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non-human antibody in comparison to germline canonical CDR structure types of human

antibodies as the basis for selecting the appropriate human framework sequences for a

humanized antibody.

BACKGROUND OF THE INVENTION

Antibodies are natural proteins that the vertebrate immune system forms in
response to foreign substances (antigens), primarily for defense against infection. For over
a century, antibodies have been induced in animals under artificial conditions and harvested
for use in therapy or diagnosis of disease conditions, or for biological research. Each
individual antibody producing cell produces a single type of antibody with a chemically

defined composition, however, antibodies obtained directly from animal serum in response
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Hybri doma t echnol ogy provided a nmethod to propagate a
single antibody producing cell for an indefinite
woRoeness generations with a screening nmet hode¢Dus2002/022011
identify 5 clones of cells2producing an anti body that
woul d react with a particular antigen. Devel opnent of
this technol ogy all owed production in unlimted
quantities of structurally identical antibodies with
to SXFRALIBEIMIAN YetlERY (Bip ﬁE@ lafl edHsémBIReSf flbﬁJl(léﬁtlcﬁuﬁlBlecules (ie,
anti bodi es are connDnIy al | ed nonocl onal anti bodi es,
polmdnmmllbaninesg imdt éofir arensedbletod indbedua notibedygiroducing cells.

nonocl o i bo enes_al h rimary. am no :
or st st feeinoRn progutsd wetog Barpreds ThREle antivody-
pro@y %‘Eelpfbr aﬁqgﬁgﬂrp@%n%of‘%é&%@h@gmhea%péeﬁﬁlg method to identify
structural engineering of antibody genes and
clomasodfiatello nproflucingli 4ni edtilaotyi Itimﬂywulﬂﬁemabtesvwh tah particular antigen.

operties .not obtaln ble b bri.do t.echnol o
Deyqigpmy Pgﬂ@amm%g}ﬁa %?flepéﬂ\#tml 0 Y IEFE HE R *?%g%f structurally
1de{ﬂt?c31 b diel gﬁcsaitmgnatnpwgl es 1%éﬁ1¥ &lﬁagﬁn%uc(ﬁfantlbodles are

odent nobnoc on fyl n elr
conromig reyllahmonodend antibadi¢s, nrd niaetokmgmam fioin tddents. Sequencing of

I rmunogeni cjty of eutlc ant i bodi es is desirable
mopgclontl antiondceh aﬁ?wg‘ﬁ henRRIAYY aMEEQ GRKlestricHITE Qi doe antibody be
defSRgctrum of adverse effects in a patient, ranging from

accelerated elimnation of the therapeutic anti body,

wi t h conBlequahient o668 rtombinhhmad)NAL antthbddlogy enabled structural

anaphyIaX|s at. the nost extrene. 20 One strat

enginggiie® Al nARIMGG% ngEEs yands PROGREIENO fré’i‘ﬂfidfl%fhaﬂmlhgfgﬁ wi?%%es with
prog&ﬁe?ﬁ&n Bn%tﬁp ngngflh&n}, taé%o@ggyﬂ?ayeyw%ﬁkﬂl&%ﬁé Y aim of

OMal NS 0 onal "ant'i ogous
thlsdﬁathbdikﬂogf hah;mn to Fedyica thedmmuig géricity Ar hnaldig dfegdamn monoclonal
e foreign _antibaody intact. The variable
autube@%nbwﬁﬁdmn&f thee PIMYRY  ARMOhagdy StidRiss aRgduction of the

lmngﬁlg)%tgﬂlz t)b g thér%g u(PE dn'BB&’i 26 | Qs“raf}l%t YEGlisel ﬁl%ué‘t%izgf’q}{ immune

I'ning onalns connect i n

respomst @b eaui;e bR trim GD ﬁmteasret eftbOt¥Ein NS patient, srahgmg@bn& ricéelerated
region renote fromthe site of antigen bind

cligifalicsy @f ethet HeransPtis rptibedai Wih beanedtent dossaiof cétfisaey, to fatal

mmgﬁ@%&ggﬁggﬁg?%ga E%Inerally do not interfere with

I gen neric anti body nol ecul es havi ng
m) use VvaDhabirgteghotmir¢tiice dinAmeo gemdmtynmmagﬁ trﬁdiﬂoclonal antibodies
omai ns usually bind antigen with the  sane affin

has @smthWPlaa%theH@hﬁe%he%@ HBggnHtand ﬁpmr@wftﬂpremem%raﬂ antibody
w1tl¥\@1§alg§d'uls 46 Hains's? Bl %981‘%&’ lQ&@r?gSt%e Bgéb%?e%gﬂ Ssarlltsbot Re forei gn

antibody intact. The variable region domains of the light and heavy chains are responsible
for the interaction between the antibody and the antigen. The joining domains connecting
variable domains to constant domains are situated in a region remote from the site of
antigen binding, therefore, the joining domains between variable and constant domains
generally do not interfere with antigen binding. Chimeric antibody molecules having
mouse variable domains joined to human constant domains usually bind antigen with the

same affinity constant as the mouse antibody from which the chimeric was derived. Such
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chinmeric antibodies are |ess inmunogenic in humans

than their fully nmurine counterparts. Neverthel ess,
wa@apikloases that preserve entire nurine vari abP@r/US2002/022011

domai ns tend to provoke immune responses in a

substantial fraction of patients. For exanple,

I NFLI XI MABTM a w dely prescribed chineric anti body

that is considered safe, induced a human anti-chineric
chifmed8 ahipstiies’ £8 M $SRniuRoderid! in RMim4hé tharPthies 1§ @Afthe counterparts.

patients. (Rutgeerts, P., et al (1999) Efficacy and
Newatheteys, ofnti edies Abatepresenie hntinat utineryarisde rdesiaing tendoto provoke

tib d | NFLI t
im0 Ut oI Faficl o g ies For 75 P lso NFRRGMAB™,
wid RS ribRY CRinfERi bhtiBoty IS Sok RRRANGS:, R1BE ' hufbhi A8 -chimeric

vari abl e domai ns was ‘predictable, thus, efforts to
antibodwirespeass @bl eowd oofed h ErelirtshDisease patioets. (Ratgedrtss &t etral (1999)

b bef | |t I f h.. st
L A AR AN Su"g’é‘?éﬁg%’wﬂMAB)
to rﬁcﬁhﬁ%ﬁerﬁzfﬁ&“ﬁ@r‘oﬁn ks %fs%&fee @Jsﬁoﬁﬁerofb'éﬁ@? 27619769) ai ns

convert the vari able domai ns of ruri ne nonocl onal
ant i bodi €katthwnmmnsovald omant i immuye rcspomﬂotonwh@lleynunne variable

canstructi tibo var| bl e daomai n, havi n ot
dorpgs vt er R Bt sy T (iin Ee Cdotain it Gpese buman
chaPR&2%albepfY @Vl bERRS smeﬁlmgrgd&fs%&ﬁ@%a&% &iménc antibodies had
anti body Structure data. First, variable domains

beeooppaied. cOm cgegurg of mmtlhtxisdieqpa][ﬂy ciferreslemuesn’themtanéting,” aims to
are conser gqvmthln a species i.ch differ

conyert fRsekarably dRmyas Pl mpring émoebgﬁle@}t@vgdleé iR R ragrenhwn form by
recﬁﬂgmgﬁ{ @&str%ﬁ%ﬂgn alt \%’ﬁf)feg&@h’ﬁn b Sbdth SnéWE and human

conserved wthim a speci but even differ even
chatvetm\eéfunmnmnhg)ckyramgmd um‘snlgasedaldrs sewcrdli nonseheiab ameerstandings of

 wihify & @gﬁctaaecd?tapr HEh pV&PP e PR SR EOTHEEORS Estsy @ peptide

seqh &Rk Ms He (totﬂ@?rV@J i d ieE‘ Flﬁo%kh diFfaf vIRb&AUERiutionarily

architecture ant | ody riab domai ns 1s
remotd Spaiesntshgh w5 mnlcar arglc htmsnsn$ peizcesd, t dtheér contiguous tracts are not

correspondent am po acid, eS| du osi tiqQns, bet wee
°°“§?§§?ﬂe@/§£}’f’a§/ SpRsIsSgRM§VEN ST £Yey %8‘3"6% agflﬁwnpra%ﬁ@g cells within
the WahROMUIVEXRE! | TR aécin%ﬁsabetulég?%ﬁﬁgdgﬁtaﬁ@ %9%&? oS8R Frincipally

the prem se that replacenent amn aC|
thraugBi theesont-batseoed cgmacofeithestvadatdé damdine Feqrtbneles molecular

with resjidues found in the correspondent positions of,
archjigaige it P%@)&ﬂﬁsvwabl dergivs ishanffi ﬁ‘l’?ﬁ&bg%‘ﬁi‘ laq tagrqsp species  that

con]% ﬂéntogmmg 2}?1({ ?e%idu% C}ﬂ)glt%g% \'Reptgk%lég Sg%gﬁfég dentlﬁed based on

acement sequence
posmemmlldr& withoutedpeirhemalafataant i body bi nding to i ts
antigen. _The art of humani zation therefore lies in
bal anci rfg‘um@}ar%@cé%ﬁglefoﬁ 4ra dhe Preynise | thah replasemerty ahamino acid

resilifes” B CErel THMARGH C otfy n}‘Mrlth g&fﬁences with residues found in the

correspondent positions of human antibodies will reduce the immunogenicity in humans of
the resulting antibody. However, replacement of sequences between species usually results
in reduction of antibody binding to its antigen. The art of humanization therefore lies in

balancing replacement of the original murine sequence to reduce immunogenicity with the
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WD 2004/ 006955 PCT/ US2002/ 022011 4 need for the
humani zed nol ecule to retain sufficient antigen
whioodion®st o be therapeutically wuseful. This betBDS®02/022011
has been struck using two approaches. In one approach,
exenplified by US Pat. No. 5,869,619 to Studnicka and
by Padlan (1991) A possible procedure for reducing
the imunogenicity of antibody variable 5 donains
neet Vol thePuBSREAEH NEoIEORE bo tetARRGIHRISME aRSE A KIR@IE it6 Be therapeutically
Mol ecul ar 1 mmunol ogy 28:489 498, characteristically
usefilndhisrbatindelkss teer stsudksusing iwechpporachasr i ne vari abl e
domai n residues that are.determ or jcle i
foTol oy oonsiagmonbane et bal S IR NGy s B o Sudiibia and by
Padiph UPbssiblet FORR re@RRfh dnk kmbBnbEerRQB) 3 ARGy variabl
avvlgt ﬁ[%?}deq%ﬁg?\’ﬁ B%g’}‘e tl ﬁg intg((J thné Sg%‘egmz’% ‘Iﬂhus, v varane
domexinewhile praeivihgerdenr digond bindimp prioperagias,iNelecblantihmgnslogy28:489-
are humanj zed, while jnterior 10 residues, antigen . :
498oich@?ﬁ5n$@§ﬁ>a hwman z5s up%é{co%%gﬂwmﬁhﬁmﬂs vaRgbIE Agmain residucs
Vbl ictd@'TH! 0 H1dyeRbigniHaht\Genfi®4® role in the interacti
ﬂmﬁ?@ﬁﬁ@%ﬁ#ﬁgéﬂg?&ﬁfsgggﬁgghéﬁﬁ?ég?hat rafher égféﬂsi%glmacmm
with>apagényand 4li) Wdicapastioned withesid¢ ohaies propdctieg witetthesolsent, Thus,
residue plays no_significant chemcal roJe in aptigen. .
XIGOTATORGUBT TP Rmpt; ISR DIPGIIE ates aley BipaRiAed While interior
RS e BN SIANRLi AN FIRAGY 4Rt G bl
e MY ohR LB Sl O o HSHE g i
dorPaihs r®aain udR&, 588e dismdvamhbgr ofirtds kyppbaniesis etha@akather extensive
(1986) Repl.acing the conplenentarity. determning. )
expepgienta data is Eantishie %?W%Vhﬁﬁ&‘%a FSisie MBSO gt chemical
t p 1: - 5 i g . hﬂ%ﬁ di . 1
ml%lg]r #%lgfrggégﬁéfoﬁ %ﬁgpl))tei%ggitt S g%@ﬁtgée E@o%@ ingféllp eg conser v elélnerlSlona
antibody steytwreed Wi th the correspondent tracts froma

human anti body. In this Wlwl |
vari abl elmanofispioRe sesral feRrogfle eKemBRNSERY id-diat: Ny 3,225,539

o R SSRGS 00 BT E B8 ) 98B s
a Hudant @pibade vaikt thoW¥ Ifiioer o mbgse) Olaare €2 1:522-259 86htiguous tracts of

utilized a classification of antibody variable domain .
mugae yaalkls damain [Peatidh spaucaes, SPRYdIeh CRUSERIRS Jrepppiaged with the

. t v Di ' .
T e
dorfigintrésiduek iafgtaunhdanizedi excepe Jou e won-eosenedakgivas tinplidatesitin antigen

. through study of sequence simlarities between,
binging; Jig| deteqmis appronrigts,conifgrrusrtiasks £5rerlagsHabnt inter, and Jones et

al ﬂgﬁgdgltgl?zehhﬁt:latss?ﬁ@atiloﬁ rcgﬁe%nﬁlg)gg* vhﬁ&ﬁgr oﬁ'f%ﬁr? @E%\é’ﬁg& that had been

OuUs acCross a es In a vert rate
devaped pfeviously by Wu and Kabat (1970).

Wu and Kabat pioneered the alignment of antibody peptide sequences, and
their contributions in this regard were several-fold: First. through study of sequence
similarities between variable domains, they identified correspondent residues that to a
greater or lesser extent were homologous across all antibodies in all vertebrate species,
inasmuch as they adopted similar three-dimensional structure, played similar functional

roles, interacted similarly with neighboring residues, and existed in similar chemical
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i nasmuch as they adopted simlar three-di nensiona
structure, played simlar functional roles,
w0 ndoanedsed simlarly with nei ghboring resi dueB¢T/asmo2/022011
existed in simlar chem cals WO 2004/ 006955
PCT/ US2002/ 022011 5 environnents. Second, they
devi sed a peptide sequence nunbering systemin which
honol ogous i mmunogl obul i n resi dues were assigned the
Si n e
o oy A ey U, Relelel PamRfing Pt o which
homeiog@rsi nmnumagleim}mvmsudabﬁ aved assignedetho evaoe, peditidiontmber.  One

rellan e on any experimental .data 5 beyond the
n'gé 31t sf@p%/unarﬁ?lg@us Yo RSKEIE pVhed pist Xﬁwnﬁcgp@&nly called Kabat

nurﬁ@é}fﬁgbﬁfa%%ﬁdb?ﬂﬁmﬁﬁﬁageqﬁé}i%e W G& &4 %ﬁ’e | gny e)\%)enmental data

varl ch i’s ‘meant t e fin
beyond yhepsegsdnok étselfti Third,afor dschviant-namberdet eeqimm?ﬂ position, Kabat and

sequences are _aligned. They identified. three
WuC%ﬁml@% wariabiliyi Bravhgh isi rgrany 4he §Bflqngt°;f fevifs fay possible amino

acidd w&er A aﬁg%lel §oirainf agehl‘?éﬂcgs Bh ‘aUS §€ 1@é?ﬁlﬁe81tn%ee<]:ont1guous

previ ously not ab|I| approxi mat

regiofs ofibigh vegbilng eﬁibycﬂlﬁﬂ\/\aﬂhxaﬁbﬁ Ib@s vafibbnegntignous regions. Other
posited that the highly varlable regi ons_represent ed
workarsnbac Bretiquely; aeled vasakilivy appramimaAL 1B theRengeiora hypervariable

e L S T

for d@hgérmliﬂlﬁdi@g r eghatsdt Sand( BRRIYrmallyeli@hircated tresxmk@nwhahtutmg these
onpl enentarity between antibody and antigen. Ar .
variahlet Hade- agd dAspignyedithess| © wl@ﬁeth@yvé@tﬁraun@gdmnﬁ (CDRs),
refe*f’Htt;%%) tchéxﬂicgpg&ggfgmre {éﬂgﬂ \)Et\&%@n a\ﬁ’aﬁ cgﬁ &r(d Qﬁt?%eﬁmo A&Srothb?n three-
ess-vari abl e -r egi ons, h

dimehsiana \&Bldkngl’ &0he nsnabld:@d:th&lh buth@béd arﬂfgdn Wbogﬁlhahj wsdﬁz&;dnbed to
__and nucl ei ¢ acj

jL4nK&LL_daLabase_ni_anLLbndy_pepLLde d_
the semeiamElsss-Viwiable Tegins, ﬁ’m,i@,h £t B famed aiilqegwark rqgions”.  Fourth,
Ka"%@I Andkw s tB1it (&Sg hc ﬁgtalgﬁlgy&s\bpﬁ’{ l;odyTEgpt{jie and nucleic acid

umani zati on ne I'scl ose

seqUiGicBg) wHi¢h dabiaties t@%@%ﬁillﬁthﬁﬁﬂ afdisrvesLikdosv 10 tﬂosehkmeﬂ i€ the art.
antlbody conpr|5|ng CDRs from one antibody and 20
f r amewor khe b@}péfﬁéatfqndﬁ?téﬁétdhséiosaﬁﬁleb\Uweft mJoalm pgipg the Kabat

claés[]hc%ff&f rgs%ll rlth %pfo é?l%c'ﬂtib%dgr yc'onﬁ)yx ﬁxlgaéERsofrorgt S}?er antlbody and

er1s wever, ar sequences or

frarREORR! I‘dgﬁﬁlSV\ﬂf)ﬁl a86tBEl bﬁdbd@ i}hﬁ diffarsewprslsediegiopighh, specificity,
i ndeed, Wnter taught that any set of frameworks could
subplassg Mth@cphmftcfﬁﬂéhﬁﬁ sHPW@VercmRsparmdafewaﬂkn%@u PreResties were

hayv bee
asclibe d? tgﬁl ﬁramte‘ﬁ'grli e 10é1 all éeeegls ?@HE’;\CP ?Au%ﬂt {hgpgl{g‘ s%FI)f I’rgﬁleworks could
be &ﬁﬁblﬂ&ﬂWltﬁ&hy 36l & CORS.CBtRAMEWRR @%ﬂhb’esf}ﬁt\/alsﬁhc@ 86¢h recognized as
anti gen binding. Thus, the enera humani zi ng net hods
being important for conferring the three mensmnal structure of an antibody variable
region necessary retain good antigen binding. Thus, the general humanizing methods
described by Winter and Jones have the disadvantage of frequently leading to inactive
antibodies because these references do not provide information needed to rationally select

among the many possible human framework sequences, those most likely to support

antigen binding required by a particular CDR region from a non-human antibody.
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descri bed by Wnter and Jones have the di sadvant age of
frequently leading to inactive antibodies because
WO b@amoduss er ences do not provide informati on neeres2002022011
rational ly select anong the nmany possi bl e human
framewor k sequences, those nost |likely to support
antigen binding required by a particular CDR region
froma non-human anti body. WO 2004/ 006955
o 3 | e .
SubRIPAAPAAEAN h P SEMIRFAVE roARUFRAD TRBRR e eliitat Winter o
deal ovithdess ofavidity fof intifencobisdivey wWith soand hgaimipdisaitibedies relative to
with some humani zed anti bodies relative to the
the yjdiiyt §f B COHESROBAMEIPOHEi WLAYES dAYHEIYIS A guantitative measure of
Avidity 1S a. ntikatj f rtiti.ani S
parbfiSi of pSarftiBHPl 8 irtenl BF Uhfpch undhB) CobltiBl ApBimating
chefifillict hiDIBSwWAP PEtOXERRES BEH BntidaaBoaad f&fid] Forliehdti®ins in solution not
between free and antigen-bound forms. For reactions in
subest (@ inHtiMgent Bindingceftects, myidity\isl hatsamienssi aldinky s thet Biochemical

L dity ] e sane as affinity, the biochem ca
eq“@gblﬂ“l“?%"r’%sﬁarﬁ'gonstant.). U S Pat. No. 5,693,761 to

Queen etUd. PatliNg: 50598576016 QuREnh BEATEBisclofes\dnRtrefinentedt on Winter
humani zi ng anti bodi es, and Is based on the prem se _
for tvananigdng japbkodics, dindyis| based top theopismussl Brab aseriheeavidity loss to

ruct ur al tifs j.p .t umani z f ranewor k ich .
proffetd b St ol i 2 PATRIAAE R A Bl cfty of steric o
othééiRhfied EnvdrhphtibiiRy.f @ledfefd with thd goldideSof tieCCDRS into the binding-

bi ndi ng- capabl e conformati on found in the nouse

capalple i dpoéymation feemrd & theh moupe @blikady. Qleetddress dbiseproblem, Queen

si ng _human fyramewor k sequences, ¢l osel v _honpl ogous,.in
teaqhfy Ufpe UBPD GeITR RS P DtaBiiodous JLHRER Pgprideggauence
to frRMSRoANbéduRAYest 6f B MHolBd iaABBbdy RS @fe Cﬂd?ﬂdn‘izeﬁlt hezckdrdingly, the
g franmewor

f oCcus _on _conparin _ S
methedruehQuecnblorvieen cepparingsiramgpork siefyencesabgtwagrnspeaiss e Typically,
hu variable d i,n_sequences are conpar to. a..
a1 SIS, Pl TS iR SRR e SPBRE da 4 alitioplay mouse
seqidicheRl GRY NReRANRde NeltitaNBMRES IBfbePéadertSframework residues is
cal cul ated. The human vari able domain with the highest

calgydatedenThg bunan setiabde demaio wittothedughesthper¢entamsid sidected to provide

sequences for the. hymani zi ng. proj ect. een al so ..
the SEENGEGR, seainet o SBF PlaPict PIogch o QHFS aftp h@aches wat it is
impokaRNioZ Afaih Iia ¥ AHukhanzed tpdnewdifk NeerBft drfilgs héld %sité%%snﬁom the

the nouse framework critical for supporting the '
moysg fFarhewerkneriticap 4o supporifngr thatCIORs in Robiedingadapable conformation.

iticality. i d | nmodel ,
potdight ity s afesiied TRg moldeBift Mgrefiy LahaigRe Eesfdups forggention ae
typi\?mﬂjt}ﬁ?lgg% ac'}labglfn't gﬁ?ﬁeéﬁb%éﬁ%ﬁ&%taOCERQQ%l@Eicﬂkyﬁitﬁﬂ é X of any CDR

residue.

In other approaches, criticality of particular framework amino acid residues
is determined experimentally once a low-avidity humanized construct is obtained, by
reversion of single residues to the mouse sequence and assaying antigen binding as
described by Riechmann et al, (1988). Another example approach for identifying criticality
of amino acids in framework sequences is disclosed by U.S. Pat. No. 5,821,337 to Carter et
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residue. 25 In other approaches, criticality of
particular framework am no acid residues is
waoledoannioned experinmentally once a | ow avidity bomasiopge2011
construct is obtained, by Teversion of single
resi dues to the nouse sequence and assayi ng antigen
bi nding as described by R echmann et al, (1988).
Anot her exanpl e approach for identifying criticality

. : it ; o
o, SR 1RSS5 g TR TE Mt o B PREESelpnfi b pifc Kaba
residGd / pSAdN2/ 2 20 Ifrandevadrk, avtdcH)yinUaShumaitizedNantibody may require
5,859,205 to Adair et al,. These references disclose
substifabipR Vit fisacorrespandsnt Mswss e agid te EeserueneXiditk, One of the
dlsmgét?g?sh{fl tg% e&wf@ﬁ{eﬁﬁg)yc e'eg,oa tﬁ%%qﬂ’rg&lﬂ%g &f Ricechmann, Carter and

Su rrespon nouse am no acrd
Adie, Br @Rera eedViagid Yiumeee oothuiag frathewstkasdqaedses Ofre tleguired for
refinements by Queen, and the approaches of )
cormmpagisemnaiikor ther guidelinpg Hr Adeserving srifipdt argingepgid | rgpigees are not
n ranewor k seguen r equi .foO
cof 85T e RATRA e AN YOIl RN DSR5Pn, I ff amevvorks
corgfridted; alvhithi B paitdhifsl dua@Spad enéuk, sGRNbQledlly exhibit human
. sufficient to predict functionality. Accordingly, the )
impeRageRicHy drr loveorgst katigasobigdingc thagebywriquhing: aupgrous iterations in

human an rt . mouse, stil,d frequently exhipit human
R SSEAPERpY (SRR A TS S SR for el by

requi ri ng saeurRY t9pS of deGhéhé NG Wifiter isoeﬁehﬁl)'ﬁ!ﬁ‘é@ b!y Padlan et al (1995)

construction to obtain a suitable framewrk for

Ideptifeqatipe @ff ispeqit@ty-deferagniog desidyse infintikddiese irSER b 9:133-139; and

W nt j Lifi.ed by Padl t al. (1995). . . .
TanflyloF o {2096 SRl St Pl P s Riindmg gy idenfifation of
D B a1 s Tl gy ae AAhenT L Subndly immunogenic

antgady bedgnt bydereniioh ch6P8s ovly. J. dpeainl. dibtil4d@tl1é# hi Fliesg references

shaf b ReGish D ahorfitinecy RSP o £xpePelfelflifly Hpmagsaguence in a
hurRdhized ahtibbdPWMNP kedudd tial 4dtdboli ¢4 Immhis&hitis), @h@ AE&®%dingly disclose

share the premi se that increasing the proportion of

meippdy &t graftsng partial (HRvesaquasgese n Betdrmination uefathiez deee-dimensional

anti bedy.wll reduce that anti 's inmmunpgenicity, .
st 30 Ro vl B EGmbleRts FBMedab¥ BpbfFRBRRE ik psgiimed 1o
the @RS QEARAT BF - KWk QL Wat fafdly Sferd ARedthy BRoAIHBASAMRBEA binding.

structure of antibody-antigen conpl exes showed t hat

Thaserfercncischewpd that igrafidngs sihgeleaf COR 2esiduns vamid adeguiteltransfer
o e At P O RS e e seqvences ae
stilOfedhiréd)thrd &8s Rifereheesldd h&iStestemeitoll dosettmieddéquate human

transfer _ '
framework sequences for use with a given set of mouse CDRs.

There is therefore, a need in the art for methods of humanizing antibodies
that reliably identify suitable human framework sequences to support non-human CDR
regions and to provide humanized antibodies that retain high antigen binding with low
immunogenicity in humans, without the need for direct comparison of framework

sequences, without need for determining critically important amino acid residues in the
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antigen binding in a humani zed anti body. However,

humani zed franmewor k sequences are still required, and
w0 b@amodss er ences do not teach nethods for seleCt/uRm02/022011

adequate human franmework sequences for use with a

gi ven set of nouse CDRs. 25 There is therefore, a need

in the art for nethods of humani zi ng anti bodi es that

reliably identify suitable human franmework sequences
frafn@w P RAG il HeBR Foriitipl€ @b 2080 fi‘l”éoﬁsﬁu&fd?lv{dj tham humanized

humani zed anti bodi es that retain high antigen binding
antwiotltes Moth suitabia tiegeeutc propemiehunans, w t hout t he need

for direct conparison of framework sequences, w thout

need for determining critically inportant am no acid
_Sgwﬁﬁ&wﬁqﬁi@H@ ¢ 006955 PCT/ US2002/ 022011 8

framework, an thout need for nultiple iteration n

const rucTho prdsmtoinventrmnhmmm itizie cheediitlyl prodtidiisz wiethods for making

sui.t abl et herapeuti ¢ properties. .SUMVARY OF THE
hurp koY P gB@éé@Ex andrlowrimBpnogsRicYY ritheutpesd faycompanng

h r e 0
QU LA Sl i ol TR Y povices
huraaripalr inodiks arseokideetse qRihaahab ailying on tamahUranevedikl sequences
human antlbodles and_al so provi des humani zed

as YRt icnahistie thenBrbpags PrRyided rhefqaraﬁelmry?qxgpmgmﬁﬁ@ncal CDR
sl PSSR 2R, RECBR SLuNE Ry il ncodies

parfifdRarlp ast encotetd eyt ypasan glermhige Requdntem ntoaidehtiffdaddidate human
CDR structure types of human anti bodi es particul arly
antibedy sRAYEREGS @S?th R tg;ebtain appropegisdars framewatknt i f v
candi dat g
obt ain appr oggﬂg%lgﬂ Uﬁu%gyfég)gn%ﬁg?{% RV\E{&W mk;n% a humanized

antjpady thatiimhddys tHehetseofiobtantiny b geptide segtdied farfa subkdchgarfuble region
that _includes the acts of

___humani zed _anti body ,

encgficnd Re-Ruipap matie authedy gena ad idendifipng @tfirgtaset abgaponical CDR

sl B, 7 CPAIGE AR LB TS REL R RGP e

A libygre of peptidetsedueasds forburhdRmtibotd varidbikeregivns foraiman antlbodies is
antlbody variabl e region. Then A library of peptide

alsq; ohtaliedes It gr Prefaried enbedimgnt, he ilkkity qoslfinsnsequences for human

ger@#ﬂ%n\/aﬂ%ﬂ bf%%hgﬁl% en@ldBq bgpg%ﬁﬁg nhdeid Ry fs%&{?g?rtg.n In other

ment rary co I NS sequences

emigeiimibntsichovadvieabthe 1ibeglyansy arlrlecaatee Bymgeraftibéd sequences. In
nucl ei ¢ acid segnents. In other 20 enbodi nents,

elth%meﬂw metbod insludey idealifying sanericabRe st tresi(body second
set SEOHRAREFCDR structure types) for at least two CDRs for each sequence within the

library of human variable region sequences. From this library there is selected a subset of

candidate sequences by comparing the first set of canonical CDR structure types to the
second set of canonical CDR structure types (i.e., comparing the mouse canonical CDR
structure types to the human canonical CDR structure types at corresponding locations
within the variable region) and selecting those human sequences where the second set of
canonical CDR structure is the same as the first set of canonical CDR structure types for

the CDR sequences at corresponding locations within the non-human and human variable
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ei ther case, the nmethod includes identifying canoni cal

CDR structure types (i.e., a second set of canoni cal
wWEebR4mbeoest ure types) for at |east two CDRs fopCrES1v02/022011

sequence within the library of human variabl e region

sequences. Fromthis library there is selected a

subset of candi date sequences by conparing the first

set of canonical CDR structure types to the 25 second
regﬁff‘lts RipceBNIy TR mgHBd fb&s RS cEndidRE hurhhn eamab@@fgéﬁfn' $efuences as

nouse canoni cal CDR structure types to the human

a ttaalﬁofw d@lnstmﬁmgtar lspbnnnre: nymslmthwoncrle@soatdlaag two of the CDR

B e 0L 2.0 SREGFT) s wi
the GRRRIN orR ke iR (RImh lé&ﬁdf&ﬁe h&mb# %aﬁf‘zﬁﬂ?reﬁ%ﬁ)nt Qﬁuédc(ﬁt Th&lesult of the

of canonical CDR structure types for
consueiEnoe shad theodhimespartidiody coutais |e@¢isoﬁmht lmon-hnhmn CDR sequences

n v abl e WO 2004/ 006955
SubBEISD G TR IO SEHEnCTeat GUEEPYAIIDE lopAionsdp fsarable
regib?@ Ssot 128 Ghe ARhAAiR LUAIER Y &k @‘El EnifBHE %ti%sﬁf gﬁ{}ﬁrg . from the

a basis for constructing a i meric ec
candniateddmsanai‘ammk stquencds liyhm 100 thae tuanowsacid mmdhbae In certain

non- human vari abl e regi on of .the_nopuse
e KPRl i FAPEVOTK W%lﬁ%?ﬁth%é@ﬂaﬂéc mtmdaahﬁfﬂdg?@ the human
i u
TafAT0% SRR B hEHAO AV EATR acid REIAES i ofilr bilfodiments, the
fralmegtrkobequbrces oof hherechiriidit setjbetyc differs Ubahi thet Bdmbwr framework
each of the human CDR sequences, at correspondi ng

SCAPRICER DY MPre feany AramiBe Acid &SRS o8 Mg crpbacments, the act of
con%r om ﬁé( clgigl%lc'}g o %Blfé@?lg gﬁ%%? E’:o@s@t&lhg ngx nqglefcea{c% sequence
thatrmeddshmaﬁﬁeammdaoﬂy isequeasdsdues. I n certain

enbodi —the framewor ces_of the chineric. L
anti bod dYH‘F*’ére“beé}Wft% t}rﬁ}ﬁﬁﬁ é@rfheaw@MFkr@gméh%@@mbers of

the Qﬁ%sgp?ﬁng{r]ltﬁlscfa : hrheuﬁaz?l %é%ﬁ%ﬂ%@?os{tﬁp%mon 51m11ar1ty of

amian tachloeyiddésf 6 feths nbnmnmahdjlhnn;aquefnbmvtm korré@quang éidman CDR

by no nore than 2 am nag acid residues.
Seq@?meﬁ AGROFHIRE 1 Rdankipg sflteneanslprq%@mrfgathss cthF ﬁemleate of human
seq@&kb@ﬂl@)ﬁd@?hﬁl&%@ tdg 188K %hé: E(‘i WehibRe: 3y d%?njneeérﬁb&ﬁllngnts the
sequence enc des 't nmeric anti bo
ranisag weitarizs. intmdds at soore af aﬁniixmdbialemﬁutyt lt&twﬂai ftednon-human and

further includes ranking the nenbers of the subset

of

hu HatcarnRemehf oS RABIEGS U BRPIATS 1Y 2b drapt orsnCBRR, or at least
t

v RSER 1 A Lo S RPEDA, IS ER Rl s guin

cntaaquamnﬁss acoredoNgmine acid ddkohggyClhdtiedn Oie. ndoRh@R4d @hd) human

Rr actices, the candidate of human
CDRs. at corresponding residue positions of at least one, at least two, or each of the

corresponding CDRs. In still other embodiments , the ranking criterion includes both a
score of amino acid identity as well as a score of amino acid homology for at least one, at
least two or each of the corresponding CDRs. The method may be practiced using CDRs as
defined by differing systems. For example, In certain embodiments, the CDRs are Kabat
defined CDRs, in other embodiments, the CDRs are Chothia defined CDR loops.
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sequences includes only the top 25% of the ranked
menbers. In sone enbodi nents, the 20 ranking criterion
w0 p@uoa®ss a score of amno acid identity betweporubmo2/022011
non- human and human CDR saguences at correspondi ng
resi due positions of at |east one CDR, or at |east
two CDRs, or nost typically each corresponding CDR In
ot her enbodi nents, the ranking criterion includes a
score of TRIMRMoAGS ﬂoi"ﬁfﬁ%&%’st%ﬁy\ﬁﬁﬁg ‘iﬁkeeﬁgﬂcb‘l‘!*?eﬂué}{&@s of the
human CDRs. at correspondi ng residue positions of
non-b@Esén suege mtexlamqudmes oftthe dmmbn fhmewerkaSrom the member sets. In

corre ndi ng n sti ot.h mhodi nent.s
cerp KRB B B eomeiof TRk s JBHIud: SQRBRBINg A dagsh gt amno acid
resﬂdqg Bf" ﬂlte)ﬁoﬂshuﬁ?alnl CI§R s%gt?’éﬁ@ésewﬁfl an&@ntaéfﬁlﬂ Q&ﬁ?lﬁgﬁdé@ﬁowever,
| east one, t two or each
that:ms mpdladlmsﬂmasare'shbstmm’ecﬂmxdammqf fn-jwraat ligledchasi @DR 1, light

defin dj fferjn, ens For exa , kn
chaito DI hg%ﬁmmgﬂ?ﬁi oy bl CBR | aihary &B?lméﬁﬁ:mg no more
I n d eEs- Ch
thah o%"gia“‘?’% \%ﬁ go%’%?%ué’%%tgg&gd/ RtRian oz%ﬁ}' 1%8& (EﬁﬂzCDBl other
embaatilnonts, the modthdd miay ebot iaclatie swlistijnting ian deasheneebataio GOk than 10

sequence of the non-human source or _exact sequences
amigp AR EHe R UM QS Se e s HiBra Uit Hfino acid residue.

certain ]
cubert TSR b, FASGELY Ok T GBh38 DAGLUAR 0, gon humn
variable- fegion m4y0Rc kide ueDDRsetidnbe havihf hemaaniica yproataentdom human

provi ded however, 5 that no nore than 4 resjdues are
vmebﬁsr@gm% el sasenifrersreaqh of HugnRon-hgmen GPRsis@dight chain CDR, if

C(g%@%ee &F&ﬂ{edaﬁe/ﬁﬁg %}éq%%lﬁ_%g gﬁgf]% o@%n?cgl Igﬁ'ﬁ%’lt}ire E Iabsent from the

11bralgl| ofshuaraa \aibsleirtgive dequ&nmnthhnl tigenadh eé sglechigi the Eﬁ)ﬁﬁn sequences

o _Jmmmhﬂets[th miﬂgéiﬂsa_ ncl ude
mclgggssiqlqcmlg Adruaan waeblegisgiop reayracedi® @ RRIR eba diffsreny canonical

typ%‘;ﬁ#ag the Sh P o huln drlglgflgp 5&%‘6%%@2%838%&3@%} Brofiding only

erent am no aci
thatr éhe afifférztscanbaicalolumar Cﬁ]lhtype das iadaﬁgth me more- ﬂhmliYMO amino acid
Vvariabl e regi on may_incl sequence_havi ng

residucsoiralisy or peer thaadhe lon fﬁ%ﬁ‘ﬁeﬂtfé‘i‘l%[ﬁfl‘ eCIP%gGFrBﬁere type of the

C r o]
oG OO syl bR D BRI S 1, gen
act @fchales selentingal hisitanisztjuenee tyithea ednssiol thpOMODR at {he bbﬁéspondmg

of human vari abl e re%%on sequences, then the act of
locaéemeelf Hiibe ner-himan CLR seruisness 11 9f panonisablyps Sl then thegach includes

se]e%ﬂ??er e MQL@&&Q WAth 3 EAHEMES %%é I'h Ar %DBIﬁ{ af the corresponding

can
location.

In most embodiments, the non-human variable region is a mouse variable
region. Similarly, in most embodiments the library of human variable region sequences
includes a human Vi V,, Vy, Jy, Jx or ], sequence as the source of the human frameworks.
In most embodiments, the method includes assembling a chimeric antibody having both a
chimeric variable light chain and a chimeric variable heavy chain, typically with human

frameworks from Vi and Vy sequences. In typical embodiments, the chimeric variable
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type than the absent non-human CDR type at the

correspondi ng location, providing only that the
waobkdks@p@as canoni cal human CDR type has a | engPér/m92002/022011

nore than two amno acid nesidues smaller or |arger

than the length of the absent canonical CDR structure

type of the non-human CDR Typically, if the absent

CDR sequences is of canonical type 1, then the 20 act

 light rlﬁllah’lg ezﬁldsallﬁl%hh Rridb 1D IRy SRAHE Qﬁ‘éefo%&@ n?tocaﬁlnlagﬁ ‘ﬁ%gment or a

e correspondi ng ocat 1 on
(Fah))fmblmnle DR stpueage By insoledule anad clametiy paridble hght chains and
the act includes selecting a human sequence with a
chiigHe,ea'y chajppare gsemb blegyeith aipmanntibedy samsigt region to form a
com1E@Ghfifody. N MOSt enbodi ments, the non-human variabl e
region 1s”a nouse variable 25 region. Simlarly, in

most enb®hk nethiods hfeaapplidabéer ty cohvditingn swdedt ablibdysgiwsice of any
se uences includes a hunman VK, VX, VH JH, Jk or J2
su é“é&ﬁi@ﬁ@é tQ,a less dmaniRp e formitARIRHPr Yse AnagPlest spegigs by makmg

B ORI S AL SRR  cominatin

with IGQDRs fbui the autjed spévidse rTh sustcdsed) hige foeoihgCiiathdds are the same in
typically with human frameworks from Vk and VH
the gets pRaitoEmed,| whespphhe yariahlp degise May, b Femcanaect species and the

objé/(%rv'aﬁgdlg % Jﬁ&%é/bg%%’?gn aé{fr cﬁégcg)%s/ fgﬁ&%i'c% thg' %mjfﬁc?%&e\&aﬂl be used.

alns an rrc vari alns are

Thuspf@r exanipdd) ih vagowNémbadiments falihjed amtibeduhRy berchnierzied with
single chain Ev nol ecule, or the chinmeric variable
framewyork S@ﬂ'aﬁrwgs &ﬁal DRARGPIOT NG AT RN CaTOBT S d@ e Hovinized,

)
pordlzBa Fp iR, KRGk HARRL AR D) o appl i cabl @ to

convert Ilﬁgaﬁbtﬁétbbm&t Y ibetdion psaase cethpesityonssthll @edlude the
species to a | ess inmmnogenic form suit a_bJp_e_f_or_LJSE in__
chirariognbedys meldcules ypadearecording e rtbe |d¢sclmﬁ¢ actheds. Because, the

L

conmmdw Wits Qbject NEDR 0deq@8ichy tHEtrm&ﬁ)gaélﬁniehe 8BBdit maddBare also
acts performsd where the variable region my be from
novghy AcAsrdinglys Hasse os herpin tivevided, objhustanizad i anbbedy deftovcludes a

chnH@léfci Bﬁlbfoﬁ q]éﬁgm%g%go%cc%oﬁﬁ? ﬁggts lleflsq rtw%oﬁ-li]lu}nqg Cﬁ‘ﬂi Isgq%%}{ces fused

adja2Biadini@idhSwariable 4bgi6e fraﬁlfébvbfkoﬁylumﬁ tIix‘lnc: thhﬁhfﬁ‘am&%rk sequences
w th framework sequences from bovine, porcine, nurine
are gpleiefifinm a subpsebef frampwprk $squensey elaracterisedibyi having no more than

10 %frloniclgiﬁdresia{le 81% Qll #& fromeg Q‘rea(r:&elvxyo?f( ysequences in a human antibody

variable region having at least two human CDR sequences with the same canonical
structure type as the non-human CDR sequences for at least two corresponding CDR
positions between the variable region of the chimeric antibody and the human antibody.
The non-human variable region CDRs are typically from a mouse. The
human variable region sequence is typically a Vi Vi, Vu, Ju, Jx or Jo sequence. Most
typically the chimeric antibody includes chimeric antibody sequences for each of a variable

light chain and a variable heavy chain. In typical embodiments, the chimeric variable light
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In anot her aspect, the invention provides conpositions

that include the 15 chineric antibody nol ecul es nmade
w@ca@andissgy to the di scl osed net hods. Because, P&EUS2002/022011

met hods utilize a novel way2of identifying the

appropriate object framework sequence to conbine wth

subj ect CDR sequences, the resulting chinmeric

anti bodi es nmade are also novel. Accordingly, there is
chahﬁrﬁidnch%eﬂé J&5hb1 A hEHRBNaER hr& R rhRAGitd AR Fab 'ﬁ% A6 of a (Fab),

chinmeric anti body variable region containing at | east
molewgienars $ingte mhﬂmFEvseqlaedgszr theicldthedlO vadjtde dight ¢hairsiamd whimeric

bl K The human
hea § chts A St S d P ORIl O A RGtagy ifpfhe form of o
corﬁﬂl&g‘?&ﬁﬁ’ﬁdﬁys NS @ﬁﬁ&l@hﬁlﬁ %hﬁh'v%ﬁ%l@)‘e%?&i’ ééﬁ]ﬂeﬂ@: i¥Q's€quence from

han 10 am no acid residues that dif from a
a hﬁmaw@ﬂmlmeswwhceglqnnfrmmdnanh@rbaml;odlmamts,aﬁiedmman variable
regi on havin st two human CDR.sequences W th
reglo RO SRS s A grEaf T A T L PR b o0 e nons human
CDR sequgh r tg B0 5
positi oﬁ gg%??/\éégn ‘?lhghl\%gcﬁsabpg }‘rﬁg’& on o?‘ﬁiﬁ%g1 Cﬁﬁ 2 dlSSOClatlon
constant fooity amtigéntofiet leastd 0° BAY, ipbafetybly aT leastridr M bmrahmore preferably at

TR R T IR BT MR AT iy S —
whe\l{;ladﬂlhhxstgljéd % J}un?aﬁlqu es C%[bérhboch}ﬁ%hﬁa% e)clr 1H€m§ the invention

imeric anti bo I ncl nmeric anti ences
inclided damhniaéd aandlaatxhet bindghtcazpi@nveannh antigen) &hk ®ind a human

vy chain. In typical enbodinents, the chineric
CDE’grﬁe&%ﬂt@ | $hghbindo Bty dxsame.per/ thab ot (o Jyman ghutamic acid

d s @9\? neric variable heavy chains are forned
eci&ﬁt oyasr?ql: cﬁ)agrrent. or a (Fab)'2 nvolecule, or a
single chain Fv nolecule, or the chineric variable

ins_and chineric. avy chains are assenbl ed
Bﬁﬁﬁ%&ﬁﬁrﬁﬁ)}éﬁflmu PReAb Qg regi on in the form of a
conpl et [ VTR ii',ﬁ’éev bl e
region ?é%ﬂ%%?%ﬂ?éés a se uencgﬁplg\érm Hg i ne
vari abl &igegi2aiepictsagiteaty. oﬂhurrmhlgeﬂnlmﬂmﬁgmrsbgmemthe
human var.i abl e, regi ons. sequence is_a sequence froma

human &S SadfPIBoaPOTtoR ¢rraetse rl%ld éi‘ﬂﬁb 1Rke6Rt lgsoze/ﬁ@) antlbody

t
ALY 0 e L A e o
sequdiced\halirgdnomcd GDRS ef thbkaymatype |ae ﬂ&tmdﬁkﬁ DI]: 3 light chain sequence

Typi cally the humanl zed anti bodg of .does not elicit an
at cpfrripRRding dpeavions- 1 d hitfuhschanTanked dyedmilarty ¢fuspamo acid sequences

bet\&%ﬁtthg gj&a% S?g%%‘?aglg gﬁg hﬁmgﬁé Sflﬂeﬂé Wﬂhr}g% B%e%r}é@%trdbsgg%ence depicted

I ncl t hat
firstyenom anti gen, that bind a human

Figure 4 depicts a portion of the mouse D1.3 antibody variable heavy chain
sequence and a selected subset of human germline Vy variable region sequences having
canonical CDRs of the same type as the DL.3. The subset is ranked by similarity of amino
acid sequences of the cofresponding CDRs analogously to Figure 3.

Figure 5 depicts amino acid sequences for a chimeric V variable region and

Vy variable region for a humanized D1.3 antibody, illustrating one aspect of the invention.
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CD28 receptor, that bind human |ysozynme, or that bind

a human glutam c acid decarboxylase (GAD65). 13-
WERIEBIMESCRI PTI ON OF THE DRAW NGS Fi gure 1 depiT/Us2082/022011

library of human gernline VB gene segnents. Figure 2

depicts a library of human germine Vk gene segnents.

Figure 3 depicts a portion of nouse D1.3

(anti-chi cken | ysozyne) anti body wvariable light chain

sequenc eF%ﬂﬂ: & deFiLR Y RGBS E seqlienbd i e DRATLHRErutKthat encodes

vari abl e region 20 sequences having canonical CDRs of
(antihexpsasas) thepRurasnizéie cinmesie IDL3 3intibgrht of Fagure Se gilestragng another

at correspondi ng | ocations. The subset is ranked by
aspeptAfithe IVENUON. ani no aci d sequences between the DL. 3

CDRs and : a&ﬁﬁ | h ' : :

sequenceF egei 2?%3% |rs?t.mglgt8dlﬂérse&4tf%gg%?§lgé g?g@?mmaﬁmzed D13
antifody,hevhicividas Dinl .aBfirdtyt icbmudiant vaff igadaiter Heav 0t Hdi'n ill@Srating one

equence, and a sel ected subset of human germ i ne VH
emg%ﬁmﬁ’étl‘gt?%’é‘i"ﬁ‘ﬁl%quences having canonical CDRs of

t he saerF@R:eg Q%)fﬁ%ea E{ﬁtiﬁn o-fr&emﬁ{f@@cﬁo}a'bfehfé@ﬂkcqgirpyequence of an

simlarity of a sequences

antChiimas ODX ngiboDiRslesipadtad08sind 4 electgdrsabskt ofilgimiad Germline Vi
deFi cts am no acid sequences for a chineric VK
variahie EBIQN PRyPRsss dRyineVeingRicalabDR sy efgfhsnsamag type as the mouse 9.3

U
amfnogideseQuetepd afatagaudtyied Biigareadci d sequence for a DNA

construct. that encodes (and expresses) the hunmanj zed
chi ner i cFigires9 dapiptssaportien ef germonse yariahle hegyvy ghjain sequence for

. . : o ‘
e ARH00 RO bt BT e SO0, Lk 8 35 e
havingedriohizdly CDRsi efhthbasmanypf 4si the myouse vatialbie hehvygeledh @équence at
_than 108 M1, illustrating one enbodinent. of_the
corpespaidingolgcationg glse rankgd by emailagityof amipa agrd sgqpengse

i abl egd 1 gh d . '
Bt | bodyr s o SOBLR # SeHERGE Shi HhmafChPE PR SRR ragment

with ehithdritevavigbleMreal a e vartdleolight eHaias dHasthutivig Agother embodiment of
canoni cal CDRs of the same type as the nouse 9.3 10
theymyeptigite | i ght chain sequence at corresponding

locat i onge W €1 ALl KRR M eShllgeRbiddindby Hu9.3 Fab fragment,

which has an affinity constant of greater than 10° M, illustrating one embodiment of the

invention

Figure 12. depicts a humanized anti-scorpion toxin Fab fragment with
chimeric variable heavy and variable light chains, illustrating another embodiment of the
invention.

Figure 13. depicts a humanized anti-human glutamic acid decarboxylase
(GADG65) Fab fragment with chimeric variable heavy and variable light chains, illustrating

another embodiment of the invention.
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am no acid sequences anal agously to Figure 3. Figure 9

depicts a portion of the nouse variabl e heavy chain
weegupowss for the 9.3 anti body and a sel ect edecrDS®02/022011

of human germ ine V11 vari al e regi on sequences

havi ng canoni cal CDRs of the sane type as the nouse

vari abl e heavy chain sequence at 15 correspondi ng

| ocations also ranked by simlarity of am no acid

sequencepigufd G4liEa #papﬂ%’étqnﬁst?até%%ﬁ%bﬂ Schad by ménlﬁﬂnamzed anti

CD28 ( Hu. 5“3) Fab Tragment wth chineric variabh
GAleiabafn@gmmt; whick has ghafffityi cosstant ofigreatert thay 18H d\rIﬂ,eﬂlustratmg

the.invention. Figure 11 is a graph
Onet‘?ﬂn?? "F’F’E}é)tf?léet’é‘gergwpl gen bi nding by Hu9.3 Fab
fragment, 20 which has an affinity constant of
greater than 106 M1, illustrating one enbodi nent of

DEEHéLEDdQQﬁERHﬂH@bUQFéTEQDWﬂﬁﬁTKﬂﬁ a humani zed
W th chineric

ti- toxin F a nen
Vari abl e a VP iRIpaE R GiAFoara S P yeEi0ks fpigees tat
ma§l AQ§ 1 She SFBAAMAE RkilCh thO6rt ih 'ﬁﬂ@&gthﬂﬁl aglfagﬂ&ﬁg }% invention to

depi cts a humani zed anti-hunman gl uta
its deldest leasent.asEher¢flaAD6Gch Raferéncagertedt lantheh dedviription ahat follows is
. variabl e heayy apd var.iapble |igh ains, illustratjng
inccrRaEel TSRV HEICSF 8 RS STHASHL | boHD okt PO BIAng various
eml?ﬁfxlnlsﬁtg Q@2 OZRRdon ﬁ‘l’naﬁ)d% 1304 t(?1 %x;ﬂaﬂrtﬂp I?n%aﬂﬂlﬁs of certain terms

[ustrates antigen bi umani ze
u%ﬂ%@ﬁﬁlFab fragnent whi ch has an affinity constant of

great er 1011 M. i1lustrating one enbodi nent of
t he inve% SHAEEEPAPPED ERRSCRIPTRONBRICT} EEURMENTeRding  an

mnhﬁhdgnﬁ)uﬂﬁstﬁﬁt' Rtd ﬂesEeEiatfonf Oldnfh8 inCl tl}?H#S ?n'e sugﬁ%‘? a8 cell, in a

various referen may assl st
hybsidbink drnntang aatibodynproduteng telhdianhaanddggaet a maﬂg‘atidmeprocess SO

ts f
hat, (ecparicaar Frane b BeSBIPI64- onl Hen o Bicludgs majure genomic,
CDNRC&r(ﬁﬁéra]tuﬁqjelb QEig! s%g@éﬁcé &t re%@&cfes'sﬁclagﬂe nbf%?rlgst thlér_lo?ave been

better aid in un tandi ng vari ous mént s

isolated ami@ntdcombimntipyenpmedred phulexpresaupliai stheteell types. Mature
antilt‘)ﬂ:“‘gl}p ges gvecl% e?glorglet \?arnggs nll'll?tgt(ljonge;nedl Pearrangements that structurally
distinguish them from antibody genes encoded in all cells other than lymphocytes. Mature
antibody genes in humans, rodents, and many other mammals are formed by fusion of V
and J gene segments in the case of antibody light chains and fusion of V, D, and J gene
segments in the case of antibody heavy chains. Many mature antibody genes acquire point
mutations subsequent to fusion, some of which increase the affinity of the antibody protein
for a specific antigen

“Germline antibody genes” or gene fragments are immunoglobulin
sequences encoded by non-lymphoid cells that have not undergone the maturation process
that leads to genetic rearrangement and mutation for expression of a particular

immunoglobulin. One of the advantages provided by various embodiments of the present

invention stems from the recognition that germline antibody genes are more likely than
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A "mature anti body gene" is a genetic sequence
encodi ng an i mmunoglobulin that is expressed, for
wezaapb@dssin a | ynphocyte such as a B cel |, inp@r/us2002/022011
hybri doma or in any anti body producing cell that has
undergone a maturation process so 15- that the
particul ar i mmunogl obulin is expressed. The term
i ncl udes mature genonmic, CcDNA or other nucleic acid
mafieél iy tdeaés RNEREaTe ShehtisTainihE agideguenth ishictliRY @haracteristic
been isolated and/or reconbinantly engi neered for _
of imdprdundy inthe mngndlespecies, henggless likely to be regognized s diores foreign

soup g Fréf SEL FREmE A S NI Hibu o P EFGRRY Show peptice
seqHENRS A HAIRkeM1iA¢ hnttRIdy EeMdshBtodiR@Ruh ¥ PRSI BSvy region (Vi)
Mat ure 20 anti body genes in humans, rodents, and nany

andoy#riablenhghtargion (¥« oantibddiby (fass iromundglobulmsy Fagepkthese list of

segnents in.the case.of antibody light chains a
scab oA PPRTY DO 05 BB "L BOeETE AL Bn g gy of human
gerAilihk BREYOAYQRN. chai ns. Many nmature antibody genes

acquire point rmutations subsequent to fusion, sone of

whi ch i ntA &Z3R” tih éheaédmplemyntodeteringning régionl withim tagtibody variable

for a specific anti 25 "Cernline antibqd enes" 0 :
seay@iveS ; MEBrits G COinOurORuPT e SRUR dedvE g dugrable light
seq¥h RO Bedi ARAATIIRE ECDR 2t M@ ICHIRY, For@ich YR HRAFABle rB8ons. The exact

maturation process that |eads to genetic
bound ani gsaeiythesen CDRsdhawgt lxten alefihed ddfepentlysicoordpfg to different systems,

arti ar i nogl obul i n. One, of t.he vant ages ., .
o35t Sb051s, VP GRBEN roris! GpstGe PR SRifaed “hypervariabl
roglo € A S AR TR R8s 1 2603 drh QBB LYl ITE) ot only

[y th 2004/ 006955

anti body genes are nore likely than WO
proAgdes WSO iHRAG kdsiductnumtianing spst¢m kppljcaykerte sny gariable region of an

| rve essentj 1 N0 acCi e_stru res ..
BBk GIToob o Qe Proting Fris PEoTieh SN bdhe (pee CORs. These

CDR8NGRyl (SR fdrtdiCloYast RabE CI8ROITHERHa a8d LHRBIRS QUETE) found that
sourcé when used therapeutically in that species.

cereingusne poréings Fvighine Kabath P Ree pidbple neargyqlidendesl fpeptide backbone

unan germi.ne anti body,genes encqdi human vari abl e
COIIE(E’HV&[)OI?.% éile%te(elvyungsgrgﬁ%dl\g/gﬂ%égq .%16 ﬁ?vgﬂgf F@é‘?ooﬁmél \§qu)ence. These
subPIH QRN &S debigRated ab TILNOGhORY! dr$), HERED HAf whele e “L” and the

I'i st of sequénces exenplify a library of hunan
“Had¢signatby thehebt, chpar and tHedrdayy ahdindregionsofespactimely. These regions

m | tib . MA, "ist ) I t )
ma B GGG 56 NOM A Lo YANET Bty SOSHREES Bt overlp with Kabat
CDRSA q%afeqsiuusmésem@meﬁ;gg m%mme CD¥s 4cB6rding to the residue

vari abl e heavy and vari
numbering system of Kabat.

TABLE I

Chain CDR Kabat Chothia

Light CDR1 24-34 26-32
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10 sequences designated CDR1, CDR2 and CDR3, for each
of the variable regions. The exact boundaries of these
wEhies/obase been defined differently accordi ng POI/US2002/022011
different systens, howeven¢ all have overl appi ng
resi dues in what constitute the so called
"hypervariable regions" within the variable
sequences. The system descri bed by Kabat (CI TE) not
only « provi d¢s an gpbi guous resiguggnunbefing system
applicable t¢ any variable rlegion of an 15 pnti body,
but d1so proyides PR3 se residueB%eﬁﬁdaries deﬂﬁhﬂﬁﬁ

Theco CDRc rnf Arrad Fa
KabBfaY¥DRs .

othig comcrkers kCﬁ?E) found tﬁ§F32
certain sub portiopgps thin [Kabat s¢Dgg adopf nearshy s¢
i dentical peptide backbone [conformations, Hespite
havi n'g great |di ver €DRB at tHe | ewsl— bi2 am npn@ainiquely defined

canllanca Thase cuh nartiaonde woere desi anat r~| as |11
HS—Welr-e—-gesi-ghat

o TUTTTC TS L~~~ AL 4 A4LENN B aaa ~ 4 =y

L2 and L3 or Hl, H2 and H3 where the "L" and the 20
"H' designates the |ight chain and the heavy chains
regi ons, respectively. These regions nmay be referred

Othepbamdahiext d‘df&lr@EEBRs Méﬁdpph@m&bm 'Khdbai EBRishate Batardesdtibed by
wi t h Kabat Table I illustrates the overlap of

Padggndd PE0) 4 M%@&Pm@ﬁ@@a&@rmqﬁ@% bpprdangdgfinitions may not strictly

UIBHTBRS bP%e K55 gﬁ end SR wiff hohitefrsd 0B n itk e Kabat CDRs,

althBGQﬂ/tl@@Gﬁﬁ§ RCEhd200 20r0RAGR hdnedLin TightDER peddti&fon50r 2Xperimental
CDR3 89 - 96 91 - 96 Heavy CDRI 31 - 3526- 32 "
findiggo thap 17@51@@:5@81@6%9@& ob Zesides upni Ut wntesf Gidks do not

[ f rl
s B 5, 500, 5 R APl s cone
accdfdirgatol any dftRER) systeinis] hitiRupe lbréf&ﬁecb&ﬁﬂ&ﬂﬁﬁénﬁ afst I dbaOBSClothia
__ngiﬁnQL‘strlctly 5 foll ow one of the above systens,
defiged CRSI nonet hel ess overlap with the Kabat CDRs,
al t hoth‘g{nﬂS&&ﬁy ol?e’ﬁségm%WO a?(gqugncel’ ezﬁgtt ?e Eee}%lmng seguences of a

of prediCtion or experinmen

varigbletregivh atinlisethie (UBRs. OBe@ued! e exbot/ RS lniiwﬁSOfo CBResequence can be

entire CDRs do not
determined by different systems, the meaning of a framework sequences is subject to

correspondingly different interpretations. To clarify the meaning used herein, a framework
sequence means those sequences within the variable region of an antibody other than those
defined to be CDR sequences, so that the exact sequence of a framework depends only on
how the CDR is defined. For example, the CDRs used in the methods provided herein are
usually a subset of what is considered a Kabat CDR, but in the case of CDR1 of heavy
chains for example, also includes residues that are classified as framework residues in the
Kabat system.

“Canonical CDR structure types” are the structure types designated by
Chothia (CITE). Chothia and coworkers found that critical portions of the CDRs of many
antibodies adopt nearly identical peptide backbone conformations, despite great diversity at

the level of amino acid sequence. Accordingly, Chothia defined for each CDR in each
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significantly inpact antigen binding. The nmethods used
herein may utilize CDRs defined according to any of

wo bermpo@ygst ens, al t hough preferred enbodi ment SPOB®S2002/022011
Kabat or Clothia FO defined CDRs. "Franmework" or
"framewor k sequence" are the remai ni ng sequences of a
vari abl e region mnus the CDRs. Because the exact
definition of a CDR sequence can be determ ned by

chaily bhesefewstahdiidal stittureeariael cafontcal stawetiwe klecifies primarily a set
sequences is subject to correspondingly different )

of peptidepbeakhenc tersioranglesr fof 2 epriigiadhisegmens «f e Acid gresidues

TR 35 SRR TAR 5 ARATE Epgthd et T

o defined to be CDR sequences, so that the exact
sequence of a franmework depends only on how the CDR
i s defined. For exanple, #ASIEIRs used in the nethods
provided herein are wusually a subset of what is
consi dered a Kabat CDR, but in the case of CDRl of

heagyainchal n§ Tor ex@rP! e, gl sCandifitHIGuchfe! dues that
are classifigd as framework |residues in the 20 Kabat

system "Cangnical CDR strudture tyfes are the
ol anat o AL

st+ryet-ure—typges—de Rated—Hy—Chothta—E-FE— Chot hi a
andﬁﬁﬁﬁbrkers founkDiat crilti cal pdrif ons of [the CDRs
of many antilbodi egpgdopt ngarly identical peptide
backbone conflormati ons, despgite great diversitjly at
t he I‘evel of |am noCBR3 sequence. Adeor di ngly,| Chothia

definod fnr ach CHR. 1 Nn aac \vl\e 2004/ ANEQEE

\® A vy | TC O T Ot A TT —COoToT AV A" Ay IV A A Ev A A |

PCTHER2002/ 022011 CPRIchain lone or A‘T%M/"cananica

structures”. |Each ggponi cal |structufe gpecifies
primarily a get of peptide |backbone torsion angles

f olLambd@nt i guous se€prEnt of jam no agi-4 r esi dugs
form ng a logp. The_canonical CDR structure types
defined by Chothi aCBR2 1istdd in Tablle 11. 5 [TABLE I
Chai n. CDR Canoni ca ructurle types JKappa 1-6 "
COR2 1 " CDR3 1-6&:&3 £

“Corresponding CDRs” refer relatively to the CDRs between two different
variable sequences that correspond in position within the two different variable sequences.
Thus, for example, a mouse light chain CDR1 corresponds to a human light chain CDRI1,
and vice a versa, because each maps to a defined position in a Kabat numbering system,
whether or not the actual boundary of the CDR is defined by Kabat, Chothia or some other
system. Similarly, “corresponding” residues, sequences or amino acids refer relatively to
the residue positions between two different peptide sequences mapped by the Kabat
numbering system.

The objective of the methods provided herein, which may be called CDR
grafting, method is to provide a prescription for arriving at appropriate human framework

sequence for humanizing a subject non-human antibody. In all previous CDR grafting
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Heavy CDR1 1-3 " CDR2 1-4 Lanbda CDR1 1-4 CDR2 1 "

CDR3 1-2 "Corresponding CDRs" refer relatively to the
webiRg/ob@ssveen two different variabl e sequenceBCT/a1002/022011

correspond in position withBn the two different

vari abl e sequences. 10 Thus, for exanple, a nouse

I'ight chain CDRL corresponds to a human |ight chain

CDR1, and vice a versa, because each naps to a

L NRY RABL bF B hutndhidtADARL el iihcs Yrds fiked W &bMBhring th

mefglr%éﬁgtﬁ tc‘gel ag¥g§’| ourlégryrg (tq%eegDRci S efi%ed by paring the
hunitab d#tame@lodt ho ahersubjeote (muter) frayeverks .Sinntomrdsy , the basis of the

"cQrrespondi ng" .resi dues, sequences Qr am no acjds .
mefhge horeg FW‘%F‘} 510 chese @@?’a‘ﬁ%mbé%ﬁﬂtqddn@ Pevigsetheygnanized

. . . )
frafh X ek SFBHERNSRINSTORS (TBRAEHE BE shbiE i Bbay, Hiout regar
to compuiing thelfeanadwurk wéyueticesbytwren dad twecanGbbtliegr af t i ng,

method is to provide a prescription for arrivin

( Lat
appr opr i BieSIRURER tortherauteet CLIRY obsrndidatsy humgmantibody sequences

s §H061 OB TR0 L Y I SRS, By G e gpension
confdimatibad 6£CDR péstide aekbonesl afd” souighn Bxpegaispalle desmined atomic
he human framework to the subject

e .
000?4335%%] the ?Wlﬁﬁst are seldem v pitabie, hepge theesidimensienaésimilarity is
o RS DAL SECHEF NP SF00FE, B PR Dbt G an

exchiding froit furthér ¢dnsidefaisn icandidiee podsedstig diffbje@t tanonical structures.

anti body, w thout regard 5 to comparing the framework
Secerdpiidy desduscionisaidug kamelaay hefviepn sitiect CEMEs ajidrhe semaiging human
. i . c i dat.e. n t] .
eyt DR S5 SRl PR L B g pocn
Primari | @hodsih@nhighést HonicegydiigTeasddood|varie@Nater@hi @R8 to rank

of CDR peptide backbones, a.L(LsnghL_Eéﬁem mentally
cangdidpte, hmasgvasiable regions bpvina dhe sarpe cenpaicnl; siractareGpRbe sibiect the
vai | abl A - di [ il arit
norS LS A0 . DEOS et R TR Tl e
by shihocicld seqistReddafity beami) #id h&:bRegRde bo@X CAtelidgid identity is
. fromfurther consideration candi dates possessing . .
simplieras sspeerRf Poaition by apsiien mateheagf amino acid residues. Similarity by amino

acid homology is position by position similarity in residue structure of character.

Homology may be scored, for example, according to the tables and procedures described
by Henikoff and Henikoff, (1992) Amino acid substitution matrices from protein blocks,
Proc. Natl. Acad. Sci 89: 10915-10919. or by the BLOSUM series described by Henikoff
and Henikoff, (1996) .

The steps of the methods are as follow:

Determine the peptide sequences of the heavy and light chain variable
domains of the subject antibody. These can be determined by any of several methods, such
as DNA sequencing of the respective genes after conventional cDNA cloning; DNA

sequencing of cloning products that have been amplified by the polymerase chain reaction
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Secondarily, residue-to-residue honol ogy between

subj ect CDRs and the renmaining human candi date CDRs
wo s0aon®ssier ed, and the candi date with the hi gheBUS2002/022011

honol ogy i s chosen. Choosing hi ghest honol ogy is based

on various criterion used to rank 15 candi date human

vari abl e regi ons having the sane canonical structure

as the subject the non-human variable regions. The
frorf rbeRdel BohsEDts LRIIN A Gf HRRB]eBt Rfbriddghadflec6f pebtilsedRYcing of a

be by am no acid sequence 1dentity or am no acid
purifiedehlgpdyqroteot h. Anmino acid identity is sinple a

score of Siti b osition t s of ' aci.d

S00" e IR iht KaeR S 1B 36 B AL hesvy ana
lighP @iFdidh 5@fteies BP Hel suBfdcFhdH hidhdr ahiibBdy €Si due structure

of character. 20 Honol ogy may be scored, for exanple, ‘

accor di Meteminbeanaiitad stractdreptypese ureash ' s trei GBRs dfithe subject

Heni kof f . and i.koff, (1992). Ami po_acid substitutjgn )
nonfman. gRI{YdY SeispIaER s B o eRamtalian ccihe peptide

daice 10 ERe 4P HIpuiBElifRY diddGssl PP\MoBRA lahd 1968 §1959Chhia et al
seql—leﬁfi: kof1éﬁ and Félﬁlaié)l%? (159596) . 'IQhe st eps og tzﬁz’ Chethia et 2
(19981 Tadbnsomect at (F995), Martid anddherntomE 996k apé pilildeikani et al (1997).

sequences of the heayy and |ight chain variable
Thed%ﬂi‘ﬁ?‘h afpres ﬂg °§%@]‘@Xt“@ﬁ?‘?%68‘§?‘“@ﬁ%‘é‘b f%fa?ﬁoge(’f the CDRs are as
folldet erm ned by any of several methods, such as DNA
sequenci ng of the respective genes after conventiona
cDNA cl dior egavyDittin €BRIe theeencanohical shnictuge pipes aetcarreitdyt known.

have been anplified by the polynerase chain reaction
Assigpysphal DBy SeIsEse @ggwgvf@rz?d&ecaw qach fipaie stgucture type has
[ r Ofy t jiechi 1.do Q7
2 AR SRS of retlesd o S SN DXL 3T ot (P87, Hhen Kbt
numbpphy it besigteldato thersbeuenog thy sumberit@ et residued 31 L9BF) will be as

_*»_-_Log%he_heaxyfand-LLghL_chaLn sequences of the subject
follgyglon theaRsRERHY Hernpnicl YCRIGH ne canoni cal structure

types ! Bl QfuckitenGbies il Be sgubg ect - non-humman

anti body. T ermnation’i & ra rom exam nati on
of the pfambhdel stmeguetype2i hl,I32¢33, 3df 33,13¢agui del i nes
di scussed in Chothia and_Lesk (1987), Chothia et a
(1992), icAksRcRire e 813557, 33EAt 3t 3aAd Phor nt on

Featut o4 cbf e ar: SPre: Fr o el Shpeie 5pBi Sihentbyfmonn
Severh]l hine GidiRse anmbas of Ibsidwels) awbare easily distinguished from their unique
Kabat numbering of positions 52 — 56, viz.:

Canonical structure type 1: 52, 53, 54, 55, 56.

Canonical structure type 4: 52, 52a, 52b, 52c¢, 53, 54, 55, 56.

Canonical structure types 2 and 3 for heavy chain CDR2 have equal
numbers of residues, hence must be distinguished by clues within their sequence, as
discussed by Chothia et al (1992). The Kabat numbering of the segment containing these
clues is: 52, 52a, 53, 54, 55. Canonical structure type 2 has Pro or Ser at position 52a and

Gly or Ser at position 55, with no restriction at the other positions. Canonical structure type

3 has Gly, Ser, Asn, or Asp at position 54, with no restriction at the other positions. These
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For heavy chain CDRl, three canonical structure types
are currently known. Assignnent of a new sequence is
wateoaiogdyss or war d because each canoni cal struct PCEUS3002022011
has a different nunber of 2pesi dues. As described in
Al - Lazi kani et. al (1997), when Kabat nunbering is
assigned to the sequence, the nunbering for residues
31 - 35 will be as 15 follows for the respective
cnt@ﬁﬁ"%ﬁ! “s@fﬁcﬁ'&{t U&)t WsBfe fRNOUH&ER asiEhMedtuis ntié/s@eca%es 3Add1tlonally
. Canoni cal structure type 32
frarﬁ@yoxﬁztf:s@E 7Bﬁacomr®nhy)m1:a; a/l al dteuy be,uorel }n)fplecﬁpn@al, st@Qture type 2
d33 34, gr 35a, For ea%% chain CDR2, four
and copmnly, %f‘?rlf@i‘ ts%cégre urrently known. 20
Several 1axs BRINOCPRAYNRR HoffdivEsd SLas thea@ﬁRé” §t is generated by
easi |y distinguished fromtheir unique
genetinripeodenggs ofsomesof iaoremmdd@ natbfe, wiique t@dymphmadtes. Consequently,
canéélgéjéﬁrﬁgtgrqtsﬁng}PRégaveggép 31%1‘2@%5@215{9&@3 %gly%g% hgpgan germline
I t
VR 3 e e D T LR S SRR EPR e end at
Katai positigu94 veebrdng pobitiess 9 tbhll(ﬁ enbeder CORgU Encthescar®asons, canonical
di scussed by Chothi a, et (1992). The Kabat nunberi ng
Strugurge g nog seftsklers r ¢liposiws candjdate hgman sequgpees.
53, 54, t
2t posi th BRI EBRE shhifiSal it€ut 12 HedufenfEknown for
CDRb in &sppa ctairen Bdchtdasoritdistrugtos typehss a diffwvenitamimber of residues,
structuret¥ 3 has Ay, Ser, Asn, or Asp at
hengf, agsigranens 1 3 panenical sEye dyReoto atne%%eqa?rrférls apparent from the
066955 PCT/ US2002/ 022011 20
Kd%?ﬁ?%?gg&§¥£3§§§?lcgéﬁgﬂﬁogﬁesolve the correct
aSS|gnnﬁhﬁmnmahnﬁmnnagasl.Addﬂ!BOnalIy f ramewor k
residueég eu_lle, or Thr for
canoni c m%mvak$UWBH? 822 27 atf) 2 oﬂﬁéﬂ}y Arg for
canoni c % +P53. g bilie
nost di \%ar@g{cggm{ Fmt, ﬁ@@&)&g B 2?‘2 tkég’(hennz'er af ed 22{/’ 2%529 30,31,
genetic @mmn&asﬁmctmoty@edf 24, I‘Bnﬂ’ﬂlanﬂa,tZFrdeZhJanma 30031.
| ynphocyt es. Consequently, canonical structures faor

CDR3 hafeangaical Sciwr:fqr%mp@ 5t 87 pf Hel? (2 27pnd Talny 8,295 80, 31.

human g gren code any part

o CoRa:C BonieaL et fE B BT R, 28 A bt

posi ti orFd@4ighwokair EDRD,StlY arsingdd cardnidaP senteeyfdknown for

RS }(hese reasons, canoni cal
CD appa chains, hence, barring exceptional subject antibody sequences, assignment

is automatic.

For light chain CDR3, up to six canonical structure types have been
described for CDR3 in kappa chains, but three of these are rare. The three common ones
can be distinguished by their length, reflected in Kabat numbering of residue positions 91 —
97:

Canonical structure type 1: 91, 92, 93, 94, 95, 96, 97 (also with an
obligatory Pro at position 95 and Gln, Asn, or His at position 90).

Canonical structure type 3: 91, 92, 93, 94, 95, 97.
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structures of CDR3 are not considered for choosing
candi dat e human sequences. 10 For |ight chain CDRL,
W@ R00406098Ri cal structure types are currently kpomosf00z/022011
CDR1 i n kappa chai ns. Each2tanoni cal structure type
has a different nunber of residues, hence assignnent
of a canonical structure type to a new sequence is
apparent fromthe Kabat nunbering of residue
posi t i onEarohical SthuctfrRAPHY T M, B, VIS, 96/962,197.27, 29,
30, 31. T5 Canonical structure t
27, 28, 29A@@r igentifyingCahe sanogicak (7 D%tsuv@turg/ fepeg: ofothe subject non-
27d 27f 2 30,
ol sl Biban. s of (s ot opéthesyg or Bho thgfave the same
comdtfifaticiBof Sfhoniddl stdikture G50 Ak G S\&iiédﬂ %ﬁb&i}l ¥ie€identifed. to form a
27a, 27b, 27c, 27d, 28, 29, 30, . Canoni cal
canglgqagp_;@qg pé htnylp@ seuenges. zlngprefglged ggbod;mentg,]_onlyohe;:pcptlde sequences
ucture

of lllg)g:gal Ce%gwnm*nog&gﬁga ih gxbtg a%gﬁl?% gﬂ‘gﬂ o dre Considered for

corBfdrsbR g Mt A ith@B Aené ak@ehts dabéd BRAVAISQMRRCARE have already been
assignment is automatic. For light chain CDR3, up to

assigngd danarapedicalt storstwre etypy p(élbotlhsw et taée 1992 eTemiibe £oml,1995).

Adiny o e et dioted B (or GRS By Pregide rein and
appe@N@inlng rtﬁ(fsb%tqﬁﬂacbﬁ 1ikRAah Mpwreer R MEurkesi dUR the heavy chain,
positions 91 - 97. Canonical "structure type 1: 91, 92,

corg@mif4of QE;RIQ@ld GEPQatosthe\m@use aanomtsl istractary types ipssessed, and

serBS Tt Rapolrot P oo hed” R ey Bendediin 2hgumtity of GPRI and
CD?&od;f/ é%_@ﬁ %x’%aﬁ’@&idéﬁ@@%(h@ %gﬂc;rﬁcal %&%cgax%g?p&%f t%% ISHGelY &tibody is
first glgmsccﬁ y"lfh@p@thmilad aﬁms1d®a$ ss’taas éafa oatdidate Virgese db forea CDR3 of

e SR S A R RS RSB rsonor

the GRAD WAL 4 @'?fe bn GAQ Qnalp%gjl %Sér‘iteﬁﬁ W6reCHRBESINBRICAINEDR structure type
subj ect anti ody are’identified to forma 5 candi date

detgrgtinagfoniig ﬂm@s@qms, animop ceifformiag seqizndésarea exqludadl y

the peptin ano %ren%%glment, appropriate when a variable domain of the subject
antibody is of a canonical structure type not available in the human genome, human
germline V genes that have three-dimensionally similar, but not identical, canonical
structure types are considered for comparison. Such a circumstance often occurs with
kappa chain CDR1 in murine antibodies, including two of the examples described below.
All 6 possible canonical structure types have been observed at this CDR in murine
antibodies, whereas the human genome encodes only canonical types 2, 3, 4 and 6. In these
circumstances, a canonical CDR structure type having length of amino acid residues within
two of the length of the amino acid residues of the subject non-human sequence may

selected for the comparison. For example, where a type 1 canonical structure is found in

the subject antibody, human Vk sequences with canonical structure type 2 should be used
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of human germ i ne i munogl obulin VH and VK gene
fragnments are considered for conparison. Mst of
wo besmoysne fragnents have been di scovered andediBUS2002/022011
al ready been assigned to a2canonical structure type
(Chothia et al, 1992, Tom inson et al, 1995).
Addi tional V gene fragnments not disclosed by tehse
references are provide herein and 10 appear anong
forEB%%%qmﬁF@§ typk Stéafonital Ftrﬁlé%ﬁl% id foumd 1E kiU Brire mﬁ%dy, human
heavy chain,”™ conformty of CDRL and CDR2 to th
Vk mwecesawdnm&mr catoniset strusturg hps 3ios 4xbeeld dedisedh frat comparlson
genes that do not conformare excluded. For the |ight
chai n, nf or.m

S equencot BOURS SnbRiner m AP, st g BEEED Y sequences can

be §Hl?d1&%d ﬁﬁtth@%@%ue'n@e c&hf)éﬂsoﬁs BIRH WnsidBALSL nfiBhI B¢ befwarranted
resi dues 89 - a candidate Vk gene to forma

undsf alGrittyeofsaremstanossi gwluditg bugtnet dintitedeo apstarives sigjeetht mature
anti bod assessed osrtln a fusion of the

hurey feagedoe Q8 FeRr ot 1o, Bfefiing Bitp dPnrgt teryeimmunogenic in

hurf&308# B3 lcoftRiRs St JaHGﬁxHilestﬁlMﬂ?e tyfEIRAAEAI S HRIR of thel fGject antibody,
fused séquence, and non confofm ng sequences are

buteot fanad dn thehuanotghenlimbodi nent , approprlate mhen a

vari abl e, donai n of the sub ect i body.
canont ool ISFREHEY rbofdiin B caohp i cand o Eng effayith matching
canGEE%mchH@%es Zlgsﬂﬁé 73 rQRiuY sﬂﬁﬁ@r@e tléﬂ;‘?lttlt)h Qf{(ﬁor homology with the
hree-di nensional Iy simlar, but not identical,
subgmn serjuende stai&cce\wd@tetdymemnhrﬂm cadsiattelgdarf srfquences In a specific

coppari son. . such g Ci cunst ce often occurs with
em gote T?F"grﬂeferat preds Tl S50di es, i ncl uding two

of the exanpl es described below. Al 6 possible
canoni cal structure types have been observed at this
CDR i n nhdimeCD&nt Résddiiegmsitisher eas t he human genone
encodes anonjcal _types 2, 3, 4 and 6. In these
25 circugﬂgénﬁ gﬁg%onical CDR structure type
havi ng hengthzof agg hgracid residues within two of
the length of the am no acid residues of the subject
non- hurreh seqmence9h396 sel ected for the conparison.
For exanpl e, ere a pe 1 canonical structure is
found i n"%%"He subJ%kT gntibody, human Vk sequences
Wi th caneonicaj strygtyse type 2 should be used WO
2004/ 006955 PCT/ US2002/ 022011 22 for comnpari son.
Were a type 5 canonical structure is found in the
muri ne anti body, human VK sequences with either
canoni cal structure type 3 or 4 should be used for
conpar i Syref-RefBAboiM AR IE Y- resiHRE Hf)fiolafg?% fisP%ted by the
human anti'body sequences can be consi dere or the
nunsteeg Lifndentcalpminos acid r&eidies dmnsealethat subjectriagd tthd earakédate human

war r ant ed
sequences. The human sequence used for subsequent construction of a converted antibody

is chosen from among the 25 percent of candidates with the highest score. In other
embodiments, appropriate when several candidate sequences have similar identity scores,
similarity between non-identical amino acid residues may be additionally be considered.

Aliphatic-with-aliphatic, aromatic-with-aromatic, or polar-with-polar matches between
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5 under a variety of circunstances, including but not
limted to i nstances where the mature human sequence
wa@ 2)04i086988ry close to gernmine; (2) is known npCTAUS2002022011
i mmunogeni ¢ in humans; or 263) contains a canonica
structure type identical to that of the subject
anti body, but not found in the human germine. In
preferred enbodi nents, for each of the candidate V
subfeP @fd Wb{&t PRIduBE B adied G8IRN sGoRds. Th laHEtheY EmbydRRNt, quantitative
residue to residue sequence identity and/or honDIogy
evajuation ol eequsdsj lmmolegomen be p@trforaledmsmaﬂrrum acid ssubstifriion matrices

sucg%maéﬁqgekf R AR IR %501 01 ove.

Chai n Jl%cfjéé%ué}ﬁ:%'ﬁn‘ &@%arﬂe@dﬂ@?éﬁonlcaénnm@l?to CIﬂlB sequence
50-52 " 3 91-96 ° Heavy 1 31- 2 50-6

is geicefcdr frem dwbetiofknown huamndg@m:lme rJeSftgm:aetShoﬁnpm@grquJ peptide
first.sc e . humer nt.i cal, am.no a

Seap i s CE R B MDLA B BRGNS o R R arloS Eitceaa farpement for

sequéiftidPdsitons ey RETRDIEL IUEN %@er%ﬁ) dsihe rthesé&ﬁﬁg ¢Eifdria spemﬁed for
const ruction of a converted anti body 25 is chosen from

the aavalugtioth ef 25ngidate dhtgends asam&ntlkatedsahmve h TiHeel gemphespment peptide

er enbodi nents, en severa

SCore. opr.i at
Seqa%mailaa({ Eors% ShaHE Copsituction of |a %rgqﬂh 15 &)@Wé’gsm om among
the%- tc%ﬁd altﬁmmgﬁ&tg&% am no acid residues
dﬂC/fI ti onaf

I'y be cénsi der ed.
AI i phat i br eret dmtmldimérds the chanarmatariablei chhimaronteats at,least two CDRs

pol ar-w.t h- pol ar mat ches bet 004/ 00695
fromp el PuRsS /MOPAPIMAN 5eUERGS; @eﬁeﬁﬁaewﬁ oHIPRESS e the coandidate
hurﬂﬂfj?éaué&et h& oBfPE odl.lxﬂén?sn?tchﬁﬁe cﬂﬁﬁtcontams three CDRs from
quanti tative evaluation of sequenceé honol ogy may be
the psmbjeor meo-husiangsequince aadi farsenporki $aqhermas rfectnn i the $andidath human

seqt%gz)‘n T gBptimentsp gHsTie i B oA GG CDRs of the
subfect BE4Vyeair, Oyt SR AN NG Rence dfthe LuRAEAE AR Ay chain. In

uman ger segnment s. pre erre
anofdeptenb@diment, a chimeric heavy chin contains each of the CDRs from the subject

heavy chain and the framework sequences of the candidate human heavy chain. In still
another embodiment, a chimeric antibody heavy chain contains CDRs 1 and 2 from the
subject non-human sequence and residues 50-60 for CDR3 and residues 61-65 of a CDR
from the candidate human heavy chain, along with the framework sequences of the
candidate human sequence. In another embodiment, a chimeric heavy chain sequence
contains each CDR from the subject non-human sequence, frameworks sequences 27-30
form the subject sequence, and the framework sequences from the candidated sequences.
In all cases however, the chimeric antibody molecule contains no more than 10 amino acid
residue in the framework sequence that differ from those in the framework sequence of the
candidate human variable ration.

In another embodiment, appropriate when increased affinity of a humanized

antibody is desired, residues within the CDRs of a converted antibody may be additionally
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sequence i s selected by evaluating residue to residue
honol ogy for each J segnent for sequence positions
wo oso4iobdoshi CDR3 and J overl ap, using the scoriPgr/us2002/022011
criteria specified for the4evaluation of candidate V
genes as nentioned above. The J gene segnent peptide
sequence used for subsequent construction of a
converted anti body is chosen fromanong 10 the 25
subSRtteartitlobthepadindaich®s. Wybplcallpendinghethin $6@ #nind AcidNesidues in a
enbodi nent, the chineric variable chain contains at ,
CDRearst chapgedCprd meést dirpichlly siabnexet thas iweurssiduese fuieceDR will be
and fra rk sequen fyom the candidate .human
ehafh, ke 1 g PSR TR 2, STk 5 AR S 3D G s b hameed.
SinERAYAinNEertall 8Rb&dNRenfs! Sdthe blif €hes BRI CAcidiOn- Ay Fimework sequences
sequence and f r amewor k sequences fromthe candi date

mayberelrngsl. saglleanthodiments mieanore handi (hasning acid refidlvasrarechanged
heavy chai n _contai.ns at .l east two of .the subject
neavy ohimiiticte By R butrd ten b el ST iiay B methods
of SUAEBANIREAY ¥iné Rétothbiddht pAStEhNEprR6BA KnBRAtby oSEISIREd 6n the art.
eavy chin contains each of the CDRs from'the subject
Thehmal fouh if theahemarhized seqrenass havipg ik clement vahieble chains made by

e SRR AT el e k) Pl R BBlsni e cimori
antibOiies WiBsé Madd ggcbﬁﬁm%aoﬁ UbhRGLic BRI 4B e SERUENE Ghe chimeric
and resi dues 50-60 for CDR3 and residues 61-65 of "a

varigbie chhmenwhivh aranatoubirently eaprebeed vy actuatiabie calldmge. wOhé of most
the.fra rk .sequences, of ..t he di dat unan )
oD HEmEaT e himeneniByowith B en 2D arfiRkE; B4ERgy, Other suitabe

forra BF MheS SHHRAE GntibQIY RcliRle TREEY , TR i1t N §ing1ebéiRGE Fv molecule.
non- human sequence,” franmewor Ks sequences 27-30 form

Stilt behes fdsjnsanays egliele derthemfasioh do feoastavatomagesqefem bemanh aoibody to

o AR RS e SRR IR il o

are BFnARiz&L 1 Howbes] UfhdrenitoQirhém @erﬁbl%el%@ Qﬁ@héﬁztchains may be
differ fromthose in the franmework sequence of the

of maredi dat withuerenfullzmelseevariableorhain @itherohdagy or light) and the other
b.enbodinen%, apg%ogrjate when increased affinity of a
eing danged WHaPS SB35 desired, residues within the

CDRs of B QR ¥Rbb&theAR! HRAAYhIB WP TR skl lcindMdte chimeric
2004/ 006955 PCI/ US2002/ 022011 24 substituted w th

antibodies tastlaet thosadbavify pi disdociationaonstamt fohane hotigenasuitable for an
.. acigd residues in.a. CDR are, changed, and nos .
imeef i |y O TSPOLIAR: J1 hESREAGS onibaNaTaRagording do these
metBO@IBChaveRCBRbcibREn BERMNL 6R 15 s(E¥3ue 10VHAET £ 1855t TBYWY 107 M or
as 10 residues may be changed.

at least about 10° M . A Kd of at least about 10®° M is preferred for most therapeutic
uses.

The following Examples illustrate the present invention by showing specific
embodiments for humanized antibodies that bind different types of antigens for purposes of
illustration . It One of ordinary skill in the art will understand that many other specific

embodiments may be created using the methods disclosed herein, and that the present

invention is not limited by the specific examples.
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Simlarly, in certain enbodi mrents, some of the am no

acids in the franmework sequences 5 may be changed. In
wabkbo4@ndvesli nrents, no nore than 10 ami no aci d rPST/ANEH2/022011

are changed The humani zed 2anti body sequence is then

physi cal |y assenbl ed by nmethods of gene synthesis and

reconbi nant protein expression known by those skilled

in the art. The final formof the humani zed sequences

havi ng the chineric variable chains made by the

nmet hods di scl osed herein may take many forns. Most

typically, the chineric EBAMPLBddi es will be made by

construction 3 segue t he
chinmeric varﬁggth, Fq i Zﬁﬁgﬁgﬁgﬁgantly
expr esseqd Hmﬁsé&ﬂtf‘b@@ﬂl 91 38dihdd ¥ F&echlcq?@ﬁ 1)%52)rﬂ=?§ hnti igen._ The peptide

typical forns of the chineric antibody ‘w
seqamtcteknfdynef\raagbtendomﬁm of D3 tvadnd ebtairmednfomf thbtiérotem Data Bank,

chinmeric, an dy de (Fab)' 2 npl ecul e,
accessig) BUBRE hY BV ahe gt Endiasyds Rtped PB%%‘“&&? Kabat, and the
moh!é‘él%ﬁ?vsfe% éé&%h?é LitloRidall Brub QRS 8 bog@\_kr gs of a human

anti body to orma conplete : In preferred
enbodi nehight chairt 6DRilghtmiered imaxd)mg/mKdiat eondists nftheaequence:
humani zed. However, in t the varlable
i ght and heavy ch%ﬁ%§2€é§%%@8gggqﬁg§gd3 e., wWth
one fully nouse va lsegcRai iy Geiyt her, heavy or |ight)
and t he ot her belﬁgggshgn§h¥zeggvaﬁfa le chain. In
Bedanst tlerd gk meninsertibhe oneleleGdnsvbbtween alesideess2T eadi iy CDR1 has
candi date chineric 20 antibodies to select those
CanH‘a‘W]r%mﬁt“B‘f ¥®8¢éi ati on const ant for the antigen
sui tabl ey 8¢ ik CDRbS ecoldndRKEIRBALIEDF o'sb
humani ze antlfdgjogy made accor |0ng %TPOB t?tese : E gle fuence:
wi || have a di ssochd@sl 6nSE6HS686t of at Ieast about
106 M1, at least about 107 M1 or at |east about 108
M1 . AKdof at |&adt laboutA198 M1 is preferred for
| es
Thif ot SRR SoqlbBER it Eanohita) WA TURETL O e
enbodi mehight élﬁtn ﬁDRBnnmﬁbhrahﬁacbmﬂmg&) Kdtat, cbigists of the sequence
di fferent types of antlgens pur poses of

illustration . It Ehe0d 9%?%Pﬂ3?96 i1l in the art
wi | understand tha%}ﬂﬁn (§ b ﬁp?lelC enbod!nents
n e

may be created usi net hods di scl osed herein, and
Bedabsd oft the lqnges anl the iPay atrjioisitionios, thid sequerice éslcdngsistdme with canonical
ci fic exanples. WO 2004/ 006955 PCT/ US2002/ 022011
SthglffE%R RBLE 1

In the compilation in Figure 2 and in Tomlinson et al (1995), 21 non-

redundant human germline Vk genes encode (1) CDR1 with canonical structure type 2, (2)
CDR2 with canonical structure type 1, and (3) a sequence with the potential to form
canonical structure type 1 at CDR3. These are listed in Figure 3 underneath the D1.3 Vk
sequence. Their sequence at the residue positions comprising the Chothia canonical
structure types is also given, and the human Vk genes in Figure 3 are stratified according to
number of residue-to-residue identities in these sequences. L23 has 7 identities, whereas

the next three entries on the list have 6. Furthermore, L23 has conserved residues positions
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HUMANI ZED ANTI - CHI CKEN LYSOZYME The nouse anti body
D1.3 binds to a chicken |ysozyne anti gen. The peptide

w6 eaqu@dsce of the variable domains of D1.3 WePET/US2002/022011
obtained fromthe Protein DRata Bank, accession nunber
1 VFA. The light chain was nunbered according to
Kabat, and the nouse CDRs were assigned canoni cal
structure types as follows: Light chain CDRL, nunbered

91 asd O divithid CDREB) algainCAP&ict® the neketisenuaiiidates. ZH2P erefore is
26 27 28 29 30 31 32 33 34 10 RASGNI HNY LA
chopancier the humanizing eonssuetipder t i ons or del eti ons bet ween

resi dues,27 d .31 has..canonigcal structure type

2L ghe ATRRE R R P Ra ERRERE RS b8 AR D13 a
posRAI6S hd &Ml afei@eRRALIANESHext BtedPosiitor3 T4, Wiick feplibatds the GGG

TTLADThis is not an exceptional sequence; its

mot¢fa b M 1chipositiont P8+ ¥1; yp éhe Best ypaich fon J ghgmeniaiand domsed for the
nunber ed according to Kabat, consists of the sequence
hunfRidRE EqnsB5C80n 4995 06 07 O HE WS T P R T 20

Because e hida®y tRaif vhriddlddrifin Bf D13 wROKInbREd Leordikl ® Kabat,
sequence | s consl stent with canoni cal structure type

as shown an FigarebnpPRstwesnassigngd ganogical sirugture typesras fedlows.et
al (199 21 non-_redundant, hu : ine Vk genes
encode (Hie Edin [RIEERPEAPLEPIEETR ype 20°(2)
CDR2 wi th canoni caj7 3¢ 79186 91 82Byp4 3%, and (3) a
sequence with the potential to form 25 canoni cal

structure type | af &0RY Griese Vale |listed in Figure 3
.underneath the.D1.3 VK., sequence. Their sequence at

Thig RERERE itk B e uRp SR iRl AP S Resre 1
St ruct urend N DR P91 Ihyeihe séfidnéhe human Vk genes
in Figure 3 are stratified according to nunber of
resi due-to-resi dueSl dleft $3 5485 5h 5713858 69ed UBnTesd 6123

the 1ist nave 6. FOFanG HoPeC 103 Rad SbRshr ek s "

Becg%s%i RS sPRS irfsbRidn BMRVERA0RERE95D JREHUBINDPIDERBhEd canonical
structure type 1. Human germline VH genes predicted to have canonical structure type 1 at
CDRI1 and canonical structure type 1 at CDR2 were taken from Chothia et al (1992) and
Figure 1, and are listed in Figure 4.

Segments chosen for homology evaluation were 27 — 35, corresponding to
Kabat CDR1 plus additional residues forming the Chothia canonical structure, and 50 — 60,
corresponding to Kabat CDR2 less residues 61 — 65, which seldom participate directly in
antigen binding. The first two entries have have 8 identities in these segments when
compared to the mouse sequence, and the next five have 7 identities. The leading 25% of
entries in the similarity ranking are thus the two genes with 8 identities and any of those
with seven. Though any of these seven genes would be suitable candidates for a
humanizing construction, several are preferred because of conservation in non-identical

residues. Three that have Glu or Arg replacing Met at residue 50 are excluded because
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91 and 92, within CDR3, again superior to the next
three candidates. L23 therefore is chosen for the
whvani@sng constructi on. Anong the human Jk SPQDES1082/022011
in Figure 3, none matches the Arg in D1.3 at position
96, and all are identical in the next three positions.
Jk4, which replicates the GGG 5 notif in DL.3
positions 99-101, is the best match for J segnent, and
buri4l of a&MhafeRl sidechalilinBRE 2liddle ©0 ALy HEHhOEIB sedhint N8 HKY]y to give an
chain vari abl e domain of D1.3 was nunbered accordi ng
altered Wadzadimensignal istuetuien V- lgdiwes thus Cibpen vireme theg singiméng; four.

he T b b s ctSactiBe heRn Bt & Pl BRg BEGERAC S5, "
32 33 343ehifnenc thiﬁlﬁlz\édeaﬁﬁbud; hi, &5 a8 SHACHy |c€ﬁ%%iﬁ£¥he Kabat

i nserted residues, hence Is assigned to canoni cal
CDRsrafcuB ewitly plee KabatThandéadrks eioded by Vi1-3, id4, L2% and Jk4. The

sequence, 50 51 52 73 54 55 56 57 58 59 60 .61 62 63 64 .
seogites g1 1hy Do Bbhes e Ebl SR of Sguiagh ar shown in

Fi e is no insertion between residues 52 and 56, CDR2
I's assigned canonical structure type 1. Human
ger nl i neS¥fthgenesiapleatbinetie gertes ehending thedningalized Vk and VH were

structure type 1. at nd, canoni cal. st ruct type
preparg froprsyiitHe émacl% %a(o'{lﬁ taad & Yerg b1 eorporated
herglhglye?ef enéd)d ’I@{e?e l)gbﬁets erethéid %ﬁ&eé&e&izg g%?ﬁ;ﬁﬁ%ﬁpression vector

n for honol ogy eval uation were -
pAK®9r ésspabeti hyg Ganter Kalhi(190DR inpdrpsrateddhdreimnby refesnckie §he DNA

el b IO a canamcpl, SEructur e A2 0619%% shown in

Fig%@.h_r&%ﬂmmam@m %%@Seg ertky ddh, r@l_esé;ea%ﬁitgg igggplasm by

first two entries ave 8 identities In
osnsegrehotks and puri fiebbgpairedatographe ombysszynse Jegacese. and t he

next five_ have 7 i ities. The | eadi n'ﬁ 25% I
entries 19 ?ﬁf’é“@i%‘dﬁ% ‘t-y%?ralbf&‘?zﬁ@lea?’%? ¢ E%‘“Pﬁg%i’@ifﬂ“"remnce
it o L ' h . . _
oo TR BBt Foae AN (o0 by i chnges
the datndsid atypophat flaorebeenes of the gntibedt andcintigen up@vesmpleaf@mation.
referred pecause of conservation in non-identi cal .
In tg aF v'gg} smgll aliquots

SXRFGEENt inkigRrer haP0 A Buregiz gD e §ab a5 didiated
of %g;l%ég'gtgg / lg%%ﬁ%dﬂﬂ% bERRNIEntD PP ¥ PO @i?‘rb@ least squares to a

titration equation to obtain a value and standard error for the dissociation constant, 23 + 5
nM. By comparison, the Kd of D1.3 IgG is known to have a Kd of 4 nM (Foote and
Winter, 1992). Thus the humanized antibody in example 1 has an identical antigenic
specificity as the subject mouse antibody, and binds antigen with an affinity diminished by

less than a factor of 6 relative to the subject antibody.

EXAMPLE 2
HUMANIZED ANTI HUMAN CD28
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27 burial of a charged side chain in the mddle of a
hydr ophobi ¢ segnent is likely to give an altered
wo broepeddssrensi onal structure. V71-4 was thus cPOBES2002/022011
fromthe remaining four. JR4 is clearly the best match
to the Ctermnal end of CDR3. A chineric humani zed
anti body was desi gned by conbining the Kabat 5 CDRs
of D1.3 with the Kabat frameworks encoded by V71-4,
JHA,  L23Th@Rfdudkdnti-khtRan EE29 NGBS PdesidhatddBRY Wadited as the non-
[ ght chain variabl e domains of this anti body are
hurstwroswbjéah anBibaglyr €Tl mSyset ha thybridema dint svad asedited gadhissdescribed by
encodi ng é(ge humani zed Vk and VH were prepared from
Hansep ehah{2%%) i gonucl eoti des by the nethod of Ye et al
(1992), TRECRERAS P tlghziiﬁrv%hﬂblgyregi%ﬁeg&x’é@%f oThes®e cloned by
genes were then transferrred to b™ expression
revemse transcppld® and &sqm‘l)bwmwh@armmtlom, smml(glwgn)nessenger RNA that

corporated herei.n. by reference, The e of .
hag H%ens%lewst Yo g%@waﬁ iR o R R PP (B ARge A Sacehi
198F) (SN B Qtwgrak)ﬂy off '0956 @T%hﬁ%ﬁo%ﬂﬁﬁéatﬁﬁhvé%%med using

expr essed [ n rel eased fromthe periplasm by
oligmnleotides fconip,lemxﬂaxpm itfei codstyt regiooand otjgapivieotides corresponding
Iysozyﬂ@- Se har os& rn]éS Th affi nl‘tié of SHuD 1.3 for
to 1eBIopS § lRepltle P de‘m}ni‘ SCREATe quench
met hod de &flgﬁ%ﬂaf Ny YRR &1 zﬂ:QgrdW%‘&q{aﬂaiga%E)CDlﬂ‘Wére assigned
met hod re anges In the intrinsic tryptophan
carfohmarsfﬁm&mesaypés dsHellawd, mhthdyfeasnde énFigger8.upon conpl ex
formation, t exper|nment in_Fi e 7, 200 n
humani z eH‘gi}S‘ih%n Eg)é{ Lagumpered agcopding ?%ukgli’?éi ‘fonéllsfs&gﬂ dhesequence
of a concentrated by59zyn9 59| etd@@zgfbgpag%@%ace data
were fit by least squares to a 20 titration equation
to obtain a val ue &d&:ﬁ@wlanEeYrBer’BrStIhM Q

Betasiost tﬁgréé%@%*-%@%%qnf&me%zw Cﬁﬁl@ﬁawﬂwﬁﬁgﬁ type 5.

and W n%ﬁ%ﬁ cHat€b THH&b{:r@@ aMHF TSR BN PG dffthe sequence

exanpl e as an | ﬁtl cal antigen speci fici ty as
t he subj ect nouse aastibBddg s54am3d6bi nds antigen with an

affinity dimnished b an a factor of 6
relative to the su e%tsgﬁv@g . 25 EXAMPLE 2

Thg%(%g%%haﬁgw}lc%%amgﬁ Qﬂ‘{l&g@gt%e is 1.

2011
Light chain CDR3, numbered according to Kabat, consists of the sequence

899091 92 93 94 95 96

QQSRKVPY
Because of the length and the Pro at position 95, this sequence is consistent with canonical
structure type 1.

Vk sequences with canonical structure type 5 at CDR1 are not represented in
the human germline, but structures 3 and 4 resemble canonical structure type 5, and were
considered further.

In the compilation in Figure 2, eight non-redundant human germline Vk

genes encode (1) CDR1 with canonical structure type 3 or 4, (2) CDR2 with canonical
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28 The nopuse anti-human CD28 anti body designated 9.3
was used as the non- human subject antibody. The nouse
w@2®84lyddss doma | i ne was isolated and i s describkernubs3002/022011
Hansen et al (1980). The heavy and |ight chain
vari abl e region genes of 9.3 were cloned by 5 reverse
transcription and the pol ynerase chain reaction,
starting with nessenger RNA that had been isol ated by
sttt dHedi, Rhd 3) S QbR WARAhE pbieftfdy et CARMEGAY BEldture type 1 at
and Sacchi, 1987) followed by chromatography on
CDR3. ghhedd aredistadrin Figap Biubieracatio theiak Virsequanceis Thejr sequence at the

B RSO L ROBLTTRL B i R SRRl mmbcr
of I%Eigﬂ@!to-%%k HfenBtieNntredi Fhd Fsitfond FE MM K the CHOBRIS Banohital structure.

he light chain was nurmbered according to Kabat, and
Th€BRsgene has dsidenitied in ¢lzase position, swhareas the extythese ersthe list have 5,
follows, with reference to Figuyre 8. Li chai.n
nerkg e ety et o BF FPRapie coRREgh-s T hecegtis SFgsbased on
Kabst @R%@siﬁ&@ rhér Harf 8héRiad B33Hould s hdde Beeht te eadiny chndidate.
YYVTSL MQ 15 Because of the inserted residues
Thé &t \eaanied TEyrdreSidiie ofDRIndnask2c amatohied dhe sorrespoudiagt pgsgion of 9.3
5-. _ Light chai.n , _hunbered accordi ng to Kabat,
exacPhIBES T BERUNE FAGBAUAVASEECB1 52 53 54 55 56 A A S N
V E S Thirfe héax@rc{thaﬁinvzﬁ?éﬁl%mohﬁﬂﬁbf 58K R MfmbedréFaccording to Kabat,
canoni cal strucCture type is 1. 20 Light chain CDR3,
as showinan #iguae 8.0 CiliRxgwére ak@pet camomnsil sthectwe types as &gloswsce
89 90 91 _92 93 94 95 96 Q Q.S R K V P Y Because of the
|l ength ah eFWQ“ﬁPdngﬁ’ﬁ@QPPfgﬁ”@é?“?ﬁﬁyigghuence i s
consi stent with capeng 9?'30 3$pugtiurg type 1. 25 VK
sequences with canonical structure type 5 at CDRl are
not represented inF She il @&V ili ne, but structures

~e3-and 4 resenbl, oni_ structur -and were
THE SheIcTEs BT TP URSH el F RS beRsr? Pﬁ?@ﬁ%&ﬁrﬁwm type 1.

ei ght  nofyL RABAGEHR2 BRIB MRk TbddREcK
5051 5253 545556575859 6061 62 63 64 65
VIWAGGGTNYNSALMS
Because there is no insertion between residues 52 and 56, CDR2 is assigned canonical
structure type 1.
Human germline VH genes predicted to have canonical structure type 1 at
CDRI1 and canonical structure type 1 at CDR2 were taken from Chothia et al (1992) and
Figure 1, and are listed in Figure 9.
Segments chosen for homology evaluation were 27 — 35, corresponding to
Kabat CDR1 plus additional residues forming the Chothia canonical structure, and 50 - 60,
corresponding to Kabat CDR2 less residues 61 — 65, which seldom participate directly in
antigen binding. Sequences were scored for number of identical residues when compared

to 9.3, and are ranked by score in Figure 9. Gene DP-45 has the highest number of
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genes encode (1) CDR1L with canonical structure type 3

or 4, (2) CDR2 with canonical WO 2004/ 006955
wE4Ga2802/ 022011 29 structure type 1, and (BQT/@S2002/022011

sequence with the potential3oto form canoni cal

structure type 1 at CDR3. These are listed in Figure

8 underneath the 9.3 VK sequence. Their sequence at

the Kabat CDR is al so given. The human Vk genes in

idefritetd] €0,3 il Qedidk ROrefidEO EGthPatisbA WItiTDSE theOfiext 6 entries all have 9.
resi due-to-residue identities in residue positions
DPf4SrwasrahiosencfoCthstimanizangrengtanctionr uct ure. 5 The B3 gene

has 7 id i ties in, these pasitipn, er.eas the next .
Chree onOF Ml RLiRER AT bl RREERRRS, G Germina

end BITOR 3§93 CIMS E iwd§ Libcdn thdadbnbthRti®A0r i Ng been based on
Kabat CDR positions, rather than Chothia, B3 would

still ha¥hintgsien humanized dianigbasiain diedable. domamss wese cdeseghed by

TVI. i d f 2..mat ched t. di
comifink S Bfesg4OHERG TS HR e verinDe SBPAR e FEd gfabat CDR
seqi@ieds€fle oWl RnMAAWIh eHtaixbeptRhi FREIAHE IR, Whieh wis thought to be
was nunbered according to Kabat, as shown in Figure

notQritichRe amtigen sepoeuition, ko was ahadstAlacidgnacal ypdlse residue in B3 at

thatdmf ol hltl%g 'am(g %?%\%gé(e%gg%gg egtééagg(i gg tgog e?vyd'ﬂ%$%i(§%9 iﬁl_?ntical to
Tk21%orh o3t DA YENC §08 AGKE tRNYxdePR& bEFLsIdRes d08Rd NCREECH Were left
__assigned to canonical structure type L The Kabat CDR2

identfcabtB9 Rate pressreey ghnosyl@dn5notiAha3these B5ide6s HTMS8 ®mbination

.60 6 63, 64 65 V.1 W GGTNYN
w‘tgé%sé‘%’gﬁt hglﬁ%h?%’yﬁgainﬂ%ﬂéﬁag‘agﬁn}f& ﬁ%‘@ﬁtqde%ﬁ'sléé@k (g%?éﬁc&'ences of
the 95 hdaR2hhid, A%Hi tHEO8LccpAB?BE Fedldues60 S5 UhithSvdrY Bfoulht to be not

~Human germ ine VH genes predicted to have canonica
critel wontigen recpgnitiontand GORE ramit idendival wathe sequentaioEDPASent those

. _t aken from Chot hi_ A -~ o
Poskiosy gty Kalyay FarevpIis Seences pigUe & DEs IR foudyy o4 and
ideftRal BT REY r&N@lcUR)3i-Q3were 27 - 35, corresponding to

25 Kabat CDR1 plus additional residues formng the
Chot hi a Beneequeatesspf diog deavy andl 1ht -ché, variable domains of this

ant'\%ﬁ{l)ré?e{% E@F\g}é n}}?ﬁﬁ{q}fqp %f‘ggg]%él{é‘gf f‘i})r &%girggn %vi&llva}iaglg 'domains these
sequences was prepared as described for Example 1, with the exception of using affinity
chromatography on Protein-G Sepharose for purification. As a control, a Fab fragment
comprised of mouse 9.3 variable domains and human constant domains was prepared by
similar methods, as was a hybrid Fab fragment comprised of human constant domains,
mouse 9.3 heavy chain variable domain, and humanized light chain variable domain.

The ability of the three Fabs to bind to CD28 was examined by ELISA.
CD28lg coated plates were incubated with Fab solutions at concentrations ranging from 1
pM to 10 mM. Binding was then assayed with an anti-human k immunoconjugate. The
binding isotherms generated were processed to determine the equivalent concentration for
half-maximal binding of the antibodies to CD28Ig (EC50) as described in Jin et al (1992),

incorporated here by reference. This analysis, shown in Figure 11, indicated that the mouse
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antigen binding. Sequences were scored for nunber of
i dentical residues when conpared to 9.3, and are

w0 2004eaboby score in Figure 9. Gene DP-45 has tPer/us2002/022011
hi ghest nunber of WO 2004/ 6806955 PCT/ US2002/ 022011 30
identities, 10, in a residue-to-residue conparison
with 9.3; the next 6 entries all have 9. DP-45 was
chosen for the humani zi ng construction. O the hunan

Fabl FhSEOFERD Df 26'%4 hmé HJ%® oF IABES tvab 68D B Yarkdahé IBE50 of the hybrid
C-terminal end of CDR3 in 9.3, hence was used in the

Fatcons 80 odf.i Ghe sﬁnramyreﬁhc atnidition iof & lybridoandymouseiBabs showed that

erT SRR 1 PTG B PR S RO gL 55 g dperstions
invERRA tHeDheav§ QAURNGRS RimAdi£atdnSofl i@MigHt Ndafh aldhé Rahde@ minimal

exception of Residue 34, which was thought to be not
avidity loscal to anti gen recognition, hence was nade Al a,

identical to the residue in B3 at that position; and

framewor k sequences identical to B3 through residue 88

and identical to 10 Jk2 gxompposhtions 98 - 108, with

the exception of residues 70 and 72, which were |eft

identical to 9IHHM@Q§ZE£EAN@ISCQH@%@ENT@KMﬁn not i f

that these residues formin conmhjnation wt si due

71. The B%W’“é‘h&'i“h SCRPPREPER GORRID (SrarlidolCE Setiied as the
sungR RGeS @bncet R & hgimlaﬁ%é’d/ aﬁﬁ%b&&edﬂ fdxid. hel"he mouse BCF2

xception of resi dues 60 - 5, re thought to
hytibelonmt linecwag deselibed) aadtthg efﬁcmac ofythiet BOR2 antbdihninea medee model

i dent | to the se of DP-45 tho S5 .
de%fassrrﬁﬁeém Ligsiebel (850, g@&ﬁsﬂv@%a@ﬁc bfsedlemeing of BCF2 was
isGihs i Snted 4R B du hz.to JHA from
dlsagsée?lg)yté%gfg(g&ar ?9@¥‘he seﬁgeﬁces ofé ﬁe heavy and

i ght ch@amonveal Istrbdztaredtypm ostheflighhichainawérebdethrmanmed as described

o e T

Id f i
strlgfl?:ért] s%f & Rwaﬁ] ép y%ﬂt@lael forCER UM X pdISI B CDR2. A

ograp ot el n- G Sephafose for
humpartizddi ml;lbn rof BEF2 venntesighed asikgbbhd cargmdanations ahussd chbove for
of, nmoyse 9.3 var|§ple omai ns and human const ant
selesbipn oh BumAR TrUing ealdoegengismqeg?esnet hods, as was a

hybri d F’ﬁ?e il e{%ﬂ% eavy& nQBnQ’S{Q@BF ?&g%@ épR se&uecpces of the

donwmi ns, chal n vari ab onal n,
BCR2 nlighit z(fh@hd [ aglklt frafnaworky sequetides idemtizhinto The hatyiah gene 0A2/DPK 12

the three Fabs to.bind to CD28 was exanined by ELI SA,
throughaepdye;8% and dgntigah f.Ik4fEoma pesiligps%d 1Bt fThekgavy cham variable

dorﬁzﬁh %Bhs%léd 8f KPR ETPR rsé?fu'ef?(fg of ARBEH fxé:ﬁz@cﬂxam, with the exception of

residues 62 - 65, which were thought to be not critical to antigen recognition and hence
made identical to the sequence of 1-f/DP3 at those positions; and Kabat framework
sequences identical to 1-f/DP3 through residue 94 and identical to JH6 from residue 103 -
113.

The sequences of the heavy and light chain variable domains of humanized
BCF2 antibody are shown in Figure 12. A recombinant Fab fragment with variable

domains having these sequences was prepared as described for Example 2. As a control, a
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pMto 10 nM Binding was then assayed with an
anti-human k i mmunoconj ugate. The bindi ng isotherns
w@eonanaedossl were processed to deterni ne the equp@BUSINN2/022011
concentration for half-mademal binding of the
anti bodies to CD28l g (EC50) as described in Jin et al
(1992), incorporated here by reference. This
anal ysis, shown in Figure 11, indicated that the nouse
(Fa¥, X043 A0 6055 pRpaledSPHRY ARefioch oBImbae BaW2alg(EGhQined from
of 20 nM the EC50 of Hu9.3 was 630 nM and the EC50
hytgfdomaeselsbrid Fab was 30 nM The similarity of the
aviditi es, of, .t-he i ovwed. t hat .
the.r edutts SR ONER Ao TNER CBAE 57 Wallingd hine 2 BiAcore
biosdrisér Mistratheh) wRRkeRAdirhmbEilided oANthe SRRk VdfMthet Msor chip and
heavy chain; thus humani zation of the [ight chain
antihjodyian ¢ sereradtantalhis gnethod)inas bpegss descaladv/by Hogsson et al (1991),

. HUMANI ZED .ANTI _SOORPI ON TOXI N. The npuyse. ant i - scor pi gn

e oy B gt e A eu BRSO E B st a 10

fol® U &C tveRONhdiL Pashed esiéenBe dhiy t8 sBseBRI R association phase. The
anti-scorpion toxin. The nouse BCF2 hybridoma |ine

sengprgrage 3ias | doatinuednyith st falangoyp the fluid pBar2toashsensadissociation.

ttifly” o8 5olRAT endTHRRR RS I e §fedind! gha Hekatio of the
kinéliSfateOsoRdtalit kB8N OT 1R reecivedfBhiticd Rebrd $0 AVERR MeaHons8 (Fab)’,
Figure 12. Canonical structure types of the |ight

andcH&inM iery the Hemenigeheatsigs. descri bed 15 before, and
were type 5 for CDR1 ,type | for CDR2, and type 1 for
CDR3. Canonical structure types of the heavy chain
CDRs are type 1 for CDRLIgmAMpyRg 2 for CDR2. A
humani zed versi on of BCF2 was desi gned using the
consi der at i ons HiBMANEAED AN VEHUMANS@ABPSSi on of human

germine.,V and . S ...The light chain _ .. ..

Ot bl oTHo R ey E Gt o Rulse, 65 wilodatron
isofol®, NGAD¥3-2 |ight chain; and framework sequences

identical to the human gene A2/ DPK12 through residue

88 and i Blemmiousd NGADK4hybridamp divie tand sequ@8ces of 8. antibady variable
heavy chain.variaphle d i onsisted of Kabat CDR , 6 . _.
dorgiin ¥roRei i Budpe REAGIRAR B fotnhes He bieifighin Figure
13.0fhe fir8SiwiRSidfes of thelighth&iR a¥esRitled Dectise tRyRRr&@rived from the
critical to antigen réecognition and hence nade

oligoguriedtuislusedfarisbordegyuence of 1-f/DP3 at those
positi onéano%lncgl Iéfarggﬁreftrys‘ense of {hlé light chain CDRs were determined to be

type 4 for CDR1, type 1 for CDR2, and type 1 for CDR3. Canonical structure types of the
heavy chain CDRs were determined to be type 1 for CDR1 and type 2 for CDR2.

A humanized version of NGAD65 was designed using the considerations
discussed above for selection of human germline V and J gene sequences. The light chain
variable domain consisted of Kabat CDR sequences of the NGAD65 light chain; and
framework sequences identical to the human Vk gene A17/DPK18 through residue 88 and
identical to Jk3 from positions 98 — 108. The heavy chain variable domain consisted of

Kabat CDR sequences of the BCF2 heavy chain, with the exception of residues 61 - 65,
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25 sequences identical to 1-f/DP3 through residue 94

and identical to JH6 fromresidue 103 - 113. The
waeguanes of the heavy and |ight chai n vari abP€r/UsS2002/022011

domai ns of humani zed BCF23anti body are shown in

Figure 12. A reconbinant Fab fragnent with variable

domai ns having these sequences was prepared as

descri bed for Exanple 2. As a control, a WO

whidh Q0 Qgﬁggt tgggrglt?‘g@@gdi Q)Zz%ﬁ’i%én resdghifis indhédc@ %%Btidégﬁéal to the

prepare psin digestion of nousé BCF2 | gG obtaine
sequeisoe ofhiordt dbose prsitioss; afdeKatiat fiamevwoik seqichoas iBaiial to 1-f/DP3

bi nd t. 8 i ped ' A bi
trpyabieTiAu A ) AT OB Ed 1 1WRe surf ace. of
the sensgye Q{Haugnﬁéeg%f the ﬁ'&w Qﬁ&jYighpcﬂan?vﬁ'%ﬁr Acth &8¢ of humanized

Thi s net hod en descrfbed by Jonsson et al
NGASL antibodg cir shawe dn Féguee 13byA redeentenare . Fabafoagment with variable

sol utigns at concentration i ng. t | t
dorpins hayige there BeANERES t're br@;éza%yd&%b% fer @*ﬂ%ﬁ? g As a control, a
Fo LS SR B PPRON DS vt pREBARLAL MRS vas prepr

by elhdRF uetldidssoci ati on. Affinity, as a dissociation

equi libriumconstant Kd, was determned fromthe ratio
of the 1@hiahsitycol fice tweniabaniosbiagniodntigenTi@s cxamined by an

. qve. af fini td . th .

RGP SRR A W RGN

by RS i1 afbH Ivit BSNmeibiine - Bhel hibeled untigantvadddybatédovernight
human gl utam c  aci d decarboxyl ase 65-kil odal t on

withgigioNnITORGAIEINS Theliph 5 e (ABeB THEENgo REPtein{a Sephprose beads
we Oee%e%n %8%(€3° Lé\:ﬁ\é% elt P&alfya(lggwggs% iat 8L gen ! Radioactivity was

escri be ! : e seguences are
detpfrised by dsdimilkition &unfidy ahtiethé iIBGI0 twae depdindneels vishallyhéom the

g sce on el secatee (e sers et LromC oo
AL IBER 8 15 ) s TR AP gt P B
givef thel 39 ®1d 1dsobf &Iy ofdednintaized tantibddyrrelatiy p esthe fmduse antibody,
theghe*}glilz%/n}}%ga\lzi?lf gEIRS ngagn?iggnetsuef%giierr:t?}g tcE 8e BSedt %Illpheun%anf i%r thecz:rgs)} without
need for further mutagenesis of the sequence to make up for the 25 fold loss in affinity.

The methods provided herein have been exemplified by the use of mouse
mature antibody genes as a source of the first Chothia canonical CDR and human antibody
genes as a source for the second Chothia canonical CDR. These examples are particularly
suitable for the construction of humanized antibodies for use in human therapeutic
applications. Such humanized antibodies contain sufficient mouse amino sequences to
retain a three dimensional structure necessary for avid antigen binding but also contain
sufficient human antibody sequences to prevent unwanted immunogenicity in humans. One
of ordinary skill in the art will appreciate, however, that the methods disclosed herein are

equally applicable to preparing converted antibodies that include chimeric hypervariable

regions derived from any two different vertebrate species.
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A humani zed versi on of NGAD65 was desi gned using the

consi derations 25 discussed above for selection of
whoomanogss M i ne V and J gene sequences. The |ipti/usivaz/oe2011

vari abl e domai n consi sted ¢# Kabat CDR sequences of

t he NGAD65 |ight chain; and framework sequences

identical to the human Vk gene Al 7/ DPK18 t hrough

residue 88 and identical to Jk3 from positions 98 -

108. ThelhgaioreChtabnl \Gaise 2 tHeefido antivbdy asegiéicedwaich is originally

Kabat CDR sequences of the BCF2 heavy chain, with the
selestesldmt vioue of itp biidingty Buantiges ,mamezsémdcs@ g5 the “subject” antibody

e N I R

antibggﬁﬁéqgléhcet VHid}Eis sEIREIE Mo Aftibddy seijueid® SE tHeQagki Afal, may be
and Kabat framework sequences identical to 1-f/DP3 .

refarteddagis theSpbiiget” atihody saguenciec alhet ebjgatantibesty sequenpgas typically

103.- 113. The sequences of,.the. hea and l.ight chain, ..
frof o PUBFE oA S0P i Orie Bk Bl HayRd R, Antibody
conSiRWdns Roflafii#hE the3chiMei6 & Afible Feabonk 668N 16f thE methods of

vari abl e domai ns havi ng ese sequences was prepared
thisamvetay fdseld ifi gr thizdaangibed seqisnee whivhr mhy bg geRenally designated a

R B Fe ) AR s s
strRRirdll f¥tpls o b AR bsbj&i NEdt Ge A0YjdDBMLVES, sequences and is

exam ned by an 10 i mmunopfeci pitation assay.
idemicd] omotertam bthenrde§ned structurat i fdatuess atobench| @% thensubject or object
%_ggared by in vitro translation wth 35S-nethi oni ne.
Seq f-abel ed anti gen was i ncubated overnight with
various concentrations of either of the two Fab
fragnents. Protein G Sepharose beads were then added
to sequester Fab and anREEFRINGERI anti gen.
Radi oactivity was deternmined by scintillation
counting and the EC50 was determned visually fromthe
Carle?, Pl fRALPR OF I@é&t%tength&%d%@&l Ba@idviirhdiad/ 4.5 Welligan, M. D.,
concentration’of Fab fragnent. Values of EC50 were
Woopt ®i. dedl.oRo® 166, pVM .o KottheCnBuysarrabMadd, YaggviMoBouredl, J. H.,

Sheis B £F % Fepngr [t hiasd) Bieh bt EthrricbiisoR Fapsionand production
of 4B En @R antib s t. Z@Q/’chﬁol@%}é 14, 1BBN@g7anti gen

sufficiently to be used in human in therapy w thout
need for further mutagenesis of the sequence to nmake

Ch%ﬁl&i&éé%ﬂ%gf %MLQQE%?)@@I}P%&% fﬁ%\pﬁltl}\r% 'ég)zeg)f;)rl!: ﬁlg q;&égr%glfslable regions

of iAMEBgloBREHY. €. 1l BRUY6IonRs1AS a source of the first
Chot hi"a canoni cal CDR and human anti body

Chothia, C., Lesk, A. M., Gherardi, E., Tomlinson, I. M., Walter, G., Marks, J. D,
Llewelyn, M. B. & Winter, G. (1992) Structural repertoire of the human VH segments. J.
Mol. Biol. 227, 799-817.

Chomczynski, P. & Sacchi, N. (1987) Single-step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chloroform extraction. Anal. Biochem. 162, 156-159.
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genes as a source for the second Chot hia canoni cal

CDR. These exanples are particularly suitable for the
wa@oovaoasss i on of humani zed anti bodi es for use POT/D8TA2I022011

t herapeutic applications. 35uch humani zed anti bodi es

contain sufficient nouse am no sequences to 25 retain

a three dinensional structure necessary for avid

antigen binding but also contain sufficient hunman

anti body sequences to prevent unwanted inmunogenicity

in humans. One of ordinary skill in the art wll

Foad@pUueck atwanteln OWEV €1992) hantibddy mesidueds affetinigosenfolmpatiim of the

are equally . a i_cabl e tg_preparing converted
hypsriarigbgileapst Ha&gl Kok ded AT r48§1 c hypervari abl e
regions derived fromany two different vertebrate

speci es. WD 2004/ 006955 PCT/ US2002/ 022011 34 In a
Hafipé,eCgneLahdgensk, Ddneld,i TsL.,aHambmwdy, iecmemmomm ch M. &

is ori mallgl selected by virtue of it &rﬂﬁ? q
Lergmearkg e np¥glemprasiqngl atibody seeetﬁ%e +thg it end of
G@gu%%e%mm %?llllg éf‘?lSUbJ ect anti body sequence IS

mouse ‘The second antibody sequence,
which is selected fron1ant|body sequences of the
target ani mal be 5 referred to as the "ohje

B Bndal Novengit; BoE: QHEDRMapoLinl eRBBsdies identifying a
novg%; (eﬁ t%’get Jgﬁ%%ﬂﬁéﬁ?pr I ért*lzﬂl lkﬁﬁ)ﬁgﬁ?ésgqgnﬁm%eﬁeﬁcg b, 247-260.

conp03|t|ons containing the chineric hypervarlable
regi ons according to the nethods of this. inyention

Jing ézsuFQndﬂ)n B Mhi &d Wellsi Body d88%eHigh wesoliongiungtional analysis of
ant%ﬂg)gélg Jp eaacgﬂnﬁst Ho )L, Blgp'}‘igrésgg anti body sequence.

y sequénce ers in certain
defl ned 10 structural features fromeach of the
g_%ect_and_me_ob; uences and _is
Jonﬁ%i

ct _antibody sequ
tT.cRear, & Ebr Fogtey JotNeubergsr.iMed. & Wintenr@ (1980} Replacing the

corhe SRR Lo B §5nEn LYy SRR g frgm @ movse
Nathke 33,1,, s¥nadecor, B., Covarrubias, M, Velligan, M D.,

Wwng, W L. T., Rowand, A. M, Kotts, C. E., Carver,
M E., Yang, M, Bourell, J. H., Shepard H M &

' eyel her i ol
Joné%‘l’ Pl Fakerh o pF odvﬁg{g?%ng (R FRlE8 85 Bersson B Roos, H.,
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ant 1 BBaGhERa s R TRy PigR COR, <rUelRY o dafapjeast two CDRs
within thERbh-hilumde bt dyWaASbIE esgied; | east two CDRs within the
non- human anti body variable region; obtaining a _
| i br abtgingig péipraryief pepfidsrrsawences fom@nmanaintlb@g'dyaﬂable regions for
variabl e reqgions for human antibodies selected from
homan agibodts siscE fEHE e ronp e M R BRI RrEn g Sifaged by 2
human géhhlie gBBI DREALS i‘rﬁib@ﬁ?,e and a mature antibody;
identifying a second set of canonical CDR structure

t ypeslenofying a besaad sl @DReicalf GPRegiwbtupe fypesl orsit deasinioe CDRs
wi t.hin the |ibr.ar f human variahl.e regi on sequences;

for cach i Fyapies il ede Bl HeifB P G 19E CRTER oo
f r omydi&ifink iaRuBdeY oPMheGREMBErIpRBidd REudncEStromahe Abrary by comparing
canoni cal CDR structure types to the second set of

the first sehpbeanenical(PRRsstrugrel hypes (opbs secand setaifeandmenl tHIR structure types

e F ptide. Lthe d.set of .

e setecfp Hbsf Bfihape i R ey WherE e At GLof FEopRpGDRspructure i

the same @k (RAARRIsGEdf GRbhisalr CORWRCRYPEPed R (TR sEQRMEACE ToAtsponding
corresponding locations within the non-human and

locations v tham theanon diwheanrasd ihoman vadstpe cagiane) igspeativelg;omdt r uct i ng
?;D%héogleé[f'gﬁi{%? Sﬁllilllerelc tnpo gcullent latuﬁjlgl%ldeast atllga%fc’ Ewg c\;\p th(f?fC]sl{I gequences

from the non-human variable region and framework regions from at least one member of the

selected subset of human variable region peptide sequences, so that the chimeric antibody
contains each of the non-human CDR sequences substituted for at least two of the human CDR
sequences at corresponding locations in the variable regions, and the framework sequences of the
chimeric antibody differs from the human framework sequences of the selected member peptide

sequences by no more than 10 amino acid residues.

2. The method of claim 1 wherein the framework sequences of the chimeric
antibody differs from the human framework sequences of the selected member peptide sequences

by no more than 5 amino acid residues.



fromthe non-human variabl e region and franmework
regions fromat |east one nenber of the selected
wandmambesss human vari abl e regi on pepti de sequePCEYS2082/022011
that the chinmeric antibody39contains each of the
non- human CDR sequences substituted for at |east two
of the human CDR sequences at correspondi ng | ocations
in the variable regions, and the franmework sequences
of t Qe Cq'hmeltﬁodacﬂt él&ﬁ?% wq{er TR ﬁaﬁ[n%uf RSe £ of the chimeric
franmewor k “sequences 0 e selected nenber Eeptlde
antibody 9effite RGASthE Yiuman fanewiodaseqhehcagbNthe aelected aminthee peptitle sequences
The nmet hod of claim 1l wherein the framework sequences
by no mog¢ thap@ astineraeid gesidiesi body di ffers from the human
framewor k sequences of the sel ected nenber peptide
sequences by no nore than 5 am no acid residues. WO
200440069 Fhe RhdthdH0024iR2 2 Ofhtthe3 theRiding eankirigh @itk Alembers of the
claim1l wherein the framework sequences of the
selected gubisetehy eompaniniginedifion; tyf pasifionrsimilenfy of prHne ReidFesidugs of the non-
uences o he sel ect ed er pt.i ene: b .
homan QUIRLEAER e lo YeCeifesPaiditl FRERR BR Rphtdhele HUERERE gp ¥ ranking
criterion.Cl @aim 1 further including ranking the nenbers of the
sel ect ed subset by conparing position by position
simlarity of amno acid residues of the non- human

CDR sequenges to the .correspondin

O 5 inc 58 o O S SARBON 0T R RERUEPGAS e op
25% of titd RhRREm¥ABES] N the sel ected subset includes only the

top 25% of the ranked nenbers. 6. The nethod of claim

5 wherein the ranking criterion includes a score of

am ng acig. identi et ween t he non-human..and hu
DR BequenbsSiaiod ¢t ARebS hah T BE T iERon gERA; a score of
amino aci} ideR&§ bett@n @ nonlhunhifalEiiemM ODRGEgudNc & éM%Bfr@égﬁnﬂi'ﬂg residue

ranking criterion includes a score of am no aci
positionsicd@hleastypnp&iMben t he non- human and human CDR sequences

at correspondi ng residue positions of at least two

CDRs. 8. The nethod of claim5 wherein the ranking

Criteri onThoehdElRBoPCIam? SowRreinah Rkafy &hitedeminclides a score of
bet ween the non-human and human CDR sequences at

amino acgbidertity batvesy thesérdhemarpasi hinansCPR sequsncGOR corresponding residue
positions of at least two CDRs.

8. The method of claim 5 wherein the ranking criterion includes a score of
amino acid identity between the non-human and human CDR sequences at corresponding residue

positions in each CDR.

9. The method of claim 6 wherein the ranking criterion further includes a
score of amino acid homology between the non-human and human CDRs. at corresponding

residue positions of at least one CDR.



9. The nmethod of claim®6 wherein the ranking criterion
further includes a score of am no acid honol ogy
whedoamasyss he non- human and human CDRs. at correpORHOZIOR2011
resi due positions of at |east one CDR. WO 2004/ 006955
PCT/ US2002/ 022011 40 10. The nethod of claim§6
wherein the ranking criterion further includes a
score of ami no acid honol ogy between the non-hunman and
humap, CDI ﬁ&)%get}?&f 5?5{%%% %ereﬁ?ﬁiedﬂéﬁklﬂgsdrﬁéﬁﬁ?ﬁﬂﬁﬁleﬁtincludes a
Ieast tmo e nethod of claim7 wherein t
score of raatiko rgidchémelogy befweehhthe rondlundhasaral heoar €IHRs. azmcmrespondmg
aci.d hopol ogy betvveen t he non- human and human CDRs. at
residue pegtiprsfhdgasigwordReue positions for each CDR 12. The
met hod of claim 1 wherein constructing the chineric
anti body sequences conprises constructing a nucleic
aci d1sequ&he endtinat of platd s whineirc Bienrankiugsnnitd:ﬁmdﬁuﬁher includes a

sequences. 13. The nethod of claim1 ere
score of TNk herploRE RCLIHRS. thi4“°“‘|“h‘é“%‘i‘e¥‘1¢o€h éb}#?n af corresponding
¢E§$ are Chothia defined CDR | oops. 15.
lemduep$ﬂ§5ﬁ%@ﬁg%§b claim| wherein the act of constructing

the chimeric antibody sequence further includes

substltutlng at | east one am no acid residue of
non- h&man Thepretsed weinslegnwi  whereldi ponstuping the, d’hHE?’bc antibody

sequence:\évI C}S)n}pthgg 9%1%%&%&5‘ %ﬁlclgfoen ] §ecﬁ.\|3 gﬁl gﬁﬁ?%ﬁmenc antibody
sequencekl ght chain CDR2, |ight chain CDR 3, heavy chai n

CDR1, or heavy chain CDR3 and no nore than 10 am no

aci ds are substituted in non- human heavy chai n CDR2.

1 BQ Qr% h%f cﬁ'lc%'ng]ll wﬂ\é}ggﬁgﬁpgb% a@&f(at?aft dFﬁne CDRs.

cons ructlng neric y sequence fturther
i ncl udes substituting at | east one but no rmre than 10
ami no acid_residues of the human framework
Wi th14 di ThemefodabohimacyberpiadhtiGDRS o7 CHRBIadietRER COR Toops.
claim1 wherein each of three non-human CDRs is a
light <chain CDR and if one of three non-human CDR
sequences The méthed GEndaintdl whkrelic the actt yPeondiseting B2 chimeric
2004/ 006955 PCT/ US2002/ 022011 41

antibody sequence further includes substituting at least one amino acid residue of the non-human
CDR sequences with a different amino acid, with the proviso that no more than 4 residues are
substituted in any of non-human light chain CDR1, light chain CDR2, light chain CDR 3, heavy

chain CDRI1, or heavy chain CDR3 and no more than 10 amino acids are substituted in non-

human heavy chain CDR2.

16. The method of claim 1 wherein the act of constructing the chimeric
antibody sequence further includes substituting at least one but no more than 10 amino acid

residues of the human framework sequence with a different amino acid residue.

17.  The method of claim 1 wherein each of three non-human CDRs is a light

chain CDR, and if one of three non-human CDR sequences is of a canonical structure type absent



fromthe library of human variabl e regi on sequences,
then the act of selecting further includes selecting
wa 2bweeysyari abl e regi on sequence with a CDR oPCBHUS2002/022011
di fferent canonical structuyte type than the absent
non- human CDR type at the corresponding |ocation, wth
the proviso that the different human canoni cal
structure type has a length no nore than two am no
r esj | L&k e
from thed ey, AN acRP rofibn Qbq REAP Incy 188 oL BT BASYRY Tafher includes

selectingEhiiAgh Oindbleatdgioﬂseqmi’ce iwith 4 DR ofibshffereADRameapakbstoeture type
is of canonical ty t hen the act |ncluq$
than the gbsest ppm@umamm tﬁ%fqéfethé EOTPIPRNAING APLAiOBa ity the ProvigeRthat the
different 3}@&%‘?21(; Caégrrnr sgﬁx%cang)meoﬂ‘ te{ gthsﬁ? Iﬁlféoﬁgp arl' &4 W alidTesidues
smaller or MiketdBs 56 hes-humgn @aﬂﬁﬁiﬁinstﬁ&wet@e thuttlhata;eﬁtanonl cal
type 4 or 3 CDR at the corresponding |ocation. 19.
The nethod of claim 1 wherein the non-human vari abl e
regi IS no a I n.
(P9 3B SR TSR APED GRALAT Rl CRRL Sl i o
canomca§ HangRs theact Ghohedes delbétaiy 4 hemgl wqpermerwmlsh Icﬁlxg)rﬂcfal aype 2 CDR
rary of Vk ,V,, VH JH Jk and J,, uences.
at the coﬂ’mon@ngu ingation, oF i the mom@m@m ﬁnm&eqa@tceéfs §?IPIE|%1tW1??gS then the

act 1nc1u§<7‘§t ﬁeLenﬁ{}gl gélg.ﬁ]ltgh ggcg CtL c%ﬁ?l%eﬂstg]g Iuﬁé:l }(3) ISﬁ' at'{"?l{e%j&rrespondmg
location.and a vari abl e heavy chaln. 22. The nethod of claim

1 wherein the chineric anti body sequences i ncl ude
the frameworks from human Vk, and VH sequences.

23.
T TS gl it 50 RS RE 0 BB 0 movse
vaﬁable;e%ignorm a nol ecul e sel ect ed from the group consisting

Fab fragnent, a (Fab)2 nolecule, and a single

chain Fv nDI ecul e. WD 2004/ 006955 PCT/ US2002/ 022011
42 2 d of 2 e (o :
§B1 arﬂue %%Iolg d %1%? wﬁereln {h% E%%B; of Iﬂu%% sanable region

vari chai ns

sequencesUlst Qﬁéct&ﬁgﬂ%ﬂpltﬁg %?’bﬁ;h c%nﬁkt@ ol |11‘B #y &ongt ant VH, JH, Jx and
region domain to orm a conpl ete antibody. 25. The

J) sequenishod of claim 1 wherein the human vari abl e region
sequences are

21.  The method of claim 1 wherein the act of constructing a chimeric antibody
includes constructing chimeric antibody sequences for each of a variable light chain and a

variable heavy chain.

22.  The method of claim 21 wherein the chimeric antibody sequences include

the frameworks from human Vi, and Vy sequences.

23.  The method of claim 22 wherein the chimeric variable light chains and
chimeric heavy chains are assembled to form a molecule selected from the group consisting of a

Fab fragment, a (Fab) ; molecule, and a single chain Fv molecule.



sequences for gernmine variable region fragnents. 26.
The nethod of claim1 wherein the human vari abl e
WO eguO®sSEequences are sequences from a mat ur BCTYUREN2/022011

anti body. 27. The nethod of42claim 1 further including

the act of determning a dissociation constant of the

humani zed anti body for its antigen and sel ecting an

anti body having a dissociation constant of at | east

106 M', at least 107 M' or at least 108 M' . 28. A

met hod of making a converted anti body conpri sing,

obt a4 NgTke AREHOANSE Slaiaivi@Dowhdréih the Shibhcaiet varmblealigtet chains and

regi on encoded by subject species mature antibody i
chimeric fesiey chaingeane furthien gssgmpiledswith athusnancantibady: genstapkregion domain to
flnlaaétr%Ct Le type for at least two CDRs w thin the
© gﬂ%ﬁ%&?lv)ylable regi on; obtaining a library of

pepti de sequences for an object antibody vari able

region for an object species antibody se|lected from

t he 3f-oupThomsthodiafglaim hivhgrein Bsdyunedicwaiellaggeion sequences are

rml i ne ant.ibody .gepe and a mature anti body gene;

sequencegg()é'g?ﬁnlslnenvgang §é§%ﬁ‘a ﬁgg?le%f' canoni cal CDR structure

types for at |least two CDRs for each peptide sequence

wthin the [ibrary of object variable region

sequthc esThewktetl jof glaamsl whereinpthe hymapwariahle gegpensgequences are

sequences fromthe.library by conparing the first set
S““wmm%§%E%HQNW§ﬁuqﬁﬁ?i%?ﬂ%ture types to the second set of

canoni cal CDR structure types and sel ecting object

pepti de sequences where the second set of CDR o
st r ugt.ur eThe mé¢thod anfeclaimt hefuriter2 dodydimgs 9Bg act of determining a

dissociatgp)[%r-r&i/?g?éggg% % OI]T-)I]i-iBirZAe]- i IiéoZlé/d'é eiisegtggr? grgcp I?eiegzlrglggg}llq %tibody having
a dissocidtRabh@A ot 18440 10t NE', atRhRAD’ BNthrabiaatiovayt abl e

regi ons, respectively; constructing a chinmeric

nol ecul e that includes at |east two of the CDR

sequences, fr the subject variable reqian. and

fra %;\or kAr”éﬁﬁ%gn%P‘P?lSﬂ% ﬁtcoﬁwe%@.fl gy 0%8%@}1815'5’ the

sel eghtgitlingSx e d@éecﬁ@hc%crorvaagm@&&t &/ aFigle GBgiBR Rink6®d by subject

sequences, soO that the chineric antibody contains each
species mafure aitéboslylgemrt CDR sequences substituted for each of

t he obj ect CD@ seguences at .c espondi l.ocat i ons
in tﬁgh\‘/éﬂga‘%l Bty %Siog rfénonigy) @ﬁg ftﬁgﬂgs\g?&e g%rq%eiﬁés gwo CDRs
within th@§uth Q€ viidbiefefonant i body differs fromthe object
- fraimewor k sequences of the selected nenber peptide )
s equebtaiamgmylibrarynafireptilasequences for an object antibody variable region for
an object species antibody selected from the group consisting of an antibody encoded by a
germline antibody gene and a mature antibody gene;
identifying a second set of canonical CDR structure types for at least two CDRs
for each peptide sequence within the library of object variable region sequences;
selecting a subset of the member peptide sequences from the library by comparing

the first set of canonical CDR structure types to the second set of canonical CDR structure types

and selecting object peptide sequences where the second set of CDR structure is the same as the



10 amino acid residues. 29. A humani zed anti body
conprising a chineric antibody vari abl e region
w@oniaocsng at | east two non- hunman CDR sequene@€BUS208ZE022011
adj acent to human vari abl e48ranewor k sequences, the
human franmework sequences being selected froma
subset of framework sequences characterized by having
no nmore than 10 am no acid residues that differ from
first set ¢F Jaﬁ@tﬂ@%@]ﬁR%ﬁ'gytﬁ ed for @lﬁy @?d?]eﬁ&ts'ab @&X‘esp‘éﬁﬂﬂnghb&tlons within
regi on havi ng at t two human CDR sequences with
the subjettrmndobieet caiabl negllonstresp(etmueéytype as the non-hunman

CDR sequences far at as wo. cor.respondi n
pOSi p@r&ﬁgctggtq,\ggﬂlepﬁéno qt;lsj @cﬁ:@@q Hricest t\yﬁ 8&%% (ﬁg}{isgquences

from the @%b«gqu}ﬁ ?geétl o %{Hzgﬁﬁv\f} I RAGYs frad-at Télgt &&Wﬁ&hﬁ&%f the selected

erei n the non-human vari ab
subset ofroagitcomrllalb1eare:gmmsp@:ptmzbelr seghbrees, asgitinat the&ilumihe atmbodyi cnmzhns each of

anti body of claim29 wherejn_the nggaéarlable re i on
the subJ%@Qéﬁq&e@uweg aplestitwted forgrach 9é ﬂger %‘?JEF i SSHTFGEDRE Sorresponding

o e 0 S BB R it

from the objebuilatewdtk zequencandfithe sblecsanmembaqaefpude saglenads ba no more than
variabl e light chain and a variable heavy chain. WO

10 aminoygidiyesidges5 PCT/ US2002/ 022011 44 33. The humani zed
anti body of claim?29 wherein the chineric variable
l'ight chains and chineric heavy chains are assenbl ed

to foom aAminesided antibadycehpising t he group consi sting
of a Fab fragnent, a (Fab)'2 nolecule, and a single
chai A gbimeRf eetalp%ly wtablen g APT B Eap leaatdW%fnoahalmﬁl CDR

9 I f
sequence% fu@QF mag%ntégty farn éﬁ? a?lagi@ ﬁ&l‘dlﬂ?’ork géqtugl%efs' M lfx%ﬁﬁmaframework

regi on donma
sequence§ eemg gtlectad trohoglyubs@of flanewoek bapieades chmmﬁﬂed/hehia@mg no more
the human vari abl e regi on sequence js a sequence from
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30. The humanized antibody of claim 29 wherein the non-human variable

region is a mouse variable region.

31.  The humanized antibody of claim 29 wherein the human variable region

sequence is selected from the group consisting of Vi Vi, Vi, Ju, Jx and J) sequences.

32.  The humanized antibody of claim 29 wherein the chimeric antibody
includes chimeric antibody sequences for each of a variable light chain and a variable heavy

chain.
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antigen. 44. The humani zed anti body of claim43
wher®i.n tge hufRAizze hn@ibbdpod)cliim 28 onpdreimetheothifiieRc! Molecule
~NO 45. The humani zed anti body of claim 29 wherein the
further inpludess beramantibedyl gonskink epgion tjforrargemplete patibody.
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sequence from a human germline variable region fragment.

36.  The method of claim 29 wherein the human variable regions sequence is a

sequence from a human mature antibody.

37. The humanized antibody of claim 29 wherein the humanized antibody has
a dissociation constant for its antigen of at least at least 10° M'l, at least 10’ M! or at least 103"

mt.

38. The humanized antibody of claim 29 wherein the humanized antibody

does not elicit an immune response when administered to a human.

39.  The humanized antibody of claim 29 wherein the humanized antibody

binds a scorpion venom antigen.

40. The humanized antibody of claim 39 wherein the humanized antibody is
comprised of SEQ.ID NO .
41. The humanized antibody of claim 40 wherein the humanized antibody

binds a lysozyme antigen.
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42.  The humanized antibody of claim 41 wherein the humanized antibody is

comprised of SEQ.ID NO

43,  The humanized antibody of claim 29 wherein the humanized antibody

binds a human CD28 antigen.

44.  The humanized antibody of claim 43 wherein the humanized antibody is

comprised of SEQ.ID NO T,

45.  The humanized antibody of claim 29 wherein the humanized antibody

binds a human gluatamic acid decarboxylase antigen.

46.  The humanized antibody of claim 45 wherein the humanized antibody is

comprised of SEQ.ID NO
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