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BACKGROUND OF THE INVENTION

Monoclonal antibodies (Mabs) have become the most successful protein drugs
being used for the treatment of a variety of diseases, including cancers,
25 transplantation, viral infection, etc. However, the concept of magic bullet took
more than 25 years to realize, because there were problems associated with the
use of monoclonal antibodies. One of the main problems stems from the
original source of most monoclonal antibodies, which are of rodent and
murine origin. Repeated injections of these foreign proteins into human would
30 inevitably result in the elicitation of host immune responses against the
antibodies: the so-called human anti-mouse antibody (HAMA) responses.
Although earlier attempts to use the techniques of molecular engineering to
construct chimeric antibodies (for example, mouse variable regions joined to
human constant regions) were somewhat effective in mitigating HAMA
35 responses, there remains a large stretch of murine variable sequences
constituting 1/3 of the total antibody sequence that could be sufficiently
immunogenic in eliciting human anti-chimeric antibody (HACA) responses.

A more advanced improvement in antibody engineering has recently been



constituting 1/3 of the total antibody sequence that could be sufficiently
i munogenic in eliciting human anti-chinmeric anti body (HACA) responses. A
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immunogenic in the generation of new T- and B-cell epitopes. Moreover, the

20 identification of the proper framework amino acids to be replaced can
sometimes be difficult, further reducing the chances of success in
humanization without significant impacts on the specificity and affinity of the

humanized antibody.

25 New and improved means for producing re-engineered immunoglobulin with
reduced or eliminated immunogenicity while maintaining the specificity and
affinity of the parent antibody are therefore needed. Preferably, the re-
engineered immunoglobulin should contain no FR amino acid substitutions
from the parent antibody, which can be a likely source of immunogenic

30 epitopes for T- or B-cells. However, the approach also offers flexibility in the
sequence design where few murine residues or a stretch of murine sequences
can be included in the final design, with the ultimate goal of reducing

immunogenicity while maintaining specificity and affinity of the resultant



fromthe parent antibody, which can be a Iikely source of inmnogenic 30
epitopes for T- or B-cells. However, the approach also offers flexibility
in the swouafemotesi gn where few nmurine residues or a st rerarsoyissmuri ne
sequences can be included in the final design, with the ultimte goal of
reduci ng |nnuno whi | e mai a|n| i f.ici. ff|n| y of the
resul t ant ‘%gﬂﬁgié%?mﬁﬁ%Pﬁ§o §€??1 gﬁgﬁ 8?” @¥1ﬁﬁﬁﬁ °8§é The

pr esent invent|Q@ ases beFiiNeheRBads and approaches in fulfllllng t hese
goal s. 3 WD 03/002607 PCT/ US02/18512 SUMVARY OF THE | NVENTI ON The present
invention relates to novel nethods for re-engineering i mmunoglobulin
chai ns having generally one or nore conplenentarity 5 determ ning regions
(CDR s) from a donor imunogl obulin and portions of framework sequences
fromone or nore human, or prinmate i munogl obulins. The preferred nethods
conprise first dividing the framework sequences from i munogl obulins of
all species into conpartnentalized subregions of FRL, FR2, FR3, and FR4,
according to the Kabat Dat abase (Kabat et al. Sequences 10 of proteins of

i mrunol ogi cal interest. Maryland: US Departnent of Health and Human
Services, NIH, 1991), and conparing the individual FR s, instead of the
whol e franework, in the variable region am no acid sequence subregions of
t he parent inmmunogl obulin to correspondi ng sequences in a collection of
human, or prinmate i munogl obulin chains, and selecting the 15 appropriate
human or primate FR s with the hi ghest degree of honology to replace the
original FR s of the parent inmmunoglobulin (framework- or FR- patching).
The human FR s can be selected fromnore than one hunman or prinate

i mmunogl obul i n sequences. A collection of human or primate inmunogl obulin
sequences can be obtained fromdifferent databases (for 20 exanpl e, Kabat
dat abase, National Bi omedi cal Research Foundation Protein Ildentification
Resource, Brookhaven Protein Data Bank, internet, etc.). The



i ndi vi dual FR sequences sel ected from human or primate i mmunogl obulins

wi Il typically have nore than 60% honol ogy to the corresponding parent FR
sequenceswoABsogh hi gh overal |l honology will be an i nporcantsozussizeria for
25 selecting the FR s for patching, |esser honology FR s will be used if

t he honol ogy of ' king the CDR's or at |oop positions
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chain; (2) have am no acid sequences i mediately adjacent to the
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effective apti gealppﬂmpﬁdbﬂgnﬁhtoebnﬁﬁtel FR’3 with' the-hehhe®R e s ak hbmprgped obul i n
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gg?gl‘lt a(r;(rj E%pablrgplgge thl: Q)E’lglr al IE}!{ s of the parentei\mmunog obulin (framework- or FR-

patching). The human FR’s can be selected from more than one human or
primate immunoglobulin sequences. A collection of human or primate
immunoglobulin sequences can be obtained from different databases (for
20 example, Kabat database, National Biomedical Research Foundation Protein
Identification Resource, Brookhaven Protein Data Bank, internet, etc.). The f
individual FR sequences selected from human or primate immunoglobulins
will typically have more than 60% homology to the corresponding parent FR
sequences. Although high overall homology will be an important criteria for
25 selecting the FR’s for patching, lesser homology FR’s will be used if the
homology of sequences directly flanking the CDR’s or at loop positions where
contact(s) with the antigen binding site is (are) determined experimentally or
predicted via computer modeling. The parent immunoglobulin whose FR’s
are to be patched may be either a heavy chain or light chain. A patched light
30 and heavy chain can be used to form a complete FR-patched immunoglobulin
or antibody, having two light/heavy chain pairs, with or without partial or full-

length human constant regions.



pat ched i nmmunogl obul in. Each of the heavy and |ight chains of the

FR- pat ched i nmunogl obulin wll 25 typically conprise FR s sourced from one
or nore hwoed/oe0pri mate i nmmunogl obul ins according to anyconsoyissat | of
the selection criteria. The FR- patched heavy and |ight chains of the
present inventi 3 b L Y| tihed t hady
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anti body, di abodeemlies tatlwth heayy a1d light chabrs) shotidal | y non 30 i munogenic in
humans and retain substantially the same affinity and properties (for
exanpl e internalization upon binding) as the parent i mmnoglobulin to the
antigen. These aff (Inipraferhily dlage siond dcid aseguencdshimmmddivgely radjageant a6 tde f ol d, and

preferably within ab 2.f0l.d.of.th arent. i npogl obul i n* s ori gi nal
affinity togmt he anti gjﬁeﬁnl.{gg{%ab /tBﬁé’gE‘%PﬁEﬁ“}lﬁgﬁ%@%? C?'g?‘m' | ar principl es
apply to re-engineer, or patch, parent inmmunogl obulins of one species with
the FR's froma di rent species. People skilJled in the art of  protein
and/ or nol ecul ar e%?‘ﬁ e \ﬁcﬁl S%’é}e%‘ng dmimsdigtel cadiapent oo thsn\CDREF 5
principle of the presemervativ@nkintlr io s@ichdtGe iFRoPadmepIaslyl iasaiBagbobul i ns,
or derivatives thereof. gce designed, there exist a variety of techniques
in constructing the HROLHE PHER IRMPNPBIUBGhH R sequence, for exanple, by
site- diregped nutagenesis, and gene-synthesis. The assenbl ed FR-patched
sequences wi || be subcl oned into expression vectors containing the
appropriate 10 i miegiemelyibave iseaticahemine 2¢id & warrespepring RRipasition pf
transfection i n_ pl’ Odli!ﬁleEareﬁeihlmdnbgl%%hn%lfefil@{egncg b%eévithﬁ)é%&?cnﬁ\ %?rﬁl%e use.d
for the production of the FR- patched I mmunogl obul I ns, 1 ncluding bacterial,
yeast, insect, and mémRBi(enthe edfepiive anbiged-biadinatsite)einyg thrévedimamsionelyl obul i ns
can be produced in thehbsh MR SREAbSIC OF inl-ARROTRL S, ARkIRLS, or as
stored proteins in transgenhic plants. presentr Invention 6t érs an
i nproved ad8 novel netihchsCDRsf tizr mrane bl R-patheddmaynggicbulineed to i dentify
inmportant FR amno acid interacting wwth the COR s) and highly flexible
(freedomto match, and change if necessary, individual FR s)

(4) have amino acid conservatively similar in structure to amino acid at

corresponding FR position of the parent immunoglobluin predicted to
be within about 3A of the CDR’s (or the effective antigen-binding site)
20 in a three-dimensional immunoglobulin model and capable of
interacting with the antigen or with the CDR’s of the parent or FR-

patched immunoglobulin.

Each of the heavy and light chains of the FR-patched immunoglobulin will
25 typically comprise FR’s sourced from one or more human or primate
immunoglobulins according to any one or all of the selection criteria. The FR-
patched heavy and light chains of the present invention, when combined into
an intact antibody, antibody fragment, or antibody-based derivatives (for
example single-chain antibody, diabodies, etc.), will be substantially non-
30 immunogenic in humans and retain substantially the same affinity and
properties (for example internalization upon binding) as the parent
immunoglobulin to the antigen. These affinity levels should vary within the
range of 4-fold, and preferably within about 2 fold of the parent

immunoglobulin’s original affinity to the antigen.



20 in generating i munogl obulins with reduced or elimnated

i munogenicities wthout sacrificing binding affinity and the Iikelihood
of introdwoiongoxsew T- and B-cell epitopes resulting from Pha/usayissdzct i on
of parent inmunoglobulin's framework am no acids into the human FR s. The
FR- patched antibodies wll be suitable for human use in treating a variety
of 25 disease, either used singly or repeatedly, at |low (less than 10

nﬁ/ ne) ?)r hi gh S(iﬁ[ﬁﬁﬁpﬁﬂ&ﬁﬂbsl.a@ﬁlyﬁ’g/réﬁ&)giﬁkéﬁ&ﬁ,paicﬁ, m&ﬁdmfrmm@(;]ﬂu[inﬁ& fusion or
chem cal conjugates, .use e,. Or in conjunction wih ofher
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sequences (?i ngl e- | .ef Eﬁ’%r code) of the heavy chain (VH (A) _ and light chain
(VL) (B) var P abl @ rggiegi dheopreseRnpntirn i paduice FR-Rafshod fpmympglpbulineress DR s

are boxed. Fig. #AvaRes Fedof.2Bnceai¥pighdds O bxiks vaRepartBaRiALd zed
framewor k sequences (FR s) of the heavy chain (A and light chain (B)

vari abl e regi onsonguctyashe FRpaiched émppndeiabalin sonuptes. PoRexamafle, tyesithi ghest
horol ogy. The FRlectld ﬁa%?n'éﬁg’; a@cf‘dgeﬁgéyﬁ{etgﬁ.' ndpgab ednptRerkR Rl € boxed.

The bracketed italic next on the left the FR sequence indicates the
source of the hurensnFRWill hesuhsloaed itp dxprestien YrgtoancoRRining thaepremiath f f er ent

fromt hat th ' F e d . ig. 3A and
o 35 ThG {1 nar ARABRRAehah: Ry Yoa 1EuE B bfchRlod B yfofles™ 200,
chain (A) and | icghtlinehaDiffeg@®lt colhsystamsecandgi wed farfthd pedidRopaf ¢ieeER- ant i body,
hpRFB4. CDR s ar \ .aCl in.the . human ER's that arg different
fromthat of t hé)%g??%:ﬁ%g}l&%@&ﬁ%’ Il—r%ﬁlg mgrbea Cﬁﬁgbg?aat.’ Hﬁsﬁaﬁl . g - PAGE

anal ysis of purickiled cRFB4 and hpRFB4 under both reduci ng and non-reduci ng
conditions. Fig. 5. Flow cytonmetry anal yses on the binding specificity and
affinity of cRFB4 and hpRFB4 on Raji cells. An irrel evant antibody was
used as a 125 cilteimitively, the immunoglobulins can be produced in the milks of transgenic

or transomatic animals, or as stored proteins in transgenic plants. The present
invention offers anvimproved and novel methods, that are relatively easy (no
need to identify important FR amino acid interacting with the CDR’s) and
highly flexible (freedom to match, and change if necessary, individual FR’s)
20 in generating immunoglobulins with reduced or eliminated immunogenicities
without sacrificing binding affinity and the likelihood of introducing new T-
and B-cell epitopes resulting from the introduction of parent
immunoglobulin’s framework amino acids into the human FR’s. The FR-
patched antibodies will be suitable for human use in treating a variety of
25 disease, either used singly or repeatedly, at low (less than 10 mg/m?) or high
(more than 100 mg/m?®) doses, in naked forms or as fusion or chemical
conjugates, used alone, or in conjunction with other immunoglobulins or

treatment modalities.



Fig. 6. Conpetition binding assay conparing the binding affinity between
cRFB4 and hpRFB4. 30 Fig. 7A and Fig. 7B. Am no acid sequences

(si ngl e- Iwptoawomorle) of the heavy chain (A) and |ight chacm/usB/issari abl e
regions of the murine anti-CD20 antibody, 1F5. CDR s are boxed. 7 WD

03/ 002607 PCT/ US ' ' Conpari son of the
conpartnental i ze%ﬁﬁmpgbgwmg)fi‘%ﬁ%i he heavy chain (A and
light chain (B) variable regions of 1F5 with the different human FR s of

t he hi ghest honol pgy., The .F FR2, FR3, and FR4 are indicated. The CDR s
are boxed. The b:lrhggﬁét”é’gelf‘g%'c‘é‘mg‘% segyenegsdsingleletisr coded oftke detdence

i ndi cates the soukde (WH)A)@nd UERchER. (\&m%qzaﬁsﬁlsls@g'i«ﬂhstdmh@mﬁﬁb hiR-s that
are different frogmthat of the corresponding murine FR s are in bold. Fig.

9A and Fig. OB. FhHe2enibady B4 fdoR satfikaseds (single-letter code) of the

10 heavy chain (A) and light chain (B) variable regions of the FR-patched

antibody, hplF5. CDR's are boxed. Am no acids in the human FR's that are

di fferent from t Hig 2% apddFigr 2Bi nQemparisphof B sompartmientaligéd frambwotke FR' s

not replaced by j - Flveh I: acid
seﬂ)\i&ﬁ:@s AHGNCHGRS h@ang c&%{? géi %\: 5 ht {Raik E)]?)eva}gble %&8

sequence of an alternative ‘design o vari a reg s for 1F5
(Al ternative DesPHRFB4Cmith theaiiffertrdbaohan BR/wof the highewo hémolagy.n®heaBR s t hat

o 5 Lo 5 OO TR Sl %, °

present inventi onediomsthe defesof thsl iR kequencel indippesote kosrce pf tHechutesi Ry of

i mmunogl obul i n wi,t i gh, degr.ee.of h | o to h n.o ri mat 5
sequences t hroug ngn%r%édessls rglgeneham'a ?%%év\g%k a(qzlé)#g%%qtcﬁf’ﬁg'th%'lﬁeﬂﬁ? pat ched
i mmunogl obul i n ( patspadingmuiedRObat imbdlder eafter) will have

15 Fig. 3A and Fig. 3B. The final designed sequences (single-letter code) of the
heavy chain (A) and light chain (B) variable regions of the FR-patched
antibody, hpRFB4. CDR’s are boxed. Amino acids in the human FR’s that

are different from that of the original murine FR’s are in bold.

20 Fig. 4. SDS-PAGE analysis of purified cRFB4 and hpRFB4 under both

reducing and non-reducing conditions.

Fig. 5. Flow cytometry analyses on the binding specificity and affinity of
cRFB4 and hpRFB4 on Raji cells. An irrelevant antibody was used as a
25 control.

Fig. 6. Competition binding assay comparing the binding affinity between
cRFB4 and hpRFB4.

30 Fig. 7A and Fig. 7B. Amino acid sequences (single-letter code) of the heavy
chain (A) and light chain (B) variable regions of the murine anti-CD20
antibody, 1F5. CDR’s are boxed.



substantially reduced, or elimnated i munogenicity when used in human, and
carry nost or all of the characteristics of a human i mmunogl obulin such as
t he abi | woys3taebar get specific antigens, and effector fumcTiusaz1§5inr
exanpl e, 10 conpl enent fi xati on, ADCC, etc.), while maintai ni ng t he

specificity and ni ar ent nogl obulin a a _specific
antigen. The pat%ﬁegA ﬂ%ﬁ gqt‘é(;blflpmawolnl %&W&ﬁﬂeﬂéggg E'?HHWIOF ht chain,
of which, the rsequpacdsi (¥R syaf ihelHegvyr @gin0(A)\whi hlgﬁtwhhﬁi(B) Sﬂ%@l@glsns
representl ng FR and FR4, accordin

, FR3,, y o
Kabat's cl assi flocfa]ggoR‘ﬁfﬂt R‘ff%fferf%t 3‘35%3[,{ Sg’g%‘zecplﬁ}.“}“ hogpology s The F& of t he

four FR s of eaq!’RZ}ﬁReIHnlemm@ﬁHﬁbt%i 'Dhe CORIshrE G ed! Thd¥adkBRd Rh1idTOr €
conpl ementary determnin 3LOBR will be replaced, or "patched"
i

with, a correspdidt Aty %‘Eeécq:l’@dlcaﬁﬁhél?? sopEsectl tho FEMERFR. of t he
parent i mmnog| %ﬂiﬂonaﬁh'sallﬂ Ak eiranD @R 4 GRI 258 daicRAY FAD e Pakkhed with
corresponding FR' s either fromthe same 20 human or prinate i munogl obulin,
or from diff er erfformtBHNS AUFRe FRisare indpldnogl obul in within the sanme subgroup
or in different subgroups, or froma conbination of human and prinate

i mrunogl obul i ns. The patched immunoglobulins wll be expressed in

appropri at e hostFigy%\ and Fige 9Balge find alesignedsoqhgodes ¢singi¢- lattyxpnoda)l of the

phar maceut i;gal ro rla ts or
conbi nat i ong to t% a?ﬁ%?atggtaﬂae@%& Qh@“"‘?i a%'ébl% rﬁ%}&% OP % ?3{5% 0 ensure
a better under staatibodyghpiffst l@lp’semém(ed n&mntomorals 11smvanmhn ﬂRfslﬂiattata)ns are

set forth. As us rein L munoy obu r ef t teln
consi sting of on‘gg%r?&nfgrnétha??fthe °f‘%‘%s %%sﬂflgﬁflfedfll 9Isd r}@B’a‘é"gﬁ%
i mmunogl obul i n gepiwdb&\hhmpn Gkﬁlhencmaﬁgieﬂhidﬂj n protein contains two heavy

chains paired with two Iight chains. A full-Iength i munogl obulin heavy
chain is about 50 kD in size (approximately 446 amno acids in length), and

is encodedsby &Fihe®yyAmiNaiatid\kedueide| o ahi @EkrAdtive QB FHIRUpatdntl vaidpRo aci ds)
and a 9 WD 03/002607 Pﬁ% S02/ 18512 constant regi on gene There are

different const dRFOMC tiyp Dseisrly CIRR 2Ae bewein atfimewedgi on of
different isotypasnsuids Bs @ Fom BRTPBLE b@dsponding murine frameworks are

in bold.
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lg&, 1gG3, 1g&), delta, epsilon, and nu sequences. A full-length _

i mrunogl obulin light chain is about 25 Kd in size (approximately 214 am no
5 aci ds iwoloangrsh) , and is encoded by a |ight chain vari alpiCe/useyissm gene
(about 110 amino acids) and a kappa or |anbda constant region gene.

Naturally occurgl ol in i E@ﬁi body, usually in the
formof a tet rz;%‘éf‘g% Rt Pc‘ﬂlbmﬁflﬁﬁWT i'rs of imrunogl obulin

hai ns, h i h ht an o a n. |n_each pair, the
1ot ang- heayy TianRoeEh ySroatitt e SnS qic themnir R dbpgremph 1 or

bi nding to an aﬁhingﬁiﬁglo'ﬁﬂﬁll twith hipANSER&Y of ERHNISyRRE KRRAOBS igeinRtd Or t he
ef fector fupctions t I%{P of an antibod | munogl obulin may be in
fhipge i

di fferent forms,Se& B 2 PSS Beped | Treworls (BRcpateingy Hisdh Ry ed, or
geneti cal | y- engi %E&anﬁiﬂﬁﬁ‘lo&ﬁmp(pa@dﬂ@§tlﬁﬁhlﬁt)%l@i)uhn theEéA@ter Nafil hapicad. Sci.
USA. 85:5879-5833; Bird et al., Science 242:423-426, di abodi es,
m ni - ant i bodi es,Subs#ntialiy ppduced enplipnatad immyee geaivy whpwsed m WRdATh el es |
Lanzavecchi a et | Sy }Qﬁm Aally, Hoo
(et al v m‘runolcgﬁb!rr,msgée&lr’ﬁuaor%lﬂﬁ ; E't@ﬁshcg-gfél- 1aéljlglﬁlml%%§ﬁﬁﬁlsgpl ﬁ%r and
Hood, Nature 323b 3¥1te tamsavpemﬁmemtzm,abm@ elffeQOmrfulwhomﬁot(fwr temempleavy and
Ilght chai gyi s EWBERES ot r frame k_sub-regi ons
(FR1L, FR2, riI(%RS ddg}ﬂg%%%% Q&Q?Or?]lf err up’tg {I%E}é%&%lp%gt Res em#ﬂwﬁ’ypedrnlvarl abl e
sequences, or t ey QfdhmpaEMEmUmuyogikéiuhnagmsng speegicmmsge(lﬂll‘-ﬁes))itchas defi ned

Kab dat t ) c t i tioned
botweon Fri ana RgnotERIS wHl Bhorislh pokd s Wehilohali b S BoTRs and

FRA. Wthout spespiétiengrinble rpgiod willi Icamtamweaneagssqepre@&nir‘g?l?lzl FBOR1FR3 or

R EA R b L

i munogl obuabi n cdal.,fop. £8.).Use thakieme ion the fBurfifR’E OPERE Pafeht RS lo'bllilﬁl four
sub-regions, and FR s %Rpresents two or nore of t he, four, su i ons

constituting a fPARABPRIMGEGRON MPrfecuRtmRmisy derrpiping rﬁgl%ﬁe@& egi ons of

di fferent |ight il tee@pMcdahal Ngatdee withad bM@ésyoxﬁﬁigSfﬁﬁﬁﬁﬁ%r pMnlall PRA Speci es.
The framewor k I’e\%l on of an antjbody is the conbi ned
hen two or more FR’s of the parent 1mmunoglobu11n cham are to be

replaced, they can be patched with corresponding FR’s either from the same
20 human or primate immunoglobulin, or from different human or primate
immunoglobulin within the same subgroup or in different subgroups, or from a
combination of human and primate immunoglobulins.  The patched
immunoglobulins will be expressed in appropriate host system for large-scale
production at typical pharmaceutical margins, and used in humans at
25 appropriate formats or combinations to treat or detect a wide range of human

diseases.

To ensure a better understanding of the present invention, several definitions
are set forth. As used herein, an “immunoglobulin” refers to a protein
30 consisting of one or more polypeptides substantially encoded by
immunoglobulin genes. A typical immunoglobulin protein contains two heavy
chains paired with two light chains. A full-length immunoglobulin heavy
chain is about 50 kD in size (approximately 446 amino acids in length), and is

encoded by a heavy chain variable region gene (about 116 amino acids) and a



WO 03/ 002607 PCT/ USO02/ 18512 framework regions of the constituent |ight and
heavy chains and serves to position and align the CDR s. The CDR s are
primari | ywpespmssi ble for formng the binding site of anPamtisbois12
conferring binding specificity and affinity to an epitope of an antigen. 5

Parent antibody jis_.an antibod a particul ar cies, for ex | e,
nurine, which is" t%nqﬁgglf’“é-ggrr%i %%IF e%? 4 ef%‘ﬁafﬁ’é%%*d%@% SPRS SIP tion,
FR-pat ched i nt o leavyf ¢hain constaptespia, ofaliffaéit idtypesuch PPAIPRY, kahMa (IgG1Use in a
di fferent species,,fqr_. e l e, ..human, with reduced or mnim zed

i munogenicity. el§92,0(ig%r ?ggﬁl‘ghﬁf%d?péﬂo%r@ Y BB‘HJIGB%‘?SM%E{!“W&W%I e

regi ons are |inkseghunoglbhnutlighStigi &labants IR fappskihhieBId10agmidd om t he
parent V-region se uelilce tg.the corre?_pondi ng heavy and light chain
const ant _regi ongCf 14 e&gél?’é‘!n At e%‘ﬁ@?f’il_@’? lfé@d‘r]i‘élﬁlr‘@}’:‘ﬁl?l?)ﬁegéﬁn gene fabent | ¢ _
anti body is usualibyan@fé QeBb)i &6 kippal drAdkibddcdnb@ntlReidh kA8 AUGALAR, encodi ng
the variable regions to the DNA sequences encoding the correspondi ng

const ant chai ns.CCTHENgFEMUBHeRYHN tiy kaewpps aptihodir palnin Bsdioas ofree t hose
cont ai Ni NG MU i AR e ing BTN FeRRM HIB i 08 ' n this
case, the expr essea_‘d h;sbr_i dnéml ecul% W I_p:a avénl‘?ﬁlegtog‘flﬁddl’hﬁgﬁ%g%c? linci ty and
affinity of the hesingene hglitiané osmkdapp diyain. alccacthpain tifedighbandi@atycteti ons of a
human anti hgdy. [ t - ] ¢l ds t

Fecom; nant . pr ot eps FFEE RO Makmectepalink . BHADG ARidhulin, bfBher

i mrunogeni city iconstindriegionse arx pepdrsiblemi@ntha seftecion foostiens tysical oftéie case of
t he therapeuti cfglg{}(;@ri c antibody C2B8 (or Rituxan) (Davis et al., J. din.

Oncol . 17:1851- 1999; Coiffier et al., Blood 92:1927-1932, 1998; 25
McLaughlin et al., J. din. Oncol. 16:2825-2833, 1998). A "hunmani zed"

i mmunogl obulin iis _generally accept.ed.as an i nmunglobulin_conprjsing a

human fr amewor k &8 |“8$}°§LH1&1 51e %E lﬂnqlgfgréﬁ?fgm’fsr o AYHRIK ypRgHETnE,

i m’ruﬂogl obus i nI (chemeslle modified, thgerﬁ'ti&aﬁly%gih%&ﬁ uet la@-ll;vi(}ﬂﬁon Gt tald, 30 ]

Ri echmann et al., o ciit.). The ngp-hunan inununogl obulin providing the

CDR s is called Ptr?\%%aalo’r%?‘?‘ S&’ngfast"‘hgs'ﬁﬁf?ﬁ&?hﬁﬁﬂébiﬂobﬁﬁ}ep‘fﬁ HeAzddihg the
1988), diabodies, mini-antibodies, Fab, Fab’, F(ab’),, bifunctional hybrid

L€

antibodies (Lanzavecchia et al., Bur. J. Immunol. 17:105, 1987) (See,
generally, Hood et al., “Immunology”, Benjamin, NY, 2™ e, 1984;
20 Hunkapiller and Hood, Nature 323:15-16, 1986).

The variable region of both the heavy and light chain is divided into segments
comprising four framework sub-regions (FR1, FR2, FR3, and FR4),
interrupted by three stretches of hypervariable sequences, or the
25 complementary determining regions (CDR’s), as defined in Kabat’s database
(Kabat et al., op. cit.), with the CDR1 positioned between FR1 and FR2,
CDR2 between FR2 and FR3, and CDR3 between FR3 and FR4. Without
specifying the particular sub-regions as FR1, FR2, FR3 or FR4, a framework
region, as referred by others, represents the combined FR’s within the variable
30 region of a single, naturally occurring immunoglobulin chain. As used herein,
a FR represents one of the four sub-regions, and FR’s represents two or more
of the four sub-regions constituting a framework region. The sequences of the
framework regions of different light or heavy chains are relatively conserved

within a species. The framework region of an antibody is the combined
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framework is called the "acceptor”. Usually, as has been used and referred
to by others, an acceptor is derived froma single human i nmunogl obul in
speci es. wWoombasbai n the affinity of the "humani zed" i nmumcglusbozrkssm donor
11 WO 03/ 002607 PCT/ US02/ 18512 am no acid resi dues may have to be

incorporated in f ramewor k regi on .of tor | obul in. There
is aset of crit eﬁvaflbfegé‘@’lseoéttﬁgﬁorguﬂe?ﬁ lﬁ%ﬁ Chﬁfnsaar?grf VSt s within
t he acceptor i nposicigh @ladl dlign ftos myer’ﬂieO(IDRl’d”lhﬁ p‘lﬂﬂﬂﬂ Segpandiisle Sor as

ublished in a seri.es of bli cations 858 089; .5.US 5, 693, 762 us
g 693, 761; i ncorfﬁ%‘?“ﬁ% &p hg‘a’é‘gr?ltﬁffraé‘f %ﬂg‘gﬂ%yefo niéepRe bigdipgnipseigicity and

i nmunogl obul i ns affiyityQab aﬁamt@ebfﬁpmlgem constant regions. A humani zed heavy
chain i munogl obulin is a humani zed i munogl obulin conprising a

correspondlﬁg human heavy chain constant region, and a humanized |ight

chai n i munogl olpakdnd ahithody he! BR BATREy LFTYRARRLEAPYdcRs, 18r CRMRIE, Shilthed
correspondi ng humarllfl |al ghtychal n con}étoant regi or%IIL ° Shu?ranl zed antel body is

an anti body conpthigh isdo e tearginesred] 1¢-phgined, oh i this apigntdorh fRenatckedfintareavy chai n

i mmunogl obul i n || t he
foll ovmgng 15 chfgtrnzgt& %?‘E% .L%SMW %Fﬂ ?‘?httcant ?/W}rlgdc&?@l}gﬁt %P%dllgﬁr ef er abl y
el i m nat ed, i nmeAayeki lwimap, Wrtbmqudmgnﬁmmmeﬂmmhnmmpmd sequences,

al | owi ng ﬁ)ti ple injection of the humani zed anti body for human uses; 20
(2) mnimally perturbed i mmunoreactivity including specificity and
affinity (wthi rCl3med abtibadjas atstanﬁlhdiesmihgkmxaalriauatrég)jnﬁn ;arg Iﬁ)kedavpi&bhe of

i nduci ng human effector functio ement fixat]
conpl emgnt medi atBd 0t SEEHY F%P%O?%CE"%’H? fngl(ﬁ}e f)lcb%ndéeﬁfonc%ﬂ"renﬁeﬁ’tt(?g%ﬂ city,

etc. Direct gr afobrragaoﬁcﬂmgawy 4nDRight oo cétistmanregivae pf ardiffdrediapeyids. W t hout
further sequence,nodifications, w

result in s antial |oss of
antigen 30 af fiPFyuctiapy &P&Hnetr’r‘feanitlh?clyo’dd%‘t‘qnéfr?cf)?m@@}’@ggkiig%ﬁdhe am no

acids to agsept @INA sequences encoding the variable regions to the DNA sequences
encoding the corresponding constant chains. The most common types of
chimeric antibodies are those containing murine variable regions and human
constant regions. In this case, the expressed hybrid molecule will have the
binding specificity and affinity of the parent murine antibody, and the effector
20 functions of a human antibody. Most importantly, 2/3 of the amino acids of
the recombinant protein are of human origin, a reduced or insignificant
immunogenicity is therefore expected when used in human, as in the case of
the therapeutic chimeric antibody C2B8 (or Rituxan) (Davis et al., J. Clin.
Oncol. 17:1851-1857, 1999; Coiffier et al., Blood 92:1927-1932, 1998;

25 McLaughlin et al., J. Clin. Oncol. 16:2825-2833, 1998).

A “humanized” immunoglobulin is generally accepted as an immunglobulin
comprising a human framework region and one or more CDR’s from a non-
human immunoglobulin (Jones et al., op. cit; Verhoeyen et al., op. cit;
30 Riechmann et al., op. cit.). The non-human immunoglobulin providing the
CDR’s is called the “donor” and the human immunoglobulin providing the
framework is called the “acceptor”. Usually, as has been used and referred to
by othérs, an acceptor is derived from a single human immunoglobulin

species. To maintain the affinity of the “humanized” immunoglobulin, donor

11



framework regions wll somehow rectify the problem and nost of the tine,

i nprove affinity, however, the approach is tedious, requiring sonetines the
assi st ancwomB/oewnput er nodeling in identifying the appropPCatusot/issnewor k
amno acid to nutate, and lack flexibility in the choice of acceptor human
35 frameworks in_an al.lL-or-none de. .Most i nportantl it is.likely to
Cniroduce 12 WG 8% BCHRUERY) € aromsstied i e SBG RS Ehi ¢

epi t opes by r et ahsadegptpaineminogldbiiat. "THe@sSis dueSofl chiterialfer Jalegtudy 4 Rai&ept or "

franmewor k. The present .i nventipn .addr.esses these and creates a
g By

robl e
novel approach B™RCE AL PRIOAS 1, e ioCeRigr ’&H’&“‘E’g Yo FonYesidther at i ng a
FR-pat ched ant i biadydonbh@dquérsed) @t phIEHEDBENbEic® bf peblic@i¥nk QUE IFBsIHRGENI City,
yet having ret airﬁlsed most or_all of the originpal affinity against a
speci fic antigerk; a%65?3n76?h_é}§)a5r>@:?t761%aﬁ?905%9&3‘?d hexsim by Frencer ¢ e i mune
responses agai N$funfnfzbd 'ﬁﬁﬁlhﬁo%dbuliﬁw{}ﬁ?'o%%y' OTLEOR@IORS Itk Whiohs. D@ di rect ed
agai nst epitopes in the variable 10 re(_?l ons, w thout intending to be bound
by theory, the prmgeizpd dewy it fmmypoglobylia ris j s hunwnizes Wpyvnogipbulin pe
illustrated by, QubiGRL 4 c0hlBOndifh hRhbA%hANP cn¥Ar IADLR [RfhONndS, t he
exanpl e. There ex?lrg{l_ a% !é:astﬁ_tvxp i nds ofe ggict opes cont ra:%g)ltx}t iqﬁgsdto the
i munogeni city huBagiged dight ghgin owwmogihelins ¢ @ahimeshize® mohinoglobtlopes"” are
short peptige seguepc 585 i . i f.nr ins within
cells and sgbseque p §§ aﬁ?@ésgnt edfwd%%ggaﬁéﬁ&%gﬂﬁﬁéé%j %rhuglal%eed
hi st oconpat abi | iantibadyrip ke xesodyeiEhprismg Dhwhemized light dgidrant! héwaatizedat i on of T
cells. For pept ihgg 3151%51%%@9 1915] 11J}I/HC class Il, such activation of T cells
can then give rise-“to an an |%odly Fesponse by 20 direct stinulation of B
cells to produce such antibodies. A detailed analysis of the structure of
a humani zed varigbl e region reveal s the unavoi dabl e exi sten of stretches
of potenti ggl y iﬁn{ﬁ\iéi%‘%%?_cﬂ&ﬂ&l@a W@gycﬁasﬁﬁyﬁy& R y&’ﬁng‘ﬁl“f”ﬁl??cti onal | y
conpart ment al i z& FREFEEE of the framework sequences into four
sub-regions, nanely, the FRl, FR2, FR3, and FR4 (Kabat et al., op. cit.).
25 Since T cell epi t(SbesSlétP confly, gedpeeda g Rfﬁ%{?'?lysqgt‘&"ﬁat%ieﬁ?m%%?nlflg’e presence

or albs;a_nce of such epit Rp@find Trdd@Cle ARNGEAIBAT JHRALS, SN RRAWINO
correlatl on

injection of the humanized antibody for human uses;
20
(2) minimally perturbed immunoreactivity including specificity and

affinity (within 3-fold) against the original antigen;

(3) capable of inducing human effector functions such as
25 complement fixation, complement-mediated cytotoxicity,

antibody-dependent cell cytotoxicity, etc.

Direct grafting of donor CDR’s onto human acceptor framework without
further sequence modifications, will likely result in substantial loss of antigen
30 affinity. Although the introduction of selected donor amino acids to acceptor
framework regions will somehow rectify the problem, and most of the time,
improve affinity, however, the approach is tedious, requiring sometimes the
assistance of computer modeling in identifying the appropriate framework
amino acid to mutate, and lack flexibility in the choice of acceptor human

35 frameworks in an all-or-none mode. Most importantly, it is likely to introduce
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to each other, whether the different FR s are derived fromthe sane or
different frameworks. The introduction of donor framework residues to the
accept or wpan®uwpk regi on using the hunmani zati on approachPefi/tQressiet al .
30 (US 5,85,089; US 5,693,762; US 5,693, 761; incorporated herein by
reference) wll t he. possi bi.l i t. ener.ating n enic T cell
epi t opes, resulﬁogﬂéqlrﬁw SEOBETE 8?%8?? “‘1%%8“9‘5[ g%%teéﬁe éfg’aﬁgﬁ’st t he
humani zed ant i bbdyumanetatdepiol affdnyevadiit.i body responses agai nst the idiotypic
region formed by the donor CDR loops. It is unconmon to have between 3 to
7 donor amno 13 WD 03/002607 PCT/ US02/ 18512 acids incorporated into each

humani zed i MMuUNOHe Paeskitrinedabbmaddydseatthdse prdblonamt Rebatch @ ORANGHSadH
ener gency fg new T, cel | eﬂtt)egﬁjopes Sim.larly, these donor-deriyved residues
hi

erbedded wi £ hi n YHemAAA TeBb iy ASmRlc R EsRee? Frrratibrsetibody. cel |

epi topes recogniigalak @ob¥mmafigbie Hr8s lowh fmidog ﬁ’lcfff"l}Jet asiAbldghed that
re-introduction of donor residues to the acceptor framework i s 1nportant
in mai ntaini ng RSt BF plphite osigiphaffinitapgaint ¢ ypesificrantistn rai the garent

i mrunol obulin, idgaddyy. difceVRkdoPeheP iRhBiA MlsPorshs 2BAHRM 78 n be
acconpl i shed by ad| redgt grlacftl %f donor CDR'SE0 ont SE % accg%et%gr &?r amewor k
wi t hout addi ti orféimapisel] frivpendetabubm il be diredtedaddaingi enitopdhia the @aiable | nvent i on
provi des a;pew a nicity of

i mmunog| Obu?l ns%ﬁé@e@%#ﬁﬁgﬁ %?Ongtgouﬁﬁggg&g}c}} F&c‘;ﬁ%lﬁé ﬁfgg?hmal nt ai ned
wi thin three foligvenfion cemes il’tgiunadlll Ibe\aﬁthstraféﬂé)yabmr & climites tb5 ufihgthebl e,
versatile, si rrpl ﬁ?f‘eﬁ 083 1l eXd uslual |y require sophisticated conputer
nodel i ng anal ysi's ? ougaﬁ does not preclude its being used). It deals
with the problemof recipr ocal rel ation between reducing i mmunogenicity

and maintaining.affinity in hu i zLng an ant 0 th the previous and
avai | abl e net hogrckllelé?geixé% a‘}/@s't gﬁg L Re e Htl%tf’v‘%%n@mﬂ‘@é #has 20
exanpl e, alset Qfgalﬁﬁtlallﬁbﬂeﬁh amﬁs@rcmwal“rrl RH epitdpes b SR QpRE: dequdnBeddat chi ng
the sequence. e Cri erla é%b%tused si ngly,. or when necessary in

conbi nati on, t de st elreng dby 1o of rfsing Vit Geitsg@n sybssauentlyd t he
desired affinityhr&ente®@bf @oldeiRE B3£I Ma§driHistocompatability complexes (MHC) in

order to trigger the activation of T cells. For peptides presented by MHC class

II, such activation of T cells can then give rise to an antibody response by
20 direct stimulation of B cells to produce such antibodies. A detailed analysis of
the structure of a humanized variable region reveals the unavoidable existence
of stretches of potentially immunogenic CDR’s. These CDR’s physically and
functionally compartmentalize the rest of the framework sequences into four
sub-regions, namely, the FR1, FR2, FR3, and FR4 (Kabat et al., op. cit.).
25 Since T cell epitopes are linear continuous short peptides, the presence or
absence of such epitopes in each FR compartments should have no correlation
to each other, whether the different FR’s are derived from the same or
different frameworks. The introduction of donor framework residues to the
acceptor framework region using the humanization approach of Queen et al.
30 (US 5,85,089; US 5,693,762; US 5,693,761; incorporated herein by reference)
will have the possibility of generating new, immunogenic T cell epitopes,
resulting in the elicitation of immune responses against the humanized
antibody, particularly antibody responses against the idiotypic region formed

by the donor CDR loops. It is uncommon to have between 3 to 7 donor amino
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25 I'n humani zi ng an i mmunogl obul in vari abl e regi on by FR-patching, the
parent i munogl obulin am no acid sequences are conpartnentalized into FR1,
CDR1, FR2ayvo@BB®60FR3, CDR3, and FR4 according to the cl as®cfiiusat/issm of
Kabat et al. (opt. cit.). Each of the conpartnentalized FR s will be dealt
W th separatel Y,

an wi.t h the corres FR se nts found
in all 30 dat abaSEs, mc?/lgmiaégl ta'hl%rhufnﬁ ltz?fb @Q'%Pg I’CI al

entities, or prihstedsingihsdasss eﬂerﬁérgéncjmﬁmpi’va“ dellepiadeat daft a_base_ opt.cit.;
t he Nati onal Bi onedi cal Research Foundation Protein Identification
Resource). An immunogl obulin can be patched wwth FR s from nore than one

i mrunogl obul i n Siuileds. tiReel @neblidtivel ursRiduéR neQa®aAt Syimiid hiht hBuhighest 14
WO 03/ 002607 PCT, USOZ/ 18512 degree of honpl ogy (>60% to the corresponding
parent FR s wi | ITT%Wosledan fophetpdr Immprapsnig Pusll jspitenes eromizgblpaent to one

or nore of the ?an@ml@ IWIhild s WEl-BRLYisIRA AR REBhudibe of APRbR oGkl i n_chai n
may interact directly with the antigen (Armit et al., Science, 233:747-753,

1986, which is itAdbgy pesenior framewakeis jmpyrign fi maipsaining ribe edgiselt 4nﬁgert hese

am no aci ds i denfi6al of e thlﬂﬁlaﬁ%mﬂnmﬁglo%uﬂhtﬂedl@s ﬁe\{/odq(? %left?é/rg Wkl be used
according to the criteria set forth bel ow htuman e used when

it has the hi ghdsmapigatisinogpp heoacepraplishedhy dlriﬂ grEting pf domr BIPR’s 006,  at y
three or pe a %I man FR2 w

be used when |trgh£@tdt?h\ﬁléaqﬁ q{oﬁf)%io ‘6’8‘%{ ﬁ?h&?an I‘}@’ preferably
100% at three or nore am no aci ds at both ends |rrrred| ately 15 adjacent to
the fl anking CDRY n dvx/ne i.t has, the

hi ghest honol ogy egﬂ%ﬁe parngcr)ll%g%gags,a%?“é P gﬁg}ng% Pl?‘fpaehélggl? nor e

am no aci ds at Homitunegeigity mofe dinmtisd gjobuling aﬂﬁﬁﬁ affhnttyh&gaﬁﬂsartke RPgeciR2 and
CDR3. 20 A human

parent FR4, pr @ngeojl‘bﬁs ?%W&j\gﬁg’f’mﬁ‘ f‘gﬁa Eg?s ngﬁ%lﬁé‘%ggih% Qﬁ?ﬂ%gg%t Ealoyt e
adj acent tas flexible, versatile, simple, and does not usually require sophisticated computer
modeling analysis (although it does not preclude its being used). It deals with
the problem of reciprocal relation between reducing immunogenicity and
maintaining affinity in humanizing an antibody with the previous and
available methodologies. Using an immunoglobulin variable region as
20 example, a set of criteria and principles will be followed in FR-patching the
sequence. The criteria may be used singly, or when necessary in combination,
to achieve reduced or eliminated immunogenicity, and the desired affinity or

other characteristics.

25 In humanizing an immunoglobulin variable region by FR-patching, the parent
immunoglobulin amino acid sequences are compartmentalized into FRI,
CDR1, FR2, CDR2, FR3, CDR3, and FR4 according to the classification of
Kabat et al. (opt. cit.). Each of the compartmentalized FR’s will be dealt with
separately and used to align with the corresponding FR segments found in all

30 databases, available either in the public domain, commercial entities, or
private possession (for example the Kabat database, opt.cit.; the National
Biomedical Research Foundation Protein Identification Resource). An
immunoglobulin can be patched with FR’s from more than one

immunoglobulin sources. Preferably, human FR segments with the highest
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CDR3. 25 In case human FR s with 100% honol ogy at three or nore am no acids
adj acent to the CDRs cannot be identified, FR s with the cl osest honol ogy
at t hesewpamsiooicons cont ai ni ng conservatively simlar am RCTASOULBS1BUCh as,
gly, ala; val, ile, leu; asp, glu; asn, gln; ser, thr; lys, arg; and phe,

tyr; will be selecte 30. Pr ,abl y. human ER s wh ,»ani aci.ds at

pgsi tions known o8BSt ELESLEY g,igd’)grtohtg?/goﬁr%P%}dg@t ?35?{%%% t Wﬂpﬁeeused'

CDR s/ anti gen bilslvaver, anti {cfdsdt ItiesFRipddjh@akio che or Moke ofBheB.COHO611001, 1987,
Chothia et al., ture 342:877 989, an Tranmontano et al., J.. Mol. Biol.
215: 175, 1900, AP PUPSKegisss of tﬁ%e&%&g Bk SRR Ry (e Sy with

PCT/ US02/ 18512 theamigen ipniieétes ¢ 8e@)ce, 233: 73303985, evhickoRTdgfordr®rel i ng
(see Levy eé al ., ,B%ocheni%%ry 28:7168-7175, 1989;. Bruccoleri et al.,

Nat ure 335: 864- SEEIN DY gaigrengs) sihselogting fhese aminauprds idenficabiy_ the; gumamge, 4 |

of which are i nqarpeyiat Reker hi_@ﬂh@iogy R R BB @ RERYdInE o/ Bedriteild ME Lot
publ i shed i nformation, or prior experience, which are identical, or

conservatively delf-ar to that of the parent FR s will be selected.

FR- pat chi ng does not preclude the introduction of parent am no acids at
correspondi ng positions of a patched FR where necessary, or the inclusion
of 10 FR s in théumamiRdghidles vsad rhemitdhas ftee bighest pemplogy suthh rasntli f f er ent

pri mat es, rin e ajl : £ al
Coti of act ory. FR hap iy oAy Be S SRIERAG Sk Ehhnl Babl AERR D |
produce anti bodi@3RWith reduced, preferably, elininated inmunogenicity
w t hout substantial loss of affinity. The approach increases the chances
of success in this regard, with 15 significant inprovenents over other
met hods in ter msA @imbh #FR2bivilli Heyysed sihaplit leisttlye highebt amelogf tothe rpatenon.

FR- pat ched anti j es.carnryj man constant sequences W. |l he able to
i nduce human i ep%e{?rgbéi[ X{J@’?uﬁﬁﬁp o) Sae T (e sa%dgﬁg?‘&ﬁéﬂ%mﬁ’é{e d 20
cytotoxicitly (Chdjaoentanthe flagidyz dPReRAECDReE! | ul ar cytotoxicity (ADCC), upon

A buman FR3 will be used when it has the highest homology to the parent
FR3, preferably 100%, at three or more amino acids at both ends immediately
adjacent to the flanking CDR2 and CDR3.

20
A human FR4 will be used when it has the highest homology to the parent
FR4, preferably 100%, at three or more amino acids immediately adjacent to
CDR3.

25 In case human FR’s with 100% homology at three or more amino acids
adjacent to the CDRs cannot be identified, FR’s with the closest homology at
these positions containing conservatively similar amino acids, such as, gly,
ala; val, ile, leu; asp, glu; asn, gln; ser, thr; lys, arg; and phe, tyr; will be
selected.

30
Preferably, human FR’s whose amino acids at positions known to be close to,
or have interactions with the CDR’s/antigen binding site (Chothia and Lesk, J.
Mol. Biol. 196:901, 1987; Chothia et al., Nature 342:877, 1989, and
Tramontano et al., J. Mol. Biol. 215:175, 1990, all of which are incorporated
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binding to the target antigens. Mreover, when injected in human for

t herapeutic or diagnostic purposes, antibodies patched wth hunman FR s are
expect ed wo 0B®0260ON- i Nmunogenic, i.e., will not elicit antiPbodsoresponses
against the injected protein, allowing for nultiple injections into human
25 patients if necessary.for .achi evi ng maxi mum clini.cal benefits. Non-human
ant i bodi es have%&eélh Y SpSrTey: f’lgheﬁé’\;}g’gs‘?ngﬁ?r?l?ué%n??é}lh%(S?eteg[pevxie& &l ati on

hal f- |ives tharBibtiemiafy DRITEGS-ANS, besd: EBudcShavetehl.,alNatured 33 57864+568,

138: 4534- 4538, 7). .Lhe patched ant] ' carryjng mostly human
sequences, Wil | lj9§§’e it FyAn V%T‘Cﬁﬁgg%éﬂgegg%af‘ﬁf’f%‘l'*“ég'f‘r@r‘r’iwﬁ Eaéfﬁi[mt 0
natural |y occur riefdn B0 rbfdrenee)artyisD dr@sure] Npublished OSdridGiéd, 06t @fiod

FR- pat ched | m’runogl obul i n, sequence_design for_the_ varjable regions of the
i munogl obufi n VEPFIHES: Beidsgiqehor conservptivglasiailatspithat op the pasept yst r at ed
above. The desi gnedwhiiRhdaidsehad variable region 16 WO 03/ 002607

PCT/ US02/ 18512 sequence will be assenbled using a variety of standard
reconbi nant techni ques well known to those skilled in the art. Preferably,
the designed sequsRoRss WSHAhLYpRiind He?RuBiucBBRWr pindt 33 g Wl be
gene-synt hesi zed ?Leulrl\% et al .l,) Mol ecul ar | mmunol r%g% 14]%%- %ﬁgs’ﬁt 1995,
Daugherty et al .comsspRpding pagtiahs RE e pattBedly whow 16 cesRawkor theninclasiombt |

Ant i body | no k in tBad, Tat:le YN 91: t op. cit.,
all of which ar (emllg }lnctgr por g{?%? her 2’%&911 (Béerrgét?sg? eegscsqelﬁ gsgélﬁ?rﬁlgt pln?]A i dual FR s
can be i ntroducenurnins, eicephercavailhlde patabases fal to prgduce theatiidacdry FIRt that or

ol i gonucl eot i de- d| t enesis (G|l man_ and ith, .CGene 8:81-97,
1979; and Rober tngéeéﬁ ﬁeasgeve%g%at Eﬁee Py W?g%ﬁf%j? EtR® (ﬁmﬁ}e& h'at e

i ncor por at ed herreduvedyyprefefablye rtimjinatehignniibgSédityenithain colshtangalt loss &R- pat ched

i mmunogl obul i n vvigél. be 1jloi ned to DNA Eegl%lencesf encodj ng. t he human heavy
and 1ight chain ¥&Ponbhq #PPERARR Megearcs By Ghrnge Yt shecess o His e Hiact er i al
propagat i onsand sipnficass i idprdvemddis dovief esthét nv@slds CRI ltems Ther fexaifya vari ety
of DNA vectors suitable for xpression in a variety of host cell systens.
Appropri at e DNA STBRI Yy and gpsel oPEHifen for the expression of the FR-patched
i munogl obulins. Typically, a

FR-patched antibodies carrying human constant sequences will be able to
induce human immune effector functions such as complement-mediated
20 cytotoxicity (CM) or anti-body-dependent cellular cytotoxicity (ADCC), upon
binding to the target antigens. Moreover, when injected in human for
therapeutic or diagnostic purposes, antibodies patched with human FR’s are
expected to be non-immunogenic, i.e., will not elicit antibody responses
against the injected protein, allowing for multiple injections into human
25 patients if necessary for achieving maximum clinical benefits. Non-human
antibodies have been reported to have significantly shorter circulation half-
lives than that of human antibodies (Shaw et al., J Immunol. 138:4534-4538,
1987). The patched antibodies, carrying mostly human sequences, will
presumably have an extended half-life reminiscent to naturally occurring

30 human antibodies.

In the construction of a FR-patched immunoglobulin, sequence design for the
variable regions of the immunoglobulin will be done using the criteria and

principles illustrated above. The designed FR-patched variable region
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sui tabl e expression control DNA sequence is |inked operably to DNA
segnents encodi ng the i munogl obulin chains. Preferably, the expression 20
control swqQuenexs? Wi || be eukaryotic pronoter systens in PeTusny185apabl e of
transform ng or transfecting eukaryotic host cells, but control sequences

f Kk ti I n e
Fg pa?ggegryﬁe:ﬂ\%@%ﬁfl‘ﬁgﬁgl %%unﬁg%#%gqgl h@an%ﬁs%?c%%n @C?%égglfgg%gtat ed into

one single DNAtehpigessivelh kneset br thogy Shlliﬁdangh@aﬂatPeefheblvyﬂan&mgn@ht chain
expression 25 V%g RS, ubdd lég?a s?ht Eolt)cﬁfflggo P&(@}talrg%w }e\gelile syn ezetdO be

si mul t aneousl y corpora vectors 1 n or uce a
FR- pat ched anti tﬁbdylngtteti N dlecybar Opamningl. pﬁatlréléﬁi-lmehvl;@%,nﬂamghgm echhi n
pol ypepti de

. f
e’ P munogh obul T REpar SRt 1agT red/s TR P abpardril PPORRRRr o

secretion is i ndladdaeﬂaraiacduhemm etsninaonanet @f 3p. em(;hﬂll Bfrwﬂ@cgi aRul in chain
for expression in euk vect.or been

i ncor por at ed i nt®&OIRPE? 5‘%%?88 Py g?sftgre é’tor ﬂ?%‘é‘&%]é‘?leﬁ%s A3l PR ‘&F ed @nder

condi tions suit aligeel Be bdr@ﬁi ¥R by @ﬁ(aﬁl{oﬂ§iif0§it60fort$1%oﬂw¥é&1@$ bf&teqsequences,
and, as desired, the collection and purification of the humani zed |ight
chains, heavy cHHI3Pess (F f}’“ﬁ%é‘%} SN (Peas r$t§rls97®r19791t%i@tR<§WftF sbales, 17 WO

03/ 002607 E’@T ! USQuiird 828:231- bsmﬁbtﬁgftvhegaenﬁo%rpoﬂt&gﬁe%elﬁlagké%er@i%} body (sFv),
di abodi es, or derivatives thereof, or other immunoglobulin forns my

fol |l ow (see Beychok, Cells of I munoglobulin Synthesis, Academ c Press,

NY, (1979, whi Ch 18 5NIE QiR RGinf B FROpaRfod ﬁﬁrﬁﬁrﬁ;ggogmfm 54 b bifpdoe! | - known

fact that there are different hunan co regi eav and
| i ght chains. ALPdMtspeughess enewlingptbe hivnkn heayg asfbélehtf ¢heirefefions mr DNA

characteri St! Cs %ﬁ%&sﬁﬂ@eagrscmﬁg fo?rbaldﬁzgfllfegkip ’afogr & ;ﬁygrg Oses Human

constant region sequences can be i1so accof Woth el | 10
known pr océflur eglifferenh bost acllet yTleke humanvaiel) of DINA Wo&frersaindb}e iferort al i zed

B-cells (see, K%Q&Ie%sg& inGhiield gh(\)/gvf"g?{%ﬁp?l) Bropg%?ﬁ t%gro uci ng the

i mmunogl obulins 0 presen AVent &d from
chosen for the expression of the FR-patched 1mmunoglobu11ns. Typically, a

suitable expression control DNA sequence is linked operably to DNA
segments encoding the immunoglobulin chains. Preferably, the expression
20 control sequences will be eukaryotic promoter systems in vectors capable of
transforming or transfecting eukaryotic host cells, but control sequences for
prokaryotic hosts may also be used. The sequence encoding the FR-patched
heavy and light immunoglobulin chains can be incorporated into one single
DNA expression vector, or into separate heavy and light chain expression
25 vectors. In the latter case, host cells will have to be simultaneously
incorporated with both vectors in order to produce a FR-patched antibody with
the properly paired heavy and light chain polypeptides. In general, a leader
sequence allowing the transportation of the immunoglobulin polypeptide into
the Golgi apparatus for later secretion is included at the N-terminal end of
30 each immunoglobulin chain for expression in eukaryotic host cells. Once the
vector has been incorporated into the appropriate host, the host is maintained
under conditions suitable for high level expression of the nucleotide
sequences, and, as desired, the collection and purification of the humanized

light chains, heavy chains, light/heavy chain dimers or intact antibodies,
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nonocl onal antibodi es capabl e of binding to the predeterm ned antigens,
such as CD22 and CD20, for exanple, and produced by well known nethods in
any 15 cowoenioexsb7 mammal i an source including, mce, rat, rabhiSty18502 ot her
vertebrate, capable of producing antibodies. Suitable source cells for the

constant region..and f.ranework and creti , «can.be obtained froma
nunber of sgurcé)égd}%(%glgg%gh%ng#gpﬁlga%?@9@e (%?Yﬁt @P@O%Cf& X TTHHVES' cat al ogue
of Cel |l Lines ariberedflybr bitlemnmsninogioktilin fdink oy, foll&8§sce ABSKNGK, [Cells MD, USA,

whi ch is incorpqrated . herein by referenc expr essi on vectors

cont ai ni ng thepggﬁ?uﬁaglgégﬁgﬁ'@&w’da{%flmc Igﬁ-sﬁi%‘éﬂgglé’ ‘?’mﬁd@"&?fﬂt‘?% chai ns
operably |inked Heeilby Rfpéee)si on control sequence (including promoter and
enhancers) gre typically replicable in the host 25 organisns either as

epi sonmes or~as an integral part of the host chrompsomal DNA. Selectable
markers such as 1t Rta REVRhIWALRcBRTNGE Bre B8t/ R5RATBRSmt rddlohs for@ke | NCl uded
in the vector to allow detection of cells transformed with the DNA vectors
(see, for exanplh&avyugnddight shpinsg popartiggar igaiven wid have oippaifiatctigctoner ei n by
reference). 30 Raghabridis M08 (cin d6CHdNL! APLS. A HPERAABARLAY. LG vectors
as well as expressing the incorporated I nmunogl obuf . For “exanple, E
coli is the nosengaynesipy RNAeprearesr saot b isobdad inseatofdencecivihiwel t he DNA

t i i,0n e i i ts that. are useful
For the satt 10oRh SRR A S A IR0l Bler B ifbindl
exanpl es, bacil IB-CF(ll‘SdﬁeeeKabqblo?. @aajld WPSlﬁs‘/:@Bﬂl%uﬁ)le tC_HJRis Garhesducing the
ent er obact eri ac ; a ne erratia)., .angd .vayi.ous
Pseudononas speglfﬁgl?%%é%uﬁégrs% otﬁe ? esgqolﬁ‘e’%l%gngiln eegl_nglﬁﬂ*?'h_ ?@g%gglns require
the pr esenceI of ‘mpclpaqilaoﬁbadmstcfplbleagdpuﬂmgets émfpmf f Qr%%rgﬁmﬁggng,{g?r}gotsg ggl I

f r ication), an un

;Snt(:l Sgegxaiﬁﬁ Shggﬁ&bgﬁpﬁko @WE’ 6@%‘?%%%%‘5 16?08‘%?‘5}10 V&#%m i ncl ude,
but not |51 t edohwenicht yphmphaolics Mludin@m@ice] raf YbRor H8taehasigmse

r oot er ste etc. These pronpters are
P;gggf’]g bls)éS]E glmcapzi%?ea&e précﬁlgglg%ngbodg. %uiteﬁ)){e soulr.rge cells for the consteglt region

and framework DNA and secretion, can be obtained from a number of sources
such as the American Type Culture Collection (“Catalogue of Cell Lines and
Hybridomas,” sixth edition, 1988, Rockville, MD, USA, which is incorporated

20 herein by reference).

DNA expression vectors containing the coding sequences for the FR-patched
immunoglobulin chains operably linked to an expression control sequence
(including promoter and enhancers) are typically replicable in the host
25 organisms either as episomes or as an integral part of the host chromosomal
DNA. Selectable markers such as tetracycline, neomycin, beta-lactamase,
etc., are included in the vector to allow detection of cells transformed with the
DNA vectors (see, for example, US Pat. No. 4,704,362, which is incorporated
herein by reference).
30
Bacterial hosts are suitable for propagating the DNA vectors as well as
expressing the incorporated immunoglobulin DNA. For example, E. coli is
the most commonly used prokaryotic host used for cloning the DNA sequence

for the present invention. Other microbial hosts that are useful for the same
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controlling expression, or transcription, of the functional gene sequence
10 downstream of the pronoter system which contains, in addition to al
necessar yWomsio6sp7 and optionally with an operator sequenc@CTriSoms3me
binding site sequences and the Iike necessary for transcription
initiation and _transl.at.i as yeast

may al so be used 10 Osesel%%%hrl%s S %Xﬁmp %bac gké%ﬁxgmg% 6?@?5?&@@ f’th\fi\ﬁ
Saccharonyces, whietdbatisriavesui {fabl exdngdd Balinonelkpr (SSﬁatm)l, V:ﬁﬁlt Osrassmﬁsont i’:u gl ng
t he appropriate gxpression control el enments ters,, i ncluding
3- phosphogl ycer rft%E d’?PWB%SeSPS?w%t]FL‘@JFGS&P?%F{?P@CSW%W?WE§ ose AESISIFABTS gi n of
replication, terihé paséms of@gpresiScaarol Eéﬂl&eﬂcbskeorﬂﬁatlb%owﬂle%erlﬁﬁt cdiukaryotic
host cells of iR ertebrate Qr.i

, S

an be u For exanple, jnsect cells,
such as hi- T CEEDRIC AR gf feglicatia), a@@eﬁwn@&w@w&% he meidety
conveni ent cl Onllﬂ%eSJDNRS/ectEf Oﬁmh@![esofW&ltlmo%tpr&ﬂot&es%@ﬂqﬁcﬂudee&ﬁ not that are
25 inportant for e%h | evel &pesa on in the host cells are avail able

commercial I'y (I i d&etWPtOQQ?P e GEomotea)systep.dietalagipmase PaomerT syfiemi ssue cel |
culture may be ypeek laohaX Rir&ifste BtcR], QQ@C@he&h%oﬁg{eYsothtﬂe%ﬁ%@F b e pr esent

invention (see, Wnnacker,” "From'Genés to ones NY,
NY, 1987, whi ch %oBellieg reppiessiasy dnetrasiserintipns of éheﬁ@r@ﬁonarr&enmquenmmnl y

used mameljan hesheeakl S¢ane 865 st ﬂ% L SNk Yiti6E! b dif nes,
(P 1% ce 1 in

various CCS cell lines, HelLa €S such as SP2/0
cell lines, NSOngegskary m@@&,, anCBwt@n@ib'l \Ivrdh ameise;ratoreaequenemdlbbsmslﬁmhm@d B-cells

or hybri donas. S es._a ca abl e qof 03/.0 %19
PCT/ US02/ 18512 -I;Ezlgn Y ﬁ‘%"%s aﬁ oihe: {i%t’ 01y Coey At FS%S"BP BopruHiorat™ site such

as am no aci d 29@nsiatiort he heavy chain CHZ domai n, and secreting full-length
i mmunogl obulin, and are the host cell systemof choice for this particular
invention. Simlar to expression vectors for other host cells, a

eukaryoticifel | Sxfladysstenmicectes suh ad yehstCamnt didbd ued aRRkBsIoal Bo€XPr essi on
control sequences i cI udi r onot, (Sf or exanpl t hose derived from
i mmunogl obul i n geé?llgg o ?@"ng%i gthﬁ?tﬂﬂﬁrl?g giharomyces, which is a suitable host for

expression vectors containing the appropriate expression control elements,
such as promoters, including 3-phosphoglycerate kinase or other glycolytic

enzymes, and an origin of replication, termination sequences and the like as
20 desired.

Eukaryotic host cells of invertebrate origin can be used. For example, insect
cells, such as hi-5, SF9, SF21. Appropriate expression vectors containing
convenient cloning sites, promoters, termination sequences, etc., that are
25 important for high-level expression in the host cells are available

commercially (Invitrogen, San Diego, CA).

Preferably, mammalian tissue cell culture may be used to express and produce
the polypeptides of the present invention (see, Winnacker, “From Genes to
30 Clones,” VCH Publisher, NY, NY, 1987, which is incorporated herein by
reference). The most commonly used mammalian host cells are Chinese
Hamster Ovary (CHO) cell lines, various COS cell lines, HeLa cells, and
myeloma cell lines such as SP2/0 cell lines, NSO cell lines, YB2/0 cell lines,

etc, and transformed B-cells or hybridomas. These cell lines are capable of

19



SV40, Adenovirus, cytonegal ovirus, Bovine Papilloma Virus, and the |ike),
enhancers, usually with a | eader sequence for directing the expressed

pol ypept iwe osooxshe Col gi apparatus for glycosylation and exparspz/1gshe DNA 10
segnents of interest (for exarrpl e, the heavy and light chain encoding

3 ti th
necessary procesSmRaTIEIG TR ELGRoLRES (o tH RS PED OB 561 t o5, RNA
splice sites, a thohyadenth @E—]Z(mmﬁﬁq msberena@ﬂlmleﬁgm @fiinpiide@ibalins @4dM nat or

sequences), and a eI ec mar ke as, nutant Dhfr, glutam ne
synthetase 15 ((%‘3 8%8 Sfpm ﬂéB‘gﬁl fﬂ‘(tg’éé’a’i?éF]Ia’éH‘é’enu"Gen%‘%Fq fication
in manmal i an CEbeﬁ:ssmrMBdcﬁﬁsl fobethkEliost dtlls,.a dfarydhG cell RRressil vebrot Will
incorporated herein by reference). There exist a plethora of established

and wel | - known feRRBUISE ABROPHAL BHRSSIAY conttpl seauencse fnshudinggremptar (for t he DNA
segnents of i ntexesblel MoSe HASNSIm CiﬁHunoﬁbﬁdﬁﬁrgenEsr %b?élﬁﬂﬁ&rﬂ'neoéerét abl'y
integrated into the host cell genone. They i nclude, not mted to,
cal ci um chl or i deS\H4%ahsPreyins reytomsgelovimsp Rowph Rerillome Mimerand the like),

el ectroporation, e o : t

Cl oni ngIo A Labc?rng%%% E/ltg]!#\ug wih adgﬁflsggﬂ&g(?b%fd%% é thfl\/géo%s\%% ch is

i ncor por at ed 25 Hedpeptrenlp thefcéﬂ&r?@eyratus demgllytqsylatwmnnd)ﬁxﬂmztthecBNlAs N

i ncor por at Wi t p 1A Cox e e # e_achi evabl e
typically gg fi rsg%ﬁq%?%va?nfg{e%{ @E @gfe %ﬁ% X %o%ﬁﬁrh ssﬁfrmenn i A 8¢%r dance
wi th the sel ect abiwenpmr kel emwonmontrtﬂesaqaenoesr), aatedmdﬂ:icmct:ddoﬂ, othesecr et ed

roteins, for exanple, the Wnol nt| t ai ni ng.two. paj of heavy
gnd light chai ng CGFPsYss fﬁ%"?ﬂﬁ’&s ‘:SV% i Q)ﬁfl}gg ﬁ?gsg{ﬁ@

i nvention, by stspﬁ@karsdeqora)qm@uﬂa@l&m hseqﬁéthLbl&A tEiRECripESHaR r BrER@AbY Si S.
Purlflcatlon of the ex “ﬂ gﬁog I|n can_he purified_ according to
st andard pl’OCGdlfF%%enEﬁS taH a ?Ctlonfnﬁ‘ Qh%i»g faripesypheRi%i t at i on,
affinity cobumgGsyolHygomyeh; 0Red@ rgﬁglay KeBdmsg! eGlico P ﬁﬁ@h@pdlﬂ he |ike
(see, generally, R Scope 002607 _PCT/ US02/ 18 "Protein

9
Purification", SHTRY é’ln"Vﬁer’]é{{jrce}\Pe FohSy NYSﬁ‘%tlgﬂ%al"ﬂll?}ylsﬁ%ﬁog’omed
i mmunogl obul i ns Rfeidby tefsicepbout 90 to 95% honpgeneity are preferred, and

There exist a plethora of established and well-known methods for introducing
20 the vectors containing the DNA segments of interest into the host cell, either
transiently or stably integrated into the host cell genome. They include, but
not limited to, calcium chloride transfection, calcium phosphate treatment,
electroporation, lipofection, etc. (See, Maniatis et al., Molelcular Cloning: A
Laboratory Manual, Cold Spring Harbor Press, 1982; which is incorporated
25 herein by reference). Identification of host cells incorporated with the
appropriate expression vector will be achievable typically by first growing
cells under selection pressure in accordance with the selectable marker used in
the vector, and detection of secreted proteins, for example, the whole
antibodies containing two pairs of heavy and light chains, or other
30 immunoglobulin forms of the present invention, by standard procedures such
as ELISA and Western analysis. Purification of the expressed
immunoglobulin can be purified according to standard procedures of the art,
including ammonium sulfate precipitation, affinity columns, column

chromatography, gel electrophorsis and the like (see, generally, R. Scopes,

20



98 to 99% or nore honogeneity nost preferred, for pharmaceutical uses.

Once purified, partially or to honogeneity as desired, the pol ypeptides may
5 t hen bywogeadozeher apeuti cally (including extracorporeal | YCTArS02/18512

devel opi ng and perform ng assay procedures, inmunofl uorescent stainings,

and the like (Se .geperal l.y,, | munol.pgj ca S ls I. and |1,

Lef kovi ts and Peﬁ;ﬁt%lg g'ﬂgfc?ga/%caéé’gﬁg%' %’s%w@grk?ﬁ@mi&@u%d 1981) .
10 The anti bodi @mnoglbleulins 6 efbast ABRODO @938 hbmbyepbiGairk Pprdférivd, mse

i ndividually, or, jn nbi nation with other treatnent nodalitjes, in
treating di seases ?u%,g%%potrilﬁ‘i’rg homg%f?ﬁty%wpbei?é%’ ‘Pfe‘?hffﬁwce\ﬁ&ﬁai 8&npl e, the
i munogl obul i ns @8 Pacified Artfally or BREShYEnERMENAERE, Wb pélypdphigesieapval of
unwanted cells o a&glti gir}% such _as by conplenent nedjated |lysis, all

wi t hout subst antPe PYaube fseprHitalie(mdudnpmespenporeslly) orirepriepiaghanshy | acti
shock) associ at qreinhiflg BRRY pRtédites, AhideAdbBSentAtlifiChAPHE NS fge, of the
anti bodi es of the present invention will be the treafnent of di seases

usi ng their nakegneraiyrdmmagiegicalMethertsi aly I and Hobalewts 2nd Remigicdd, f r om 50
Mg to 400 my/ P, A adihRipsdse e iRy, 1983kl Yodh the lesion site,

subcut aneousel y, 1 ntraveneousely, and intranuscCularly, etc. Miultiple
dosing at different intervals will be perfornmed to achi eve opti nal

t her apeuti or di : | . | ¥ pterval s,
once & veeh! for PRt o SRR GRveriBh L AR AL o HIRALAD, 8 e
present i nventi ancembinigen2dthomhdyitieatthens hédatitiésf arteeating diseasasBidceptibital i ti es,

such as chenot herapeut,i ¢ _druqas (for exa e. CHOP 5-Fu, ..etc),

r adi ot her apy, rgt F@t?o%—%% CAET Sy EOR/%%%]PEFE@? llgwgwgéog?lﬁ?sog?flﬁg}‘fe ot oxi ns,
or ot her anti bodiassvediermnneatibt, emiticemopilas emtvantay esllsiopAndengtshed & The
anti bodi es of the present invention, if specific for the idiotype of an
anti-tunor anti ngdgomélﬁﬁerﬁemﬁgiéﬁda@hf’uﬁlﬂ)r {Phout jshbtanfigl a Wriehémé%ll Sitation
of Ab3 agailpst trbetibtTPfor dxbin@RN anddtTBdtRUShoaR) aksotiBRE REENhsny pR6r

conbi nati ons of agenis, well-known to those skilled in the art may al so be
utilized. 21 V\Da@g 607 PCT/ US02/ 18512 Additionally, the antibodi es of
the present invention can be utilized in

A preferable usage of the antibodies of the present invention will be the
treatment of diseases using their naked forms (naked antibodies) at dosages
20 ranging from 50 mg to 400 mg/m®, administered either locally at the lesion
site, subcutaneousely, intraveneousely, and intramuscularly, etc. Multiple
dosing at different intervals will be performed to achieve optimal therapeutic
or diagnostic responses, for example, at weekly intervals, once a week, for
four weeks. Usage of the antibodies derived from the present invention can be
25 combined vﬁth different treatment modalities, such as chemotherapeutic drugs
(for example CHOP, Dox, 5-Fu, ..etc), radiotherapy, radioimmunotherapy,
vaccines, enzymes, toxins/immunotoxins, or other antibodies derived from the
present invention or others. The antibodies of the present invention, if specific
for the idiotype of an anti-tumor antibody, can be used as tumor vaccines for
30 the elicitation of Ab3 against the tumor antigen. Numerous additional agents,
or combinations of agents, well-known to those skilled in the art may also be

utilized.
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di fferent pharmaceutical conpositions. The anti bodies can be used in their
naked forns, or as conjugated proteins with drugs, radionuclides, toxins,
cyt oki neswogloudshe factors, hornones, enzynmes (for exanpl @CT/US02/18512

car boxyl esterase, 5 ribonucl ease), peptides, antigens (as tunor vacci ne),

DNA, RNA, or a”YAd%ﬁtlflﬁlEﬂly,efhfe%{thBdlé‘P lo® Gl ﬁ:’%es@xﬂv DohtRnSBHChE ik defaPeuti

function with the antibody noiety servi as the targeting agents or
del i very vehi cl ehfferWrré@vmceuttchlecowiﬁbw| &he antibadies badye deadiingbdives, such

as antibody fragupo ZO Pg L& c%ﬁ']g[?zﬂed E’cwteuq&J aﬁ%gddr?%sé ridibnuc Iies I&?mgr esent

i nvention can be use usi on oteins to unc |oh noi eti es,

such as, anti bodiyekinss, Sahubletf@dVrSdleqﬁanﬁm mmga‘ (for exdmpkmaémcylemmtl on (for

exanpl e as bi spegi t 0 tok IubIe act ors,

hor nones, e?zyrreergsi:)owucﬁeat%‘gtlltésyt)lg ﬁﬁgﬁaﬁ‘ er er? ch } ’o?ranﬁﬂ haceut i cal

conposi tion, weldffektoomldcolet hasirg 2 kipbdificl thel’apbllltﬁ: ﬁlmtldmawlﬂaIﬂmOantibed}ut ilized.

15 FR- patched ant i.bodi es of Eh 1present i nvent.i on be used for in
(et et

vitro purposes, ™Y SRR HSgHSERI% TS V?]b‘?le YEELtton of

specific anti gellnﬁbodidfs ctrrmlbodsederﬁzs)u%b,asuwlah QHlitvgy %gﬁiﬁhtﬁssn@glélclﬁiﬂ er ﬁd by
way of illustrat tation. EXPERI MENTAL I n, designing the

am no acid sequ rYe laB‘? ?%S%F#%?ﬁtpéﬁ‘é‘& YRR EATHS ISP as BISioRPIPtRINS fhe nuri ne
vari abl e regi on fieqUBRGRNAIRPIELES st ROLhdIdiansd Mkmodgaaemﬁwmadftmnt alized
into FRL, CDRl, FR2, CDR2, FR3 CDR3, and FR4, accor ng to Kabat's

cl assi ficati on (di@ﬁﬁ’?t igyengipn (fop gxaraple a5 bispeqific entibadiss), faxans, pridkingsdual FR s

for patching wasiuBleah6efdRMBndsO el 58S Bifefis CohbfdionPbEVI OUS Y.
30 A human FR1 Wlo|u| be uged vthelrf F hgg%ﬁtﬁe ghest ehom) | og togptﬁe par ent

FRI, preferabl y Phamzceuicak ¢pmmosigen, iplekngivinrio %ﬁ dbﬂlﬁdnredllﬁalrtehgy dsj acent to
CDRI . 22 WD 03/ Q26f7.4CT/ US02/ 18512

15
FR-patched antibodies of the present invention can also be used for in vitro

purposes, for example, as diagnostic tools for the detection of specific

antigens, or the like.
20 The following examples are offered by way of illustration, not by limitation.

EXPERIMENTAL

In designing the amino acid sequence of the FR-patched immunoglobulin
25 chain, the murine variable region sequence (applies to both VH and VL) was
compartmentalized into FR1, CDR1, FR2, CDR2, FR3, CDR3, and FR4,
according to Kabat’s classification (Kabat et al., op. cit.). Selection of the
individual FR’s for patching was in accordance to the guidelines as described
previously.
30
A human FR1 will be used when it has the highest homology to the parent
FR1, preferably 100%, at three or more amino acids immediately adjacent to
CDRI.
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A human FR2 will be used when it has the highest honol ogy to the parent
FR2, preferably 100% at three or nore amno acids at both ends imedi ately
adj acent wo oBle26ht anki ng CDR1L and CDR2. 5 A human FR3 wi | IPChaSozessinhen it
has the hi ghest honol ogy to the parent FR3, preferably 100% at three or

nore am no aci ds, at bot di.at el diacent to th anki ng CDR2
and CDR3. A huma[%%f5 u‘gsgg whea At l%la[s tﬁeaélgfg‘?‘i%thﬂ @é? ﬁSrPBfeBby to the
parent 10 FR4, mﬁ)mfahﬁly 1(1@%%*: tlabe 61hh&1€ a@iinoaRids aamm@n@cmﬂ&diatﬁmedl ately
adj acent to S 100% honol ogy at three or nore
am no aci ds dj%@@?ﬂ%‘?ﬁl ﬁ‘?@“ﬁﬁ)@? 3?1‘?1 e identified, FRs with the

cl osest honol ogy at 15 these positions containi ng conservati vely simlar
am no acids, suc val, ile, |eu; asn, gin; ser,

thr: lys, arg: dg&‘“ﬁﬁ’é%@gy‘f’ﬂl % ysed pyéhen é’é‘l‘aééh%hlgh@? bP@PIQSY yo themeeeat FR s

whose anino aci dg® reﬁ:aﬁm I100%8, 4R8I0 Bord Bnftd PR Rs P both 2RdCnidaMR 1y
interactions with t s/antlgn bi ndi ng site (Chothia and Lesk op.

cit.; Chothia etadb?lc?l}“‘bﬁl.e flapking CRRQ ard §RBAt ano et al ., op. cit.), either
based on conputer nodeling (see Levy et al., Biochemstry op. cit.;
Bruccoleri et al. op. cit.; Chothia et al., op, cit.), crystal structure,
publ i shed i nfor rhtiman FR4 Wlﬂirbeolﬂseé%é@n iitelts he Bighesh hamelogxim\thﬁqatept or

conservatiygly SFI{H é fer t166‘% thlteg'%rfrl% B‘ﬁlﬁlﬁqgldg tl:lk/ age.’\acen‘? eCt ed. In

case where a parti¢ satl S Pove” s thavai | abl e,
and direct patcrﬁm@%esults in the loss of affinity or specificity, murine
resi dues considered to have interactions with the antigen binding site, or
contribute to 30 the final affinity of the antibody, will be introduced
back to the bestlnaasé haiphe FREQwithl I(E)P/mabinmgy,attthee parhdre Wiido &I t h no

mat chi ng human cqunt er part I.N ed.inits rine

conposi tion wit H@l?tc rﬁé(ga}egﬁt{? Wo%égﬁ%ﬁg‘fq: Hﬁ?llarfé%segé’&ﬁ‘@ &8 A | |

contain a nbxt urtbesefpohlﬁﬂﬁd”lcc&ifdimﬁ@l comervifiVedy sifrilar aﬁ&oV@1&3é&Q2aﬁogly,l |
ce

PCT/ US02/ 18512 u{ se of illustration, two nurine anti-B
anti bodi es will El eu; asp, glu; asn, gln; ser, thr; lys, arg; and phe, tyr; will be

selected.

Preferably, human FR’s whose amino acids at positions known to be close to,
20 or have interactions with the CDR’s/antigen binding site (Chothia and Lesk,
op. cit.; Chothia et al., op. cit., and Tramontano et al., op. cit.), either based on
computer modeling (see Levy et al., Biochemistry op. cit.; Bruccoleri et al.,
op. cit.; Chothia et al., op. cit.), crystal structure, published information, or
prior experience, which are identical, or conservatively similar to that of the

25 parent FR’s will be selected.

In case where a particular human FR satisfying all the above is unavailable,
and direct patching results in the loss of affinity or specificity, murine residues
considered to have interactions with the antigen binding site, or contribute to
30 the final affinity of the antibody, will be introduced back to the best available
FR. Alternatively, the particular FR with no matching human counterpart will
be retained and used in its murine composition without modification; the final

FR-patched sequence will contain a mixture of human and murine FR’s. For .
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patched using the approach as described herein in this invention. EXAMPLE 1
5 FR-PATCHED ANTI - CD22 ANTI BODY Design of genes for FR-patched anti-CD22

l'i ght andwbeasgzeehai n 10 The heavy and light chain sequen®eTafSoa185u2 i ne
anti-CD22 anti body, RFB4 (Li et al., Cell Imunol. 11|8 85, 1989; I\/B.nsflﬁld
et al., Blood 9Q; 2 202 97) s used a n_.ex e ta trate the
approach of usi &g %ﬁpﬁsaet cﬁ?l}]uﬁé%% t"e%ﬁrbuém%rané] i ﬁ?lﬁﬁﬁe%dwgd’g ity of the
re-engi neer ed antichedlysingltheapisexgh endssriefl htd in@dyinvéapnand | i ght chain (b)
variable region for the nurine 15 antibody are shown in Figure 1. Patching
of the individual FRs for the heavy chain variable region for RFB4 was
done as fol |l ows:EXAVPLERL: the FRL sequence of the nurine VH was conpared
with the FRF sequences of human VH fromthe Kabat's dat abase (Kabat et

al ., op. cit.). FRAPAlTOUED ANTRODERANABODY hi ghest sequence honol ogy is
preferred, particular enphasis on the sequence closest to the CDRL was

taken. There arSesidd@ekRtoSPRYARAEES ahileiD 2 1hPind b @by BRR! 00y to the
murine FRL. 25 Thesyéﬁar ge na(r)re yl,iﬁ El K 2 RF- SJ1, tagandn V\ASbyThe FRL with the

hi ghest  over al ITHamRlPaa Mt Rndik %CCIIEJ'CH& Jf%sﬁlgﬁr?esatﬁlh@ﬁ% bndu8ay, NErEPRL

identical to the nurine Bgrent is EIK however ere I's a Mi'ssing residue
in position 12,(LifiathCelhimapeclt HS$st k499) MangfielbitahsBlapd 8020052026

i mrunor ea_Ct Pvit ylgg@ 18 h% %ﬁ%!(%l‘ﬁﬁo]é to @tlg,%d[ %I;UP&CHE)F%S?I%I%QBE[&% Cked for

t he patchi ng was t here ore exce t he
third cl osest rasdugeeor @lonlﬁmﬁellmnammgmioeﬁysafrébah eogméle“cechlanmhmdﬁcmlsa next to

t he. CDRl. I's i de(r}géll&%ﬁ{:es 0 thﬂe%vmgiarﬁg h amt(hjevario éél(g)rgacﬁglh C@ rs11e§.r Ing:

residue is foun ani _
serine is &dnsi detiealyase showhydFigieellat ed version of al anine, the change is
conservative. Mreover, 35 residues that are different between the human
and nmurine are relatively simlar in characteristics. For exanple, valine

and | euci ne i n fFashirigasf the individiahERafvd tig) headyTtingn edriapRSbgibe for kB4 ysi ne and
argi ni ne at posivds@ondg, foRsek:
20 a. FRI: the FR1 sequence of the murine VH was compared with the FR1
sequences of human VH from the Kabat’s database (Kabat et al., op. cit.).
Although human FR1 of the highest sequence homology is preferred,
particular emphasis on the sequence closest to the CDR1 was taken. There
are three FR1 sequences that are of high homology to the murine FR1.
25 They are, namely, EIK, RF-SJ1, and WAS. The FR1 with the highest
overall homology with the five residues closest to the CDR1 identical to
the murine parent is EIK, however, there is a missing residue in position
12, which can create potential problems affecting the immunoreactivity of
the resultant antibody. The preferred FR1 picked for the patching was
30 therefore from WAS. First, except at position 28, the third closest residue
to CDR1, a whole stretch of 11 amino acids next to the CDR1 is identical
to the murine parent. In position 28, a serine residue is found instead of an
alanine in the murine sequence. Since serine is considered as a
hydroxylated version of alanine, the change is conservative. Moreover,
35 residues that are different between the human and murine are relatively
similar in characteristics. For example, valine and leucine in position 5,

lysine and glutamine at position 13, lysine and arginine at position 19, and
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24 WD 03/ 002607 PCT/US02/ 18512 al anine and serine at position 28.

Theref ore, human sequence from WAS was chosen for patching the FRI of the
ant i - CD22wearesionsdy (Fi gure 2A). b. FR2: by the same tokenramdsShzsssad2 on t he
degree of honol ogy, the human 5 V\AS sequence is chosen for patching the

FR2 of the anti with t nces
cl osest to the CDR%Iamﬁ %1“‘%5% 0rsilg | ﬁ%raﬁ)re’lﬁglﬁanf%mﬁe ™ ee of

honol ogy, the hunawa:(?dldosesﬂqu;m&dmgvtasFREbﬁhéadlCﬂ)m&mibo@ﬁ(m@rmmy he FR3 of
the anti-CD22 anti body (Figure 2A). d. FR4: there are many hunman FR4 with

t he sequence closest to the CDR3 being identical, and a high degree of
honol ogy to the hTuFRItebjﬁﬂfeeﬁlhe tdkéhaﬁdl‘ljaﬁedaifﬂﬂ@tl%%mohié%@g t%lrﬁﬁﬂuegx was
sel ected for patchj the FR4 15 of the anti- anti bo i gure

The fi nal éa gn OW‘%]?CIF??"B%@H%‘:& AP ‘&?ESR@F’if&l?raémﬁQ%f%h b¢dye anti -
CD22 antibody is cg:rr@@@gm of the human WAS FRI and FR2, and the GAL FR3
and DOB FR4, replacing the original VH FR s of the antl -CD22 20 anti body.
There is no single nutation or re-introduction of nurine FR residues in

the final design, ofri: h%tﬂﬁe@é’ci&ﬁt%@' cREGUREE CDIS, Q&léD%Brﬂe angrlde%h&ﬁt egy, the

sequence design for the FR- ched l'ight chain ne as foll ows:
25 a. FRL: human J&d %blghrﬁserémofhﬂmcﬂegyemedvgmh@mqumcphx@s seledtedle VL. |t

has a highglegree fz)frp%em%m%gl@%mquﬁcm shfi$od}FgheBagl 8 amno aclds

adj acent to the CDR1 ntical to the par sequénce (Figure 2B). 30
b. FR2: human Vd' CL was chosen for patchi ng the FR2 of the nurine VL, for

o A" Eason e AR Bk e S ERAF PSR R e

t he murine VL. 35bd¥ﬁg31dhm:x:at, laed hm@ekgresemmemobgy&nmetﬂammqmbﬁﬂcm honol ogy
bet ween WES 25

this example, the human DOB sequence was selected for patching the FR4
15 of the anti-CD22 antibody (Figure 2A).

The final design of the FR-patched VH sequence (Figure 3A) for the anti-
CD22 antibody is composed of the human WAS FR1 and FR2, and the GAL
FR3 and DOB FR4, replacing the original VH FR’s of the anti-CD22
20 antibody. There is no single mutation or re-introduction of murine FR

residues in the final design of the FR-patched sequence.

Using a similar strategy, the sequence design for the FR-patched light chain
(VL) was done as follows:
25

a. FR1: human JOH was chosen for patching the FR1 of the murine VL. It
has a high degree of sequence homology and the stretch of 8 amino acids

adjacent to the CDR1 being identical to the parent sequence (Figure 2B).

30 b. FR2: human Vd’CL was chosen for patching the FR2 of the murine VL,
for similar reasons. More than 4 identical sequences are adjacent to the

CDR1, and CDR2 (Figure 2B).

c. FR3: human WES was chosen for patching the FR3 of the murine VL.
35 FR3 has the longest sequence, and the sequence homology between WES

25



WO 03/ 002607 PCT/ US02/18512 and the nurine FR3 is high, with the sequences
flanking the CDR2 and CDR3 being identical (Figure 2B). d. FR4: human RZ
was chosewofoamoyat ching the FR4 of the nurine VL, for 5 ®CHUSar/185¢asons
(Figure 2B). The final design of the FR-patched VL sequence (Figure 3B) for
the anti- CD22 antjbo iS.C osed,of . human J FR1, V. FR2, WES
FR3, and RZ FR4, ?@p&g({‘i‘%‘é’e 18?’?%‘? Wé‘#‘uﬁisﬁﬂﬂe%ce%gg‘m‘ég g‘ﬁt&%nti body.
Once 10 agai n, theCPRBdeing idntigl &igate aB).on or re-introduction of murine FR

residues in the final design of the FR-patched sequence. Construction of
the FR-patched heavy and |ight chain genes 15 The desi gned heavy and |i ght

chain variabl e riegFRN MEAHERIC @8s Blosédh &or pRchid ik ERY 3D tHebRgdiheare fassenbl ed
by a conbi nation of ¢ligonuc]eotide synthesis and PCR using a variety of

publ i shed nethods ¥dEHGeens Gigue ). cit.: Daugherty et al., op. cit.:
DeMartino et al., op. cit.; Jones et al., op. cit.). 20 To construct the
FR- pat ched heavy chain variabl e regi on sequence (SEQ ID no. 1), the full

DNA sequence i s devimabdesign of thadrasteled: VE trequenece Figia 3B dor the ant- t he
C-termnal hal Vg BekiBodek Sohpiisd BP&E]‘ijmﬁl?R?%%ﬁ', YalL ﬁ@gxﬁ rRAe

conpl ete variabl e regi on’sequence was fornmed by |oining the and G
term nal hal ves aad RZHR A paplaciigtthe oriHnal ¥d. RR’s ef thie aati-ChRR fantilagy.cOnst r uct ed as

follows: a;htenplat ) . synthet -St.r ol.i gonucl eot i de
(111- rrer) encodir!;%g1 Jnﬂm%??%?@gﬂﬁn@atgé Oqté‘%]ﬁ}%%gu%ﬁﬁ?’génﬁlgﬁlg?gé “} fo. 2). The
tenpl ate i s PCRikavfihal flesigh dfithe KRdpatphicidisequence30 The 5 Priner (SEQ I D no. 4)
is a synthetic sense-strand oligonucleotide (57- ner) encoding amno acid 1
- 19 of the VHregion. The 3' end of the primer overlaps with the 5 end
of the tenpl at e Gonstrdcticicéfabe FRamtch2@ hAy0a(dl{Eho6 ailPgdiies/S02/ 18512

15 The designed heavy and light chain variable region sequences of the FR-

patched antibody are assembled by a combination of oligonucleotide synthesis

and PCR using a variety of published methods (Leung et al., op. cit.;
Daugherty et al., op. cit.; DeMartino et al., op. cit.; Jones et al., op. cit.).

20 To construct the FR-patched heavy chain variable region sequence (SEQ ID
no. 1), the full DNA sequence is divided into two halves: the N-terminal half
and the C-terminal halves. Both were constructed separately by PCR and the
complete variable region sequence was formed by joining the N- and C-

terminal halves at the Kpnl site.

25
The N-terminal half was constructed as follows: a N-template (SEQ 3) is a
synthetic sense-strand oligonucleotide (111-mer) encoding amino acid 14 — 50
of the VH region (SEQ ID no. 2). The template is PCR-amplified by two
primers:

30

The 5’ Primer (SEQ ID no. 4) is a synthetic sense-strand oligonucleotide (57-
mer) encoding amino acid 1 — 19 of the VH region. The 3’ end of the primer

overlaps with the 5’ end of the template by 18 nucleotides.
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The 3" Primer (SEQID no. 5) is a synthetic anti-sense-strand

ol i gonucl eotide (48-ner) encoding amno acid 43 - 59. The priner overl aps
wi th the worploetee? by 21 nucl eotides. 5 The N-tenpl ate (SEQTIUSZIBS1B) was
PCR-anmplified using the 5 and 3 prinmer set (SEQID no. 4 & 5) using

ol lows: & Gt entlal SR HGS By ~re i Mgt LEou R o
ol i gonucl eoti de (G 3-3r necddienoonid lagdam—rw bk grid8r ovkflaps whifhlthefeniphge VH r egi on
(SEQ I D no. g'flﬂucfg te was PCR-anplified by two prinmers: The 5

Primer (SEQ I D n Ssynt hetic sense-strand ol igonucl eotide (60- ner)
encodi ng amno acid 55 - 74 of the VHregion. The 3 end of the priner 15

overlaps with t ' en of tenpl ate by 21 nucleotides. The 3' Priner
(SEQ I D no. t58) |h§‘ 3\] ?’f‘éfﬁé&& @’ﬁ%gcgtai‘%ﬁgeéojllﬁl%ﬁﬁél ;g gEmeY 58- ner)
encodi ng ani no %t%Em@no 1%35ﬁfs1ﬂg@&n&’di‘d'ie@ﬁﬁ1%ibsaﬁ@ roBsduf®r and the

tenpl ate overl aps 21 nucl eotides. 20 The tenplate (SEQID no. 6) is

PCR-anmplified using the 5 and 3" prinmer set (SEQID no. 7 & 8) using

standard t echni quRscandilkl RECHY &Rstrdc®l a@@@m@r@trt%gtamsﬁg xbh& E}" - ' engt h
FR-patched RFB4 VH domain, the N- 25 tenplate

C-tenpl ate (SEQ if Bswehets sensgosired 9hgoamieotndhé13r2-m@r§s pmﬂing@nfma acah@B 3'
rimers (SEQ IDn ﬁgﬂﬁ ¥
g— t enpl ag e?,@ wer eﬂsly(ﬁfttﬁéegfglg% %lag a ag{)'?r)ra?ggt@% lévg ng 39\ hﬁeJQ%BOB DNA

synt hesi zer (Fodwemri@etsy, CA). The ol igonucl eotides were desal ted by
passi ng through a CHROMOSPI N- 10TM col um (d onetech, 30 Palo Alto, CA). The
ol i gonucl eoti des were adjusted to a final concentration of 20 M One | of
tenplate oli gonu"EﬂeédtPiridms(ﬁQ i/]amboi)sis al bymflieitio Rens€-b@26d ol@@ﬁﬁcleoﬁ&hﬂ(@bf« and
10000X, etc.) were

m xed W rr.esp, | anki ng prinmers
in the presence B¢ 50 mgflmluﬁéac’tgaé Zﬂt“%gtlp Y?%@glm ﬁ%lé eg%?ID%p@@F 02607
PCT/ US02/ 18512 ckveflapsithrths 5°Had obthk fi@iplatpbly 81 BucldobideeM MyCl2) and 5 units of

The 3’ Primer (SEQ ID no. 8) is a synthetic anti-sense-strand oligonucleotide
(58-mer) encoding amino acid 105 — 123 of the VH region. The primer and
the template overlaps by 21 nucleotides.

20
The C-template (SEQ ID no. 6) is PCR-amplified using the 5’ and 3’ primer
set (SEQ ID no. 7 & 8) usir}g standard techniques and procedures.

For the construction of the full-length FR-patched RFB4 VH domain, the N-
25 template (SEQ ID no. 3, 111-mer), C-template (SEQ ID no. 6, 132-mer), and
their respective 5’- and 3* primers (SEQ ID no. 4 & 5 for N-template, and
SEQ ID no.7 & 8 for C-template), were synthesized on an automated Applied
Biosystem 380B DNA synthesizer (Foster City, CA). The oligonucleotides
were desalted by passing tlirough a CHROMOSPIN-10™ column (Clonetech,
30 Palo Alto, CA). The oligonucleotides were adjusted to a final concentration of
20 pM. One pl of template oligonucleotides at various dilutions (10X, 100X,
1000X and 10000X, etc.) were mixed with 5 pl of their comesponding
flanking primers in the presence of 10 pl of 10x PCR Buffer (500 mM KCI,
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AVPLI TAQTM DNA pol ynerase (Perkin El ner, Applied Biosystens Division,
Foster Cty, CA). This reaction m xture was adjusted to a final volune of
100 | anoweuwbjeexsbed to 30 cycles of PCR reaction consi sti mgTafSo518512
denaturation at 94C for 1 mnute, annealing at 50C for 1 m nutes, and

ol ynmeri zation 72C far. i.nute. The ,PCR regct| m xture were., anal yzed
5ndgr 2% agar osglt(’&ef“%@ 2‘6‘%’#‘8&‘3&%& g.ﬁ ?Recﬁbl dﬁgsﬁ\}[g(t%g%laﬁ eg 8t Pon  t hat
gave rise to sufAMPLEMQY' abNAdaolynpease uierldh ghlgarr iégls}ﬂie&: B?syﬁﬂdiﬁd o 3e
chosen for further. processing. bl e-stranded PCR- | fied products
for the N and gﬁ‘t@ﬁ‘ﬂi E?SZ%T %ﬁe&/g)ggﬁﬁlﬁdﬁcﬁlf”éd?m?*&swff&Jiqg?fléﬂ gédtled with
Kpnl. The restriwige & 16008 fddRuRRbed 880 3pslado PR WakBod taRLEE: 8¢ the Kpnl

site, and the ligated products were subjected to another round of PCR
anplification usicayuipten 3t 9HG faar 1 myputehanmepling ate$A5C afoe 1( BiEQtesDando. 4) and
the 3' primer f 1;;111;5@,- Chdne WP E e £ SEQuinAeNO THh8)p - r od with a
size of -350 V\B.?O i regt l'y cloned (lgrnt o] ltﬁg TA cl ocrﬁ -r%h%tl\g/;gc%tugélpe( Wr%%/ei t rogen,
San Di ego, CA). anhkzedamderidde agrarosergs! elearopbiorésin ghteritighssidemplatefdilntied by
Sanger's nethod {5 I . Y| , .7.7) .t o i denti cal
to the designed tVH gﬁtflggg%%Lfﬂggﬁgkgﬁﬂlf&%@dgég%ﬁ2()%3%61\/\}51% ﬁ%eegog@ lfeo repl ace
t he VH sequence dbbsea forfanther phessingxpr essi on vector containing an | gH
pronmoter, gg |g enhancer, a human 1 g3 constant regi on genom ¢ sequence,
and a sel ectable marker, gpt. The final heavy chain expression vector is
desi gnated as hiREBlkS¥hded?BCR-ampiifial prodtcts e hE-Npadmhedehplabs wehai n

vari abl e regi on sequ e (SEQ 1D no. the full length VL variable
regi on sequence gﬁggurﬁ?e@' Ei’é‘a‘%%ﬂ'@g?%ﬁ‘is‘ ‘i@% %Elh TH%@SWTFQE%“I”?&C'Q%EO t er m nal
hal ves were asseamiahdzd BEpaat elgyedyt B N dite,| Mldngé libase bhahcty ndrd he Spel

site. 30 The N-teymnal half was constructed as follows: a Ntenplate (SEQ
ID no. 11) is a?ué@ﬁ?‘ﬂ@ﬁnethgrerﬁ‘s‘%i i amRiiticainnrsimg dhs Adrimen & fherY- encodi ng

am no aci d13l -tediflaRf(SEQEDMe.4) @8 6R ¥ PERet fr AR C-AMplatd (=G BFRb AHE was
PCR-anmplified by two prinmers: 28 _
The PCR product with a size of ~350 was directly cloned into the TA cloning
vector (Invitrogen, San Diego, CA). The sequence of the cloned fragment was
confirmed by Sanger’s method (Sanger et al.,, PNAS 74:5463-5467, 1977) to
be identical to the designed VH sequence. The confirmed sequence was used
20 to replace the VH sequence of a heavy chain expression vector containing an
IgH promoter, an Ig enhancer, a human IgGl constant region genomic

sequence, and a selectable marker, gpt. The final heavy chain expression

vector is designated as hpRFB4pSMh.

25 To construct the FR-patched light chain variable region sequence (SEQ ID no.
9), the full length VL variable region sequence was divided into two halves.
The N-terminal and C-terminal halves were assembled separately by PCR and

joined together via the Spel site.

30 The N-terminal half was constructed as follows: a N-template (SEQ ID no. 11)
is a synthetic sense-strand oligonucleotide (108-mer) encoding amino acid 11

— 46 of the VL region (SEQ ID no. 10). The template was PCR-amplified by

two primers:
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WD 03/ 002607 PCT/ USO02/ 18512 The 5 Primer (SEQ ID no. 12) is a synthetic
sense-strand ol i gonucl eotide (51- ner) encoding amno acid 1 - 17 of the VL
regi on. TWeo03/oomnd of the prinmer overlaps with the 5 enecofusotiessienpl ate
by 21 nucleotides. 5 The 3 Primer (SEQID no. 13) is a synthetic
anti-sense-strand oligonucleotide (40-ner) encoding amno acid 40 - 53.
The primer overlaps with the tenplate by 18 nucl eotides. 10 The N-tenpl ate
(SEQ I D no. 11) Ti® PCRmenfdHJ iDeab. U8) i8g syﬂiﬁetﬁ'selﬁagtra’ﬂid digbiRleotidels1( SEIQ Ith f
no. 12 & 13) using, standard.techpjqyes _.an roce es., The C-term nal ha
was constructed & )?I&OBWWHE’ %3‘{1!3%?8?2‘6?@253% .6831351 Ofge Bt het i ¢
sense-strand ol iyenaglvamithels ¢nd 30thamiplanspdi metledfitex0 acid 59 15 - 98 of
the VL regi gn (SEQ I'D no. 10). The tenplate was PCR-anplified by two
prinmers: The 5 Prinmer (SEQ ID no. 15) is a synthetic sense-strand

ol i gonucl eoti de fi#%° PRI} (%‘@Hﬁh@g3Pi@a@?ntﬁ&ic@nﬁgeﬁseﬁéarﬂfolfgbﬁmi@oﬁ(‘i@9' on. The
3" end of the primer 20 overlaps wth the 5 end of the tenplate by 21
nucl eoti des. Thd4&meprangeding oy peid 4G — 536 The Brimersayarlanstith theemplites e st r and
ol i gonucl eot i de 4 (48ubRbdegncodi ng am no acid 92 - 107 of the VL region.
The prinmer and the tenplate overlaps by 21 nucleotides. 25 The C-tenpl ate
(SEQID no. 14) is PCRanmplified using the 5 and 3" prinmer set (SEQID

no. 15 &1 usi j 0, he . struction
of the FR ot ool REITIL. G b 5 RIE B RREAE e fop el T
108-ner), G tenpetSEQIBER. ID&NIS) udidg staikirdtesinjquarwhdiphetiedures. espect i ve 5' -
and 3' priners (SEQID no.12 & 13 for Ntenplate, and SEQ ID no.15 & 16
for Ctenplate), were synthesized on an automated Applied Biosystem 380B
DNA synt hesi zer .Thel@teahingbnlfol sebhdestetves folldes al C-ethpte (SBBH Mg 140r ough a
CHROMOSPI N- 10 TM, col u (d ongtrcladcmg.on&rl\%ﬁdg%%\gnom 005.607 PCT/ %8992/ 18512

1 a synthetic ‘sense-stra er) encoding amino ac
15 — 98 of the VL region (SEQ ID no. 10). The template was PCR-amplified by
two primers:

The 5° Primer (SEQ ID no. 15) is a synthetic sense-strand oligonucleotide (49-
mer) encoding amino acid 50 — 65 of the VL region. The 3’ end of the primer

20 overlaps with the 5’ end of the template by 21 nucleotides.

The 3’ Primer (SEQ ID no. 16) is a synthetic antisense-strand oligonucleotide
(48-mer) encoding amino acid 92 — 107 of the VL region. The primer and the
template overlaps by 21 nucleotides.

25
The C-template (SEQ ID no. 14) is PCR-amplified using the 5° and 3’ primer
set (SEQ ID no. 15 & 16) using standard techniques and procedures.

For the construction of the FR-patched RFB4 VL domain, the N-template
30 (SEQ ID no. 11, 108-mer), C-template (SEQ ID no. 14, 120-mer), and their
respective 5’- and 3’ primers (SEQ ID no.12 & 13 for N-template, and SEQ
ID no.15 & 16 for C-template), were synthesized on an automated Applied
Biosystem 380B DNA synthesizer. The oligonucleotides were desalted by
passing through a CHROMOSPIN-10™ column (Clonetech). The
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ol i gonucl eoti des were adjusted to a final concentration of 20 M One | of
tenpl ate ol i gonucl eotides at various dilutions (10X, 100X, 1000X and
10000X, ewo.op/o0spe mxed with 5 1 of their correspondi ng PCArUSOBSPT i mer s
in the presence of 10 gl of | Ox PCR Buffer (500 mM KO, 100 mM Tris.HC1 5
buffer, pH 8.3, j f : I rase
(Perkin EI mer) . ér%?gq%égg%s?&oﬁg%&ﬁggﬁg %Nggﬁgg%%;gﬁ?glyg i'ngagu%l/glPurre of
100 | and subj edtmglateo oBgonuylebtalss oft RERUs ehilutiomn (K30 s 10X, nfP06K and

denat urati on at or m nut e, anpeal | at_50C.for 1 nut es. and

ol yror | zat 1 on 00 b i T REO B Fimsrraid gtk BEh R " 16

anal yzed under 2% pgadis of 16/u1F 20k PORNBRS (500 hile KiulgivesiaM eARkHet e .
dilution that gave rise to sufficiently abundant product of,the right size

woul d be cRoserPuffse Piir BAerlSpmdt MetRy. andoabimtss ot AHAREITACR- alPi4 f i ed
products for t h%o’i\bm&&g (ﬁét%(gglmrﬁér_rﬁs THR Ractibr Hiturd W’af;I falifasted to a final

restriction-digested wt e restricted N an - doubl e stranded

DNA wer e | i gat edvolume h&1®pp] ami subjecwddo BAeytlegeaf BEW rprctidu consisiing of

subj ected to another r.ound 9§~ RCR-anplification usipg.the 5 priper for the
N Lenpl ate ( SEQTBIREOH B 0tic 5T e, i Rabl ol S ROE Y i 8% s 1 0
no. 16). The PGRIymathaiddn wi 72°Cafei ¥ enmfite- 370e WAR déact@t Imixtaleorvede i nt 0 t he
TA 20 cloning vector (1nvityogen). e sequence. of. .the cloned.fragnment was
Confir e Y sarepved v el SEpRTRPES. 7 W EmRE G bo

desi gned VL seqt&ngfe 1is8 o CAlfididnig chbSRdhie Podudves the atbht @izé e@uiCBe t he VL

sequence of a light chﬁi N expression vector containing an IgH pronoter, an
| g enhancer, a PAMREIOKMPRS PESSSIEnt regi on genomi ¢ sequence, and a
sel ectabl e marker, 25 hyg. The final light chain expression vector is

desi gnat ed as hpRFB4pSMK. ~ Expression and affini t]% of FR-pat ched anti body
The expression p@%ﬁ‘ﬁ%ﬁnﬂ?ﬁ?ﬁﬁﬁmﬁ%@rmﬁﬁﬁbm wand Griewalates M8 30 and

co-transfeqked injQu RS SosRRAOR GBS withRpkf TrhaRafREHAL Mdt Bdbiie P! asmi ds
were selected in the presence of nycophendlic acid and/or hygronycin B

conferred by t hestigpdedapiAnyere digated ab thet sl piteoind dlee ligatged ameriel wase hods.

Cell's surviving i 1 . ! . i QN using

L1 SA ot hods, O Shesd PROMEE fuhf8E fon H b RUTBE WAL b3 i R0 T body
template (SEQ ID no.12) and the 3’ primer for the C-template (SEQ ID no.

16). The PCR product with a size of ~320 was directly cloned into the TA

20 cloning vector (Invitrogen). The sequence of the cloned fragment was
confirmed by Sanger’s method (Sanger op. cit.) to be identical to the designed
VL sequence. The confirmed sequence was used to replace the VL sequence
of a light chain expression vector containing an IgH promoter, an Ig enhancer,
a human kappa constant region genomic sequence, and a selectable marker,

25 hyg. The final light chain expression vector is designated as hpRFB4pSMKk.

Expression and affinity of FR-patched antibody

The expression plasmids hpRFB4pSMh and hpRFB4pSMk were linearized
30 and co-transfected into mouse Sp2/0 cells. Cells transfected with the plasmids
were selected in the presence of mycophenolic acid and/or hygromycin B
conferred by the gpt and hyg genes on the plasmids by standard methods.
Cells surviving selection were tested for human antibody secretion using

ELISA methods. Clones that were identified to be secreting human antibody
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30 WD 03/002607 PCT/ USO2/ 18512 were expanded for production in 500 m
roller bottles. Antibodies were purified using standard protein A col umms.
The puri fwedsamedbody was anal yzed in a SDS- PAGE gel undecTthisphiigseruci ng
and non-reducing conditions (Figure 4). The affinity of the FR patched
antibody (hpRFB4). . was,mdbd ©St noddsdatif SobY, £ells (5 x
105) were mcubat%d %1 p %{@J&tﬁeﬁoeuﬁ #c?}ga%ﬁﬁﬁge&f&%bo I‘r?’ggl c RFB4
(cRFB4) in a fi marifigd|uging U@ndal.‘dO@OItelmfA RBBnmappIThmnﬁdd wntﬂbvdyo/thSCS and
0.01% (W v) sodi i e (ﬁsp R d e 0 PREB4 .in the

vari abl e regi on ge %’zednces o E rggl Egélelrviéé dlireralé"{% rgn nomieﬁucu?ﬁﬂl ne
parent wi t hout roddifiosafFiguress). JIIheIﬁ'mltymﬁﬂﬁrF&pam:eéanﬁhodjoaip@MBﬂpWaQO m nut es

at 4C and she thr ti PBS e bound anti bodi.es. The

bi ndi ng Ie://\gl s dﬁfr G Hya "ﬁ?%egla Or?egyRéfafl cggﬁn{% %\gpg’egsl ‘E’@ﬁ“ﬁ Y he

addi tion of a 2QgrofdiitheitpReifitd AFRIBOG! BnerBFaB4 @RFB4 )M ¥6Thal ehme 5€
fragnment -specific antibodies {Jackson | mmunoResearch, Wst Gove, PA) in a

final volume of WU §BS ppglemented with HeUisat pry0br (14v)30diwmeridss at 4C
The m xture was §tpg t th P82 SN nsities
wer e neasured by CAN f B{gggggé\%c]g) actilﬁcﬁal%ggh%bg{? sor?glrlén?%fgcton

Di cki nson, Bedf O’Yldch Mﬁ\ye deEivgdidecaly frére thesutins pammﬂmquifwaumr h

anti bodi esgoun | aro-affj T0 corrpare
the affini t§ of h@%ﬂ%&b@%{? 1%&?!3%;%&33‘3? ?’H& a?% éganmil nesréir)é‘li ﬁhdeet% H and VL
sequences of RFdeith EBS:tmqambiwt inbeuind mﬁbn@esaSEmwmm lpmﬁﬁfrtheahtlbod%esxed anount
(10 x dilution frgm.st of FITC d RFB4. (Al oratlon
Bayport, M) wag® %1’3 %1 W%r?laif'%ﬁs?ﬂ %@?ﬁ&&@d‘rfgl %flrl}iﬂjﬂaé’lel

hpRFB4. The mi XtautléﬁnmIlg}E(Fde“ﬂltgfnentR@jadlﬁ@a{tibsdlbsfl(J@ckfsd)ﬂ’lBlhmMQJRU%cﬁf 25 100 |
in PBS-FA, and |‘{/1 ted S)r 3 mr}‘&ltes t 4?._ After washing three tines
with PBS, the fI' Wnle) it dnal 10044ljin EBSIEA. 586 sepubating fome

FI TC- RFB4 wgre rmaﬁlmu%a RY4° EASTAN nhiRaR! Qs DaGliNeRR, iRedhah GPBSM%)& The
results indicated that FR-][oatchl ng of the RFB4 sequence did not have

si gni ficant ef f dBOESseRCe higteasitigsnivoye gheaswred rlye é‘nd&f&é}l’é‘é Bearesberdy- (Fi gure

6). 30 activated cell sorter (Becton Dickinson, Bedford, MA) (Figure 5) The results

indicated that both antibodies bound well to Raji cells with similar affinity.

20 To compare the affinity of the antibody before and after re-engineering the VH
and VL sequences of RFB4, a competitive binding assay was performed.
Fixed amount (10 x dilution from stock) of FITC-conjugated RFB4 (Ancell
Corporation, Bayport, MN) was mixed with varying concentrations of either
cRFB4 or hpRFB4. The mixtures were added to Raji cells in a final volume of
25 100 pl in PBS-FA, and incubated for 30 minutes at 4°C. After washing three
times with PBS, the fluorescence intensities of Raji cells bound with the
FITC-RFB4 were measured by FASCAN (Becton Dickinson, Bedford, MA).
The results indicated that FR-patching of the RFB4 sequence did not have

significant effects on the affinity of the re-engineered antibody (Figure 6).

30
EXAMPLE 2

FR-PATCHED ANTI-CD20 ANTIBODY

35 Design of genes for FR-patched anti-CD20 light and heavy chain.
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EXAMPLE 2 FR- PATCHED ANTI - CD20 ANTI BODY 35 Design of genes for FR-patched
anti-CD20 |ight and heavy chain. 31 WO 03/002607 PCT/ US02/ 18512 The heavy
and | i ghtwolwaloseésequence of a murine anti-CD20 anti body, PEF/US(RefS1) is
used as an exanple to illustrate the approach of using FR-patching to
reduce or elimnate irmunogeni city of the re-engineered anti body. The 5

sequences of the,heav a chain va i abl e reqi or ..t rine

anti body are sﬁr&ﬁeﬁ%& g°(h75n Seﬂ‘l"lenﬁ%g gdrHge tﬂ"g %@8‘1@8&6 ]rsl%quence of
t he FR-patched i(Kaﬂ»ri@gkadbuhnm;;ﬁme tolifistratettie gppcack ef usifg FRip&shiAgtodescr i bed
previ ousely appli ver, .there 10 are_al vva S situatio n no
appropriate FR §e‘f“ﬁ? 9 f\f,ie pate tIWBluEW’élwt‘ihBrf&? FReEd é‘i‘Fﬂ’i‘?E% V\ﬂﬁ

FR- pat chi ngs apprseg@hcediof & hedrydie sikhtdbagin &aridMie fobiox fdtithd fMrindtntipydyng t he
introduction of nurine residues in the problematic FR's, or al ternatl vely,
i ncl usi on of théoiegPHafEHEhe FR s without nodifications. The resul tant
FR-patched antibody will presumably have significantly reduced 15

i mrunogeni city corrpar ed to a nurine or chineric antibody. An anti-CD20

anti body, 1F5, il8 dgsigning te amirocapighpeauense offredR-piched impunoglehsdin fore t hese
poi nts. Patchi & o s done as
follows: 20 a. 2%50{11? tsgﬁ?:%msf\églgﬂ%c%é:%b%d eevtlnél}??l% vvaqgwcégﬁbglr%ég with the
FRI sequehles afc Huaprsitvions oien heapapaiated Riafubfhalbthe bdatmentiondd. , op.

g;fi)cul glrjrgnaf%quhgmégtgu?#gg?ﬁ %@%&?Bﬁ%d?ﬁfe@%%?a@ﬁg OFhe G@Hy sequence

from LS2' CL hasllowigetht ani@@Meiadn of quieine aediduen lindghe pmbﬂdnamccffR t,he nuri ne

ti 25 CD20 t d.the 1 d dj 1
?gelntl cal to a[] hﬁetgr%rlgjt){ver?'gqn(ﬂ?séoreﬂ Péreegﬁr%lga Waﬁﬁ eW&l}oH{emf‘i’&‘r%%Oﬁ%Ir es equence

from LS2'CL washe hﬁmhmtﬂ?mpamw:hmrbgdﬁ Wil fr&umablythaee agﬁlﬁceﬁi@?&daéﬁdl body
(Figure 8 %l' 30 h. FR2: thtg (g guence of the human N ((;Phosen for
pat ching the FROTWRASRRIRLY CRPRR %m“nEﬁ?bc}BWF?‘bB‘H{i’.Odff't kﬁ'}m Be not ed

that al though antibody, 1F5, is used as an example for FR-patching to illustrate these points.

Patching of the individual FR’s of the 1F5 VH sequence was done as follows:

20 a. FRI1: the FR1 sequence of the murine VH was compared with the FR1
sequences of human VH from the Kabat’s database (Kabat et al., op. cit.).
Human FR1 of the highest sequence homology is preferred, particularly at
the sequences closest to the CDR1. The human FR1 sequence from
LS2’CL has close to 80% of sequence homology to that of the murine anti-

25 CD20 antibody, and the 10 residues adjacent to the CDR1 are identical to
the murine parent sequence. Therefore, the human FR1 sequence from
LS2’CL was chosen for patching the FR1 of the anti-CD20 antibody
(Figure 8A)

30 b. FR2: the FR2 sequence of the human NEWM was chosen for patching the
FR2 sequence of the anti-CD20 antibody. It should be noted that although
the third residue of the NEWM FR2 closest to the CDR1 is not identical to

that of the murine parent sequence, it is a conserved K to R conversion
(Figure 8A).
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the third residue of the NEWM FR2 cl osest to the CDRI is not identical to
that of the nurine parent sequence, it is a conserved Kto R conversion
(Fi gure 8wp.o38@6VD 03/ 002607 PCT/ US02/ 18512 c. FR3: humamcChameyisshai n FR3
sequences with satisfactorily high sequence honol ogy and identi cal
sequences adj acent to the CDR2 and CDR3 could not be identified. Although
the human FR3 from 783C CL exhibited 78% 5 of sequence honol ogy, the

resi dues flanki ng FR#& HubiRa hasvyechdind®R3i sequenyesdiiftf @riefdtorilgiesgh seguenbe

di fferences being gonserved.. For exanple, the K _A nd L osjtions 57,
58 and 60 (Kabat's %‘B‘ﬁﬁ@f? dge‘%ﬁﬂﬁq‘ggceﬁlafllac%fw %‘FF]%R% %ﬂi(ﬁ%&%‘ﬂ he 1St,
2"d, and 4th resi do@deddasified. Ahdube tHeBRRaaFR3 TR Bs3erCh¥xhibikd 7Bonser ved
hunman residues R, V.and I, resloectively Nevert hel ess, the 10 hi ?h nunber

of changes ?n proxPhicayencs bomalogprve residyes flankingsthe (PRY were dragticallf esul t i n

si gni ficant conf or gfeican Absped ARABGerdcel ’B;ﬂn%ﬂéﬁﬂs&%u. t}’*dﬁ@kﬁgﬁ;}e,%«%lﬁ AW t hout
e

risking the loss of affinity, and as an ilTustration on exibility of

the FR-patching apfidbaghposiiggs FR38 ardidtKabet yrimbstion &rbatgt el aangitbf t he

human FR s. | nst ea@nich g qlfs nel s t.al ' hi s
particul ar anti bOdél 1(cFi gure 82) ; Elglé.?)4 F%%?@t{%%&séé@%%@%}? aﬁ%@%c@%bi with the

sequence cl osest t thetcReseppRAumpe resiguesdRinY iasd L resprdtivalyhiNgvedielpss dhof

honol ogy tggthe MuLiReRAEE 1 hi S , n . Gl sequence
was sel ected for patgcﬁllung tﬁ%ehag%slﬂwﬁ %?ﬁpggp glﬁtgb%%zgggﬁf?%%%vf Figure
8A). The final des¢aud tfsult fresiERfipat corfdrmAtiosd ghanpee af i gutigenbiydidor t he
anti- CD20 anti body.Js 0 of, t:he n LS2'CL F NFV\MF , murine
1F5 FR3 and 4Gl2' “eFRX‘,%rggtpﬁ%g‘f%gwtl B Yratgihaandes r—aﬁ%ﬁ%‘fa Phe 4l i ne 25
anti - CD20 ant i bodyflesbiligl dfethe iR-pactdes kgproavhuthd BRS wopldtinee pytdheédnt ai ni ng

the nurine CDRs e dded ..n human | S2' FR1,, NEWM F 783C CL FR3, and
4Gl2' CL FR4 (Fi gu‘r’nvgﬁ TOX)°F 1B MUPAR, %pg@éean the| e g%‘ SFdUeRgeeWas
constructi of of thetaida ih diskticati shtbddyFigde BR).descri bed bel ow.

d. FR4: there are many human FR4 with the sequence closest to the CDR3
being identical, and a high degree of homology to the murine parent. In
this example, the human 4G12°CL sequence was selected for patching the

20 FR4 of the anti-CD20 antibody (Figure 8A).

The final design of the FR-patched VH sequence (Figure 9A) for the anti-

CD20 antibody is composed of the human LS2’CL FR1, NEWM FR2, murine

IF5 FR3 and 4G12°CL FR4, replacing the original VH FR’s of the murine
25 anti-CD20 antibody.

An alternative design would be a patched VH containing the murine CDRs
embedded in human LS2’CL FR1, NEWM FR2, 783C°CL FR3, and 4G12°CL
FR4 (Figure 10A). For the purpose of illustration, the construction of the

30 former version would be described below.

Using a similar strategy, the sequence design for the FR-patched light chain

was constructed as follows:
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Using a simlar strategy, the sequence design for the FR-patched |ight
chain was constructed as follows: 33 WO 03/002607 PCT/US02/18512 a. FR1:
human BJIMWowasoxshbsen for patching the FRI of the murine YCI/UBa2/$8515 t he
human FRI sequence with the highest honology to the murine parent (61%.
Mor eover, sone of um si dues tht are. diff n fromthat of the
nurine are conserviég? %‘mangﬁjz;@ VE “PRE BT P8 C%,ngaé\%ﬁ&?t%t%e R"&%hver si ons at
positions 18 and 1%1sneﬂipaumawERyse®emeomﬂﬂhéMtgﬁesthanﬂglegy to( tht ghufite 8B) b.
FR2: although there_ is was to b f hig
sequence homol ogy P a/rg%@(wt Or?ﬁ)'ﬁ r?gmﬁlﬁftheﬁﬁ f)'g‘beﬁﬁﬁﬂ e ﬁﬁ%gqnf, on 10
32 (Kabat's nunber fiog), thialf@ie @irielare ccﬁn@ervéd.tFo},exéﬂigﬂe:ihéjE&@ﬂMt&' osest to
t he CDR2, Wﬁs repl aced by a non- consgrvative Valine in the MOT FR2
sequence. TRi s repldCBABHPISRPEHETSI P ikl GHesneatie a 215 (ORTFYed SHINEET f ect on
t he final confor rra(plgﬁe@fg)the antigen binding site. It was therefore
determ ned that the nurine FR2 of the VL donmain would remain in the 15
design of the FR-patched antibody (Figure 8B). c. FR3: human WES vvas chosen
for patching the FRR2Ofimbligh Mh@@h&ﬂiaﬂ FEBgMbqstﬁab%aé ﬁﬂg@%‘g and

t he sequence honol ogy bet ween VES he murine FR3 Is the

t hree human resi du%lumcarhpmﬁ@gy IG@%)ZQ tmnmmetomQan zdemsmmal to that
of the nmurijpe (Fig esqdj_g |.{= 58 vvas
chosen for 1gat chi ngi ?h%@ R4 05 heeﬁl’l#r{ulgr%:alngjpvﬁlf_{flft1§e Qﬁ egr(;fo(rgée%g&ﬁs
sequences are 72% CR&dolvogoeplated b}he mwmanMWaﬂmsnduhs MO aERNt to the

CDR3 being 25 ideps I and r| ne u 8 The
final design of the q#'—l%ﬁ at cf? opq&_ uogerrl%glbfﬁl Veé'Bg)lérfl%{% %Ee E%ﬂ
anti body is conposts ﬁrﬂaltdmefdnmalmm &Jﬂ&- kRlgen ramidine sitd-5 TERZas M&SforeFRB and

Nl G 58 FR4, repl ach inal. VIL_ER s of, the anti-CD20 30 a |body An
al ternative design O%T § %Fé&m%?f}e IclfstB%TVg*O RFo am IHJ n BJ19
FR, MOT FR2, WES Eéaagnosfmm@ta&dla%odwmgmgm.he

c. FR3: human WES was chosen for patching the FR3 of the murine VL.
FR3 has the longest sequence, and the sequence homology between WES
and the murine FR3 is 71%, with the three human residues flanking the
20 CDR2 and CDR3 being identical to that of the murine (Figure 8B).

d. FR4: human A FR4 sequence from NIG-58 was chosen for patching the
FR4 of the murine VL, for similar reasons. The sequences are 72%
homologous to the stretch of 7 residues adjacent to the CDR3 being

25 identical between the human and murine (Figure 8B).

The final design of the FR-patched VL sequence (Figure 9B) for the anti-
CD20 antibody is composed of the human BJ19 FR1, murine 1F5 FR2, WES
FR3, and NIG-58 FR4, replacing the original VL FR’s of the anti-CD20
30 antibody. An alternative design of FR-patched VL would be composed of the
human BJ19 FR1, MOT FR2, WES FR3, and NIG-58 FR4, forming the
scaffold supporting the CDR loops (Figure 10B). For the purpose of
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scaffold supporting the CDR | oops (Figure 10B). For the purpose of 34 WO
03/ 002607 PCT/US02/ 18512 illustration in this application, only the

const ructwornob2eébhe former FR-patched VL woul d be descri Ipea/uset/ o512
Construction of the FR-patched heavy and |ight chai n genes 5 The desi gned
heavy and |i ght a quence h at ched anti body
wer e assenbl ed b1ﬁ Sgéag% |tiﬁ1§?f)@ma 0 lygoenﬁoé‘ls% 10]31 &f? g?agﬂ%iPPCR usi ng
a variety of pubVLs&oehlhmleﬁsdbe]@vTo construct the FR- patched heavy chain
vari abl e regi on sequence (SEQID no. 17), the full DNA sequence was
divided into two halves. The Nterminal half and the C-termnal half were
construct ed sepataisthdtiobyf RERRapacththReavy aiplight ehavdgdnadl e regi on sequence is
formed by jeining the N and C-termnal halves at the Spel site. 15 The

N-terminal hal f TRSdepRed hewlemdasht ehdif Warialle he ﬁmqaé&d oE@el ERNO. 19)
is a synthetic sencig(bst rand ol i gonucl eoqtj de ( encodi ng am no acid

12 - 49 of the \BAhediBHOQASENCTDassmbled) b Y‘Phéom@ﬁﬁq‘%’t af jodigperlegiids i fi ed by
two primers: 2QfinesibindORin SieheolickQmidiodd, Synthet i ¢ sense- strand
ol i gonucl eotide (57- ner) encoding anmino acid 1 - 19 of the VH region. The
3" end of the priner overlaps with the 5 end of the tenplate by 24

nucl eotidegg 25 ﬁeorémd?&ﬁm 1} Bhair 2

anti -sense-strand ol i gonucl eo al q’er}lalg% 1%%@%#?1%&;@}38 I?S - 60.
The primer over Ingpd7wileHfull B&NA equr&‘@evas Idyvld@ﬂ mtu(tWebalwbesThe‘Nmnmhm]errpl ate
(SEQ I D no. 19) i n et (SEQID
no. 20 & 21) u5|Hr?§ Eg?aak cf'lr&ﬁn% H%‘%G‘g’ge g%gq‘nép?t%cge%ﬁ%eesly li: P(g naI hal f
was construct ed eampletd Vamlele regi@d sequgmkatsdonBE@yljGining theZIﬂ) andl Gteamiyght heti c
sense-strand ol '}ﬁané’gttﬁ gpe(ii te( 126-mer) encoding am no acid 70

15
The N-terminal half was constructed as follows: a N-template (SEQ ID no. 19)
is a synthetic sense-strand oligonucleotide (114-mer) encoding amino acid 12 -
49 of the VH region (SEQ ID no. 18). The template is PCR-amplified by two
primers:

20

The 5° Primer (SEQ ID no. 20) is a synthetic sense-strand oligonucleotide (57-
mer) encoding amino acid 1 — 19 of the VH region. The 3’ end of the primer

overlaps with the 5° end of the template by 24 nuclectides.
25 The 3” Primer (SEQ ID no. 21) is a synthetic anti-sense-strand oligonucleotide

(55-mer) encoding amino acid 43 — 60. The primer overlaps with the template

by 21 nucleotides.

The N-template (SEQ ID no. 19) is PCR-amplified using the 5’ and 3’ primer
30 set (SEQ ID no. 20 & 21) using standard techniques and procedures.

The C-terminal half was constructed as follows: a C-template (SEQ ID no. 22)

is a synthetic sense-strand oligonucleotide (126-mer) encoding amino acid 70
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35 WD 03/002607 PCT/ USO2/ 18512 - 111 of the VH region (SEQ ID no. 18). The
tenpl ate was PCR-anplified by two priners: The 5 Prinmer (SEQ ID no. 23)

i s a syntwetmmomense-strand ol i gonucl eotide (61- 5 ner) emcodisnyissmt no aci d
57 - 76 of the VHregion. The 3 end of the prinmer overlaps with the 5

end of the tenpl nucl eQtides. e 3  Priner |D.po.. 24) is a
synthetic anti se_ﬁfslg-ols% %{}%ezzi%% r%ﬁl?rb@hggﬁe‘@t ?@e T%f %eglpmra{?e Yaéﬁ(gjg'&m%g%drﬁyno aci d
105 - 123 of thewvldrinegt on. The priner and 10 the tenplate overlaps by 21
nucl eoti des. The C-tenplate (SEQ ID no. 22) was PCR-anplified using the 5
and 3" prinmer set (SEQ ID no. 23 & 24) using standard techni ques and

procedures. 15 Fihe S REmMeOEY WXid. O8) i0h sidigettReRateiiRblikhfuchébtidoeri n, the
N-tenpl at e $SEQ IJ?Z) no.. 19, 114-nmer). GCtenplate (SEQ 1D no. 22, 126-ner),
and their PespdBf (Reoding aing agid 3 “l?%‘l‘féhe( arPgien- nbhext erd ofithe BHmEE t enpl at e,

and SEQ D no. ?o%eﬁag%iﬂlqne ﬁ-e&q@mha_te@aplataﬂfsryﬁ feMohgsl zed on an automat ed
Applied Biosystem 380B DNA synt hesi zer. The oligonucl eoti des were desal ted

by 20 passing through a CHROMOSPI N- 10TM col umm (C onet ech). The

ol i gonucl eot i desphwey @rgfdl BHED ho ) {d NGhieQNERNJaki-9R & igene | of
tenpl ate ol i gonucl eot indes at vari ou% Sd%% I fo?ﬂs I (S)X, %Oo%fgo%g% Xdeand

10000X, etc.) wdpEmerxagoding pmino|acigflOphel 23 efche gighndhe Ipsimei eyl pri ners

in the preggence,of f P r (500 M KClI, 100 mM Tris.HC1 25
buffer, pH 8.3,q}ié§eﬂ‘%’ﬂglt\§g"c¥%23‘ka@2§ gﬁﬂ%{{dfggof AVPLI TAQTM DNA  pol yner ase

(Perkin Elnmer). This reaction mxture was adjusted to a final volune of

100 | and subje 1 r ion.consi.sting.,of ,
denaturation at C@%gc;t%?ﬁ%e fﬁﬁﬁéﬁeﬁ g{)einir:l) a ?Sﬁgé%tam%ﬁf’%?m%% ?n ?‘ﬂﬁjt%s and

pol ymeri zati on gtrimk2 €:tf(SEQ ID mb 3t & 24)smgRaRdaré a&chhigues Ah& proteiareger e 30

anal yzed under 2% agarose gel el ectrophoresis. The hi ghest tenpl ate
dilution that gave rise to sufficiently abundant product of the right size

woul d be ¢hoserFok die dostiuotin ¢ the ER$RBed 36 VH domain, the N-template (SEQ
ID no. 19, 114-mer), C-template (SEQ ID no. 22, 126-mer), and their
respective 5’- and 3’ primers (SEQ ID 1n0.20 & 21 for N-template, and SEQ

ID no.23 & 24 for C-template), were synthesized on an automated Applied
Biosystem 380B DNA synthesizer. The oligonucleotides were desalted by

20 passing through a CHROMOSPIN-10™ column (Clonetech). The
oligonucleotides were adjusted to a final concentration of 20 uM. One pl of
template oligonucleotides at various dilutions (10X, 100X, 1000X and
10000X, etc.) were mixed with 5 ul of their corresponding flanking primers in

the presence of 10 ul of 10x PCR Buffer (500 mM KCIl, 100 mM Tris.HCI

25 buffer, pH 8.3, 15 mM MgCly) and 5 units of AMPLITAQ™ DNA
polymerase (Perkin Elmer). This reaction mixture was adjusted to a final
volume of 100 ul and subjected to 30 cycles of PCR reaction consisting of
denaturation at 94°C for 1 minute, annealing at 50°C for 1.5 minutes, and
polymerization at 72°C for 1 minute. The PCR reaction mixtures were

30 analyzed under 2% agarose gel electrophoresis. The highest template dilution
that gave rise to sufficiently abundant product of the right size would be

chosen for further processing.
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WO 03/ 002607 PCT/ USO2/ 18512 Doubl e-stranded PCR-anplified products for the
N- and C-tenplates were gel-purified, restriction-digested with Kpnl site.
The N arwo@3daasht e stranded DNA were |igated at the SpelpCTiuse/1samd t he

| i gat ed products vvere subj ected to another round of PCR anplification

For ‘the o templ Atatl R poRInbSRB Blfupatt b 160 Pl Jondy PocO”

was directly cl cgeb;iumﬁﬁdo redu@cthA-dlgelstemlw@ \I@nlcmte( | The tN-0ged )C-ddide sequence

i10) to be i denEraR PIR e el gt T S0t DS EbETY T Scauence

was used to I’eplsabjecté(h’& aﬁbth&ﬂroaﬁqmamﬁhf&aﬁmammgqms rprmepm:ﬂsd Nnh vector

cont ai ni n cer G constant region
genoni ¢ sgq enc g]ﬁ@ngﬁgslg 1313?‘51 EB me'g%[ meﬁée”ﬂ? HaSHe I ochai n
expressi on vect an). Thel PEROpBERA withSa memas%elgi@fﬁt kChe tine

FR-patched light chain variable region sequence_( D no. 25), the full
|l ength VL vari atfiningegeder dayiierse i dh¢iisequgace phitke clopeddragment Wane

N-term nal and Goh@kiiddn®) S El"@ﬁqeﬁfoﬁ @1”&' ﬁdoﬁ%ﬁ@rt@tb%llﬁerﬁﬂaﬁ%@nd
joined together via the BspEl site. he N-term nal half was constructed

as follows: a NdegigpidaYd SG‘BE@el [Th?d’on@m)ed spayencesy#nt used tocreplagesthe ¥ and
ol i gonucl eqpi de s@c%.?e%cé@ﬂrg h&%@ﬁélﬂgx Qés%b e\%%{jc&talmﬁ% frlr%ﬂ Eﬁm\éége T‘ﬁgl on (SEQ

I D no. 26). The tenplate was
Primer (SEQ ID rs. e@sl)cer,saahlm}ﬁm iféill consant eegivn agm,iomiq g@quameeamﬂobe (45-

mer) encodi ng a%fggt@f?l rlge]g' %p%gTﬁé ﬁ}le{f fenew c'ilgig fgﬁressll_ e%‘%)r 15 eilﬁréat\%iq e primer

overlaps with the ate Prlner
(SEQ I D no. 29) mSQprSspﬁMhhetl c anti-sense-strand oligonucl eoti de
(40-mer) encoding amno acid 45 - 57. The priner overlaps with the terrpl ate
by 21 nucleotides. The N-tenplate (SEQ ID no. 27) was PCR-anplified using
the 5° and13' prd corstnsethe FBEStINR tight cBfin &aif)e 1dgion geib@RrdSEd IDehni ques
and procedures. 2:‘3; h . . e .

, the full length VL variable region sequence is divided into two halves.
The N-terminal and C-terminal halves are assembled separately by PCR and

joined together via the BspEI site.

20 The N-terminal half was constructed as follows: a N-template (SEQ ID no. 27)
is a synthetic sense-strand oligonucleotide (129-mer) encoding amino acid 9 —
51 of the VL region (SEQ ID no. 26). The template was PCR-amplified by

two primers:

25 The 5’ Primer (SEQ ID no. 28) is a synthetic sense-strand oligonucleotide (45-
mer) encoding amino acid 1 — 15 of the VH region. The 3’ end of the primer

overlaps with the 5’ end of the template by 21 nucleotides.

The 3* Primer (SEQ ID no. 29) is a synthetic anti-sense-strand oligonucleotide
30 (40-mer) encoding amino acid 45 — 57. The primer overlaps with the template

by 21 nucleotides.

The N-template (SEQ ID no. 27) was PCR-amplified using the 5’ and 3’
primer set (SEQ ID no. 28 & 29) using standard techniques and procedures.
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WO 03/ 002607 PCT/ USO02/ 18512 The C-termnal half was constructed as
follows: a Ctenplate (SEQ ID no. 30) is a synthetic sense-strand

ol i gonuclwotmde2602120- ner) encodi ng anmno acid 61 - 100 ofPCrhisod/14512 egi on
(SEQ ID no. 26). The tenplate is PCR-anplified by 5 two priners: The 5
Primer (SEQID no. 31) is a synthetic sense-strand ol i gonucl eotide (43-
mer) encoding amno acid 54 - 67 of the VHregion. The 3" end of the priner
overlaps with thEheKS-t@mi:hablﬂalf\ha doastpicat] @s fofloRd: anCredngddte (REQ IM1Ho. Bhep 3
Primer (SEQ I D no, t|c nth e-strand. ol i gonuc] eoti de
(42-ner) encodi H&aﬁ?ﬁtﬁ%m S@F?‘f ’A‘p ougPgYe %%“%2%58%0 e 2 ‘ifi“{ %Jer and
the tenpl ate overl@pofagie ¥H rgidhSEQdPsio. 18). The ténplelnd PCR-ammPER:d 6y no. 30)
was PCR-anplLified using the 5 and 3" prinmer set (SEQ ID no. 31 & 32)
usi ng standard t@eRHMEes and procedures. For the construction of the
FR-patched i F5 VL donai n the N—terrpl ate, (SEQ 1D no. 27, 129-ner),
C-template (SEQ 1D no. Q-ner),. and their 20 respectl ve 5' - and 3'

primers (SEQ I DHE. 52@“82@2§EQ)I(D 1e-Behis payehetispansestipnd ghigapncipptide @3- f or
C-tenpl ate), \Aerrﬁerfmbhﬁglam R m@pmﬂ@meg}eﬁl irfds’ eﬁh%ﬂﬁﬁ:ﬁ)ﬁmeﬁm DNA

synthesi zer. The ol igonucl eotides were desalted by passing through a
CHROVOSPI N- 10TM etlansvithche i eand of the tepnplate by Rhovaledtides i des wer e adj ust ed t o
a final conpgentration of 20 M One | of 25 tenplate oligonucleotides at
various dilutions (10X, 100X, 1000X and 10000X, etc.) were mxed with 5 |
of their correspbed’ ri’ginfelréﬁfﬂ@ Hgnpr32r)5m&synﬂletic mgisprsesgackolighmklotidof | Ox PCR

Cu {1 (50 T ok BT Ukl U465 B RS AMBGIRY 2 ©

units of AMPLIT nerase ( erkl n

was adjusted to thefenmﬁte&&rlmbwhbnmleomd&’s gl and subjected to 30 cycles of
PCR reaction consisting of denaturation at 94C for 1 mnute, annealing at
50C for 1.5 mnutes, and polynerization at 72C for 1 mnute. The PCR

reaction nilft ur eThseCeempinal (PEQAININCEB0)2¥as2BER sHlified ushgGhd OPhRT 85is. The

I iluti
hi ghest tenpl at eplrllljnelr lélét (gng I]_S) no. 31 & 32) using standard techniques and procedures.

For the construction of the FR-patched 1F5 VL domain, the N-template, (SEQ
ID no. 27, 129-mer), C-template (SEQ ID no. 30, 120-mer), and their
20 respective 5°- and 3’ primers (SEQ ID no.28 & 29 for N-template, and SEQ
ID no.31 & 32 for C-template), were synthesized on an automated Applied
Biosystem 380B DNA synthesizer. The oligonucleotides were desalted by
passing through a CHROMOSPIN-10™ column (Clonetech). The
oligonucleotides were adjusted to a final concentration of 20 uM. One pl of
25 template oligonucleotides at various dilutions (10X, 100X, 1000X and
10000X, etc.) were mixed with 5 pl of their corresponding flanking primers in
the presence of 10 pl of 10x PCR Buffer (500 mM KC1, 100 mM Tris.HCl
buffer, pH 8.3, 15 mM MgCl) and 5 units of AMPLITAQ™ DNA
polymerase (Perkin Elmer). This reaction mixture was adjusted to a final
30 volume of 100 pl and subjected to 30 cycles of PCR reaction consisting of
denaturation at 94°C for 1 minute, annealing at 50°C for 1.5 minutes, and
polymerization at 72°C for 1 minute. The PCR reaction mixture were

analyzed under 2% agarose gel electrophoresis. The highest template dilution
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WO 03/ 002607 PCT/ USO02/ 18512 that gave rise to sufficiently abundant
product of the right size would be chosen for further processing.

Doubl e- stwardeeePCR- anpl i fi ed products for the N and Ct ecplesorsssaere 5
gel -purified, restriction-digested with Spel site. The N~ and C-double

stranded DNA ' a he .BspEl fi.ed _us the 5'
primer for themqkﬁect%akg%as?go(s lepﬂyﬁgl} Brﬁgu(? gtgn%ﬁbﬁ e P8 #dnl?en

C-tenpl at e ( SEQ dhbsemdor fuithdr prothsingCR product with a size of -320 was
directly cloned into the TA cloning vector (Invitrogen). The sequence of

t he cl oned fragnent was 10 confirnmed by Sanger's nethod (Sanger et al., op.
cit.) to be i dermiubsd- stfaﬁddthCRaﬁ@hgeegro\dhctsefaualeqe anthe-tefpihics RREL sequence
was used to_repl af eq(klence of a |I%ht chai n expreSS| on vector

contai ni ng an | g4 BF ”é’?mc"é?P 1gested yidyRist siteq The faAndkariguble §rededt regi on

genoni ¢ 5equenCQDNAHﬁbrélhgaﬂécEﬁttﬁ@B@)EIHii’é |éﬁ‘d amPi¥iEbd um td 5134rmlelr %}tthechal n
expression vectaqr is _desi gnat ed as pP1lF5pSMK. 3

PCT/ US02/ 18512 Nwieseplite (JFQ UAwe. 1?%andifhe % Rr@leérﬁqth%Grt@nplaf@r(SEQ éla@@or k

(FR) - pat ched i ngoghe peir ?KOd&QQ\IIﬁ’lI Dot DR0NGAVHreBMALBhed Hnfthe G2 N

vari abl e regi on sequences rom a parent antibody,” in which at |east one
of the conpart nedeErg yeeior (lawidines. s&brispaence dbfthenelned fARLentFR®S FR3 and
FR4 are replac r n f ences from
the heavy ggd ||e°§ ?H%eﬁmﬁ%]%mﬁﬁls hggﬁﬁlﬁélj\i%%?égﬁ) E@t r)e%%%ﬁﬁ%%aﬁg ferent
speci es, wher ei riesighedl Yb-seqngieee éfhectonfimmed cgduehed was @h@tmeﬁlacecmawm ses

ramevor k seauengemgest ol AT SRk AR kot SRR can b
sourced from di feﬁlbatr@mt, a hunman kapgpla @b odtant segin gehanﬁ:asﬁ@ea@e@nces sédctableom
different inmung |ns f e speci es, an FR- pat ched 15
i mrunogl obul i n Bi %% Tiﬁ%afd aé/ I{géﬁ hal 0 PPIEHOVE Orafsf r&ﬁ?lw%%

15 hplFSpSMk
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conparable to, or within 3-fold of, that of the parent imunoglobulin. 2.
A re-engi neered, or FR-patched i nmunogl obulin according to claiml, in

whi ch t hewpasiwoat ar FR chosen for patching or replaci ng eazxhuso2m,s12
corresponding FR in the parent inmmunoglobulin: a. exhibits the highest
degree of honol . t .l.east 60% to the corresponding parent FR b.
exgi bits identi é\g?{atégélﬁ%ﬁgés'homl ogy to the corresponding 25 parent FR at
the three am no acids i mediately adjacent to the flanking COR s; and c.
contains identical am ne-agimdeicd, tdre femidn@spoER)giched efmimin8ghbuliposi ti ons

known to be cl ose to, or. havg }ilnt er tiloHs wth.the CDR s/antigen binding
site, as eval uated by UBWPERF gy IeAteham pupble region sequsress 898h1 i shed

informations or priofa pRXPemtiBeEe itV 83180280 of Red cbigPZiddmlized 3. A
re- engi neered, or FRgglatchgg i mrunogl.obulin according to claim11, in which
the particul ar FR chd@BWPEy sperassnteited raspiRbi HZ-cBRY andofR4s@endi ng FR

in the parent Immnogélﬂ&@h,ld}:pa&h@dgyzmlcbhésﬁoﬁ&%ﬁhﬂa@&k sHRBR&S R honol ogy,
or at least 60% to the corresponding parent ; b. exhibits identical
sequence honol ogy t o ndeddr pik pishtichgn igapuwaglomping patighle fregion &fito aci ds

i nredi at el y adj acent g@urdifiQpedids@ MR %r@-énﬁ%rehOinﬁnungngBlﬁinnaaa'irgent i cal
amno acid to the correspondi ng parent FR at ~ positions kKnown to be cl ose
to, or havéd0Qi nt er act icomprises tfrpmeiiork erRencen detivedrfdm ntlilqast tict diffewst eval uat ed

e N e L e ek
to claim immunoglobulin  chains can be sourced from different
immunoglobulins of the same species or from different
immunoglobulins of different species, and such FR-patched
15 immunoglobulin binds specifically to an antigen with affinity

comparable to, or within 3-fold of, that of the parent immunoglobulin.

2, A re-engineered, or FR-patched immunoglobulin according to claim 1,
in which the particular FR chosen for patching or replacing each

20 corresponding FR in the parent immunoglobulin:

a. exhibits the highest degree of homology, or at least 60%, to the
corresponding parent FR;
b. exhibits identical sequence homology to the corresponding
25 parent FR at the three amino acids immediately adjacent to the
flanking CDR’s; and
c. contains identical amino acid to the corresponding parent FR at
positions known to be close to, or have interactions with the
CDR’s/antigen binding site, as evaluated by computer
30 modeling, crystal structure, published information, or prior

experience
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(1), in which the particular FR chosen for patching or replacing each
corresponding FR in the parent inmmunoglobulin: 20 a. exhibits the highest
degree ofwbeawodwgy, or at |east 60% to the correspondi ngCparsenmisseR, b.
exhi bits the highest degree of sequence honol ogy to the corresponding

parent FR, prefeyably, 100% or .contain conseryvati.vel imlar _amno
acids, such as, e3{jl y, ‘hfesnengpred; (FESR %%F%ngg%?{(’%&‘lﬁ?ccﬁgﬁ?gn%@icﬁfmger, thr;
lys, arg; and phe, tyin,wlith tlieepirticde FRndhosenafor datchingest aipRkiigadi@cent to
the flanking CDR's; and_ c. .coﬁai s identi cal 1ol conservatively simlar
ami no acids (as |ist&qTPRORYing Eb?“ef’?fe’ﬂtﬁ’é‘m&‘{}?g% ndi ng parent FR at
positions known to be close to, or have interactions with the 30
CDR s/ antigen binding site, .as eval uated by conputer nodeling, crystal
structure, published i n?'oreﬁlﬁ&itsoth? ﬁ’@ﬁesbii‘?%‘?e of hepalagirfr et least @yt the 2607

PCT/ US02/ 18512 5. A re-eegtirggg&{d%%paggmfﬁf pat ched i nmunogl obul i n accordi ng
to claim (1), in which the particul ar FR chosen for patching each
corresponding FR in the gakbiR ideptishseuusben hamolgy. to ethpi doimpspondiag hi ghest
degree of honol ogy, or at pheastr 80 (6 allifo a&&éﬁ?ﬁ%%%h% Q%a&ﬁ{%q}m FR, b.
exhi bits the highest degree of sequence honology to the orrespondi ng
parent FR preferably 100%anigng €BR{saps conservatively sinilar anmino acids
(as listedpn claim4b),at : -am ' gg@@ jacent to
the flanking CDR s; and c?ﬁ%g%gdg?t%gﬁrﬁgﬁggéﬁbg?“‘% nser@%?éln\}//g %si m | ar
amino acids (as |isted i postigisrindivh to de tchme ¢orordmpo idémgiopamdthtth&R at
positions known to be CI%, o...0r have interactions wth the 15
CDR s/ anti gen binding sité€; ags/aliet{%g]ilugltne@gbﬁlt%oﬁf)uf‘éalluaté@f by ~compiyter
modeling, crystal structure, published information, or prior

experience.
15
4, A re-engineered, or FR-patched immunoglobulin according to claim
(1), in which the particular FR chosen for patching or replacing each

corresponding FR in the parent immunoglobulin:

20 a. exhibits the highest degree of homology, or at least 60%, to the
corresponding parent FR;

b. exhibits the highest degree of sequence homology to the
corresponding parent FR, preferably 100%, or contains
conservatively similar amino acids, such as, gly, ala; val, ile,

25 leu; asp, glu; asn, gln; ser, thr; lys, arg; and phe, tyr, at the three
amino acids immediately adjacent to the flanking CDR’s; and

¢. contains identical, or conservatively similar amino acids (as
listed in claim 4b) to the corresponding parent FR at positions
known to be close to, or have interactions with the

30 CDR’s/antigen binding site, as evaluated by computer
modeling, crystal structure, published information, or prior

experience
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nodel i ng, crystal structure, published information, or prior experience.

6. A re-engineered, or FR-patched i mmunogl obulin according to claim1, 20
2, 3, 4 awoo030ewnt ai ni ng the heavy and/or |ight chain varpabltSor/esFion
sequences froma parent antibody, in which the particular FR chosen for
pat chi ng each cofrespponding FR.in e rent i ogl obul i.n caonpri ses
re-introduced aé‘no a&c)ir%gn Pt ﬂ%kgé’ﬁgzﬁ?ff%ﬁh%&%ggﬁIafc??rdl?% k outside
the Rabat and Chot hi 1)CBRshiciMierpaititulbhER bhsskn 2 pawhiap esthassirepoadingls repl ace
correspondi ng am no jds,in the at chi FR, which is the particular FR
derived froma di ffe%&‘fﬁhe‘s%aﬁ?négnﬂg%o ?quﬁlgpatchi ng, or that replaces the
original FR of, the parent inmmunoglobulin, and each of said back nutated
am no acids:; 30 a. is adjacent to a CDR in the donor i nmunogl obulin
sequence, oP b. contai ?lseélﬁglést%?rp\&msﬁii%T§inh§?’3W% ‘613”&3%68 % Q@MHOR in said
re- engineered i mmunogl obubirdpdindPaeedk PR2607 PCT/ US02/ 18512 7. A

re- engi neered, or FR-patched | nmunogl obulin according to claiml, 2, 3, 4

and 5 containing the hebvy<kbid e Pighert domse nok sequanscehoraglpsn to geguences
froma parent antibody, i RoMp&HHideGaRAE {FEULRLERyCHOGRN orf AniAl Chi NG
each corresponding FR in the parent i mmunogl ocbulin’5 conprises
re-introduced am no aci ds conrservetivedy patlenaminerpgidiogs bised inrclaimrdbyavtbs k out si de
the Kabat ggd Chothia e el ] hgs. repl ace
correspondi ng am no aci ds n ‘he. élcBdastlc |e§%?e ﬁ%ﬁ@ﬁ%@ﬂ%ﬁc&g@ﬁ}%wl ar FR
derived froma different sadirce used for patching, or that replaces the

original FR of, the paren OJ globulin,. and.each of said back

nut ated am no acids: a. 8i Iis:o%lté’jtn)%l(lz:eenbpa?’ooracoafﬁiV a}tlﬁ’g]phsémﬁ%rn%lplnprﬁ?ﬁg()(ﬁﬁ obul i n
sequence, or b. contai nslisted &t daimnitt)hb theacotiiesioadiag pakntSFRanfosRioddR i n sai d
re- engi neered i nmunogl obllélll(imrllﬁ %5

-

be close to, or have interactions with the
15 CDR’s/antigen binding site, as evaluated by computer
modeling, crystal structure, published information, or prior

experience.

6. A re-engineered, or FR-patched immunoglobulin according to claim 1,

20 2, 3, 4 and 5 containing the heavy and/or light chain variable region
sequences from a parent antibody, in which the particular FR chosen

for patching each corresponding FR in the parent immunoglobulin

comprises re-introduced amino acids from the parent immunoglobulin

framework outside the Kabat and Chothia CDRs, wherein the back

25 mutated amino acids replace corresponding amino acids in the
patching FR , which is the particular FR derived from a different

source used for patching, or that replaces the original FR of, the parent

immunoglobulin, and each of said back mutated amino acids:
30 a. is adjacent to a CDR in the donor immunoglobulin sequence, or

b. contains an atom within a distance of 4 A of a CDR in said re-

engineered immunoglobulin
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8. A re-engineered, or FR-patched i munogl obulin according to claim1, 2,
3, 4 and 5 containing the heavy and/or light chain variable region
sequenceswDrosvmopar ent anti body, in which the particul ar PERUGSasssm2 f or
pat chi ng each corresponding FR in the parent imunogl obulin 20 conprises

re-introduced amg no acids fromthe_parent.imunoglobulin. fr rk outside
t he Kabat and crr?m hi ZA B ,ne%ﬁn%roégﬁﬂaﬁc e%&%‘%““°ﬁ8@5’?’é%“8@f‘}$&°§gﬁa > repl ace
correspondi ng am no a&cidps ahd Stdoatainirat thé hedyyFmd/oniiighthchai taiigblpagdidicul ar FR
derived froma different soyrce wused for, patchi or .that_repl aces the
or 1 gl nal R of , t he. paERtes 156 b RGHOuHBIGE oh v BECR TP tack
mut at ed anmi no aci ds: fer p&tShiﬂ@je&QﬁEﬁrrefslﬁmdian{ iR thd)Pad@NBEmi¥BeB@e obul i n
sequence, or b. contains an atomw.thin a, distance of 6 Aof_ a CDR in said
re- engi nee?_ed i mun&GTMEBRS ir‘ﬁ.mtr_ﬁé“‘@d amu}oeacgqgffq%g}eéa{enbpnmoglgpglﬁbd
i munogl obul i n accor diRwbtk GhiSiéNtHe Kabht add Chofi CDRGOGhEERI MO bhile heavy
and/or light chain variable region sequences froma parent antibody, in
whi ch the particul ar "melehosEro aesls\Wopbsy gupewpniicy) agog/ g1 theor
pat chi ng each Co_rres&ﬁ&ﬂfn@@R’f@hﬂcHisttﬂc,epé?ﬁéﬁé}tFKm?@%&ﬁgtﬂiff ent SAIRY | S€s
re-introduced amno acids fromthe parent 1 nmmunoglobulin ramewor k out si de
t he Kabat and Chot hi as@Ofey, paighingeion thitereblaeds thenariginall FRnofi dhagast r epl ace
correspondijgg am no i i he t ¢hi. E@l Ech. i e particular FR
derived froma di ffe?%#?lﬁ%%ﬁbrl%lg’ anﬁs?g Ofcfgélaggtc ?t\‘r{l\%{iglglrnotsdﬁ%g%]' repl aces the
original FR of, the parent inmmunoglobulin, and each of said back nutated
am no acids: a. is adjacent tq CD8E' n_t.he donor | nogl obul i n sequence,
or 10 b. is capable of”i g ag%%fconag WktlﬁEhgﬁjloﬁ%rlrélg}UBé%%? REENR" or c. is
typical at its positionb.f esntiiheaspeniviin dishacers & ofh @DIR saghesen for
t he patching, and the replaced anmino acid in the said FRis rare at its
position for the species PPORREliIemEUppgEolslin;

15

8. A re-engineered, or FR-patched immunoglobulin according to claim 1,

2, 3, 4 and 5 containing the heavy and/or light chain variable region

sequences from a parent antibody, in which the particular FR chosen

for patching each corresponding FR in the parent immunoglobulin

20 comprises re-introduced amino acids from the parent immunoglobulin
framework outside the Kabat and Chothia CDRs, wherein the back

mutated amino acids replace corresponding amino acids in the

patching FR, which is the particular FR derived from a different source

used for patching, or that replaces the original FR of, the parent

25 immunoglobulin, and each of said back mutated amino acids:

a. isadjacent to a CDR in the donor immunoglobulin sequence, or
b. contains an atom within a distance of 6 A of a CDR in said re-
engineered immunoglobulin.
30
9. A re-engineered, or FR-patched immunoglobulin according to claim 1,
2, 3, 4 and 5 containing the heavy and/or light chain variable region

sequences from a parent antibody, in which the particular FR chosen
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derived. 15 10. A re-engi neered, or FR-patched i munogl obulin according to
claimi1, 2, 3, 4, 5, 6, 7, 8 and 9, which specifically binds to an
anti gen vwohsameoaffinity of between 107 M1 and 1011 M 1 PR0/US02/18512
re-engi neered, or FR-patched i munogl obulin according to claim1, 2, 3, 4,

5 6, 7, 8, and 9, ich ecifically bind Q antigen wt n affinity
of between 108 M'1 \gﬁjﬂr RYS n%eiChl?n%PorI‘gl-ng%é ﬁ%gﬂ%ﬁ?reﬁt?m?—*ﬁ}’ﬁﬁ{g@ﬁl&j .
i mrunogl obul i n accor dbigrifes r&intotuckd amz atidsFronfttheparet infmurdglodiligh 9 whi ch

is substantially pure. 13. A phgrnmcgutical ¢onposition conprising a
re-engi neered, or FR%aBEE”(‘?H‘eB'%FlmogF ﬁpﬁﬁﬁ’ﬁgg%%@&?ﬁgwpﬁe@ltﬁﬁ?ﬁ‘i@ 2, 3, 4,
5 6, 7, 8, and 9 i AndatpdaiiiBE i¢idsCtplare aoBORioalne AAN61 &hds 0 A A

met hod of constructing ﬁ‘ re-engj neered, or FR-patched inmunogl obulin
according td claj m 1paghing FRqwhigh isgthe P%“l‘ﬂl,laréwd‘ge@"?%ﬁ?m\ﬂi41ﬁferel¥té@lﬁéfé t he

percentage of amino agid e Sor AB41 I\é?ﬁcésr@imﬂg%awkeeﬁ thé g‘&ﬂ;ﬂpg' obul'in.
44 WD 03/ 002607 PCT/ US02/ 18512 15. A nethod of constructing

re-engi neered, or FRIpEMBeEebulinmIdsathol srid hackcewr@i myinogcidsai m 1, 2, 3, 4,
5 6, 7, 8, and 9 that will reduce the inmunogenicity of the

re-engi neered, or FR-patched 5 inmmunogl obulin, when used in the intended

speci es (for exanple hunisfdjacestpuePg i thetdontr iminunbgopdinaeduence, or

i munogl obyhin. 16. A re- %r]:gk%%e&q&eliam

in.of claiml, designated
hpRFB4. 10 17. A re-enginee I MuNog %81%%%%?8% lgitﬁﬁ@?ﬂd@gignated

hplF5. 18. A conpositi on dotypicalsitnigp pdséionefoetigi speeieeds ienpaniglaplHrn of cl aim
16, or 17. 15 19. A pharmaﬁeut' cal ¢ osi t.ion conprising.the re;engi neered
i nunogl obi n of claim 16, cHose ff)-rﬁlepa%%g, and t ereplaégc)i amino gcuI m the salde

FR is rare at its position for the species from where the FR is

derived.
15
10. A re-engineered, or FR-patched immunoglobulin according to claim 1,
2,3,4,5,6,7, 8, and 9, which specifically binds to an antigen with an
affinity of between 10’ M and 10" ML,

20 11. A re-engineered, or FR-patched immunoglobulin according to claim 1,
2,3,4,5,6,7,8,and 9, Which specifically binds to an antigen with an
affinity of between 10° M and 10'° M.

12. A re-engineered, or FR-patched immunoglobulin according to claim 1,

25 2,3,4,5,6,7, 8, and 9 which is substantially pure.

13. A pharmaceutical composition comprising a re-engineered, or FR-
patched immunoglobulin according to claim 1,2, 3, 4, 5, 6, 7, 8, and 9
in a pharmaceutically acceptable carrier.

30

14. A method of constructing a re-engineered, or FR-patched
immunoglobulin according to claim 1, 2, 3, 4, 5, 6, 7, 8, and 9 that will
reduce the percentage of amino acid sequences derived from the parent

immunoglobulin.
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20. A nethod for treating a subject with a cancer which over expresses

CD22 conprising admnistering to the subject an effective amunt of a 20
re- engi newoad/odzsnunogl obul in of claim 16. 21. The met hod eCTaisat/ms2D, where
the cancer is Non-Hodgkin's |ynphoma or rheumatoid arthritis. 25 22. A

met hod for treating a subject with a cancer which over expresses CD20
conprising adm nistering to the subject an effective amount of a

r e- engi neer ed imrﬂnoghobmbﬂhad Ofofl(llcaﬂlsl’ﬁlatﬁ}g 2:3. ﬁeT&glﬁ%go%I?LFE{patbmdgi X/here
t he cancer i s Non-Hod 30 oma or rheumatoid arthritis

met hod for treating ag?ﬂb‘]‘o&"tbu\mi‘%n’gh%%@mw Shdov &r 7:Sx pdes balswilly

anti gen which causes tdifces AL ShmaAGIRMICRY NG ABTabShRkieAd oTrOFRJa@tché&S WO

03/ 002607 PCT/ US02/ 18512 subj ect wth an effective anount of

re- engi neered i munogBYIElPbulhi ¥hen SsedafaBieeintondest mercicy @‘émleant i gen

according to clai m 1. hffan), compared to that of the parent immunoglobulin.
16.  Are-engineered immunoglobulin of claim 1, designated hpRFB4.

10 17. A re-engineered immunoglobulin of claim 1, designated hplF5.

18. A composition comprising the re-engineered immunoglobin of claim
16, or 17.
15 19. A pharmaceutical composition comprising the re-engineered

immunoglobin of claim 16, or 17.

20. A method for treating a subject with a cancer which over expresses
CD22 comprising administering to the subject an effective amount of a

20 re-engineered immunoglobulin of claim 16.

21.  The method of claim 20, where the cancer is Non-Hodgkin’s
lymphoma or theumatoid arthritis .

25 22. A method for treating a subject with a cancer which over expresses
CD20 comprising administering to the subject an effective amount of a

re-engineered immunoglobulin of claim 17.

23.  The method of claim 22, where the cancer is Non-Hodgkin’s
30 lymphoma or theumatoid arthritis .

24. A method for treating a subject with a cancer which over expresses an

antigen which causes the cancer comprising administering to the
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subject with an effective amount of a re-engineered immunoglobulin

which is capable of binding to said antigen according to claim 1.
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