
glycoproteins; influenza virus glycoproteins; and Hepatitis virus family surface
antigens). An engineered antibody produced from such a donor antibody is expected
to be useful to treat microbial infections in a human. In some embodiments, the
antibody can bind to an infectious protein such as, but not limited to, Protease
Resistant Protein (PrP>). In some embodiments, the donor antibody can bind to a
growth factor, a cytokine, or a chemokine. Growth factors can include, e.g., vascular
endothelial growth factor (VEGF), insulin-like growth factor (IGF), bone
morphogenic protein (BMP), granulocyte-colony stimulating factor (G-CSF),
granulocyte-macrophage colony stimulating factor (GM-CSF), nerve growth factor
(NGF); a neurotrophin, platelet-derived growth factor (PDGF), erythropoictin (EPO),
thrombopoietin (TPO), myostatin (GDF-8), growth differentiation factor-9 (GDF9),
basic fibroblast growth factor (bFGF or FGF2), epidermal growth factor (EGF),
hepatocyte growth factor (HGF), and a neuregulin (e.g., NRG1, NRG2, NRG3, or
NRG4). Cytokines include, e.g., interferons (e.g., IFNy), tumor necrosis factor (e.g.,
TNFao or TNF), and the interleukins (e.g., IL-1 to IL-33 (e.g., IL-1, IL-2, IL-3, IL-4,
IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12, IL-13, or IL-15)). Chemokines include,
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e.g., [-309, TCA-3, MCP-1, MIP-1a.,, MIP-1B, RANTES, CI0, MRP-2, MARC, MCP-
3, MCP-2, MRP-2, CCF18, Eotaxin, MCP-5, MCP-4, NCC-I, HCC-I, leukotactin-1,
LEC, NCC-4, CCL21, TARC, PARC, or Eotaxin-2. In some embodiments, the donor
antibody can bind to a human complement protein such as, e.g., C1, Clq, Clr, Cls,
C4, C4a, C4b, C3, C3a, C3b, C2, C2a, C2b, C5, C5a, C5b, C6, C7, C8, C9, properdin,
complement factor B, complement factor D, MBL, MASP1, MASP2, or MASP3. In
some embodiments, the donor antibody binds to an Fc portion of an antibody such as,
e.g., the Fc portion of IgM, IgG (including IgGl, 1gG2, IgG3, and 1gG4), IgA, IgD, or
IgE. A donor antibody can bind to a cell surface protein. Cell surface proteins
include, e.g., a G protein coupled receptor (GPCR), a chemokine receptor, a cytokine
receptor, or a receptor tyrosine kinase (RTK). The chemokine receptor can be, ¢.g.,
CCR1, CCR2, CCR3, CCR4, CCRS5, CCR6, CCR7, CCRE, CXCR1, CXCR2,
CXCR3, CXCR4, or CCX-CKR2. The cytokine receptors include, e.g., IL-1R, IL-
2R, IL-3R, IL-4R, IL-5R, IL-6R, IL-8R, TNFBR1, TNFBR2, c-kit receptor, interferon
(IFNa or IFNB) receptor, IFN gamma receptor, granulocyte macrophage colony
stimulating factor (GM-CSF) receptor, granulocyte colony stimulating factor (G-CSF)
receptor, and prolactin receptor. RTKSs include, e.g., EGF receptor, insulin receptor,
PDGF receptor, FGF receptor, VEGF receptor, and HGF receptor. In some
embodiments, the donor antibody binds to HER2/neu/ErbB2, HER3, or HER4.

In some embodiments, the donor antibody binds to a cancer antigen (e.g., a
mutant form of a cancer antigen) such as, but not limited to, MART-1/Melan-A,
gpl00, adenosine deaminase-binding protein (ADAbp), FAP, cyclophilin b, colorectal
associated antigen (CRC) C017-1A/GA733, carcinoembryonic antigen (CEA), CAP-I,
CAP-2, etv6, AMLI, prostate specific antigen (PSA), PSA-1, PSA-2, PSA-3, prostate-
specific membrane antigen (PSMA), T-cell receptor/CD3-zeta chain, CD20, MAGE-
Al, MAGE-A2, MAGE-A3, MAGE-A4, MAGE-AS5, MAGE-A6, MAGE-A7,
MAGE-AS8, MAGE-A9, MAGE-A10, MAGE-A11, MAGE-A12, MAGE-Xp2
(MAGE-B2), MAGE-Xp3 (MAGE B3), MAGE-Xp4 (MAGE-B4), MAGE-CI,
MAGE-C2, MAGE-C3, MAGE-C4, MAGE-C5, GAGE-1, GAGE-2, GAGE-3,
GAGE-4, GAGE-5, GAGE-6, GAGE-7, GAGE-8, and GAGE-9.

In some embodiments, the donor antibody can bind to a human protein
selected from the group consisting of: ABCFl; ACVRI; ACVRIB; ACVR2;

ACVR2B; ACVRLI; ADORA2A; Aggrecan; AGR2; AICDA; AIF1; AIGI; AKAPI,
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Ecu H20C3 FR3 SEQ ID NO 22 SEQ ID NO. 31 Ecu** H20C3 FR4 SEQ ID NO 23
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AKAP2; AMH; AMHR2; ANGPTI; ANGPT2; ANGPTL3; ANGPTL4; ANPEP;
APC; APOCI; AR; AZGPI (zinc-a-glycoprotein); B7.1; B7.2; BAD; BAFF; BAGI,;
BAIl; BCL2; BCL6; BDNF; BLNK; BLRI (MDR15); BlyS; bone morphogenic
protein (BMP) I; BMP2; BMP3B (GDF10); BMP4; BMP6; BMP8; BMPRIA;

5 BMPRIB; BMPR2; BPAGI (plectin); BRCAL; BRCA2; C190rfl0 (IL27w);
complement component C3; complement component C3a; complement component
C3b; complement component C4a; complement component C4b; complement
component C5; complement component C5a; complement component C5b;
complement component C6; complement component C7; complement component CS;

10 complement component C9; complement factor D; complement factor B; C5aR1;
CANTI; CASPI; CASP4; CAVI;, CCBP2 (D6/JAB61); CCLI (1-309); CCL11
(eotaxin); CCL13 (MCP-4);, CCL15 (MIP-1d); CCL16 (HCC-4); CCL17 (TARC);
CCLI18 (PARC); CCL19 (MIP-3b); CCL2 (MCP-1); MCAF; CCL20 (MIP-3a);
CCL21 (MEP-2); SLC; exodus-2; CCL22 (MDC/STC-I); CCL23 (MPIF-1); CCL24

15 (MPIF-2/eotaxin-2); CCL25 (TECK); CCL26 (eotaxin-3); CCL27 (CTACK/ILC);
CCL28; CCL3 (MIP-1a); CCL4 (MIP-1b); CCL5 (RANTES); CCL7 (MCP-3); CCLS8
(mcp-2); CCNAL CCNA2; CCNDI; CCNEL; CCNE2; CCRI (CKRI/HM145); CCR2
(mcp-IRB); CCR3 (CKR3/CMKBR3); CCR4; CCR5 (CMKBR5/ChemR13); CCR6
(CMKBR6/CKR-L3/STRL22/DRY6); CCR7 (CKR7/EB11); CCR8

20  (CMKBRS/TER1/CKR-LIl); CCR9 (GPR-9-6); CCRLI (VSHKI); CCRL2 (L-CCR);
CD164; CD19; CDIC; CD20; CD200(0X-2); CD200R; CD-22; CD24; CD28; CD3;
CD37; CD38; CD3E; CD3G; CD3Z; CD4; CD40; CD40L; CD44; CD45RB; CD52;
CD69; CD72; CD74; CD79A; CD79B; CDS; CD80; CD8&1; CD83; CD86; CDHI (E-
cadherin); CDHI0; CDH12; CDH13; CDH18; CDH19; CDH20; CDHS5; CDH7,

25 CDHS; CDH9; CDK2; CDK3; CDK4; CDKS5; CDK6; CDK7, CDK9; CDKNIA
(p21Wapl/Cipl); CDKNIB (p27Kipl); CDKNIC; CDKN2A (pl6INK4a); CDKN2B;
CDKN2C; CDKN3; CEBPB; CERI; CHGA; CHGB; chitinase; CHSTI0; CKLFSF2;
CKLFSF3; CKLFSF4; CKLFSF5; CKLFSF6; CKLFSF7; CKLFSF8; CLDN3;
CLDNTY7 (claudin-7); CLN3; CLU (clusterin); CMKLRI; CMKORI (RDCI); CNRI;

30 COLI8AL; COLIAIL; COL4A3; COL6AT; CR2; CRP; CSF1 (M-CSF); CSF2 (GM-
CSF); CSF3 (GCSF); CTLA4; CTNNBI (B-catenin); CTSB (cathepsin B); CX3CL1
(SCYDI); CX3CRI1 (V28); CXCLI (GROI); CXCLIO; CXCLI11 (I-TAC/IP-9);

CXCLI12 (SDFl); CXCL13; CXCL14; CXCL16; CXCL2 (GRO2); CXCL3 (GRO3);
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CXCL5 (ENA-78/LIX); CXCL6 (GCP-2); CXCL9 (MIG); CXCR3 (GPRY9/CKR-L2);
CXCR4; CXCR6 (TYMSTR /STRL33/Bonzo); CYBS; CYCIl; CYSLTRI; DAB2IP;
DES; DKFZp451J0118; DNCLI; DPP4; DR6; E2F1; ECGFl; EDGI; EFNAI; EFNA3;
EFNB2; EGF; EGFR; ELAC2; endocan; ENG; ENOI; ENO2; ENO3; EPHB4; EPG;
EPO; ERBB2 (Her-2); EREG; ERKS&; ESRI; ESR2; F3 (TF); FADD; FasL; FASN;
fFCERIA; FCER2; FCGR3A; FGF; FGFI (aFGF); FGFI0; FGF11; FGF12; FGF12B;
FGF13; FGF14; FGF16; FGF17; FGF18; FGF19; FGF2 (bFGF); FGF20; FGF21;
FGF22; FGF23; FGF3 (int-2); FGF4 (HST); FGF5; FGF6 (HST-2); FGF7 (KGF);
FGF8; FGF9; FGFR3; FIGF (VEGFD); FILI (EPSILON); FILI (ZETA); FLJ12584;
FLJ25530; FLRTI (fibronectin); FLTI; FOS; FOSLI (FRA-I); FY (DARC); GABRP
(GABAa); GAGEBI; GAGECI; GALNAC4S-6ST; GATA3; GDFS5; GFIl; GGTI,
GM-CSF; GNASI; GNRHI; GPR2 (CCRI0); GPR31; GPR44; GPR81 (FKSG80);
GRCCIO0 (Cl10); GRP; GSN (Gelsolin); GSTPI; HAVCR1; HAVCR2; HDAC4;
HDACS; HDAC7A; HDACY; HGF; HIFIA; HIPI; histamine and histamine receptors;
HLA-A; HLA-DRA; HM74; HMOXI; HUMCYT2A; ICEBERG; ICOSL; ID2; IFN-
o; IFNAL; IFNA2; IFNA4; IFNAS; IFNA6; IFNA7; IFNBI; IFNy; IFNWI; IGBPI;
IGFL; IGFIR; IGF2; IGFBP2; IGFBP3; IGFBP6; IL-1; IL-10; IL-10RA; IL-10RB;
IL1L; IL11RA; 1L-12; IL12A; IL12B; IL12RB1; IL12RB2; DL13; IL13RA1;
IL13RA2; IL14; IL15; IL15RA; IL16; IL17; IL17B; IL17C; IL17R; IL18; IL18BP;
IL18R1; ILI8RAP; IL19; IL1A; ILIB; IL1F10; IL1F5; IL1F6; IL1F7; IL1FS; IL1F9;
ILIHY]; ILIRI; IL1R2; ILIRAP; ILIRAPLI; ILIRAPL2; IL1RL1; IL1RL2; ILIRN;
IL2; IL20; IL20RA; IL21R; IL22; IL22R; IL22RA2; 1L.23; IL24; 1L.25; 1L26; 1L.27,
IL28A; IL28B; 1L29; IL2RA; IL2RB; IL2RG; IL3; IL30; IL3RA; 1L4; IL4R; IL5;
IL5RA; IL6; IL6R; IL6ST (glycoprotein 130); IL7; IL7R; ILS; ILSRA; ILSRB;
IL8RB; IL9; IL9R; ILK; INHA; INHBA; INSL3; INSL4; IRAKI; IRAK2; ITGAL
ITGA2; ITGA3; ITGAG6 (a6 integrin); ITGAV; ITGB3; ITGB4 (B4 integrin); JAGI,
JAKI; JAK3; JUN; K6HF; KAIl; KDR; KITLG; KLF5 (GC Box BP); KLF6; KLKIO0;
KLK12; KLK13; KLK14; KLK15; KLLK3; KLK4; KLK5; KLK6; KLK9; KRTI;
KRT19 (Keratin 19); KRT2A; KRTHB6 (hair-specific type II keratin); LAMAS; LEP
(Ieptin); Lingo-p75; Lingo-Troy; LPS; LTA (TNF-$); LTB; LTB4R (GPR16);
LTB4R2; LTBR; MACMARCKS; MAG or Omgp; MAP2K?7 (c-Jun); MDK; MIBI;
midkine; MIF; MIP-2; MKI67 (Ki-67); MMP2; MMP9; MS4A1; MSMB; MT3

(metallothionectin-IIT); MTSSI; MUCI (mucin); MY C; MYDS88; NCK2; neurocan;
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NFKBI; NFKB2; NGFB (NGF); NGFR; NgR-Lingo; NgR-Nogo66 (Nogo); NgR-
p75; NgR-Troy; NMEI (NM23A); NOXS5; NPPB; NROBI; NROB2; NRIDI; NR1D2;
NR1H2; NR1H3; NR1H4; NR112; NR1I3; NR2C1; NR2C2; NR2EI; NR2E3;
NR2F1; NR2F2; NR2F6; NR3C1; NR3C2; NR4A1; NR4A2; NR4A3; NR5AT,;
NR5A2; NR6AT; NRPIL; NRP2; NT5E; NTN4; ODZI;, OPRDI; P2RX7; PAP; PARTI,
PATE; PAWR; PCA3; PCNA; PDGFA; PDGFB; PECAMI; PF4 (CXCL4); PGF;
PGR; phosphacan; PIAS2; PIK3CG; PLAU (uPA); PLG; PLXDCI; PPBP (CXCL7);
PPID; PRI; PRKCQ; PRKDI; PRL; PROC; PROK2; properdin; PSAP; PSCA;
PTAFR; PTEN; PTGS2 (COX-2); PTN; RAC2 (P21Rac2); RARB; RGSI; RGS13;
RGS3; RNF110 (ZNF144); ROBO2; S100A2; SCGB1D2 (lipophilin B); SCGB2A1
(mammaglobin 2); SCGB2A2 (mammaglobin 1); SCYEI (endothelial Monocyte-
activating cytokine); SDF2; SERPINA1; SERPINA3; SERPINBS5 (maspin);
SERPINEI (PAI-1); SERPINFI; SHBG; SfcAZ; SLA2; SLC2A2; SLC33A1;
SLC43A1; SLIT2; SPPL; SPRRIB (Sprl); STOGALI1; STABI;, STAT6; STEAP;
STEAP2; TB4R2; TBX21; TCPIO; TDGFI; TEK; TGFA; TGFBI; TGFBIIl; TGFB2;
TGFB3; TGFBI; TGFBRI; TGFBR2; TGFBR3; THIL; THBSI (thrombospondin-1);
THBS2; THBS4; THPO; TIE (Tie-1); TIMP3; tissue factor; TLRI0; TLR2; TLR3;
TLR4; TLRS; TLR6; TLR7; TLRS; TLR9; TNF; TNF-a; TNFAIP2 (B9%4);
TNFAIP3; TNFRSF11A; TNFRSFIA; TNFRSFIB; TNFRSF21; TNFRSFS5;
TNFRSF6 (Fas); TNFRSF7; TNFRSF8; TNFRSF9; TNFSFI0 (TRAIL); TNFSF11
(TRANCE); TNFSF12 (APO3L); TNFSF13 (April); TNFSF13B; TNFSF14 (HVEM-
L); TNFSF15 (VEGI); TNFSF18; TNFSF4 (0X40 ligand); TNFSF5 (CD40 ligand);
TNFSF6 (FasL); TNFSF7 (CD27 ligand); TNFSF8 (CD30 ligand); TNFSF9 (4-1BB
ligand); TOLLIP; a Toll-like receptor; TOP2A (topoisomerase Ila); p53; TPMI;
TPM2; TRADD; TRAFL; TRAF2; TRAF3; TRAF4; TRAFS; TRAF6; TREMI;
TREM2; TRPC6; TSLP; TWEAK; VEGF; VEGFB; VEGFC; versican; VHL C5;
VLA-4; XCLI (lymphotactin); XCL2; XCRIl (GPR5/CCXCRI); YYI; and ZFPM2.
Suitable donor antibodies also include various therapeutic antibodies that are
approved for use, in clinical trials, or in development for clinical use. Such antibodies
include, e.g., rituximab (Rituxan®, IDEC/Genentech/Roche), a chimeric anti-CD20
antibody approved to treat Non-Hodgkin’s lymphoma; HuMax-CD20, an anti-CD20
currently being developed by Genmab; AME-133 (Applied Molecular Evolution);
hA20 (Immunomedics, Inc.); HumaLYM (Intracel); PRO70769 (International patent
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application no. PCT/US2003/040426); trastuzumab (Herceptin®, Genentech), a
humanized anti-Her2/neu antibody approved to treat breast cancer; pertuzumab
(thuMab-2C4, Omnitarg®), currently being developed by Genentech; cetuximab
(Erbitux®, Imclone); ABX-EGF currently being developed by Abgenix-Immunex-

5  Amgen; HuMax-EGFr, currently being developed by Genmab; 425, EMD55900,
EMD62000, and EMD72000 (Merck KGaA) (see US patent no. 5,558,864; Murthy et
al. (1987) Arch Biochem Biophys 252(2):549-60; Rodecket al. (1987) J Cell Biochem
35(4):315-20; and Kettleborough et al. (1991) Protein Eng 4(7):773-83); ICR62
(Institute of Cancer Research) (International publication no. WO 95/20045;

10 Modjtahedi et al. (1993) J Cell Biophys 22(1-3):129-46; Modjtahedi et al. (1993) BrJ
Cancer 67(2):247-53; Modjtahedi et al. (1996) Br J Cancer 73(2):228-35; Modjtahedi
et al. (2003) Int J Cancer 105(2):273-80); TheraCIM hR3 (YM Biosciences, Canada
and Centro de Immunologia Molecular, Cuba (US patent no. 5,891,996, US patent no.
6,506,883, Mateo et al. (1997) Immunotechnology 3(1):71-81)); mAb-806 (Ludwig

15  Institute for Cancer Research, Memorial Sloan-Kettering) (Jungbluth et al. (2003)
Proc Natl Acad Sci US4 100(2):639-44); KSB-102 (KS Biomedix); MRI-I (IVAX,
National Cancer Institute) (PCT WO 0162931A2); alemtuzumab (Campath®,
Millenium), a humanized monoclonal antibody currently approved for treatment of B-
cell chronic lymphocytic leukemia; muromonab-CD3 (Orthoclone OKT3®), an anti-

20  CD3 antibody developed by Ortho Biotech/Johnson & Johnson; ibritumomab tiuxetan
(Zevalin®), an anti-CD20 antibody developed by IDEC/Schering AG; gemtuzumab
ozogamicin (Mylotarg®), an anti-CD33 (p67 protein) antibody developed by
Celltech/Wyeth; alefacept (Amevive®), an anti-LFA-3 Fc fusion developed by
Biogen; abciximab (ReoPro®), developed by Centocor/Lilly; basiliximab

25  (Simulect®), developed by Novartis; palivizumab (Synagis®), developed by
Medimmune; infliximab (Remicade®), an anti-TNFa, antibody developed by
Centocor; adalimumab (Humira®), an anti-TNFq, antibody developed by Abbott;
Humicade®, an anti-TNFa antibody developed by Celltech; golimumab (CNTO-
148), a fully human anti-TNF antibody developed by Centocor; an anti-CD147

30  antibody being developed by Abgenix; ABX-IL8, an anti-IL8 antibody being
developed by Abgenix; ABX-MAL an anti-MUCI18 antibody being developed by
Abgenix; pemtumomab (R1 549, *°Y-muHMFG]), an anti-MUCI in development by

Antisoma; Therex (R1550), an anti-MUCI antibody being developed by Antisoma;
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AngioMab (AS1405), being developed by Antisoma; HuBC-I, being developed by
Antisoma; Thioplatin (AS 1407) being developed by Antisoma; Antegren®
(natalizumab) being developed by Biogen Idec and Elan; CAT-152, an anti-TGF-32
antibody being developed by Cambridge Antibody Technology; ABT 874 (J695), an
5 anti-IL-12 p40 antibody being developed by Abbott; CAT-192, an anti-TGFfI

antibody being developed by Cambridge Antibody Technology and Genzyme; CAT-
213, an anti-Eotaxinl antibody being developed by Cambridge Antibody Technology;
LymphoStat-B®, an anti-Blys antibody being developed by Cambridge Antibody
Technology and Human Genome Sciences Inc.; TRAIL-RI mAb, an anti-TRAIL-R1

10  antibody being developed by Cambridge Antibody Technology and Human Genome
Sciences, Inc.; Avastin® (bevacizumab, rhuMAb-VEGF), an anti-VEGF antibody
being developed by Genentech; Xolair® (Omalizumab), an anti-IgE antibody being
developed by Genentech; Raptiva® (Efalizumab), an anti-CD11a antibody being
developed by Genentech and Xoma; MLN-02 Antibody (formerly LDP-02), being

15  developed by Genentech and Millennium Pharmaceuticals; HuMax CD4, an anti-CD4
antibody being developed by Genmab; HuMax-EL15, an anti-IL-15 antibody being
developed by Genmab and Amgen; HuMax-Inflam, being developed by Genmab and
Medarex, HuMax-Cancer; HuMax-Lymphoma, being developed by Genmab and
Amgen; HuMax-TAC, being developed by Genmab; DDEC-131, an anti-CD40L

20  antibody being developed by IDEC Pharmaceuticals; IDEC-151 (Clenoliximab), an
anti-CD4 antibody being developed by IDEC Pharmaceuticals; BDEC-114, an anti-
CD80 antibody being developed by IDEC Pharmaceuticals; IDEC-152, an anti-CD23
being developed by IDEC Pharmaceuticals; BEC2, an anti-idiotypic antibody being
developed by Imclone; IMC-1Cl1, an anti-KDR antibody being developed by

25  Imclone; DCI01, an anti-flk-1 antibody being developed by Imclone; anti-VE
cadherin antibodies being developed by Imclone; CEA-Cide® (labetuzumab), an anti-
carcinoembryonic antigen (CEA) antibody being developed by Immunomedics;
LymphoCide® (Epratuzumab), an anti-CD22 antibody being developed by
Immunomedics; AFP-Cide, being developed by Immunomedics; MyelomaCide, being

30  developed by Immunomedics; LkoCide, being developed by Immunomedics;
ProstaCide, being developed by Immunomedics; MDX-010, an anti-CTLA4 antibody
being developed by Medarex; MDX-060, an anti-CD30 antibody being developed by

Medarex; MDX-070 being developed by Medarex; MDX-018 being developed by
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Medarex; Osidem® (IDM-I), an anti-Her2 antibody being developed by Medarex and
Immuno-Designed Molecules; HuMax®-CD4, an anti-CD4 antibody being developed
by Medarex and Genmab; HuMax-IL15, an anti-EL15 antibody being developed by
Medarex and Genmab; CNTO 148, an anti-TNFa antibody being developed by
5  Medarex and Centocor/Johnson & Johnson; CNTO 1275, an anti-cytokine antibody

being developed by Centocor/Johnson & Johnson; MOR101 and MOR102, anti-
intercellular adhesion molecule-1 (ICAM-I) (CD54) antibodies being developed by
MorphoSys; MOR201, an anti-fibroblast growth factor receptor 3 (FGFR-3) antibody
being developed by MorphoSys; Nuvion® (visilizumab), an anti-CD3 antibody being

10 developed by Protein Design Labs; HuZAF®, an anti-gamma interferon antibody
being developed by Protein Design Labs; Anti-a.5B1 Integrin antibody, being
developed by Protein Design Labs; ING-I, an anti-EpCAM antibody being developed
by Xoma; Xolair® (Omalizumab) a humanized anti-IgE antibody developed by
Genentech and Novartis; and MLNOI, an anti-B2 integrin antibody being developed

15 by Xoma.

It is understood that the form of the donor antibody and its corresponding
engineered antibody can be the same or different. For example, in some
embodiments, the donor antibody and its corresponding engineered antibody are
whole antibodies. In some embodiments, the donor antibody is an antibody fragment

20  (e.g., a Fab or a scFv fragment of an antibody) and its corresponding engineered
antibody is also an antibody fragment (e.g., an Fab or an scFv fragment of an
antibody). However, in some embodiments, the donor antibody is a whole antibody
and its corresponding engineered antibody is a fragment of an antibody or vice versa.

Methods for generating an engineered antibody are described below.

25

Methods for Generating an Engineered Antibody

Methods for generating an engineered antibody require CDR amino acid
sequences of a donor antibody and at least the variable region framework regions of
an acceptor antibody. As described above, optionally, the engineered antibody can

30  comprise one or more constant regions (e.g., the constant region of the acceptor
antibody such as the Fc region of the heavy chain amino acid sequence depicted in
SEQ ID NO:6). The acceptor antibody can comprise a light chain variable domain

having the following amino acid sequence segments in order: LFR1-LCDR1-LFR2-
48

26619718 2



1.23 Ecu FR3 SEQ ID NO 26 SEQ ID NO 28 Ecu** Ecu FR4 SEQ | D NO 23 SEQ
ID NO 29 HH Ecu Ecu* FRL SEQ ID NO 20 SEQ ID NO 17 1.23 H20CG3 FR2 SEQ
I D NO 25WweBQ1B73e. 30 1.23 H20C3 FR3 SEQ I D NO 26 SEBQrius2@0343%8 Ecu**
H20C3 FR4 SEQ ID NO 23 SEQ ID NO 32

10

15

20

25

30

LCDR2-LFR3-LCDR3-LFR4. LFR1, LFR2, LFR3, and LFR4 can be the framework
regions obtained from a light chain variable domain having the amino acid sequence
depicted in SEQ ID NO:2 or SEQ ID NO:8. Exemplary amino acid sequences for
light chain framework regions as well as exemplary sets of the framework regions are
described herein. (See, e.g., Tables 1 and 3-5.)

The acceptor antibody heavy chain variable domain can have the following
amino acid sequence segments in order: HFR1-HCDR1-HFR2-HCDR2-HFR3-
HCDR3-HFR4. HFR1, HFR2, HFR3, and HFR4 can be framework regions obtained
from a heavy chain variable region polypeptide having the amino acid sequence
depicted in SEQ ID NO:5 or SEQ ID NO:7. Exemplary amino acid sequences for
heavy chain framework regions as well as exemplary sets of the framework regions
are described herein. (See, e.g., Tables 2-5.)

The methods include replacing CDRs of the acceptor antibody (e.g., LCDRI,
LCDR2, LCDR3, HCDR1, HCDR2, and HCDR3) with a set of CDRs from the donor
antibody. One of skill in the art of antibody engineering would readily be able to
determine the position and amino acid sequence of the CDR and framework regions
in each of the donor and acceptor antibodies. As described above, CDR and
framework regions of antibodies can be delineated by reference to, e.g., Kabat et al.
(1991), supra, Chothia et al. (1989), supra, or a combined Kabat-Chothia definition.
Identification of CDR and framework regions of antibodies under Kabat, Chothia, and
combined Kabat-Chothia definitions is also exemplified in Figs. 1 and 2 and in
Thomas et al. (1996, supra).

Methods for grafting CDR sequences from a donor antibody to the framework
regions of an acceptor antibody are well known in the art and are described in, e.g.,
Jones et al. (1986) Nature 321:522-525; Verhoeyen et al. (1988) Science
239(4847):1534-1536; Riechmann et al. (1988) Nature 332:323-327; Queen et al.
(1989) Proc Natl Acad Sci USA 86:10029-10033; PCT publication no. WO
93/011237; Kettleborough et al. (1991) Protein Engineering, Design and Selection
4:773-783; Benny K. C. Lo (2004) “Antibody Engineering: Methods and Protocols,”
Humana Press (ISBN: 1588290921); Borreback (1992) “Antibody Engineering, A
Practical Guide,” W.H. Freeman and Co., NY; and Borreback (1995) “Antibody
Engineering,” 2™ Edition, Oxford University Press, NY, Oxford. For example, CDRs
from a donor antibody can be grafted onto framework regions of an acceptor antibody
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using overlap extension polymerase chain reaction (PCR) techniques as described in,
e.g., Daugherty et al. (1991) Nucleic Acids Res 19(9):2471-2476; Roguska et al.
(1996) Protein Engineering 9(10):895-904; and Yazaki et al. (2004) Protein
Engineering, Design & Selection 17(5):481-489. Suitable methods for grafting a set
5 of donor CDRs to an acceptor antibody are also described in Thomas et al. (1996),
supra.
In some embodiments, where the selected CDR amino acid sequences are

short sequences (e.g., fewer than 10-15 amino acids in length), nucleic acids encoding
the CDRs can be chemically synthesized as described in, ¢.g., Shiraishi et al. (2007)

10 Nucleic Acids Symposium Series 51(1):129-130 and U.S. Patent No. 6,995,259. For a
given nucleic acid sequence encoding an acceptor antibody, the region of the nucleic
acid sequence encoding the CDRs can be replaced with the chemically synthesized
nucleic acids using standard molecular biology techniques. The 5’ and 3’ ends of the
chemically synthesized nucleic acids can be synthesized to comprise sticky end

15  restriction enzyme sites for use in cloning the nucleic acids into the nucleic acid
encoding the variable region of the donor antibody. Methods for expressing and
purifying an engineered antibody are known in the art and described herein.

Following the CDR grafting and expression of the engineered antibody (see

below), the engineered antibody can be assayed for its ability to bind to the same

20  antigen as the donor antibody. Suitable methods for determining whether an antibody
binds to a protein are known in the art. For example, the binding of an antibody to a
protein antigen can be detected and/or quantified using a variety of techniques such
as, but not limited to, Western blot, dot blot, surface plasmon resonance (SPR)
method (e.g., BIAcore system; Pharmacia Biosensor AB, Uppsala, Sweden and

25  Piscataway, N.J.), Octet, or enzyme-linked immunosorbent assay (ELISA).

In some embodiments, the binding affinity between an engineered antibody
and its cognate antigen can be determined. Methods for determining the affinity of an
engineered antibody for a protein antigen are known in the art. For example, the
binding of an antibody to a protein antigen can be quantified using a variety of

30  techniques such as, but not limited to, Western blot, dot blot, SPR, Octet, or ELISA
techniques. See, ¢.g., Harlow and Lane (1988), supra; Benny K. C. Lo (2004), supra;
Borreback (1992), supra; Johne et al. (1993) J Immunol Meth 160:191-198; Jonsson
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et al. (1993) Ann Biol Clin 51:19-26; and Jonsson et al. (1991) Biotechniques 11:620-
627.

Preferably, the engineered antibodies will specifically bind to the same antigen
as the donor antibody. The binding of an antibody to an antigen is considered specific
when the association constant (K,) is higher than 10° M. Thus, an antibody can
specifically bind to a protein with a K, of at least (or greater than) 10° (c.g., at least or
greater than 107, 10%, 10°, 10'°, 10", 10"%, 10", 10", or 10" or higher) M.

CDR grafting can often be performed such that an engineered antibody will
have approximately the same affinity for an antigen as compared to the affinity of the
donor antibody for the same antigen. See, e.g., Jones et al. (1986), supra; Verhoeyen
et al. (1988), supra; and Yazaki et al. (2004), supra. In some embodiments, the
engineered antibody has an improved affinity for an antigen as compared to the
affinity of the donor antibody for the antigen.

In some embodiments, an engineered antibody may have a lower affinity for
an antigen as compared to the affinity of the donor antibody for the same antigen. In
such cases, the lost affinity can be partially or fully recovered using, e.g., affinity
maturation of the CDR sequences as described in, e.g., Gram et al. (1992) Proc Natl
Acad Sci USA 89(8):3576-3580; U.S. Patent No. 7,432,063; and PCT Publication
Nos. WO 02/036738 and WO 04/055182.

The lost affinity may also be partially or fully recovered (or even sometimes
exceeded) using antibody reshaping techniques as described in, ¢.g., Kettleborough et
al. (1991) Protein Engineering 4(7):773-783; Tempest et al. (1991) BioTechnol
9:266-271; Hale et al. (1988) Lancet 2:1394-1399; and Gorman et al. (1991) Proc
Natl Acad Sci USA 88:4181-4185. Computational methods for antibody reshaping
have been described in, ¢.g., Padlan (1991) Mol Immunol 28:489-498. One heavy
chain variable framework residue — position 71 (as defined by Kabat et al.) — has been
identified as important for antigen binding. See, ¢.g., Tramontano et al. (1990) J Mol
Biol 215:175-182. Using structural data from a series of immunoglobulin molecules,
the authors observed that the conformation of CDR2 was dependent, in part, on its
interaction with residue 71. Retention of residue 71 was shown to be important for
obtaining acceptable affinity in a reshaped anti-EGF receptor antibody (Kettleborough
et al. (1991), supra and Krauss et al. (2004) Br J Cancer 90:1863-1870). Heavy chain
variable region framework residues 48, 66, and 67 (as defined by Kabat et al.) have
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also been shown to be important for retention of antibody affinity during CDR
grafting and reshaping. (/d.) Moreover, Riechmann et al. (1988; supra) discloses the
contribution of heavy chain variable region framework residues 27 and 30 (as defined
by Kabat et al.) for restoring the affinity of a CDR-grafted anti-CAMPATH-1
5 antibody. Saldanha et al. ((1999) Mol Immunol 36(11-12):709-719) demonstrated that

a backmutation introduced at position 9 of the human kappa IV light chain FR1
restored binding affinity of a previously unsuccessfully humanized antibody and
found that the mutation also increased the secretion levels of the antibody in COS
cells. Thomas et al. (1996), supra discusses the importance of Vi framework region

10 position 78 for maintaining the function of human antibodies. See also, ¢.g., Foote
and Winter (1992) J Mol Biol 224:487-499. As described in the working examples
and in Thomas et al. (1996), supra, Vy positions 28 and 30 can also be important for
antibody stability and function. Accordingly, it is understood that any of the
foregoing modifications can be made to, or can be present in, the engineered

15 antibodies described herein, so long as the engineered antibody remains less
immunogenic in a human as compared to the immunogenicity of the original donor
antibody in a human.

Suitable methods for recovering antigen-binding affinity that was lost during

the reshaping of an antibody are also described in, ¢.g., U.S. Patent Nos. 6,180,370;

20  6,350,861; and 5,693,762, the disclosures of each of which are incorporated by
reference in their entirety. For example, U.S. Patent No. 6,180,370 (issued to Queen
et al.) describes methods for restoring affinity of an engineered antibody by replacing
at least one (e.g., one, two, three, four, five, or six or more) amino acid of an
engineered antibody variable region (e.g., an engineered antibody framework region)

25  with the corresponding amino acid present in the donor antibody variable region (a
so-called “back mutation”). The methods include, e.g., comparing (aligning) a
framework region of the engineered antibody with the corresponding framework
region in the donor antibody and identifying amino acids that are: (a) rare for that
position, (b) immediately adjacent to a CDR, and/or (c) amino acid(s) that are

30  predicted to be within about 3 A of a CDR in a three-dimensional space. The
identified amino acids can be particularly amenable to back mutations to restore lost
affinity to the engineered antibody. One or more (e.g., one, two, three, four, five, or
six or more) back mutations can be introduced to a single framework region of the
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engineered antibody or to more than one (e.g., two, three, four, five, six, seven, or
eight) framework region of the engineered antibody. In some embodiments, back
mutations can be introduced in a sufficient number to render an engineered antibody
framework region greater than 65 (e.g., 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77,
78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, or 95 or more) %
identical to the corresponding donor antibody framework region. In some
embodiments, one or more back-mutations can be introduced in a sufficient number to
render an engineered antibody variable region (e.g., the light chain variable region or
the heavy chain variable region) greater than 65 (e.g., 66, 67, 68, 69, 70, 71, 72, 73,
74,75,76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, or 95
or more) % identical to the corresponding variable region of the donor antibody. All
that is required of the engineered antibody containing the back mutation(s) is that the
engineered antibody is less immunogenic in a human as compared to the
immunogenicity of the donor antibody in a human.

As discussed above, the reshaping or affinity maturation techniques can be
used to introduce one or more (e.g., two, three, four, five, six, seven, eight, nine, or 10
or more) amino acid substitutions (e.g., conservative or non-conservative
substitutions) into one or more (e.g., one, two, three, four, five, six, seven, or all eight)
of the engineered antibody framework regions (e.g., HFR1, HFR2, HFR3, HFR4,
LFR1, LFR2, LFR3, or LFR4). In some embodiments, the framework regions in total
comprise fewer than 10 (e.g., fewer than nine, eight, seven, six, five, four, three, two,
or one) substitutions. In some embodiments, only one framework region is altered
during the reshaping process (e.g., to introduce one or more amino acid substitutions
into the region). In some embodiments, more than one (e.g., two, three, four, five, or
all six) framework region(s) is/are altered to comprise one or more amino acid
substitutions. All that is required is that the resulting engineered antibody when
administered to a human is less immunogenic than the corresponding donor antibody
in a human. In some embodiments, amino acid substitutions are performed prior to
the grafting process. In some embodiments, amino acid substitutions are performed
after the grafting process.

As discussed above, one of ordinary skill in the art would recognize that the
exact boundaries of variable domain CDRs and framework regions can vary
depending on how they are defined. For example, under the Chothia definition or the
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combined Kabat-Chothia definition, Vi positions 28 and 30 fall within the heavy
chain CDR1 region. Thus, in some embodiments, one or more amino acid
substitutions can be introduced into the CDRs of the engineered antibody Vi region
and/or Vi region, but not into the antibody’s framework regions. Such substitutions
5  can affect antibody reshaping or affinity maturation. Accordingly, in some
embodiments, antibody reshaping or maturation techniques can include introducing
one or more (e.g., two, three, four, five, six, seven, eight, nine, or 10 or more) amino
acid substitutions (e.g., conservative or non-conservative substitutions) into one or
more (e.g., one, two, three, four, five, or all six) of the engineered antibody CDR

10 regions (e.g., HCDR1, HCDR2, HCDR3, LCDRI1, LCDR2, or LCDR3), ¢.g., as
defined by Kabat, Chothia, or the combined Kabat-Chothia definition. In some
embodiments, the CDRs in total comprise fewer than 10 (e.g., fewer than nine, eight,
seven, six, five, four, three, two, or one) substitutions. In some embodiments, none of
the donor CDRs is subjected to amino acid substitution prior to, or after, grafting the

15  CDRs to the acceptor scaffold. All that is required of said substitutions is that: (a) the
resulting engineered antibody when administered to a human is less immunogenic
than the corresponding donor antibody in a human; and (b) the substitutions improve
the affinity of the engineered antibody for a target antigen as compared to the affinity
of the engineered antibody for the antigen prior to the substitutions.

20 In some embodiments, an engineered light chain polypeptide and an
engineered heavy chain polypeptide can be generated using the methods described
herein. In some embodiments, a practitioner can select to generate only an engineered
light chain polypeptide or an engineered heavy chain polypeptide and use, e.g., guided
selection to identify the complementary polypeptide chain (light or heavy chain

25  polypeptide) to thereby create an engineered antibody having reduced
immunogenicity in a human. For example, a practitioner who has generated an
engineered light chain polypeptide can employ guided selection techniques to identify
a cognate human heavy chain polypeptide sequence to thereby generate an engineered
antibody that is less immunogenic in a human as compared to the donor antibody.

30  Guided selection techniques are described in detail in, e.g., U.S. patent no. 5,565,332
(issued to Hoogenboom et al.), Guo-Qiang and Xian-Li (2009) Methods Mol Biol
562:133-142, Klimka et al. (2000) Br J Cancer 83(2):252-260, and Beiboer et al.
(2000) J Mol Biol 296(3):833-849. Briefly, guided selection involves pairing an
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antibody light chain polypeptide or an antibody heavy chain polypeptide of interest
with a repertoire of human complementary (light or heavy) variable domains. The
hybrid pairings are interrogated, ¢.g., using phage display techniques. Specific hybrid
pairings that retain affinity for the antigen of interest can be selected.

In some embodiments, the humanization methods described herein can include
interrogating libraries of diverse human variable regions or parts of human variable
regions as described in, e.g.: U.S. patent no. 7,087,409; Rader et al. (1998) Proc Natl
Acad Sci US4 95:8910-8915; and Steinberger et al. (2000) J Biol Chem
275(46):36073-36078. For example, a practitioner may generate an intermediate
engineered light chain polypeptide cassette comprising FR3 and FR4 of the
eculizumab light chain variable region and a CDR3 of a donor antibody. (It is
understood that the starting cassette can be any combination of contiguous framework
regions and CDR sequences, ¢.g.: FR1-CDR1, FR1-CDR1-FR2, FR1-CDR1-FR2-
CDR2, FR1-CDR1-FR2-CDR2-FR3, CDR1-FR2-CDR2-FR3-CDR3-FR4, FR2-
CDR2-FR3-CDR3-FR4, CDR2-FR3-CDR3-FR4, FR3-CDR3-FR4, CDR3-FR4, FR2-
CDR2-FR3, CDRI1-FR2-CDR2, etc.) The practitioner may then generate a diverse
library of intermediate engineered light chain polypeptides in which the
aforementioned FR3-CDR3-FR4 cassette is joined to a library of human FR1-CDR1-
FR2-CDR2 cassettes. The library of intermediate light chain polypeptides can be
paired with an engineered antibody heavy chain polypeptide, ¢.g., an engineered
antibody containing at least one of the framework regions described herein and one or
more CDRs from a donor antibody. The hybrid pairings can be interrogated (e.g.,
using phage display techniques) to identify one or more individual hybrid pairings
that retain the ability to bind to the same antigen as the donor antibody and
demonstrate reduced immunogenicity in a human as compared to the donor antibody.
Additional methods for using exchange cassettes to humanize antibody in accordance
with the methods described herein are set forth in, e.g., U.S. patent application
publication nos. 20060134098 and 20050255552.

In some embodiments, PCR-directed mutagenesis can be used to introduce
random mutations into the framework regions of an engineered antibody to thereby
generate a library of variant engineered antibodies. In some embodiments, a library
of variant engineered antibodies can be produced using PCR, wherein targeted
mutations are introduced into one or more of the framework regions of an engineered
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antibody. At least part of the variant engineered antibody library can be screened to
identify a variant engineered antibody having one or more desired characteristics such
as improved affinity for an antigen and/or reduced or further reduced immunogenicity
in a human as compared to the donor antibody. Methods for screening antibody
5  libraries are well known in the art of antibody engineering and include, e.g., phage-

display, bacterial display, yeast surface display, eukaryotic viral display, mammalian
cell display, and cell-free (e.g., ribosomal display) antibody screening techniques (see,
e.g., Etz et al. (2001) J Bacteriol 183:6924-6935; Cornelis (2000) Curr Opin
Biotechnol 11:450-454; Klemm et al. (2000) Microbiology 146:3025-3032; Kicke et

10 al. (1997) Protein Eng 10:1303-1310; Yeung et al. (2002) Biotechnol. Prog. 18:212-
220; Boder et al. (2000) Methods Enzymology 328:430-444; Grabherr et al. (2001)
Comb Chem High Throughput Screen 4:185-192; Michael et al. (1995) Gene Ther
2:660-668; Pereboev et al. (2001) J Virol 75:7107-7113; Schaffitzel et al. (1999) J
Immunol Methods 231:119-135; and Hanes et al. (2000) Nat Biotechnol 18:1287-

15 1292). Phage-display antibody screening involves expressing an antibody protein
displayed on the phage (e.g., M13 filamentous phage or A, T4, or T7 phage) surface.
See, ¢.g., Sidhu (2001) Biomol Eng 18:57-63; Maruyama et al. (1994) Proc Natl Acad
Sci USA 91:8273-8277; Ren and Black (1998) Gene 215:439-444; Rosenberg et al.
(1996) InNovations 6:1-6; and Castagnoli et al. (2001) Comb Chem High Throughput

20  Screen 4:121-133. Briefly, a plurality of phagemid vectors, each encoding a fusion
protein of a bacteriophage coat protein (e.g., plll or pVIII of M13 phage) and a
different engineered antibody are produced using standard molecular biology
techniques and then introduced into a population of bacteria (e.g., E. coli).
Expression of the bacteriophage in bacteria can, in some embodiments, require use of

25  ahelper phage. In some embodiments, no helper phage are required (see, ¢.g.,
Chasteen et al. (2006) Nucleic Acids Res 34(21):¢145). Phage produced from the
bacteria are recovered and then contacted to, e.g., a target antigen bound to a solid
support. The unbound phage are removed by washing the solid support. Following
the wash step, bound phage are then eluted from the solid support, ¢.g., using a free

30  target antigen competitor. Generally, any eluted phage can be considered to comprise
an antibody (or fragment thereof) that binds to the target antigen. Individual phage of
the population can be isolated by, e.g., infecting bacteria grown in wells of a multi-
well assay plate at a multiplicity of infection of one phage per well.
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To enrich the phage population for phage particles that comprise antibodies
having a higher affinity for the target antigen (while reducing the proportion of phage
that may bind to the antigen non-specifically), the eluted phage (described above) can
be used to re-infect a population of bacterial host cells. The expressed phage are then

5  obtained from the bacteria and again contacted to a target antigen bound to a solid
support (e.g., the surface of a bead or a column). The unbound phage are removed by
washing the solid support. Following the wash step, bound phage are then eluted
from the solid support, ¢.g., using a free target antigen competitor. The number of
infection-binding-elution cycles that the phage particles are subjected to generally

10 correlates with level of enrichment for phage comprising antibodies having higher
affinity for the target antigen.

Methods for antibody phage display are also described in, e.g., O’Brien and
Aitken (2002) “Antibody Phage Display: Methods and Protocols,” Humana Press
(ISBN 0896037118); Barbas ct al. (2004) “Phage Display: A Laboratory Manual,”

15  Cold Spring Harbor Laboratory Press (ISBN: 0879697407); and Figini et al. (1998)
Cancer Res 58:991-996, the disclosure of each of which is incorporated herein by
reference in its entirety. Methods for automating various steps of the antibody phage
display for use in high-throughput screening campaigns are described in, e.g.,
Konthur and Walter (2002) TARGETS 1(1):30-36.

20 Additional screening methods are available for identifying an engineered
antibody that binds to the same antigen as the donor antibody. For example, a
practitioner of the methods can use any of a variety of filter screening methods, ¢.g.,
wherein secreted antibody fragments are trapped on a membrane that is then contacted
with soluble target antigen. See, e.g., Skerra et al. (1991) Anal Biochem 196:151-5.

25  Inthis case, bacteria harboring plasmid vectors that direct the secretion of Fab
fragments into the bacterial periplasm are grown on a membrane or filter. The
secreted fragments are allowed to diffuse to a second “capture” membrane coated
with antibody which can bind the antibody fragments (e.g., anti-immunoglobulin
antiserum) and the capture filter is probed with specific antigen. Antibody-enzyme

30  conjugates can be used to detect antigen-binding antibody fragments on the capture
membrane as a colored spot. The colonies are re-grown on the first membrane and

the clone expressing the desired antibody fragment recovered.
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A practitioner of the methods can also use ELISA techniques to screen for an
engineered antibody that binds to the same antigen as the donor antibody. An
individual engineered antibody expressed from a single clone, or pools of multiple
engineered antibodies produced by multiple clones, can be assayed as described in,

5 e.g., Watkins et al. (1997) Anal. Biochem. 253:37-45. A practitioner could also use
colony lift binding assays, wherein the antibodies are allowed to diffuse directly onto
an antigen-coated membrane. Such a method is described in, ¢.g., Giovannoni et al.
(2001) Nucleic Acids Research 29(5):¢27.

Methods for determining whether an engineered antibody is immunogenic in a

10 human are well known in the art. For example, the engineered antibody can be
administered to a human subject as part of a Phase O clinical study. See, e.g., Kinders
et al. (2007) Molecular Interventions 7:325-334. The engineered antibody can be
administered orally or transdermally, or injected (or infused) intravenously,
subcutaneously, intramuscularly, intraperitoneally, intrarectally, intravaginally,

15  intranasally, intragastrically, intratracheally, or intrapulmonarily. The antibody can
be delivered directly to an appropriate lymphoid tissue (e.g. spleen, lymph node, or
mucosal-associated lymphoid tissue (MALT)). If desired, booster immunizations
may be given once or several (two, three, four, eight or twelve, for example) times at
various times (e.g., spaced one week apart). Antibody (e.g., IgG, IgM, or IgA)

20  responses specific for the engineered antibody can then be measured by testing for the
presence of such antibodies systemically (e.g., in serum) or, for example, at various
mucosal sites (e.g., in saliva or gastric and bronchoalveolar lavages) using in vitro
assays familiar to those in the art, ¢.g., an ELISA. Commercial ELISA-based kits are
available and include, ¢.g., the HAHA ELISA ELPCO™ Immunoassay (ALPCO

25  Diagnostics, Salem, NH). Suitable methods (e.g., ELISA or SPR methods) for
detecting the production by a subject (e.g., a human subject) of neutralizing antibodies
that bind to and inhibit the activity of a therapeutic antibody are known in the art and
exemplified in the working Examples. Suitable methods are also described in, e.g.,
Welt et al. (2003) Clin Cancer Res 9(4):1338-46; Aarden et al. (2008), supra; Szolar

30 etal. (2006) J Pharm Biomed Anal 41(4):1347-1353; Lofgren et al. (2007) J Immunol
178(11):7467-7472; Ritter et al. (2001) Cancer Res 61:6851-6859; and Buist et al.
(1995) Cancer Immunology, Immunotherapy 40(1):24-30. Alternatively, or in
addition, since CD4" T cell responses are generally required for antibody responses,
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in vitro CD4" T cell responses to the engineered antibody can be measured using
methods known in the art. Such methods include CD4 "™ T cell proliferation or
lymphokine (e.g., interleukin-2, interleukin-4, or interferon-y) production assays.

In some embodiments, the methods described herein can include determining
whether a donor antibody (e.g., a humanized donor antibody) is likely to be, or is
expected to be, immunogenic in a human. In some embodiments, the methods
described herein can include determining in silico the potential immunogenicity of an
engineered antibody in a human. Suitable computer-based methods/algorithms for
predicting the potential immunogenicity of a given antibody or antibody variable
regions are known in the art and include, without limitation, SYFPEITHI,
TEPITOPE, BEPITOPE, RANKPEP (Harvard University), MMPred, PREDICT,
MHCBench, and ABCpred. See Rammensee et al. (1999) Immunogenetics 50:213;
Saha and Raghava (2007) Methods Mol Biol 409:387-394; El-Manzalawy et al.
(2008) J Mol Recognit 21(4):243-255; Sturniolo et al. (1999) Nat Biotechnol 17:555;
Bhasin and Raghava (2004) Bioinformatics 20(3):421-423; and van de Weert and
Moller (2008), “Immunogenicity of Biopharmaceuticals,” Volume 8 of
Biotechnology: Pharmaceutical Aspects, Springer Press (see Table 4.2 titled “Epitope
prediction tools, databases and data sets”). The in silico determination can occur prior
to the generation of the engineered antibody (e.g., an evaluation of one or more donor
antibodies) and/or after the generation of the engineered antibody (e.g., before
administering an engineered antibody to a human). In some embodiments, the in
silico determination can occur after reshaping the engineered antibody (e.g.,
introducing one or more back-mutations into the engineered antibody). In some
embodiments, the in silico methods can be employed to help guide a practitioner in
determining which reshaping techniques to employ on an engineered antibody. For
example, if a practitioner has a choice between two comparable reshaping techniques
(e.g., a back-mutation at one of two different amino acid positions in a framework
region), the practitioner may turn to the aforementioned in silico methods to
determine which of the two techniques would likely result in the engineered antibody

having the least potential for immunogenicity in a human.
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Methods for Expressing an Engineered Antibody

The nucleic acid(s) encoding an engineered antibody can be inserted into an

expression vector that comprises transcriptional and translational regulatory

5 sequences, which include, e.g., promoter sequences, ribosomal binding sites,
transcriptional start and stop sequences, translational start and stop sequences,
transcription terminator signals, polyadenylation signals, and enhancer or activator
sequences. The regulatory sequences include a promoter and transcriptional start and
stop sequences. In addition, the expression vector can include more than one

10 replication system such that it can be maintained in two different organisms, for

example in mammalian or insect cells for expression and in a prokaryotic host for
cloning and amplification.

Several possible vector systems are available for the expression of cloned
engineered antibody heavy chain and/or light chain polypeptides from nucleic acids in

15 mammalian cells. One class of vectors relies upon the integration of the desired gene
sequences into the host cell genome. Cells which have stably integrated DNA can be
selected by simultaneously introducing drug resistance genes such as E. coli gpt
(Mulligan and Berg (1981) Proc Natl Acad Sci US4 78:2072) or Tn5 neo (Southern
and Berg (1982) Mol Appl Genet 1:327). The selectable marker gene can be ecither

20  linked to the DNA gene sequences to be expressed, or introduced into the same cell
by co-transfection (Wigler et al. (1979) Cell 16:77). A second class of vectors utilizes
DNA elements which confer autonomously replicating capabilities to an
extrachromosomal plasmid. These vectors can be derived from animal viruses, such
as bovine papillomavirus (Sarver et al. (1982) Proc Natl Acad Sci USA, 79:7147),

25  polyoma virus (Deans et al. (1984) Proc Natl Acad Sci USA 81:1292), or SV40 virus
(Lusky and Botchan (1981) Nature 293:79).

The expression vectors can be introduced into cells in a manner suitable for
subsequent expression of the nucleic acid. The method of introduction is largely
dictated by the targeted cell type, discussed below. Exemplary methods include

30  CaPOs precipitation, liposome fusion, lipofectin, electroporation, viral infection,
dextran-mediated transfection, polybrene-mediated transfection, and direct

microinjection.

60

26619718 2



Ecu Ecu FR2 SEQ ID NO 21 SEQ ID NO 27 Ecu H20C3 FR3 SEQ ID NO. 22 SEQ ID
NO 31 Ecu** Ecu FR4 SEQ ID NO 23 SEQ ID NO 29 YY Ecu Ecu* FRL SEQ I D
NO 20 SBQoIMMINGr3627 Ecu Ecu FR2 SEQ ID NO 21 SEQ | D ROIBZ011Es459ECU FR3
SEQ ID NO 22 SEQ ID NO 28

10

15

20

25

30

Appropriate host cells for the expression of engineered antibodies, include,
¢.g., yeast, bacteria, insect, and mammalian cells. Of particular interest are bacteria
such as E. coli, fungi such as Saccharomyces cerevisiae and Pichia pastoris, insect
cells such as SF9, mammalian cell lines (e.g., human cell lines), as well as primary
cell lines. The type of host cell selected for expression of the antibodies will depend
in part on the particular type of antibody to be expressed as well as the intended use of
the expressed antibody. For example, a skilled artisan may choose a bacterial host for
expressing a single chain antibody or a Fab fragment of an antibody, whereas the
artisan may choose a mammalian cell host for whole antibody expression.

The engineered antibodies are produced from cells by culturing a host cell
transformed with the expression vector comprising nucleic acid encoding the antibody
under conditions, and for an amount of time, sufficient to allow expression of the
antibodies. Such conditions for protein expression will vary with the choice of the
expression vector and the host cell, and can be easily ascertained by one skilled in the
art through routine experimentation. For example, engineered antibodies expressed in
E. coli can be refolded from inclusion bodies (see, e.g., Hou et al. (1998) Cytokine
10:319-30). Bacterial expression systems and methods for their use are well known in
the art. The choice of codons, suitable expression vectors and suitable host cells will
vary depending on a number of factors, and may be easily optimized as needed.
Engineered antibodies can be expressed in mammalian cells or in other expression
systems including but not limited to yeast, baculovirus, and ir vitro expression
systems (see, ¢.g., Kaszubska et. al. (2000) Protein Expression and Purification
18:213-220).

In some embodiments, an engineered antibody can be expressed in, and
purified from, transgenic animals (e.g., transgenic mammals). For example, an
engineered antibody can be produced in transgenic non-human mammals (e.g.,
rodents) and isolated from milk as described in, e.g., Houdebine (2002) Curr Opin
Biotechnol 13(6):625-629; van Kuik-Romeijn et al. (2000) Transgenic Res 9(2):155-
159; and Pollock et al. (1999) J Immunol Methods 231(1-2):147-157.

Suitable antibody expression methods are also set forth in Thomas et al.
(1996), supra.

Following expression, the engineered antibodies can be isolated. The term
“isolated” or “purified” as applied to any of the polypeptides described herein (e.g.,
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the engineered antibodies) refers to a polypeptide that has been separated or purified
from components (e.g., proteins or other naturally-occurring biological or organic
molecules) which naturally accompany it, e.g., other proteins, lipids, and nucleic acid
in a prokaryote expressing the proteins. Typically, a polypeptide is purified when it

5  constitutes at least 60 (e.g., at least 65, 70, 75, 80, 85, 90, 92, 95, 97, or 99) %, by
weight, of the total protein in a sample.

The engineered antibodies can be isolated or purified in a variety of ways
known to those skilled in the art depending on what other components are present in
the sample. Standard purification methods include electrophoretic, molecular,

10 immunological, and chromatographic techniques, including ion exchange,
hydrophobic, affinity, and reverse-phase HPLC chromatography. For example, an
engineered antibody can be purified using a standard anti-antibody column (e.g., a
protein-A or protein-G column). Ultrafiltration and diafiltration techniques, in
conjunction with protein concentration, are also useful. See, ¢.g., Scopes (1994)

15 “Protein Purification, 3" edition,” Springer-Verlag, New York City, New York. The
degree of purification necessary will vary depending on the desired use. In some
instances, no purification of the expressed engineered antibodies will be necessary.

Methods for determining the yield or purity of an isolated engineered antibody
are known in the art and include, ¢.g., Bradford assay, UV spectroscopy, Biuret

20  protein assay, Lowry protein assay, amido black protein assay, high pressure liquid
chromatography (HPLC), mass spectrometry (MS), and gel electrophoretic methods
(e.g., using a protein stain such as Coomassie Blue or colloidal silver stain).

In some embodiments, endotoxin can be removed from the expressed
engineered antibodies. Methods for removing endotoxin from a protein sample are

25  known in the art. For example, endotoxin can be removed from a protein sample
using a variety of commercially available reagents including, without limitation, the
ProteoSpin™ Endotoxin Removal Kits (Norgen Biotek Corporation), Detoxi-Gel
Endotoxin Removal Gel (Thermo Scientific; Pierce Protein Research Products),
MiraCLEAN® Endotoxin Removal Kit (Mirus), or Acrodisc™ - Mustang® E

30  membrane (Pall Corporation).

Methods for detecting and/or measuring the amount of endotoxin present in a
sample (both before and after purification) are known in the art and commercial kits
are available. For example, the concentration of endotoxin in a protein sample can be
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determined using the QCL-1000 Chromogenic kit (BioWhittaker), the limulus
amebocyte lysate (LAL)-based kits such as the Pyrotell®, Pyrotel|®-T,
Pyrochrome®, Chromo-LAL, and CSE kits available from the Associates of Cape
Cod Incorporated.

Pharmaceutical Compositions

Compositions comprising an engineered antibody described herein can be
formulated as a pharmaceutical composition. The pharmaceutical compositions will
generally include a pharmaceutically acceptable carrier. As used herein, a
“pharmaceutically acceptable carrier” refers to, and includes, any and all solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like that are physiologically compatible. The
compositions can include a pharmaceutically acceptable salt, e.g., an acid addition salt
or a base addition salt (see, e.g., Berge et al. (1977) J Pharm Sci 66:1-19).

The compositions can be formulated according to standard methods.
Pharmaceutical formulation is a well-established art, and is further described in, e.g.,
Gennaro (2000) “Remington: The Science and Practice of Pharmacy,” 20" Edition,
Lippincott, Williams & Wilkins (ISBN: 0683306472); Ansel et al. (1999)
“Pharmaceutical Dosage Forms and Drug Delivery Systems,” 7™ Edition, Lippincott
Williams & Wilkins Publishers (ISBN: 0683305727); and Kibbe (2000) “Handbook
of Pharmaceutical Excipients American Pharmaceutical Association,” 3" Edition
(ISBN: 091733096X). In some embodiments, a composition can be formulated, for
example, as a buffered solution at a suitable concentration and suitable for storage at
2-8°C (e.g., 4°C). In some embodiments, a composition can be formulated for storage
at a temperature below 0°C (e.g., -20°C or -80°C). In some embodiments, the
composition can be formulated for storage for up to 2 years (e.g., one month, two
months, three months, four months, five months, six months, seven months, eight
months, nine months, 10 months, 11 months, 1 year, 1% years, or 2 years) at 2-8°C
(e.g., 4°C). Thus, in some embodiments, the compositions described herein are stable
in storage for at least 1 year at 2-8°C (e.g., 4°C).

The pharmaceutical compositions can be in a variety of forms. These forms
include, e.g., liquid, semi-solid and solid dosage forms, such as liquid solutions (e.g.,
injectable and infusible solutions), dispersions or suspensions, tablets, pills, powders,
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liposomes and suppositories. The preferred form depends, in part, on the intended
mode of administration and therapeutic application. For example, compositions
comprising an antibody or fragment intended for systemic or local delivery can be in
the form of injectable or infusible solutions. Accordingly, the compositions can be

5  formulated for administration by a parenteral mode (e.g., intravenous, subcutancous,
intraperitoneal, or intramuscular injection). “Parenteral administration,”
“administered parenterally,” and other grammatically equivalent phrases, as used
herein, refer to modes of administration other than enteral and topical administration,
usually by injection, and include, without limitation, intravenous, intranasal,

10  intraocular, pulmonary, intramuscular, intraarterial, intrathecal, intracapsular,
intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal, subcutancous,
subcuticular, intraarticular, subcapsular, subarachnoid, intraspinal, epidural,
intracerebral, intracranial, intracarotid and intrasternal injection and infusion (see
below).

15 In some embodiments, an engineered antibody described herein can be
formulated in a composition suitable for intrapulmonary administration to a human
(e.g., for administration via nebulizer or inhaler). Methods for preparing such
compositions are well known in the art and described in, e.g., U.S. patent application
publication no. 20080202513; U.S. patent nos. 7,112,341 and 6,019,968; and PCT

20  application publication nos. WO 00/061178 and WO 06/122257, the disclosures of
cach of which are incorporated herein by reference in their entirety. Dry powder
inhaler formulations and suitable systems for administration of the formulations are
described in, e.g., U.S. patent application publication no. 20070235029, PCT
Publication No. WO 00/69887; and U.S. patent no. 5,997,848.

25 The compositions can be formulated as a solution, microemulsion, dispersion,
liposome, or other ordered structure suitable for stable storage at high concentration.
Sterile injectable solutions can be prepared by incorporating an antibody (or a
fragment of the antibody) described herein in the required amount in an appropriate
solvent with one or a combination of ingredients enumerated above, as required,

30 followed by filtered sterilization. Generally, dispersions are prepared by
incorporating an antibody or fragment described herein into a sterile vehicle that
comprises a basic dispersion medium and the required other ingredients from those
enumerated above. In the case of sterile powders for the preparation of sterile
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injectable solutions, methods for preparation include vacuum drying and freeze-
drying that yield a powder of the engineered antibody described herein plus any
additional desired ingredient (see below) from a previously sterile-filtered solution
thereof. The proper fluidity of a solution can be maintained, for example, by the use

5  of a coating such as lecithin, by the maintenance of the required particle size in the
case of dispersion and by the use of surfactants. Prolonged absorption of injectable
compositions can be brought about by including in the composition a reagent that
delays absorption, for example, monostearate salts, and gelatin.

In certain embodiments, the engineered antibody can be prepared with a

10 carrier that will protect the compound against rapid release, such as a controlled
release formulation, including implants and microencapsulated delivery systems.
Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid.
Many methods for the preparation of such formulations are known in the art. See,

15 e.g., J.R. Robinson (1978) “Sustained and Controlled Release Drug Delivery
Systems,” Marcel Dekker, Inc., New York.

Nucleic acids encoding an engineered antibody can be incorporated into a
gene construct to be used as a part of a gene therapy protocol to deliver nucleic acids
that can be used to express and produce agents within cells (see below). Expression

20  constructs of such components may be administered in any therapeutically effective
carrier, ¢.g. any formulation or composition capable of effectively delivering the
component gene to cells in vivo. Approaches include insertion of the subject gene in
viral vectors including recombinant retroviruses, adenovirus, adeno-associated virus,
lentivirus, and herpes simplex virus-1 (HSV-1), or recombinant bacterial or

25  cukaryotic plasmids. Viral vectors can transfect cells directly; plasmid DNA can be
delivered with the help of, for example, cationic liposomes (lipofectin) or derivatized
(e.g., antibody conjugated), polylysine conjugates, gramicidin S, artificial viral
envelopes or other such intracellular carriers, as well as direct injection of the gene
construct or CaPOQ, precipitation (see, ¢.g., W0O04/060407) carried out in vivo. (See

30  also, “Ex vivo Approaches,” below.) Examples of suitable retroviruses include pLJ,
pZIP, pWE and pEM which are known to those skilled in the art (see, ¢.g., Eglitis et
al. (1985) Science 230:1395-1398; Danos and Mulligan (1988) Proc Natl Acad Sci
US4 85:6460-6464; Wilson et al. (1988) Proc Natl Acad Sci USA 85:3014-3018;
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Armentano et al. (1990) Proc Natl Acad Sci USA 87:6141-6145; Huber et al. (1991)
Proc Natl Acad Sci USA 88:8039-8043; Ferry et al. (1991) Proc Natl Acad Sci USA
88:8377-8381; Chowdhury et al. (1991) Science 254:1802-1805; van Beusechem et
al. (1992) Proc Natl Acad Sci USA 89:7640-7644; Kay et al. (1992) Human Gene
5  Therapy 3:641-647; Dai et al. (1992) Proc Natl Acad Sci USA 89:10892-10895; Hwu

et al. (1993) J Immunol 150:4104-4115; U.S. Patent Nos. 4,868,116 and 4,980,286;
PCT Publication Nos. WO89/07136, W089/02468, W0O89/05345, and W092/07573).
Another viral gene delivery system utilizes adenovirus-derived vectors (see, ¢.g.,
Berkner et al. (1988) BioTechniques 6:616; Rosenfeld et al. (1991) Science 252:431-

10 434; and Rosenfeld et al. (1992) Cell 68:143-155). Suitable adenoviral vectors
derived from the adenovirus strain Ad type 5 d1324 or other strains of adenovirus
(e.g., Ad2, Ad3, Ad7, etc.) are known to those skilled in the art. Yet another viral
vector system useful for delivery of the subject gene is the adeno-associated virus
(AAV). See, ¢.g., Flotte et al. (1992) Am J Respir Cell Mol Biol 7:349-356; Samulski

15  etal. (1989) J Virol. 63:3822-3828; and McLaughlin et al. (1989) J Virol 62:1963-
1973.

Applications
As described above, the engineered antibodies described herein are

20  characterized by having, inter alia, reduced immunogenicity in a human as compared
to the immunogenicity of the donor antibody from which it was derived.
Accordingly, the engineered antibodies can be used in a wide variety of diagnostic
and/or therapeutic applications, ¢.g., where the engineered antibodies are to be
administered chronically to a human. While in no way intended to be limiting,

25  several exemplary applications in which the engineered antibodies can be generated

and/or used are elaborated on below.

A Therapeutic Anti-TNFa Antibody

A therapeutic, humanized anti-TNFa antibody that is administered chronically
30  to human patients is found by a medical practitioner to elicit a human anti-human
antibody (HAHA) response in a large percentage of all treated patients. Moreover,
the antibodies generated in these patients substantially neutralize the therapeutic

activity of the anti-TNFa antibody. Thus, it is determined that continued
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administration of the anti-TNFa antibody to these patients will provide little or no

therapeutic benefit. The patients have a variety of severe autoimmune disorders

including rheumatoid arthritis, Crohn’s disease, ulcerative colitis, and ankylosing

spondylitis, and they depend on the anti-TNFa antibody to effectively manage their
5  disease.

The CDRs of the donor anti-TNFa antibody are grafted into a reduced
immunogenicity antibody acceptor scaffold described herein. The newly engineered
anti-TNFa antibody is tested for its ability to bind to TNFa and is found to have
approximately the same affinity for TNFa as the donor anti-TNFa antibody. In a

10 Phase 0 study, the engineered antibody is administered to a cohort of human patients
once every month for six months. Blood samples are obtained from each of the
patients just prior to each monthly administration and the samples are used to
determine if the patients generate antibodies to the engineered antibody. It is
expected that a substantially lower percentage of patients treated with the engineered

15  antibody will develop a HAHA response as compared to the percentage of patients
treated with the original humanized anti-TNFa antibody. Accordingly, it is also
expected that the engineered antibody will be effective for chronic treatment of severe
autoimmune disorders in a larger number of patients as compared to the original
humanized anti-TNFa antibody.

20

A Therapeutic Anti-VEGF Antibody

A therapeutic, humanized anti-vascular endothelial growth factor (VEGF)
antibody that is administered more than once to human patients is found by a medical
practitioner to elicit a neutralizing HAHA response in a large percentage of treated

25  patients. The patients have colorectal cancer and in each case, they depend on the
anti-VEGF therapy to manage their cancer.

The CDRs of the donor anti-VEGF antibody are grafted into a reduced
immunogenicity acceptor antibody scaffold described herein. The newly engineered
anti-VEGF antibody is tested for its ability to bind to VEGF and is found to have

30  approximately the same affinity for VEGF as the donor anti-VEGF antibody. In a
Phase 0 study, the engineered antibody is administered to a cohort of human patients
once every two weeks for two months. Blood samples are obtained from each of the
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ecul i zumab heavy chai n pol ypepti de as defined under Chothia or the FRL

am no aci d sequence, of the H20C3 heavy  chai n pol ypeptide as defiped under
Chot hi a, RHITR JERPTIEH Bt aaménwta?élﬁpiaﬁé!thetsan@ ﬁr&%%eﬁ@ 5@6@&1&@ if tF%f ers to
the FRA aﬁlt%t%e'ngra&eﬁﬁ%aﬁ%s Rf tht BReiRGHEd #HBRAY | 119DExRbRl Mgl ypeptide as
defined under Chothia or the FR4 am no acid sequence of the 1.23 |ight

chai n pol ypwepntiady msvedeticogdganidatic@h teitcd withithe engiReredegitibody wrle i dent i cal
to each other. 10l ome enbodi nent ne or nore . Q., 0O . t hree,
our 1 vioeiind el R RRaRIRR FOBRERT o BF PeftenReSedFietnundP vlgRons of -an
engi neer edriginki RRshhiLaAnRey BGE @h@bdS0 16§ alse ckpetRId Be: thfendheci®I € (€. 9.,
two, three, four, five, six, seven, eight, nine, or 10 or nore) am no acid
subst i t ut Bsibedy Avill bagffaetdiedar apatmpaidyf colpsgcta samersiag: lergssaumbey br  or e
substitutj i i r I . - X i ant _engi neered anti body. "
15Such suh@pi?t%f%ﬁgﬁﬁggggg(ﬁﬁﬁé%ﬁﬁgégmgf?ﬁbygiﬁj%ﬁ%og%gineered ant i body
binds to the antigen recogni zed by a donor antibody wth a |ower affinity
as conpared to the affinity of the donor antibody for the antigen. In sone
enbodi ment's, oRellsranesie &0 Antbedior k regi ons of a variant engi neered

) 5H-G I
anti bpgly conpr iAStﬁetfa?%fc, ﬁﬂﬁeﬂﬁ%ﬁi 4020 Eﬁ%ﬁg%ﬁhﬁ“’i‘s iﬂir%enggélght , seven, siXx,

five, tour, three, , Or on substitution n sone nbodi nents, only
one franmewninistegd orethapohse® hmmaamatientacsi fdusdibg turherbiiomedical sone
enbodi nents, .nore than. one frane r& rgﬁion conprises an anino aﬁid

i ed

subst i t ut PERIIES oreheit pdepiagigin BONSE AR fAIRGPEPHREs RS trals

anti body, péMb%Eb. aﬁf@ﬁ&héﬁt_@h@&é ﬁdﬁ-ﬁoc‘l‘%ﬁ@@ ,Ly' hb2:8 3nd HRRAYEN ﬂletﬂaﬁ@ntﬁ he
correspondi ng donor anti body in a human n sonme enbodi nents, the above

franemorkdﬂwgﬁonthnﬂanE@deﬂﬁséqd@hUegﬁdméwmodRQGbstituted. The ami no acid
substjtutions n C ervative sti.futions non- conservative
subst 11 ut i ona. 1o 6 ERIRCHES e B B Eutley RS bat 1 ¢ bt ons
wi thin t henfhghdRMog 2gEPeRaintiBdICIcREoRNEs @ RBhBRIN. VB m8vly eBg@ihedted ne, and

| euci ne; aspartic acid and gl utam c acid; asparagine, glutam ne, serine and

t hr eoni neantj-{E)2QantiBory is t¢sghdrfer dmebilpdp hinseto G prlan jouaddn hae and
vr o e, e AR, A DAFRERRER AL ATB O DDA, o
Si X, sevenptiidgiér, CD2Mproteni. TOe antitdy is s'ubJ" ected to ,reshapiilg techniq{les o ,
20  identify variant engineered anti-CD20 antibodies having improved affinity for CD20.
Substitution mutations are introduced into two heavy chain variable region framework
amino acid residues 27 and 30 (as defined by Kabat et al.; see Riechmann et al.
(1988), supra). The variant engineered anti-CD20 antibody is again tested for its
affinity for CD20 and is found to have an improved affinity for CD20 that is at least
25  equivalent to the affinity of the donor anti-CD20 antibody for CD20 protein.
In a Phase 0 study, the variant engineered antibody is administered to a cohort
of human patients once a week, for two months. Blood samples are obtained from
cach of the patients just prior to each administration and the samples are used to
determine if the patients generate antibodies to the variant engineered antibody. It is
30  expected that a substantially lower percentage of patients treated with the variant
engineered antibody will develop a HAHA response as compared to the percentage of
patients treated with the original humanized anti-CD20 antibody. It is also expected

that the variant engineered antibody will be effective for treatment of Non-Hodgkin’s
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26619718 2 nore) am no acids inserted as "spacers" between the various
segnents (e.g., between a donor CDR and an acceptor framework region of an
engi neer edloant/13e3g) . I nsertion of the spacer sequencesPCRIUSR@E 103D ,
e.g., to recover antigen-binding affinity that nay have been | ost during

the CDR graftjng process (see below). See, e.g., Maynard 5 and Georgi ou
(2001) AnnYRE 0‘%?6% r@ﬁé‘?ﬂ@@’r‘? tl?%t?;:%@-c%ﬁm%re‘g@rth@)‘?ﬁﬁ‘ﬁlﬁ wngandzed ab- api no
aci d sequemR® sa8hoRe i nserted between LFRL and LCDRL. In sone enbodi nents,
a spacer am no acid sequence is inserted between LCDRL and LFR2. In sone
enbodi nents, a spacer am no acid sequence is inserted between LFR2 and
LCDR2. In sone odi nent,s,. .a.spacer, am no acid sequence is inserted

bet ween 10 LCDRZ éﬁﬁmﬂrnophﬂﬁEgj{@og%bodinents, a spacer anino acid
sequenge is i naeht@PelIR! M@RMikdRRtARE ddiRe®dBore IRAENEER S, a spacer
am no acid sequence is inserted between LCDR3 and LFR4. In sone

enbodi menhemampaiipasdry Wi elontapdmentyadmeniptsationdefauad by arrpgbepl HFR1L and
HCDR1. In enbodi r - ] [ n [ Se rted

et veen HEBRITA I AR SRR R o BE BB SIS G
sequence p&idnts ETlicgdtibett Wee astinR2( nectidrdtidRdgh bevesige enbodi nents, a spacer
am no acid sequence is inserted between HCDR2 and HFR3. |In sone

embodi ment's, al8pS&Es of i drnee pefi-def eeithody ke grakied gy opeRden HFR3 and
HCDR31q | N; i , ﬂq& i 2 AGH qﬂgﬂﬁﬁ,' i ed

bet we}a% H 2 %%gnﬁgﬁg@éﬁ%aggﬁi e fgol %%é@agggggr sequel%?é IH§1erpr5e&i nserted
bet ween ahiti-B(E aftibole isstegioak fitrstsabilithe bind ki the hglk hepyl chpmponstentand/ or al | of

t he segnents of the heavy chain pol ypepti de. .S nmbodi nent s, . no
Spacer s aFETATKIARAEN (UL TR ARPGD (RSB AOHEE SEendi SroF i | ght
chain or T%Mﬁib%ﬁﬁ' Th ¥PRdsal s@idyedicQlginfdrbd biody $s ABHHIst@EH B an engi neer ed

anti body that conprises one or "nore Spacer sequénces is that” the antibody:
(a) ret ai nebulimer talai dohont of bubamplatientstdnee searp tag wicglen fargwohrordon dslogd

ib is | [ iC I h ; d h
unbbent il 1y e TRRE s oty I R T PP R e herei n, the

term " ant hiamystratieh.eThe §@nAcdiOugedab deti@ile ifkipaashts palcageh@itodicd. . | gM
1gG (including 1gd, 1g&, 1gG3, and 1gHA), I1gA gD or IgE) or any

ant i gen- bfmiée ﬁgglﬂ@@igh@tmboﬂhe?tewxpemé thas spbsintibddyowadcigasgeef g. , a 30
chinerize . chinerl tl - j - i I ni zed
antibody,8%%@H§R%%ﬁpyﬁhﬁﬁéﬁggg%?%g@gggiﬁ%ﬁggﬁggﬁh |ngAF§%§§%n s of an

anti body terapard@io the Gercedagd opaticat aichtedntiithabelyrigidalsiunginézedhatifigEv f r agnent
(scFv an Fd fragnent, an Fab fragnent, an Fab' fragnent, qr an F(ab')2
fragn%(ht . antipody {15 plag feprctsddhaf the epgipecssl vigge Vyéllzegfgwyﬁ tide chain

t hat i ncl : i =hal =101 ; of the

ant i body ?rg%%e\?\ﬁ%ﬁ{@%eﬁg?é%el S ﬂéérr?)\%%&éh?gn&acﬁﬁqa?égﬁg ﬂirleﬁﬁég odi es,

m ni bodi ebymbémiabodi-ke¥, anaibddyi abodi es (see, e.g., Todorovska et al. (2001)
J I munol Methods 248(1):47-66; Hudson and Kortt (1999) J Immunol Methods
231(1):177-189; Poljak 5(1994) Structure 2(12):1121-1123; Rondon and
Marasco (1997) Annual Review of M crobiology 51:257-283, the disclosures of
each of which are incorporated herein by reference in their entirety) are
also included in the definition of antibody and are conpatible for use in
the nmet hods descri bed herein. Bispecific antibodies are al so enbraced by
the term"anti body." Bispecific antibodies are nonocl onal, preferably
10human or humani zed, anti bodi es that have binding specificities for at

| east two different antigens. The di scl osure al so enbraces vari ant
forms of bispecific antibodies such as the tetraval ent dual variable domain
i mrunogl obulin (DVD-1g) nol ecul es described in Wi et al. (2007) Nat

Bi ot echnol 25(11):1290-1297. The DVD-1g nol ecul es are 15desi gned such that
two different |light chain variable domains (VL) fromtwo different parent
anti bodies are linked in tandemdirectly or via a short |inker by

reconbi nant DNA techni ques, followed by the |ight chain constant domain.
Met hods for generating DVD-1g nolecules fromtwo parent antibodies are
further described in, e.g., PCT Publication Nos. WO 08/024188 and WD

07/ 024715, the disclosures of 20each of which are incorporated herein by
reference in their entirety. As used herein, a "donor antibody" is an
antibody for. which a practitioner wi sAgs to obtain, usi ng the net hods
descri bed herein, a variant of the antibody (an engi neered anti body) that:
(i) binds to the sane antigen as the donor antibody; and (ii) has one or
nore (e.g., one, two, three, four, five, six, or seven or nore) inproved
25characteristics as conpared to the donor antibody - particularly a
decreased | evel of imunogenicity in a human as conpared to the




human germ ine framework regions. A fully human anti body can be one that
conpri ses one or nore non-gernmine human franmework regions. For exanple,

t he humarw@anori3asski body can conprise one or nore frameROTRIS2@I034538 t hat
were subject to somatic hypernmutation and thus is no | onger germine per

se. (See, e.g., Abbas, 5 Lichtman, and Pober (2000) "Cellul ar and Mol ecul ar
| mmunol ogy, " 4th Edition, WB. Saunders Conpany (1SBN: 0721682332)). In sone
enbodi nents, tirge ﬁqewlng@;dnmgs\/arb ft@Rfed Fo hm@ﬁabzrfaﬂ 1igfit, b 1h§/e1ﬁ'féﬁan anti body.
An englneered anti body ctan be derived from any donor antibody t

specifically binds to an antigen and the binding of such donor antlbody to
its antigen 10results or is expect to.result in a therapeutic effect in a
human. For exanpl e, the donor anti§§9§1%§h bind to a mcrobial pathogen
(e.g.,5virus, bacterium protozoon, or parasite) protein such as, e.g.,

t et anus toxin; dlphtherla tOXIn or any of a variety of viral surface
proteins E& I8 L geRienpnpPeayMAVERIE hlovand gCl 1 1; hunman

|nnunodef¥§ﬁﬁﬁg%nﬁhgus-l (HIV-I) envelope gl ycoproteins; Rous sarconma 15

virus (RS gl ycoproteins; herpes sinplex virus (HSV) envel ope
gl ycopr ot ei ns; AB@sitigd Molsdléna¥ biitiody EBNYCERUEDQIE) Gl GRPIFRLIB} Bisids to
varicel |l a-zoster virus (VZV) envel ope gl ycoproteins; human papilloma virus

( HPV) envéﬂ@%cgﬁplé@snmomm@enn@ﬁ weekipraanjzadus fglllw&gpr%@aé@ hs: an‘algmifYHepat it |h s
A
tonor 1y ki <Rk HEO5DRs OB RS PRt SR SBRnt cort one i o

a human. FaImSROE RBIAGhINENRE & hidhhRgARIREH N EARRYIBEY fthd ﬂahl@f)v@ﬁ{fskﬁ’ us
protein such as, but not limted to, Protease Resistant Protein (PrPsc). In
some enbotlicren€s antilvelyd dihemhugan |meme canisichdsen@s acgptonsequcactsdor,  a

cyt oki ne, ch nDkln wth factors can include scular

endot hel i # %5% the g alzt\Q?eé;t)Wer? qRfGdRY oRpnige ﬂw%@g@f SHOAIPEREY  pone 25
nor phogeni N (G CsF),

gr anul octh? pn%?ilgipﬂﬁgge C%mg%f " st ﬁﬁ?gtﬁltlﬁﬁmk %h%%nb ‘aatrfaﬂjg,ﬂeﬁg 6\}VeH)gr owt h
fact oi5 ( N&H yarwbtaeltgim(Vp);shqunncq:ﬂ atthé guery etquseed:sg ToehhmbadtuoegioPDGF) |,

G 1 or ont 1601 B Ry o hoppon Tt HROFTH GERER ot RN HEEE o

FGF2), ephdRsdis nd 'L@%@S)f %%te L. i( Wehy o éiO(lbﬁ'@)aJ %Mzgn’?olg bsfagsmy (HGR),

and a neuregulin (e.g. RG3, t oki nes incl ude,
e.g., intdéhfduong mreglon Warsrd,eylved ﬁqmrthmb@m@tsg@onaef\’mrge(le@3 amfiNFay. or

TNFI 3 d th f. k IL-2, IL-3,
M) | 2Bl BeroMif 5 e el b i I Fachi iy rog rorhes) &
Chermk(p neﬁlebélgéﬂdﬂﬁc génks 2664 Qufrhén ¥ r@lgn 1deﬁt15&9froﬂi% ?aardlvmas| the bobe | a,

M P-113, RANTES, C10, MRP-2, MARC CCF18, Eotaxi n,
NCP-5.  Mob23 (Gegbenk acqgexon no. P@G{%?hcﬁeiene 33 Kil_e@et ché923) B himmapgkC,  PARC,
or Eot axi z%24%-§27$10n?hlﬁﬁbr%9n Q;enéglotd)vag g?r?veago%l¥héql%%¥agc org&n\g ée%ﬁa human

conpl ement=prot &' n ‘suc

C3a, C3b, 0 RandRe geftetRic J Cﬁgeng’_)@qth @gebmtr%ctlgz of &8 arg@ﬁn?vg( §agd /i, conp | erent
factor B, conplenent factor D, MBL, MASP1, MNASP2 P3. In sone

e rrbodl rre nfremewhek wgionr2 ER2) bﬁdyltbmrﬁ@safttbe mntuF@qubtq rggiopfas apmpared bkody such

as, the F rtion G {j,ncluding 1gQ@ .. | .. 1gG3, and
aon 251 gte RetfeaBligBt @ il R Gotg R Smsd Ay Wir e ace
protein. €glthe HOOERATE 4AHDSIV)Ssedidinaed atd et fBrtH hereth 43 FEQUBINUSE qupliad
receptor (GPCR), a _chenpkine receptor, a cytokine receptor, or a receptor

tyrosi ne kspegsclyrTiap COfvdrameaienk gwétnrge(cbéqsﬂddm icahet-gefined GDRs)ogR1,  CCR2,

CCX—CKggRé?ﬁe C?{gﬁ%ﬁ&@i cet]grs |nc$§§§%u é%%ﬁ%é9$§§m1$§§§§ E% I L-4R,

| L- 5R, | Litidduddd-iBfs, thd HEDGRNH SEQfirdri3RAt pasithants 28aﬁéBOOSpedlﬁ¢aﬂellyf gcon 15 (1 FNa

or IFNI3) receptor, |FN anna receptor, granul ocyte macro col ony
sti mubt i Hieqnieg Fpogician eSend thecispiine abposifin Weeéalp%we@w%fpati ng factor

(G CSF) raoRRALAE an@ﬁ' rﬂ{eolrégédtlgelgle%gﬁéerleucﬁglﬁ? pbﬁﬁé)tyﬁ@andasegme a{EGF receptor,

insulin receptor, receptor, VEG- receptor, and HGF
receptor. p¢nn@mﬁ®wennndwn8mnh¢nmhaedmmﬁbzﬂmbmbudmu@wn@®nlwhHER2/neu/ErbBZ,
HER3, or HER4. 20l n sone enbodi nents, the donor antibody binds to a cancer
antigen (e.g., a nutant formof a canc&r antigen) such as, but not limted
to, MART- %%N%Ian A, gpl00, adenosi ne d am nase- bi ndi ng protein (ADAbp),

FAP, cycl© h ffn b, colorectal associated antigen (CRC) CO17-1A/ GA733,
carC|noenbryon|c antigen (CEA), CAP-1, CAP-2, etv6, AM.I, prostate specific
antigen (PSA), PSA-1, PSA-2, PSA-3, prostate- 25 specific nenbrane antigen
(PSMA), T-cell receptor/CD3-zeta chain, CD20, MAGE- Al, MAGE- A2, MAGE- A3,
MAGE- A4, NAGE—AS NAGE—A6 NAGE—A? NAGE—AB MAGE- A9, NAGE—AlO MAGE- Al |,

R AR 7~~~ Al ~ n R AR 7~~~ I~/ \ I R AR NI N\ R AR 7~ N7 R AR 7~ < A\




AKAP2: AVH, AVHR2; ANGPT1; ANGPT2; ANGPTL3; ANGPTL4; ANPEP; APC, APCCL; AR
AZGP1(zi nc-a-glycoprotein); B7.1; B7.2; BAD, BAFF, BAGl; BAIl; BCL2; BCLG6;
BDNF; BLNKO 2BURB(I$DR15); BlyS; bone nor phogeni c prot ei nPCBNSRdL1/0BFP2; BMP3B
(CGDF10); BMP4; BWP6; BMP8; BMPR1A; 5 BMPRLB; BMPR2; BPAGL (plectin); BRCA;

BRCA2; d 9orfl O { ene onent C3; conpl ement conponent CSa
conpl emn?c@gmﬁékﬁ)l%\%were@gﬁaﬁm@ngﬁ}e BHEAtIUCAEES O n@‘rﬁ?ﬁmcorrponent
C4b; conplgimnt re%RJM ReMizubmb 468 %Pﬁ?c@m CIERPANBN reGRA of ¢omlenent

conponent C5b; cdnpl ement conponent conpl ement conponent C7; conpl enent
conponent d@ggted i Eignpl €heaninoaepbieamincEof tho hpdvernbain agiebloregon ebnpl enent

(octor & o Ot GASCH CASH A EOBRZ, (b0l B o (1300

(TARC)5  CChd 8mifBARE seqféed Bf (M dBmiddte li Il\/%o%a(n'@%c&llzunm%d &th (M P-3a);
CCL21 (MEP-2); SLC exodus-2; OCL22 STC-1); CCL23 (MPIF-1); CCL24 15

(VPI F- 2/ e SEQADING) L. m@mnp?m&pqu@gégéthe@gmai@tmh@w c@zfeqmml LC)

CCL28;

(mop-2) B IR ot et gtha ey S e

(ntp- 1RB) chmcoma/tﬁvmmblmabmmwmammcd ﬂi@Bﬁme

( CVKBR6/ CKR- L3/ STRL22/ DRY6) ; CCR7 (CKR?/ EB11); CCR8

( CVKBR8/ TEpalresatt wayld h@m:@e(l@bwr@ gyithautfhe P@?ﬁ&ﬁqmaklw@?ﬂwow) CD164;
CD19; 16391&)51%%831 90(ox-2) CD200R, CD-22; CD24; CD28; CD3; CD37; CD38;
CD3E; CD3 Z, CD40; CDAQOL; CD44; CD45RB; CD52; CDe9; CDr72;, CD74;
CD79A; CD79B; CD8; CD80 CD81; CD83; (CD86; CDHl(Ecadherln) CDH10; CDH12;
CDH13; CDH18; CDH19; CDH20; CDH5; CDH7;, 25 CDH8; CDH9; CDK2; CDK3; CDK4;

CDK5; CDK6; CDK7; CDK9; CDKNLA (p21Vépl/Cipl); CDKNLB (p27Kipl); CDKNL1C,

CDKN2A ( p6hsi#a) A GRHDRSRc CRENAG: A fENRi - EBRBILGERL, CHGA, CHGB,

chi ti nase; ; CKLFSF6; CKLFSF7;

CKLFSFS8; CLDNSThc:EdJNWH(lg: hsaudivas TYed tCUpBet t@tpre@fmcn of byingy) antel\/KL R1

CorTht caritizpah a itico it bificar SEapts RGNS R FAY Al . cTes

(Cat hepS| TFh@)tssaQ?@@kﬂss (\5@?( S a@f@@ﬁg? %@énd £o6alEtmb dge. Ol 10;
CXCL11(I-TAC/ 1 P-9); CXCL12 (SDF1) CXCL14; CX 6 CXCL2 (GR2);

CXCL3 GRE%?enlﬁ@st@m%’l@V@V@@@F?VQIERWW@H?FM}t blgxaagplastiespyam 9 (MQ;

Ségf%é@@g@%t%&dé TR s 0t AR Sl o B Sple 17021 oy,

EFNAl ;  EFpés3tivedoNBal reEéEnceEGﬁRardELéAﬁﬁlenemajﬂ tesEMﬁlplEmi pvAHNER] bENG3;
EPHB4; EP% 5 EPO, ERBB2 (Her- EREG, ERK8 ESR1; ESR2; F3 (TF) FADD;
FasL; 2FAsSriding-2ERL f aplErgluti ) fremp aﬂﬁ@;%@@ﬂﬂ@%@@ﬂ@&b FGFlZ

Far1: Fab el 3 el o %E%Zfoae%@ﬁé?ﬁgiﬁ R T S e
(KGF); FGRaplEGhhis EFERS 1ELEE 20MEEHNormEd i ER8lrh Ogmm) Fbdl s ZETA) ;

FLJ12584: 10 FLJ25530 FLRTl(flbronectln) FLT1; F FOSL1 (FRA-1): FY
( DARQC) ; chisayate. GAGERSS ofpasitics coirgl a4 dgamplosaeagalseDrs:  GFI |

8%%;10@'(“ %Eare@iﬁ%&@%%ﬁ% i Bhreo Rt SRR OIS oacs:
HDAC7#5  HDAQY), 5HGnd bIgkAL) bt dlintiBb&} M Reaisdihdaiht anilinemsECEPLDLS; 15

HLA- A: HLA-DRA. HMF4: HMOX1: HUMCYTZA; | CEBERG | COSL: |D2; |FNa; |FNA :
IFNA2; | Fasstandmdasmpl s nmes addeinaz: set ¢igalls afithgplateriagh tasgepitroll @1 | GF1R

| GF2: L-1:. |L-10: IL-10RA: |L-10RB; 1L11: |L11RA;
IL-12: | Liﬁf&dar‘lli(ﬁ} gwaﬁ?:%é%ed [YPHESS DL13: | L13RAL: | L13RA2: |L14: IL15.
[LISRA 1116 Neld s ool b GombKITRD | 4ehiofdSBP ) 20UEAR: | LISRAP

|L19; ILIA;, I1L1B; 1L1F10; |L1F5; 1F6; I'L1F7: IL1F8: [L1F9: I|L1HY1: |L1R1;
| LAR2: | Lsr_muvgatercttpWLmandl (1) FAfizpmab Ecmugated mrﬂthzmum(iMG) w&addledm)

| L2CRgy 1121 |2 2RA2 2 L 127; |L28A;
| L2887 | LE%C E‘éﬁﬁe PILEQR%%HP F‘E%l 1O‘i1 ﬁ%pf_ﬁ‘ﬁﬁ&ea‘?ﬁzlpm\zg“l?ﬁﬁoﬂ5 | LSRA;
IL6; | L6RllglhtLﬁtﬁ[ﬁnélgiaymﬁh)ﬂ&ikmglﬁ(ﬂdom kdodperdtbréRor 18 Bourk LARA; theL8RB; 25
IL8RB; 1L9; ILOR |LK, |NHA |NHBA, INSL3; INSL4; |RAKI; |RAK2; |TGA ;

| TGA2; | T@AgbationGad5 (helignetedfre (h) membagtutipr ehgreptay@ly-coated i nt egri n) ;

Liro; kLR Mgt g ol Ve oo R VPl s

KRT19 (Ke56(g11t97|18n 19); KRT2A; KRTHB6 (ha -specific type Il keratin); LAMAS,
LEP 30 (I epti nf Li ngo- p75; Lingo-Troy; LPS; LTA (TNF-13); LTB; LTB4R
(GPR16); LTB4R2; LTBR; MACMARCKS; MAG or Qmgp; MAP2K7 (c-Jun); MXK; M B1;
m dkine; MF, MP-2; MI67 (Ki-67); MW2;, MW9, NM54A1l; MSMVB; MI3

(rmetal lothionectin-111); MSS1; MJCL (rnucin); MYC, MD38; NCK2; neurocan;
44 26619718 2 NFKBl NFKBZ NGFB (NGF) NGFR NgR- Li ngo; NgR- Nogo66

T e T T s L . OIS NES SN A IFNA A




ligand); TOLLIP; a Toll-like receptor; TOP2A (topoisonerase |lla); p53;
TPML; 25 TPM2; TRADD; TRAF1l; TRAF2; TRAF3; TRAF4; TRAF5; TRAF6; TREM,
TREMZ2; TRPQEp11TSLIS2 TWEAK;, VEGF, VEGFB; VEGFC, versi canPCYHRIS2@3/030808\- 4;
XCL1(l ynmphotactin); XCL2; XCR1(GPRS/ CCXCRl) YY1, and ZFPM2. Sui t abl e

donor antj es al so.inc)Jyde vari.ous euti.c bodi es that are
appr oved ?B G&f‘ewa% ggap fteﬁ{ ﬁan’rmeeﬁe&%@ Eg dd@%h%%r% Shatoeatroeal use.
Such anti RagHesurdGoi ﬂﬂ?ée%%rs Followild ﬂlHMcﬁBg{lc(nR'lgﬁ'ﬁﬁU@a buffer comprising

| DEC/ Genent ech/ Roche), a chinmeric anti-CD20 anti body approved to tFeat

Non- Hodgkil ¥ @Vhl}qﬁ@hm}bummsmml 0.3% Mm-@ﬁ@hoiphaerhwﬁﬁrdd&lahge devel oped

by Ge b: Mol | | di
Mcy bttt otiennerdee Fhoemanteemiaitiaes Bl Skvish) e SeE 10715 2
appl i cat i Qri1® theRddib M@M&i@&laﬁa@ BibVa®i M23mEdcibdiRnB3Richn@ockenent ech) , a

humani zed anti-Her 2/ neu anti body approved to treat breast cancer;

pert uzumab ( r hivestepmmne vdetier asgople wasmositive ynd shovld ebwasoipdurthsy’ Genent ech:

b
ceur 0 AT BT L R depeh ey
425, ENMD55808ae 1@%6&@@@;1 paddlicEMRER A0 wek cotpsadh te(sS eenplSwaateidedno.

5, 558, 864; I\/Urthy et. al. (1987) Arch Bi ochem Bi ophys 252(2):549-60;
Rodecket BY the(avgley lightcsaipsien pioduerdaigm theawellsxpmpsistedhe eoarsorrding et al .

1991),4 P 4 h
E I nt e%%a{ ?%Iﬁgon S%ﬁ% i gt%lle g%ﬁﬁoé)[lwbg%%%kgﬁ% Bf’%}ﬁﬁ? ﬁggﬁget a ( 59293) J
Cel | Bi ophys c@B(dbr&)ne2@vel Af tHebrdgutl@rdpedimisdr vadls gre(ale%mn B2, te @anmmple

67(2):247-53; hedi . et al 1996) B r 73(2);228-35; Mdjtahedi
ot ol 2 Shempon ek i an s pepit 5 Sha g e ERAE F AT BIDSC ances.
Canada ang,gentro de | mmunol ogi a Ml ecul ar, Cuba (US patent no. 5,891, 996;

US patent no. 6,506,883; Mateo et al. (‘1997) | munot echnol ogy 3(1):71-81));
mAb- 806 ( Ludwi dghd sonfgtmatary ess{ay)ﬂﬂ\@él\r@deirdlﬁgsmmlsomfmmwdﬂ@ f@stn Ket tering)

(Ut i Bond SATALABERGH AL 501 P eV RATE! B PO Sl 2 (S

al ent uzunpyol CapRtfn tHY gatiemti st to /inhidi¥aRiigesf danagh leremtfﬂeia@dy
currently approved for treatnent of B-cell chronic |ynphocytic |eukem a;

mur ononab-EESIrggFantde odéc arxpem)of caplizmab-prosgniop3hapestoyicsss@plped by

Otho Bio ( an

anti - CDZO%V%E ét%%gﬂ&gg\rlﬁqt‘éig%ﬁﬁ%@d Icﬁ%% g&wpﬁ%éﬁ%\%ﬂ%%%%ﬁ%m degg%glgm cin
(l\/lyl ot aL /gﬁl)edn%nsaﬁilple:c toC&ite % plﬁZdImngécfsaﬁ)plﬁ’r’ltTH&Q’dﬁlt@ﬁ\béba}giﬁdnﬁy to the | 4 b
Cel Il tech/ Wet a acep Amevi veO an anti-LEA-3 Fc fusi evel ope y
Bi ogef? aBterRig A mma i the desrephisrwy nstiir sident dps fq ynla hfi%q fw. mab

25(Si mul e v el oped by
Ve mne T Em e T e B A R K S AR aeea by

Cent ocor ; p@mlaimmatesbn@ldtnndrth@predmgmmsamﬁINEatharpresbmﬂ:wfdamb@penhomyt Abbott;

Hum cadeO an. .anti-TNFa anti.bo evel o ch; gol i munab
onron gy of Sk fieeas A ST SRED sBthednb By 9Nt coors an
anti-CD 1%@ﬁmmmyalbeﬂpP&inaﬂgasé@#mmbRAbgﬁmeé Tﬁ@%’dc%@n offhcant i - 1L8

anti body bei ng devel oped by Abgeni x; ABX-MAl, an anti-MJC18 antibody being
devel dpedcirgsydnydininab péﬂﬁvﬁimtf tthMQSng@YS fvEvPGEihic. an ant| MUC1 in

dovel oped by ARt FhOIa e EmRs 15408 3 dgFB bt il a5 Wity devel oped
by Anti sogRi. HUBatly, 2eihner Qﬁféﬁl{%nggs pl@‘?%%ﬂ?ﬁwasﬂﬂh !oaatn'oﬂlef ﬁ§ 1407)

bei ng devel oped by Antisoma; An ren0 e| ng devel oped by

Bi ogen | deellaotithElassay pGAd - Mgenemte &ﬁttbstm-lﬂmzoarﬁdnbaﬁbyl, beihgfdégel oped by
Canbri dge Anti body Technol ogy; ABT 874 ém?Q an 5anti-1L-12 p40 anti body
bei ng devég@ﬁe@plm}om@ﬁﬁwhzur@bwasg@ cp T@lsweﬂﬁwmbﬂg}nbﬁieﬁ@ﬁdevel oped

oy e LR ORI T R R TR TR oty i e SR xt M
an anti- h%@n@%lh@&ﬁ&f&ﬁhﬂﬂnﬂﬁ%é‘é RRE Ditr CATORL H95,cA0L bR AENNOL 00y and

Human Geno Sci ences Inc IL-RI mAb, an anti - ant i body

bei ng dev ptedped-cbyangjsiob Als dgeribod aboay2 ﬁhmﬁalsomylomldlt&iumrﬁ Gegndnef Sci ences,
Inc.; AvastinO (bevaci zumab, rhuMAb-VEGF), an anti-VEG- anti body being
devel oped by Genentech; Xol air0 (Omal |§umab), an anti-IgE anti body being
devel oped26b1 718Gzenent ech; RaptivaO (Ef al zumab), an anti-CDl11 a anti body

bei ng devel oped by Genentech and Xoma; MN-02 Antibody (formerly LDP-02),
bei ng 15 devel oped by Genentech and M I I enni um Pharmaceuti cals; HuMax CD4,
an anti-CD4 anti body bei ng devel oped by Gennab; HuMax-EL15, an anti-IL-15
ant i body being devel oped by Genmab and Angen; HuMax-Inflam being devel oped

by Genmab and Medar ex, HuMax- Cancer Hul\/lax Lyrrphoma be| ng devel oped by

e ey S o o NS\ 7 A /™~ A



47 26619718 2 Medarex; OsidenD (IDMI), an anti-Her2 anti body being

devel oped by Medarex and | nmuno- Desi gned Ml ecul es; HuMax0-CD4, an anti-CD4
ant i body wei2og/uwe3sel oped by Medarex and Genmab; HuMax- 1PCH/USan 1484508 EL15
anti body bei ng devel oped by Medarex and Genmab; CNTO 148, an anti- TNFa

e o R e
Johnson; WERLAL A N2 Fonbiin §I (B BIGEL]. W sl adhRSEABY, qs%t@@tea 8ot (1 CAMH 1)

(CD54) antibodi es bei ng devel ope Mor phoSy's: 1, an anti-fibrobl ast
growt h fabghs an@@elmamd \81th Fl@lkmg%])t r@mn rtdmcbyatb@l fngl&lbmafs opéidr thy Mor phoSys;

N 0 | i dy bei 10..d | d by Protei
Desi gn LaBiSubIBARDS 1k TAHET Ol P REPB AT SHMEGH) BB devel oped by
Proteiq D@%h%‘ea'd@%s a&ﬂbtd' to dadBdell Bf &g pldle ahhd lkleféxwasba@hﬁ%e%&' Eﬂr@@@c@d by

Protein DeSign Labs; G- 1, an anti-EpCAM ant' body béi ng devel oped by Xons;
Xol air0 (fmmlugm,mld)malbmdmthz@dkmltfor thig hantsiab oabyn theveradped by Genent ech

and Novartis; and MLNQ1,. a nt i ntegrin antibody bei ng devel oped 15
By X Foltowiiing GouliiiaR el DtL phab  HHEORBIE A R ISR ShETHbdy. and 1 s
cor r espongi gy SRA HG.efednanty 1hli;9gééph%?erb1@ﬁréd*’s%h§é‘%s 2ddeditd EamaN. iRy

exanpl e, In sone enbodi ment s donor antibody and its correspondi ng
engi neer edglatrcmsﬂmroiyfram@avbhwbﬁ o titeihatd ivas melasursdneng aBoalV erent1s384t he donor
anti bg(g P t| bo ﬁgrrent 20(e.g., a Fab or a scFv fragnent of an
antib G ys&%? %‘6}9 di ng engi neered antibody is al so an anti body
fragnent (e 9. TodBtel@fhcaf a &8t S6MYe KRG IhSfis,aRe Mp1Oeshtins HAWRMELr , In
sonme enbodi nents, the donor antibody is a whol e anti body and its

corres pon@Imtngc@ﬁgmnb@nfeld)dahtth%@@yagedlgét emisgirp ironpeachpl dietgroerpyofor vi ce
ver sa. thh n a i.neered i ho re ed bel ow.
25" bt hodd o o PER HIO U A TR R AR Bl MR T ERRERLRES,
generat i ngm@@mﬁrpmdiﬁedt admait e yortsigitiortte SR RFEO Cangile dlvs@smgzrtﬁes of a
donor antibody and at |east the variable region franmework regions of an
acceplor Yﬁragfdbg}ltemssswemd%éél frapothe wellpee W&lquthethe engi neered anti body
can 30co o ( t ion of
the acoeptsing ErAnGHETROR CARR, d0lc @ BRDRcsife Borurtif SO et 80 i d
sequence defhack@dundscBiEQrédncdOinthe pfﬁlsm@amcfﬁmtmhlbaaﬂl body can conprise a

l'i ght chain varj able ma a efollown am no acid euence
segments in orgéi‘ kﬁﬁ?{% W?“Iﬁﬁgas tg%a%?ﬂ@lﬂ’é BUSS|C 24 - LFRA4.
LFRL, L FR%ellé—Eé%%amﬁ&@dhé—%E@saﬁ@[b Nt 8y tEARWRE Kih€GhRASn B%ﬁbéﬁaﬁoﬁlr om a

| i ght chain variabl e domain having the am no aci'd sequence depicted in SEQ
| D NGRQ@ owcBEQntonNG B teE)téNHllléﬂOlhmmldeaBado Betqﬂem:my light ehiighon chai n

framework regions, a exe 0 wor k regions are
Sdescr befhigreine algmnld GaC TR ERY i BreSense PP el BB or “ant i body
heavy chai n vapi @l eatf0Ratie C s Baeaninbead thtll(pEﬂdﬁkgd@dTﬂ)yWRat@&Ad Ragiguence
segnments in order: HFR1- HCDR1- HFR2- HCDR2- HFR3- HCDR3- HFR4. HFR1, HFR2,

HFR3, andthusreflestsrihe Bcraaserelykin light SRESSIBtTasuME &@@@%%@W@@ﬁm n
varlable [ icted in
S0 1D no BT R BARN iR rBeb i AR S AR e R UL G
f ramepr kwraegbt@ﬂﬁd asf IW&10| Cass e@sefmharag th?@tba safplcheasf doandwed kegfigt dms ar e
descri bed herei.n. (See ., .Tabl e £ The met hods 1 ncl ude

repl aci ng l@mgﬁmlatt)nea%?c/cé Ratio Qﬁwst&se?}er(t ayl.3, thefyst sanbeomas | CDR3, HCDRY,
HCDR2, ang r e of
skill in t%e art o ant ?"%I%% eerefléneg(mv\omﬁ ?aglgi cﬁﬁﬁﬁ% %1@1)66 t}g]det erm ne
the position and am no aci d sequence of the CDR and frarrevvork regions in
each of tEe .escrl b d above, CDR and

f r amewor k=FEgPERs HPIER : L AUIDARER to, e.g.,
Kabat gt al . (J\gt%@samﬁlégﬁﬂ:wagb@h;ﬂh@e@boﬁﬁve 141%%%91)11e s§1‘é9ﬁ1ﬁ aRd @ conbi ned
Kabat - Chot hia definition. 20 Identification of CDR and frarrevvork regi ons of
ant i bodi esonfhitetorkassays (aGhotni WSItmdesct@mbpln)awaK‘dnbatanmwm deigehingiif i ons i s

al so exe i,fi ed | Fi et al 199 upra).

Vet nods 1 B typincn i e AR Be P i HERET P bises PE0E T T atewor k
reglons oﬁmﬁah@@@%QMan@mtlbody are well known in the art and are descri bed
in, e.g., 25Jones et al. (1986) Nature_321:522-525; Verhoeyen et al. (1988)
Sci ence 2%9&%847) 1534- 1536; R echmand3et al . (1988) Nature 332: 323-327;
Queen et Ar7't1989) Proc Natl Acad Sci USA 86:10029-10033; PCT publication
no. WO 93/011237; Kettleborough et al. (1991) Proteln Engi neeri ng, Design
and Sel ection 4:773-783; Benny K. C. Lo (2004) "Antibody Engi neeri ng:

Met hods and Protocols,” 30 Humana Press (1 SBN: 1588290921); Borrebaek
(1992) "Anti body Engineering, A




Practical Guide," WH. Freeman and Co., NY; and Borrebaek (1995) "Anti body
Engi neering," 2'd Edition, Oxford University Press, NY, Oxford. For
exanpl e, WDRs1fB3gIsea donor anti body can be grafted ontoPCrarseeo/0B45e®gi ons
of an acceptor antibody 49 26619718 2 using overlap extension polynerase
chain reaction chnl described in . g. hert et al.
(1991) Nucleic gé’?fif)é qéglg S419P'8Y foéﬁ asgayg ghe W@%@?ﬂl%%@@@? Bf ot ei n
Engi neeri gg i9(kQre @9 s@(ﬁﬁle 2B the faX AR (%itls%ltestgglgﬂl%)we?é ersg'd@tegﬁ'ﬁbdi‘ee“ ng,
Design & Selection 17(5): 481-489. Swlt) |l e methods for grafting a set 5of
donor CDR$h¢ tesakts wcmepecbto datriviyoithe ameuaﬂ o desddithtd predrTponda bkt al .
(1996), su n e e e am no acid
sequences ?%V‘ﬁg ?ﬂgkﬁﬁiﬁ%ggﬂgggﬁonazg%% S“ﬁﬁ%(% F%@ iﬁ?ﬁ@og& s in

lengt by, BeSzEMEb ACIhd HANAGRHING ¢ tdLe st wadcteniab@NTEAldtYmSENEE hesi zed as
described in, e.g., Shiraishi et al. (2007) 10 Nucleic Acids Synposium
Series 51¢mpunipdcedipugell wssddabioghe cowssp@Idins nogbalized pregreg viamlaisc| ei c
acid sequ eptor anti body, the region of the nucleic acid
sequence g%%%&?%%r%?@ggg%%s ggn be replaced with the chem cally synthesized
nucl ei c aci ds wsip B@aﬁétﬁ@d@éﬁpl@é ,860ludroftyl Uka@ybufrRe (3% BSin pHegpthite and 3’
ends of the chem call esi zed nucleic acids can be synthesized to
conpri se BefferRg sdig] was itp eadhowclbplzsrepgividin-coaed Bewellnseyphteg t he
nucl ejc a h I el i of the
donor i(gmt ?hgglﬁ&e %@%%g%% %&%n%ggat?&aggqlﬁﬂagﬂ%thfogge[e%ﬁya&% B oﬁ%ggg éd anti body

are knownFbHowing ttaerﬁlcamtiodetﬁeembads hewhmellﬁoérbmmmdtam tlaﬁelgsra&%l ng and
expression of the englneered anti body (see belo t he engi neered anti body

can be as§’a§1€dth1@f3 tiptos V‘éﬁ]I]ISIOtHL pla wriHbuEr {85 YakccpelOinmhgenhates t he donor
ant i body bl.e f.or. determ.n whet her an bady binds to a
protein aPEE &ﬂ”ﬁﬂeéﬁ Fﬁndﬁﬁ?; Qﬁ hpp“?%gmﬁwﬁﬁﬁﬂﬁggﬁt E antlbody to a
protein apbingefhiG@sh &ﬁltgﬁhg@:ﬁﬁmﬁﬁg/@ﬁju@&@ﬁ'w HibBA wds hldkbdao KA wely. of

t echni ques such as, but not |Iimted Western blot, dot blot, surface

pl asmbh r @h@phtﬁc‘sas(ssm)i angirvobat¢ewith, shBhﬂgatrﬁ"@yBﬂmﬂaﬂmerﬂrmc haurBi osensor
AB, Uppsa Swe d 25 scata Cct et zyne- 1| i nked
unosor BN g arepiaRy b COREHE VF st v istareRead TERTBR ng
affinity hetmaem-afnRIwihesi@duaRti body and its cognate antigen can be

determ ned. Methods for determning the affinity of an engi neered anti body
for a protein Arﬁtter@/emuagélemwi nL phéhededt sarfple (2%anpl eas ddded hi thdieng of an
anti body to _a prot en_can qu tlfledu a varie of

30t echni qW@QSg %‘ﬁpgaé Sl 23 H%P?glﬂ’ﬁf%‘{] TUgRESSERR %@o@vvhmasg& fo spR,

Oct et sSae, , (1958)s supra Benny
K C1 ?ﬁlf)éo?élg(gﬁg%ﬁ Pl aﬂ&i 9955 e} %(g?g]ftl)cﬁﬁgdet al§1>d (1993) J

I mmnol l\/atlhtldxﬁ&ve:k%}sa@&parhdmaadﬁ pBDonﬁéétQﬂda%deeletadddzd to(ale93) wéln Ri ot
Clin 51: 19 26; and Jonsson et al. (1991) Biotechniques 11;:620- 627.

Pr ef er abl §f the fplate Abg sardeds Camaiﬂbwfhéier%t predstsemines dmonyts k5hddt .the same
antigen a T i antigen is
consi dered’ specﬁ? 5@\/\%%&?}%}4 a%als?%C@QW&E%élg{ltg%g%?%ig%g%égﬁ% ﬂ-ﬁgr t han 106
M 1. ThusThaplagntadadin sealedsapémchba:tadi Wythtshaidngat%?"ﬁrmtﬂej d’arkvfctrtmna Ka of at

| east _(or, gre r tha reater t an 108, 109,
1010, 230" Pgliro%tfﬁo‘felﬁé ﬁaﬂoar %fG?%teB‘is qﬁg@n rg remove 59 fting can
ft b : t el
orten be %l?l%,??q*ﬁB@J‘zﬁd“@%/mirkoﬁﬂﬁh%?WS% ta{eB ﬂﬁt%ﬂm%‘é%@&ﬁgox' mat el 'y

t he sanme a or an antigen as conpared to t inity of the 10donor
ant i body tath wdik Hamdatarvtas giem. coSered aed gncpbatodesthahalahg a(td®®6) , supr a;

Ver hoeyen et al 988) upra; . Yazaki. et al I n sone
enbodi mentEPeFEiwe I}?e@ﬂlédlg%!?ﬂvrlasﬂv g aaﬂn,.thﬁplatﬁewsaw%%hﬁ? iHeq e
antigen ag,; € nivaereafliini 1 QR B FRPT ¥nf@r the antigen.
In sone e%ogggnglntg&éa&n b@ngfnlgéer ed%aé?%l E%ﬁrrgyu%ve(g&ﬂ mlg affinity for
15an 3t i gefacesit; d‘dﬁﬁgr@nhlb@etrhm‘t&fRQEITCyl)@@astakiéedjmrwch anlli boeliglitor t he sane
antigen. In.such case t he ffinity can be parti IIy or fulky

r ecover ed PG, preiged frgrgas t"‘S? bt el G elepiee @alagﬁeé\é%

descri bedgifor Bnder SRR VBD® Wéﬁ&gﬂch%fgwd}'@tl Acad Sci USA

89(8): 3576 3580; U. S. Patent No. 7,432,063; and PCT Publication Nos. WO

02/ 036738 and WD 04/ 055182. 20The I ost74aff| nity my also be partially or

fully recovered (or even sonetines
26619718 2



exceeded) using anti body reshapi ng techniques as described in, e.g.,

Kettl eborough et al. (1991) Protein Engineering 4(7):773-783; Tenpest et

al . (199MwoBnufleisnol 9: 266-271; Hale et al. (1988) Lan®er/udB2w303459899; and
Gorman et al. (1991) Proc Nail Acad Sci USA 88:4181-4185. Conputati onal

met hods for antibo reshapin have been .described in, .e.g., Padlan
(1991) Mol | H&Pg_é@ﬁlﬁg@lﬁg@% fé?@wlﬁgaelﬁuleﬁ%wamr? _ og) Fﬁaﬁﬁfm% resi due -
posi tion Fini(Afs A& irBedhOW cHobRHtaifig@he Predrudase LG Wdeahiddd e | mpor tant

for antigen binding. See, e.g., Tranmontano et al. (1990) J M
215: 175- 18%raggdlighg ewissiootpuodiiced dven Welbmoatas@ng ds dAHApasrtogltedbul i n

nol ecul es, the t hors. observed that..t he conformation,of . Was

dependent 1Pt FRUTingATTat e e LR 0FS ARR h Poeh a4 el i on of
resi dug 7fhanee AW Ycldnbein AP Rst Aidpld Rhs ABH-AduMaNgingC eepimdi@l afitié nity in a
reshaped anti-EGF receptor anti body (Kettleborough et al. (1991), supra and
Krauss et thaf wag goaigy thep 1 igdisetse tiog thegld A HrgpeapjtiveHiewympleansy ¢eatdimbl e regi on
f ramewor k I 8 O7 .. efi . . ave 51
26010716 B A et oyl Rm ARt R s RO e Bl b ooy
affinity derd fagh&DRRabized td degeratiet the skiepi sftheu(rhlikajioMureloy e, R echmann et

al . (1988; supra) discloses the contribution of heavy chain variable region
f r amewor kSHWESSEIQRS obscudigpmalpbingnggstiyige @y e sheguligemal antibogdiesy est ori ng t he

affinidy ? [ A - ' 1a al . ((1999)
Mol I#%un %”%%???@%%ﬁgygg?ggg)T e%ﬁﬁ%&%ﬁ?@ggkhg%ggaeggkgggztJ %Fintroduced
at positi sgné obfaitdden bheab kappasihy/a kamgpit i vhich deRbtirestiamed bi ndi ng
affinity of_a previousl nsucces fully hu i zed anti body. and found that
the mut at RHIPOAISS TS RErabddts Y AT SRame eI ROy gP e oo birPEoEy i n oo

cell's. Thoums n&litied sanlplO8&kain SR8 of hRfUSRRSUliREMLIRAIToARSH x@D0 Virhd r amewor k
region 10p05|P|on 78 for maintaining the function of human~anti bodies. See
al so, e. geut-Gfowalac,aqdalwp ot ehove MOCN repraviits Rinanip@el 48 Figad Supprssseascr i bed i n
t he ki ng,exanpl es. angl in Thomas et al. (1996), supra, VH positions 28
and \é\ggcaﬁgtgfssa g@élsi 'ﬁ%gl/‘t‘ant for antibody stability and function.
Accordingly, it is understood that any of the foregoing nodifications can

be made to, or can be present in, the engineered 15anti bodies descri bed
herei n, sBxumplg 4ad.obowhgf hampeepeaivityied diguliamabia Huseen Ratisitiogenic in a
human as conpaged. t. - I Cl - I gl ntibody in a
human. SLI} ﬁg%?aégﬁg%eﬁ’g%gﬂ oriﬂr‘g%l:%%//déﬂr@l :;nﬁ{ge?%inﬁrégéﬁg ﬁ%lﬁg?oﬁg&% finity that
was | ost gatidnmoat hliesage BP0 ng: wEckdy foadtw e 0 ahswcdelans, fokewed, e. g.,
U S. Patent Nos. 6,1 0,37?' 206, 350, 861; gnd 5,693, 762, the disclosures of
each &1 whAY BRIEPEILHEREHS %Q%gWeWéWQrV@? etherraifei Face pefig rgecieg At exanpl e,
U.S. Pat MR n6rab@Ric360s(d RSBt SUERN Bid Alald yARS i RESF Bt hods f or
restoring a?flnlty of an englneereé/antl ody by replacing at | east one
(e.g., onpatisnworecdivedetberapeutic, cohcangrations ofiexulirunmbreer aneaso fiae ychrof an

Feg o) 2T 140 SHRE oo FBd 5B A0S SRR T ASLELRE P RRC AR ant T body
variabl e {LaiQmitEwh&h&dd hifan RRCk. i a’?iitﬂbf@&';'i ?}HAﬁbS réBbhRdchned Mdge €. 9. .

conparing (aligni g a framework region o e engi neered anti body with the

cor r eshongitiegts i@l servre ghoples wethdetetoniead tarbeiposidye andiciableveti fyi ng ami no

acids that, are: (a) rare for at  position b) inmedi atel y.adjacent to a
SR ana Sr0Es S EAMI 9T Bile REPERG 3 bt PR E R " Sbout 2 A
of a CDR pRo@totadireeistdiing B&iliefabb Ratieug st lésgend b9 ketplaiver cdediflel can be
particul arly anenable to back nutations to restore lost affinity to the
engi neer effoBrR4tispld pitemigistarng ecylizugiab (pesé-drygusmples).edhe edrmatorye, or si x

or nore) ' i | i r ae k region of
the 52 ponesy 1Y bALANS RLoP R DIOSHERS, 5% £ BRLE STRNARLY "Phn,

t hr ee30 f osampled teeted positiveen@nthe abow-@dstnibdd @mBwaitsry @gayoftonfimidieyengi neer ed
anti body. In sone enbodi pents, back tations can be introduced in a

suf fi ci enfSSAUABREVE @mpi% eyhigh sugesstad éepta?ﬁqh@w&ﬁ‘?ﬁmawémmgh on greater
than 65 (8Qent iBfe B%en SBmQ9, 70, 71, 72, 73, 74, 75, 76, 77, 578, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, or 95 or nore) %
identical to the correspondi ng donor antibody franework region. In sone
enbodi nents, one or nore back-nutations can be introduced in a sufficient
hurmber to render an engi neered antibo&? variable region (e.g., the |ight
chain variable region or the heavy chain variable region) greater than 65
(e.g., 66, 67, 68, 69, 70, 71, 72, 73, 1074, 75, 76, 77, 78, 79, 80, 81,
82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, or 95 or nore) %
identical to the correspondi ng variable region of the donor antibody. Al
that is required of the engi neered anti body containing the back nutation(s)

o, e - o o o




As di scussed above, one of ordinary skill in the art would recognize that

t he exact boundaries of variable domain CDRs and framework regions can vary
dependi ngwvorzotiona7ishey are defi ned. For exanpl e, under tRET@so41hi034598
definition or the 53 26619718 2 conbi ned Kabat - Chot hia definition, VH

positions 28 apnd 30 fall within the heayy chai .CDRi regi on. Thus, in sone
enbodi nent s, oﬁge B?I?FTWE)%H'?%}SPBE‘P&G %?Bﬁ%/ﬁ ‘fﬂ?isgl?i§0tﬁ 1% tgg ag‘h‘.fer' oduced into
the CDRs gfsctib&i ﬁ@l&ka{lfzﬁ{ge&nt%&i& %‘é‘a\’y Kb L6y th @Befsh?é&ﬁoﬁ/ LvithGgé Bx%»drggt not

into the antibody's framework fegions. Such substitutions 5can affect
ant i body sagplapéargspondaid torthe gonfaimatoay assay pAGEoY sinmpddsy ,As deserdred

enbodi nent.s, anpti bo r eshapi ng or turation techniques can include
e oduct H S Be R e TRas s Hipr Rt Pl e fepR ST M eRdE e gne
nine, or EmPEnciPCS o ABbMRnAGidh HeRef i tHePdSt-dRgGountePan8hmplekve or
non- conservative substitutions) into one or nore (e.g., one, two, three,
four, five, or Oalythee(}) egnfrmatosygispe pesdvayrmpivsdycrepRenuineéyl bas (e. g.

HCDR1, HCRRE. Hggﬁg , » SBFQ . [ ped- by Kabat ,
Chot hi a, or - the coﬁgﬁkggg%g%gggﬁﬁé?ﬁ$a§ae |%¥W§g%§mfﬁﬁgg%%hg% odi nents, the
CDRs in toflat. @gufltbethirawampldianas btdig:dfrom adistpatib@randititecth&@itglot , seven,

six, five, four, three, two, or one)‘substitH}ions. | n sonme enbodi nents,
none of t FAMRIshBEreEbRINGdsrary gjseeanddatigntan bo “acHRPTe Y iVelies 8 thé i or to, or
afterqyggor i gggmz 2PbDEo,S 2 is required
of sa}% SE%§%§§ht?§%%§is t %@?E§§S§$ﬁ§’?2@6??@%5@%ﬁgfﬁh%¥%gggntibody when
admi ni st eNethblyg tlee fhanmacoksckie $BK) amiupiageaiocyhdrac (PHe popertes pbtidi ng donor

anti body in.a human; a t he substitutions.i ove the affinity of the
gl nar e st 19 G es ek i IoRET g ek e ARE AR Tl Ty o |t he
engi neer egd,.apfpRQdy for the antigen prior to the substitutions. 20In sone

enbodi nents, an engineered |ight chain polypeptide and an engi neered heavy
chai n pol ypept iThescclats ibdicgfe tleat thceetulizumap atibodptiotishdeselybed herein. In

sone odi ment s ractitioner can select to generate.only an engi neered
Cant TEharirge s B PSSR Eh R BePE Ak KR BBy Bt Rleing "tee.
e.g., guigefl isaleaatallaninbaty cieatitdty (2 hia TP baimn) as Whialapaat i de chain
(l'ight or heavy chain 25 pol ypeptide) to thereby create an engi neered

anti body Peizhgab adfilady resprustoyesictsctapls m the HumEROSCRIHY éschrit e, a
practitio - i |.4i - in pol ypeptide can
enpl oy gwpegéo sgf&;@ingﬁ@?%%h%dt&ggg &E}% {*ﬁgﬁ :%ff 3t/ﬁe§al‘{hté18§|%§t e human heavy chain
pol ypepti de sequence to thereby generate an engi neered anti body that is

| ess | nfmunogeni ¢ in a _human as congared to the donor antibody. 30Gui ded
sel ect onEx&mplsi ise of adcatield Desgrbed-Hergindp Gengrate New H 3174

§iPgue¥s O § 3 RraleNgW HumaglZzCEat ent  no.
S5, 565, 3321(iss5uUeM ARivbargenboom et al.), Guo-Q ang and Xi an-Li (2009)
Met hods MOT R ot 5bZ: 133-142, Klinka et al. (2000) Br J Cancer
83(2) : 252- 260, ThndarBdldegionebf amurin2 @80 huthaMilSaRntbodd96€18 sulfd8eBuO.
Briefly, guided selection involves pairing an 54 26619718 2 anti body |ight
chain ol JHEBREHDTor Bad R FUONRRGD T ERAT AR EBET 480 Brew itiest wi t b a
repert oi r e,9fp|pRRs SRMIALRABRIAY ¥ Tdvlght or heavy) variable domains. The
hybrid pairings are interrogated, e.g., using phage display techniques.
Speci?3c hybrid pairings that retain affinity for the antigen of interest

d.

can be se -Bt iqﬁ/ s{ t eﬁ_ 1 ni,zati on net hods descri bed
i i human vari abl e

regi ons poKrRarts Péschiwaen vari abl e regli SmmAAcidSqubh&@d 1N, e.g.:|U S
patent nobss3 /7, U8A/ARindRERA SHrgMT SWMAVSEG}Q_%%IM@D%

95: 8910- 8915, | an tqﬁwerge'N%‘th?V% G YRR LESGIPAR
275(46) : B6073136078." For exa PLEg R 4] Qﬁﬂggﬁy. @é%@

intermedfate 10 engi neered | % §ﬂ§§§& §$¥¥ pti de ﬁgééf Sﬁgr sing FR3
and FR4 bf the eculizumab H 4R JHAGOLEL g CDR3—pf a donor
ant i body 3¢t ilgghrrﬂmmCD&l ,%SESNA)&YG\ISFM}%;;«MM can he any

conmbi nat { 80 of LéghitGhaimGOR2r aRASNLES egi ons and CDR sequences, e. §.
FR1- CDR1| 36-R1} ChRl-(HiR?) CBRB- CORSNIH2PYTCDR2, FR1- CDR1- FR2- CDR2- FR3
CDR1- FR2{ €DR2t FR3; KPR KB, FBY-QUGQSGRET VRPCINRAKISRK A SBRIFFRS-CPR3- FR4,
FR3- CDR3; FR4, | CDOREBdqténceFR2- | FIRRARR3s HORRI-H Wi £PENS€GINY SIF _
practitioner may then generate a di verse library of intermnmed ate engi neered
light chajn pol ypeptides in which t he’&f or enent i oned FR3- CDR3- FR4 cassette
is joined"to a library of human FR1- CDR1- FR2-CDR2 cassettes. The library
of internediate |ight chain polypeptides can be 20 paired with an

engi neered anti body heavy chai n pol ypeptide, e.g., an engi neered anti body
containing at | east one of the framework regions described herein and one
O nore CDRs from a donor antibody. The hybrid pairings can be interrogated
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ant i body.

At

| east part of the variant engineered antibody |ibrary can be

screened to identify a variant engi neered anti body having one or nore

desired oNeraotwricdti cs such as inproved affinity for amCaniSegen34sogl/ or
reduced or further reduced i rmunogenicity in a human as conpared to the

donor antibedy—Methedsforsereentng—antibedy Shibraries—are—weH known in
the art of anti body engi neer gg%ELTNBWTAeY ELK @Dscﬁgngy
bacterial _display, yeast sur GRYdH5 XY AMDAY GOIG 2P displa
manmal i an38el | HeigpChain CORIL ¢ B TRERESY® g. | rlbosonal di spl ay) a1tibody
scr eeni ng39 echilicaue€hdis R ngPEBEKEMWHSQKﬁEle) J Bacterio

183: 6924 6@35 H@@@pghﬁﬁ(ﬁﬁijgggmqyjﬁphmdﬁyotechnol 11: 450- 454; Kl emm et
al . (2000} ﬁQqthg@MggMﬁéﬁg)qggg%’ Q@3> Kieke et 10 al. (I997) Protein Eng
10: 1303-13 oder et al.
(2000) I\/eat\ﬁd%l I: C?(? egllillelé(% ed?ﬁ rﬂ%%qglrt\heer rolhgtgnea Kg[%%%g hl%onb Chem
H gh Thro pu? e n 4:185-192; M chael et al. (1995 Gene Ther

2: 660-668; Pereboev et al. (2001) J Virol 75:7107-7113; Schaffitzel et al.

(1999)5J | mungbuivii MeRsuldBBiobkRalBRihodtclangsioRid Blorafl #RARrindat

Phage-di spl ay anti body screening invol ves
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ant i body fma)gtéea@@@palydmaFRégeglpmﬁ ofiqghlizumabughput screeni ng canpai gns are
described in, e.g., Konthur and Walter_(2002) TARGETS 1(1): 30-36.

20Add|t|oqa$ﬂgcreen|ng met hods are avdil abl e for i dentifying an engi neered
ant i body that'"* bi nds to the same antigen as the donor antibody. For exanple,
a practitioner of the nmethods can use any of a variety of filter screening

nmet hods, e.g., wherein secreted anti body fragnents are trapped on a
menbrane that is then contacted with soluble target antigen. See, e.g.,
Skerra et aI (1991) Anal Blochen1196 151 5. 25In thls case, bacterla

. o v o " Y ~—~ 1 e



A practitioner of the nethods can al so use ELI SA techniques to screen for
an engi neered anti body that binds to the sane antigen as the donor

ant i body.werroivdrdsedual engi neered anti body expressed fPomus2@lii/0gi5e8 cl one,
or pools of nultiple engineered anti bodi es produced by multiple clones, can
be assayed as described in, 5 e.g., Watkins et al. (1997) Anal. Biochem
253:37-45. A practitioner could also use colony lift binding assays,

wherein the anhisRp£H BAfe @l hoWeRatiCe i 058 ativol§ thitaRQ1i@hBthain _
anti gen-coat ed nenbrane. Such a method is described in, e.g., G ovannoni et

al . (2001frangebek wgios d4SEQIPANOH)2D(BQ 2 NO:NBY, hodis (8160 1BeYerlt) nf ng

whet her ap engj.neer ed. .anti bo IS | nogeni,.c in a af Il known
't he. ar theSRARRL B0, AR ey by HARE NP salrE A BB D eat 1o a
human subjgrd IBNEALS, a8l 33SPYARENO: 16) bhiheakulstuathh. anBB6dy, @l 8f whighnder s et
al. (2007) Mol ecular Interventions 7:325-334. The engi neered anti body can

be admi ni d¢farcddinderthe Kabat-Chaothis defipiiony ScoTabley banddaboie. iLnghisbain

i ntraveno [ i nt ri.: :

|t ar ect dimgopy FATRORALE Fom R AR EEHARM by ot 4BRERLHFARRL

i ntrat r actielik7yaboo). iSiviilaiby Ihemnedhalyfrank&eorirt (HIRM) vades hemdeiRaef ed
directly to_an a&gropriate Iyn@@gid tissue (e.%. spl een, | ynph node, or
nucosal - aSSBENEER Y PYRpRBIoRctd @hadofdodiim)Tyble|/1abgee) r ed, booster

| munjgations gy P%a&ké’&ﬂﬁ%&;&vfaﬁs V& Plo BiBre Jnlafggﬁ’to QMffy G 9Nt or
twelve, for exanple) times at various tines (e.g., spaced one week apart).
Ant i body @#fingty fol lnGan @M, iropart, gé\Jlet2inine sifonsweszaspe effédted thobirtdiez engi neer ed

anti body cgn.th be nmeasured by testing fogr the sence such
ANt bod e Sy CEeRIPYE Br g5 stigre ety e of ity B Esrar CBPVar | ous
nmucosal  SitBmd 88 -Bioll JASSRHIMS. Wric@FSthE 'hﬁnﬁﬁf%edpﬁlﬁ{lﬁag ¥ @&g%&g:ﬁ‘i‘gﬁg es)

using in vitro assays Tamliar to those in the art, e.g., '
Conmmrer ci aB-4Rlonspthtisntofidiunmnds s (@ragdnabsiag andpturedbcmequee Te antibelyHAHA ELI SA

ELP | munoass ALP Di agnostics,. Sal e . Sui e net hods
(oo e MR ERhy R ahas) b Rogen beb e n Eneblitet PEA AP Sl et
(e.g., a bupBtSHRIastoncehtratfmmb idhe 2@ fasnh DIBaNIes 5sPhal ophasat 05and i nhi bi t
the activity of a therapeutic antibody are known in the art and exenplified

in tlhe wo PiaserhO X dlifptcasor ol wuafare hia tolase wperageegatgd sati WeeMilCle. g., wel t
. (2 { 4) - 46 . 0 , X
g;o?ar éoggé%ﬁ§%{§8%§?ﬁ§5ﬁﬁﬁﬁﬁ1 ?%%%ﬁéﬁﬁaﬁ“%Q?%@§@§§%¥?@Eé%%tggéreﬁugiaa|

(2007) J bvatuned uslBBiktdre BIBLvalddtzon deiftwaes ustiig all .1 (2@0)r Madsl &t Res

61: 6851-6859; and Buist et al, (1995) Cancer. | nol ogy, | nmunot her apy

40( 1) 2G4- Smanihah bt %‘L%a?gkt)-i RingHes pfaspatien a@:ésaggsse@rlﬁm Befgonses are
general ly NG : 1 . 664 bnovitro CD4 T
cel | respgﬁgggﬁkggg%gkgﬁg?%gggéghgﬁgﬁgégéqggﬁuﬁe neaiﬁ%é&wﬁg?ng nmet hods
known i n témstarwasSibechnakefrimadie fincThedesulDbf thelanabists gue o$ fdllemat k.on or

| ynphoki ne . OG-0k nterl egyki n-2 4 interl eukins4,, .96, j nterferon-y) production
assays. !ﬁlégﬁg“%ﬁ%dﬁ?%%ﬁggk’%ﬁ%f%%Fﬂ%h§’H%Q%FﬂgedNL2¢%éﬁSE§#“inclyde .
det er m ni peh PV ME i And ARAIC ANnkiBOGLY cdiRt@part FouhdBALAEH CBRNeh tAdt | body) i's
likely to be, or is expected be, i unogenic in a human. In sone

to ,
enbod?renfdlowingparembicts kge 236 pEY Mes aikm=dahl % heT sidenddioet AilAixnd i n silico

h igl i i Cj f ' d anti bedy, i. h . Sui t abl
comput er - baded Het denir ek h E B Rp G TP E MRt epBSisillpfgt TR S tene
i Munogenbiiding Afiniey f theBntastidy Foohurein @5y (Kapshs. vak et e 130 gsegi@its are

known in the art and include, without limtation, SYFPEI TH , TEPI TOPE,
BEPI TOPE, MRaNethpds fppfostargithempmenizpd gntibogxeragduoompmanogaidiBeaneh, and

ABCpr ed. | 4 - i i X -and
Raghava’ ( JO07) ‘Neg RBacd FbftCioar 5ol TRQRAGER £ 0 dhdrp R0 0e)
Mol Regognit 2A¢4miRddm23heseStaunltimlieatethasdhe cCuil@AB)ab MaimdBiodk eglisisl 12: 555;
15 Bhasi n and, Raghava (2004) Bi oi nformatics %0(3):4 1-423; and van de Wert
and Mol | eflescoberBlerem caphe geseip dupmpnize ofiics parh HReR aptiodics withgdt ume 8 of

Bi ot echnol ady:cPRAKITRE 81t dfifly SPREGhSuodmRIbIGET BLARSafiRRR, Tabl e 4.2 titled
"Epitope prediction tools, databases and data sets"). The in silico

determ nation can occur prior to the generation of the engi neered anti body
(e.g., an evaluation of one or nore dgpor 20anti bodies) and/or after the
generati0968% Ehe engi neer ed antibody7 e.g., before admnistering an

engi neere an%1body to a human). In sonme enbodi nents, the in silico

determ nation can occur after reshaping the engi neered anti body (e.g.,

i ntroduci ng one or nore back-nutations into the engi neered anti body). In
sone enbodi nents, the in silico nethods can be enployed to hel p guide a
practitioner in 25 determ ning which reshaping techniques to enploy on an

o o = o o o o - - o o



The nucleic acid(s) encoding an engi neered anti body can be inserted into an
expression vector that conprises transcriptional and transl ational

regul at oryo2saguessees, which include, e.g., pronoter se@QUErUSe®L1/084589S0NE

bi nding sites, transcriptional start and stop sequences transl ati onal

start and stop_se nces, trapscrip n term r nal s, pol yadenyl ati on
signal's, and o WAREF Pgpen gise atisras tﬁﬁ@f/? tegﬁej Sy S éﬁances
i ncl ude aeﬂ%@ﬂﬁkﬁﬁtﬁﬁ@ﬁiﬁ%ﬂ§ﬂﬂ%95h&9ﬁbo§%§ﬂim@§gﬂ&iEHh@@H%%@Q%%nmln

addition, the expression vector can include nore than one 10 replication
systentsudmm@hsmwybeuadebedﬂunwﬂanmedybnsmmmndmiWﬁh@Mﬂmpmgagﬁsnmhefor
exanple in ma lian sect. ce expr essi in a ro aryotlc
oot for BHORTHG shiofhet BF Agkiergs: T dinSERHES ShoBelon BafsBrRHts) ot ens
are avai | apddpf OpartibEaCAREESS ndilcrdfl, @nPsEios BIHAREY, BebcARt hlRey stk@avy chain
and/ or light chain pol ypeptldes from nucleic acids in 15mamalian cells.

One cl assObftcRsetst the §bjeetltee§plupm1i foRBC pﬁthé@r%@mt&hscmsut% Alyjegihr ed gene
SequUEnces oﬁ[ﬁ%&hgﬁs J}Qf‘ntt ere{%% o‘f"ﬁ{e dﬁsct‘oast’l? stably integrated DNA
can be selec aneous r'esi st ance genes such as
E. coli gpt (NUIIlgan and Berg (1981) Proc NatI Acad Sci USA 78:2072) or
Tn5 neo (Southern and Berg (1982) Ml Appl CGenet 1:327). The sel ectable

mar ker gene can be either 20 |linked to the DNA gene sequences to be
expressed, or introduced into the sane cell by co-transfection (Wgler et
al. (1979) Cell 16:77). A second class of vectors utilizes DNA el enents

whi ch confer autononously replicating capabilities to an extrachronosomal

pl asm d. These vectors can be derived from ani mal viruses, such as bovi ne
papi |l l omavirus (Sarver et al. (1982) Proc Natl Acad Sci USA, 79:7147), 25
pol yoma virus (Deans et al. (1984) Proc Natl Acad Sci USA 81:1292), or 5V40
virus (Lusky and Botchan (1981) Nature 293:79). The expression vectors can
be introduced into cells in a manner suitable for subsequent expression of
the nucleic acid. The nmethod of introduction is largely dictated by the
targeted cell type, discussed bel ow. Exenplary methods include 30CaPO4

precipitation, |iposone fusion, |ipofectin, electroporation, viral
i nfection, dextran-nedi ated transfection, polybrene-nediated transfection,
and direct mcroinjection. 60 26619718 2 Appropriate host cells for

t he expression of engineered antibodies, include, e.g., yeast, bacteria,
insect, and mammalian cells. O particular interest are bacteria such as E

coli, fungi such as Saccharonyces cerevisiae and Pichia pastoris, insect
cells such as SF9, mammalian cell lines (e.g., human cell lines), as well
as primary 5cell lines. The type of host cell selected for expression of
the anti bodies will depend in part on the particular type of antibody to be

expressed as well as the intended use of the expressed anti body. For
exanple, a skilled artisan may choose a bacterial host for expressing a
single chain antibody or a Fab fragment of an anti body, whereas the artisan
may choose a manmalian cell host for whole anti body expression. 10The

engi neered anti bodi es are produced fromcells by culturing a host cel
transfornmed with the expression vector conprising nucleic acid encoding the
anti body under conditions, and for an amount of tinme, sufficient to allow
expression of the antibodies. Such conditions for protein expression wll
vary with the choice of the expression vector and the host cell, and can be
easily ascertained by one skilled in the 15art through routine
experinmentation. For exanple, engineered antibodi es expressed in E. col

can be refolded frominclusion bodies (see, e.g., Hou et al. (1998)

Cyt oki ne 10:319-30). Bacterial expression systens and nethods for their use
are well known in the art. The choice of codons, suitable expression
vectors and suitable host cells will vary depending on a nunber of factors,
and may be easily optim zed as needed. 20 Engi neered anti bodi es can be
expressed in mammalian cells or in other expression systens including but
not limted to yeast, baculovirus, and in vitro expression systens (see,
e.g., Kaszubska et. al. (2000) Protein Expression and Purification
18:213-220). In sone enbodi nents, an engi neered anti body can be expressed
in, and 25purified from transgenic anbnals (e.g., transgenic nmanmmal s). For
exanpl e, %ggeyglneered anti body can bé produced in transgeni c non-hunan
manmal s (€.g., rodents) and isolated fromm |k as described in, e.g.,
Houdebi ne (2002) Curr Opin Biotechnol 13(6):625-629; van Kui k- Roneijn et
al . (2000) Transgenic Res 9(2):155- 159; and Pollock et al. (1999) J

| munol  Met hods 231(1-2):147-157. 30Suitable antibody expression nethods
are also set forth |n Thonas et al . (1996), supra. Follomnng
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26619718 2 the engineered antibodies) refers to a pol ypeptide that has
been separated or purified fromconponents (e.g., proteins or other

nat ur al | ywocourmiasg bi ol ogi cal or organi ¢ nol ecul es) whipch/usatinnadshy
acconpany it, e.g., other proteins, lipids, and nucleic acid in a

pr okar yot e expr essi the proteins. Typically, a polypeptide is purified
when it 5§QH§EV§%F@g%%t | east 60 (e.g., at |least 65, 70, 75, 80, 85, 90,
92, 95, 97, or 99) % by weight, of the total protein in a sanple.

The engi neered anti bodies can be isolated or purified in a variety of ways
known to 1 hdseolgtdptiiedomprisingthariollaleipe pdiimyacdh seguancesements onpolnent s ar e

present i h I r [ Lon net hods i ncl ude...

bl ect r ophbF B R EERar DRI CHEEE ERR. TR Bhe shEbE ot

t echni fjueshaih RaMYAoNOrebRAs EXRNANBR?, MMATFRBNGE bBtaimt fioh & Yightdhdin
rever se- phase HPLC chromat ogr aphy. For exanple, an engi neered anti body can
be puri fi &elabid regloa hayvimgdhe emaetacidset idsd viepisted amSEQ 1§ NO2 ¢ir JtQilR- A or
protein-C%ﬁp drafiltrati Laf i i.on. i S, in
conj unction %\n mﬁ)\%lreg%lé Pﬁé é%%lggenéf?g ?%‘ﬂ ,Cﬂglgiec Olékg%tléﬁl ggeﬁ‘t% ?&%%}é@%{%e g., Scopes
(1994) 15tdimisaidDRUIMTIEDR2tdnd T, CI3R 8 aedbibtdingd frorbprdongeintedy,agith flew Yor k
City, New York. The degree of purification necessary will vary dependi ng on
t he desi r BEpVipedhat|the RRIMREITiAS flariaios comprijsipe Fpmpleicainiae agidscaieFessed
engi”ﬁ?reﬁgﬁ&%&ﬂ?@ﬁ?ﬁIﬂW&ﬂ25¥% fSSgR#RY. Methods for determning the yield
or purity an |1 solated engi neered anti body are known in the art and

i nclude, e.g., Bradford assay, UV spectroscopy, Biuret 20 protein assay,
Lowy protein assay,.am.do.blac rofein.assay,, high pressure liquid

chr omat og%abﬂﬁ’/ p?&?é&)d% Oif}ﬁg’émslpg’i‘te’r%ﬁ’réﬁi‘/ 13(%@&%&@6@&@”@@?@@hor etic

met hods ( @afhble 4gidA%halinR AL ShihoScR Rq3URD d85icCATBESI 1O BOULLXREGPD! 0i dal
silver stain). In sone enbodi nents, endotoxin can be renoved fromthe

expr essedNéhgi neered anti bodi es. Methods for renoving endotoxin froma
prote'§ sanple are 25 known in the art. For exanple, endotoxin can be
removed froma protein sanple using a variety of conmercially avail abl e
reagents Bnahe@oRGeptiticloTelimllign2 @hbRih ofd the CDRRIPIrBmNhENdRtA%inn Renoval
Kits (Norgen Biotek Corporation), Detoxi-CGel Endotoxin Rempval Gel (Therno
Sci ent i f i varigbleicgnmhagingithe Memeacthsemagaderiyted i PERUBANO Foideft@Pn Renoval
Kit (M ni .o0r Acrodi scTM - Mustang(r) E 30 nenbrane (Pall Corporation).
Met hods for ‘detecting and/or neasuring the anmount of endotoxin present in a
sanpl e (both before and after purification) are known in the art and
comercial kits are avai Eple. For _exanpl e, %he concentraééﬁn of endot oxin

I
in a pfot & Ahsanppertidsnlskipl ¥8s Mooy Hvo fdhefMRicde femrge tisk <oain 1000
Chr O”Dge”'v&ia{ﬂle{]reg%ln%\ébin YRKShino atcﬂﬁseghéﬂéb gsgi@ﬂ%ﬁ%%EQQd %{5)‘32 & $t@py- based
kits such as the PyroteIl0O, PyrotellO-T, ochr one0, rono- LAL, and CSE
kits avai N&b8e from the Associ ates of Cape Cod I ncorporated. 5
Phar maceuti cal Conpositions Conposi tions conprising an engi neered
anti body described herein can be fornul ated as a pharmaceuti cal
conposi tign ThJPslypswd%%H& beAbf GARRASIHE, QMSre Al lcBERRS &f thy (DIG digle a
pharmaceutical [y acceptable carrier. As used herein, a 10"pharnaceutically
accep?abl &ondhe same densfr@ngbady, and i ncl udes, any and all sol vents,
di spersion nedia, coatings, antibacterial and antifungal agents, isotonic
and absorption delaying agents, and the like that are physiologically
conpati bl 6. Tﬁspo@pgpimiotficmm 1Ga D, Whetcittlgl] af thb @DRaCAY Fiogatht ¥arde demirabl e
salt, e.g., _an acid addition salt or a base addition salt (see, e.g., Berge
et al. (19%Medy. Pharm Sci 66: 1-19). 15The conpositions can be fornul at ed
according to standard nmet hods. Pharmaceutical fornulation is a
wel | -established art, and is further described in, e.g., Gennaro (2000)
"Rem 3@t ofi. ThheolSpegiteafangdoR atdlaias 1ob RPhaerache TraddorEeigionsand
Li ppincott, WIllia & Wlkins (I.SBN. 0683306472); Ansel et al. (1999)
"PharnaceﬁF#@%RsE@gggéat%WHgﬂ%%ﬂ“%ﬂ § Delivery Systems," 7th Edition,
Li ppi ncott 20 WIllians & W1 Kkins Publishers (I1SBN. 0683305727); and Ki bbe
(2000) "Handbook of Pharmaceutical Excipients Anerican Pharnmaceuti cal
Associ ation,"” 3rd Edition (I1SBN. 091733096X). In sone enbodi nents, a
conposition can be formul ated, for exg&ple, as a buffered solution at a
sui tabl e gg@ﬁggtration and suitable f storage at 2-8C (e.g., 4C). In sone
enbodi nent’s, a conposition can be fornul ated for storage 25at a tenperature
bel ow OC (e.g., -20C or -80C). In sone enbodi nents, the conposition can be
formul ated for storage for up to 2 years (e.g., one nonth, two nonths,
three nonths, four nonths, five nonths, six nonths, seven nonths, eight
nont hs, nine nonths, 10 nonths, 11 nonths, 1 year, 11/2 years, or 2 years)
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The pharnmaceutical conpositions can be in a variety of forns. These forns
include, e.g., liquid, sem-solid and solid dosage fornms, such as |liquid
sol uti onswQeony/13736nj ect abl e and i nfusi bl e sol uti ons), diPSPpaIS3#10/034508
suspensions, tablets, pills, powders, 63 26619718 2 |iposones and
suppositories. The preferred form.depends, .in.part, on the intended node of
adm ni st r &t 15hPaEeRiER agm)m‘ct)éfg%msclépi@whe 8?%%%1%9}“1‘ F@%’ééflgi ons
conprisingmqﬂDﬁp&ngﬁMap&mBﬁgg?@Qyuhmgended for systemc or |ocal delivery
can be in the formof injectable or infusible solutions. Accordingly, the
conpositions can be 5fornulated for adm nistration by a parenteral node

(e.g., intrayenous, subcutaneous, .intraperitoneal,. or intramuscular

i act i ony: TpaPRRHRROT ABEPR St drOn MR s e o FeR B AT |y, * and
ot her gyr amEatDRAhl)cHA ¥RbRIMg RN @%asincdBaBis€holifd 8dfhitisief er to nodes of
adm ni stration other than enteral and topical adm nistration, usually by
injection, and include, without limtation, intravenous, intranasal,

10i ntraocy}a I ' l.ar,, ~i ntyr ri ' - cal,
intracapsgéa??eﬁﬁ%ﬁgg?B%Fg#?&%% r%@%? ﬁgngPh%?é%g?%a %C@ﬁ é%%@%ﬁtoneal

t ranst r ac h@alo, acklpquirRo@opistcdSuBEQ IXNDY., intraarticul ar, subcapsul ar,
subarachnoid, intraspinal, epidural, intracerebral, intracrani al
intracarotid and intrasternal injection and infusion (see below). 15In sone
embod grent 5, TALGIALREELEt AR HAYnAGS67 DA 1BCLALRICAR Pl iyl ated in
conposi tion sui ta or Irtrapul nonary adninistration to a hunan (e.g.

for adm nitetanahoe ecid vequenebddpicted indSEQ MDA @1 ) or BEQHDUISOf Y. prepari ng such
conpositions are well known in the art and described in, e.g., US. patent
application publication no. 20080202513; U.S. patent nos. 7,112,341 and

6, 019, 968, aff ' ' L i1Gati : / dofp WO

06/ 122257, the PpARE ALY duibh l&ﬁﬁcoﬁﬁgzat?g%ivﬁg%??%%r}gt@%d i by

r ef er encetherantineheid eertucnest gepidded/inddi &P NOHaAl er fornul ati ons and suitable
systep§ for adm nistration of the fornulations are described in, e.g., US.
pat ent” application publication no. 20070235029, PCT Publication No. WO

00/ 69887; 1an@thdpslypsaide Bt amPoncoftimd4do 725 Dh6 18 oWpasinithonERGan be

formul ated as a sol ution, mcroemnul sion, dispersion, |iposone, or other
order ed sEQMPHigs ehosaming sfid spaense deftieted tropldgddDANOHRgh concentrati on.

Sterile injectable solutions can be prepared by incorporating an anti body
(or a fragnent of the antibody) described herein in the required anmount in
an appr opil4.atke pollypeide of tifly orvcofailaims daotiiagrdtto A8, whertindr Rl eohgisenuner at ed
above, as required, 30followed by filtered sterilization. Generally,

di spet&i o aayeo arid sefuisacedericieding @il NP dnLERE comayisesths smrestd descri bed
herein in ter : i ) hﬁ%ﬁ I L I medi um and
t he requi%e %g%ﬁg k%%&??%Fggﬁgk??%%Ttgoég enﬁ%gggﬁggogﬁgggﬁéPﬁﬁthe case of
steril e pdewerd iff SEQUPENQrid pandLFlivh carhpsesithd emifid aRid6eQwh8e depictag ect abl e
sol utions Qﬁgﬁ for preparation include vacuumdrying and freeze-drying
t hat yieIﬁEQ%E) el of the engi neered anti body described herein plus any
addi tional desired ingredient (see below froma previously
sterile-filtered solution thereof The proper fluidity of a solution can be
mai nt 2% ned?. The pelypentide of byy enpeofigdams 1¢p 7ar Odatl Bnyheraw %! ¢aaprises n, by t he
mai nt enange of. the require rti i N} case of, di spersion and by
The use. ofieatpadrd rlthr AR SR I A bR R RE SpEERRET: ohs can
be br oughteqabdstddpictddnialSrl) MYNOY1§;NEFRDEMRAsskE MR atnin@agentquchad del ays
absorption, for exanple, nonostearate salts, and gelatin. In certain

enbodi nenfepictedén JRGIRNPEd: ant LR gompmses dhaprainareld sgiyancadanetad i er t hat
will prot C ound agai nst rapid rel ease, such as a controlled

rel ease fgggdiggpbﬁﬁpincluding i npl ants and m croencapsul ated delivery
systeb®. Bi odegradabl e, bioconpatible polynmers can be used, such as

et hyl ene vin acet ate, pol yanhydri des, polyglycolic acid, collagen,

pol yor t hod8t iL%polampﬂﬁsr)gﬁ%wecof&&l@.s 1Nzaﬁy>rf$ew gigw kIR 1 eorapiics ther at i on of
such T or myhfHd RAscRlE ki 586 @ NO.SPG sEdfke:2d. R, Robi nson ( 1976)
"Sustai ned and Control |l ed Rel ease ug Delivery Systens," Marcel Dekker,
Inc., New York. Nucl ei ¢ aci ds encodi ng an engi neered anti body can be
incorporated into a gene construct to Pe used as a part of a gene therapy
pr ot ocol Hpmgggiver nucl ei ¢ acids thaflcan be used to express and produce
agents wi thi'n*cel I's (see bel ow). Expression 20 constructs of such
conponents may be adm nistered in any therapeutically effective carrier,
e.g. any fornulation or conposition capable of effectively delivering the
conponent gene to cells in vivo. Approaches include insertion of the

subj ect gene in viral vectors including reconbi nant retroviruses,
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(e.g., antibody conjugated), polylysine conjugates, gramcidin S

artificial viral envel opes or other such intracellular carriers, as well as
di rect i nvecnilon7mk t he gene construct or CaPO4 preci pi PATIUSR011984598 €. g. ,
W04/ 060407) carried out in vivo. (See 30 al so, "Ex vivo Approaches,"”

bel . Ex f suitabl t /i | ude, OA WE.and pEM
mﬁi gﬁv érel‘z%ﬁ?@p?ﬁ@'@@?gﬁ ?Iieg%fr q?%}r% Zgzr%,nfrslge?evh%ﬁe@f&@g?t?rf%saegt §|.
(1985) SC{%%ﬁn@§Hd%§ﬁéhé§@é%iclt5@ﬁﬁ%%)ﬂg NGl i98RQUIEPEB)2 P oc Nat| Acad Sci

USA 85: 6460-6464; WIson et al. (198 Proc Natl "Acad Sci USA 85:3014-3018;
65 26619718 2 Arnentano et al. (1990) Proc Natl Acad Sci USA 87:6141-6145;

Huber et .(1991) Proc.Natl Acad.Sci, U - 8039- 8043; Lry et al.
(1951) “pr 0t Kbt Polbsnie8Er Mkon i 14981 8 Sulinary e LES {1601) soi ence
254: 18902- {8QFriscy it s %@iﬂ%@%&hc@hepi&té@ﬂﬁsE TDNO&ELor AEAHITHNIO: 15A

89: 7640-7644; Kay et al. (1992) Human Gene 5Therapy 3:641-647; Dai et al.

(1992) Proc Natl Acad Sci USA 89:10892-10895; Hw et al. (1993) J | nmunol

150: 4104- 4415; P . : : : o P ubl i cation
Nos. vose 671 er bR 55w Sod RS 120, R vbus TR TR er Vv s
gene del i v@nhpristy seedmiud latidzegucadedepitted ir SIEQ IDEMO28ct ors (see, e.g.,
Berkner et al. (1988) Bi oTechni ques 6:616; Rosenfeld et al. (1991) Science
252: 431- 10434; and Rosenfeld et al. (1992) Cell 68:143-155). Suitable
adenoyj rabgv 1l Vi I hai -t 5 d1324 or
ot hermstrgﬁ)'ngﬁiﬁélzﬁ%ﬁlg\%/?é?g%}t %%%ftéﬂﬁ%\lgg%%d%&%\gég lg’t‘gl} grLe nown to those
ski |l | ed i porhpigseatlic anvad acidetency demtted ec$oQ [BysO 2 LERL wbmposesdied | very of
t he subject.gene, is the adeng-a ' d,vir AAV). See, .e.g., Flotte et
e Lobimigh idpties dabian SEROD S B Ui e B St g T Jo86)
Virol. 63;382kcciRERcANSER haN@b2 8L FR4 codp?RED the aMlifPaci®doqhdfd: 1973.
Applications As described above, the engi neered anti bodi es descri bed
herei n ar defigted SBQUBPNQ@&d. by having, inter alia, reduced inmmunogenicity
in a p%.man as conpared to the i munogenicity of the donor antibody from
which it was derived. Accordingly, the engineered antibodies can be used in
a wi de vapietrye pblypéds 0s o6t dimk Neb B8 Wri 16 taRp] WeatindIFR1 €. 9., where
t he engi neered anti bodies are to be adm nistered chronically to a human.

Whi | e in pompEses ithi ange acidsepeencs asnietad in JEQADAYA124ekERP campriggsphs cat i ons
S eh . o ‘ i or
ol abor ar e 0o B8 SHFCRYBRHAINSER AR AR Eh B hulER ST ¢

humani zedsajtheelddpatainh i SEQID NOaL6; add AR4Adodipeisedthe hmoms sad bequdfeet 0 human
patients is found by a nedical practitioner to elicit a human anti-hunman
ant i bely @?Mﬁﬁ;lq% dRNOIZ3- a 1 arge percentage of all treated patients.
Moreover, the anti bodies generated in these patients substantially
neutralize the therapeutic activity of the anti-TNFa anti body. Thus, it is
det er m ne@d2t bt palgpptido ef aboR6E kPdh8 120 2addwharemtthapolgpepoide chmpasdsi - TNFa
antibody to these.patients will provide littl.e or no therapeutic benefit.
The pat efi o R ar & arimseyetin B b O ER bpcifin Eonar Q6 RS s nel wdt ng
rheumatoid arthritis, Crohn's disease, ulcerative colitis, and ankyl osi ng
spondylitis, and they depend on the anti-TNFa antibody to effectively
managé t héd.r Thalpelppenside Phela®DRS, whereindheipelppepdide comrsesd athiodycar e graf t ed
into a reduced i nogeni.cl 1t i body acceptor scaffold described herein.
The new yswa?%egi%ae%gﬁg&%gﬁg%ﬂ body is tested for its ability to bind
to TNFa and is found to have approximately the sanme affinity for TNFa as

t he donor anti-TNFa antibody. In a 10 Phase 0 study, the engi neered
anti body P4 Adwplyicstide eanpising e hoiavwipg amineeisihipauatrescgnends Bvadg ront h f or

si X nont hgpepBl PR ? [ P%(b g ach of the patients just prior
to each n@ﬁ?ﬁﬁeg&% nis ?{a@lﬁ%%%aﬁn%g he 1{szélrrp gé are used to determine if the
pati epd s gener ahercandid@th@s of edviyeheindianesvak regidnsdoel 1, HER2,sinéxpect ed

that a substantially I?vver 1[l)er cent.age .of patients treated wi.th the
R ¢

engi neer efFES &mobtaHaYd ey sheip Variplprceisiyisethg aMihifdt ed to t he

per cent age. ditn Rl Rkdin SERRIP 0% LRSERADPNDY, Al WhHRRNbAESE Abtkior T

ant i body. Agg%rgﬁkgly,nigﬁ?s al so expgcte t Rat the engi neere 0antibody

wi |l be ehfsgytcheia doorplamnearity detcsainmenegiohs HER kb HUPRE amdHHCIdR3erders in a
| arger nunber of patients as conpared 50 the original humani zed anti - TNFa
ant i body. 8
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20 A Therapeutic Anti-VEG- Anti body A therapeutic, humanized
anti-vascul ar endothelial growh factor (VEGF) antibody that is

adm ni st ewedonmi3esshan once to human patients is found PgTASAMEAI0845PS
practitioner to elicit a neutralizing HAHA response in a | arge percentage

of treated 25patients. The .patients have. col orectal cancer and in each
case, the9bta@ﬁ@#&nb%3?rﬁ>é agfibqdyyEd hipxlsg ﬂt%twig@ptl%&eseahcer. The CDRs

of the doe&ﬁpﬁd%tthéy et%%ﬁiﬁ&gé’id%&ﬁleﬁéeaﬁépﬁ‘éied MIEE HeAYSA spaymogeni city
acceptor anti body scarfold described herein. The new y engi neered anti-VEG-
anti body NO:fested for its ability to bind to VEGF and is found to have 30
approximately the sane affinity for VEG-F as the donor anti-VEG- anti body.
In a Phase 0 study, the engineered antibody is adm nistered to a cohort of

human pat pentge pagﬁeﬁfd@w claiiR 29BRkS cinAIFRAR oBRNdASonBlRAkaSREMIieS are
obt ai ned from each of the 67 26619718 2 patients just prior to each

admi ni st r seiable wawntsingdhpramnomncyl sggeence depletce rimngk@ IDX NOHeop @ dRt s
generate 4bodies to the engineered antibody. It is expected that a
substantially | ower percentage of patients treated with the engi neered
anti body will develop a HAHA response as conpared to the percentage of
patients treated with the 5original humani zed anti-VEG- antibody. It is

al so expeéfedhe a%lvp%m@e@ﬁgkaﬁéég 882 2 o8 pnaef theddPRs pdeam the feayy t r eat ment

of colpre ] - : i I to the
or i g1 1ol P B e O B TR P AL Bl RETIRB ot  bodly
10A t her apEQIDcNOHUMani zed anti - CD20 anti body that is intravenously

adm ni stered nore than once to human patients is found by numerous nedi cal
practitioners to elicit a neutralizing HAHA response in a | arge percentage
of treated;pahi A PeptilRSL PRI 8BLE 2havrfatwbRdatt (DRs b TRIPMR RAd, i n each
case, the patients depend on the anti-CD20 therapy to help treat their
condi t i onchai® VireabGDRg10nfhaving thomwmozasid seQpae dapictsddy SEQIDyN@ETed into a
reduc?gi iwﬁgi,fi ty acceptor antibody scaffold described herein. The
new y ‘eng ed anti-CD20 antibody is tested for its ability to bind to
CD20 and is found to have a reduced affinity for CD20 as conpared to the
affinity of the donor anti-CD20 antibody for CD20 protein. The antibody is
subj ect ed28.0Thepelspiniige véemnerpudslains 29 t¢ denvhaginghlopsiiwooh dicerfeldRed

anti - CD20 ' i ' pmproved affinity for CD20. Substitution

mut at i onsa%;ﬁédr?ﬁ%rsgﬁﬁggﬁb?%t%w% heavy chain vari abl e regi on franmework
am no acid residues 27 and 30 (as defined by Kabat et al.; see R echmann et
al. (1988 supra). The variant engi neered anti-CD20 anti body is again
test et f 01)291 The B&Vp?ﬂt@? of BlITEEA 0T Andhacin gl thedCRBY arefrom iy $8d af finity
for CD20 H&?&rahﬁb&fy | east 25equivalent to the affinity of the donor
anti-CD20 anti body “for CD20 protein. In a Phase 0 study, the variant
engi neered antibody is adm nistered to a cohort of human patients once a
week, for nont hs.. Bl aod sa s _are ohtai ned fromeach of the patients
et pr + od0+ OEBUNPIAF A S SRS The S 26 48 22k e B BOGr BN er i ne. i
the pati epiSihgeMeRP4e defhdPRELRM B Kdbgt. vari ant engi neered antibody. It is
30expected that a substantially l'ower percentage of patients treated with
the va¥iant engineered antibody will devel op a HAHA response as conpared to

the percepta of, patients treat WM t rigi nal . humani zed anti - CD20
ant body. 21+ T PalyBE S LR RS Ehi ¥ 0 P R RO TRORBE, w1t be
ef f ecti vealdihetlOTERS e @tfigfd Nevrdiipagihati§a.68 26619718 2 Lynphonma in a

| arger nunber of patients as conpared to the original humani zed anti CD20
anti body. A Therapeutic Anti-IgE Anti body 5A therapeutic, humani zed
anti-1gE anti j t i y of

ot rapl o b EONPeR Y BE R SR & iR 2906 9 T ABRLEOATSRGITY Ol i
a neudd al hzd thg G are esfinsisecomig tbar@enbieddeataaghothia defmationd patients. The
pati ents have asthma (noderate to high severity). The CDRs of the donor
anti-1gE antibody are grafted into a reduced

33. The polypeptide of any one of claims 24 to 30 or 32, wherein HFR1 comprises
the amino acid sequence depicted in any one of SEQ ID NOs:13, 17, or 19.
83
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10 i mmunogeni city acceptor antibody scaffold described herein. The newy
engi neered anti-1gE antibody is tested for its ability to bind to the IgE
heavy chawo 20ormstaat regi on and is found to have appr oxiPORIUSRY1110BU59S ae
affinity for 1gE as the donor antilgE antibody. In a Phase 0 study, the
engi neered anti body is adm ni stered by nebulizer to a cohort of human
patients once every two weeks, for two nonths. Bl ood 15and sputum sanpl es
are obt ai 5edThE GEY afHAc OF ahPenPHAARE 24114150, I bPE3, LiheBaf BFRGM i strati on.
The sanples are uSed to determne if the patients generate anti bodies to

t he engi neempiiscaths dpoidy acidtsequenex gemdetediint $la@ 1B NQAPIt antial Iy | ower
percentage of patients treated with the engi neered anti body will develop a
HAHA response as conpared to the percentage of patients treated with the
ori gi nal by.nmﬂ¢%&§p@m?dborgl®c2&@ma_umdn-toBoowzam@mé&e@mmt hat the

engi neered antibody will be effective for treatnent of asthma in a |arger
number of cgyapilshthe wrine epdaceurneodemetcdin YPEQAAP ¥Aani zed anti -1 gE anti body.
69 26619718 2 The followi ng exanples are intended to illustrate, not limt,
the invention. Exanples 5 Exanple 1. Generation of a Humani zed Acceptor
Ant i body BR&VvIThgpdlopeptiadsvnagesicoitcfaims 24 to A0 6182 re3ywhecdioBi@R4ant i body
("maC5 anti body") that specifically binds to human conpl enent conponent C5
was humanFoeRriss theamigaacidscgycass denidfed BRER@IWNQDSknown as ecul i zumab. The
CDRs ﬁé the maC5 anti body were grafted onto human franmework regions having
a high degree of sequence honology to the franmeworks of the nmaC5 anti body.
The hunman3¥alhapbdlgpepege ofisnychasaitlams ad cepo or 33 aqife mdeseid BiFRtlhe CDRs of t he
maC5 anti body .were sel ected by scanning.t irectory GB-PR with
The. progr STMIERSTE TREBR GETIGTSS A HHO R AD S0 Abl ERASATV O 15and
vari abl e | i i > }m@dﬁg MBARg VH regi on
identifi egﬁl%aﬁﬁlﬁuggglragﬁgﬁs@? Eg% 1(()IF?SIZ?EQOCSH ( %ﬁ%ﬁg%fgcus dNo

HUM GHRL; samicesssicpreteion SEORH2B)0: 1 Sewd HERf corirgs die aalino ¢did 9juedcd nmunol
149(7?]5' 2518-. 5%9. gal @rﬁq n VH regi on was derived fromthe human genomc
VH gehe HEP'ERA ™ RECQH 'nigenom'c JH5 gene, and contains no changes in the
framework regions from 20 these genom c genes. The human VL region
identified fromthe search was the clone 1.23 éGenbank accessi on no.
X72477) . $éeThepejypentideiofamt ong of dlaime 2y tEdp 03] tadMmothepaa BFRE- 3271, Thi s
human VL j S i, \: hG Vi d the
geno o 6 aRGs W et bt B @ BN A7 e RaB i B8

f ramewor kamégi deid sq(éfe2 depictedas SEQOID R8): bf, HHRS ¢ombpiises tharandid ecid egi on as
conmpared to 25 the, encoded gl ut an ne (@ residue in the 012 genonic gene.
Ami no?%ci ae%ls%ﬁfé%?egéedflarsﬁ%ﬁ)%t% ap HiRe qomrisgs theggianedd seeneset forth
herein as X 8, respectively. The CDR-framework grafting
(based ond%gg{l?ld%%é%gg\]%%%s) was performed using overl ap- ext ensi on PCR
techni ques. Am no acid substitutions were introduced into the H20C3 VH

sequence si tions. 28 .and 30. ecificall he 3Q thr i.bne at position
25 and t hadt KRS REAE opS: i HBnereS SUBLH? LA d iTh LAY sof euti ne. and
a serine, ;5 B5HQS HVBhiMo adilQecd RAbeH&GINEd 8 SPQIDINON 92BFRAG APFkAaha _

position 30 were present in the murine anti-CS anti body sequence from which

70 268197481 acebisqioneauliopistedDRS ENiENObEAiHHERS. conppisgsihe@nuee ecidequences of

var i abte o et SR SEERER B S B R U8 Cnces of

t he heavydghacdiv§EQablroregi on of eculizumab and of the heavy chain
vari abl e region of H20C3 are depicted in Fig. 2. 5 The amno acid sequence
of the conplete Iight chain of eculizumab is depicted in SEQID NGO 1. The

am no aci gns f ! U |.S. depi ct ed
' Q1 o Ror 1 gBerdias sl Enf IR aR  26 1B [ les G RS (o

Chot hi@d CIR aatiflo htidkequcnee dpidhedadSH@DPRNGHDL hi a CDR had been grafted, the
sane final result would have been obtained without the need for naking
substitutions at 10positions 28 and 30. Exanple 2. Assay to Detect Hunan
Anti - Ecul jzu ' [ : | a etect the
presence g% mﬁpg%#ﬂgOggg%gﬁiﬁiﬁﬁg\gﬁﬁggg?egr%@lsﬁég gng{azld sanples from
pati ents tomreptied thw 4rhine ecldiszqurabe ddthacdssSyQilBVD 2Er S B Nge30. a
screening stage and a confirmatory stgge. The screening stage assay

i nvol ved t6r618718e\2/al uation of patient bl 86d sanples (test sanples) in the
context of”a negative control (normal human serum control sanple) and a
positive control reference standard. A patient serumor test sanple was
eval uated by 20adding 25 i.11 , of a 2% solution of serum(v/v) froma
patient treated with eculizumab to a well of a 96 well round bottom
propyl ene assay plate. For the negative control sanple, in this case, 25

v o o



Next, 25 i.11 , of a solution conprising 2 ilg/nm of each of: (i)
ecul i zumab conjugated to biotin and (ii) eculizumab conjugated to rutheni um
(TAGQ wasweddad3raw230each well of the plate. Foll ow ng Phe/tsddilossns t he

pl ate was seal ed, protected fromlight, and incubated with shaking at room
tenperature for 18 hours. After the incubation, a 25 i.11 , aliquot of a
0.5 ng/n solution of streptavidin-coated DynaBeads (Invitrogen; Carl sbad,
Cal i fornig) YBSp él d%%f%@ﬁ&é’@dlal&fs 2uhe 20! At 8o, &3412@9&%1?1]{%123 The plate

was again sealed protect froml , and 1 ncubated wth shaking at room
t enper at ur@mpmses ther aveinhecidseq ok dwlcrtgd th@EQ AbUYA 28 em SEQBID MO:dF. a buff er
conprising 1% bovi ne serum al bum n (BSA) and 0.5% Tween-20 in phosphate

buffered saline was added to each well. The amount of |ight produced (Iight
eni ssion) 48 oRe ea?gep%ld%t hnPénd $f1AMBDE Y29, JEBSHY Mywheg:uaHBRqur is M384
Det ection System

oche To deternlne whet her a sanpl e was positive
and shoul eomBpEA e qraing @ﬁlﬂﬁéque[ﬂé% demefed m @ IPAVP 120106 SEY/1 EN&@& t he
foll owi ng screeni ng assay was performed. The average |ight em ssion
produced fromthe wells conprising a test sanple was divided by the average
| i ght em 44 Dhc pol9pkptidd of aydAdEr didiink 2420 0P 3 IS bingd toMES adkerers HORAI Ng
10control sanple. If the resulting nunber was |l ess than or equal to 1.2,

the test SRAPTESissareian §Plééﬁ‘@é?nﬁ%g%ﬁl?t%m $EQIRNPJuHFRAgompHBErthoas

gr eat t ePNsifgl positive
o ang o T T N R TSP M A S o

i nvol ved scqicne@atepaordparSE pHD dHIO: aS,pmsltHERéUg)mmsses fissand ecid btqedcobt ai ned
froma patient tr th eculizumab) and a correspondi ng bl ood sanpl e
fromthe P ﬂ??@ﬁ?lﬁgégglméz dmini stration of eculizumab (hereinafter a
"pre-drug sanple"). The anpunt of eculizumab present in the post-drug test

sanpl e was determ ned. That determ ned concentration of eculizumab was then

added to #heThe pelypeptislawphiey one afradaime 24 to pP.eds glg4QatD Fampleitt HFRd addi ti on

of eculizumab.to the 20 redru qree of serum

e 1 1 ef PaRprissa i SriiR BHar et AT R0 B ERARaS0 v BERGRRERS R

conf i r mat @mhoesByeqatrite depiéRdve S EQDEME): 3B IHIRB @Hmﬁrtses PRSkmifAl kgdt est sanpl e

and the predrug+ec sanple in the Eresence of an excess anount of eculizumb

as an ass@gﬂugn@r@plthﬁn@%m Nhid bngd HE Rfeeasniisee therapado a¢id gequence

test+|NHh§;g n1 IDq(ng%rug+ec+lNHlBlTOR sanpl es. The addition of the

2bexcess e |zuna |s to evaluate if the assay signal is drug specific.

25 ilL of a test sanple (2@6v/v) was added to six wells of a 96 well assay

pl at e, mlarly rug+ec sanple (2% v/v) s added to

anot he? sﬂﬁt has P%IYB?P“tdﬁéf aleéargﬁ ‘f:f @S 24do denheasia thaeolyeept Wﬁ@ NHI Bl TOR

condi tiong i to three
V\gT e L1 QF Qnéf%u{ naﬁﬁﬁog‘i&ddﬁh h%ggpél}aﬁf;bﬁl}qiégﬁﬁg cRsFar®

of the SIX s co r|S|ng e test 30 to geéherate the
predrug+ec+l NH Bl TOR condi ti on, 25 ilL of a 50 ilg/nL solutlon of

ecul i zuma ded t hree he. sj x ri.si t he predrug+ec
capl o AL bl poliaeptg ob e 481 Wi et Fhiiioh SEBAY SR AR RO REE] ot 72
26619718 2 %%%hm@kﬁﬁﬁhBEQ?beﬁyGHb conjugated to biotin and (ii)
eculizuwaqu was then added to each well of the plate. Follow ng the
addi t2on, the plate was seal ed, protected fromlight, and incubated with

shaki ng atr f After .the.incubation, a 25 ulL

2l auor of®a B ROERTRLERGim 3k SRR lipimObiot R kA i Bende vas added
to each wpblyp&itidehenpratésion Randk6!l RAVASE AgBI, br BR&hefy dhidlRGRtidd om

l'i ght, and |ncubated wi th shaking for three hours at room tenperature.
Follomnngc@ﬁémiﬁﬁﬂbhtlon 150 uL of a buffer containing 1% bovine serum

al bum n (BSA) and 0.5% Tween-20 in phosphate buffered saline was added to
each well. The light em ssion fromeach well of the plate was neasured

usi ng3@ BHOVANicagiMt&8d adfibddgtceniprising Sy pd Bght(cRoiape)ypefiodadaidgiih heaviyf a t est
sanple is pQS|t|ve (that is, the sanple contains a. hu nti-eculizumab
ant i body) chaikgol ape%%@@evvﬁ?rsmth%ﬂg@a%aﬁ mﬂm?pté%cwrwm@ﬁ@a 39 Z3MIYR | s was
eval uat ed, g gé(@ieh% michfs$h ordgatmuALmldem st AFRS fLeclamm i ght
em ssion produced fr n1the wel I's contalning the predrug+ec sanple divided
by the 15average |ight em ssion produced fromthe wells containing the
predrug+ec+l NH Bl TOR sanple. Ratio A indicates the nonspecific signal
changes |2%$hgzbackground serun1reduc§a in the presence of the inhibitor.
Next, Rati “Wwas calculated as the average |ight em ssion produced from
mells contalnlng the test sanple divided by the average |ight em ssion
produced from 20 wells containing the test+I NH BITOR sanple. Ratio B
reflects any light em ssion changes in the test sanple that are reduced in
the presence of the inhibitor.



Athird ratio, Ratio C, was determ ned as Ratio B divided by Ratio A Ratio
Cthus reflects the increase, if any, in light emssion resulting fromthe
gener at i omoab11z3eran anti - ecul i zumab anti body responsePChm/usb@1patsoent from
whi ch the test sanple 25was obtained. If Ratio C was |less than 1.3, the
test sanple was, consjdered negative in t conf irmat ssay, .If Ratio C
was great er t eI lighi alﬁge%e&%re@%ﬁ%ng%h&@Hiolé%%ﬁﬁevoﬁtaﬁw the
potential GBRESEARRNAH variMIERELiGHRdvIRCME bR AMBRDbep RXANRISEPID Assay to
Detect Neutralizing Human Antl - Ecul izumab Anti bodies 38A test sanple that
was consi dér2dr PBQIID NO:§, andwhhreirhencsameenioh thed gt clonfi complemeptasgsays (a

HAHA posi tive test sa n a d to determne . if the human

a1 - boul Fo B REieRBRaEDRI ECDRR il BB CudRERRES dhiorpabi o of

neut rad i ZhMghod§ Witk tHEBReovi¢Bthabhd %ighBchdin polypeptidd Qoddi R sMplikahsanpl es for

t he assay, the amounts of conpl ement conponent C5 in the predrug sanple and

t he HAHA pospleioamine g¢id segHsnec dmi@ethinsﬁrgé@é\?@fﬁr%@EQr%N 81Ands wer e used

to determ ne t - 1 . . r ?ﬁﬁé itive test
sanpl e so that Q’? ﬁ%ﬁ)‘!ﬁg&‘ e%&ncc%glr?té)oéﬁ%gﬁégﬁéljﬁ@rlﬁ%ég%tf?g%ﬁn e agréégnt of 5
ecul i zumakegubBndehegidéiddiposlct: IHER T-HSDRSIaHPRE -NEBRAHER JHTEDR 3-HRR4Jet er m ned
anount of eculizunab was added to_ the correspondin nornal i zed predrug

sanpl e t oWBrEH keayy shyp dameyode regigns IFER 1, HFRZ, gpd H%Bé&rf‘eolttﬁl@e%@aw pl at e,

150 i o] i . . O i,0 \ iis] was added
to ea!:(h wef}ﬁ%%? glgr{]g{l%%%%}?%?%@@te gﬁ“‘g&é&\?\g g%%?ﬁ’%ﬁ%ﬁ%ﬁfbom}he pl ate was
seal ed antfQO:fouBEQAD MOt ashatkicretn ate aranere o€ thpdreatyicleid complomeftatity.

Fol | owi ng ,t he .incubati o e nt ch |1 re renoved and the
wel | ey SGuREY TERPRaE oS Hittte 2ed HRinRSErt o feinsd Boeamo  0sot Tween- 20
i n phosphat@, ayf { /K 8 pradisd @t (hbhb&ry i JdIRRpHUeases doSorptfifcqhe Was renoved
and 25 ilL of a 1 i.tg/nml solution containing eculizumab conjugated to

bi ot i n wasorapldtsciniioo eeid hequshte depictdthim QMR NS s SHQD AH7.i ncubated with
shakiﬂ? at 37Cin the dark for three hours. Follow ng the incubation, the
contents of the wells were renoved and the wells were washed three tines

wi t h washs@ufTh@engincered anfibb@y ofesiRl 19 viteecimeld 1ssht i Flamelvotii@glonst sanpl e
(2% v/v) was added to three wells of the plate. Simlarly, 25 1L of the

. . : P .
pr edr ug+ethedwapl ehaipigmewpriiysgions delighy chonKlds, wad the hepvy plimSHRE pl at e.
I n additign, ' - itive trol standard solutions were al so
pr epar ed g%dmgga?%k%%¥&%ﬁgﬁgF%%%éF?§R%ére added to a set of wells of the
pl ate, the standards containing different predeterm ned anmounts (50, 25,

10, 5, 2, and O ng/nL) of_an anti,bogal that is known,t?r bind to and
P

neut r &1 i z&l-e &by praingencd antibody ak aimudd, arein dedigbd chaip emeweEs wailaRs+ h

shaki ng a I : : in (TR i LG i.on, the
contents gféﬁgg}§g%?§m%g§§k%§%%gggg@g Q&%?hout&aggﬂgg§?$§gﬂﬁrﬁﬁ%¥ a 250
ng/ mL sol ateidefined accbrdiomjouaChdthizodafinitieni um was added to each well. The
pl ate was then covered and i ncubated with shaking at roomtenperature for
one hour. Follow ng the incubation, the plate was washed three times with
150 ilL 032.“@%‘&?%!6&%(1- antiB3dy oAd8ind 49; vaferdXiRanht Buih %ram-gw()ﬁ@fé%ﬁin@ ng 30
surfactant; MSD(r), catal ngrlig nunber _WZTC—&V\I&S added to each well. The
| i ght 2&m gsihsavypelvdubenckotmegiaoh thelightshain KdDRs gag thel hetey oleagn G8Resr i ned

using an M ector. | er .240 Si ). .-Wor kbench Software. 74
26619718 ﬁre%%eéacc%d’l%{éla%%o qlﬂ%aolé%haé'%%g%%fﬁl%%‘ng cal cul ati on was
performed. The average light em ssion fromthe wells containing the
predrug+tec_sanpl e was divided by the average |ight em ssion produced from

wel | s conbdi Mhaengirreradamnibpdispt anyeoneed clayant? o0, ahe2, mdstair LG nuneri cal
value, if o3, j - HRAI e 5 that the HAHA
response F%ﬁ?i%£P%§F$£§%%ﬁ%g%gﬁgigﬁﬁﬁgﬁFﬁ%??gﬁﬁgsbA nunmerical val ue that
was gaeater than 1.3 indicated that the HAHA positive test sanple may
contain neutralizing anti-ecul | zumab %n%%bodies. The datﬁ for HAHA positive
test sanpPésThepreingrredastibghaplanyPnest geinas 479-m0: Pher axt BhgrewsLER2
neutralizaglQr Y LoD [ iciayh ivity, by
the anti _giﬂdﬁfﬁzegﬁfgeb%gﬁﬁgiﬂ‘ﬁ*’g‘ﬁ?@%‘“?ﬁ%ﬁ@ggﬁ{sﬁq{)@ gg?'ﬂf?’ﬁ{@ g%p(?g%. The %
suppression was cal culated as 100% - [(the signal obtained in the Nab assay
using a sanple in which no anti-eculi gnab anti bodi es are present)/(the

si gnal ob&g&ggg in the Nab assay usiné a confirmatory assay positive sanple
cont ai ni ng one or nore anti-eculizumab anti bodi es)] x100. The cut-off

val ue, equal to or above which represents a neani ngful % signal suppression
15in this analysis, is 23% Exanple 4. Low Level of Inmmunogenicity of
Ecul i zumab in Human Patients In clinical studies, eculizumab was
adm ni stered intravenously to human patients at a dosage of 600 ng weekly

o o ~ NN B . T T . . U T T Y NN PN



assay was perforned only on post-drug sanples. Seven (7) of the 29

post -drug 30 sanples tested positive using the above-described confirmatory
assay (cowDi2onma3edey assay positive sanpl es), which suggesras2eihas4s9s
anti-eculizumab anti bodi es m ght be present in the seven sanples. 75

26619718 fi t it | bj. to th
2bove. " destr T BeaRREHLAN Dpis TR, 056 ARG R S5 Eath “HHLbhT Rhct fon
Wi th the psgpGeythSAMRb8SidSORIRSPeaMLEYIH SEO B 160N r matory assay positive

sanpl es. As described above, the pre-drug sanples were supplenented with
ecul i zumab and conpl enent 5conponent C5 to a concentration neasured in the

post-drug.counterpart sanples..Only three onf | ry ass ositive
Banpi o5 vie R pubhicHE RofRar fiishs ol 5t M 0EoEd Brsunte BEL MR ovvel

val ue sl i ghthpischitieninb Raid sthenesilic@étbd Hes @ IDMNME20f the three sanpl es was
obtained froma first patient and the other two sanples were obtained from
a second patient.) The "% suppression” values for the 10three sanples were
det er mi ned-t % . 214 50 n s Cl i . he
pharnacok?%e??%g?%§§%%%%§%82¥%%%8§§%gﬁg%&?%giQ@F%%%f%%ggag%ggL%F%%tibody
wer e not adhpddeethdymibbacildeaqlcavetepiftedint SEQ@EDINQ@19TRPRALMpPOIEsaRe present in
the sanples, These data indicate that the eculizumab anti body, .when

chr oni cal PRinpssihicareitcs depicted T aRENLHYO: KhddRatconpaiseBaeminasdds, s
generghly I { gt S - pimarit - Lents (2 out
o 165 pat PR apTRREER b ROE s L BT i At R0 AL

det ect abl depicted heSEQDINOQdAi city test, the response did not neutralize the
t herapeutic efficacy of the antibody. 20 Exanple S. Use of a Scaffold
Described Herein to Generate New Humani zed Therapeutic Anti bodies

The vari a?k.eTﬁ@&ig?ﬁb%_r&F an@ib_H%)F biGhyHelof RIERO4E5R), 8137 ROTRY Wittt BER] ected to
humani zati on. The am no aci d sequences of the nmurine |Iight chain and heavy
chai n var cebpmeses digi awnigo acid ssionne defiged imSEQBDPEN®.9; RERTabimerises theri no Aci d

S f i ne Antj.- ' : i.1 tion.Amino Acid S
senoet 330 A s RS e aA ST VR s PASERISE B SRy G
NSEMHWY Mdeblc¥ddAn B RARI F3ERR Lo hpHs BUEARIMADCYY'

DPYTFGGGTKLEI KR 34 Li ght Chain CDRL RASESVDSYGNSFMH 35 Li ght Chain CDR2
RASNLES 3deni¢tghin SHQilR NORZ. QOSNEDPYT

59. The engineered antibody of claim 49 or 51, wherein LFR1 comprises the amino

20 acid sequence depicted in SEQ ID NO:20 or SEQ ID NO:24.

60. The engineered antibody of any one of claims 49, 51, or 59, wherein LFR2
comprises the amino acid sequence depicted in SEQ ID NO:21 or SEQ ID NO:25.

25  61. The engineered antibody of any one of claims 49, 51, 59, or 60, wherein LFR3
comprises the amino acid sequence depicted in SEQ ID NO:22 or SEQ ID NO:26.

62. The engineered antibody of any one of claims 49, 51, or 59 to 61, wherein LFR4
comprises the amino acid sequence depicted in SEQ ID NO:23.
30
63. The engineered antibody of any one of claims 49, 51, or 59 to 62, wherein LFR 1
comprises the amino acid sequence depicted in SEQ ID NO:20; LFR2 comprises the
amino acid sequence depicted in SEQ ID NO:21; LFR3 comprises the amino acid
87
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37 VH Am no Acid Sequence EVQLQQSGPELVKPGSSVKI SCKASGYTFTDYS

VMDWWKQSHGKSLEW GAI NPNSGGTNYSQKF 76 26619718 2 WO

2011/ 137380RQI/13%6011/ 034598 KDKATLTVDKS S S TAYMELRSPLT/US2EHD0SAWY C AS
SGSYDGYYAMDYWSQGTSVTVS S 38 Heavy Chain CDR1L GYTFTDYSMD 39 Heavy Chain CDR2

Al NPNSGGTNYSQKFKD 40 He i n CDRg YDGYYAMDY "SIN' .in the Table
refers toSW%e%PN@d'ln%\ééaggﬂ%a& i@%e“(?&&ﬁ’é%%tﬁaéﬂl%%l eYFYi°hg to the
conmbi ned Kahatd fhetQirm 1gefizni tion (supra). SRoutine nolecul ar biol ogica
met hods were enployed to graft the nurine anti body CDRs onto a human

germine framework scaffold. Additional humani zati on was perforned by

repl aci ng rine resjdue in of .the heavy chain with an ragi ne,
"t her ongir SbVETCERt EBrar oy s s ISP B i PER e bences
of t hes hupgipaRd tidnhinb de@RcqRAcABiLedIh SE@ IDeYORar L hRD laoﬂiﬁlh&e@ tile 10 Table
7. Am no Acid Sequences of a Humani zed Anti-CSa Antibody SIN Descri 1 tion

Armi no Aci @mge acifbyrgaencs Hepictedrin AEQAR N Osty ddRdecomprises the amino acid

D O G AU RRIS, IS AP SRS

depicted in SEQ ID NO:23.

10 65. The engineered antibody of any one of claims 49 to 64, wherein the light chain
polypeptide comprises all or part of an immunoglobulin light chain polypeptide

constant region.

66. The engineered antibody of claim 65, wherein the light chain polypeptide

15  constant region comprises a human amino acid sequence.

67. The engineered antibody of claim 65 or 66, wherein the light chain constant

region is a A light chain constant region or a k light chain constant region.

20  68. The engineered antibody of any one of claims 65 to 67, wherein the antibody

comprises the amino acid sequence depicted in SEQ ID NO:3.

69. The engineered antibody of any one of claims 49, 50, or 52 to 68, wherein HFR1

comprises the amino acid sequence depicted in any one of SEQ ID NOs:13, 17, or 19.
25

70. The engineered antibody of any one of claims 49, 50, or 52 to 69, wherein HFR2

comprises the amino acid sequence depicted in SEQ ID NO:14.

71. The engineered antibody of any one of claims 49, 50, or 52 to 70, wherein HFR3
30  comprises the amino acid sequence depicted in SEQ ID NO:15.

72. The engineered antibody of any one of claims 49, 50, or 52 to 71, wherein HFR4
comprises the amino acid sequence depicted in SEQ ID NO:16.
88
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Li ght Chain FR1L DI QUITQSPSSLSASVGDRVTI TC 34 Light Chain CDR1L RASESVDSYGNSFIVH
10 Light Chain FR2 WQQKPGKAPKLLIY 35 Light Chain CDR2 RASNLES 11 Light

Chai n FR3WOVPBRBSIGSGSGIDFTLTI SSLQPEDFATYYC 36 Li ght ChaPoTCSRB1QESNEDPYT 42
Li ght Chain FR4 FGGGTKVEI K 43 VH Amino Acid Sequence
QVQLVQSGAEVKKPGASVKVSCKASGYTFTD  YSVDW/RQAPGQGL EWMGAI NPNSGGTNYN
QKFKDRVTMIRDTSTSTVYMELSSLRSEDTAV  YYCARSGSYDGYYAMDYWSQGTTVTVSS 17 Heavy

Chain FR1 14 He
on a7 RS B ey G AR EEIM 14

comprises the amino acid sequence depicted in SEQ ID NO:13; HFR2 cornprlses the
amino acid sequence depicted in SEQ ID NO:14; HFR3 comprises the amino acid

5  sequence depicted in SEQ ID NO:15; and HFR4 comprises the amino acid sequence
depicted in SEQ ID NO:16.

74. The engineered antibody of any one of claims 49, 50, or 52 to 72, wherein HFR 1
comprises the amino acid sequence depicted in SEQ ID NO:17; HFR2 comprises the

10 amino acid sequence depicted in SEQ ID NO:14; HFR3 comprises the amino acid
sequence depicted in SEQ ID NO:15; and HFR4 comprises the amino acid sequence
depicted in SEQ ID NO:16.

75. The engineered antibody of any one of claims 49, 50, or 52 to 72, wherein HFR 1

15  comprises the amino acid sequence depicted in SEQ ID NO:19; HFR2 comprises the
amino acid sequence depicted in SEQ ID NO:14; HFR3 comprises the amino acid
sequence depicted in SEQ ID NO:15; and HFR4 comprises the amino acid sequence
depicted in SEQ ID NO:16.

20  76. The engineered antibody of any one of claims 49, 51, or 53 to 68, wherein HFR1
comprises the amino acid sequence depicted in SEQ ID NO:17.

77. The engineered antibody of any one of claims 49, 51, 53 to 68, or 76, wherein
HFR2 comprises the amino acid sequence depicted in SEQ ID NO:27 or SEQ ID
25  NO:30.

78. The engineered antibody of any one of claims 49, 51, 53 to 68, 76, or 77, wherein
HFR3 comprises the amino acid sequence depicted in SEQ ID NO:28 or SEQ ID
NO:31.

30
79. The engineered antibody of any one of claims 49, 51, 53 to 68, or 76 to 78,
wherein HFR4 comprises the amino acid sequence depicted in SEQ ID NO:29 or SEQ
ID NO:32.
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15 Heavy Chain FR3 RVIMIRDTSTSTVYMELSSLRSEDTAVYYCAR 40 Heavy Chain CDR3
SGSYDGYYAMDY 45 Heavy Chain FR4A WBQGTTVTVSS "SIN' in the Table refers to
"SEQ | D N©D2011/BDR2am no aci d sequences defined accor di mgTius2a41he34508bi ned
Kabat - Chot hia definition (supra). 15 In bold are light chain and heavy
chain framework region 4 amno acids that differ fromthe correspondi ng FR4
regi ons of eculizumab. 77 26619718 2 As shown in Table 7, the

humani zedg@nt,e h &RLd Qﬁ%d%@f‘é@'d& df'cEJ%s @@351“515 f@é@‘&?%tc{m' ons 1 (SEQ
ID NO9), 2 (SEQ1D NG 10), and 11) “of the ecul i zumab anti body
and heavywdahmmHFRérmmrlkesrtbgamn@ amci(SE@ﬂcadN@Cttd)m SEQIN(SeJ % ARG 14), and
3 (SEQ I D_NO I zuma h defln under the
abat -Chof Bt Rrbing 4Sa seufepip fafttsd BhEG 1R HRER FoBREH s amevor k 4
(LFR4)5 vapme® Jci@wqh&i%é depicRauh SEQ”M)N@)QS) RBd MIFRAC oafiriled e lafieh ddid Tabl e 7
above). Simlarl eavy chain framework 4 (HFR4) varies from HFR4 of

ecul | zumﬁﬁqy?n@rfép@mdﬂ@%@w '3 bol ded in Table 7 above). 10The

humani zed anti body was subjected to Bl Acore analysis to quantify its
affinity for human Coa, in part, to determne if humani zation affected the
bi ndi ng agf. Mhé yngificckdieangibbdpotivhyfddke df chirandd Fans3 &ees, oe7gto 7%ar | sson and

Larsson (2004) Methods Mol Riot 248; 389-415. Briefl hurmani zed

anti body WAST¥tHEBASamRIipes the m&w&@@rﬁeﬂb\%ﬂcgﬁgplsﬁedm§€@ 18RO e titgen) using
a capiyre &ﬁ %eamﬂg%fﬁ% ady 4 tIBﬁ@@ 3BVH@E\3 ri6& thhuman)
ant i body air y I Mo ized on a sen r chi ous

concentr aammmsacmseqhmce anpietctino SEQ. I NM:11g abd BIFRRM c@’mﬁmasanhe @anpasded over
t he sensor chi urf face was regenerated with 20mM HC1, 0.02%
P20 afterseé]élﬁ‘ﬁgc‘%@rcée 1BSrE5jrﬁQ/§%g€nd anti body and antigen. The data were
eval uated using Bi acore Bl Aeval uation software using a 1:1 Langnuir Mbodel

Fit 20(Rmax:dobal Fit; Rl:Local Fit). Kinetics information such as ka
(Associ at BdnTRatrginwnst amibpdy kithnyDinsodclaams dh tordit, evheoas thertchyy elman KD

(Equillibrium ssomaﬂo constant) was qbt ai ned mthe fit. The results
o Tt ht anbpYBRElERESLE G SRR fAh ntERo g8 Bl iy bR bfatislse, 110 4OS1Y.
and KD Z o3 rekibnl0 M Under simlar conditions, the nurine anti-05a

anti body counterpart bound to human Coa with the 25 foll ow ng paraneters:
ka z-, 2.76 x 106 Ms'; kd z 1.41 x 10-4 s-1; and KD Z 5.12 x 10- 10 M

These dat g,i i . I i nproved the
bi ndi ng a |ﬁ:ﬁ gﬁ%fe%{%%ﬁ%rt{p WIE@ gﬂhqx]uh;%eﬁItl %a@%bagaf@g&&]ggpg%afo- 10 Mto
2.98 Xx 10ed&tMregﬂ&idmﬁiﬁisE$)ﬁhﬁ1ﬁsﬁ amghotdedl seqoaniezed anti body for reduced
|mTuno enicity in a human, as conpared to the donor antibody, are known in
the aff and described herein. 30At a nininum these results indicate that
the eculi umani ze
ot her nongﬁ?ng%gﬂ%f%\é%#gggggt oﬁlg?%éﬂeé?jgg\iﬂ;?eg %;ectl Iyﬁ(g?ﬁp%d?y of the
ant i bodi esothpuises heiFe poggmatf@namtiugeglebuliBmak6dle718 2 Wil e the
present disclosure has been described wth reference to the specific
enbodi nents thereof, it should be understood by those skilled in the art
that vari gysTﬁ@&igg&%ré@aﬁulgsdﬁaﬂﬁaﬁm %&é{ﬁtkm&regﬁﬁ iPgh Rdhsigaout ed wi t hout
departing fromthe true spirit and scope of the drsclosure. I'n addition,
many Aodi 1§G@hilgohdehnleNid gaoileh inrackgiobalipdictregom.ar si tuation, materi al |
conposition of matter, process, process step or steps, to the Obj ective,
spirit and scope of t he present disclosure. Al such nodifications are

i ntended 86. MR Widiliched ARibsEPPLarPfonlc e cHiie S D88 F wheeiR BRI 4B chAid\D

2011/ 137362PCT/ US2011/ 034598
polypeptide comprises the amino acid sequence depicted in SEQ ID NO:6.

30  87. The enginecered antibody of claim 49, wherein LFR1 comprises the amino acid
sequence depicted in SEQ ID NO:9; LFR2 comprises the amino acid sequence
depicted in SEQ ID NO:10; LFR3 comprises the amino acid sequence depicted in
SEQ ID NO:11; and LFR4 comprises the amino acid sequence depicted in SEQ ID
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What is clained is: 1. A polypeptide conprising the follow ng am no acid
sequence segnents in order: LFR1-LCDRL-LFR2-LCDR2-LFR3-LCDR3-LFR4, wherein
one or nowe 20f1/137ht 5 chain framework regi ons LFR1, LFRET/Uspal1l054338 ar e
obtained froma light chain variable region having the am no acid sequence

depi cted | D NO.2 SEQ ID NO 8, .and . wherein one ar. re of the

i ght chaﬁbrfg%fié\f?éml%ﬁ%} cagtpélrSjﬁ% Fﬁ@l%ﬂ@lcﬁh@uﬁ@m@wt FQMY Loprs are
obtai ned NpM.q1EeNm@Nek BRAinYh el sEQRNBE QpiGe tQ Ibav@alyReRsi de does
not conprise the conplete am no acid sequence 10 depicted in SEQ ID NO 2 or

SEQ | D NOe@npriszs thihamipo layidepquedec dépicgkdimHQ IO diSnandRER# sombtisdsned from
the light ,chai.n vari abl e reqion, havl .am no aci d sequence depicted in
SEQ I D NOthf ag?‘m‘éﬁ%dlsfﬂ%%&%i ed]@%@lg}m)} eptide of claiml1l or 2, wherein
one ofsthe CDRs is fromthe light chain variable region having the am no

aci d sequence depicted in SEQID NGO 2 or SEQ ID NO 8. 20 4. 'The'cﬁol ypepti de
of cl ai m 88.ofhoengiprsred sntibady of clpimed Comsran &FRI eamphiscy thg pminotgich vari abl e

regi on hayj ] ' . G in. | or SEQ ID

o G RIIR 5) £ RERVINGE, LSt MR RSN O DFR P
two of theefiBRS$ irm$EQID MOAR L.AR3 sampriskni aratibi dorihequeree ddietcpan ypept i de of
claim1l or wherein all o are fromthe sane dongr anti body. 30

2, f the CDRs , e dg
7. The poPlRdhNGel lopndikijRe ﬁ_e;n@gswh‘? wRing ackl waudire depiated e SERIMewor k
regi ong argh.§ Nen ARk qfdoﬁﬁgisg&ggﬁgﬁﬂ%]cﬁ@s ﬁ&?&-deﬁféte%ﬁﬁk%ll% 2 8. The

pol ypepti de 'of’ any one of clal erein the tTramework regi ons and
t he CDRs aiGel iR coragariwes ticragnino aGdatdnicace depict&d inT$ieQ poINGdpt HAR3of any

one of clains.1 to 6,. wherein the franewo reqi an he CDRs are
Qo1 ned nEuBPE LR it arSE e R CEHs KR UBRSM; ERbPrA Femiphe

pol ypept i g SindBid B RuichREe @ég@c!té@in]{;ﬁ(‘?lﬁ N:18, wherein LFRL conprises the
am no aci d sequence depicted in SEQ D NO 9. 1011. The pol ypeptide of any

one of clainms 1 to 7, 9, or 10, wherein LFR2 conprises the am no acid

i d.i 1D 10 EO.I r 18.. 1 Th I id f
Srauenge S5PIh: pikihyiehPodst dah . iTitin DB Rsinarne MR DTR | oo
sequence Mieﬂde%gicﬁbdsﬁ@ﬂdl[ﬁ\@o:bj LFRDcondprised b f@ihy Reiptstglened any one of

clains 1 to 7 or to 12, wherein the LFR4 conprises the am no acid
sequence depsted EbSEQ IBED|18; NER3 gomprises therpraingdicidysauinge depictgAyn one of

clainms 1 7 9t | i ' i d sequence
depi cted ?%Qét%(lpd IN%%?FE%&@%%#F%&%%{da%ﬁﬁ%&gg%é}@tseg%gﬁgeafﬂdepi cted in
SEQ | D NOND] 2,lah&3vheasip HFRE scobdpeisesnthe amai atid equenealepfepiddh SEQ 1D SEQ | D NO
ii; and LFR4 conprises the am no acid sequence depicted in SEQ | D NO 12.
2515. 29rheNﬁbi%A&@$% BRINRIASCA HIF 4580 8F1d SPRHCHES 4@%95@5%%@ IPNQ34 TRBPei n LFRL
conpri .SeSC(grﬁﬁla&g'tﬂboarﬁiﬁb dc38d E@dﬂﬁ&b&hﬁ@E%D%@.ﬂsDaﬂﬁﬁm 'cgﬁérigé%”p” SES
the am no ac seqguence dlepl ted in SEQ ID NO 18; LFR3 conpriSes the amnino
aci d sequérceidepiid seghenee Gp(@t¢dnNKBEQ ID;N@iAd. LFR4 conprises the am no acid
sequence depicted in SEQ ID NGO 12. 30 16. The pol ypeptide of any one of
clains 1 to 6 or 8 wherein LFRL conprises the am no acid sequence depicted

in SEQ I %MR@e%n%EQBAanPE% ftclaiBil 4% REERARL BFR 1 combrisditBe RAINGPRRY | de of any

one of claims 1 to 6, 8, 6, wherein LFR2 conprises the am no acid
sequebte skspreteattpicedSEQEQIINERY; IR Bgumpiiyepichezmnino acid bgquelipe pol ypept i de

o 2y onRbeF PSR sk B P S s oGS\ s TRt oo e
SEQ ID NO:11; and LFR4 comprises the amino acid sequence depicted in SEQ ID
NO:12, and wherein HFR1 comprises the amino acid sequence depicted in SEQ ID
NO:19; HFR2 comprises the amino acid sequence depicted in SEQ ID NO:14; HFR3
30  comprises the amino acid sequence depicted in SEQ ID NO:15; and HFR4 comprises
the amino acid sequence depicted in SEQ ID NO:16.

91

26619718 2



19. The polypeptide of any one of clains 1 to 6, 8 or 16 to 18, wherein
LFR4 conprises the am no acid sequence depicted in SEQ I D NO 23. 1020. The
pol ypept iwe 20f1/ims2one of clains 1 to 6, 8, or 16 to 19PCHuSz@i10345PR1
conprises the am no acid sequence depict ed in SEQ ID NO 20; LFR2 conpri ses

the am no_acjid se uence d pi ct in SE 1: LFR3 ri ses, the am no
aci d sequ8ﬂ iﬁlfa JTRgeEef 4D ﬁe %alﬂtf‘%é‘“ CLHY Bﬁa&owﬁéﬁ’%t@%g}‘)@%&éﬁn no acid
sequence g&ﬁbﬁ&%pic%dﬁg@ﬁdww& LA ¢ e RhKO SRRt any one of

&
claims 1 to 6, 19, wherein LF%rlS conprises the amno acid
sequence dqpctcdadSEQ IEE@IID N@Q@pmpﬁm thompmoses Stenee@ﬁﬁﬁlmctadmd sequence

depi cted ses the, am no aci.d seq depi cted
o7 SE0 1| DN TBENOHG SRR A SHEPTSBanT RETe L ke 2abiFisA SEYEB Bpr ot od 1 1
SEQ I B NQ\IZ)Blz add whtRen PRV RRIprides 1 amio &H@se@lﬁeﬁdefﬂe teh ih @EQLID Wher ei n

t he polypb&t de conprises all or part of an immunog ulin light chain

pol ypept i bbd%li%@omlérgﬂe@) the amno 3cid Feeucpen geniqied t!’eSEQ IEIWMZEFR%er ein
”‘e po' yPERL b ?1%%1&18 G8idl0G eﬁ@é {je(oﬂ ﬁ%&% §§§‘fﬁ’1€6 1‘3‘9%!&%1?&4 L Bpirds! O NO: 3.
pol ypept e conpri sing the m no-aci uence segnents in
or der HFERE- ahﬁﬁlR&eleRﬁmhmdtﬁFﬁ-Si@mNﬂFRé 30wherein one or nore of
heavy chain framework regions HFRL, HFR2, and HFR3 are obtained froma
heavy chain variable region having the am no acid sequence depicted in SEQ
ID NO§ o) | VORISR Plin TRRE okl HEBNYnCRA N
conpl e(?rent arsfﬁ%é@@%%% adl?lﬁgdr eg§ ons i’il ém CQ’ 5 gé‘s g%% gr%?dBZ 26619718
2 obt ai nsdjutna@ndcpictioino SEENTD Diedy;, LiR2 born]bmsepﬂmammo ahdtseqltmcepol ypepti de

does not conpri se m no aC| uenc icted in.SEQ ID NO 5
o S0 1 pirgsd resbE ToTARS] FpdTpmanti i Fs SR AEERIN | S obt ai ned
fromthe Reavy Nbal n aM@LFRQ|c6mbﬁ§h%%1é¢ﬁﬂ1hﬂgcﬁdh;@gr i @@e;ﬁ@tb&jnﬁ@@@q}?ce

depicted in SEQ I D NO pol'ypepti de of claim?24
or 25, whdisih aodevh@feun H@Rammmseﬁth@mmeacmbmyemc@ dehmiad iv 2EQAB) e regi on

havi ng. th 1 nce .depi.cted in

27 T oS Pt EE G B SRS PG et Rl F IRNERRHERET o ¢ ne
heavy chab&ngﬁges@m e@nlhegtmedila:v‘bé\geﬁlaed aN$PQ IPNJ: ISesENER4 depbted i n SEQ
ID NO5 or 15 SEQID NO 7 The eptide of any one of clains 24 to
26, wher eth¢ aértm%@létsequmcwepnqﬁ@d@d%(g é\P @®d6m t he same donor antibody. 20
29. The pol ypeptide of claim24 or 25, wherein all of the CDRs are fromthe
sane donor antibody. 30. The pol ypeptide of any one of clains 24 to 29,
wherein thg Thaa@mekeda&@bomﬁomﬁintmv&HBFﬁnMRldsefnpne@k tacemimd 4egd t 0 Kabat .
25 31. The pol ypeptide o one of clainms 24 to 29, whereln t he
frane%&brksqoélﬁwrf@pw 19@@%&%%% L3 onseprives Biedipe peid eFERse. 32.
The pol yp 0 WhEr wor k

regi ons Bgé}%%tg&’nﬁ@E A2 I@ggel ’ %gg? %gﬁﬁg%éd%éd?ﬁgmtao aeghér}ﬁglE Eigp EtIrggbni'glt Chot hi a
def i ni t i oREQ3IB NDH2; pod L.pRAtcoohprishg dheyanvine aofd sedainns d@vcttdiBEEQAD32,

wher ei n onpri ses an no. ac d sequence depicted in e of SEQ
D o 15 V013 SR et B PSS At S b sag i en e S Bhe of
cl ai ms 24N@173Q1F182e0r915m%§themhshadHE@?en@@a@mté@ﬁl sm IBRO272@FA3Ssequence

depicted in SEQ ID NO 14. Tepo%gE one of claims 24 to
30 or232 tempdses Wiveanaing aHHR@qlmn@dm@tsdt riDrN)Oa?cSL@n BRéxempdeysi cted in

SEQ | D NG, 36., The po ~Qne of clainms 24 to 30 or 32 to
35, wher ef hﬁaﬂﬁﬁﬁa%gﬁ%%egg A%ﬁzg%%%ﬁ%&il%?\gg‘gg'quence depicted in SEQ ID
NO 16. 10 37. The pol ypeptide of any one of claims 24 to 30 or 32 to 36,

wherein HFRL conprises the am no acid sequence depicted in SEQ | D NO 13;
HFR2 conpPtsébe etmnegridrntizedokdeoetdevheepn EFBd compgse thpammo apl  HER3

conpri ses d HFR4
conpri ses % gn%ﬂe %tidglhg’@ﬂyumgo 2050 rcfgs %%gﬁg?? %Q%é@gn@% The

pol yp&pt i depiatd anYEQNP 024t AFRB caﬂiptlﬁbsiiﬁle anindZcidsegbencakiepieicd idFR1
conprises _the amng acid sequence depicted HFR2 conpri ses

the anm noSERI® YOmteAed LERAiCOmpHSNG t@ealmdahgseq%m@mcte%mlﬁgég’ the ami no

acid 20 se@yencad dgRiGH ?I@RlQo%@s&ﬁh%mﬂo’%m@gﬂuﬁﬁgﬂeBﬁfgarlh %@%}f fhe am no
aci d sequence ‘depicted in SEQ I'D NO 16 39. The eptide of any one of

cl ai mrs 24N 1 BHIIR2 B@npraseS e anieo ecid sbmmc@mppcrtedsmsSE(héDé#ﬁ)ﬁﬁ; HERA sequence
depicted in SEQ ID NO 19; HFR2 conpri ?)gs the 25 amino acid sequence

depi cted |6n SISEQ ID NG 14; HFR3 conprrses the ami no acid sequence depicted
in SEQ I D*RA*15; and HFR4 conprises the am no acid sequence depicted in
SEQ | D NO 16.




40. The pol ypepti de of any one of clainms 24 to 29 or 31, wherein HFRL
conprises 30 the am no acid sequence depicted in SEQ ID NO 17. 41. The

pol ypept iwe 20f1/ime2one of clains 24 to 29, 31, or 40, WRETAISR01HHBEREIS
conprises the am no acid sequence depicted in SEQ ID NO 27 or SEQ | D NG 30.

84 26619718 2. 42. The polypeptide of an | ai 4 to 29, 31, 40,
or 41, whe%%seﬁéwr%ﬂawﬁés%fepﬁ%3%9%@%%‘?@?Qg\éggﬁe:@'%%é%‘éfg@?wsSEQ ID
NO:28 of GEQriR MG IhucheApictliginRgly SN de, of any one of claims 24 to 29

31, or 40 to 42, wherein HFR4 conprises the am no acid sequence depicted in
SEQ ID NO 29 or SEQ ID NO 32. 44. The pol ypeptide of any one of clains 24

to 29, 31,.0r, 40 to 43, erei n HF C r.i t he am aci d seguence

Hopi ot ed Pi SeEs 1o DR enl b SORRGR LTRSS Rr BB i ee

depi ct®d Eﬁg&&@dePicN@iBEEQ‘mQ?Q&mF@éonﬁﬁ}%e@fHeﬁﬁﬁﬁ&h@id%&ﬁiéﬁ&c_e depi cted
in SEQ ID NGO 28; and HFR4 conprises the am no acid sequence depicted in SEQ
| D NO 29. depigied ThREQJAPyNRE5; gERéfcomnysqsﬁl@e oning|agidwsqpence depioted1, or 40 to
43, wher ej . i in i.d .S n i et iR SEQ I D
N 17 rera Dol SRTRERS SBubhSn BOBu G afi S GaARF Bt B0 UP S S0
HFR3 conpN(e3 ahbevhersimbBIFRA i ddnpeigesethe amitiepicid eduenteefictdd iNSEBILID and HFR4

conprises_the am no acid sequence depicted in SEQ ID NO 32. 20 46, The

pol ypept i 0¥&:bf: 2 epnartiyes deango saidisgauesce danasted in Y5 IBNNYBEpHF B
conpriges . - of .an.i . i ohalj L const ant
regi 0;1(? Sl@H)rﬁ%étpo @BQS??%%%@%?%%%Q %m?grﬁ\g\mztg h%&plgﬂ%gg@mg&conpri ses
t he am nothecindns eqdeapencegipidtetlini SEGHON@2MNO. 6. 25 48. The pol ypepti de of
cl ai m 46, wherein the inmunogl obulin heavy chai n pol ypepti de const ant
region is an 1gG I1gA |IgE 1gD, or 1gM heavy chain pol ypeptide constant
regi on. 3049Th A SRA-QLEHBIIRSTE LIBRAY0, AR $IFRA cofrdplis@s the GRinccead N _

pol ypeptide and (ii) a heavy chain pol ypeptide, wherein the |ight chain

pol ypept i sueateplcpiéesl nisdEG B NOuRhid FRA enonprosesl theequenead seqgperet s i n or der:

chai 111 AR R RS DR LT RERD D 8 sturse drT OIS 1 gt

chai n var BRI 1® New®and &¥RAGoPEsiafiticantiab dcidsgyenee déte ireSEQNDSEQ | D
NO 2 or SEQ I D NO 8, and wherein one or nore of the light chain

conpl ementN&k23.yand axherai RiFRd aoemirisessthe @RI, acidommRencgigpictors SE Dbt ai ned
froma doRey.nant - WM Qi - . d Ia. pepti de
docs. not SRR RSt T o BEALARL S iGN S oD, AEREPPE N2
or SEQ | Dcd¥apBses atchmino acidwb@uedcdépieedh@aSyQ EDaN@:30phrypPR# dempasRr i ses t he
foll om ng am no acid sequence segnents in qrder:

HFR1- HEDRiCHpRDO WW%@%L%]DMFS% n heavy chain franmework

regi ons HFR1, HFR2, and HFR3 are obtained froma 10 heavy chain vari abl e
regi on having the am no acid sequence depicted in SEQID NO5 or SEQ ID
NG 7, and9Wh&heenginmecduntibodyeobdlainh49, vdevgin deaingincerep lastieottyatontpyises

determ ni ng regi ons, H .. HCDR2, and.H .are obtained froma donor
ot body. PR BT Y Bk Rt NoHe R g HEN B B) GBSt EoHeS ot
conpri se jhgcc@mpPraiiesam no acid sequence depicted in SEQID NO5 or SEQ ID

NO 7. 15 50. The engi neered anti body of claim49, wherein the |light chain
framedork regions, the heavy chain framework regions, the light chain CDRs,

and the hgavy, chai.n re defined accordi he .Kab detinition. 20
51 The eng ARERBAReT BuBhRe PP AR ASRARRATE SR R REARATARE M 1 + anewor k
regions, tierchie@yynginadrod hiteydaWe 4 &RBbONFraghbia sticolell fivhaihd orddps, and the
heavy chain CDRs are defined according to t%e Chot hia definition. 52.
The engi nedredgngrf phbdjragmert, an FalyGagmpy &1 Faby agmcahend #al @b anewor k
regions, 2. the heavy chain framework regions, the |ight chain CDRs, and

t he heavy charn CDRs are defined according to a conbi ned Kabat - Chot hi a
defingdion. 53. The engineered anti body of any one of clains 49, 50, or
52, wherein LFR1 conprjses the am no acjd sequence depicted in SEQ I D NO 9.
30 54. TR EE@P%@@@ P%ﬂ&%{fonar?? Clﬁh‘ES Bt hivhsragthedght ghain o 53
wherein L Il I; i.d: i I I D NO 10 or
SEQ 1D NG BB e B BB e B S o Pty ome of
clains 49, 50, or 52 to 54, wherein LFR3 conprises the am no acid sequence
depicted in SEQ ID NO 11. 56. Thg engi neered anti body of any one of

cl ai s 4926§9g or 52 to 55, wherein L R4 5 conprises the amno acid

sequence depl cted in SEQ I D NO 12.



57. The engi neered anti body of any one of clainms 49, 50, or 52 to 56,
wherein LFRL conprises the am no acid sequence depicted in SEQ ID NGO 9;
LFR2 conpwoO=es/Bhs2am no aci d sequence depicted in SEQ PDTNS2d10/034554:3
conprises the amino acid 10 sequence depicted in SEQ ID NO 11; and LFR4

conpri ses e am no acid sequence depigted in SEQ ID NO 12. 58. The
engi neer eé&gnw%weﬁfédam%% € yanapﬁﬁlaw_, o R §eispeineed o n LFRL
conpri ses  thiRddHiMR t&& kOmpRAENESSRRhGEMid. N SEQ ID NO 9; LFR2 conpri ses

the 15 am no aci d sequence depicted in SEQ ID NO 18; LFR3 conprises the
am no aci d sequence depicted in SEQ ID NO 11; and LFR4 conprises the am no

i d depi cted jin.SEQ I.D,NO 12 . .59 T i ti bod
of ¢l at m 18 oA A AR aberi b B S e B e bence.
depi cted protchES dchN@f?chﬂ{eégl%&d—ﬁsN%géfCI @ 1rJoes, engragaras] cant i body  of

any one of clains 49, 51, or wherern LFR2 conprises the am no acid

sequence 63piCieE2i 62sEEh BINCPR L CSEEY.ICS. 108, pBpents romplaeshgi neer ed

anti body of i , , jn LFR3 conprises the
am no aci gacgoggjt(jecﬁgl 163%%?%%%@’?}%%%%%4%% 26. 62. The

engi neered anti body of any one of clains 49, 51, or 59 to 61, wherein LFR4
conprises the am no acid sequence depicted in SEQ ID NO 23. 30 63. The
engi neer ed0anThpgwnestedamiibegieoigmy ongofglames 4%t phsin hespgingtied ei n LFRL
conpriges i i picted in SEQ ID NO 20; LFR2 conpri ses
t he a%r(?noalrgt(}?)ﬁs%ﬂg]%éﬁgggéglg?détggﬁ'%})%?SEQ I D NO 21; LFR3 conprises the am no
acid 87 26619718 2 sequence depicted in SEQ I D NO 22; and LFR4 conpri ses

t he am no i d sequence depicted.i.n D NQ, 23. ,64.. The engi neered
i body 485 Li® SIRERA AEPAE’ SieAif TG hies % et Sifst arsP LR 6 compr i ses

the am no,apdifl cSGAMEREEtEEPI cted in SEQ ID NG 24; LFR2 conprises the amno
aci d sequence depicted in SEQ ID NO 25; LFR3 conprises the amno acid
sequence depicted in SEQ ID NO 26; and LFR4 conprises the amno acid

one-of o1 A ThESheimeirT B T 0GRt R RN Ib e AR CoR T Ses

or part ofs aaéhehmﬁqgée@mgloirac fo@He r tdt. pol ypepti de constant region.
66. The engi neered anti body of claim65, wherein the Iight chain

pol ypeptide 15 constant region conprises a human am no acid sequence. 67.
The engin £ - ' rel | i zhai n const ant
region i s?gg'iﬁfe?g}%‘%gﬁ% aﬁtlggﬁé@r@% fé{;;zi’ gﬁerg‘ﬁ@e %IP F%'?atecegé%ig{nor g‘sgaﬂst ant

regi on. 2€c6for thesiwrighaveer ed anti body of any one of clains 65 to 67,
wherein the anti body conprises the am no acid sequence depicted in SEQ ID
NO 3.289. The engi neered anti body of any one of clains 49, 50, or 52 to 68,

wherein H : t ) | | i 3 of SEQ
D NG 13 7 B B o Dy ot e ae o8 ) 2t o

49, 50, oant8ddybdiGY to:whHerdeiath tebdRRorawifp) a Bgmdtdie deathmoceptird sequence
depicted in SEQ ID NO 14. 71. The engi neered anti body of any one of
clainms 49, 50, or 52 to 70, wherein HFR3 30 conprises the amno acid
sequence dgpi ?ﬁee&lgﬁﬂbel%ﬁqnhaﬁ}%fla%y oné éf clhhfs £n@i e emedinkichgdyeed any one
of clainms 49, 50, or 52 to 7I, whérein HFR4 conprises the amno acid
sequedTe detfiody dthdsio SEQWtD fai®erl 6 ch@Bokias P9 LBtoRine73. The engi neer ed

anti body of any one of clains 49, 50, or 52 to 72, wherein HFRL conprises
the am no acid sequence depicted in SEQ I D NO 13; HFR2 conprises the am no
aci d sequeggeTieigiicRebd iR dRAnMGne bé tlatdtRB ©OMHhsR thiengiitaed aci d 5
sequence depicted in SEQ ID NO 15; and HFR4 conprises the am no acid
sequence @dpogy bindsio sEmmpnogtpbidin mglgculehe engi neered anti body of any one
of clainms 49, 50, or 52 to 72, wherein HFRL conprises the am no acid
sequence depicted in SEQ ID NO 17; HFR2 conprises the 10 am no acid
sequebde deqi Theehginted@ntiBodYd fleddimHRR3 whergt ths éaniuheglabulimmakicalcsequence
depicted in SEQ{D NG 15; and HFR4 conprises the am no acid sequence

depi ct ed PhIgEOCleRHIRO 16, 75. The engineered antibody of any one of clains
49, 50, or 52 to 72, wherein HFRL 15 conprises the am no acid sequence
depicted in SEQ ID NO 19; HFR2 conprises the am no acid sequence depicted
in SEQ | DIND AdirletdriRBl omnpingses t he ami no aci d sequence depicted in SEQ ID
NO 15; and HFR4 conprises the am no 8%' d sequence depicted in SEQ ID

NO 16. 2026219.1 The engi neered anti body”of any one of clainms 49, 51, or 53 to
68, wherei’n HERL conprises the ami no acid sequence depicted in SEQID
NG 17. 77. The engi neered anti body of any one of clains 49, 51, 53 to 68,
or 76, wherein



HFR2 conprises the am no acid sequence depicted in SEQ ID NO 27 or SEQID
25 NO 30. 78. The engi neered anti body of any one of clainms 49, 51, 53 to
68, 76, owoRé1vmheei n HFR3 conprises the am no acid sequgruseoidopises ed in
SEQ I D NO 28 or SEQ ID NO 31. 30 79. The engi neered anti body of any one of
clainms 49, 51, 53 Itlo 68 or 76 to,.78, wg?r jn HFR4 conprises the amno acid
sequence depi cHEPOIYPCRESS ¢ignNEne §f SRIEHA 6556 32. 89 26619718 2 80. The
engi neered ant yRQgYinREreAANHINYS Ffang bAL §BcI4iths Pko 188 L0 68, or 76 to 79,
wherein HFRL conprises the amno aci d sequence depicted in SEQ I D NO 17;
HFR2 conprises the am no acid sequence depicted in SEQ ID NO 27; HFR3
conpri ses e,5 amno aci.d sequence depi ¢ct.ed, in SEQ I D NG 28; and HFR4
conpri sesliﬂeAg %HBC%Prﬁl%%ﬁglﬁglgwuﬁ&bqe@Ci%nﬁ H%EQ 1D N0 29. '81. The

engi negred anti body of any one of clains 49, 51, 53 to 68, or 76 to 79,
wherein HFRL conprises the am no acid sequence depicted in SEQ ID NO 17;
HFR2 10 cohdbrThercctaiof ghimd lhcvikreadhenedcieapidt enpratly BEGd tbhano 30; HFR3
conpri ses i i uence depicted in SEQ I D NO 31; and HFR4
conpri sese)% gssgoﬂér%gtrggegu%gg'uence depicted in SEQ I D NO 32. 82. The
engi neered anti body of any one of clains 49 to 81, wherein the heavy chain
15 pol ypeptide conprises all or part. of an inmmunogl obulin heavy chain

pol ypepti 3&3-06@{1&%11’?1@@3%.VGC@SPfqu@éthrnb]@r ed anti body of claim 82,

wher ejg the heavy chain pol ypeptide constant region conprises a human am no
acid sequence. 20 84. The engineered anti body of claim82 or 83, wherein
t he heavy lthaAmgbdd/foe ptadideingamplypepsdaor dacengoreticdantbodynthermethadyl obul i n

nol ecul e. . . 85. The engineer ed ti hod f.clai. 4, erein the Fc
egi on 1 capriges Ciligias SOy Gdandpigkndigs Syffkle pallpguet |

| munogl OBl bRidiCRIpAPpepti@l or tHaRnSMOEBE ARSI | body of any one of clains
49 to 85, wherein the heavy chain pol ypeptide Conprises the am no acid

sequence depicted in SEQ ID NO 6. 30 87. The engi neered anti body of claim

49, rei Rl ¢ ri.ses i no_aci.d. se nce, depi ct in SEQ ID NO 9;
Pre" Bt Fee TR mERER o Sk 1 i B R B R R N S P TRe 0. 1 Frs
conpri ses eﬁ%;iﬁee@éﬂ 4ibEY GroFelY e e cd 68lisWr Ebm the PRQiUB iNWhich; thapdisL FRA
conprises the am no acid sequence depicted in SEQ ID 90 26619718 2 NO 12,
and wher eMsreHRuadonpri ses the anmino acid sequence depicted in SEQ I D

NG 13; HFR2 conprises the am no acid sequence depicted in SEQ ID NO 14;
HFR3 conprises the am no acid sequence depicted in SEQ I D NO 15; and HFR4
conpr i ses 1theAaidonnedpildppeide enaeisdrpidaingthetied SHDIID Preduked b ti@8. The

engi neered antibody of claim49, wherein LFRL conprises the amno acid
sequefite H@&Oé@éa 4 1SS [BNO 9; LFR2 conprises the anino acid sequence
depicted in SEQ ID NO 18; LFR3 conprises the am no acid sequence depicted
in SEQID NO 11; and LFR4 conprises the am no acid sequence depicted in SEQ
| D 10 NO 1P]. AmgethdrefoeigendditRE apomgiresed lighectam moibady dasddeegon thepi ct ed in
SEQ I D NO. 19; HFR2 conprisges the am no ciﬁ sequence. depi.cted in SEQ I D

NG 14; HERICIMBTINOEETE HLt BmHL eomp st b BTUMESTISHY PhE 489180 15
and HFR4 gophsdic fBRnaleetRSd & ggnce depicted in SEQ ID NO 16. 1589.
The engi neered anti body of claim49, wherein LFRL conprises the am no acid
sequedZe depi cpwyiding BE@apoNCPRPrisiFRArmrmsenerslight ehanmpridboslyi d sequence
depi cted in.%fq | D NO.18; .hFRS conprises the am no.(gci d seaen %.depi cted
in SEQ | DY NPT SR T ERACE SR Se OB R84 L EGUEKES Bt ed in SEQ
| D NG 125E@meh MoeT i SEQIFBRINO QiR (ii5£ 8udl&ie adillisbgueacd encd@mdanseccdppt cted in
SEQ I D 20 NO 13; HFR2 conprises the am no acid sequence depicted in SEQ ID
NO 14; HFRehtcharansibady yaalahle region @ minoseddi senigepi cted in SEQ I D NO 15;

and HFR4 conprj - ' idq.segq .Gt o - 16. 90.
The eng: neer saP AT e o B8y S5y e ROAE I AR Ha! SRR HRARAL, P2 o
25 sepueneariabbpregionchnino SEMsédachis & (ibHRRRAckmid sepclidienasdingtieci d sequence
depicted in SE%,I D {}IO 10, .LFR3 (forrpri ses the am no acid sequence depicted
in SEQ | DIpRYT patibogydightpip yprnbleegianAminpaeid Se@iccSequence depicted in SEQ
ID NO 12, and I i B i  BHEY epicted in
SEQ I D NO. 19: ﬁ%@oﬁ%ﬁ Blor€ P Sa%gﬁ%ééa&??‘gmégﬁﬁgﬁl@“ﬁgp. ct qe;rgab%n SEQ I D

NO 14; HFRZiBOwitlhhnpe osmsret GIeR sfiomotha dbubrsetbedycleshd ebdio tvedaliloregie® tbD NO. 15;
and HFR4 conprises the amno acid squsence depicted in SEQ ID NO 16. 91
26619718 2
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91. The engi neered anti body of claim 49, wherein LFRL conprises the am no
aci d sequence depicted in SEQ ID NO 9; LFR2 conprises the amno acid
sequence woepnotB@e2zn SEQ | D NO 10; LFR3 conprises the arcmaSacilg34seguence
depicted in SEQ ID NO 11; and LFR4 conprises the am no acid sequence
depicted in %E%@I D5 NO 12, and erein HFR1 conprises the amno.acid
sequence S RCTRIT ABEBSINEFROIBH C @Bl #iB dat Fd iy IRErHC Ebquence
depi ct ed | Ryskioal B arddio tﬁgffﬁmﬁﬁég%ﬁicﬁﬁ%fftﬁted&ﬁ‘r Qﬁi%@l&‘ﬂigﬁﬁ&ﬁﬁ{‘ce_ depi ct ed
in SEQ ID NO 15; and HFR4 conprises the am no acid sequence depicted in
SEQ | D NOvartabld@g®®, with¢haprgiise drag theamgingody light diazi yariedle regien dpes LFR1

i th ' ' depicted jjn SEQ ID NG 9; .| FR? i
Che” arm nonSiRatEish f BBk BRI PGt CBREiThs b PP o Gt RET e ne. an no
aci d sequggfieedapPsEQaD NO:2FQHPINNJG:E; and LFR4 conprising the amno acid

sequence depicted in SEQ ID NO 12, and wherein HFRL conprises the am no
aci d sequence depicted in SEQ ID 15 NO 17; HFR2 conprises the amno acid

seqguence iof ed J 114 HER3 . i i | equence
dopi ot od 1 Rv<E PelRe Sl L N hithes BB RTREIFARe b A AR G

depi ct ed wiriabEQellonNe2 dbuclei®3cid Eheodimga hesketaianhiibatyvadlblelragion 49, wherein
LFRL conprises the am no acid 20 sequence depicted in SEQ | D NO 20; LFR2
conpr i sesthehis comPMAEITy (e thgrapieecras Jrbk dgin wntibedy yaiaRls 8giont¢ER3 conpri ses

t he am no ' epj A4 SEQ I D NO 22; and LFR4 conprising the
am nomaci Hégéé’g’é%ﬁgg%ﬁ%?g?g?%?ﬁ%@%yl D NG 23, and wherein HFRL conpri ses
the am no acid sequence depicted in SEQ ID NO 17; HFR2 conprises the am no

aci d sequence depicted.in. SEQ ID NO 27, HFR3 25 conprises.the am no acid
Sequence. dbb BEcHofAa SERITD Ty el g At i MEEL0 OB LI NG e d
sequence gdeph eh@sddy Vartf EHNO 29. 94, The engineered antibody of claim

49, wherein LFR1L conprises the am no acid sequence depicted in SEQ ID
NO 20; LFR2 conprises the am no acid sequence 30 depicted in SEQ I D NG 21;

LFR3 npr i t he,ani aci d, sequence depicted in SEO I.D NGO 22:. and LFR4
conpr 121 e EnineAEnST sl PuREaf RRESRES REy S el s Relilisaner of n
HFRL conphh 8@finddhel ddavehas batisRuanegcdepitcted in SEQ ID NO 17; HFR2
conprises the am no acld sequence depicted in SEQ I D NG 30; HFR3 92
26619718 2 conprises the am no acid sequence depicted in SEQ ID NO 31; and
HFR4 conpyi 1 .aC{ Leted i EE& . 95. The
engi neer e%bgﬁftﬁﬁe%‘ge%@&g?% @48’%%12@%‘%%&%% %otirlr%?l esek%}%@gﬁ?t}%n acid 5
sequence agfbodt edriablc &g Onyois24;, LFR2 conprises the am no acid sequence
depicted in SEQ I D NQO 25; LFR3 conprises the am no acid sequence depicted
in SE¢9 1 D NO 28roviHee InfgematighsPmBIiHEe t (N s sl Ry %@q%w@@daepi cted in
SEQ | D NO,23:b1 208 ofHiRb BoilSRucRQIRIh iR d e 2RI R A ifepi ct ed
in SEQ ngmbl%glﬁmz lc%n%?isgt‘se BRI B o éﬂ%&%‘%@ge"ﬁ%ﬁéﬁ?ﬁﬁ lﬁn SEQ | D
NO 27; HFRBQID NOmpoi SEQ DO dnirgo) acudeis ecidanqendemootimg thaadsEfdot D NO: 28;
and HFR4 gor;r&r' ses b.ge am ng aci.d sequence depicted in SEQ ID NG 29. 96.
The engi nBeMEFhaRENHBRAY BiriaRlcAPHPR eMIMGRILIHIUERERT conpri ses the ani no aci d

sequence depi C}aﬁ@idiﬁ%§§@rﬂa@oﬁ‘%1% 'isihg;@i)ca@mgﬂ'&ﬁsaoh&eaﬁ%gph@wyd sequence
15 depicted in SEQ I'D NO 25; LFR3 conprises the am no aci d sequence
depi c2ed rhrisSFiably N@oRamiandcid BRucooher (i Wi arycldikacadigucrsi alcediggence

depi cted i,n q'SE | D NO E% apd. wher ei n HERL Corrprgf' ses_the am no acid
sequence pog e PPROSEG WL RIB 174 ﬁﬁgéo%%%lrpiag SSHHE & no aci d seqguence
depi cted in SERQplRIMNQRYr rdrRE DRy theachtehany RRaiathabssquense depi ct ed
in SEQ ID NO 31; and HFR4 conprises 20 the am no aci d sequence depicted in
SEQ | D Noreggon wily onrpiemeredi AR frem tha dppyaptibedycheayyehaan vogdlerogianhe

engi neere i LS i . . ; i rk regions
and 11 gnt Rparek BeterRich i GerB Al Rlo, \ERKMCT bR ool RTEYS 1, ©

engi ng@er ethanhodenityinafhuaiy a9 emphred t@ihdEmARinb gerbéity @hé dod2 antibody7 to 97,
wherein the engi neered antibody is an anti body fragnent_ select fromthe
group con&fawicigingrrighle nt%gl?rbéz@ﬁbthﬁ proyisoptaef the Spipgsre %wbpfilbvar@g@nem, and
an F(ab') 2..f : i Nt i : - ofcl ai ms 49
o o7 e b o L N e R R e Tpept | de
are coval embplgtelrouind a¢id seaehcoddperted HSEBGERNQAS o2 SEQLODNOIhe engi neer ed
anti body of any one of clains 49 to 9? wherein the engi neered anti body
binds to a conpl enment conponent prote b 101. The engi neered anti body of
cl ai m 100.°\Wherein the conpl ement conponent 5protein is selected fromthe
group consisting of g, Cdr, Gs, ¢4, C4a, C4b, C3, C3a, C3hb, C2, 24,
C2b, C5, Cha, C5b, C6, C7, C8, C9, properdin, conplenent factor D,

conpl ement factor B, MBL, MASP1l, MASP2, and NMASP3. 102. The engi neered
anti body of any one of clains 49 to 99, wherein the engineered 10anti body

N . o Y 5 e A NN




20 106. The engi neered anti body of any one of clains 49 to 99, wherein the
engi neered anti body binds to: (i) a death receptor or (ii) a ligand of a
deat h recwpt20r1/137362 107. The engi neered anti body of anyCons2af/osisas ns 49
to 99, wherein the engineered 25anti body binds to a growth factor, a
chenoki ne, or a cytokine 108. The engi neered anti body of any one of clains
49 to 99, wherein the engi neered anti body binds to an i munogl obul in

mol ecul e. 1@9152%@%%@ ggﬁ&aﬁ{g% éﬁ@iﬂe@&@lme% o MiibO8y Vm%lieefeglohhe

i mrunogl obulin nolecule is an I gk nolecule.” 110. A nucleic acid encodi ng:

94 26619718t & lehempuingpent indehwharearconparalto ghainmmgurbgenicug of ardondre

engi neer ed od e of ¢ 109, 111. A vector
conpr|5|n tﬁw %ﬁ?%@ﬁ@nby¥88§ﬁe%Pﬁﬂh$ nguﬁ‘?gynmfﬁe vector of claim 111,

whereifn the nugfo@i@n%aﬁif&m@loﬁraeﬁ@h&lﬁg 1 (el céRorttay BiS shteiddgont r ol
sequence. 113. A ce conprising the vector of claim1111 or 112. 114. A

met hod f orargbiRigEiongrnatif seprenerecasmprisngsthe pméter asi saquitssdippictaden met hod
conprisin i i le t
1 ow  or JEGAPAOLD8 S8 103 3 (8 PSR Ien G Aobo B RAhED' © 15015
The met holdewfy dhhiaiamtibddy; vafrtablel’regloﬁ@ﬂimd slidigequedeat i ng t he poI ypept| de or

engi neered anti body fronlthe cultured cells or fromthe_nmediumin which the

cel|'s were cul Piaving informajipy compriiag (&t)@ﬂleﬁé‘l Wéiﬁp%@t@ra dwheavyol at ed
engi neger e 117. A
met hog@f o?haglgké?%?% %8{02%%312%?%%3%(2% %Ogﬁﬁ‘t} 6111? n 1%4;]{1‘&'1 Eéqé%/n veg%nlcét%ﬁ% region
that is Ié&skmnmmnmgémhew@mh&nhmndﬂeagymompameduhmqﬁhme;nnunogenicity of a
donor |ight chain variable re e net ho r|S| vi di ng
ofor mat fon CORBMHIARI G FIoa TRt Er G- anH G AP OB abl o
region ant 1@\91‘[9 oﬁ@%&%%@ﬁﬁ@bhﬁﬂh@%ﬁ&%nﬁ%d%e%% Qha’%ﬁ‘%}h&‘%ﬂﬁ@re%f‘d?ﬂ cted in
SEQ ID NGO Z or SEQ I D NG (ii1) a nucleic acid sequence encodi ng the
accept or Id thhteby Hamemata an ﬁbgidgervchhftaazb Ichain@giibodyavairinblcaegion §@q1$émse

provi ding.informati.on.conprising: ii' east. or ant. dy |ight
Char ' 50 ERTEY S AR i Pirel I B SERo BOST GO fier Pty

sequence BOSQEhAG vVaFigbld @8 6n, atH 1Be @yovidoahit tﬁ@é{i%?lnéé%d abibedy egidn am no acid
sequence; repl acing one or nore CDRs of t acceptor light chain
anti body (egiqredsice n@ts@;mmﬂswathﬁa‘dh@lam petppetidorarighloregtamecogiiomeghe i body

l'i ght chai ate an
engineereg&Pﬁﬁﬁ% gﬁﬁﬁg% |a%?g%agé?o#%%%%P%ﬁggpgssQ?H%ﬁ@gZenlc in a human
as conpared to the i mmunogeni city of the donor antibody |ight chain

vari apl e rgglon with the proviso that the en |neer$g Ilght chai n variabl e

regi of doé E@e%Wsiipéelaan|1?%ﬁftm%wpﬁlpﬁémﬁé jigga #ibede conpl et e

et hodof Tt CpRRTRELEY 0 hetn b %ﬁlaﬁia%?"@df@ ﬁg.  ant i body

vari abl e m@gnanﬂmn%ygmmnﬁ@mcmq@k@ﬁﬂhnmwb@g a heavy chain antibody variabl e
region, that is conplenentary to the engineered |Iight chain anti body
variable region to 10 thereby generate an engi neered antibody. 119. The
met hod of 1g) aiwa ﬁaét%odwﬂ%ﬁhm%w@ln%ﬁl&aw@&udmﬁs HSRdo bBtaRPfh@i N the heavy
chai n antibody vari abl e region The met hod of claim 118, wherein the
heavy2%ha¢m¥aﬁiwb@dyCh@n@abWEb“@gw@nrﬁaman engi neered heavy chain anti body
vari able region. 121. The nethod of claim 120, wherein the generation of
the engi neered heavy chain antibody variable region conprises: 20providing
i nfor mat i 75 CORPMEGLAGT clain) 125 VACLERL 1ihe aNyin ehgbodyanatihbledyivaisiaabl e
regi on amno aci d sequence conprising the am no acid sequence depicted in
SEQ | D NOemeipgeresHapht phajmantibady(varipblg regien.ei ¢ aci d sequence encoding t he
acceptor heavy chain anti body variable region anm no aci d sequence;

30  126. The method of claim 125, wherein the generation of the engineered light chain
antibody variable region comprises:
providing information comprising: (i) an acceptor light chain antibody
variable region amino acid sequence comprising the amino acid sequence depicted in

97
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providing information conprising: (iii) at |east one donor antibody heavy
25chain variable region am no acid sequence or (iv) a nucleic acid seqguence
encodi ng wheodarsgse2zant i body heavy chain vari abl e regi onPariuse01a084598
sequence; repl aci ng one or nore CDRs of the acceptor heavy chain

anti body yariabl e regi i.th one.or re fromthe dopor antibody
heavy chagﬁQyI Nort @%Pg@iﬂf}ﬁw&qrﬁ%}%a&q@@ﬁgﬁéweaﬁ? %Wgﬁwgéff%rwﬁ%farly chai n
anti body Vgki ARIEinfi88d P hrfaBRlrehidn hAS R0d bagaEaQgeni ¢ in a human as conpar ed
to the imunogenicity ‘of the donor antibody heavy chain variable region,
with the provi swvidiag inféranagingicomprigdg:diit)iab byt ongrdoadt antibedy bghtdbein not
conprise a heavy chai n pol.ypeptide variable.region conprisi.ng.the conplete
ani o aci B LRRUERED HRP At EaqeEes (1B NGB GITEG P  Ner N8 ieo6 610718 2
122. A5 metbesf sh@bodandk ahdin addblERgionasiins alieavyucabai n anti body variabl e
region that is |less imunogenic in a human as conpared to the

i munogeni ci t yraplacagduser npie Kb¥thyofeasgpephalightedrinaptieodyegiriehle t he met hod
conpri si ng, i&PWN bl Q&nb%f@bﬁ?@o&”tgg ARy anliDS 1%& cfln %ﬁﬁ%ffé Rlidiravy chain
ant i body variabl e regi on am no acl d sequence compri sing e am no aci d
sequence depibgterteratt ahEQeinBeNDlighthabEQriableNeRidn dliat (d le9s imnuhokeiic imci d
sequence encodi ng the acceptor heavy. chain antibody variabl e regi on am no
aci d sequahu@an as comparegyoe gnmynegsmisitr ithsdangrprtibodn dighi¢hain  at | east one

donor {@nt | y I i i 3/ [0 AG r (iv) a
el o] B o P R D Rl LRl R R o R G 1
regio {1 arrhoto:oaquige _séi(ghtacrh_ram Izjolypeptide eqnhpxdéingtlmmepip:]etmmo@@msseqﬁeﬂche f
acceptor heavy.c ho e region w one or nore CDRs from

t he donorQﬂﬂ?%%HH§E§4§3955H§¥HX€§b3&%?6 region to thereby generate an

engi neered heavy chain anti body variable region that is | ess 15 i nmunogenic

in a human as conpared to the inmmunogenicity of the donor antibody heavy
chai n var il 2bl €hg mgihod of whyt dnat dfeclgme il 2 ¢ t Hatwhetpan thedianewvosld regnerisbody

variable regjio es not ¢ rise a_ heav. hai.n pol ypepti de vari abl e region
corpr 11 g e S tre e OB i R OAe B TR SEO 1D MO 5 or SEQ
I D NO 7. 20123. The nmethod of claim 122, further conprising obtaining a

i ght chain antibody variable region conplenentary to the engi neered heavy
chai n ant i Bbd{hemethap oéaneeficor %%ﬂl@ﬂé?&%@éfrh@fem@eefrﬂmrhéww ant i body.
124. The = r.ei i tion is used to obtain

t he 25eng?§%@§339$%%ﬁ?ﬁgﬁéﬁﬁbgﬁgﬁﬁgégag%&ﬁggﬁgﬁbgéion. 125. The net hod of
claim 123, wherein the light chain antibody variable region is an

engi neered_|ight chain _antibody variable region. 30126. The nethod of claim
125, ther &% %II*F‘emﬁ%‘ﬁ@Péﬁl%‘?Pecﬁfy @S d h§ih By ddrersiyHe TEamgwerk )EHsdy vari abl e
r egi on_COMRI IS RBR PRk 1ok BB QREUIII-Comfd dorifdicoept or |1 ght
chain ant?@ggy var?able r%%?on aﬁgﬁo ag} sequenceoconﬁﬁﬁgfng t he am no
acid sequence depicted in 97 26619718 2 SEQID NO 2 or SEQID NO 8 or (ii)

egi on- e b B BOLRRGLRBES |l QUNERh G TP B AR IR SR POy At

| east onej@an@hinantikbedyeibit ght chain vari abl e region am no acid
sequence or (iv) a nucleic acid sequence encodi ng the 5donor anti body |ight
chai n2¥vari abl e regi on ami no acid sequence; repl aci ng one or nore CDRs

of the ac tor light in ti.body . . variabl e regiopn w,th_ one or,.nore CDRs
Pt om tho_Siehof e e af AR A0 kB s sbRaR LG bR, i AafESe iuRor at o an
engi neer egeglidibipraduatdinvaddliabl e region that is | ess inmmnogenic in a human
as conpared to the i munogenicity of the donor antibody |ight chain 10

variable region, with the proviso that the engi neered |light chain variable

regi on do i |, i i ] i . S| / onpl ete
am no aci 3%23%%%%@8582?18 eéb?ﬁ{l acp%p&%%é%g&ugégtﬁ%%%%%nt“%&g?. The
met hogl of heuvy chai@ vafiable atégien. 117 to 126, wherein the framework regi ons 15and
the CDRs are defined according to the Kabat definition. 128. The nethod of
any one of claims 117 to 126, wherein the franework regi ons and the CDRs
are defin ' Lhetdd; 3TN hgggzgé et hag. of any
one of cIg?%gﬁ%ﬁég%ggfgg?haﬁéfelég?ﬁgﬂﬁ%gggﬁggngeglonévgggngﬁ% CDRs are
def i ned acagoondis pgpduoedaincoeddi ned Kabat - Chot hia definition. 130. The net hod
of claim 117, further conprising prodgging t he engi neered anti body |i ght

chain variable region. 25
26619718 2



131. The nethod of claim 130, wherein the engineered anti body |ight chain
variable region is produced in a cell. 132. The nethod of claim 122,
further cwoprigi3mp2pr oduci ng the engi neered anti body 30Rreaws2ahas4sovari abl e
region. 133. The nethod of claim 132, wherein the engineered anti body
heavy chain variable region is produced in a cell. 98 26619718 2 134. The
nmet hod of any one of clains 130 to 133, further conprising isolating from

the cell @E4Wﬁe1’ﬁ€fﬂbéof@n%&ﬂ%¥cﬁaﬁﬁsq@b ko 153, %ﬁe&'%@ﬁpﬁﬁﬁ ?segl'tlﬂg?{o%j ant i body
l'ight chain variable regi'on or the engi neered heavy chain variabl e region.

135. The thetdeb@r dfc oédis m whigh tire e3s cilturedhthe cogimpercd antgbady dightéhagn t he
englneered anﬁ|b05%> t136 Thequthoqlof cl ! 135, wherein the engi neered
ant i body |%rar§) SYGEBPrithe Figingered hégychatn vat g 1SRO8t ¢l ai m 135 or 136,
furthey conprising isolating fromthe cell or the nedia in which the cel

is cultured the engi neered anti bod 138. The nethod of any one of

cl ai s 135330Tm3m€tPépfhbﬂnéb%ﬁwi%gﬁ@ﬂvﬁﬁémmﬂﬁn&gK@SGME@Fﬁé@ﬂﬁﬁ@denglneered
antibody ﬂ?) to the sanme antigen as the donor antibody. 139. The net hod
of any one 0 $1aims 135 to 138, wherein the engi neered anti body has a
greater affinity for a target antigen as conpared to the affinity of the
donor ant|b0d¥ for the same antigen. 20 140. The nethod of any one of

cl ai s 1353¢.oThegethpd of Hé%mé%%mheé‘?lﬂ&led@g&@ﬁieﬁlaﬁﬂ Qftyes pEqduged lalr?tquody t hat
bi nds;§o the engineered antibody is produced after the engineered antibody
IS adnlnlstered to a human. 25141. The nethod of any one of clains 135 to
140, furt h&r Thﬂ@@ﬂmdngchanh&@bngktmmﬂﬂmgmmpéﬁegkathgdﬁwnﬂmlﬁmorThe met hod
of claim 141, ere the rise bstituting at | east one

am no aci t'® “ﬁhFY% QﬂF%mléﬁpgﬁHe %WGT @ﬁm?iémi Hod of claim 141 or 142,
wherein the reshaping conprises substituting at |east two am no acids of a
framework region. 99 26619718 2 144. The nethod of any one of clains 141
to 143, vvﬂléiff eTlrrr: mhidod o€ mpdmegeictapsilsé & kiﬂo@ﬂh@ut:bmgriang Hefagninmge ani no
acid two. di f a rk regions 45. The, net hod of

ol o i haa v hsar e PERE L SR 51 RE T Mo SR e AT eud RS one o
nor e anlno aC|ds in a franemork region. 146. The nethod of claim 141 or
145, wherein the reshaping c ri ses substituting at | east one am no acid
of at | ea$89-ohke mpRod Qﬁawron eclateas 12 tot 3% mdicrain the engipscred antibpgly wher ei n

t he resha of at |east
one CDR R&ﬂgﬁﬁggﬁﬁgiﬁgpﬁggﬁg?{%ﬁ%ﬁ%\§§%£§%%@45$9mﬁg% i%qﬁagﬁkeshaplng
conpr i sesamitodl iftruhe sgn@hntlggast one ami no acid position of a CDR wherein
the CDR is defined according to 15 Kabat or the conbi ned Kabat - Chot hi a
definf?ion. 149. The method of any one of clains 141 to 143, wherein the

r eshapi ng i F=Tag ositions 28
and 30 (acas e R e e CR R R

regi on. ZamemﬁﬂmlmhéodpﬂhoUmdiuam@emgamm&imhﬂmdgumﬁmmﬂmdhﬂﬁrm@ 148, wherein
t he reshapi ng co bstltutln at | east one amno acid in at |east
two diffeF&it® Qﬁég@ﬁm y§ @“Wé?% 8- any one of clains 141 to 144 or
149, wherein the reshaplng 25conpri ses substituting at | east one am no acid
at position 27, 28, 30, 71, or 78 (according to the Kabat nunbering) of the
heavy2Zhail fl. VER mbﬂhedpégmmne of claimg 135 el 4tk repmanying reshafingthei ms 141 to
143, wherein the ?% &&lng conprises substituting at | east one am no acid
at p03|t|8Wg%§xaE§1 8F¥-30 (according to the Kabat 30 nunbering) of the
heavy chain variable region of the engineered anti body. 100 26619718 2

153. The nethod of any one of clains 141 to 152, wherein _the reshaping
conpri ses %t?bﬁj@éﬁhﬁ@ Oﬁtﬂamééél voliECIB e phaRifg o MHETSe Wbslifeieea s one or

bot h Of.aoﬁé8¥ﬁm9@?%§&¥ﬂﬁh&&hﬁr&ﬁgﬁon and a heavy chain variabl e region of

t he engi neered an
30

143. The method of claim 141 or 142, wherein the reshaping comprises substituting

at least two amino acids of a framework region.
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5154. The nethod of any one of clainms 141 to 153, wherein one or nore am no
acids of a franework or a CDR are substituted prior to the replacing. 155.
The met howoab1iawsyseene of clains 141 to 153, wherei n onePON/Useo1d/0a4s$0 aci ds
of a framework or a CDR are substituted after the replacing. 10 156. The
met hod of y_one of clains 117 to or 126 to 155, wherein the acceptor
ant i body I FGATRCRS iR PLARARI %@é?ﬁiﬁﬁ L@x@%é&&%ﬁ&@l%&ﬁw%@s the

am no acl Q;b%ﬁ%%%%ﬁle@it ohPEmRRY %E’(Fﬁhtdt(ﬂ&s%ocdiﬁbﬂ%ﬂfrarﬁéﬁé&ﬁegibﬁs.”Et hod of any

one of clains 121 to 155, wherein the acceptor antibody heavy chain

vari abl e region am no acid sequence conprises the am no acid sequence of

t he polyp ide of .claim 24 58. The nethod of any one of clains 117 to
157, "ot 0 ThemseBadt Stined st n g Ry meioe S eisRe s fflfeam no”
aci d sequUBRCE: MORMIMIAGECil M AFmewé&idgisggquence of the pol ypeptide of claim
1 and the acceptor antibody heavy chain variable region am no acid sequence

conprises the am no acid sequence of the polypeptide of claim?24. 25159. An
engi neere i ri.shng:. (i i ght i tide.and (ii) a
neavy chat 10 potg BESPIBERRIFAPER: Heh el e RORRRRRBUUBSRIHEBAR: T el The
f ol | owi ngataleasion@ambthose et tastag@eIDR. i n or der:

LFR1- LCDR1- LFR2- LCDR2- LFR3- LCDR3-LFR4, wherein LFRL conprises the am no
aci d sequence depicted in SEQID NGO 9, 30 but with zero to three am no acid
subst ¢ ut i sy -ERACGMPhLIM §31 1S AMAROwRGIh HEIUANGR: AeRbGLEd in SEQ ID
NO 10 or EKE% I D N%Z'fg ﬁEltajlt Wi th zero to three a?néén a%?%ggu{)esti tutions;
LFR3 conpruts@titinpet kastmeo aciith sedpfrat &astapicdi2Rl. in SEQ I D NO 11, but with
zero to three amino acid substitutions; and LFR4 conprises the 101 26619718
2 amno acid sequence depicted in SEQ ID NO 12, but with zero to three
am no aci qa upsd inbibl 8PSlaim 146 or MERGIcRik HIRLsHapBcb S SR sdshabamifiy acid
sequence of light chain CDRL froma donor antibody, L conprises the

am no aci df lseqoaneminofacid ghiticnhdiarCIPORRhGeirtberCH Rdis e finethadcbisiahg toand LCDR3
conprijsest am no acid ce.of light chain CDR3 from a donor

antib %y; Kb oY th]i&f“ﬁeéi %&%‘@8&%%@@%@1 i ght chai n pol ypeptide does not
conprise the am no acid sequence depicted in SEQID NO 2 or SEQ I D NQO 8;
and wherein the heavy chain pol ypeptide conprises the follow ng am no acid

10 sequené®d.sEmmathed phamy erarof $ 1 HOPRI43mReracR2CHHERRE ISODRBSIFRA,
wherein H . rises. the ] i AUENRE i il 113,
17, or 1933:@%38@%&??{;?%;0&%&,[%%% r8 gté&gr?‘?ﬁcgjsqam St E}{ai (%C?)?%{ﬁg ;tostﬁg%g%%ﬁﬁri ses
the am nonambeligggbtirdeadediadi ediabte BQn) D NO. 14, but with zero to three
am no_acid substitutions; HFR3 conprises the am no acid sequence depicted
in SE@ID NG 15, 15 but with zero to three am no acid substitutions; and

HFRA CO”pEl.isée‘f’hé&%th%%?%;i&rh@oﬁ?ﬂh&ﬁ%?oﬂ?ﬁ Rt e ‘bvﬁeéﬁQll_llE R, but with

zero to three am no aci stitutlons, wher ei n HCDR1 ‘conpri ses the
am no aci dorspgnes Nelsstioftingedlepstamaiami@DiRid fir grivat tondiffesent CBRdy, HCDR2
conprises the am no acid sequence of heavy chain CDR2 from a donor
anti body, and HCDR3 conprises the am no acid sequence of 20 heavy chain
CDR3 from & dpRofmeBl bP&Yone of claimdiinid hey H 29l ffclchthe tBahig@vy chain
pol ypepti de does not conprise the am no acid sequence depicted in SEQ ID
NO 5 2y SE@npipebiSnbpiituimg at least onglagried #cid hepasHipnr’de2&d0ant.iasddy is | ess
i nmunogenic in.a h as_conpared t.o .t he donor antibody or antibodi es and
the.engi ntrediTEoRePE pRRERRO HELRAGAS SRR BRI 2% qonor ant | body
or antibodies. 160. The engi neered anti body of claim 159, wherein one or
both of: ﬁ]a the LCDR1, LCDR2, and LCDR3 are from a single donor anti body;
and (b) th& HopRocthptoReny enedefiqlmms 141 & 143pmibgredn thgireshapine comptipdsody. 30
161. The [ t of .. [, o i the |ight
chai n' CoRSATRE SE1-A Lo afacPhci €h b dnde. Hodo (OB ofhe Kabut' 10,

30  numbering) of the heavy chain variable region of the engineered antibody.
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153. The method of any one of claims 141 to 152, wherein the reshaping comprises
introducing at least one spacer amino acid sequence into one or both of a light chain

variable region and a heavy chain variable region of the engineered antibody.

5 154. The method of any one of claims 141 to 153, wherein one or more amino acids

of a framework or a CDR are substituted prior to the replacing.

155. The method of any one of claims 141 to 153, wherein one or more amino acids
of a framework or a CDR are substituted after the replacing.

10
156. The method of any one of claims 117 to 122 or 126 to 155, wherein the acceptor
antibody light chain variable region amino acid sequence comprises the amino acid

sequence of the polypeptide of claim 1.

15 157. The method of any one of claims 121 to 155, wherein the acceptor antibody
heavy chain variable region amino acid sequence comprises the amino acid sequence

of the polypeptide of claim 24.

158. The method of any one of claims 117 to 157, wherein the acceptor antibody

20  light chain variable region amino acid sequence comprises the amino acid sequence of
the polypeptide of claim 1 and the acceptor antibody heavy chain variable region
amino acid sequence comprises the amino acid sequence of the polypeptide of claim

24.

25  159. An engineered antibody comprising: (i) a light chain polypeptide and (ii) a
heavy chain polypeptide, wherein the light chain polypeptide comprises the following
amino acid sequence segments in order: LFR1-LCDR1-LFR2-LCDR2-LFR3-
LCDR3-LFR4,

wherein LFR1 comprises the amino acid sequence depicted in SEQ ID NO:9,

30  but with zero to three amino acid substitutions; LFR2 comprises the amino acid
sequence depicted in SEQ ID NO:10 or SEQ ID NO:18, but with zero to three amino
acid substitutions; LFR3 comprises the amino acid sequence depicted in SEQ ID
NO:11, but with zero to three amino acid substitutions; and LFR4 comprises the
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amino acid sequence depicted in SEQ ID NO:12, but with zero to three amino acid
substitutions;

wherein LCDR1 comprises the amino acid sequence of light chain CDR1 from
a donor antibody, LCDR2 comprises the amino acid sequence of light chain CDR2
from a donor antibody, and LCDR3 comprises the amino acid sequence of light chain
CDR3 from a donor antibody;

with the proviso that the light chain polypeptide does not comprise the amino
acid sequence depicted in SEQ ID NO:2 or SEQ ID NO:8; and

wherein the heavy chain polypeptide comprises the following amino acid
sequence segments in order: HFR1-HCDR1-HFR2-HCDR2-HFR3-HCDR3-HFR4,

wherein HFR1 comprises the amino acid sequence depicted in SEQ ID
NOs:13, 17, or 19, but with zero to three amino acid substitutions; HFR2 comprises
the amino acid sequence depicted in SEQ ID NO:14, but with zero to three amino acid
substitutions; HFR3 comprises the amino acid sequence depicted in SEQ ID NO:15,
but with zero to three amino acid substitutions; and HFR4 comprises the amino acid
sequence depicted in SEQ ID NO:16, but with zero to three amino acid substitutions,

wherein HCDR1 comprises the amino acid sequence of heavy chain CDR1
from a donor antibody, HCDR2 comprises the amino acid sequence of heavy chain
CDR2 from a donor antibody, and HCDR3 comprises the amino acid sequence of
heavy chain CDR3 from a donor antibody,

with the proviso that the heavy chain polypeptide does not comprise the amino
acid sequence depicted in SEQ ID NO:5 or SEQ ID NO:7; and

wherein the engineered antibody is less immunogenic in a human as compared
to the donor antibody or antibodies and the engineered antibody binds to the same

antigen as the donor antibody or antibodies.

160. The engineered antibody of claim 159, wherein one or both of:
(a) the LCDR1, LCDR2, and LCDR3 are from a single donor antibody; and
(b) the HCDR1, HCDR2, and HCDR3 are from a single donor antibody.

161. The engineered antibody of claim 159 or 160, wherein all of the light chain
CDRs and heavy chain CDRs are from the same donor antibody.
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