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Heal t h, grant nunber CA-18029. TECHNI CAL FI ELD The invention relates to

met hods of humani zi ng anti bodies, particularly to hunmanizing anti bodi es by
maki ng chinmeric anti bodi es contai ni ng CDR sequences froma 15 non-human
anti body and franmework sequen f I [.esg, nore particularly to
nmet hods of sel ecting appropgpiﬁgIﬁ@#&EHZﬁPﬁﬂ%t@ﬁﬂhﬁgemnrk sequences for
perform ng the humanization, and still nore particularly to using canoni cal
CDR structure types of the non-human anti body in conparison to germine
canoni cal CDR structure types of human antibodies as the basis for

sel ecting HaTals ences for a 20 hunani zed

ant i body. s &ﬁﬂ?%ﬁﬁmﬂél bodi es are natural proteins that
the vertebrate i mmnemsy@bﬁmtfbﬁrarﬁm Priorit@SEOUSE provisionsli guplisathmt Aumies

(anti gens), pi)orlmar for defense against infection. For over 25 a century,
anti bodi es 6 éoélbbﬁhdJWMdgéﬁ)ﬂn ani mal s under artificial conditions and
harvested for use in therapy or diagnosis of disease conditions, or for

bi ol ogi cal research. Each individual antibody producing cell produces a
single typSTAfTFMENTJQFyGQNEMWERﬂ”EERES/T defi ned conposition, however,

anti bodi es obtained dir m ani nal serumin,r.es T T E SHEET
(RUE 26) 0 7 F E B 136 "%%}2% ) BYEESE wrw%&zpo%&oﬁﬁ f’“‘?i‘ Fgen
i nocul ajg oy SLCNHRIalV InSRERJf SR aleH]) gﬁﬂsﬁmweecmtwmg. identical nolecules (i.e,

TECHNICAL FIELD
The invention relates to methods of humanizing antibodies, particularly to
humanizing antibodies by making chimeric antibodies containing CDR sequences from a
15 non-human antibody and framework sequences of human antibodies, more particularly to
methods of selecting appropriate human antibody framework sequences for performing the
humanization, and still more particularly to using canonical CDR structure types of the
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

20 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
25 acentury, 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

SUBSTITUTE SHEET (RULE 26)



pol ycl onal anti bodi es) made from an ensenbl e of i ndividual a”tibOdYD7FEBZ%7
produci ng cells. Hybridoma technol ogy provided a nethod to propagate a
singl e anti body- producing cell for an indefinite nunber of generations with
a screeni ngoBideehsk0 identify S5 clones of cells prodyg j body t hat
woul d react "ﬁt‘% asparti cul ar antigen, Devel opnment of tﬁfﬁz@éﬁ?\%ﬁ%gy

al l oned production in unlimted quantities of structurally identical

anti bodies with essentially any desired antigenic specificity. Such

anti bodies are comonly called nonocl onal antibodies, and nost originate
from rodeny SinigedHeEAkEh AmalllPBGinReaIn BkhbRIY AGNRENAN MEELLSiE! | mary
am no acid st#é%%u?e of the %ﬁ?i%ﬁ%y be 10 defi ned. Tﬂeaadven# oﬁl’

r econbi napplybiNAalmptibwiiks) vgie fombznedseatbieaftingdi vidual enighady gradugingtelisnt i body

genes and productio f.modjfied antihb nol,ecyles with roperties not
Obt a1 nabl e by hybr | HATRAPRG SEeIEy Prvioe & PEHG dp EEerEats Acele SRy m of
this net hegdusiay cBIf forRBGRAARIE BEMBE dfREndriiBHO VAR A seideNink M dMbARD Sdepfifyr 0Odent
monocl onal 15 anti bodies by nodifying their primry amno acid structure.
Reduct i on clomes (o6 cellsmpradering @nt gntibpdy Hbatapyewdi teaginithodi pastiguard anfigemb| e
because i j ' ¢ pect erse
orfoots | ookt B B0 DR, alRd MRaRchn i ANE el RRRAEL B Alon Rl

t her apeut iidendedl iabtitgbdies writhessemimilg amndesireds antigénie kpacifinity, Suoh hatitldies are

anaphyl axi s at {he st extrene. 20 One strate 0 reduce [munogenjcity of
For o1 o momEEIBlARIEH RoBg el Sihedien dB niis FEpTAlE BOTHORTiG SRR Ry chai 1
constant GepBEIBSal Ghtibdds FEABLEMRNA the RS nin¥iabid ARRMAYBE e MRANBAdYDHOf human
origin leaving the variable region domains of the foreign antibody intact.
The valQ aldenadegi on dommi ns of the |ight and heavy chains are responsible
for the interaction.betwen t ant i.bod t he, antigen, .The |0l ning
domai ns connecting v%ﬁ?% |Q568§3ngn{53§§hgyg%?£ﬁ° i%?bgfegg$£ﬁ§ted in a
regi on rerngifecdin@nofl ARibddYy Gzeaés andtprgiiotidli Bflim@ifiéd ancdyemolebsley iithi Ng
domai ns between vari abl e and constant domains generally do not interfere
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affinity constant a e nouse ant | 1 I neric was derived.
Such 0I5/ REBAFS7 by Whodifiing 069 5primay| kIBRO02¢i0230@dcture.  Reduction of the

immunogenicity of therapeutic antibodies is desirable because induction of an immune

—

response can cause a spectrum of adverse effects in a patient, ranging from accelerated

elimination of the therapeutic antibody, with consequent loss of efficacy, to fatal
anaphylaxis at the most extreme.

20 One strategy to reduce immunogenicity of foreign monoclonal antibodies

~ has been to replace the light and heavy chain constant domains of the monoclonal antibody

with analogous domains of human origin leaving the variable region domains of the foreign

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

25 wvariable 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



3 chinmeric antibodies are |ess imunogenic in humans than their fugyygg 2007
muri ne counterparts. Nevertheless, antibodies that preserve entire nurine
vari abl e domains tend to provoke imrune responses in a substantial fraction
of patientgo5Qle%anPl e, | NFLDCI VI ABTh, a w dely preseiidagshetboter i C

anti body that 1s considered safe, indgced a human anti-chinmeric 5 anti body
response in 7 out of 47 Crohns Di sease patients. (Rutgeerts, P., et al
(1999) Efficacy and safety of retreatnent with anti-tunor necrosis factor
anti body (INFLIXIMAB) to nmaintain remssion in Crohn's disease.

Gast r oent @hihe?idVantiBodies Rd 1e£6 Bhmuddpdhic iy FkAans\Ral Ghe FTUINY nAkink GSMAEpLBSPONSE
to whole nurine variable domains was predictable, thus, efforts to obtain
vari abl e daveithelespi atibadiee thal mseserve entircamacine vatighle demains dtord th praypke

clinical tri f h ndar: {-er [ [ dnﬁgi nBented. One
cat egory té%%?ﬁ%ﬁos%?srcglq%én S%{lge %b&gaf acgl%gltss' H;%urerg%flgl?hg, ' qgl M5 tG - convert
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reconbi nantly constructing an antibody vari abl e donmin having both use and
human  *h&PARAd¥ TeSRARaHY 71 W °£t4ﬁa€@gvse?185?5§ Wsews Giptasstior Br 4 8h6998Lal

under st an%ﬁ?{_&%y Bhd o e of FePRFMn et ik LiktE-BurdR erodit Jalor HAbOBRIRFORTRRIBS
contain cofti'guous tracts of peptide sequence that are conserved within a
speci es, baimaintiic hemissidrein Gretniedivease.oGestioenterology 117,616dt7695peci es, such as
m ce and humans. Seﬁgqg? ot her contiguous tracts asrﬁt nat | conservea(rzlIf within a
speci es, but even di P e EUENBE RRER ARGy BPES 8i(r)1}b°%51"flgem 1% the
sanme 1 ndi \dofdiak - wakh predictabR) Ry, Sfofth W6 edbtahi Valsly dRfthirdN it eMofRC Bkhan
princi {)al I éNZO t hr ough the non-conserved regions of the variable donain.
Four t hi0 t |sBaragerclad| bgeun gvembefaret clinicabfrialsnef Weky ytapdard chiraerisopptibpdies Bad
sufficien LWl ar [ R 1:00 @Gk esi due
o t 1 ons "Edt RRSed LR ERGRY BEFlefal BahuenfiP [ AR BR g "l

wi t hout expvertrnthe vatiabitad@naihiofunidedmebackinaharibodias te a tnivere hnman femt tyat

repl acenent of .am no acid. 25 residues.that ar.e,characteristic nmuri ne

equences RROPRITBELY QUBCTiAER PP VSl SR JENDE RRYT FIoaH sk MytAan

ant i bodi eghathdtér. rmdﬂeﬁﬁziﬁgl%trwgw%@ma@dt ¥n | BvdialMBoseual uf@erkt@fditgsi 6O

ant i boij%. However, replacenent of sequences between species usually results
tia

in redlict mofibady simeturpdgtabi Rustngamable demaing icgetain Tentighpus rcth @fensptide i on
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reduce i mmuhogeni Cli
remote species, such as mice and humans. Second, other contiguous tracts are not

conserved within a species, but even differ even between antibody producing cells within

the same individual. Third, contacts between antibody and antigen occur principally

20 through the non-conserved regions of the variable domain. Fourth, the molecular

architecture of antibody variable domains is sufficiently similar across species that

correspondent amino acid residue positions between species may be identified based on
position alone, without experimental data.

Humanized strategies share the premise that replacement of amino acid

25 residues that are characteristic of murine sequences 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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nol ecul e to retain sufficient antigen binding to be therapeutically "useful.
Thi s bal ance has been struck using two approaches. |In one approach,

exenpl i fi eqoodbasd3st - No. 5,869,619 to Studnicka and By RathRe(4991) A
possi bl e procedure for reducing the igmunogenicity of antibody variable 5
domai ns while preserving their |igand binding properties, Mlecular

| mmunol ogy 28: 489 498, characteristically human residues are substituted for
murine variable domain residues that are determned or predicted (i) to
play no Sixapd b GROhurkltREl GAbiedud @ doflinf S8t ShA Rdinhd Be detbpBRRayAN (1)
to be positioned wth side chains projecting 1nto the 3ol vent, "Thus,

ext eri or reefulibss batanoe hastheemsttiek using bygesppbdaciésng site are hunani zed, while

interior 10 residues, antigen bhindi Lesi i.dyes. form t he

i nterface between v%?%@?@‘%a‘gbﬁﬁ?rﬂ%lﬂggkﬁWW%gj&gﬂ@iéP g‘ﬁl\’}éfg? %‘b@%’of hi s
approach iradidnatl 99134 ssiBletpROSEdNR foﬁi@ﬁﬁtfihg'fﬁ@tiﬂinud@%eﬁiditﬁ o{@ﬁﬂﬂoﬂﬁe Yaridble
determ ne whether a residue plays no significant chemical role in antigen
bi ndi ng® ordoains while presenvingrber figandindiag pronertier, Molseylan leynunolagy 28 489-

di mensi on ' . . alele

exermpl 1 1 8oty @ANGaRY bk kiaydoark SUARGIATE: e DERMAIIRFATNG: | oee)
Repl aci ng thdtere dewgringmenirgiredigted! @) 6 play no gigndfgatnchemical golb unrthre iatetactiondy Wi t h
t hose from, use, ture 321:522-525,. copt.i guous .tracts, of  nurjne

var abl e QUMEFHERE 30 40 oo RORUBNELNED idf SHREDHOUEURH o e opieRb el ¢ h ¢ he
cor r espond@ptiof k@fduss fréfotk i e AfkdndBiliing! fitet fre ShulMdifzeae NI inBRGY 0ach,
al | variable 20 domain residues are humani zeéd except for the non-conserved
regi onk0 i rgsidueat angigemh bindinggrepiduds; aad nesiduss forming: Hieniatestaps bpvicen &araablet i guous

tracks for I ng . -\ nt S, ¢6f: ti )i

classifi céito frlgﬁls (a)r%’%gﬁt b%lgﬁ%/ VQ{“? éigsﬁgvaé%gﬂiorg eﬁslsecf gérr? (%égq?)ﬁ%# ljﬁglalz %gtgﬁswc

devel oped epperithentss dyta iy reqbiraintd déehaine WHethe) a rédidua pthyKab dignjficamehemidal he

al i gnnent of _antj bo pepti de sequences, and 25 their contrihutions in this
regard wer@ledmiuiesy g%&}nazor il 3¢ Pog e dhthe selysnt o 2 pagigelae treeqimensigngl j es

bet ween vagjigddy Syt NS, they identified correspondent residues that to a

greater _or |esSer extent were honol ogous across all antibodies in all
vert ebtat e speci es, In another more general approach, exemplified by U.S. Pat. No., 5,225,539

to Winter and by Jones et al (1986) Replacing the complementarity determining regions in

a human antibody with those from a mouse, Nature 321:522-525, contiguous tracts of

murine variable domain peptide sequence considered conserved are replaced with the

correspondent tracts from a human antibody. In this more general approach, all variable

20 domain residues are hurmnanized except for the non-conserved regions implicated in antigen

binding. To determine appropriate contiguous tracks for replacement, Winter, and Jones et

al (1986) utilized a classification of antibody variable domain sequences that had been
developed previously by Wu and Kabat (1970).

Wu and Kabat pioneered the alignment of antibody peptide sequences, and

25 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



I nasmuch as they adopted simlar three-dinmensional structure, pl ayeg ?E@Zhlﬁr
functional roles, interacted simlarly wth neighboring residues, Z
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envi ronne they devised a peptide sequence n ring.systemin
whi ch  hono 23&50@9%@%%n09| obulin residues were assi gnetf%zg‘)&&éz %’om tion
nunmber. One skilled in the art can unanbi guously assign what is now
commonly cal |l ed Kabat nunbering, to any variabl e donmai n sequence, w thout
reliance on any experinental data 5 beyond the sequence itself. Third, for

each Kabat - nunbered geguenge positio bat and Wi cal cul ted V. rlablllty,
by whi oh (B RS, nSSu Grorbd BPUe iy ot PEPRSTIE HECTdn J0iihe

vari abl e (Iheﬂﬁlorgoﬁseﬁﬂlﬂﬁﬁd%&ob@hﬁ redidgs Bdere S gneld b tsaine Efbsitioh etmetent Icghbous

regi ons of hlgh variability enbedded within four |ess variable contiguous
regi ons. Whe Kkt scan ananbigonslX | %wmtwtvlarn%. ¢ommondy, falisd deabal 'y i n
these regiy dnthat

vari abl e r%ﬁ%@?@@%gﬁzﬁdéﬁ%g%&ﬁ? reS| &ggﬁﬁge Jﬁ? exb%ﬁ?%“é%rtya I ndi ng.
Kabat &and bvyonﬂohmalqhgncdmdf cthiat) foremcldKabat-nombtned s¢quancetfosiion, Kabat atnll e

t t des t d.th I t ty. d "
ot or 11 ng b CORUARE ROl BrehiehR FFRTRtSbiing At 60 Ty PTG AR 1 of &
in three- agid§evheh Ondiable Cddihdid s@cfueﬁ&e @ aligldde FRERidentiféd 1S chritigabis gen

recognition, was ascribed to 15 the renmining |ess-variable regions, which
are now t éegiens ofthighhvariebility egbesided withgyfoun less yerishle contignys segiens| |C§,therd a

public da e

Pont i nues NS i PRI HorRE PP Ry if hdle SONCRERR L]
The huMnlre@dnspmdrpdshsdttdt &te“ﬁgﬂﬁvh’}abWrﬂgﬁﬁs apfése}mieamue laalg rédi@ek(ab@lt
classification results in_a chineric antib gEFISIn from one

anti body &%fdantizgn fhl%%&mrlﬁahaégpsn\é’wﬁosmlyne?rngrsat TFHBES %%{tmtmgf teses in
speci es onhgible tRRASChid Qi'e&ﬁmat&#'&féké‘s‘éom Em%tﬁ'ﬁg @é?&ﬁﬁﬁﬂfrrbg%ﬁses cpiyever, no
particul ar sequences or properties were ascribed to the frarrework r'egi ons,

i ndeed, Wtrfmemgttawgbnmcahammlalnmergmtydfewqearmmmdysmxﬂomtaen beA calatin rthrde-wu th any
set of (:Dlgs enc ave sinc n.recoani. zed as | Ng

i mpor t ant mens' Bﬂﬁé\@} %ﬁﬁeh Ef dg ‘ﬁtsrfogha?n & ISP r 5%“3&?4 {g’ody

vari abj%® a& rreﬁ@inﬁﬂg lammkyegnaisamlogqeﬁmtergm “Ermﬂéw&g.regibw. Robgh,gener al

humani zi n?( met hods . . . . . i
abat and Wu established a public database of antibody peptide and nucleic acid

sequences, which continues to be maintained and is well known to those skilled in the art.
The humanization method disclosed by Winter and Jones using the Kabat
classification results in a chimeric antibody comprsing CDRs from one antibody and
20 framework regions from another antibody that differs in species origin, specificity,
subclass, or other characteristics. However, no particular sequences or properties were
ascribed to the framework regions, indeed, Winter taught that any set of frameworks could
be combined with any set of CDRs. Framework sequences have since been recognized as
being important for conferring the three dimensional structure of an antibody variable
25 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.



described by Wnter and Jones have the disadvantage of frequently |ga iEggg[yo
I nactive antibodies because these references do not provide infornmation
needed to rationally select anong the many possi bl e hunan franework

sequences, t likely to support antigen bindi ' y a
particulafwéggﬁﬁggﬁgn froma non-humag anti body. 0 7 FQ%@%%%@#%E&EP

2004/ 006955 PCT/ US2002/ 022011 6 Subsequent devel opnents in the field have
been refinenents within the scope of Wnter to deal with loss of avidity
for antigen observed with sone humani zed anti bodies relative to the avidity
of the corgespondi.ng,ouse .ant i Les. Viedi | S.a. quantitatd asure of
partiti onisﬁgseg?engﬂe‘gerlﬁﬂ 0 yl% Ienﬁ’{f%é?\%rbgé&egge%%tg\sﬁ?tﬁggﬁe urger J ’(‘:A)éﬁt i O ons
appr oxi matdedlgvith o Hadityefdt ahtideh iobsarvederiesimd Meganited aatibidierelatvend f or ns.
For reactions in solution not, subject,tgﬁnultivaLent bi ndi.ng effects,

avi dity i $he Hddignedeths cogpsnopdipg moupg aNibgdise fAVIdity ig g quantitativemessHes: efnt . ) .

U S Pat. : AS d SHee ofi SfibS Endi .nﬁ%ﬁ%’m W nt er
for hunanpgﬁﬁgﬁgggggéh%g%?‘éﬁgqﬁéﬁﬁgsga(bﬁﬁﬁge %ﬁgﬁ?sgﬁﬁlgt scrlﬁgg avidity
| oss t themicalEqeitibriiin, bétweat freecandraatigametouhid farms: Foer reagtioms inesdlufiomnetwor k

whi ch, because of steric ar . .oth chem.cal inconpatibility interfere with
the 1ol di APIGH P HRSHE Hoing jplegs di. scUpSBME BofPeidbs SIPRETcd i n t he
nmouse ant ieQafdrun] oAt gss this problem Queen teaches using human
framewor k sequences cl osely honol ogous in |inear peptide sequence to

franmewor k sequencesUst Pah®ond§837¢nto Qesey et o, disclpsesent refimemeptcasy Witdejl y, t he
15 net hodg, 0 f . QN 1."g g peci es.

Typi cal |y " it BRHaNAY T Iedd0nd U TR BEEURRES ke B o s
parti cll apravbenssein thesnenes raotifs irhthemmaaiaed femewenkt whivh, betavseof seric @spondent

framework residues .is cal.cyl ated.. The_ h vari | mai n wi t.h, the
 oeer " S alHEE el BearnAtbiLe TR GBS ToHIe S he S Bt (R oy 1 he
humani zi ngafibR &tffornfEE To@idS R heARHRE &nlBédyl t TbSaddrbsé WO PreHMm,! Quéedt ai n i n

the humani zed framework, certain amno acid'residues fromthe nouse
f r amewor k teaghasjusiag human diapiswiork sequenices amrly homaodogous i hrpar pgndide sequence

‘égﬂ‘;?(rjgf‘te ito(r)gi‘sélm glg)éke?u}u%hce "3t hgAhbisk zint%?%?yi 7 %gq}l{%ﬂa?ﬂed@' gg&&r@ﬁglgyﬁx%}]: .

_ of retention are I 0Se adj acen
sequenre hetlwdCoRQuEendfoysd arotdnyparing lfilathe®work sefuenbss Kebeen species. Typically,

all available human variable domain sequences are compared to a particular mouse
sequence and the percentage identity between correspondent framework residues is
calculated. The human variable domain with the highest percentage is selected to provide
the framework sequences for the humanizing project. Queen also teaches that it is

20 important to retain in the humanized framework, certain amino acid residues from the
mouse framework critical for supporting the CDRs in a binding-capable conformation.
Potential criticality is assessed from molecular models. Candidate residues for retention are
typically those adjacent in linear sequence to a CDR or physically within 6 A of any CDR
residue.

25 In other approaches, criticality of particular framework amino acid residues
1s 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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5,859,205 to Adair et al,. These references disclose specific Kabat residue

positions |n e mewor k, Lch, in a hugani zed anti body may._r ire

Cibst | £ ut PhAThPY S e 05 Sshah el Th btencrs aciobe Setine Kabrr .
One of t heesidieS FEkifs HE e fral®ofieT WABKER 3 Rin&lafN anfiddyt ARGy GBqUiRaches of
Ri cechmann, Carter and 5 Adair, is that a very |arge nunbeir of human

f r amewor k sebstjbitios evithathe ¢asrpspandentfropuse aminsaadid d; presewie aviditye Que detlienes f or
preserving.ckritjcal ) aci esi dues coml.etely sufficient to
b odict 1 bl oI Aodhatty BT Sobh EnihE afblach SRR Edchimbnt CalbCdrlc, g,
whi ch & e Agalr} istiaarn aagt Rafdet nuibbes eof Kimahn! frimewpk ndehieneudiakel teqhiiteda for

I mmunogeni city, or | owered antigen binding, thereby requiring numerous

i t erat i onSOMPAriser ndiereths: Euiddines MRICPIENHIRG CHEA Hnige AGid Ksidues A%nBtor k f or

t her apeut icSmH%%ggg:)ffféi%ﬁPW phRs fhctloRbicp ”REEo_rciiﬂ%lgg HeCheshifing tFifRvofised by

Padl an et al I denti'fication of Specifici determning residues in
ant i bodi espnsEASES Which: 483 par8 GummndandT partimaouse, afill (fe@@entlyStexhibit thualan

| at f ti- i . antibody: identifcati foo
Speci 11 ci TYBTPRI ) digioMEL BiEc, ST AIToiral PSP Sai R

| Munogenifamb&oAki YohQARYoY & btkdlh a BYitabRifRiework Pf thefdpsutlsys. J. | mmunol .
164: 1432- 1441. These references _share the prem se_that |ncrea5fa39the
é

proportion of char aftsesandttyresnfirgfinemenifo Sigtes icxemplified Ybody

will redu hat i '+, c ' .14 .

et hods. 1 S aaio M oBRG e de BRI fn fEARECPASE D Y193 135,050

t hr ee- di nAlasiucanglal (2000184 urerabéorediatedoafty-omtdagremomo mpibedesidetifomébnt dfat  many
resi due positlons assjgned tp 2 efined by Kabat and Wi rarely
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graftifg @ BB0% Shrifhi ByPerchBon GFSDRISH. . REREERTISHN 437- 208 These references

share the premise that increasing the proportion of characteristically human sequence in a

humanized antibody will reduce that antibody’s immunogenicity, and accordingly disclose
- methods for grafting partial CDR sequences. Determination of the three-dimensional
structure of antibody-antigen complexes showed that many residue positions assigned to

20 the CDRs defined by Kabat and Wu rarely were directly involved in antigen binding.
These references showed that grafting a subset of CDR residues would adequately transfer
antigen binding in a humanized antibody. However, humanized framework sequences are
still required, and these references do not teach methods for selecting adequate human
framework sequences for use with a given set of mouse CDRs.

25 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



antigen binding in a humani zed anti body. However, humani zed franemogyF Bzw7
sequences are still required, and these references do not teach nethods for
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humani zi ng anti bodies that reliably gdentify suitable human franmework
sequences to support non-human CDR regions and to provide humani zed

anti bodies that retain high antigen binding with [ ow imunogenicity in
humans, w thout the need for direct conparison of framework sequences,
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15 encoded by a non-human mature antibody gene and identifying a first set of canonical CDR

structure types for at least two CDRs within the non-human antibody variable region. Then
A library of peptide sequences for human antibody varnable regions for human antibodies is
also obtained. In a preferred embodiment, the library contains sequences for human
germline variable regions as encoded by germline nucleic acid segments. In other
20 embodiments, however, the library may include mature human antibody sequences. In
either case, the method includes identifying canonical CDR structure types (i.e., a second
set of canonical CDR 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
25 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



ei ther case, the nethod includes identifying canonical CDR struct ur@eﬂWB%@Z&S
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non- human CDR sequences to corr espondi ng human CDR sequences_accor di ng
to a rEnking criterIndppical gmbediients, e awthod derther neludashanking theafentherseaf

the subset of candidated human sequences by comparing position by position similarity of

amino acid residues of the non-human CDR sequences to the corresponding human CDR
sequences according to a ranking criterion. In certain practices, the candidate of human
sequences includes only the top 25% of the ranked members. In some embodiments, the

20 ranking criterion includes a score of amino acid identity between the non-human and
human CDR sequences at corresponding residue positions of at least one CDR, or at least
two CDRs, or most typically each corresponding CDR. In other embodiments, the ranking
criterion includes a score of amino acid homology between the non-human and human
CDRs. at corresponding residue positions of at least one, at least two, or each of the

25 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.



sequences includes only the top 25% of the ranked nenbers. In sone 7 FEB 2007
enbodi nents, the 20 ranking criterion includes a score of am no aci%
identity between the non-human and human CDR sequences at correspondi ng
resi due p t at least one CDR or at least twg, &ﬁlﬁ st
typical | yoggghﬁgyg?drgéspondl ng COR In gther enbodi ments, e ?0621&%0%
criterion includes a score of am no acid honol ogy betvveen t he non- human and
human CDRs. at correspondi ng residue positions of at |east one, at |east

two, or each of the 25 correspondi ng CORs. In still other enbodinments , the
ranking criteri On. ' %d l?@#nlﬁ lﬂmtéﬁqgrsﬁ'lcﬁ;' uéfi} ﬂi% e@tﬁétctlbﬂ%\?\%de}l%s%? meel | as a
score of am no aci d ogy | east ©One, | east each of the

corres pondion@;umuréﬁm elmctthcqilerrw} olﬁﬁlerimman lﬁtamdwuﬂqsr@msnwer eads.ilned by
differing s ste For e I In certain ne t he CDRs ar.e Kabat
def i ned rT%B?‘H’gPtseﬁﬁg'gFtﬁ%f’éay el “@Bﬁ& n‘%’ﬂ*"&ﬂ erfStd@’fel jpage | oops.
07FE Br&@ﬁl@ of‘ﬁ@ AR GIR sEfuthdeSINAY HE&eA andifo aémepmtda@ﬂowsvemt

limted to strictl ¥ usi ng the exact CDR sequences of the non-human source

or exact dhaynemee hafl%m@dm;rﬁaﬁswhsﬁw%vw?ﬂml@wﬂ%éhm%@wl light certain
nbodi ts
Ser e Moo chin CURAHEROhalIPYDR § SeaA HECBRE S adty PRift DI R 19

provi ded hinneV@ramifo tabids ave substitutedan ﬂbnr-lﬁmaduebea&y&:lﬁimbﬂ)RZJt dd ¢tm=:rany of
non- human Ii ht chain CDRL, ght ght chain CDR 3, avy

chai n CDREMbBHimsatsythe apeghad mlsaﬁ&?%*a Sﬂwamns ﬁa#aitoorﬁrh%ao &rqrey g 1 §

substi t ut gghildLciPRsiBIHIRR He8RYNAn FafleWoik¥Bduentd) withM&diffe h&BR Resigfhdre et hod
may al so include substituting at |east one but no nore an 10 amno acid
resi dutd of the hunthe fmeah@walsk reapnizag dhati arh ca’tajnfdceasems dammlamau

resi due. he net ho ni zes that Qn. certain o

non- human va'@/;z;;’r § 5818 V% mc ugerrﬁﬁc?q&an ve ha se ?Jné?'?i&'pﬁa F°"S uﬁ“&ﬁl cal
type abse rvtamfumfeghuﬂam caseer whérk @adhegfi tﬂm norll Hurg&s CDRetie aelgﬁaafm:pCDRhifee

non- human CDRs is a |light chain CDR, if _one of three non-human CDR
sequences N obfhrep wdwa@a@&%eawe%& {0 Becangnaceh stryGeg tyReeabsent fyom the of  hunan

variabl e r%%hgt ol a"wfﬁxﬁﬁe rééq@rpsetqnﬁcéscrtheﬂfthesﬁlt 6F 118k 5 lﬂhﬂﬁ%ei@eﬂ&@nces 15

i ncl udes se uman var i abl e’ regi on sequence Wt
di f f er Ent inchrden sd@dtmg tayplmanhanablheegubssquemomthwﬁbm differenttanphical

cort eSpon(tiypréQhan e sent ng 1\1/r|1191|1 ?Z% R’Pg at the corresponding location, providing only

that the different canonical human CDR type has a length no more than two amino acid

residues smaller or larger 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 includes selecting a human sequence with a canonical type 2 CDR at the corresponding

location, or if the non-human CDR sequences is of canonical type 5 then the act includes

selecting a human sequence with a canonical type 4 or 3 CDR at the corresponding
location. _

In most embodiments, the non-human variable region is a mouse variable

25 region. Similarly, in most embodiments the library of human variable region sequences

includes a human Vi V3, Vy, Jy, Jx or J, 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 Vy and Vy sequences. In typical embodiments, the chimeric variable



that the different canonical human CDR type has a |l ength no nore th@ﬂthqmy
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f or egolthg obpctmadablarr@ommas herﬁ'ommnytohfcctaapt:@eqabr fvbichetbk antibedyewilhke wsedi abl e
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bovi ni zed porcjuzed; mpripiged, ﬁnﬁquqmz@dresmctlwm ni zed, respectively. In another
aspect, the inventi mn aﬂtﬁéf' gﬁéct,cﬂlgpﬂ%rftlbﬂ r}ﬁ‘O\;lﬁét cdrﬁk%sﬂfaﬁs YR include the

15 chimeric antibody molecules made according to the disclosed methods. Because, the

methods utilize a novel way of identifying the appropriate object framework sequence to
combine with subject CDR sequences, the resulting chimeric antibodies made are also
novel. Accordingly, there is herein provided, a humanized antibody that includes a
chimeric antibody variable region containing at least two non-human CDR sequences fused
20 adjacent to human variable region framework sequence. The human framework sequences
are selected from a subset of framework sequences characterized by having no more than
10 amino acid residues that differ from a framework sequences 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

25 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, Vy, Jy, 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



15 chimeric antibody nol ecul es nade according to the disclosed net hﬂ’?‘?EB 7007
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Figure 1 depicts a library of human germline Vy gene segments.
Figure 2 depicts a library of human germline Vy gene segments.
Figure 3 depicts a portion of mouse D1.3 (anti-chicken lysozyme) antibody
variable light chain sequence and a selected subset of human germline Vi variable region
20 sequences having canonical CDRs of the same type as the mouse DL.3 light chain sequence
at corresponding locations. The subset is ranked by similarity of amino acid sequences
between the DL.3 CDRs and the human CDRs, with the highest ranked sequence depicted
first.
Figure 4 depicts a portion of the mouse D1.3 antibody variable heavy chain
25 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 coi'responding CDRs analogously to Figure 3.
Figure 5 depicts amino acid sequences for a chimeric Vy variable region and

Vy variable region for a humanized D1.3 antibody, illustrating one aspect of the invention.
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vari abl e regi on for manl ant | body, il ratl ng one aspect of

t he i nv&ntantboedyD mn@h s 200 Affinii® m@cﬁ%ﬁat@dﬂaUSQ@OM b2flostating o gure 6
depicts a n%ﬁ elcwaﬁhd sequence for a DNA construct that encodes (and
expresses) 8‘“}-?8 SEY ¥ eric D1. 3 anti body of Figure 5, illustrating

another aspect of Fipard Memusegporﬁmgw@mzuwv@ag ea%utchﬁh sedleti&d 6f24neS
antigen binding by the humani zed D1 5 ant | body, ich has an affinity
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sequences anal agouskipufe09 etk @ pdrtion of the mouse variable heavy chain sequence for

the 9.3 antibody and a selected subset of human germline Vy variable region sequences

having canonical CDRs of the same type as the mouse variable heavy chain sequence at

T5 corresponding locations also ranked by similarity of amino acid sequences.

Figure 10 depicts a humanized anti-human CD28 (Hu.9.3) Fab fragment
with chimeric variable heavy and variable light chains, illustrating another embodiment of
the invention.

Figure 11 is a graph that illustrates antigen binding by Hu9.3 Fab fragment,

20  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.

25 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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graph that illustrates antigen binding by Hu9.3 Fab fragnent, 20 which has
an affinity constangigfe 94%345 ?l‘i ba0;1ik9Patdd antighd YRkIlby e ARBafisRIOHETENT  Of

the invention Figure 12. deprcts a hunmani zed anti-scorpion toxin Fab
fragment V@ADG6S Eah ﬁwn@t,vuhlplabaseaﬂmfémyy cometantzof gagdter tharghA'' MW'ailiustrating
illustratin her nt of the invention. 25 Figure 13. depicts a
humani zed agfm gl uﬁ'&‘rﬁ '"Uci d decarboxyl ase (GAD65) Fab fragnent with
chineric varlable heavy and variable light chains, illustrating another
enbodi nent_of the invention. 07 FEB2007 WD 2004/ 006955 PCT/ US2002/ 022011 14
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i ncor por at ed her ei (r;lft;g/ reference in its entirety. To better aid in
q

under st @ncmbgdingnts vertinadit maditbs helpful He expleiarthe seaninghefycegainfiermsf ul to
expl ai n tm? m@gﬁngs of certain terns wused herein. A "mature anti body gene"
is a genetlc sequence encodlng an

A “mature antibody gene” is a genetic sequence encoding an

immunoglobulin that is expressed, for example, in-a lymphocyte such as a B cell, in a

hybridoma or in any antibody producing cell that has undergone a maturation process so

IS that the particular immunoglobulin is expressed. The term includes mature geromic,
cDNA or other nucleic acid sequence that encodes such mature genes, which have been
isolated and/or recombinantly engineered for expression in other cell types. Mature
antibody genes have undergone various mutations and rearrangements that structurally
distinguish them ﬁ'c;m antibody genes encoded in all cells other than lymphocytes. Mature

20 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

25 “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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CDRI , and CDR3, for each of the variable regions. The exact
IS5 antibody, but also provides precise residue boundaries defining the three CDRs. These

CDRs may be referred to as Kabat CDRs. Chothia and coworkers (CITE) found that

certain sub portions within Kabat CDRs adopt nearly identical peptide backbone
conformations, despite having great diversity at the level of amino acid sequence. These
sub portions were designated as L1, L2 and L3 or Hl, H2 and H3 where the “L” and the
20 *“H” designates the light chain and the heavy chains regions, respectively. These regions
may be referred to as Chothia CDRs, which have boundaries that overlap with Kabat
CDRs. Table 1 illustrates the overlap of Chotia and Kabat CDRs according to the residue

numbering system of Kabat.

25 TABLE 1

Chain CDR Kabat Chothia
Light CDRI1 24-34 26-32




boundaries of these CDRs have been defined differently according t 0y 7 FER 2007
different systens, however, all have overl appi ng residues in what
constitute the so called "hypervariable regions”" within the variable
sequences. whhgoiyalsem descri bed by Kabat (CITE) not onlptrapbhesios®s an

unanbi guous resi due nunbering systemgpplicable to any variable region of an
13 anti body but al so provides precise residue boundaries defining the three
s. These CDRs may be referred to as Kabat CDRs. Chothia and coworkers

(G TE) found that certain sub portions within Kabat CDRs adopt nearly
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Li ght CDRI 24-34°26-32 ¢ 7 F €DB32007 | WO 29041006955 metvnigepdelingd2011 16

= 969196 Heavy €BRt—31+=3526—32—11 CDR2 50
- 65 52 - 56 " CDR3 95 -102 not uniquely defined her boundaries defining
CDRs overl apping with the Kabat CDRs have been descri bed by Padl an(1995) or

MacCal | um (1996). Still_ other CDR boundarz definitions may not strictly 5
fol | ow on®thsr bpwrdagesdedingie¢IaRe ovaslapping with HseabaC R s hayedicen desgiibad byhe” Kabat

CDRs, al gm%t e @ﬁﬁﬁg jds ok d edi ction
or experi %ﬁl@rﬁb?ﬁ? |ng§h§ﬂ§]§%é3'r??@8 grré]rsgg}b ues %%Hﬁgidgﬁ%iay%?tﬁs dues or
even erft i falo@Dise @b tiorbovei gynicmisc butt Will norpthelesanvertppnwith rthié KgbatTBBRsyet hods

used her elaﬂhorlrxagx tﬁg)ll Irr|1a§'ebe sﬁoﬂe(ljleeé Iop‘ZT‘e(:jngthened in light of prediction or experimental

findings that particular residues or groups of residues or even entire CDRs do not

significantly impact antigen binding. The methods used herein may utilize CDRs defined
according to any of these systems, although preferred embodiments use Kabat or Clothia
10 defined CDRs.

“Framework” or “framework sequence” are the remaining sequences of a
variable region minus the CDRs. Because the exact definition of a CDR sequence can be
determined by different systems, the meaning of a framework sequences is subject to
correspondingly different interpretations. To clarify the meaning used herein, a framework

15 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

20 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



according to any of these systens, although preferred enbodi nents uig F@%(W
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am no aci d sequence. Accordingly, Chothia defined for each CORin each 0 7
FEB 2007 WD 20041006955 PCTN82002/022011 17 chain one or a few "canoni cal

structureg". EgHaitanonifcal sSigDRture sp@anbdnicsl spructirei ||y a set of peptide
backbone forsion angles {for a contiguous segnent of am rjo acid residues
forming al | oop. The candnical CDR strug¢ture t§R€8 defindd by Chothia are
listed inW TABCE Harm CpRCanonicar—strugture types Kappa
CDRI 1-6 [CDR2 [P 1-|6 Heg\l/);}ﬂCDRI |- 3 ¢
“ CDR2 1
“ CDR3 1-6
Heavy CDRI1 1-3
* CDR2 1-4
Lambda CDRI1 1-4
i « I bRz ) 1
“ - CDR3 1-2

“Corresponding CDRs” refer relatively to the CDRs between two different
variable sequences that correspond in position within the two different variable sequences.
10  Thus, for example, a mouse light chain CDR1 corresponds to a human light chain CDR1,
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

15 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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candidate CDRs is considered, and the candidate with the highest homology is chosen.

Choosing highest homology is based on various criterion used to rank

15 candidate human variable regions having the same canomical structure as the subject the
non-human variable regions. The criterion for ranking members of the selected set may be
by amino acid sequence identity or amino acid homology or both. Amino acid identity is
simple a score of position by position matches of amino acid residues. Similarity by amino
acid homology is position by position similarity in residue structure of character.

20 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:

25 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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candidate CDRs is considered, and the candidate with the hi ghest hoge’IFg%yZWS
chosen. Choosi ng hi ghest honology is based on various criterion used 'tc rank
T3 canoe human vari abl e regi ons having the sane canonical structure as the
subj ect tha,o iﬂﬁ’%ol?ﬂ%ga” vari abl e regions. The criterion for.&ankbig menbers
of the selected set may be by am no gacid sequence identity or amno acid
honol ogy or both. Amno acid identity is sinple a score of position by
position nmatches of amno acid residues. Simlarity by amno acid honol ogy
is position by position simlarity in residue structure of character. 20

Honol ogy . ; (STII cedures
descri bed%ﬁy}%ﬁ@?ﬁﬁ%@?ﬂ %t%IQF HZ‘{??E@#“? su‘?%8%@%ar%§wa§f%ép§g%§%ﬁa{l}&g%ﬂmt rices
f rom pr ot purifidd amtiksdy pré¥edc. Natl|. Acad. Sci 89: 10915-10919. or by the
BLOSUM seri es descri bed ni kof f . and, K Henj kof f ., The steps of the
met hods are as fol I‘6&?”2‘@;5@?%%%“%@%%?*@@‘_§§d(ﬂé§§@st%‘?‘e %Vyh@ﬁvy and

| i ght chailighp\chhihdbiRncd QT Bieabjeét doRhumabhitibod@nt i body. These can be

determ ned by any of several nethods, such as DNA sequenci ng of the.

respecti ve genes afPetermeine¢anmicsh strucBDntypes &7 qagh obNke GaRuehthiersybiget cl oni ng

products th Y en anpl i fii Dy. t h nr i.an: 07
FEB2007 \%\8?56'8%? %ﬂﬁ@%@ P%}{Jgﬁtggﬁﬁ%?%oﬁlﬂg@l r@?’gﬁ?@@gﬁg"e °? 3@% g&f‘%t s or
DNA of t heequeriyjeciatlighy bf itlebopiidélines diseussqdeint Clsbehia agd desk (1P80), Ghothialed 4li ed
anti body protein. Apply the Kabat nunbering steméKabat, et al, 1991) to
Lhe heavy (H98), Tomgntostal (1598h Martmantsharkign D86 band Ablaribwmat 4i199bay. 5
Dot er mi ne 148 RORE Hanfkt B8 cHidhidal REotdre dcffilhafiln iieedchr @ dIiG aigbsect
non- human anti body. This determnation i s nmade I% rom exam nati1on of the
pepti df) ddtpwsnce in |ight of the guidelines discussed in Chothia and Lesk

1987), Chothia et al 1992 m i nson et al 99 Martin _and Thornton
g 1996% , and Al - Lazi }%Hrheg@f 3?% ?ﬁ&’?‘iﬂ.ee cﬁxf'?éncggftfu%ﬁ?e %Sﬁ Yr SUTSHLY KAREWi cal
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chain CDR1, three canonical structure tc}/pes are current Ig known.
a different number of residues. As described in Al-Lazikani et. al (1997), when Kabat

numbering is assigned to the sequence, the numbering for residues 31 — 35 will be as

15 “follows Tor the respective canonical structures.
Canonical structure type 1: 31, 32, 33, 34, 35.
Canonical structure type 2: 31, 32, 33, 34, 35, 35a.
Canonical structure type 3: 31, 32, 33, 34, 35, 35a, 35b.
For heavy chain CDR2, four canonical structure types are currently known.
20 Several have unique numbers of residues, and are 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
25 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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fr amewor k K-abalingsition 94, wheseagpgsihigns A 40 194 ¢ncodeGDRY| For theserrpssonsy panogisehi cal
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chain CDR3 is the nost diverse of a € I's generated by 5
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Consequent . ganonical ructures. for have heen difficult .to predict.
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consi der edabgmupbeag ofgesidirRogiioas Mmah sequences.
Canonical structure type 1: 27, 29, 30, 31.

15 Canonical structure type 2: 27, 28, 29, 30, 31.

Canonical structure type 3: 27, 27a, 27b, 27c, 27d, 27¢, 27f, 28, 29, 30, 31.
Canonical structure type 4: 27, 27a, 27b, 27c¢, 27d, 27e, 28, 29, 30, 31.
Canonical structure type 5: 27, 27a, 27b, 27c, 27d, 28, 29, 30, 31.
Canonical structure type 6: 27, 27a, 28, 29, 30, 31.

20 For light chain CDR2, only a single canonical structure type is known for
CDR2 in kappa 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

25 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.



10 For light chain CDRl, six canonical structure types are currentI% EE?WW7
for CDRLl in kappa chains. Each canonical structure type has a diff ?

nunber of residues, hence assignnent of a canonical structure type to a new
sequence i fromthe Kabat nunmbering of resi 27 - 31.
Canoni cal §$€@€ Sgggtype 1. 27, 29, 3§, 31. T5 Canonlcg#ﬁ‘ ucfaggétype 2: 2
, 28, 29, 30, 31. Canoni cal structure type 3: 27, 27a, 27b, 27c, 27d, 27e,
27f, 28, 29, 30, 31. Canonical structure type 4: 27, 27a, 27b, 27c, 27d,
27e, 28, 29, 30, 31. Canonical structure type 5. 27, 27a, 27b, 27c, 27d,

28, 29, 30, 31. C@aeéﬁlfﬂkmmry U591 YRD3004, 35, 0288a, 038, 29, 30, 31. 20
For light chain CDR2 y -a singl e canonical struéture type is known for
CDR2 in kappa chai négﬂehedmefylﬂmthel momm&ﬁkmttumbjpestofahﬁ stlpehy mequences,

assignnment, is a t ch up t ' noni ca
truet ur o hopish RHEH hirkin Ehes ot Py Bhanops e o fa) faf RO hERems, e o
these are dogibfhatidh ef tdoRRaC&IRIle BPeSas the sEtjert RatiBddSt drd Gadntified td Yorinhei 1

| ength, reflected in Kabat nunbering of residue positions 91 - 97: Canoni cal

struct uf e capdidate setaf human sepenas, Inprefegsd embodiments, enly khepeptidmsaayences y Pro

Cype a: ot Windcletifle i@ingglonihel vEL B eBfy kel Gitiaatd i €

PCT/ US200 ZioBipaisbh. Nost Gdnbest gahe ﬁhgmtmtstha&e bygrediScdéred%ind Hase aEéb,dy ®ben 96,
96a, 97. After .identif t he canoni es of subj ect
Rotaliqe A1 0018 STAN CHS [ A TR B AR e TR AP e
t haff have Ad#tional® §&ﬁf‘@ég?x?énts0ﬁbt0&s&&9&'%qa{se Stfcknkey Srel prBfide &relrgndS Ub] ect
antlbodé are identified to forma candi date set of hunman sequences. In

d

preferd @M@mgttbosemnwmsehmqam E@@eh@eﬁd‘e@wcﬁ Wamake beaviticheia,

|nnunoglobul are S ed f npar L. son. Most

of these ¢g&Nn OHPI 8@3’%&%% gﬁgé rs“c?‘é%er ca'i' ave ?selac’cf'"“ pgh i
genes that do not conform are excluded. For the llght chain, conformity of CDRI and

CDR2 of each human sequence to the canonical structure types of the subject antibody is

first assessed. The potential of residues 89 — 95 of a candidate Vk gene to form a CDR3 of

TS the sanie ¢anonical structure type as the subject antibody is assessed, by positing a fusion of
the gene with a J region and a applying criteria for CDR3 canonical CDR structure type
determination to the fused sequence, and non conforming sequences are excluded.

In another embodiment, appropriate when a variable domain of the subject
antibody is of a canonical structure type not available in the human genome, human

20 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 CDRI 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

25 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



assigned to a canonical structure type (Chothia et al, 1992, Tonli ngzg; ?tZU[W
al,1995). Additional V gene fragnents not disclosed by tehse refer (g' are
provi de herein and 10 appear anong those sequneces listed in Figure 1 and
Figure 2. Wzoa{m&ggavy chain, conformty of CDRI and hdobiigy Mouse
canoni cal structure types is assessed,, and genes that 'do not conformare
excl uded. For the light chain, conformty of CORI and CDR2 of each human
sequence to the canonical structure types of the subject antibody is first
assessed. The potential of residues 89 - 95 of a candidate Vk gene to forma
CDR3 of T5¢" heal = i e ~an-~| j sessed,
by posi t i g SoHfRiTRE VRRERRBR sTafor) snndl®h dhnl NGRSty Fulf 2002
for CDR3 cHksmueamks willreither aarionicel sipptere tgpeet ord shatlidde usel foh eorhpesisch. sequence,
and non conform ng sequences are excluded. In another enbodi nent,

appropriate when a variable domain of .the subje anti ho is of a

canoni cal structure %ozg%&nq)ggﬁﬁngﬁaéurf,nreﬁaghﬁqih}gﬁmbg}}%ﬁg%/ SEIRESS “Do

gernm i ne \beg&nsidered For {he\sequdnte Eoriparedtsi Sich donsidertib@mightUe Bowwairgfedt i cal ,
canoni cal structure types are considered for_conparison. Such a circunstance
of t en oécuindersp variety abgecugstaneescpduding byt petlEmiigdt tojadances where|themayre wo of

t he exanpl e J I i i t-.’dﬁgﬁtj .1 ypes have
been obsert\ﬁ}zn ast%&géﬁpfgﬁé[bﬁ V?W %18% Jr(l)eéae nﬁﬁ??é?dﬁe@moﬁggs&tlde g%reglhé glenoma
encodes ortiunansod {3 omhtainspecandnica strdctarn tiype.iddnticdl e steat 8bthei snbjectmhtibudes, a

canoni cal CDR structure type halvi ng length of am no acid residues within
two of the?¥afifeynddp &8 d resi dues of the subject non-human

sequence may sel eciPprefedfed eRBoSIHERAS fof B4th of BHe QANAARE ﬁéﬂé@%h%z{téfﬂ% !
canoni cal structure is found in the subject antibody, human Vk sequences

wi t h cadfortapenical strugturg tgpesy fesidpe ihrssidde pesquense ddentity mdfosharogiggy with the

2004/ 006955, PCT] US2002/ Q22071 for, O .1.S0 ype cahoni cal
structure %ug]eqlslfﬂ%mf:enlst %seo %ailfaﬁeé Flite %’8;{:?" a%%aﬁ%ﬁm%ﬂgéﬁaﬁg%c%samf “h'i t her
canoni cal ¢ibodiidnt, @hd refidues eQilustedirous fblibwsised for conparison. In anot her

enbodi nent, mature, rearranged human anti body sequences can be considered
for the sequence conpari son. Such consideration mght be be warranted 5

under a variety of @hgiguwnﬁ@ueiPMng but not limted to instances

where the mature human sequénce Is very close to germine; (2) is known
not tolde i munogenKeppanl 2632
« 2 50-52
“ 3 91-96
Heavy 1 31-35
“ 2 50-60
20

In preferred embodiments, residue-to-residue homology is first scored by the
number of identical amino acid residues between the subject and the candidate human
sequences. The human sequence used for subsequent construction of a converted antibody

25 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



humans; or (3) contains a canonical structure type identical to tha@ﬂchEBtzmﬁ
subj ect antibody, but not found in the human germine. In preferre

enbodi ments, for each of the candidate V genes with matching 10 canoni cal
structure \ i due to residue sequence identity apgqj ogy with
the subj e%&ggéoggegﬁge is al so evaluatgd to rank the candi azgﬁﬁg}arrgln
sequences. In a specific enbodinent, the residues evaluated are as
follows.: Chain CDR Residue positions 15 Kappa 1 26 - 32 2 50-52 3 91-96
Heavy 1 31 - 35 " 2 50-60 20 In preferred enbodi ments, residue-to-residue
honol ogy i.Sn:fd, " : paet ] d Woy:1l ) cl . esicdues
bet ween tﬁgbjéél}b]ﬁgcot% feg%ffq{dﬁéés %rgﬁag?%;t e F}S%ﬁ'%gg{ﬁéutgﬁceg?y d@ﬁ%ﬂh%%natﬁl@gquence
used for svilsapneftsequensthomoldgymayfbepefommed using amivid dvadisub2iitutien mhtdsasn f r om

anong the 2 erc andi.dates .with the.hi score. In other

enbodi rrentsg‘g‘ %&%ﬁﬁ‘%ﬁﬁ&{aﬁ(ﬁmg g‘r“é‘?f}%%“gﬁ’t‘gag%uences have sinilar
identity scores, sjhHiobREd deiudhBl MR @R MaRevidiR RgidnaC-tHim tACDR3 lsEveliées may
be additionally be considered. Aliphatic-wth-aliphatic,

ar ormat i - W sélecigdoframi the sot obkhawn fipman gemdine Jasegmentshed\psefarred 7 pRRtRIE2007 WO
2004/ 0069 PCT/ £Q2 2 | ' sidu ded to

t he scor egéqlﬁe%&a}rﬁjist% %gtr%d goré%é}juﬁégﬁ ,"%Ebﬁ%ﬁ? F?Sg@?vhg)mogoc I fﬁ’atefl%]n?(%)?g%ezla E(gnce

honol ogy RBejuehe gaeitions firdviicH CDR3InAd ovetlap, asihg thet sebfimcritedia speeified $aich as

t he BLOSUNMB2 matr.i X ?f Heni kof f and Heni koff (1992). Aa object secluence for
the frameW &VaaleR Rl candidaly Yageney spmestioned ibrte T5e /sepe segme PFPUslh t he set
of known Qb&ﬁ%ﬁbeﬁ.&%&&"fdr%ﬁbs%q&%@ EEiMriction %T&g&coﬁbér%ﬁ aﬂtiﬁ]gigﬁib URoses FOHERShe! S

sel ected by evaluating residue to resi onol ogy each J segnent for

sequentk pesdstipenest éfeanditites willDIRG highdst 3casezer | ap, using the scoring criteria
specified for In one embodiment, the chimeric variable chain contains at least two CDRs
from the subject non-human sequence, and framework sequences from the candidate
human sequence. In other embodiments, a chimeric light chain contains three CDRs from

the subject non-human sequence and framework sequences from the candidate human

15 sequence. In other embodiments, a chimeric heavy chain contains at least two CDRs of the
subject heavy chain, and framework sequence of the candidate human heavy chain. In
another embodiment, 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

20 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.

25 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



the eval uation of candidate V genes as nentioned above. The J gene ﬁe/gmw
pepti de sequence used for subsequent construction of a converted ant'i

is chosen fromanong 10 the 25 percent of candidates with the highest
score. In kment, the chinmeric variable chain ' east two
CDRs fromwtzﬁé)&g@g%éct non- human sequgnce, and framm%@%ﬂ@@?&lfromthe
candi date human sequence. In other enbodi nents, a chineric |ight chain
contains three CDRs from the subject non-human sequence and framework
sequences fromthe candi date human 15 sequence. |In other enbodi nents, a

chi meri ¢ hggiYuted\@ith offRP hRindSachls. |’I§‘qﬁ§£ll)1,% nfdrEhaf ffodrhin® HAl 8&iduBERVY chai n,
and franmework sequence of the candidaté human heavy chain. In another
enmbodi nentCDR achichanged dndamgst dipinaltyone aione theactwoorfesidhes mDthe EPBmwillnke subj ect

heavy chai n_and the frajmework .s ces_aof the candi date human heavy chai n.
st BB e BRI e CHE A P gy 36 TG R TR R < Cors
1 and 2 f ropwilirhe iw Qerfdith e@®bdimenits NsbiR o ShE UaiEe adidlint A6 iffiR S/ ofkOscqlences CDR3
and residues 61-65 of _a CDR fromthe candi date human heavy chain, al ong

with the frayhssbangedeBalebodinents; so mosshag 49 amingsgid resdiss arechangsd anot her

enbodi nent, a chi nmesqy ' 215‘*’3’ %: he

subj ect non- human sggigjgﬁgg},{%fd %gﬁ%%ﬁ%g&gg%ﬁe%% S &}@%&%lm t lt‘elgtg%ﬁt ect
sequence, ofirgend kymtHesia rapdaredombirgnt poesin exprassidneknoamndiydtbsdsisbaiuanbeart. 25 | n
all cases  however, t chi ner.i ¢, anti bo nol ecul e contains no nore than 10
i no- 2o dOrE i THine REPRT e 0o S AIIRB EHEIRPRENE FGH TRELY | ¢ he
framewor k (g qhttyas @bclése8@ hebdin i tigkeNHABY fYls. aDUSst! Bpically, the @nRédeer
enbodi ment, appropriate when increased affjni 'g% of a humani zed antibody is
desi ret) rgtbagigsswilli bhmade e compmicien a nyelaigeacid sequence raggding thepghimeric

addi ti onal = . 20 0 P . 0 0 2

substi t ut eJax %)q? éhaé?{g&n ci)ngg %6""%?5"2&&%‘&@%3% ?q%]ug{%rlg rcé{l Sﬁéh ](%%auoﬁF gr%Stno aci d
resi dues itypical f&I3 dfrthe chigeg e dntitudgt witlte dnyRubcamtibydynfagiiene Olieen shivibler esi dues
in the CORw il _be changed, except for .heavy chain CDR 2, where as nmany as
10 resi dudmeegf e chimegngetibody ieluds (§ab) ; Fojespleapia sBlSHMENSMOEHE of t he
am no aci dgini dindrSrmhd AIF WRIdic SEAME TS B TR aRCIITRANOSh hifarPhdtib6diPRdi ment s,

no nore than 10 amno acid residues are changed _
15 form a complete antibody. In preferred embodiments, both light and heavy variable chains

are humanized. However, in other embodiment the variable light and heavy chains may be
of mixed, i.e., with one fully mouse variable chain (either heavy or light) and the other
being a humanized variable chain.

In most embodiments, the method will include screening candidate chimeric

20 antibodies to select those having a dissociation constant for the antigen suitable for an
intended use. In most embodiments the humanized antibody made according to these
methods will have a dissociation constant of at least about 10° M, at least about 10 M or
at least about 108 M! . A Kd of at least about 108 M is preferred for most therapeutic
uses.

25 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.



The humani zed anti body sequence is then physically assenbl ed by netﬁg%z Zmﬁ
gene synthesis and reconbi nant protein expression known by those skrill 8
the art. The final formof the humani zed sequences havi ng the chineric
vari abl e cRaife g by the nethods disclosed herein qqﬁ, ?% forns.
Most typlcally, t e chlnerlc 10 antibgdies will be nade by construction a
nucl ei ¢ acid sequence encoding the chineric variable chains, which-are
reconbi nantly expressed in a suitable cell type. One of nobst typical forns
of the chineric antibody will be an Fab anti body fragnment. O her suitable
forms of the chinmeric antibody include (Fab) '2 nolecule, or a single chain
Fv nolecule. Still other fornms may include further fusion to constant
domai ns of a human anti body to 13 BXAMBLEdnpl ete anti body: In prefer

enboodi mehfs, both |ig-ht-~- i humani zed. However, in
ot her enbodi nent the varéHMBr@‘@@h@@g%%ﬁé&ﬁay be of m xed, i.e.,
with one fully rmUS?hé/e;bh&anﬁb&d}%m sﬁuuaearchh&ee{ws@iyxﬂeﬁhgén amaemdeot her

bei ng a humani zed variable chain. In nost enbodi rrent's, the nmethod will
i ncl udeS s seqventenef ﬂ?&ntﬁr@blpedmmf 1.3 2ere, obtainsd feen tthe §€Qt@thD4tth§ek havi ng a

i Ssoc ot LGN RhAM: LOEALFrc bl linovis ARbGr L0 heRind 1 KR ahEie | 7, oSt

enbodi nent’s etc’snon Hu e accor ds vm [ 1

have a di m@éGDR@ﬂ/eﬁmsﬁgﬁéﬁcaﬁémadls&Mﬁét}QMtfoﬂﬁﬁs M, at Ieast about to M
or at least about 108 M1 , A Kd of at least about 108 M_js preferred for
most therapeutic ubtght cham GRR1mymbeisd acpording:ie keabat, ponsists ofithe seRweNSEesent

i nvention by show ng specificy ﬁ%%lﬁ%t:;@ 11ah 3 PLBIIHHI zed anti bodi es that
bind different types of antigens for poses o illustration . It One of

ordi naty skill in the art wlRAnSiéiﬂérileﬁétL many other specific

enbodi nmen may .be created ng o s di sc d, t hat the
resent - ERGARY (e A6 Abinsaricy SetRS Peieet (RO drpRiG 31 CPRE sg 5007
WO 2004/ 00&RakaPalichda?§pes 022011 25 EXAI\/PLE | HUMANI ZED ANTI - CHI CKEN
LYSOZYME The nouse antibody D1.3 binds to a chicken |ysozyne antigen. The

pepti de nght chain CDR2, numbered according to Kabat, consists of the sequence:
50 5152 53 54 55 56
I5 YTTTLAD

This is not an exceptional sequence; its canonical structure type is type 1.
Light chain CDR3, numbered according to Kabat, consists of the sequence
89 9091 92 93 94 95 96 97
QHFWSTPRT
20 Because of the length and the Pro at position 95, this sequence is consistent with canonical
structure type 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
25 canonical structure type 1 at CDR3. These are listed in Figure 3 undemeath 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



5 sequence of the variable domains of D1.3 were obtained fromthe Pr gﬁﬁnzw
Dat a Bank, accession nunber |IVFA. The |ight chain was nunbered accgr i 9
Kabat, and the nouse CDRs wer e assi gned canoni cal structure types as

fol |l ows: th{% nunbered accordi ng to Kabat, ]Fﬁqﬁ I A the
sequence: gﬁ&g%gﬂ 28 29 30 31 32 263 34 10 RAS G ﬁoﬁ@zl_ A Because
there are no insertions or deletions betvveen resi dues 27 and 31, CDRlI has

canoni cal structure type 2. Light chain CDR2, nunbered according to Kabat,
consists of the sequence: 50 51 52 53 54 5556 15 Y T TT L A-D This is

not an exGeRrpPindogualwitisl CEHIEE ; aghihSsupétde b @) ndxt filed BiRlidayRe LB th¥Reord is Li ght
chai n CDR3, nunbered accordl ng to Kabat, consists of the sequence 89 90 91

92 93 94 %ossafwh@mﬂumscqnsmwon 20 Because of the | ength and the Pro at

position 95, this s i pe 1.
In the conpilation ?\% gure %%"ﬁ'ﬁkm %’gog%gﬁgléq%?chﬁﬁgf?g&l%ﬁ%%
redu ndant pbsiriam 96 canttiallage Mkntg:emahmome(pb)mm?l Tk Wlliicl\i:mpﬁﬂit&ahe GGGuct ure
type 2, wi t h, canani cal structure hytp (3) .a sequence W th
t he pot%ntm%ﬂf lpomérnﬂsm?n&a?ﬁo’rﬂlcaﬁ the; hegtc pate Pwesegmslet em%w usedelop ther e
listed infGhGhamedotfidRiEath the D1. 3 Vk sequence. Their sequence at the

resi due positi ons conprising the Chothia canonical structure types is also
gi ven, and t he hunmaiht/keayyghain ivaridbleglommircofddle3 mmﬁ&reﬁacamdmgdb Kgbato

nurrber of residue- identiti uenc L23 has 7
Mdont 1 1 ed e B R fo CG s RuighedBpbled BRRTHE SRS RA0NTE Fort her rore,
L23 has conserved r ga séiRen @Qﬁtmlrggs@,&hzaﬁaﬁaﬁmlm 2004/ 006955

PCTI US2002/ 022011 26 91 and 92, wthin CDR3, again superior to the next

three &&ndidates. L23 theref 0#52829 3&HoRe3 315 the humani zi ng constructi on.
FSLTGYGVN

This sequence lacks any inserted residues, hence is assigned to canonical structure type 1.
The Kabat CDR2 of D1.3 has the sequence
50515253 54 55 56 57 58 59 60 61 62 63 64 65

15 MITWGDGNTDYNSALKTYS
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 4.

20 Segments chosen for homology evaluation were 27 — 35, comresponding to
Kabat CDRI 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

25 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



Anmong the human Jk segnents in Figure 3, none matches the Arg in D &'ﬁﬁﬁ 0
position 96, and all are identical in the next three positions. Jk4 czp1
replicates the GGG 5 notif in D1.3 positions 99-101, is the best match for
J segment, wahgudedgddsed for the hunanizing constructioncrhhgoARiMey: chai n
vari abl e domain o? D1. 3 was nunbered gccording to Kabat, as shown in Figure
4. CDRs were assigned canonical structure types as follows. The sequence in
the region of heavy chain CDR1 is 10 27 28 29 30 31 32 33 34 35 FSLTGY
G V N This sequence | acks any inserted residues, hence is assigned to

canoni cal. sBHEHGN Rl Bite Lhain B SRRl FFRARphBHC Jodlfchy lReRPAUBNER) 50 51
52 53 54 55 56 57 58 59 60 61 62 63 64 65 ngpl- BRI R S ami cs
Because t ruitered thgeqadiniensiendl stwuctivet Wa &4 waeshldub@seﬁiroandiemnalmurs assi gned

canoni cal structur man ng . VH. ge cted to have
canoni cal structur eﬁfﬁ%é;??a%]ﬁtlh %ﬁ&géh@dé ﬁon "('r'c f?lﬁ(??ﬂ e type | at CDR2
were taken from ChOIA.hblﬂnﬁhc Hurfah28@ Janitidy Wasgdéstgnkd l?ndorﬁblﬁmlgl the @hban Fi gure
4. 20 Segnents chosen for honol ogy eval uation were 2 corres_E};)ndl ng to

Kabat C’DRICWFugf R4 di Wlﬂé)mﬁ Kpkas iframeworks eneqdgd tieV Ut Fid 123nand B Eher uct ur e,
and 50 - r t % L£h

sel dom part ucngegt({afqg?(rﬂ%n&d @thgﬁ?flge I hg'ﬁﬁmg %)?ﬁgy?ﬁ tl@‘%dyta\xg%or% i es have
have 8 |deH1gureBes in these segnents when corrpar ed to the nobuse sequence,
and the next five hgve 7. identities. Thele 5% of entrjies in the
sinilarity ranking 2Yuhetc @napls dpmgingepesenge CP ZTH'QT‘?P g’%‘ Wreof t hose
W th sevenrephitaUsin @Pthétic allg%ﬁﬁcléow&nbme%emwbﬂmt autlb@@) encaﬁaamtéaat es for
a hunan|2|ng construction, several are preferred because of conservation in
non- i déft ihezein by aefereness. Thihseegenes averh ther t@rxﬁfewdApgmpgpba@mrﬂgSlwbwemr resi due
50 are exc] d be 7, _FEB 2 2004 USZO 11 27
burial of P éﬂ{gl% ﬁé‘ dsﬁ%%aﬁtgﬁ E‘ gl 89%23 \}41\9 reat%i?&@gﬁsl’(}'r %‘%% Fc S gﬁﬁ

likely to s@dldéﬁceadf the synthetic genes and of the Fab expression cassette of pAK19 are shown in

Figure 6. Recombinant Fab was expressed in E. coli, released from the periplasm by

osmotic shock, and purified by chromatography on lysozyme-Sepharose.

15 The affinity of SHuD1.3 for lysozyme was determined by the fluorescence
quench method described in by Foote and Winter (1992). This method relies on changes in
the intrinsic tryptophan fluorescence of the antibody and antigen upon complex formation.
In the experiment in Figure 7, 200 nM humanized D1.3 Fab was titrated with small aliquots
of a concentrated lysozyme solution. Fluorescence data were fit by least squares to a

20 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.

25

EXAMPLE 2
HUMANIZED ANTI HUMAN CD28



altered three-di nensional structure. V71-4 was thus chosen fromtheﬂ F
remaining four. JH4 is clearly the best match to the C term nal end (Zf E@Eﬂg
A chimeric humani zed anti body was desi gned by conbining the Kabat 5 CDRs of
D1.3 w th Hasdeahibssf r amewor ks encoded by V71-4, JH4, Lﬁm?ﬂﬁ’y&gﬁl The
sequences of the heavy and |ight chaiggvariable domains of this antibody are
shown in Figure 5. Synthetic variable domain genes encodi ng the humani zed
Vk and VH were prepared fromsynthetic oligonucleotides by the nmethod of Ye
et al (1992), incorporated 10 herein by reference. These genes were then
transferrred to the rrabnAXOLAR AR $DOE HtiRAFESiAEIC 3 Rad ubd ¥ - €t al

(1992), incorporated herein by reference. TheJi sequence of the synthetic
genes and bimanrsubjestoantikedye s Theomousesyd hytwidomaging Measzsalated anvhisidescribedby e 6.
Reconbi nang Fab tha §§fr essed in E. coli, released fromthe periplasm by
osmotic shofR™ & 8 "fied by chromatography on | ysozyme- Sepharose. T5 The
affinity of-SHuD - 3fihe Heyop adiighshatie vaidbldkdgion Behek [vE-d.31Werssloficic By quench
nmet hod described in_by Foote and Wnter, (1992). This nethod relies on
changes 3i nreverktrang¢rintionjapd theynolapaess chaip sagtierbritating with messanga VA thed

antigen up LoR: LR & e | i . NM
humani zed RDJ% %Qﬂ%%m%iwt ??%ugl? ggnuvr\# t1 OHEﬁc'gﬁgpé;HOquot es w%@‘%%:%n (Z:%dnfgé%gltnéd
| ysozyme st80) followedby direswtegrphylan aligved Bcdlimhnb yAnplifitation weas pemed usin® 0

titration uation.to obtain a value and standard.error f.or the di ssociation
constant . SEORSICOlidEs SOPRIGRENATY {5 ihe CPPRAKEFESM BY OBEPTE coldes SORFPPRRBY e o Kd

of 4 nM ( FRQEtSorR theW ghaPpeptidd SrN-terkinis frhmewbittBdeassl anti body in exanple 1

has an identical antigenic specificity as the sugtj) ect nouse anti body, and
at,

bi nds dfiti gen with diecdight dhainywasi nvmbersd aecording ek abat.trad G Rsaware pssigne
PEE B 2ot R aER R B thiaar fieB T “ouce ant - human ooz
anti body desi gnat ed 19gh8 ch#is CIDRI¢( nisbdrédeacbarding to Kabat, consists of the sequence
24252627 ab c d28293031323334
RASESVEYYVTSLMQ
15 Because of the inserted residues between 27 and 3T, CDR1 has canonical structure type 5.

Light chain CDR2, numbered according to Kabat, consists of the sequence
505152 53 54 55 56
AASNVES
This is not an exceptional sequence; its canonical structure type is 1.
20 Light chain CDR3, numbered according to Kabat, consists of the sequence
899091929394 95 96
QQSRKVPY
Because of the length and the Pro at position 95, this sequence is consistent with canonical
structure type 1.

25 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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Kabat, consists of the sequence 50 51 52 53 54 55 56 AAS NV E S This is
not an exceibeiBigane hag dddensities instheserposition| whareas dhe pextthrse on dheylist have p.ght

chai n CDR3, t t f qup 9 90 91
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the human gf@m .%@£Bfwgf§lﬁ%a bimar 162 mathed ey arSmeviling, BbSIGaH Bk Pu e type
5, and vverecxa&]zr}%g@{ e},ﬁﬁﬁgﬁﬂ elnpwgg\ged:orrpl lation in Figure 2, eight

non-r edundant human germ i ne Vk genes encode (1) CDRL with canoni cal

structut@ type 3 or %he ligyvy CbHg vamable domampL B vGi3 nEEB2E0 Acconding GOKABRD6955
PCT/ U82002/a(s)

gl on

ghown in Figure 9. CDRs were assigned canonical structure types as follows.
The sequence in the region of heavy chain CDR1 is
272829303132333435
FSLSDYGVH
IS This sequence lacks any inserted residues, hence is assigned to canonical structure type 1.
The Kabat CDR2 of 9.3 has the sequence
50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65
VIWAGGGTNYNSALMS

Because there is no insertion between residues 52 and 56, CDR2 is assigned canonical
20 structure type 1.
Human germline VH genes predicted to have canonical structure type 1 at
CDR1 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
25 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



29 structure type 1, and (3) a sequence with the potential to formDJ FEB 2007
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 ge | lgure 3 are ranked according to nunb

resi due-to-g@:ﬁogﬁogasgent ities in residye positions for mﬁ?\%T/?%gm@ﬁzc?tlki a
canoni cal structure. 5 The B3 gene has 7 identities in these position,
whereas the next three on the list have 5, hence B3 was chosen for the
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rather thangGisged)1e, B3 Medhdioslelilile SiRrRERIth 08; iRAxNE dntftdiaflalbe 9. The

5' -encoded Tyr residue of human | k2 matched the correspondi ng position of
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Kabat CDRI plus additional residues form ng the Chothia canonical structure,

and 50 1060k2 fropr pesitrnsdi8ng 108 Willbtie axomption of sesiduss dQ@nd §2, whigh wephlegh

sel dom par t.j; ¢i.-nat | [ e | | L:Rdi S C r : d for
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the 9.3 heavy chain, with the exception of residues 60 - 65, which were thought to be not

critical to antigen recognition and hence made identical to the sequence of DP-45 at those

TS Tpositions; and Kabat framework sequences identical to DP-45 through residue 94 and
identical to JH4 from residue 103 - 113.

The sequences of the heavy and light chain variable domains of this
antibody are shown in Figure 10. A recombinant Fab fragment with variable domains these
sequences was prepared as described for Example 1, with the exception of using affinity

20 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.

25 (CD28Ig 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 CD28lIg (EC50) as described in Jin et al (1992),

incorporated here by reference. This analysis, shown in Figure 11, indicated that the mouse



WD 2004/ 006955 PCT/1JS2002/ 022011 30 identities, 10, in a 07 FEB 2007
resi due-to-residue conparison with 9.3; the next 6 entries all have 5

DP-45 was chosen for the humani zi ng construction. O the hurran JH segnent s,
JH4 had th onology to the CGtermnal end of hence
was used |§N§h@§§§gg§§tﬂr uction. 5 Chinergyc humani zed anti body vé)?/f)agﬁe domai ns
wer e designed by conbining sequences as follows. The |ight chain variable
dormai n consi sted of Kabat CDR sequences of the 9.3 light chain, with the
exception of Residue 34, which was thought to be not critical to antigen
recognitio v\ Lo fhat
posi tion; gﬁ%ﬂa%?e&vg? Fggquér@e%éﬁée}ﬁﬁ%alw B t’ﬁﬁ%g{é%df‘@sﬁih é’ghand

i dentical Fab w@s 3KAM r T mﬂamuymlﬁﬁxe%mme&(wthwhybhdmhénwnsmﬂhse}mvzdd thasi dues

70 and 72, which were left ntlca o] to Serve y.cosyl.ati on
rot 1Tt ot CEAREQUBPRAR hirding b IR B RaBIHE AR o e ein SR e vy
chai n vari aRbRiffoiRI Kea¢p RRAIS! Bfls %ﬁxmﬁﬁ?ﬁfom%ﬁqwﬁeﬁﬁﬁ aline ctatiﬁd%ﬁnﬂzﬁaVy
chain, with the exception of residues 60 - 65, which were thought to be not
criticals t 8vidity logen recogni tion and hence nade identical to the sequence of
DP-45 at those T5 positions; andabat-'ranework sequences identical toDP-4Y-
ou residue 4 9and identi cal to JH4 fromresidue 103 - 113. The sequences of

the heavy and |ight chain variable #gxXPIE®f this antibody are shown in

Figure 10. A reconbinant Fab fr wi th variable domains these sequences
was prepared as described HOM w&iﬁﬂéNIISGPBﬁ QNJ%ptl on of using

affinity 20 chronat P M' f

control, a Fab fragongﬁle?aggsgon%}ll%%ﬁdgpoﬁgﬁge 9. ?\%&%‘?%W‘%Oﬁﬁ%g@% hurran
const ant0 dsutacqhslomﬂmnpneqsqmmde or a diumahiaed mmt lmdlslpn dexinasThe imaduse BCFab

f ragnment c of h .cqnst ant mai n e vy chain

vari abl e d H’(ﬁ ‘ﬁﬁ g da'?ff egﬁ:ﬁ‘fynoétg?i c mﬁ%ﬁé’( ‘Vﬁ’é‘ Befslty of
the three Eé’ﬂ@nsir@te@'b?d.,lée@ e@aﬂa%@s Eheddipiace bs'thELdaseble d315aﬁ9338@F2%56‘d
plates were incubated with Fab solutions at concentrations ranging from!|

pM to 10 niiscigseddiyifglishesct ebdR9sadyiepresanted imAigeret k2 huran k i nmunoconj ugat e.
Th bi ndi h |
e binding isot er %Qﬂtﬂ}cﬁﬂ%%gseopﬁmgq Efthid Qvegeegé&ml,?tgd %@egﬁg}étlva ent

concentration for maxi na I NQg of e ant | I'es EC50)
as descrs beeforen and Wemt tﬁiTMRI, type 1 for CDRZ, and type 1 for CDR3. Canonical

structure types of the heavy chain CDRs are type 1 for CDR1 and type 2 for CDR2. A

humanized version of BCF2 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
20 BCF2 light chain; and framework sequences identical to the human gene A2/DPK12
through residue 88 and identical to Jk4 from positions 98 — 108. The heavy chain variable
domain consisted of Kabat CDR sequences of the BCF2 heavy chain, 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
25 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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showed t hat e reduction in bindingiy humani zed 9.3 co ributed
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human ger J gene sequences. The li1ght chain’variable domain

consi st ed d&dld Kaget WweBRteagpassak svaf thehehip 20 ddSEe | thehassoskation; phased Thanewor k
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of residues 6 65, which were thought to be not critical to antigen
r ecogni 10 okingtierateeqonstantyka/kolfe hhe tespective affinitigeyeren @ forthg mpyss (Bab)zhose

posi tions; aﬁcﬁ‘ﬁm%ﬁntf)éﬁ\ﬂﬁ%@%e{ﬁ‘g%{%ioﬁeq“ences identical to 1-f/DP3 through

resi due 94 and ica romresidue 103 - 113. The sequences of the
heavy and |ight chain variabl e donmains of hunmani zed

EXAMPLE 4
HUMANIZED ANTI-HUMAN GADG65
15 The mouse antibody to human glutamic acid decarboxylase 65 kilodalton
isoform, NGAD®6S5.

The mouse NGADG65 hybridoma line and sequences of its antibody variable
domains were described by Hampe et al (2001) and the sequences are presented in Figure
13. The first two residues of the light chain are omitted because they were derived from the

20 oligonucleotide used for cloning.

Canonical structure types of the 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

25 discussed above for selection of human germline V and J gene sequences. The light chain
variable domain consisted of Kabat CDR sequences of the NGADG65 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,



BCF2 anti body are shown in Figure 12. A reconbinant Fab fragnment w Ph/ FEB 2007
vari abl e domains having these sequences was prepared as described for
Example 2. As a control, a 07FEB2007 WD 2004/ 006955 PCTI US2002/ 022011 32
(Fab)' 2 fr agioBibs prepared pepsin digestion of rmusep%?: ai ned
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di ssociatiopn. Affinity, ag a dis i,ation,.eqguilibriumconstant Kd, was
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respective affi n't'e?x'hé"@éqgeﬂ&s BMhk Pea dfl{#Htsﬁla(rF@zQ%Bl% dodfaths W Qumbhibey the
humani zed versi on. EXAMPLE 4 HUMANI ZED ANTI - HUMAN GAD65 15 The nouse

ant i body5 t NGAR6H agtibady rare shayimdindBigarebldx yA ageongindait [Fabl fagment widlo veniable
NGAD65. The, mouse NGADGS5 hybridome | ine and sedquenc of .i4s,antihody
Variabi e iSRS Batiak Dese ARHSEE VR reBie R eSS el ) CAR R BB o v e
present ed iFabHiaghiest cohiprisdd16f inbliseNGADG6S ©aridblcandofonbtast ddngdis Wasrepazede
omtted because_ they were derived fromthe 20 oligonucleotide used for

cl oni ng. CaWsHMEEMetodsict ure types of the |ight chain CDRs were deternined
to be type 4 for r NG HYRE adti SRl : I gal
CDR}e a}i%ggyojfc g”ﬁ%é @"Fink YR aﬂt}geﬂ W i 9

structure types of the were determned to be typ for
CDRI andi0 t yimenuBogrecipiGitieR .assay h Radioactive hvraars glotarmé adi48Gboxgksaieas mepadedusi ng

t he consideratigns 25 .disc d_gpove f |l ection of human gernmine V and
3 gene. sequ¥ e Al Py RN TSR GHRP-o e ERERY AR A dPaRase SIEED coR
sequences Gitl VoD aentratiBRd ofEArbS tiRWo Fab fragments. Protein G-Sepharose beads

were then added to sequester Fab and any associated antigen. Radioactivity was

determined by scintillation counting and the EC50 was determined visually from the

15 midpoint of plots of bound radioactivity versus concentration of Fab fragment. Values of
EC50 were obtained of 0.36 pM for the mouse Fab and 9 pM for the humanized Fab. Even
given the 25-fold loss of affinity of the humanized antibody relative to the mouse antibody,
the humanized will still bind antigen sufficiently to be used in human in therapy without
need for further mutagenesis of the sequence to make up for the 25 fold loss in affinity.

20 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

25 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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25 retain a three dinensional structure necessary for avid antigen agﬂqgggw
but also contain sufficient human anti body sequences to prevent un

i mmunogenicity in humans. One of ordinary skill in the art wll appreciate,
however, thgb 2bdaedyes hods di scl osed herein are equally RRRlILGS }3%

preparing converted anti bodies that imgl ude chineric hypervariabl'e
derived fromany two different vertebrate species. 0 7 FEB 2007 WO
2004/ 006955 PCT/ US2002/ 022011 34 In a nore general sense, the first
anti body sequence, which is originally selected by virtue of its binding to
an antigen, may be referred to as the "subject” antibody sequence.
Typically the subject antibody sequence is of nouse or rat origin. The
second anfodiedy. skqWbnteg, Guh(1082)i Ansibddyc resilues oaffeating baniformatiore nafe theof t he
target ani r "obj ect" anti body sequence. The
obj ect antFﬁﬁﬁ?gqéﬁggﬁéesﬁgqtéﬁgééﬁﬁé§4%90nra human or a farmanimal that is
t he object of therapeutic treatnment. Antibody conpositions containing the
chinmeric hypervariable regions according to the nmethods of this invention

result in Hampgrg- %tLWnsé’tuﬁmels,v\ZEr Haymbde,gbn&,awaspomsﬂg‘ Me& a
"“converted ody»9 u n T q e in
cortain deHABHK g2 PER B Evel bufenGhr BhhSAakiBe Bt BRONERERNHT eyt

obj ect ant(hany.seqmﬂﬁﬁmﬁmanduhﬁ37udent|caI in certain other deflned
structural features to each of the subject or object sequences. REFERENCES
T5 Carter, P., Kelley, R F., Rodrigues, M L., Snedecor, B., Covarrubi as,
M, Vel li ganehly. R, a}{iﬂnﬁ J. WNlmnIkp RF@V@@SU? MénocMnal Jﬂ?ifbbéxes ntﬁwél Gar ver,
M E., Yang, M’ Bourel hepard, H. Henner, D. Hi gh

| evel Edkchaeveticall amigenenqbfmggem oahdnqarlmmqytcn Irmhumggnemls é&t24ﬁt2|6&n| zed
anti body fragnent. Bi o/ Technol ogy 10, 163-167. 20 Chothia, C & Lesk, A M
(1987) Canonical structure types for the hypervariable regions of

i munog! obginj 0. FehdlyMH.. MBi 2l Wel§. J. 940161992'5 Hfghotdablatior fundtiBsdl , anAlysiM of

Gnherardi, E., Tonilnson . M, Valt G, Marks, J. D.,
antibody-antigen interactions. J. Mol. BlOl 226, 851-865.

reg ons

15 Jones, P. T., Dear, P. H., Foote, J., Neuberger, M. S. & Winter, G. (1986) Replacing the
complementarity-determining regions in a human antibody with those from a mouse.

Nature 321, 522-525.

Jonsson, U., Figerstam, L., Ivarsson, B., Lundh, K., L6f3s, S., Persson, B., Roos, H.,
20 Ronnberg, I, Sjolander, S., Stenber, E., Stihlberg, R., Urbaniczky, C., Ostlin, H. &
Malmgqvist, M. (1991) Real-time biospecific interaction analysis using surface plasmon

resonance and a sensor chip technology. BioTechniques 11, 620-627.

Kabat, E. A, Wu, T. T., Perry, H. M,, Gottesman, K. S. & Coeller, K. (1991) Sequences of
25 proteins of immunological interest. 5th ed. 1991, Bethesda: US Dept. of Health and Human
Services, PHS, NIH.



25 Llewelyn, M B. & Wnter, G (1992) Structural repertoire of theoytfgg? AR
segnents. J. M. Biol. 227, 799-817. Chontzynski, P. & Sacchi, 9
Singl e-step nethod of RNA isolation by acid guani di ni um

t hi ocyanat gyghsaRbeos! or of orm extracti on. Anal . Bioche = 159.
Orreso0s. A oo BT b0 Q22011 35 Foot e, "rcHiS i
(1992) Antibody residues affecting conformation of the hypervariable |oops.
J. Mol. Biol. 224, 487-499. 5 Hanpe, C. S., Lundgren, P., Daniels, T. L.,
Hamerle, L. P., Marcovina, S. M & Lernmark, A (2001) A novel nonocl onal
antibody spgej fA cpf Vi Bisaiil 1278] (3b06) AR Bragrlere W GheHtRBLIOnaA 13,
63-71. Hansen, IS 'Ag%ec{ig’r’tlﬁl';]f&eg Thg V\?nslgl %'Ae 980) Nobnocl onal

ant i bodi esantdteqlu BOFR rege ®apable oﬁ)mkraIfzmgthe whale gelubknv:bnbm &mlm the weorpibn hunan

| ynphocyt e ene 0,.247- n, L., Fendly, B. M & Wells, J.
A (1992) ﬁlf"'l:}ﬁ"m% d%ﬁl‘ﬁsg*?ﬁ?ﬁ?cfr°6ﬁ8? g‘ﬁ%ﬁ? f]4:75 of antibody-antigen
interactions. J. Biol. 226, 851-865. 15 Jones, P. T., Dear, P. H.,

Foot e, LNeuber r M S. &Wnter, G (1986 RepIaC|n t he
conpl emént Mer€a}luget By MniMartinedt. ofis R n&a A dntMbé %Mlbpﬁbslélgenom a

Lo as. g ol aifn STne oo o BARRT. P o Biol K RRAS. By unah

Stenber, E., StAhlberg, R, Urbani czky, C, CBtIln H & Ml ngvi st M
(1991) Real -time biospecific interact n anal ysi.s usi ng surface pI asnon

r esonance Es A2 2rrassiblechrrendsisy for BPYpeEieh e iraunpgenigitn of satibody hat | E.
A, W, T. vahablefBhfaths v@]’nleMreseﬁ%gt ﬁélmgmd%ln&%&o@ﬂeé Nolethla imihblo ggquences

of 25 proteins of 1 munological” Interest d91, Bet hesda: Dept .
of HealltOh 2$d48H#ABan Services, PHS, NIH. 07 FEB2007 WO 2004/ 006955

PCT/ US2002/ 022011 36 Licea, A. F., Becerril, B. & Possani, L. D. (1996) Fab
fragnents of the nonocl onal

Padlan, E. O., Abergel, C. & Tipper, J. P. (1995) Identification of specificity-determining
residues in antibodies. FASEB J. 9, 133-139.

antibodies for therapy. Nature 332, 323-327.

Rutgeerts, P., et al (1999) Efficacy and safety of retreatment with anti-tumor necrosis factor
antibody (INFLIXIMAB) to maintain remission in Crohn's disease. Gastroenterology 117,
20 761-769

Selisko, B., Licea, A. F., Becerril, B., Zamudio, F., Possani, L. D. & Horjales, E. (1999)
Antibody BCF2 against scorpion toxin Cn2 from Centruroides noxius Hoffman: primary
structure and three-dimensional model as free Fv fragment and complexed with its antigen.

25 Proteins 37, 130-143.

Tamura, M., Milenic, D., Iwahashi, M., E., P., Schlom, J. & Kashmiri, S. (2000) Structural

Correlates of an Anticarcinoma Antibody: Identification of Specificity-Determining



anti body BCF2 are capable of neutralizing the whol e sol uble venomfﬁolﬂﬁrﬁmm
scorpion Centruroides noxius Hoffman. Toxicon 34, 843-847. 5 MacCal'l

M, Martin, A C R & Thornton, J. M (1996) Antibody- antigen

interactio anal ysi s and bi ndi ng site topogragy Bi ol .

262, 732- 72@02&%@2%% E. (1991) A posgible procedure for re ?JC)IX%J(SI

i munogenicity of antibody variable domains while preserving their Ilgand
bi ndi ng properties, Ml ecular |Inmunology 10 28:489-498 Padlan, E O.,
Abergel, C. & Tipper, J. P. (1995) Identification of specifici ty determ ni ng

resi dues |

Wal dman, @%P&%ﬁ@nﬁ%&nﬁ% %%%‘éﬁ%]]%aﬁlﬂlﬁ% ’gbdqm& or tll%{‘l gpy
Nat ur e 332,ReBa8el3f7SDRuIOge It Inmikdol. 164, 14B2(1#9D9) Effi cacy and safety of
retreatnment with anti-tunor necrosis factor antibody (INFLIXI MAB) to
maintain remssion in Crohn's di sease. Gastroenterology 117, 20 761-769
Sel i sko, B.Tonling&a 1. M., Eox, PAEEN Gherafdi, EZ041 0, ME & C’?ﬁ&ﬁélrtt (f1b95)Dme&
Horjales, E. (1999) ~Antibody BCF2 agai nst scorpion toxin Cn2 from

Cent ruroidégumlmneﬁ%ﬂefmhumnﬁ@r@mam rEMBOrJe 144628-462%- di nensi onal nodel
as free Fv fragnent and conplexed with its antigen. 25 Proteins 37,
130-143. Tanmura, M, Mlenic, D., Iwahashi, M, E., P., Schlom J. &
Kashmri, Swu (20D Iﬁbﬁtuﬁt Al ei 970 Ah raahlgslsasf the saqueﬁds&sldfahecvmm régibnsdosrly :

I dentification of Speci fi Clenj’)é Det er m ni r,:ch 0 7 FEB 2007 ., WD 2004/ 006955

PCT/ US2002 H52¢%0 iqneswroﬂgssu ayelopas ight rhains ando s nimplicationgy for afibsdy
| mmunogeni (‘C tqurE,'%{]Mgaymﬁghngd on of SDRs Only. J. Imrunol. 164,
1432- 1441. |nson L., Gherardi, E., Lesk, A M &

Chot hi a}0C. (1995) The 5 structural repertoire of the human Vk domai n. EMBO

sequences. o> Die-Javanite & &GRS 41 0Ot St e aP e hryt Bk 11 g
clzggl n; 1ing ggjm ra b G0 AfetdlI8proféitfakd) O Bochea MBldpAHS) tRads] T¥mm) -186X143-Med.
149 Martin, A. C. R. & Thomton, J. M. (1996) Structural families in loops of homologous
proteins: automatic classification, modelling and application to antibodies. J. Mol. Biol.
15 263, 800-815.
Henikoff, S. & Henikoff, J. G. (1992) Amino acid substitution matrices

from protein blocks. Proc. Natl. Acad. Sci. USA 89, 10915-10919.




10 Ye, Q-Z., Johnson, L. L. & Baragi, V. (1992) Cene synthesis and 7 Wi
expression in E. coli for PUWP, a human matri x netall oproteinase. gi oF(,EIJ?eZI%
Brophys. Res. Comm 186, 143- 149.Martimg AL C. R & Thornton, J. M (1996)
Structural famlies in |oops of honol ogous proteins: automatic
classification, nodelling and application to antibodies. J. Mol. Biol. 15
263, 800-815. Heni koff, S. & Henikoff, J. G (1992) Amino acid substitution
matrices fromprotein blocks. Proc. Rims Acad. Sci. USA 89, 10915-10919.
O7FEB2007 36 Clainms 1. A nethod of designing a nolecule that binds an .
antigen, conprising, determning a canonical CDR structure type for at | east
two CDRsTin a®methoshnf desigyiommerecula thay bjnde en anideBod@y A RAY. bi nds the anti gen;
sel ecting an @hi@Ghiny achabh@l ceRisPictlik @ypeanr ARjectvoarbiady hanetn yhet her
t he object vari qg}lde tgh?gggi ﬁn hast.th‘_e sanme canoni cal CDR structure types at
cor r espoAdrHG By S PINAS e 'Y} ect variable region as the at |east two
canoni cal CDRsedatitig bobejettyjpasblofegiohdrosudj ejdct watitodp basedropgihettier &rrthbbikesi gni ng
a nol ecul e. o] i Lect ] , ising a
chi mer i o G A aBr e Pag R e ek e P e e ks B SE AL
var i abl eobjegfiveratig efotaads thaztdeast fnwonzeamick COERIvATE et dfdheselbist eafiadlsj ect
vari abl e dggi ofy at the corresponding |ocations, where the framework
sequence of the chineric variable region differs fromthe franmework
sequence of tHRFIBEGRTEECED{BEPNIRIE ABTE 2P UGG NR/SHRE CheMBODhE IS "af no
aci d resieinesc vatiablEhegine bty toé acikadt nvd CoRe freinnh€l astjgnivargbtehegiohnged c
vari abl e. region _i ncl I i : fr t Lec
vari abl o SRl AR YT 25 rh s e PO Mo BBk B SR LAA S L
sequencewhge tFhEamewersdevnes & the IiMpds irabdie iroidn divrader teetjgeaeekof the
chi meri ¢ s¥qleh@blind 89ty ojédt {81251l egbm b Bo FoAMBURT K a8 @RURRIGEsI@fest he obj ect
vari able region by no nore than 5 amno acid residues. 4. The nethod of
claiml1 wherein the franework sequence of the chineric variable region

2. The method of claim 1 wherein designing the chimeric variable region includes grafting

each of three CDRs from the subject variable region into corresponding locations in the object

framework sequence.

3. The method of claim 1 wherein the framework sequence of the chimeric variable region
differs from the framework sequence of the object variable region by no more than 5 amino acid

residues.

4. The method of claim 1 wherein the framework sequence of the chimeric variable region
differs from the framework sequence of the object variable region by no more than 2 amino acid

residues.

5. The method of claim 1 wherein selecting the object variable region includes obtaining a
set of candidate object variable regions having the same canonical CDR structure types as the
subject CDRs and ranking the set of candidate object variable regions by comparing position by
position similarity of amino acid residues of the subject CDRs to the cbrresponding object CDRs

according to a ranking criterion.



differs fromthe framework sequence of the object variable region bq(rlﬁx 87@76
than 2 amno acid residues. 5. The nethod of claim1 wherein selec ? g

obj ect variable region includes obtaini®§ a set of candi date object

vari abl'e regions having the sane canoni cal CDR structure types as the

subj ect CDRs and ranking the set of candi date object variable regions by
conparing position by position simlarity of am no acid residues of the
subj ect @DRS 'me tnBog of tlei&p@wdérlig tebg et vARRe regiot Brsdienigd fromane pkisprgof
.criteri om VA Gand)git Va”ab r %ns The nethod of claimb5 wherein the object
vari abl e "Fé€| bﬁj 2P ERYEY PPt he top 25% of the ranked candidate

vari abl e regi ons. 7 The nmet hod of claim5 wherein the ranking criterion

| ncl udes ;8 SCRErahoall NR-AEreh dRNERLN, BRIWAGHIRE A SUBLREL AR QO] et CDR
sequences at corresponding resid 0sit] ons | east one 8. The .
met hod ofdeglitapaivsentier eitigct 3¢ qb&ﬁk? 3 sequeners B ROTeRPPIvIRS reaidse 8pwtians cAAt no
acid identidy &gt ween the subject and obj ect CDR sequences at correspondi ng
resi due positions of at least two CDRs. 9. The nethod of claim5 wherein
the ranking criterion includes a score of amno acid identity between the
subj ect and obheckthGDR seiquentesindte aokingspeitdiimydeesisdure opesirbisos in  each
of three, &;pﬁz e i I teri

further in ngi‘vggny(}osrugfe%{‘%qj & ecp&%(bzlr%&h %gcgm%) tgné 9%51#% ﬁgegu joen(S:tO?gtnd

obj ect CPBRs! tap GdWtsr espondi ng resi due positions of at |east one COR 11. The
met hod of claim8 wherein the ranking criterion further includes a score of
am no acid honol o y bet wee e subject and. o ct CDRs atf correspondi ng
resi due positiongeh F'a‘ g@?er?‘\ﬂg N9 9" e”o"I“H%C Y8 RGCET BNEPACE wher ei n

t he r ankidegtitg betwern ore fubjetted dbjecl CloR Seqepcer ® cofresprnding reaciue photimk agy

bet ween t, H lﬂ%bégctDR%nd obj ect CDRs at .correspondi ng residue positions for
each of three . 13. The nethod of claim 1l wherein the CDRs are Kabat
defined CDRs. '

10. The method of claim 8 wherein the ranking criterion further includes a score of amino

acid homology between the subject and object CDRs at corresponding residue positions of at
feast one CDR.

11. The method of claim 8 wherein the ranking criterion further includes a score of amino
acid homology between the subject and object CDRs at corresponding residue positions of at
least two CDRs.

12. The method of claim 8 wherein the ranking criterion further includes a score ¢f amino
acid homology between the subject and object CDRs at corresponding residue positions for
each of three CDRs.

13. The method of claim 1 wherein the CDRs are Kabat defined CDRs.

14, The method of claim 1 wherein the CDRs are Chothia defined CDR loops.

15. The method of claim 1 wherein designing the chimeric variable region further includes

substituting at least one amino acid residue of a subject CDR sequence with a different amino

acid, with the proviso that no more than 4 residues are substituted in any of the subject's light



14. The method of claim1 wherein the CDRs are Chothia defined CDR 9qg.2007
15. The nmethod of claim 1l wherein designing the chineric variable region
further includes substituting at |east @ne am no acid residue of a subject
CDR sequence with a different amino acid, with the proviso that no nore
than 4 residues are substituted in any of the subject's light O 7 FEB 2007
40 chain CDR1, light chain CDR2, light chain CDR 3, heavy chain CDRl, or

heavy ch Ln the
eavy CHARD, CHRR 1oAALA0 OB% o B LOyagl 10, A kP, Sulsly kot

desi gni nepct Hemekithas 1 &2 THEP eeids arefsubeiivdpd inithr fyuRiReS NeAS?it (WY at | east one
but no nore than 10 am no acid residues of the selected franmewrk sequence
with a dlfferent amno acid residue. 17. The met hod of claim 1 wherein each
of three'Subj BEMTHRECTCEE 1 WgRTN N AChoEBROMAA e P imegirdnPF U ia i Hr ee subj ect
CDR sequeticess dusstaiiting o€ Rastbnealut s4 et thae1d ypieo abs eadid fes @Mmhieltelcofejject |1 ght
chain vafE| abl e region W&hag t he, act of sel cting further includes selecting

an obj ec aay ?‘éB en?ée ion 'ffereﬂt am'@f)ﬁc'gfr 8| fferent canonical structure
type than the subject CDR type that is absent with the-proviso that the

di ff erenf; obj gt &ﬁ@@&lcmln ﬁm LLI% UL &, afymse E\ﬂﬁe&‘cbﬁg% 00 ARE pRTHAR;t WO

am no acid residues snal ger than th Su j ect Ccanoni cal structure
type that"s & thegheeeriubiect Cl%R Sqwnﬁ%%‘ﬁ%a %”OB‘IC%%‘FPTWW%E? #ssni fron e oRisSent CDR
canoni calghsthdicidiagletryfien, itterahe aa@nwma@ fnh}ﬁ@leméludés%lfbchrﬁbearﬁ@ﬁjedt ngames

selecting an o ri e re onj ca t he
rrespo'%ai Hd‘”tF CgéR(?ﬁa %‘Fremca{]ﬁ@c ﬁmi %rfe?@f)gﬂan t@‘aﬁ%?{éé %'8‘? @éﬁonl cal
type 5 atsent t/vrllletr@c:trowwdhantdegdlé‘edeemwmgcmnl@bljséarcttu'\ﬁetwea?bdsealleeghon mure¢ h a
canoni cak,, }Wﬁarﬂmg Beid r@sﬁoJeQ%ma%ro'?%fﬁ&Q%'n@ige énﬁ)%g &%mcéi%tru&h?e tV&t mgfiis()f
claim1 wherein the subject variable region is a nouse variablé region. 20.
The met W¥eBf claim 1 wherein the obj ect variable region is a human variabl e
region. 21. The nethod of claim1 wherein the subject variable regionis a.
nouse va abI o h vari abl e
region. : r%% ﬁ@%f C?%]'q %“ﬁep% tgra\é?%{ht F?C n%glc %\tfjagtfgebtpée’s”?g&l on
sequenceC&iﬂ;é)ﬂ@élfmﬁ bdhenrtereetirciudgp 68ipctens |0§JteFtn‘@”é)tf‘e FreinviVke ggronigal typeJH,  Jk
and JASGQ@@mshe dresgdi@i n@%&aa@@ln QF if tleadubled: AR EEIURNEASs B tar@hicAleFlaani ng the

mol ecul e t h%\e ac% p\%il%déshseele%gng gn object variable region with a canonical type 4 or 3 at the

cerresponding location.

19. The method of claim 1 wherein the subject variable region is a mouse variable region.
20. The method of claim 1 wherein the object variable region is a human variable region.
21. The method of claim 1 wherein the subject variable region is a mouse variable region

and the object variable region is a human variable region.

22. The method of claim 1 wherein the object variable region sequence is selected from the

group consisting of human V\ V,, Vy, Ju, Jx and J,sequences.

23. The method of claim 1 wherein the act of designing the molécule that binds the antigen

includes designing chimeric variable regions for each of the light chain and the heavy chain.




i ncl udes designing chineric variable regions for each of the |ight (ﬁl’*/af!eErB myd
the heavy chair 0 7 FEB 2007 41 24. The nethod of claim 23 wherein-th
chimeric variable region includes the4franeworks from human Vk, and VH
sequences. 25. The nethod of claim 23 wherein the chineric variable Iight
chains and chinmeric heavy chains are designed to forma nol ecul e sel ected
fromthe group, consisting of a Fab fragnent, a (Fab) 2 nolecule, and a

ingle CBaln e Bl 120 ThS, TR LR ML2R DRECLR e i Ter i

vari abl e i ght chai ns "an meric var chains are
de5|gnedﬁ@@fWﬁ@huﬁeN§W%ﬁﬁw¢mmy constant region domain for the object
antibody to forma conplete antibody. 27. The method of claim1 wherein the
sel ected _object variable reglon i.s encoded by a _human germine variabl e

region géhe. 2% MPHEd REHH hecgia s chimaie v aiab's et %@'@ﬁ”@&hﬁtﬁ”éé‘?a‘(yarl abl e
region i gndifire @egrghwta forFLERABIe BINé g@éxfdyd frat® the Gagup@InBigthgadf aHa8ifiyAhehths ough
28 furth&r rrﬁ repfrln Ja l.f |c acid encoding said chineric

vari abl e' raé?g?rB %al‘ﬂf@ % B8 xpreSS| ng a nucl eic acid made
according to claim 29 31. The nethod of claim1 further including the act

of const E@Ct i ‘F% ﬁ\eﬁﬁ%& oP&a.FE‘%%rQﬁ th\@I cthnneng'vgrﬁ%reggwt 8%' r%catnd&ﬁmcf%P Jgrrgb?egl ons,

det er m ni ng ssocl ati on constant betwee en an f erent
menber s b?awr?@a'ﬁé?rﬁtfﬂm?ﬁﬁldé@ﬂlfl‘f@sto ingtyde §@Péthophgor§t%r@¢qmd@nﬁav Oﬁtfj“eanJeCt

di ssoci ath@dy &oBshanbmekiddntibegst 106 M', at least 10° M' or at |east 108
M . 32. A nolecule designed according to the met hod of claim1-31

characterized in that said nolecule binds the antigen, and has a chineric
vari abl e27.egi dme metibaionciaigy avhdrhip tae sdlesssitobtenovari@DRsedioromentrsled bbjpect

vari abl e r Yol 8% Bhat L el ,elrg%,wgerﬁer anewor k sequence of the object variable
regi on. umani ze dy variable region assenbled into a nolecule
t hat bi nds an antigen, conprising 0 7 F E B 2007 42 '

28. The method of claim 1 wherein the selected object variable region is from a mature

hurman antibody.

29. The method of claim 1 through 28 further ccmprising preparing a nucleic acid encoding

said chimeric variable region.
30. A host capable of expressing a nucleic acid made according to claim 28.

31. The method of claim 1 further including the act of constructing a set of molecules with
different object variable regions, determining a dissociation constant between the antigen and
different members of the set of molecules, and selecting a molecule having a dissociation

constant of at least 10° M™, at least 1_07 M or at teast 108 M.

32. A molecule designed according to the method of claim 1-31 characterized in that said
molecule binds the antigen, and has a chimeric variable region containing at the at least two
CDRs frem the subject variable region grafted into a framework sequence of the object variable

region.

33. A humanized antibody variable region assembled into a molecule that binds an antigen,

comprising



a chineric antibody variabl e region containi ng at least two non- hun'%n] &:ﬁﬂlﬂ
sequences grafted into a human varjable region franmework sequence, “t'h
chimeric variable region being chafact eri zed by having no nore than 10
amno-acid residues that differ froma framework sequence of a candidate
human anti body variabl e regi on having at |east two human CDR sequences with
t he sanme canonical structure type as the non-hunan CDR sequences for at
| east two cof Eﬁ?r@ﬂﬂ%t%%d%xa@%%%b@Béntan?rﬁ allBEst AMSTRSH- ﬁ&ﬁanV@bh%Qaeﬁncsal on of

‘claim 33 wherein the non-human vari abl e r gion is a nouse varla e region.
35. ThedHitraiizeluwar raise eegn Bﬁmeworélsawﬂnsg thhetBRTr YRELIRuPEAT RRIFG abl e

regi on geAHERER bwaaﬂ@ra@waleifhb@r’mtah}@wogarcw@s.@m&hatd;f@@fr% avkamévorVH,  JH, Jk
and JA se ences humani zed vari abl e regi on of claim Sé %‘/nerel n the
‘0

assenbl 48P ed A @“PH‘@“JH@? LHPIR M PLERIRISIPI BV 2§ '8R5t Sy U¥R¥ESPFRor  each of
a vari abécﬂ.telnta}hib:tmthalsﬁmaIdncﬁndﬁ&fth.ﬂbk@tyh@a;vylec’halhnman &DR dHaectuggdsyia ed

vari abl %agﬁgl %nrres O%m %6 Ovvq re| n the chineric variable |ight chains and
chimeri Cvarrapl e Hea ?/ chaFlJ NS are assenbled to forma nol ecul e sel ect ed
fromthe croup consisting of a Fab fragnent, a (Fab), nolecule, and a

single ghai nﬂFé’huWérﬁM'ﬁna@@regTd%eof RRIRAS 286-Wahd A ﬁurﬁﬁ'gvé?@bﬁfr%@brajs@ 36
wherein the chineric nolecule further includes a human anti body constant

regi on AGNE? YPEE'S89AT-a conpl et e anti body. 39. The hunani zed vari abl e region
of claim 33 wherein the candi date hunman varl able region is encoded by a

human germ i variable region. riabl e reqgion
claim 3§g\/\/nelr9%ﬁ? PHEEARYT afeé’ OQ ra»m g? ﬁegqﬁgﬁ?%ﬁn V"’}”éag]g r%%%{h?é?%’ n?rom a
human rmtSm*@tedriltqnbﬁ)\dw.rowmonﬂ‘ﬁe\gm#am ZfedJHvaJaraUl\%eqwergle@n of clairn 33
wherein the assenbl ed nol ecul e has a di ssoci ation constant for its antigen
of at least at least 106 M', at least 107 M' or at least 108 M1. 0 7 F E
B 2007 323 45e FHBATRRR 9E Rpin A 6lPEn P%&f‘%rﬁ'”c}?“ BRI AR SN AU EFre

assenbl edirept exizbe rdges saptenced bceédchana wmrmmmehghema@nsei avkeinbladebni Shered to
a human. 43. The humani zed vari abl e regl on of claim 33 wherein the assenbl ed

mol ecul e_binds a human CD28 anti
37. The humanized variable region o cialm 36 wherein the chimeric variable light chains

and chimeric variable 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.

38. The humanized variable region of claim 36 wherein the chimeric molecule further

includes a human antibody constant region domain to form a complete antibody.

39. The humanized variable regicn of claim 33 wherein the candidate human variable region

is encoded by a human germiline variable region gene.

40. The humanized variable region of claim 33 wherein the candidate human variable region

is a sequence from a human mature antibody.

41. - The humanized variable region of claim 33 wherein the assembled molecule has a
dissociation constant for its antigen of at least at least 10° M, at least 10’ M or at least
10% M
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42. The humanized variable region of claim 33 wherein the assembled molecule does not

elicit an immune response when administered to a human.

43, The humanized variable region of claim 33 wherein the assembled molecule binds a

human CD28 antigen.





