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HtJKANISED ANTIBODIES 

F~eld of the Invention 
The present 1nvention relates ~o h~ised antibody 
molecules, to processes for their production ua1ng 

recombLnant DNA technoloqy, and to theLr therapeutic usee. 

The term •hnmaoiaed antibody molecule" ia aaed to describe 

a molecule havinq an antigen binding site derived from an 

~oqlobulin from a non-human species, and remoininq 

~oglobul~-derived parts of the molecule being der1ved 
from a human i=munoglobulin. The antigen binding s1te 
typically comprises complementarity determining regions 

(CDRs) which determine the binding specificity of the 
antibody molecule and which are carried on appropriate 
framework regions in the variable domains. There are J 

CDRs (CDR!, 'CDR2 and CDR3) in each of the heavy and liqht 

chain variable domains. 

In the description, reference is made to a number of 

publications by number. The publications are listed in 

numerical order at the end of the description. 

Background of the Invention 

Natural jmmunoglohulins have been known for many years, as 

have the various fragments thereof, such as the Fab, 

(Fab')2 and Fe fragments, which can be derived by 
enzymatic cleavage. Natural immunoglobulins comprise a 

generally Y-shaped molecule havinq ·an antiqe.n-bi.ndi.nq site 

towards the end of each upper arm. The remainder of the 

structure, and particularly the stem of the Y, mediates 

the effector functions associated with immunoqlobulins. 

Natural immunoqlobulins have been us.ed in assay, diaqnosis 

and, to a more limited extent, therapy. However, such 

uses, especially in therapy, were hindered until recently 

by the polyclonal nature of natural immunoglobulins. A 

significant step towards the realisation of the potential 
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of t D"'nmoqlohu.U.na aa therapeutic agenta waa the ~covery 
of proce<lu.re.a for the producti.on of monoclonal. antibodies 
(~a) of defined apecifici.ty (1). 

HoWever, moat MAbs are produced by hybridomaa whi.ch are 

fasiona of rodent spleen cella with rodent myeloma 
cella. They are therefore essentia11y rodent proteins. 
There are very f~ reports of the production of human MAba. 

Since most available HAbs are of rodent oriq:i.n, they are 
naturally antigenic i.n humans and tbua can gi.ve rise to an 
undesirable i mmnne response termed the BAMA (Duman 

Anti-Mouse Antibody) response. Therefore, the use of 

rodent MAbs as therapeutic agents in humans is inherently 
l~ted by the fact that the human subject will mount an 
Lmmunological response to the MAb and will either remove 
it entirely or at least reduce its effectiveness. Xn 

practice, M.Abs of rodent origin may not be used in 
patients for more than one or a few treatments as a BAMA 
response soon develops rendering the MAb ineffective as 
well as giving rise to· undesirable reactions. For 

instance, OKT3 a mouse IgG2a/k MAb which recognises an 

antigen in the T-cell receptor-CD3 complex has been 
.. . 

approved for use in many co~ntries· throughout the worrd · 

as an immunosuppressant in the treat=ent of acute 
allograft rejection (Chatenoud et al (2) and Jeffe~s et al 
( 3) ] • However, i.n view of the rodent nature of thi.s and 
other such KAbs, a significant BAMA response which may 

include a majo.r anti-idiotype component, may build up on 
uae. c~~arly, it would be highly desirable to djmjn;sh 

or abolish this undesirable BAHA response and thus enlarge 
the areas of use of these very useful antibodies. 

Proposals have therefore been made to render non-human 

MAbs lesa antigenic in hWDAns. Such techniques can be 

geiJerieally termed •hnman.i sation• techniques. These 
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technJ.quea typical.ly .involve the use of recombinant DNA 
technology to manipulate DNA sequences encoding the 
polypeptide chaine of the antibody molecule. 

Early methods for hnmani sing HAba involved production of 
chimeric antibodies in which an antigen bindinq site 

comprising the complete variable domains of one antibody 
is linked to constant domains derived from another 
antLbody. Methods for carry~g out such chimerisat~on 

procedures are described in BP0120694 (Celltech L~ted), 
EP012502l (Genentech me. and City of Hope), BP-A-0 171496 
(Res. Dev. Corp. Japan), EP-A-0 173 494 (Stanford 
University), and WO 86/01533 (Celltech Limited) •. This 
latter Celltech application (WO 86/01533) ~scloses a 
process for preparinq an antibody molecule havinq the 
variable domains from a mouse MAb and the constant domains 
from a human immunoglobulin. Such humaniaed chimeric 
antibodies, however, still ·c~ntain a siqnificant 
proportion of non-human amino acid sequence, i.e. the 
complete non-human variable domains, and thus may still 
elicit some RAMA response, particularly if administered 
over a prolonged period (Bagent at al (ref. 4)]. 

In an alternative approach, described in EP-A-0239400 
(Winter), the complementarity determining regions (CDRs) 
of a mouse MAb have been grafted onto the framework 
regions of the variable domain• o£ a human L=munoglobulin 
by site directed mutagenesis usLng long oligonucleotides. 
The present invention relates to humanised antibody 

molecules prepared according to this alternative approach, 
i.e. CDR-grafted humariised aptibody molecules. Such 

CDR-grafted humanised antibodies are much less likely to 
give rise to a HAMA response than humanised chimeri~ 
antibodies in view of the much loWer proportion of 
non-human amino acid sequence which they contain • 

. ' 
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The earliest work on bnment si.nq NAbs by CDR-qra£ti.ng was 
carried out on HAbs reeoqni.si.nq synthetJ.c antigens, such 
as the NP or Nl:P antigens . However, ex•mples J.n whi.cb a 
mouse HAb recoqnisi.nq lysozyme and a rat ~ recoqnisi.ng 
an antigen on huma.a T-cells were httman~sed by CDR-qra£tJ.ng 
have been described by Verhoeyen et al ( 5) and Riechmenn 

et al (6) respectively. The preparation of CDR-grafted 
antibody to the antigen on bwaa.a 'f' cell.s is also described 
in WO 89/07452 (Me~al Research CouncL!). 

rn RJ.ecbmana et ~/Medic&! Research Council it was found 
that transfer of the CDR regions alone (as defi.ned by 

Kabat refs. (7) and (8)} was not sufficient to provide 
satisfactory antigen bi.nding activi.ty in the CDR-qrafted 
product. Riecbm•nn et al found that it was necessary to 
convert a serine residue at position 27 of the human 
sequence to the corresponding rat phenylalanine residue to 
obtain a CDR-grafted product havinq improved antiqen 
binding activity. This residue at position 27 of the \ 

heavy chain is within the structur&l loop adjacent to 

CDR!. A further construct which additionally contained a 
human serine to rat tyrosine chanqe at position 30 of the 

heavy chain did not have a significantly altered binding 
activity over the hnmanised antibody witb the ser.ine to 

phenylalanine change at position 27 alone. These results 
indicate that changes t .o residues of the human sequence 

outside the CDR regions, in particular in the structural 

l.oop adjacent to CDRl, may be necessary to obtain 

effective antigen bindinq activity for CDR-grafted 
antibodies which recognise more complex antigens . Even 

ao . tbe b;nd1ng affinity of the .best CDR-grafted antibodies 

obtained was still. aiqnifi.cantly leas than the original 

MAb. 

Very recently Queen et al (9) have described the 

preparation of a hnmaniaed antibody that binds to the 
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J.nter~aulc.in 2 receptor, by combLn.i.ng tha CDRa of a marine 
MAb ( &.llti-Tac) with hWDAD i mmgaoglobul.in framework and 
constant regions. The -human framework regions were 
chosen to maximise h~logy with the anti-Tac HAb 

sequence. In addition computer model~ing was used to 

identify framework amino acid residues which ware lLkely 

to interact with the CDRa or antigen, and mouse amino 
acids ware used at these positions in the hmaaaiaed 
Alltihody. 

In WO 90/07861 Quean at al propose four criteria for 

desiqning humaniaed immunoqlobulins. The first criterion 
is to use as the human acceptor the framework from a 

particu~ar .human Lmmunoqlobulin that is unusu~ly 
·homologous to the non-human · donor immunoglobulin to be 

humanised, or to use a consensus framework from many human 

antibodies. The second criterion is to uae the donor 

amino acid rather than the acceptor if the human acceptor 
r .esidue is unusual. and the donor residue is typical. for 
human sequences at a specific residue of the framework . 

The third criterion ia to use the donor framework amLno 
acid residue rather than the acceptor at positions 

immediately adjacent to the CDRs. The fourth criterion 

is to use the donor amino acid residua at framework 
positions at whl.ch the a.m.lno acid is .predicted to. have a · 

si.de chai.n atom withi.n about 3 A of the CORa in a' 

three-d.imenaionu immunoglobulin model and to be . capab~e 

of interacting with the antigen or with the CDRs of the 
bnmanj sed .immunoqlobulin. It is proposed that criteria 

two, three or four may be applied in addition or 

alternati.vely to criterion one·, and may be appli.ed singly 

,or in any combination. 

WO 90/078·61 describes i.n detai.~ the preparati.on of a 

sinqle CDR-grafted humaniaad antibody, a humanised 

antibody havinq specificity for the p55 Tac proteLn of the 
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IL-2 receptor. The c:ambina.ti.on of al.1 four criteri..a, as 
above, were employed J.n desiqn.i.Dq th.ia humani sed a..uti.bociy, 
the variable reqion frameworks of the human antibody Eu 
(7) be.inq used 48 ac:c:e~tptor. l:n the resultant hnmeniae<l 

antibody the donor CD~ a were as defined by Kabat et al ( 7 

and 8) and .in add.ition the mouse donor residues were used 

in place of the human acceptor re~idues, at position• 27, 
30, 4a, 66, 67, 89, 91, 94, 103, 104, lOS and 101 in the 
heavy cha..i.n and at positions 48, 60 and 63 in the liqht 

cha.i.n, of the variable reqion frameworbl. The hu.m.&ni.sed 
anti-'l'ac antibody obtained i.a reported to have an affJ..ni.ty 
for pSS of 3 x 109 Mll, about one-third of that of the 

murine HAb. 

We have further i.nvesti.qated the preparation of CDR­
grafted humani.sed antibody molecules and have identified a 
Mera.rchy of positions wi.thi.n the framework of the 

variable reqions (i.e. outside both th~ Kabat CORa and 
st~ctural loops of the variable reqi.ons) at whlch the 
ami.no acid identities of the ·residues are important for 
obtaining CDR-grafted products with satisfactory bindinq 
affi.n.ity. This ha.s enabled us to establish a protocol 

for obtaininq satisfactory CDR-qrafted products which may 
be applied very widely .irrespective of the l.evel of 

homoloqy between the donor immunoqlobu1.in and acceptor 
framework. The set of residues which we have identified 

as beinq of critical importance does not coincide with the 

residues identified by Queen et al. (9). 

Snmmacy of the Invention 

Accordingl.y, in a first aspect the invention provides a 
CDR-grafted antibody heavy chain havinq a variabl.e reqion 

domain comprising acceptor framework and donor antiqen 

bindinq regions wherein the framework comprises donor 

residues at at least one of positions 6, 23 and/or 24, 48 
and/or 49, 71 and/or 73, 75 and/or 76 and/or 78 and 88 and/ 

or- 91. 
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ID pre£erred embcKU menta 1 the heavy C~ £ram.ework 
campr1aea donor res1dnes at poa1tiona 23, 24, 49, 71, 73 
and 78 or at pos.itionli 23, 24 and 49. The residues at 

positions 71, 73 and 78 of tbe heavy chain framework are 
preferably either all acceptor or all donor residues. 

In particularly pre£erred embodiments the heavy ch~ 

framework additionally compr1aea d~nor residue• at one, 
soma or all of positions 6, 37, 48 and gc·. Also it .is 

particularly preferred that residnea at positions of the 

heavy chain framework wh.ic~ are commonly conserved across 
species, i.e. positions 2, 4, 25, 36, 39, 47, 93, 103, 
104, 106 and 107, if not conserved between donor and 

acceptor, additionally comprise donor reaidues. Moat 
preferably the heavy chain framework additionally 

comprises donor residues at positions 2, 4, 6, 25, 36, 37, 
39, 47, 48, 93, 94, 103, 104, 106 and 107. 

In addition the heavy chain fr&JD.ework optionally comprises 

donor residues at one, some or all of posit ions: 

1 and 3, 
72 and 76, 

69 (if 48 is different between donor and acceptor), 

•' 38 and 46 (if 48 is the donor residue), 
. 80 and 20 {if 69 is the donor residue), 

67, 

82 and 18 (if 67 is the donor residue), 

91, 
88, and 
any one or more of 9, 11, 41, 87, 108, 110 and 112. 

In the firat and other aspects of the present invention 

reference is made to CDR-grafted antLbody products 

comprising acceptor framework and donor antiqe~ binding 
regions. It will be appreciated that the invention is 

widely applicable to the CDR-qraftinq of antibodies in 
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geueral.. Thus, the donor and acceptor an~ea may be 
derived £rom antmala of the same species and eveu same 
anti.bod.y cl.aas or . aub-claaa. More uaua.ll.y, however, the 
donor and acceptor an~~·· are derived from anim•ls o£ 

different species. Typically the donor antLbody ia a 

non-huma..n antibody, such aa a rodent MAb, and the acceptor 

anti.body J.a a hum&D antibody. 

In the first ADd other aspects of the present invention, 
the donor antigen binding region typical.l.y comprises at 
least one CDR from the donor antibody. Osual.ly · the donor 
antigen binding reqion comprises at l.eaat two and 

preferabl.y all three CDRs of each of the heavy chain 
and/or light chaLn variable regions. The CORa may 
comprise the Kabat CDR•, the structural. ·loop CORa or a 
composite of the Kabat and structural. loop CDRs and any 

combination of an~ of these. Preferabl.y, the antigen 
binding regions of the CDR-grafted heavy chain variable 
domain comprise CORa corresponding to the Kabat CORa at 

COR2 (residues 50-65) ~d CORJ (residues 95-100) and a 
composite of the Kabat and structural. l.oop CORa at COR! 
(residues 26-35). 

The residue designations given above. and el.setoi'here .in ~he 

present appl.i.cation are numbered according to the Kabat 
nu.mberi.nq [refs. ( 7) and ( 8 J ] • Thus the residue · ·. 

designations do not al.waya correspond di.rectl.y with the 

l.inear numbering of the amino acid residues. The actual 
linear amLno acid sequence may contain fewer or additional 

a.mizlo acids than i.n the strict Kabat numbering 

· corresponding to a shortening of, or insertion into, a 

structural component, whether framework or CDR, of the 
~aaic variable domain· stru~ture. For exampl.e, the· heavy 

ch~ variabl.e region of the anti-Tac antLbody described 

by Queen et al. (9) contains a singl.e amino acid insert 

(·residue 52a) after residue 52 of CDR2 and a three amino 

Board Ass gned Page #481 
BIOEPIS EX. 1095 

Page 634



W091109967 PCT/GB90/0l017 

- 9 -

acid insert (residues 82a, 82b and 82c) uter framework 

residue 82, .in the Kabat numberinq. The correct Kabat 

numberLng of resLdues may be determ1ned for a gLven 

antibody by al.J.qumant :at regions of homology of the 

sequence of the antibody with a •standard• Kabat numbered 

sequence. 

The LllventJ.on also provLdes in a second aspect a CDR­

grafted antibody light chain having a variable region 

domain comprising acceptor framework and donor antigen 

binding regions wherein the framework comprises donor 

residues at at least one of positions l and/or 3 . and 46 
and/or 47. Preferably the CDR grafted light - ~hain of the 

second aspect comprises donor residues at positJ.ons 46 
and/or 47. 

The invention also provJ.des in a thLrd aspect a 

CDR-grafted antibody light chain havLilg a variable region 

domain camprising acceptor framewark and donor antigen 

bLnding reqions wherein· the frame~ork comprises donor 

residues at at least one of positions 46, 48, 58 and 71. 

In a preferred embodLment of the third aspect, the 

framework comprises donor residues at all of positions 46, 
48, 58 and 71. 

In particularly preferred embodiments of the second and 

third aspects, the framework additionally comprises donor 

residuaa at positions 36, 44, 47, 85 and 87. S~larly 

positions of the 1ight chain framework which are commonly 

conserved across species, i.e. positions 2, 4, 6, 35, 49, 
62, 64-69, 98, 99, 101 and 102, if ·not conserved between 

donor and acceptor, additionally comprise donor residues. 

Most preferably ·the light chain framework a~tionaLly 

comprises donor residues at positions 2, 4, -6, 35, 36, 3a, 

4 4, 4 1 , 4 9 , 6 2 , 6.4-6 9 , a 5 , a 1 , 9 8, 9 9 , 1 o 1 and 1 o 2 • 
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Xu a~tion the f~amework of the eeeoDd or third aspects 
opti.ona11y comprises donor reai.dues at one, same or ~ of 
poai.tJ.ons a 

1 and 3, 
63, 

60 (i£ 60 and 5& are able to foz:m at potential. sal.thridqe}, 

70 (i£ 70 and 2& are able to form a potential saltbri.dqe), 

73 and 21 (i.f 47 i.e different between donor and acceptor), 
37 and .45 (i.f 47 ia di.fferent between donor and acceptor), 
and 

any one or more of 10, 12, 40, 80, 103 and 105. 

Preferably, the antigen bindi.nq reqi.ona of the CDR-qrafted 
light chain variable domain comprise CDRa corresponding to 

the Kabat CDRs at CORl (residue 24-34), CDR2 (residues 
S0-56} and CDR3 (residues. 89-97). 

The invention furthe~ provides in a fourth aspect a 
CDR-grafted antibody molecule comprising at least one 

CDR-grafted heavy cha~ and at least one CDR-grafted light 
chain · accordinq to the first and second or first and third 
aspects of the invention. 

The humanised ant~ody molecules and chains of the present 

invent.ion may comprise: a c.omplete ant_Lbody molecul~, 

having full lenqth heavy and light chains1 a fragment 

thereof, such aa a Fah, ( Fab .' ) 2 or FV fragment i a l.ight 
chai.n or heavy chain monomer or. daeri or a single chain 

antibody, e.g. a single chain FV in which heavy and light 

chain variable regions are joined by a peptide lLnker; or 

any other COR-grafted molecule w.ith the same specificity 

as the original donor antibody. S1milarly the 

CDR-grafted heavy and light chain variable region may be 

combined with other antibody_ domajns as appropriate. 
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Also the heavy or light chai.ns or human; sed aritJ.body 
molecules o~ the present invention may have attached to 
them an effector or reporter mole¢ule. For instance, it 

may have a macrQCYcle( for chelating a heavy metal atom, 
or a toxtD, such as ricin, attached to it by a covalent 

bridging structure. . Alternatively, the procedures o£ 
recombinant DHA technology may be used to produce an 
fmmJnoglobulin molecule in which the Fe fragment or CBJ 

domaLa of a complete Lmmunoglobulin molecule. has been 
replaced by, or baa attached thereto by peptide linkage, a 
functional non-Lmmnnoglobulin protein, such as an enzyme 
or toxin molecule. 

Any appropriate acceptor variable region framework 
sequences may be u,ed havinq regard to class/type of the 
donor antibody from which the antiqen binding regions are 
derived. Preferably, the type of acceptor framework used 
is of the same/similar class/type as the donor antibody. 
Conveniently, the framework may be chosen to maximise/ 
optJ.mise homology with the douor . antibody sequence. 
particularly at positions close or adjacen.t to ·the CORa. 

However, a hiqh level of homoloqy between donor ·and 
acceptor sequences is not important for application of the 

prese~t invention. The present invention identifies a 
hierarchy of framework residue positions at which donor 

residues may be important or des~ab~e for obtaining a 
CDR-grafted antibody product having satisfactory binding 
properties. The CDR-grafted products usual~y have 
binding affinities of at least to5 Hrl, preferably at 

least about 10a K-1, or especially in the ranqe · to8-tol2 

Mrl. In. principle, the present invention is applicable 

to any combination of donor and acceptor antibodies 
i.rrespecti ve of ·the level of homology between the·ir 

. . 
sequences. A protocol for applying the invention to any 

particular donor-acceptor antibody pair is given 
hereinafter. Examples of. human frameworklf wh.ich may be 
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used are KOL, HmiH, RBX, BtJ, .LA:f and POH (ref a. 4 and S) 
and the ~ike J for i.nsta.nee KOL and NBWH for the heavy 
cha.in a.Jid RBI for the 1ight chain and BU, LA% and POH for 

· both the heavy chain and the 1iqht c~n. 

Also the constant raqion domains of the products of the 

iDvention may be selected having regard to the proposed 
:function of the antlllody in parti~u1ar the effector 
functions whi.ch may be required. Por exampl.e, the 
constant reg~on dom•tns may be human IgA, IgB, IqG or IgM 
domajna. In p~cular, IgG human constant region . 
doma.Ula may be used, . eapeciall.y of the IgGl and IgG3 
i.sotypes, when the hnmanised an~ody molecu1e is i.ntended 

for therapeutic uses, and ant~ody effector functi.ons are 
requi.red. . JUternati.vely, IgG2 and IqG4 iaotypea may be 

.used when the humani.sed antibody mol.ecul.e is intended for 
therapeuti.c purposes and antibody effector functions are 
not required, e.g. for aimpl.e bl.ocki.ng of l.ymphokine 

actJ.vity. 

However, the remainder of the antibody molecu1ea need not 
compri.se only protei.n sequences from i.mmunoglobu~ins . 

For i.natance , a gene. may be constructed . .in whJ.cb ·a DNA 

sequence encoding part of a human i.mmunoqlobul.Ln cbaJ.n i.s 
fused to a DNA sequence encodLng the amino acid sequence 

of a functional pol.ypeptJ.de such as an e ·ffector or 

. reporter molecul.e. 

Preferably the CDR~grafted antibody heavy and l.i.ght" chain 

and antibody molecule products axe produced by recombi.nant 

DNA tecbnol.ogy. 

Thus in further aspects the inventJ.on al.so includes DNA 

sequences cocU.ng for the CDR-grafted heavy and ligb~ 
chaJ.ns, cl.oni.ng and expression vectors contai.ning the DNA 

sequences , host cells transformed with the DNA sequences 
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and processes £or producing the CDR-grafted chains and 
antJ.body moJ:ecules comprising expresaU1g the DNA sequences 
.in the transformed boat cella . 

The geaera.J. methO<U by wb.icb the vectors may be 

constructed, trana£ec:tioa methods and cuiture methods are 

well known per se and foDil ao part o£ the i.aventioa. such 
methods are shown, £or instance, ·in references 10 and 11. 

The DNA sequences which encode the donor amino acid 

sequence may be obtained by methods wall known U1 the 

art . For example the donor coding sequences may be 

obtained by qenomic cloninq, or eDNA cloninq fr~ suitable 
hybridoma cell lines. Positive clones may be screened 

using appropriate probes for the heavy and light chain 
genes in question . Also PCR clon.inq may be used. 

DNA coding for acceptor, e.g. human acceptor, sequences 
may be obtained in any appropriate way. For example DNA 

sequences coding for preferred human acceptor frameworks 
such a s KOL,. REI, EO and NEWH, are widely available to 

workers .in the art. 

The standard techniques of molecular biology may be used 

to ·prepare DNA sequences codi.riq for the CDR-grafted 

prod~cta. Deai.red DNA sequences may be synthesised 
completely or in part using oligonucleotide synthesis 

techniques. Site-directed mutagenesis and polymerase 

chain reaction (PCR) techniques may be used as 

appropriate . For example oligonucleotide directed 

synthesis as described by ·Jones et a.l (ref. 20) may be 

used. Aiao oliqonncleotide directed mutagenesis o-f a. 

pre-ex..ising variable reqion a.s, for example, described by 
Verhoeyen et al (ref. S) or Riechmann et al (ref. 6) may 

be used. Also enzymatic filling in of gapped 
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ol..iqonuc~eoti.des using 'r4 DNA po~yme.rase aa, for ex•m:p~e, 
described by Queen et a~ (ref. 9) may be used. 

Any suitable boat cell/vector system may be used for 

expressU,n of the DNA sequences codinq for the CDR-qra£ted 
heavy and ~.iqht chaha. Bacter.ia~ e.q. B. coli., and 
other ~robLal ayat._. may be used, in particu1ar tor 
expreaa.ion of ant~y fragments such as FAb and ( Pab' ) 2 
fraqmenta, and eapecia~y PV fragments and sinqle chain 
anti.body fraqments e.g. sinq~e chain PVa. Eucaryoti.c 
e.q. mamm•l.ian host cell express.ion systems may be used · 

for productJ.on of larger CDR-grafted antibody products, 
includ.inq complete antibody molecules. Suitable 
mammalian boat cella include CBO cella and myeloma or 
hybridoma cell linea. 

Thus, in a further aspect the present invention prov.idea a 
process for producing a CDR-grafted antibody product 
com:priainq: 

(a) producinq in an expression vector an operon havLng a 
DNA sequence which encodes an antibody heavy chain 
according to the first aspect of the invention1 

and/or 

(b) producinq in an expression vector an operon having a 
DNA sequence which encodes a complementary antibody 
Light cha.in according to the second or third aspect 
of thci i.Jwent.ion; . 

(c) transfectinq a h~st cell wi~h the or each vector; and 

(d) culturinq the transfected cell line to produce the 
CDR-grafted antibody product. 
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~· CDR-grafted product may comprise on1y heavy or light 
cha.i.n derived polypeptide, in whi.ch caee only a heavy 
cha.in or light chain polypept . .ide cod.J.ng sequence is used 
to tranafect tho boat cells. 

Por production of products compris.ing both heavy and light 

chaine, tho call line may be tranefected with two vectors, 

the fi.rat vector may contain &Q operon encoding a light 
chain-derived polypeptide and the aecond vector containing 

an operon encod.i.ng a heavy cba.in-derived polypep.ti.de. 

Preferably, the vect~rs are identical, except in so far as 

tho coding sequences and selectable marker• are concerned, 
eo as to· enQure as far as possible that each polypeptide 

chain i.s equally expressed. A1ternati.vely, a single 
vector may be used, the vector .including the sequences 

e ncoding both light chain- and heavy chain-derived 

polypeptides. 

The DNA in the coding sequences for the light and heavy 
chains may comprise eDNA or genomic DNA or both. 

However, it is preferred that the DNA sequence encoding 
the heavy or light chain comprises at least partially, 

genom.ic DNA, preferably a fusion of eDNA and genom.ic DNA. 

The present invention i.s applicable to antibodies of any 

appropriate speci.fi.city. Advantageously, however, the 

inventi.on may be applied to the humanisation of non-human 
antibodiee which are used for in vivo therapy· or 

diagnosis. Thus the antibodies may be site-specific 
anti.bodiea such as tumour-specific or cell surface­

specific antibodies, suitable for use in in vivo therapy 

or diaqnosi.s, e.g. tumour ~g.ing. Examples of cell 

surface-specific antibodies are ant.i-T cell antibodies, 

-such as anti-CD3, and CD4 and adhesion molecules, sdch as 

CRl, ICAH a.nd BLAH. The antibodJ.ea may have specificity 

for interleukina (including lymphokinea, growth factQrs 

and stimulating factors), hormones and other biologically 

active compoUnds, and receptors for any of these. For 
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example, the ant:ibodi.ea may have specJ.f.ici.ty for any of 
the followi.nqa :Inte.rferonao(, p, Y or~, .ILl, :IL2, rr.l, 
or .IL4, etc. , TRP, GCSP, GMCSP, 2PO, hGH, or i.nsuli.n, etc • 

The the present i.nvantion Alao includes therapeutic and 

diagnostic compositions comprising: the CDR-qrafted 

products of th~ invention and usea of auch camposi.ti.ona in 
therapy and diagnosi.s. 

Accordingly in a further aspect the i.nvention provides a 
therapeuti.c or di.aqnosti.c composition compri.si.ng a 
CDR-grafted antJ.body heavy or light chai.n or molecule 

accordi.ng to previous aspects of the invention in 
combi.nati.on wi.th a pharmaceutically acceptable carrier, 
diluent o~ excipient. 

Accordingly a1ao the invention provides a method of 
therapy or diagnosis comprising administering an effective 

amount of a CDR-grafted an~Lbody heavy or light chain or 
molecule according to previous aspects of the invention to 
a human or animal subject. 

A preferred protocol for obtaining CDR-grafted antibody 

heavy and liqht chains in accordance wJ.th the present 
inventJ.on is set out below together with the rationale by 

which we have derived this protocol. This protocol and 
rational.e are given without prejudice to the generality of 

the invention as hereinbefore described and defined. 

Protoco·l. 

It is fust of all necessary to sequence the DNA coding 

for the heavy and light chain variable regions of the 
donor antibody, to dete~ne their amino acid sequences • 

.It is also necessary to choose appropriate acceptor heavy 

and light chain variable reqions, of known amino acid 

sequence. The CDR-grafted chain is then designed 
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•tartJ.nq from the basis of the acceptor sequence. Zt 
w~l1 be appreciated tbat J.n some case• the donor and 

acceptor ~o acid residue• may be ident~c~ at a 
particular position _apd thus no change of acceptor 
framework residue is" required. 

1. As a first step donor residues are substituted for 
. acceptor residues in the CDRa. Por this purpose the 

CDR• are preferably defined as fo1low.r 

Heavy chain CDRls residues 26-35 
CDR21 residues 50-65 
CDR3: rea~dues .95-102 

Li.qht chain CDRlz residues 24-34 
CDR2: residues 50-56 
CDR3: residues 89-97 

The positions at which donor residues are to be 
substituted for acceptor in the framework are then 
chosen as follows, first of all with respect to the 
heavy chain and ~ubsequently wi.th respect to the 
l.iqht ·chain. 

2 • · Heavy Chain 

2.1 Choose donor residues at all of poai.t~ona 23, 24, 49, 
71, 73 and 78 of the heavy chain or all of positions 
23, 24 and 49 {71, 73 and 78 are always either all 

donor or all acceptor). 

2.2 Check that the following have the same amino aci.d in 

donor and acceptor sequences, and if not preferably 
choose the donor: 2, 4, 6, 25, 36, 37, 39, 47, 48, 
93, 94, 103, 104, 106 and 107. 
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2.3 To further op~ae aff~ty cona~der chooaLDq donor 
re•Ldu•• at one, same or any of: 

i.. 1, 3 

u. 72, 76 

LU. I£ 48 i.a dJ.fferent between donor and acceptor 
sequences, conai.der 69 

i.v. If at 48 the donor reai.due .is chosen, consider 
38 and 46 

v. If at 69 the donor residue .is chosen, consider 

80 and then 20 
vi.. 61 

v.ii.. If at 67 the donor residue i.a chosen, conai.der 
82 and then 18 

vili.. 91 

i..x. 88 

x. 9, 11, 41, 87, 108, 110, 112 

3 • Light Cha.in 

3.1 Choose donor at 46, 48, 58 and 71 

3.2 Check that the following have the same amino aci.d i.n 

donor and acceptor aeque~cea, if not preferably 

choose donor: 

2, 4, 6,_ 35, 38, 44, 47, 49, 62, 64-69 ·i.nclusi.ve, 85, 

87, 98, 99, 101 and 102 

3.3 To further opti.mi.ae affinity conai.der choosing donor 

residues at one, some or any of: 

i. 1, 3 
i.i. 63 
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lli.. 60, if 60 and s• are abl.e to form pote.ntJ.al. 
aa.ltbridqe 

iv. 70, J.f 70 and 24 are abl.e to form potentJ.a~ 
saltbridge 

v. 73, . and 21 if 47 is different between donor and 
acceptor 

vi.. 37, and 45 if 47 J.a different between donor and 
acceptor 

vi.i. 10, 12, 40, 80, l03, lOS 

Rationale 

In order to transfer the bJ.ndinq site of an anti.body into 

a different acceptor framework, a number of factors need 
to be considered. 

1. The extent of the CDRs 

The CDR& (Complementary Determining Regions) were 

defined by Wu and Kabat (refs. 4 ·and 5) on the 

basis of an analysJ.a of the variabi~ity of 

different regions of antibody variable regions • 
Three reqi.ons per domain were r ecoqniaed. In 

the light chain t he sequences are 24-34, 50-56, 

89-97 (numbering accordi.nq t:o Kabat ( ref. 4), Eu 

J:ndex) inclusive· and ill the be·avy chain the 

sequences are 31-35, 50-65 a~d · 95-102 inclusive. 

When antibody structures became availabl.e it 

became apparent that these CDR regions 

corresponded J.n the main to l.oop regions whi.cb 

extended from the fJ b~rel framework of the light 

and heavy va.rJ.able domai.na. For Hl there was a 

discrepancy in that the l.oop ·was from 26 to 32 

incl.uai.ve and for 82 the l.oop was 52 to 56 -and 
for L2 from 50 to . Sl. However , with the 

exception of Hl the CDR regions e ncompassed the 

l.oop. reqi.ons and extended into the f3 strand 
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frameworks. l:n Bl residue 26 ten~ to be a 
serine and 27 a phenyl.al.a..rdne or tyrosine, 
residue 29 ~s a phenyl.al.anine in moat cases. 
Residues 28 and 30 wh~ch are surface reai.dues 
exposed to sol.vent might be i.nvol.ved i.n 

·· ant~qen-bindjng. A prudent def~tion of the Bl 

CDR therefore woul.d i.nclude res~es 26-35 to 

incLude both the loop region and the 

hypervari.able rasl.dues 33-35. 

rt ia of .interest to note the exampl.e of 

Riechmann et al (ref. 3), who used the residue 
31-35 choice for CDR-Bl. In order to produce 

e££~cient anti.gen binding, residue 27 al.so needed 

to be recruited from the donor (rat) antLbody. 

2 . Non-CDR residues which contribute to anti.gen 
b.ln~g 

2.1.1.· 

2.1.2 

By examina~on of available X-ray structures we 
have i.denti.fied a number of residues which may 

have an effect on net antigen bi.ndinq and which 

can be demonstrated by ex-p~riment.. These 
resi.dues can be sub-di.vided into a number of 

groups. 
Surface residues near CDR (all. numberi.nq as i.n 

Kabat et al (ref~ 7)]• 
Heavy Chain - Key resi.dues are 23, 71 and 73. 
Other residues which may contrLbute to a lesser 

extent a.re 1, 3 and 76. Fi.na.ll.y 25 i.s usually 

conserved but the murine resi.due should be used 

if there is a difference. 

Light Chai.n - Many residues cl.ose to the CORa, 
e.g. 63, 65, 67 and 69 are conserved. If . 

conserved none of the surface residues in the 
l.i.qht chai.n are likely to have a major effect. 

However , if the murine residue at these posi.ti.ons 
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~s unusual, than it would be ot benefit to 
analyse the likely contribution more closely. 
Other residues whi.ch may alao contribute to 
binding' are i and 3, and al.ao 60 and 70 if the 
residu~s at these positions and at 54 and 24 
respectively are potentially able to form a salt 
bridge i.e. 60 + 541 70 + 24~ 
Packing reaiduea near the CDRe. 

Heavy Chain - Kay residues are 24, 49 and 78. 
Other key residues would be 36 if not a 
tryptophan, 94 ~t not an arginine, 104 and 106 if 
not glycines and 107 if not a threozU.na. 

Residues wb1ch may make a farther contribution to 
stable- packing of the heavy chain and hence 
improved affinity are 2, 4, 6, 38, 46, 67 and 
69. 67 packs against the CDR residue 63 and 
~s pair could be either both mouse or both 
human. PLDall.y, residues which _contribute to 

packing in this region but from a lo~ger range 
are 18, 20, 80 1 82 and 86. 82 packs against 67 
and in turn 18 packs against 82. 80 packs 
against 69 and in tu·rn 20 packs against 8~. 86 
forma an B bond network with 38 and 46. Many of 
the mouse-human differences appear ~nor e.g. 

Lau-Zla, but could have ~ ~or impact on 
correct packing which could translate into 
altered positio~ng of the CDRa. 
Li.ght Chain - · Ke~ res-idues are 48, 58 and 71. 
Other kay residues would be 6 .if_ not glutamine, 
35 if not tryptophan, 62 if not phenyl.alanine or 
tryosine, 64, 66, 68, 99 and 101 if not glycine& 

and 102 if not a· threonine. Residues which make 
a further contribution are 2, 4, 37, 45 and· 47. 

Finally residues 73 and 21 and 19 may make long 
distance packing contributions of a ~nor nature. 

~-
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Reei.dae• at the varJ.ahle d01M in interlace between 
heavy and liqht chai..na ·- :In both the l..iqht and 
heavy chains moat of the non-cDR interface 

residues are conserved. If a conserved reaLdue 
~a replaced by a residue of ~fferent character, 
e.q. ai%e or charqe, it should be cona.ider~d for 

retention aa tbe murine residue. 

Heavy Chain - Ree~ues Which need to be 

considered are 37 if the res~e is not a valine 
but is of larCJer ai.de cbai.n volume or h~s a 
charqe or polari.ty. Other residues are 39 if 
not a qlutamine, 45 if not a leucine, 47 if not a 

tryptophan, 91 if not a phenylalanine or 

tyrosine, 93 if not an alA.ni.ne and 103 if not a 
tryptophan. Residue 89 is also at the interface 

but is n·ot .in a poaiti.on where the si.de chain 
could be of qreat impact. 

Liqht Chain - Residues whi.ch need to be 

considered are 36, if not a tyrosine, 38 if not a 
qlutamine, 44 if not a proline, 46, 49 if not a 

tyroai.ne, residue 85, residue 87 if not a 
tyrosine and 98 if not a phenylalanine. 

Variable-Constant reqion interface - The eLbow 

anql.e between variable and c.ons~ant req~ons may. , . 

. be affected by al.terations in pacJdnq of key 

residues .1n the variable reqion aqai.nst the 
constant reqion which may affect . the position of 

VL and VH with respect to one another.-

Therefore it is worth noti.nq the re.ai.dues li.kely 
, to be .in contact with the constant reqion. :In 

the heavy chain ~he surface residues potentially 
in contact with the variable reqion are conserved 

between mouse and human antibodies therefore the 

variable region contact residues may influence 

the v-c interaction. :In the liqht chain the 

amino acids found at a number of the constant 
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reqion contact pointe vary, and the V ' C reg~ane 
are not in such close pra~ty ae the heavy 

chaLn. ~herefore the in£1uences of the liqht. 

chain v-c interface may be minor. 

Heavy Chain- Contact ree~duea are 7 , 11, 41, 87, 

108, 110, 112. 

Li.~t Chain - In the liqht chaJ.n potentially 

contacting residues are 10, 12, 40, 80, 83, 103 

and lOS. 

The· above analysi• coupled with our consLderable praatic~ 

experLme~tal experience in the CDR-qrafting of a namber of 

different antibodies have lead us to the protocol qiven 

above. 

The present invention is now deacr~d, by way of example 

only, w.i.th reference to the accompanyi-ng Fiqures 1 - 13. 

Brief Deecription of the Figures 

Fiqure 1 shows DNA and am.i..no acid. sequences of the OK'l'J 

Fiqure 2 

Fiqure 3 

.. ~ ._~;,.,. 

FJ.qure 4 

liqht cha.in; 
shows DNA and amino acid sequences of the OKTJ 

heavy chain; 

shows ·the aliqDiaent ·-of the OKT3 liqht variable 

region amino acid sequence ·with th~t of the 

.liqht variable region of the human antibody REI; 

shows the alicpunent of the OKT3 heavy variable 

reqion amino acid sequence with that of the 

heavy variable region of the human- antibody KOL; 

Fiqure S . shows the heavy variable reqion am:ino acid 

sequences of OKT3, KOL and various 

PJ.qure 6 

correspondinq CDR grafts; 

shows the liqht variable req.ion amino acid 

sequences of OK'l'l, REX and various 

correspondinq CDR qrafts; 
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P~gure 7 show. a graph of bindinq assay res~ts for 

various qra£ted orrl antibocU.es' 
Piqure 8 shows a graph o~ blocking a.esay reau.1ta for 

various qr~~ted OlCTJ ~tillocU.es, 
P'iqure 9 shows a si.DU.lar graph of b_loc:kinq assay reaul.ta, 
Fiqure 10 shows aim1lar graphs for both bindinq assay and 

blockinq assay results; 
Piqure 11 shows furtbe.r similar qra~ha for both bindLnq 

assay and blockinq assay results; 
Fiqure 12 shows a qraph ot competition assay results for 

a minima)ly grafted OICT3 antibody compared with 

the OETJ mari.ne reference standard, and 
Piqure 13 shows a aimLlar qraph of competition assay 

res~ta compar.inq a fully grafted OX'l'l antibody 

with the murine reference standard. 
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DBD.n.BD DBSCRXP'I'ZOR OP EHBODDCBJft'S OP "1'BB 1SYBB't'XOB 

BDMPLB 1 

CDR-GRAFTXHG OF 0Kwr3 

MATBRXAL AND METHODS 

1. INCOMING CELLS 

Bybridoma cella producing antLbody 0~3 were provided 
by Ortbo (aeedlot 4882.1) and were grown up in 

antLbiotic free Dulbecco'a Modified Eagles Medium 

(DHEH) supplemented wLth g~utamine and 5\ foetal calf 

serum, and divided to provide both an overgrown 
supernatan~ for evaluation and cells for extraction 

of RNA. The overqrown supernatant was shown to 
contain 250 ug/mL murine XqG2a/ka.ppa antibody. The 
supernatant was negative for murLne lambda light 
chain and XgGl, XqG2b, xqai, XqA and XgM heavy 

chain. 20mL of supernatant was assayed to confirm 
that the antibody present was OKTJ. 

2. MOLECULAR BIOLOGY PROCEDURES 
Basic molecular biology procedures were as descrLbed 

in ManLatLa et al (ref. 9) with, in some cases, minor 

m.od.ificationa·. DNA sequencing was performed as 

described in Sanger et al (ref. 11) and the Amersham 

International Plc . sequencinq handbook. Site 

directed mutagenesis was as described Ln Kramer et al 

(ref·. 12) and the Anglian Biotechnology Ltd •. 

- handbook. 

labelling 

(ref. 13) 

COS cell expression and metabolic 

studies· were as described in Whittle et al 
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3. RBSDRCB ASSAYS 

3. 1. ASSEMBLY ASSAYS 

Assembly assays were performed on supernatants 
from transfected COS cells to determine the amount 
of intact IgG preaent. 

3. 1. 1. COS CEIJ.$ TMRSPEC".l'ED WI"rB MOOSB OU3 GENES 

The assembly assay for intact mouse IqG in COS 

cell supe~tanta was an ELISA with tha folLowing 
fonaat' · · 

96 well microtitre plates were coated with F(ab')2 
goat anti-mouse IgG Fe. .The plates were washed 
in water and samples added for 1 hour at room 

temperature. The _plates were washed and P(ab')2 
goat anti-mouse IgG P(ah' )2 (~0 conjugated) was 
then added. Substrate was added to reveal the 
reaction. UPC10, a mouse IgG2a myeloma, was used 
as a standard. 

3. 1. 2 • COS AND CHO CELLS TRANSFEC'l'ED WI'l'H CHI.MBIUC OR 
.CDR-GRAFTED ORTJ GBRES 

The assembly assay for chimeric o_r CDR-grafted. 
antibody in COS cell supernatants was an ELISA 

with the following ·format: 
96 well mLcrot~tre plates were coated with F(ab')2 

.goat anti~huma.n Igq Fe. The plates were washed 
and samples added and incubated for 1 hour at room 

temperature. The plate~ were washed and 

monoclonal mouse anti-human kappa chain was added 
for 1 hour at room temperature. 

'l'he plates were washed and F(ab')2qoat anti-mouse 
... . 

I~_Fc (HRPO conjugated) was added. Enzyme 
substrate was added to reveal the reaction. 

ChLmeric 872.3 (IgG4) (ref. 13) was used as a 
standard. The use of a monoclonal anti-kappa 
chAin in this assay al.lows grafted anti..bodJ.es to 

be read from the chimeric standard. 
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ASSAY FOR AH'J.'IGBH BDlDXNG ACT1v1Tt 

Hateria1 from COS cell supernatants waa asaayed 
for OKTJ antigen binding activity onto COl 
positive cella in a direct aaaay. The procedure 
was as follows: 

BUT 78 cells (human T cell line, CDJ positive) 
were aaJ.ntained in culture. Konolayers of HUT 78 

cells were prepared O'nto 96 well ELISA plates 
using poly-L-lyaine and glutaraldehyde. ·samples 

were added to the monolayer& for 1 hour at room 
temperature . 

The plates were washed gently usJ.ng PBS• 
qoat anti-human IgG Pc (BRPO conjugated) 
qoat anti-mouse IqG Fe (BRPO conjugated) 

F(ab')2 

or P(ab' )2 
was added 

as appropriate for hnmaniaed or mouse samples. 
Substrate was added to reveal the reaction. 

The negative control for the cell-baaed assay was 
chimeric 872.3 . The positive control was mouse 
Orthomune OKTJ or chimeric OK"1'3, when availe,ble. 

This cell-based assay was difficult to perform, 
and an alternative assay was developed for 

CDR-grafted OKTJ which was more sensitive and 

eaaier to carry out . 
In this system CDR-grafted OKT3 produced by COS 

cella was tasted for ita ability to bind to the 
CDJ-positive BPB-ALL (human peripheral blood acute 

lymphocytic leukemia) cell line. 1t waa also 

tested for ita ability to block the binding of 
mnrJ.ne OKTl to these cells. Binding was measured 

by the following procedure: BPB-ALL cells were 

harvested from tissue culture. Cells were 

incubated at coc for 1 hour with various dilutions 

of test antib.9dy, positive control antibody, or . . --~ .. 
negative control antibody. The cells 
were washed once and incubated at 4°C for 1 hour 

with an PITC-labelled goat anti-human IqG (Fe-
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spec:.if.ic, mouse absorbed). The ce1la were waahad . . 
twice and analysed by cytof1uoroqraphy. Chimeric 

OKTl ~-- used aa a positive c:ontro1 for d.irec:t 
bJ.nc:li.ng. Ce11a incubated wJ. th mock- tranafected 
COS c:e11 supernatant, fo11owed by the Pl:TC-label1ed 

qoat anti.-hmu.n ICJG, provided the negative controL 

'l'o teat the abi.llty of CDR-qra£ted. OKTJ to block 

muri.ne Orl'l binding, the .liPS-ALL cella were 
incubated at 40C for 1 hour with various dJ.1utiona 

of teat antibody or c:ontro1 antibody. A fixed 

saturating amount of PITC OKTl was added.. The 

samples were incubated for 1 hour at 40C, washed 

twice and analysed by .cytoflaorography. 

FrTC-label1ed OKT3 was used aa a positive control 

to dete~e maximum binding. Unlabelled murine 

OKTl serveq as a reference standard for 

blocking. Negative controls were unstained cella 

with or without mock-tranafec:ted cell supernatant. 

The ability of the CDR-gra.£ted Olt'Tl liq.ht chain to 

bind CDJ-poaitive cella and b1ock the binding of 
murine Olt'Tl was 1nitia11y tested in combination 

with the chimeric OKT3 heavy chain. The chimeric 

OK'l'J heavy cha.i.n is composed of the iDuri.ne OK'l'J 

variable region and the human XqG4 constant 
.• ... 

reqion. The chimeric heavy chain gene is 

expressed Ln the same expression vector used for 

the CDR-qra£ted genes. The CDR-grafted liqht 

chain expression vector and the c~eric heavy 

chaiD. expression vector were co-transfected into 

COS cella. The fully chimeric OK'l'3 antibody 

(chimeric li.qht chain and chimeric heavy chain) 

was found to be fully capable of binding to CDl 

positive ce1ls and blocking the binding of murine 

OKTJ to these celLa. 

3. 3 DBTBRMXNATl:OR OF RBLATrvB BZNDING AFFINITY 

The relative binding affinities of ·CDR-grafted 
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ant~-cDJ monoclo~ antLbodiea were dete~ed by 
compet~tion binding (ref. 6) using the BPB-ALL 

hu.man '1' cell. l..ine as a source of CDJ antigen, and 

fl.uorescein-c~njugated murine OKTl (Fl.-OKTJ) of 
known billeting a:ffi.n.i.ty as .a tracer antJ.hody. The 
bincting a.£:fi.n.ity of Pl-orrl tracer antJ.bod.y was 
deter.Lned by a direct binding assay in whLch 
increasing amounts of Pl-oETJ were incubated w~th 
HPB-ALL ( Sxlo5) in PBS with St foetal. cal.~ serum 
for 60 min. at 40C. Cells were washed, and the 
fluorescence intensity was determined on a PACScaa 
flow cytometer cal.Lbrated with quantitative 
microbead standards (Flow ~ytometry Standards, 
Research 'l'r~angle Park, NC). Fluorescence 
intensity per antibody molecule (F(P ~atio) was 
determined by us~g microbeads which have a 

predetermined number of mouse rgG antibody bincllng 
sites (Si.JDply Cellular beada, Fl.ow Cytometry 
Standards). F/P equals the fluorescence intensity 
of beads saturated with Fl-QKTJ divided by the 
number of bLading sites per bead. The amount of 
bound and free Fl-OK'l'J was calculated from the 
mean flu9rescence intensity per cell., and the 
ratio of bound/free was plotted against the number 
of moles of antibody bound. A l.i.near fi.t was 
used to dete~ne the aff~ty of bindin9 
(absolute val.ue of the slope). 
For competitive binding, increasing amounts of 
competitor antibody were added to a sub-saturating 
dose of Fl.-OKTJ ·and incubated with SxlOS HPB-ALL in 

200 m1 · of PBS with 5\ foetal cal.£ ·serum, for 60 min 
The fluorescence intensities of the cells 

were measured on a FACSca.n flow cytometer 
calibrated with quantitative microbea.d standards. 
The concentrations of bound and free Fl-OKTJ were 

calculated. The affinities of competing anti-
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bod.i.e• were calculAted from the equ.atJ.on 
(X]-(OKT3] • (1/Kx) - (1/Ka), where Ka is the 
affinity of mu.ri.ne OKT3, · Kx is the a£fini.ty of 

competitor X, . ( J is the concentrati.on of 

competitor ant~y at which bound/free bfndtnq is 
R/2, and R is the mexiJMl bound/free bindf.nq. 

eDNA LIBRARY CONSTR.OCTIOH 

mRHA PREPARATION AHD eDNA SYN'ts:BSIS 

OltT3. prodacinq ce~ls were qrown as described above 
and 1.2 x to9 cella harvested and mRBA extracted 

uai.Dq the quanidf.nium/LiCl extraction procedure. 
eDNA was prepared by pr~q from Oliqo-d~ to 

qe!lerate full lenqth . eDNA. The eDNA was 
methylated and EcoR1 linkers added for cloning. 
LIBRARY CONSTRUCTION 

The eDNA library wa• liqated to pSP6S vector DNA 

which had been EcoR1 cut .and the 5' phosphate 

groups removed by c~f intestinal phosphatase 
(EcoRl/CXP). The liqation was used to transform .... . 

hiqh transformation efficiency Escher~chia coli 
(B.coli) SBlOl. A eDNA library was prepared. 
3600 co~oniea were screened for the light chaLn 

and lo·ooo colo!Uea were screened for the heavy . 

chaJ.n. 

S. SCREENING 

B.coli colonies positive for either heavy or liqht 

chain probes were identified by oligonucleotide 

s~reeninq usinq the oliqonucleotide~: 

S' 'l'CCAGA'rGTTAACTGCreAC for the liqht chain, which 
is complementary to a sequence .in the mouse kappa 

constant reqi.on, and 5' CAGGGGCCAGTGGATGGATAGAC 
for the heavy chain which is complementary to a 
sequence in the mouse IqG2a constant CBl domai.n 

reqion. 12 liqht chain and 9 heavy chain clones 
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were J.dentJ.f.ied and taken for second round 
screenJ.nq. Poai.ti.va cl.onea from the second round 
of acreenJ.nq were qrowu up and ORA prepared. The 

s.izes of the qene inserts were estimated by gel 

electrophoresis And ineerta of a ai.ze capab~e of 
containing a full lenqth cORA were aubcl.oned Lnto 

Kl3 for DHA aequenci.ng. 

6. DNA SEQUENCING 

Clone• repreeentinq four ·size classes for both 

heavy and light .chain• were obta..ined in Mll. DNA 

sequence for the 5 ' untranal.ated reqi.ons, siqnal 
sequencesr variable reqi.ons and 3' untranslated 

reg.ions of full lenqth cDNAe (Fi.qures l(a) and 
2(a)] were obtained and the corresponding am.ino 

acid sequences predicted ((Figures l(b) and 

2(bJ]. In Fiqure l(at the untranalated DNA 
reqic;ms are shown i.n uppercase, and .in both 
F.igu.rea 1 and 2 the aigual sequences are 

underlined. 

7. CONSTRUCTION OF eDNA EXPRESSION VECTORS 
Cel.ltech expression vectors are baaed on the 

plasmid . pEE6hCMV (ref. 14). A polylinker for the 
. insertion of qenea to be expreaeed has been 

introduced after the major Lmmed.iate e arly 
promoter/enhancer of the hWD4D Cytomegalovirus· 

(hCMV). Marker qenes for selecti.on of the 

plasmid in trahsfected eukaryotic cells can be 

inserted aa BamBI caeaettee in the unique BamBl 

site of pEE6 hCMVJ for inatancer the neo marker 

to provide pBB6 hCMV neo. It is usual practice 

to insert the neo and qpt markers pr.ior to 
J.nserti.on of the qene ot interest~ whereas the GS 
marker .is inserted last because of the presence of 

internal EcoRl sites .in the cassette. 

Board Assigned Page #504 
BIOEPIS EX. 1095 

Page 657



W09l/09967 PCT/GB90101017 

32 

The selectable markers are expresaed from the SV40 
late promoter ~ch a1ao provides an oriqLn of 
repl1cation 80 that the vectors can be used for 
expression Ln the COS cell transient expression 
system. 
The mouse sequences w~e excised from the M13 

baaed vectors described above as BcoRl fragments 
and cloned into either pEB6-hCMV-neo for the heavY 
chain and into E£6-hCMV-gpt for the light chaLn to 

yield vectors pJA136 and ~A135 respectively. 

8 • EXPRESSION OP' cDNAS IN COS CELLS 

9. 

·::·:··· 

9.1. 

P1as~ds pJA135 and pJA136 ware co-tranafec~ed 
into cos cells and supernatant from the transient 
expression experiment was shown to contain 
assembled antibody which bound to ~-cell enriched 
lymphocytes. Metabolic labelling experiments · 
usiuq. 35s methionine showed expression and 

assembly of heavy and liqht chains. 

CONSTROCTXOH OF CHIMERIC GEHBS 
Construction of chLmeric genes followed a 
previously described strategy (Whittle et al (ref. 

13)]. A restriction site n.~ar the 3' end of the 
variable doma;n sequence is ident1£ied and used to 

attach an oligonucleotide adapter coding for the 
remainder of the mouse variable region and a 

suitable restriction site for attachment to the 

constant reqion of choice. 

LIGHT C~N GENB CONSTRUCTION 
The mouse light chain eDNA sequence contains an 

Aval site near the J• end of the variable region 

(Fiq. l(a)]. The majority of the s ·equen.ce of the 
variable region was isolated as a 396 bp. 

BcoRl-Aval fragment. An oligonucleotide adapter 

was designed to replace the remainder of the 3' 
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region of the- variable region from the Ava.l site 
and to i.nclude the 5 ' residue• ot the human 

constant region up to and including a unique Uarl 

site which ha4 been previously engineered into the 
constant region • . 

A Hindlll site waa introdaced to act as a marker 

for J.nsertion ot the l.inlcer •. 

~he linker waa ligated to the VL fragment and the 

413 bp EcoRl-Harl adapted fraqm.nt was purified 

from the ligation mixtur~. · 

The constant region. waa isolated as an Harl-BamBl 

fragment from an Ml~ clone HW361 and waa ligated 

with the variable region DNA into an 
EcoRl/Ba..mHl/C~P pSP65 treated vector U1 a three 

way reaction to yiel.d plasmid JA14l. Clones· were 
isolated after transformation into B.coli and the 

lLnker and junction sequences were confirMed by 
the presence of the Hindlll ai.te and··by DNA 

sequenci.ng. 

9. 2 LIGHT. CHAIN GBHB CONSTRUCTION - VERSION 2 

The construction · of the first ch~eric light chain 

gene produces a fusion of mouse and ~uman amino 

acid sequences at . tbe v~iable-c~n~tant region 

j~ction. · In the case of the OKTJ light chain 

the amino acids at the chimera junction are: 

.•••••••• Leu-Gl u-Ile -:::Aa:=.:!n~-.:::Ar~gi.!./ __ -....!I:...:T:..:h;::· r=.-Val-Al.a 
VARIABLE CONSTAN'r 

-Ala 

This arrangement of sequence introduces a 

potential site for Asparagine (Asn) linked 

(N-linked) glycosylation· at the v-c junction. 

Therefore, a second version of the chi.meri_c light 

chain oligonucleotide adapter was designed i.n 

which the threonine (Thr), the firat amino acid of 

the human constant region, was repl.aced with the 

equ~valent am±no acid from tha mouse constant 

region, Alanine (Al.a) .• 
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An Lnterua1 Aindlll aLte was not i.nc~uded .in thia 
adapter, to differen~~ate the two chimer~ light 
chain qenea. 

The var~able ~egion fragment was ~aoLated aa a 376 

bp BcoRl-Ava1 fragment. The oliqonttcleot~de 
linker waa l~qated to Harl cut pNW361 ADd then tbe 

adapted 396bp constant region waa iao~ated after 
recutting the modified pBH361 with EcoRl. The 

variable region fragment and the modLfied constant 
region fragment were Ligated directly into 
EcoRl/ClP treated pEB6hCMVneo to yLeld pJA1J7. 
Initi~ly all clones examined bad the Lnsert ~ 

the incorrect orientation. Therefore, the insert 

was re-isolated and .recloned to turn the insert 
round and yield plasmLd pJA141. Several clones 
with the insert in the correct orientation were 

obtained and the adapter sequence of one waa 

confirmed by DNA aequenc~nq 
9.3. HEAVY CRAIN GBHB CONS~UCTION 
9. 3. 1. CHOICE OF ~VY CRA.nl GEUB ISO'l'YPB 

The constant region isotype chosen for the heavy 

chain ~as human IqG4. 
9.3.2 . GENB CONSTRO~ON 

The heavy chain eDNA s~quence showed a Banl site 
near the 3' end of the vari.able re.qion [Fi.q. 2 (a)). 
The majori.ty of the sequence of the vari.able 

region was i.solated aa a 426bp. EcoRl/ClP/Banl 
fragment. An oligonucleotide adapter was 
desiqnated to replace the remainder of the J• 
region of the variable reqion from the Banl site 

up to and includinq a unique Hindiii site which 

had been previously engineered into the first two 
amino acids of the constant region. 

The 1i.nker was liqated to the Vu fraqment and the 
EcoRl-Rindlll adapted fragment was purified from 

the ligation mixture. 
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The variab1e region was ligated to the constant 
region by cutt1ng pJA91 with EcoRl and B~d111 
removing the bltron fraqment and replacJ.nq it with 
the Va to yield pJA142. C1ones were iso1ated 
a~ter transformation into B.coli J.NlOl and the 

link•~ and junction sequences were con£irmed by 

DNA sequencinq. · (N.B. The Bindlll site is lost 
on cloninq). 

CONSTROC'l'.ION OP CBIMER.IC EXPRESSION VEC"l'ORS 

neo AND qpt VECTORS 

The chimeric liqht chain (version 1) was removed 
from pJA14l aa: an BcoRl fragment and cloned into 
BcoRl/ClP treated pBE6hCMVneo expression vector to 
yield pJA145.. Clones with the insert in the 
correct orientation were id~ntified by restriction 
mappi.nq. 
The ch~eric liqht chain (version 2) was 
constructed as·described above. 
The chimeric heavy ~hain qene was isolated from 
pJA142 as a 2.5Kbp BcoR1/BamBl fragment and cloned 
into the EcoRl/Bcll/ClP treated vector fraqment of 
a derivative of pBE6hCMVqpt to yield plasmid 
pJA14.4. 
GS SEPARATE VECTORS 
GS versions of pJA141 and pJA144 were constructed 

·by replacing the neo and qpt cassettes by a 
BamSl/Sall/ClP treatment of the plasmida, 
isolation of the vector fragment and liqation to a 
GS-containinq fraqment from the plasmid pR049 to 
yield the liqht chain vector pJA179 and the heavy 
chain vector pJAlBO. 
GS SINGLB VECTOR CONSTRUCTION 
Sinqle vector constructions conta~q the cL 
(ch~~ric liqht), cB (c~eric heavy) and GS qenes 
on one plasmid Ln the order cL-cB-GS, or cB-cL-GS 
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and wi.th tranacr.ipti.on of the genea bei.nq head to 
ta11 e.g. cL>e~S were constructed. These 
p~aam.ida were IIIAde by treati.nq ~79 or pJAlBO 

with BamB1/ClP and ligating in a Bglll/~dlll 

hCHV promoter cassette along with either the 

RJndlll/BamHl fragment fro. ~41 into ~80 to 
give the cB-cL-GS plasm1d pJ.A182 or the 
B.ind111/BamBl fraqment fro. pJ~44 into pJA179 to 
give the cL-cB-GS plasmLd pJA181. 

ExPRESSXOH OF CBrMBRXC GENES 

EXPRESSXOH IH COS CET·I·S 

The chLmer.ic antibody plasaid pJA145 (cL) and 

pJA144 (cB) were co-tranafected into COS cella and 
supernatant from the transient expression 

experiment was shown to contain assembled antibody 
whi.ch bound to the Btrl 78 human T-cel.l l..ine .. 
Metabolic labelling experiments .usinq 35s 

methionine showed expression and assembly of heavy 
a.nd li.qht ch.a.tns. However the li.qht chain · 

mobility seen on reduced gels suggested that the 
potential glycosylat.ion site was being 
glycoaylated. Expression .in COS cells in the 

presence of tunicamycin .show~d a reduction in size 

of the light chain to that shown for control 

c~eric antibodies and the OKTJ mouse light 

chain. Therefore JA141 was constructed and 
expressed. Xn this case the l.iqht chain ~d not 

show an aberrant mobility or a size shi£t in the 

presen~e or absence of tunicamycin. This .second 

version of the chimeric light chainr when 

expressed in association with chimeric heavy (cB) 

chain, produced antibody which showed good tii.ndi.ng 

to BUT 78 c~ll.s. In both cases antigen binding 

waa equivalent to that of the mouse antibody. 
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BXPRESSZON IN CBDlBSB HAKSTB:ll OWdlY (CBO) CRT·I.S 
Stable cell lLnes have been prepared from plaamida 
P~41/pJA144 and from pJA179/pJA180, pJA181 and 

pJ.Al82 by tr~sfect~cn Lute CBO cella. 

12. CDR-GRAFTING 

12.1. 

The approach talceri waa to try to J.ntroduce 
auff~cient mouse residues Lnto a human varLable 
reg~on framework to generate ant~gen bJ.n~g 

activity comparabl~ to the mouse and chimeric 
antibodies. 

VAlUABLE RBGZON ANALYSIS 

Prom an examination cf a small database of 

structures of ant.ibodi.es and antigen-ant.i.body 

complexes it is clear that only a small number of 
antibody residues make direct contact with 

antigen. Other residues may contr.i.bute to 
antige~ binding by pcaitioning the contact 

residues in favourable configurations and also by 
inducing a stable packing of the individual 
variable domains and stable interaction of the 

light and heavy chain variable domains . 
The residues chosen for transfer can be identified 

in a number of ways: 
(a) By examination of antibody X-ray crystal. 

structures the antigen bi.nding surface can 
b.e predominantly located on a aeries of 

loops , three per domai.n, which extend from 

the a-barrel framework. 
(b) By analysis of antibody variable dcmai.n 

sequences regions of hypervariability 

(termed the ~omplementarity Dete~ning 
Reqions (CORa) by Wu and Kabat (ref.· S)] 
can be identif~ed. In the most but not 

all cases these CORa correspond to, but 

extend a abort way beyond, the loop regions 

noted above. 
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(c) ReeLdues not Ldenti.fJ.ed. by (a) and (b) may 
contribute to antigen bjnding dire~tLy or 
indirectly by affectLnq antigen bLnd.J.ng 

aLta topoloqy, or by inc:tuci.ng a stable 

packJ.nq of . the Lndividaal variAble dome;ns 
and stabUJ.sinq the inter-varLable domain 

interaction. These residues may be 
identified eJ.ther by superimposLng the 
sequences tor a given antibody on a known 

structure and looking at key resLdues for 
their contribution, or by sequence 
&!Lqnment analysi• and noting 

•Ldiosyncratic• residue• followed by 
examination of theJ.r structural location 
and lLkely effects. 

12.1.1. LIGBT CHAIN 

Fiqure 3 shows an a1iqnment of sequences for the 
human framework regLon REl and the OKT3 lLght 

varLab~e region. The structural loops (LOOP) and 

CORa (KABAT) believed to correspond to the antLgen 

binding regLon are marked. A1so marked ~· a 
number of other residues which may also contribute 

to antigen bind.inq a.a described in rJ . 1 (c-) • 

Above the sequence J.n Fiqure 3 the residue type 
ind.icatez the spatial location of each residue 

. . 
sLde chaLn, derived by examination of resolved 
structures from x-ray crystallography analysis. 

The key to this residue type designation is as 

fol.l.ows& 

H near to CDR (From x-ray Structures) 

.P Packing B Buried Non-Packinq 

S Surface B - exposed 
r Interface • - Interface · 

- Packing/Part Exposed 
? Non-CDR ResLduea which may requJ.re to be left 

as Mouse sequence. 
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Residues underiLoed Ln F~qure J are am1no ac~ds. 
R£1 was chosen as the h~ framework because the 
~qht cbain 1• a kappa ch&Ln and the kappa 
varLable regions show hiqher homology w~th the 

mouse sequences ·than a lambda liqht variable 

rag~on, e.g. KOL (see below). RB1 waa chosen in 
p~efereace to another kappa light cba1n because 

the x-ray structure of the liqht cha1n bas been. 
determined so that a structural examination of 
individual residues ~ould be made. 

12 . 1.2. BEAvr CBAXN 

12.2. 

S~a.rly Fiqure 4 shows an alignment of sequences 

for the human framework reqion KOL and the 0KT3 

he~vy variable region. The structural loops and 
CDRs believed to correspond to the antiqen binding 
region are marked. ~so marked are a number ot 
other residues which may also contribute to 

antiqen bindinq as described in 12.l(c). The 

residue type key and other indicators used in 

. Fiqure 4 are the same aa those used in Piqure J. 
KOL was chosen as the heavy chain framework 
because the x-ray structure has been determined to 

a better resolution than, for example, NEWM and 
a.lao the sequence alignment of OKTJ heav}' variable 

region showed a sliqhtly better homology to KOL 

than to NBWH. 

DESIGN OP VARIABLE GBHES 

The variable reqion domains were desiqned with 
mouse variable reqion opt1mal codon usaqe 

(Grantham and Perrin (ref. 15)] and used the B72.3 
siqnal sequences (Whittle et al (ref. 13)). The 

sequences were desiqned to be attached to the 
constant reqion in the same way as for the 

chimeric qenes described above. Some constructs 

contained the •Kozak consensus sequence" (Kozak 

(ref. 16)] directly linked to the 5' of the signal 
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sequence i..n the gene. 'rhJ.a sequence motU u 
bel~eved to have a benef~cLa1 role ~n tranala~on 
Lnitiation in eukaryotes. 

GBNE COHS'rRtJCTXOH 

To buLld the variable regions, various strategies 

are available. The aequeace JII&Y be a.asembled by 

ua1nq o~qonucleotidea in a manner aim11ar to 
Jones et a1 (ref. 17) or by simultaneously 
raplacLng all of the CDRa or loop regions by 

oligonucleotLde directed site specific mutagenesis · 

in a manner similar to Verhoeyen et al (ref. 2). 
Both strategies were used and a list of 
constructions is set out i.n Tables 1 and 2 and 

Figures 4 and ~- It was noted in several cases 
that the mutage~esis approach led to deletions and 
rearranqementa in the qene be~nq remodelled, while 

the success of the assembly approach was very 
sensitive to the quality of the o1igonucleotidea. 

13. CONSTRUCTION OP EXPRBSSI:OH VECTORS 

Genes were isolated from M13 or SP65 based 
~termediate vectors and cloned into pEB6hCMVneo 

for the Light chains and pEB6hCMVqpt for the heavy 
cha.,i.na in a manner sU:d.l.ar to that for the 

cb~ric genes as described ~ove. 
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TAJII.Z 1 

CODB KE'IHOD OF 

COHSDWCtlOif 

+ 

-------·-------------------------------------------------------------------
UCHT CHAIN ALL HUMAN nwmlORX· RE1 

121 26-32, 50-56, 91-96 includve 

l21A 26·32, S0-56, 91-96 1nclw1ve 

+1, 3, 46, 47 

12U 26·32, S0-56, 91-96 inclu.ive 

+ 46, 47 

221 24-24, S0-56, 91-96 inc1wive· 

221A 24-34, 50-56, 91·96 inelWiive 

+1, . 3, 46, 47 

221B 24-34, S0-56, 91-96 inclusive 

+1, 3 

221C 24-34 , 50-56, 91-96 inclusive 

HEAVY CHAIN. ALL HUMAN FRAMEtJORX I:.OL 

121 26-32, 50-56, 95-lOOB inclusive 

131 26-32, 50-58, 95-1008 incl.luive 

141 

321 

331 

341 

341A 

J41B 

m 

26-32, 

26-35 , 

26-35, 

50·65, 

50-56, 

S0-58, 

95-lOOB inclusive 

95-lOOB inclusive 

95-lOOB inclusive 

26-35, S0-65, 95-lOOB inclusive 

26·35, 50·65, 95-1008 inclusive 

+6, 23, 24, 48. 49, 71. 73, 76, 

78. as. 91 (+63 - human) 

26·35, 50·65, 95-1008 inclusive 

+ 48, 49, 71, 73, 76, 78, 88, 91 

(+63 + human) 

n.d. not done 
SDK Site directed mutaceneaia 

SDK and cane a.aeably + n.d. 
P'ardal c•a.e uaeably n . d. + 

Pard..al gene ~sembly n.d. + 

Partial gene asseably + + 

Partial cane a.t~salllbly + + 

Partial ,ena assembly + + 

Partial gene assembly + + 

Cena aacembly n.d. + 

Cane asaelllbly n.cl. + 

Partial sene assembl.y + n.d . 

Partiu gena a.asembly + n . d. 

Part~al gene a.tiS&IIlb1y + 

Cane a.ssemb1y + 

SDK + 

Partial gene assembly + 

Gene aJISembly n.d. + 

Gena asaemb1y n.d. + 

Ceno- essellhly Variable region a.aaeabled entirely fro• oligonucleotides 
Partial gene Variable region assembled by combination of rescr1ct:ion 

esaecably frapencs either. from ocher genes originally created by SDK 
and gene assembly or by oligoaucleot:ide assembly of pare of 
tbe vari.able regt.on and reconstruction wtch rest:r1cci.on 
frapents from ocher gene• originally created by SDM and gene 
assembly 
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EXPRBSSZOH OP COR-GRAFTED GBNES 

PRODOCTZOH OF ANTIBODY CONSISTING OF GRAFTBO LIGHT 

CgL) CHAINS wrrB MOOSE HEAVY (mil) OR CIUMBR.IC 

HEAVY (cH) CBAZUS 

Al.l gL chains, in association with mS or cB 

produced. reasonable amounts of antibody. 

Insertion of the Kozak consensus sequence at a 
position 5' to the A7G (kqL coa.stnc:ts) however, 

led to a 2-S fold improvement ~ net expression. 

Over an extended series of experiments expression 

levels were raised from approximately 200ng/~ to 

approx1mately 500 ng/m1 for kgL/cB or kqL/mH 

combinations. 
? 

When direct binding to antigen on HUT 78 cells was 

measured, a construct desiqned to include mouse 

sequence based on loop length . (qL121) did not lead 

to active antibody in association with mH or ca. 

A construct designed to include mouse sequence 

baaed on Kabat. CDRs (gL221) demonstrated some weak 

binding in association with mB or cff. However, 

when framework residues 1, J, 46, 47- were changed 

from the human to the murine OKTJ equivalents 

based on the arguments outlined in Section 12.1 

antigen binding waa demonstrated when both of the 

new constructs, which were termed 121A and 221A 

were co-expressed with ca. When the effects of 

these residues were examined in more detail, it 

appears that residues 1 and 3 are not major 

contributing residues as the product of the gL221B 

gene shows little detectable binding · activity in 

·association with cB. The light cba.in prodaet of 

gL221C, in which mouse sequences are present at 46 

and 47, shows good binding activity~ assoCiation 

with cB. 
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PRODUCTION OF AHT:IBODY CONS:ISTDJG OP GRAF'l'ED BBAVY 
(qB) CIIA.INS Wl:TH MOUSE L:IGBT (m.L) OR CBDIBIUC 

LIGHT ( cL) CHAINS 

Expression of - the qB genes proved to be more 
difficul.t to· achJ..eve than for qL. Firat, 

incl.usion of the Kozak sequence appeared to have 
no marked effect on expression of qB qenea. 

Expression appears to be sliqbtly improved but not 

to the same deqree as seen for the qrafted liqht 
chain. 

~so, it proved difficult to demonstrate 

production of expected quantit~ea of material. when 
the loop choice (amino acid 26-32) for CDRl is 

used, e.q. qH121, 131, 141 and . no conclusions can 
be drawn about these constructs. 

Moreover, co-expression of the qB341 qene with cL 

or mL has been variable and has ~ended to produce 

lower amounta of antibody than the cB/cL or mB/m.L 

combinations. The alterations to qBJ41 to 

produce qBJ4lA and qB341B l.ead to improved levels 
of expression. 

Th~s may be due either to a qeneral increase in 
the fraction of mouse sequence in the variable 

reqion, or to the alteration ~t position 6J. where 

the residue is returned to the human amino acid 

Val.ine (Val) from Phenylalanine (Phe) to avoid 

possible internal packing probl.ema with the rest 

of the human framework. This arrangement also 

occurs in qB331 and qB321 . 
~en gB321 or gBlll were expressed in association 

with cL, antibody was produced but antibody 

bindinq activity was not detected. 

When the more conservative qB341 qene was used 

antiqen binding could be detected in association 

with cL or mL, but the activity was only 

marginally above the backqround level. 
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When further mouse residues were sub~tuted baaed 
on the arguments in 12.1, ant1gen binding cou~d be 
cLearly demonstrated for the antibody produced 
when kgBJ41A arid kgBJ41B· were expressed in 
association with cL. 
PRODOCTIOH OP FULLY CDR-GRAFTED ANTIBODY 
The kgL22LA gene waa co-expressed w1th kgBJ41, 
kgBJ4LA or kqBJ41B. Por the c~inat1on 
kqB22LA/kgBJ41 veri litt~e materLa1 waa produced 
in a norma1 COS celL expreas1on. 
For the combi.nations kgL22LA/kgBJ41A or 
kgB22LA/kqB341B amounts of anti.body s~~ to 
gL/cB was produced. 

In sever~ experiments no antigen binding activity 
could be detected with kqB221AiqBJ41 or 
kqB221A/kgB341 combinations, although expression 
levels were very low. 
Anti.qen binding was detected when kgL22lA/kgB34lA 
or kgB22lA/kgB341B combinations were expressed. 
In the case of the antibody produced from the 
kqL221A/kgB34lA combination the antigen binding 
was very simiLar to that of the chimeric antibody. 

~ anaLysis of the· above resu~t!f l:s .qiven below. 
\ 

15. DISCUSSION OF CDR-GRAFTING RESULTS 

15.1. 

In ~e design of the fully hnmanised antibody the 
aLa was to transfer the mi~ number of mouse 
amino acids that would confer antigen binding onto 
a. hUlDilJl antibody framework. 

LIGirr CRAIN 
15.1.1. EXTENT OF TBB CDRs 

For the Light chain the regions defLning the loops 
known from structural studiea of othe~ antibodies 
to contain the antigen contacting residues, and 
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those hyperva.riable sequences defined by ltahat ~ 

al (ref a. 4 and S) as Complementari.ty Determi n t ng 
Regions (CDR.a) are equi.valeut for CDR2. Por CDR! 

the hypervariable region extends from residues 

24-34 inclusive wh.ila the structural loop extends 

from 26-32 inclusive. In the case of OK'r3 th~a 
is only ona amino acid difference between the two . 

options, at amino acid 24, where the mouse 

sequence is a serine and the human framework REl 

has glut~ne. .Por CDR3 the loop extends from 

residues 91-96 inclusive while the Kabat 

hyperva.riability extends from residues 89-97 
inclusive. For OKTJ amino acids e.g, 90 and 97 
are the same between OETJ and REI (Pig. 3). When 
constructs based on the loop choice for CDRl 

(gL121) and the Kabat choice (gL221) were made and 
co-expressed with mB or cH no evidence for antigen 

binding activity could be found for qL121, but 

trace activity could ba detected for the qL221, 

suggesting that a single extra mouse residue Ln 
the grafted variable region could have some 

detectable effect. Both gene constructs were 

reasonably well expressed in the transient 

expression system. 

15. 1..2. FRAMEWORK RESIDUES 

Tha ram&ining framework residues were then further 
examined, in particular amino acids known from 

x-ray analysis of other antibodies to be close to 
the CDRs · and also those amino acids which in OKTl 

showed differences from the consensus framework 

for the mouse subgroup (subgroup VI) to which OKTJ 

shows moat homology. Four positions 1, · 3, 46 and 

47 were identified and their possible contribution 

was examined by substituting the mouse amino acid 

for the human ami..no acid at each posit;ion. 

Therefore qL221A (qL221 + DlQ, QJV, L46R, L47W, 
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••• Figure 3 and Table 1) waa made, cloned i..n 
RB6hCKVneo and ~a-expressed with cH (pJ.A144). The 
resultant antibody was well expressed and showed 
good bi..nding activity. When the re1ated genea 
gL221B (gL221 + DlQ, Q3V) and gL221C (gL221 + 

L46R, L47W.) were made and simi.l.arly tested, while 
both genes produced antibody when co-expressed 
with cB, only the qL221C/cB combination showed 

qood antiqen binding. When the gL121A (gL121 + 
DlQ, QJV, L46R, L47W) gene waa made and 

co-expressed with cB, antibody waa produced which 
also bound to antiqan. 

BBAVY ClfJUN 

15.2.1. EXTENT OF THE CDRa 

For the heavy chain the loop and hypervariability 
analyses agree only in CORJ. For CDRl the loop 

region extends from residues 26-32 inclusive 
whereas the Kabat CDR extends from residues 31-35 
LnclusLve. For CDR2 the loop region is from 

50-58 inclusive while the hypervariable region 

covers ~no acids 50-65 inclusive. Therefore 
hnmanised heavy chains were constructed usi.ng .the 

framework from antibody KOL and with various 

· combi.nationa of these CDR cho.ices, including a · . 

shorter choice for CDR2 of S0-56 inclusive as 
there was some uncertainty as to the definition of 

the end point for the CDR2 loop around residues 56 

to 58. The genes were co-expressed with mL or cL 

initially. In the case of the gB genes with loop 

choices for CDRl e.g. qH121, gH131, g8141 very 

little antibody was produced in the culture 

supernatants. As no free light chain was 
detected it was presumed that the antibody was 
being made and assembled inaide ' the cell but that 

the heavy chain was aberrant ill some way, possibly 

incorrectly folded, and therefore the antibod~was 
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being degrad~d intern~1y. Zn soae exper1ments 
trace amounts of antibody c~uld be detected ~n JSs 
label1i.ng stadi.es. 

As no net anti:.body was produced, analysis of these 

constructs was not pursued further. 

When, however, ~ combination of tbe loop choice 

and the Kabat choice for CDRl was tested (mouse 

amino acids 26-35 inclusive) and in which residues 

31 (Ser to Ar~), 33 (Ala to Thr), and 35 (Tyr to 
His) were chan~ed from- the human residues. to the 

moua.e residue and compared to tba fust series, 

antibody was produced for gB321, kgB331 and kgB341 
when co-expressed with cL. Expression was 

general1y low and could not be markedly impr~ved 

by the asertion of the . ltozak consensus sequence 

5' to the ATG of the signal sequence o~ the gene, 

as distinct from the caaa of the gL genes where 

such insertion led to a 2-5 fold increase in net 

antibody production. However, on1y in the case 

of gB341/mL or kgBJ:41/cL cou1d marginal antigen 
bind~g activity be demonstrated. When the 

kgB34~ gene waa co-expressed with.kgL22LA, the net 

yield of antibody was too low to give. a signal 

above tho background level in the antigen binding 

assay. 

15. 2. 2. FRAMEWORK RESZDOES 
Aa i.n tho case of the light chain the heavy chain 

frameworks were re-examined. Possibly because of 

the lower initial homology between the mouse and 

human heavy variable domains compared to the light 

chains, more amino acid positions proved to be of 

interest. 'l'wo genes kg834LA and kg8341B were 

constructed, with 11 or 8 human residues 
respectively substituted by mouse residues 

compared to q8341, and with the CDR2 residue 63 

returned to the human amino acid potentially to 
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improve dom• in packing. Both showed antigen 
bind..inq when combined wi.tb cL or kqL221A, the 

kqB341A gene wLtb &11 11 change• appearing to be 
the superior choice. 

XHTERIH CONCLOSIONS 
It baa been demonstrated, therefore, for OKTJ that 
to transfer antigen binding ability to the 

hmnani sed antibody, mouse residues outside the CDR 
reqipna defined by the Kabat hypervariability or 

structural. loop cboicea are requhed for both the 
llqht a.nd heavy cba..i.n.s. Fewer extra reaidues are 
needed for the Light ch~, poasib~y due to the 

hiqher ini~ bomoloqy between the mouse and 
human kappa variable reqiona. 
Of the changes seven (l and J from the liqht chain 

and 6, 23, 71, 73 and 76 from the heavy chainJ are 

predicted from a knowledqe ' of other antibody 
structures to be either partly exposed or on the 
antibody surfaae. It baa been shown here that 

residues 1 and. 3 in the light chain are not 
absolutely required to be the mouse sequence1 and 
for the heavy chain the qBJ41B heavy chain Ln 

combination with the 22LA liqht chain generated 

only weak binding activity. Therefore the 

presence of the 6, 23 and 24 changes are important 

to maintain a binding affinity simi1ar to that of 

the murine antibody. It was important, 
therefore, to further study the individual 

contribution of othe other 8 mouse residues of the 

kgB341A gene compared to kgB341. 

16. FURTHER CDR-GRAPTrNG EXPBRIHBHTS 

Additional CDR-grafted heavy chain genes were 
prepared substantia1ly as described above. With 

reference to Table 2 the further heavy chain genes 

were baaed upon the qh341 (plasmid pJA178t and 
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gHJ41A (p1aam.i.d pJA185) with either mouse Olt'rl or 

human XOL residues at 6, 23, 24, 48, 49, 63, 71, 
73, 76,· 78, 88 and ' ·gl, as indicated. The CDR­

grafted Light -chain genes used~ these further 
experiments were 91.:221, qL221A, qL221B and gL221C 

ae deecr1bed above. 
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TABLE 2 

01Cl'3 HEAVY CHAiN CDR. CRAnS 

l . gHJ41 and derivative• 

RES HUM 6 23 24 48 49 63 71 73 76 78 S8 91 

O!Cl'3vb g K A I c; F T K s A A y 

gH34l E s s v A F R N N L G F JA178 

gH.341A g r: A I . G v T K s A A y JA185 

gH.341E g K A I G v T K s A G G JA198 

gH341* g K A I G v T K N ~ G F JA207 

gH341* g K A I G v R N H ! G F JA2.09 

gH341D g K A I G v T K N L G F JA1.97 

g}U41* g K A I G v R N N L G F JA199 

gH.34lC g K A v A f R N N L G F JAl.84 

g.H341* g s A I G v T K s A A y JA2.03 

gHl41* E s A I G v T K s A A y JA2.05 

gH341.B £ s s I G v T K s A A y JA183 

gHJ41": g s A I G v T K s A G F JA204 

gH34l* £ s A I G v T K· s A G F JA206 

. gH341* g s A I G v T K N A G F JA208 

KOL E s s v A a N N L G F 

.OKTJ UGHT CHAm CDR. GRAFl'S 

2. gL22l and d.eri.vat:ivea 

RES NUM 1 3 46 47 

OKTlvl · g v R. q 

GL2Zl D Q ~ .. . L DA221 

gL2ZlA g v R. " DA2'2lA 
gL221B g v L L DA22l.B 

GL221C n Q B. q DA221C 

B.El D Q L L 

HlJRI.NE RESIDUES ARE UNDEll.LllfED 
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The CDR-grafted heavy and l~qht ch&Ln ganes ware 
co-expressed· ~n COS cel.ls either with one another in 
various combinations but also w~tb the corresponding 
murine and chLmeric heavy and liqht chain genes 

substantially as described above. The resultant antibody 
products were then assayed in biudinq and bloc~q assays 

with BPS-ALL cella as described above. 

The results of the assays for various grafted heavy cha.i.ns 
co-expressed- with the qL221C light chain are q~ven ~n 

Figures 7 and 8 (for the JA184, JA185, JA197 ·and JA198 
·constructs - see Table 2)~ in Figure 9 (for the JA183, 

JA184, JA185 and JAl97 . conatructa) in Figure 10 (for the 
chLmeric, JA185, JA199, JA204, JA20S, JA207, JA208_and 

JA209 constructs) and in Figure 11 (for the JA183, JA184, 
JA185, JA198, JA203, JA205 attd J~06 constructs). 

The basic grafted product without any human to murine 

·changes in the variable frameworks, i.e. gL221 

co-expressed with gh341 (JA178), and also the "fully 
grafted• product, having most humAn to murine changes in 
the grafted heavy chain framework, i.e. gL221C 

co-expressed with gh341A (JA185), were'· assayed for 

relative binding affLnity .in a competLtion assay against 
. -

murine OK'.rl reference standard·, u.sing· HPB-ALL cells. The 

assay used was as described above in section 3.3. The 

results obtained are given in Figure 12 for the basic 

grafted product and in Fiqure 13 for the fully grafted 
product. These results indicate that the basic grafted 

product baa neglibible binding ability as compared with 

the OKT3 murine reference standard; whereas the "fully 

grafted• product has a binding ability very sLmilar to 

that o£ the OKTJ murine reference standard. 

The binding and blocking assay results indicate the 

fo~~owing: 
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The ~98 aDd JA207 constructs appear to have the beat 
biadfng characteristic• and a~1ar b~d1D~ ab~ities, 
both subatantia.lly the s01e as the ch imeri.c and fully 
grafted gB341A products. Th1a i.ndi.cates that positions 

88 and 91 and position 76 are not hiqhly cr.itical. for 

ma.i..nta ininq the onJ bindJ.ng abllity7 whereaa at least 
some of poai.tiona 6, 2·3, 24, 48, 49, 71, 73 and 78 are 
more important . 

This .is borne ~ut by the finding that the JA209 and JA199, 
4l.though of simi.l.ar binding ability to one another, are of 

!.ower bLndinq ability than the JA198 ~nd JA207 
constructe. This indicates the importance of having 
mouse residues at positions 71, 73 and 78, which are 

either completely or partially human in the JA199 and 
JA209 constructs respectivel.y. 

Moreover, on comparing the results obtained for the JA205 

and JA183 constructs i.t is seen that there .is a decrea~e . . 

i.n bindinq going from the ~OS to the J.Al83 constructs . 

This .indicatee the importance of retaining a mouse residue 
at position 23, the only position changed between JA20S 
and JA183. 

These and other results lead us to the conclusion that of 
the 11 m.ou•• framework residues uaed .in the gB34lA ( JA1~5) 

construct, it is important to retain mouse res.iduea at all. 
of positions 6, 23, 24, 48 and 49, and pos~.ibly for 

· maximum binding affinity at 71 , 7 3 and 7 8 • 

S~ar Experiments were carried out to CDR-graft a number 

of the rodent ant.iboclies .including antibodies bavi.ng 
spec.i.£i.ci.ty for CD4 (OKT4), ICAM-1 (R6-S·), TA~72 (Bi2 • 3), 

and 'l'HP0<_(61E71, 101.4, hTNP'l, hTNP2 and hTNFJ). 
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BXAMPLB 2 

CDR-GRJUI"'l''NC: OP' A HtJRINE ANTX-CD4 T CBLL 

RBCBPTOR ANTXBODY, OlCT4A 

PCT/GB90/020J 7 

Anti OXT4A CDR-grafted heavy and liqbt chldn qanaa were 

prepared, expressed and tested aubstantLally as descr~ed 
above in Bxamp~e 1 for CDR-grafted 0~3. The CDR 

qraftioq of OXT4A ia described in det~ in Ortho patent 
application PCT/GB 90.. • • • • • • • • of even date herewith 
entitled •uuma.n.ised Antibodies•. The disclosure of this 

Ortho patent application PcT/GB .90 ••••••••• is 
incorporated herein by reference. A number of 
CDR-qrafted OXT4 a.nt±bodies have been prepared. 
Presently the CDR-qrafted OKT4A of choice is the 
combination of the grafted light cbain LCDR2 and the 
grafted heavy chain BCDRlO. 

TBB LrGHT CBArN 

The human accept~r framework u•ad for the grafted light 
chains was RBl. '!'he preferred LCDR2 light cha.i.n baa 

human to mouse changes at positions 33, 34, ·38, 49 and 89 

in addition to the structural loop CDRs. 0£ th~se 

changed positions, positions 33, 34 and 89 fall with1n the 

preferred e~ended CDRs of the present invention 
(positions 33 and 34 in CDRl and position 89 in CDRl). 

The hwaan to murl.ne chanqes at positions 38 and 4 .9 

corresponda to positions at whi~h the amino acid residues 
are ~referab~y donor murine amino acid residues in 

accordance with the present invention. 
A comparison of the amino acid sequences of the donor 

murine light chai~ variable domain and the REl human 
acceptor liqht chain variable further reveals that the 
murine .and human residues ~e identical at all of 
positions 46, 4-8 and 71 and at.· all of positions 2, 4, 6, 

35, 36, 44, 47, 62, 64-69, 8·5, 87, 98, 99 and 101 and 102. 

However the amino acid residue at position 58 in LCDR2 is 
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the human RBI framework residue not the moa.e 0~4 rea~due 

a.e wou.ld be pre~erred i..n accordance with the present 
inventi.on. 

THB HEAVY CBAl:N 

The human acceptor ~raaework used for the qrafted heavy 

chain• waa ltOL. 
The preferred CDR qraft HCORlO heavy chain 

. . 
mouse cbanqes at positions 24, 35, 57, 58, 

in addition to the structural. l.oop CORa. 

has hwaa.n to 

60, 88 a.nd 91 

Of these positions, positions 35 (CDR!) and positions 57, 

58 and 60 (COR2) fall within the preferred extended CORa 

of the present invention. Also the human to mouse change 
at position 24 corresponds to a position at which the 

~no acid residue is a donor murine residue in accordance 

with the present invention. Moreover, the human to mouse 
changes at positions 88 and 91 correspond to positions at 

which the amino ·acid residues are optionally donor murine 

residues. 

Moreover, a comparison of the murine OKT4A and human KOL 
heavy chain var.iabl.e a.mi.no acid sequences reveals that th.e 

murine and human residues are identical. at all. of 

positions 23, 49, 71, 73 and 78 and at all of positions 2, 

4, 6, 2s, 36, 37, 39, 47, 4&, 93, 94, 1oj, 104, 106· and 

107. 
Thus the OKT4A CDR-grafted heavy chain RCDRlO corresponds 

to a particularly preferred embodiment accord~g to the 

present invention. 
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CDR-GRAFT.ING OP AN ANTI_.MOCilf SPBC:IFIC MURINE 
AN'l'XSODr, 872.3 

Th• clonLng of the gene• codLng for the ant~-mucin 
spec~f~c murLne monoclonal antLbody 872.3 and the 
preparation of 872.3 mouae-humau cb~eric antibodies baa 
been deacrLbad previoa•ly (ref. 13 and WO 89/01783). 

CDR-qrafted . versiona of 872.3 were prepared aa followa. 
(a) B72.3 Light Chain 

CDR-grafting of this l~qht chain was accomplished 
by ~rect transfer of the murine CDRa into the 
framework of the human light chain RBl. 
The regions transferred w.ere: 

CDR N.umber 
1 
.2 

3 

Residues 
24-34 
50-56 

90-96 

The activity of the result~q grafted light chain 
was a ·saeaaed by · co~expressi.on .in COS c·ell~, of 
q.enes for the comb~ations: 

B72.J. cB/872.3 cL 

and 872.3 cB/872.3 gL 

Supernatants were assayed for antibody 
c .oncentration and for the ab~lity to bind to 
microt~tre plates coated with mucin. The 
results obtained indicated that, Ln combination 
with the 872.3 ca chain, B72.3 cL and 872.3 gL 
had similar binding properties. 

Comparison o£ the murine 872.3 and RBI l~ght cba~n. amino 
acid sequences reveals that the res~due• are identical at 
poai.tions . 46, 58 and 71 but are different at position 48. 
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~ chanq~q the human residue to the donor mouse reaidue 
at posi.ti.on '8 may further improve the bindi.nq 

cb&racteri.at~a of the CDR-qra£ted ~iqht chaiD, (B72.3 qL) 
i.n accordance wi.th the_ present invention. 

(b) 872.3 heavy chain 

i.. Choice of framework 

At the outaet it waa necessary to maka a 
choice of human framework. Simp~y put, 
the question was as follows: Waa it 
necessary to use the framework reqiona fram 
an antibody whose crysta~ structure was 

known or cou..ld the choice ba made on sOJDa 

other criteria? 
For B72.3 heavy chaLn, i.t wa~ reasoned 
that, whi.le knowledqe of structure was 

important, · transfer of the CDRa from mouse 
to hwaan frameworks llliqht be facili.tatec;i if 
the overa~l homoloqy between the donor and 
receptor frameworks was ma%1.1.aed. 

Comparison of the B12. 3 heavy cha.in 

sequen~a with those in Kabat (ref. 4) for 
human hea.vy chains showed clearly that 
B72.J had poor homoloqy for KOL a.nd NEWM 

(for which crystal $trttcturea are 

available) but wa.a very ho.moloqoua to the 

heavy chai.n for !£. 
On thi.s .basls, EO was chosen for the 

_ CDR-graftinq and the foll·owi.nq residues 

transferred as CORa. 

COR Number 

1 

2 

3 
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Also it. wae noticed th,at the PR4 req.ion o£ 
BO wa• un~ike that of any other human (or 
mouse) antLbody. Consequently, ~n the 
gr_afted heavy chain genes thi.a waa uso 

chanqed to produce a •consensus• human 

sequence. (Preliminary &xp.rimanta showed 
that grafted heavy chain genes containing 

the BU PR4 sequence expressed very poorly 
in tranaient expreaaion ayat .... ) 

ii. Results with grafted heavy chain genes 
Bxpreaa.ion of qr~ted heavy chain genes 

contai.ning a~l hwaan· framework reqiona · with 
either qL or cL qenea produced a. qrafted 

antibody with little ability to bind to 
mac .in. The grafted anttbody had about 1 t 
the activity of the chimeric antibody. 

rn these experiments, however, it wa.a noted 
that the activity of the grafted ant.ibody 

could be .f.ncree.eed to""' lOt of B72. 3 by 

exposure to pHs of 2-3.5. 

This observation provided a clue as to how 

the activity of the grafted antibody could 

be improved without acid treatment. ~t 

wae postul.atad that acid exposure brouqbt 

about the protonation of an ac~d±c residue 
(pita of aspartic acid • 3.86. and of 

glutamine acid • 4.25) which in turn caused 

a change in structure of the CDR loops, or 
allowed better access .of antigen. 

From comparison ot the sequences of B7 2. 3 

(ref. 13·) and Ell (refs. 4 and 5), it was 

clear that, .f.n qoinq from the mouse to 

human frameworks, only two positions -had 
been changed in such a way that acidic 

residues had been introduced. These 
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poaitioa• are at residue• 73 and 81, where 
It to E and Q to B chAng•• had been made, 
respeeti.vely. 
Which of these positions might be Lmportant 
was detendaed by axa~iainq the crystal. 
structure of the KOL antibody. In KOL 

heavy chain; position 81 is far removed. 
frca either o~ the CDR loops. 

Position 73, however, is close to both CDRs 
1 and 3 of the heavy cha.i..n a.nd, in tJds 
position it vae possLble to envisage that a 

K to E change in this region could have a 
detrimental effect ·OD antigen binding. 

· iiL. Pramework changes in B72.3 gB gene 

On the basis of the above analysis, E73 was 
mutated to a lysine (K). It was found 
that this change had a dramatic effect on 

the ability of the grafted Ab to bind :to 
muci.n. Farther the ability o£ the grafted 
972.3 produced. by the mutated qB/gL 

combination to bind to muci.n was similar to 

that of the 972.3 chimeric antLbody • 
.i.v. Other framework changes 

In the cours~ of the above experLments, 

other. changes were made .in the heavy chain 
framework regions. Within . the accuracy of 

the assays used, none of the changes, 
either alone or together, appeared 

beneficial. 
v. Other 

~1 assays used measured the abil.i.ty of the 
gra£ted Ab to bind to muci.n and, as a whole, 

indicated that the ai.ngle framework change 

at position 73 is suffi.cient to generate an 
antibody with similar bind.i.ng properties to 

972.3. 
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Compari.sou ·of the 872.3 JaDrua and EO he&Vy 
chain sequences reveals that the mouse and 

. human residues are identical at poe~t~one 
23, 24,". 71 and 78. 

Thus the mutated CDR-grafted 872.3 heavy 

chain corresponds to a preferred embodiment 

of the present invention. 
" • • I • ~ : : 1 • 

'\ 

Board Assigned Page #532 
BIOEPIS EX. 1095 

Page 685



W09U09967 PCT/GB90/02017 

·ct>R-GRAFTDJG OF A MtJlUNB .ANT%-I:CAM-1 MONOCLONAL ANTIBODY 

A lllllrJ.ne antibody, R6-S-D6 (BP 0314863) having apeci.fi.city 
for Intercellular Adhesion Molecule 1 (XCAH-1) waa 

CDR-grafted substantiaLly as described above in previous 

examp~ee. This work ~s described 1n greater detail in 

co-peadiaq apPlication, British 'atent Application No. 
9009549.8, the disclosure of which is Lncorporatad hereLn 
by reference. 
The hUman. BU framework was used as 

for both heavy and light cha1ns. 
the acceptor framework 
The ·cnR-qrafted 

antibody currently of choice is provided by co-expression 
of qra.fted light chain gL221A and graft,ed heavy chain 
gB341D .which has a binding affinity for ICAK 1 of about 

75~ of that of the corresponding mouse-human chimeric 
antibody. 

LXGBT CHAIN 
qL221A has murine CDRa at positions 24-34 (CDRl), S0-56 
(CDR2) and 89-97 (CDRJ). In addition ~everal framework 
residues are also the murine amino acid. . These res.idues 
were chosen after consideration of the possible 
contr~ution of these residues to domain .Packing and 
~tability of the conformation ot the antigen binding 

region. The residues which have been retained as mouse 
~·at positions 2, 3, . 48 (7), 60, 84, 85 and 87. 

Comparison o£ the murine. anti-ICAH 1 a.iid hum.an EU l.iqht 
chain amino acid sequences reveals that the murine and 
human residues are identicu at positions 46, 58 and 71. 

'HEAVY CHAm 

qH3,1D baa murine CORa at positions 26-35 (CDR1), S0-56 
(CDR2) and94-100B (CDR3). In addition murine residues 

were used in gH341D at positions 24, 48, 69, 71, 73, 80, 

88 and 91. Comparison of the murine anti-ICAM 1 and 
human BU heavy chain amLno acid sequences are identical at 

positions 23, 49 and 78. 
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BU.HPLB 5 

CDR-Grafting of murine anti-TNPa antLbodLes 

A number of murLoe an~1-TNFa monoclona~ antibodies were 

CDR-grafted substantially as described above in previous 

~xamples. These antibodies include ' the murine monoclonal 

antibodies designated 61 B71, hTHPl, h'l'JIFJ and 101.4 A 
brief smmaary of the CDR-grafting of each of these 
antibodies is given below. 

61£71 

A similar analys1s aa described above (Bxample 1, Section 
12.1.) waa done for 61£71 and for the heavy chain 10 

residues were identified at 23, 24, 48, 49, 68, 69, 71, 

7·3, 75 and 88 as residues to potentially retain as 
murine. The human frameworks chosen for CDR-grafting .of 
this . antibody, and t~e h'l'HF3 and 101.4 antibodi.es were REl 
for the liqht chain and KOL for the heavy chain. 

Three genes were bu1lt, the first of which contained 23, 
24,. 48, 49, 71 and 73 (gBJ41(6)] as murine residues. 'l'he 

second gene Also had 75 and 88 as murine residues 

[gHJ41(8)) while the third qene additionally had 68, 69, 

75 and 88 aa murine residues (gH341(10)). Each was 

co-expressed with gL22l , the minLmwa graft~d light chain 
{CDRa only) ·. The gL221/gBJ41(6) and gL221/gB341(8) . 

antibodies both bound as well to TRP as murine 61B71 . 
'l'he gL221/gB341(10) antibody did not express and this 

combination was not taken further. 
Subsequently the gL221/gB341(6) antibody was assessed in 

an L929 call competition assay in which the antibody 
competes against the TNF receptor on L929 cella for 

binding to TNF in solution. In this assay the 

gL221/gB341(6) antibody was approximately lOt as acbive as 

murine 61E71. 
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h'mP'l 
hTBPl ia a monoclonal antibody which recognises an epitope 
on hWIIA.D TNP- _The BO human £raJ:~M~work was used for 
CDR-qraft~q of both ~be heavy and 1igbt variable domains. 

Beayy Cha..i..n 

. In the CDR-qrafted heavy chain ( qhmPl) mouae CDR& were 

used at positions 26-35 (CDRl), 50-65 (CDR2) and 95-102 
(CDRl). Mouae residues were also used in the frameworks 
at positions 48, 67, 69, 71, 73, 76, 89, 91, 94 and 108. 

Comparison of the THPl JDOuse and EU hWIUUl heavy cha~ 

residues reveals that these are identical at positions 23, 
24, 29 and. 78. 

Li.ght Chain 

In the CDR-qrafted light chain (gLh~l) mouse CORa wre 

used at positions 24-34 (CORl), S0-56 (COR2) and 89-97 
(CDRJ). In addition mouse residues were used. in the 
frameworks at positions 3, 42, 48, 49, 83, 106 and lO·B. 
Comparison of the hTNFl mouse anli EU human light chain 

residues reveals that these are identical at positions 46, 
58 and 71. 

The grafted hTNFl heavy -cha.i.Jl was co-expressed with the 

chimeric liqht chain and the binding ability of the 
product compared with that of the chimeric light 

chain/chLmeric heavy chain product in a TNF binding assay. 
The grafted heavy chain product appeared to have binding 

abi1ity for TNF slightly better than the fully ch~eric 

product. 

SLmLlarly, a grafted heavy chain/grafted lLqht chain 
product waa co-expressed and compared with the fu11y 
chimeric product and found to have closely s~lar binding 

properties to the latter product. 
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hTRFl 

hmP'l r~eogJdaea an epi.tope on hWIUUl TNF-o(.. The· 
sequence of hTHF3 shows only 21 differences compared to 

61E71 in the light and heavy chain var~le regions, 10 i.n 
the light chain (2 in the CORa at positions so, 96 and 8 

in the framework at 1, 19, 40, 45, 46, 76, 103 and 106) 

and 11 . i.n the heavy chain (3 in the CDR regions at 

positions 52, 60 and 95 and e in the framework at 1, 10, 
38, 40, 67, 73, 87 and 105). The light and heavy chains 

of the 61B71 and hTNF3 chimeric a.ntihocU.ea can be 

exchanged without loa• of activity in the direct hindinq 
assay. However 61B71 is an order of maqnitude leas able 
to compete with the TNP receptor on L929 cells for THP-a 

compared to hTNF3. Baaed on the 61E71 CDR grafting data 
qL221 and qB341(+23, 24, 48, 49 71 and 73 as mouse) genes 

have been built for hTNF3 and tested and the resultant 

grafted antibody bJ.nda . well to TNF-a, hut competes very 

poorly in the L929 assay. It is possible that in thi.s 
ease also the framework residues identified for OKT3 
programme may Lmprove the competitive binding abi1ity of 

this anti.body. 

101.4 
101.4 is a further murine monoclonal antibody able to 
recognise human TNP-a. The heavy chaLn of this antibody 

shows good homoloqy to KOL and so the CDR-qrafting has 

been baaed on RE1 fo~ the li.qbt chain and KOL for the 
heavy chain. Several grafted. heavy chain genes have been 

constructed with conservative choices for the CDR's 

(q8341) and which have one or a small number of non-CDR 
·residues at positions 73, 78 or 77-79 inclus~ve, as the 

mouse amino acids. These have been co-expressed with cL 

or qL221. In all cases binding to TNP equivalent it·o . the 
ch~eric antibOdy is seen and when co-expressed with eL 

the resultant antibodies are able to compete well in the 

L929 asaay. However, with gL221 the resultant antibodies 
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are at least an order or ma.qnJ.tude lea• able to co=pete 
ror ~ aqainst the T.RP receptor oa L929 cella. 

Mou.ae resi.c;fuea at othe:r poai.ti.ona i.D the heavy cha.i.n, for 

example, at 23 and 2' tOC]ether or at 76 have been 

demonstrated to prov~de no improvement to the compati.ti.ve 

a.bll.ity of the qra£ted anti.body i.D the L929 assay. 

A number of other antibodies i.ncludinq anti.bodi.ea havuq· 

apeci.fi.ci.ty for 1nterleuki.ns e.q. IL~ and cancer markers 

such as carci.Doembryonic anti.qen (CBA) e.q. the monoclonal 

antibody ASR7 (ref. 21), have been aucc:aaafully 

CDR-qrafted accordinq to the present invention. 

It wi.l~ be appreciated that the foreqoi.nq examples are 

qiven by way o£ lllustrati.on only and are not intended to 

li.mit the scope of th~ c1ai;.med invention. Ch~qea and 
mocil£icati.ona may be made to the methods descri.bed whi.l.st 

sti.ll £a11inq within the spirit and scope of the invention. 
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. 
1. A CDR-grafted antibody heavy chain . having a variah~e 

reg~on doma~n compr~sing acceptor framework and donor 

antigen binding ~egions wherein the framework 

comprises donor residues at at least one of positions 
6, 23 and/or 24, 48 and/or 49, 71 and/or 73, 75 
and/or 76 and/or .78 and 88 and/or 91. 

2. A CDR-grafted heavy chain according to Claim 1 
comprising donor residues at positions 23, 24, 49, 
71, 73 and 78, or at pos~tions 23, 24 and 49. 

3. A CDR-grafted heavy chain according to Claim 2 

comprising donor residues at positions 2, 4, 6, 25, 

36, 31, J .9, 47, 48, 93, 94, 103, 104,. 106 and 107 •. 

4. A CDR-grafted heavy chain according to Claim 2 or 3, 
comprising donor residues at one, some or all of 

posi.t.ions: 

1 and 3, 

6~ (if 48 is different between donor and acceptor), 
38 and 46 (if 48 ~s the donor residue), 
67, 

82 and 18 (~£ 67 ~s the donor resi.due), 

91, and 

any one or more of 9, 11, 41, 87, 108, 110 and 112. 

5. A CDR-grafted heavy chain a.c:cording to any of the 

preceding comprLsLng donor CDRs. at positions 26-35, 

50-65 and . 9S-100~ 

~. A CDR-grafted ant~body light ch&Ln hav~ng a var.iable 

region domain comprising acceptor framework and· donor 

antigen binding regions whereLu the framework 

compr.ises donor residues at at least ·one of positi.ons 

1 and/or 3 and 46 and/or 47. 
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7. A CDR-grafted ~ight chai.n according to Cla.im 6 
compri.si.ng donor resi.dues at positions 46 and 47. 

8. A CDR-grafted antibody light chai.n bavi.nq a variabl.e 

reqion do~n comprisi.nq acceptor framework and donor 
antigen bi.nding regions wherein the framework 

comprises donor residues at at least one of positions 

46, 48 1 58 and 71. 

~. A CDR-grafted light ch&Ln according to Cla~ 8 

comprising donor residues at positions 46, 48, 58 and 

71. 

10. A CPR-grafted light chain according to Cla~ 8 or 9 1 

comprising donor residues at positions 2, 4, 6 1 35, 

36, 38, 44, 47, 49~ 62 1 64-69, BS, 87, 98, 99 1 101 

and 102. 

11. A CDR-grafted light chain according to Cla~ 9 or l01 

comprising donor residues at one, some or all of 

pos.it.ions: 

l and 3, 
63, 

60 (if 60 and 54 are able to form a potentia~ 

sa.l.tbridge), 
70 (if 70 and 24 are able to form a potential 

sal.tbridge) 1 

73 an.9·21 (.if 47 is different between donor and 

acceptor), 

37 and 45 (if 47 if different between donor and 

acceptor) 1 and 
any one or more of 10, 12, 40, 83 1 103 and lOS. 

12. A CDR-grafted l.ight chain accordi.ng to any one of 

Claims 6-11, compr~s1ng donor CDRa at positions 

2·4-34 r 50-56 and 89-97. 
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13. A CDR-gra£ted antibody mo1ecule comprising at 1eaat 

one CDR-grafted heavy chaLn accord.1ng to any one ?f 
Claims 1-5 and at least one CDR-gr~ted l~ght chain 

according to any _one of C1aims 6-12. 

14. A CDR-grafted antibody mo1ecule according to Claim 

13, which ia a s.ite-apeoi.fic antibody molecule .• 

15. A CDR-g.rafted antibody mo1ecule according to Claim 13 

which has specificity for an inter1eukin, hormone or 

other biological1y actLve compound ·or ~ receptor 

therefor. 

16·. A CDR-grafted antibody heavy or light chain or 

molecule according to any one of the preceding claims 

comprising human acceptor residues and non-h~n 

donor residues. 

17. A DNA sequence which codes for a CDR-grafted heavy 

chain according to Cl~ 1 or a CDR-grafted light 

chain according to Cla~ 6 or ClaLm 8. 

18. A cloning or expression vector containing a DNA 

sequence according to Claim 17. 

19. A host cell transformed with a DNA sequence according 

to Claim 17. 

20. A process for the production of a CDR-grafted 

antibody. sequence according to Claim 17 in a 

· transformed host cell. 

21. A process for producing a CDR-grafted antibody · 

product comprising: 
·. 
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(a) produci.ng i.n an expreaai.on vector an operon 
havLng a DNA sequence wbLch encodes an antLbody 
heavy chain according to ClALm 1; 

and/or 
(b) producing in an expression vector an operon 

having a DNA sequence which encodes a 

comp~ementary antibody light chain according to 
C~aim 6 or Claim 8 ; 

(c) tr~fecting a host cell with the or each vector~ 
and 
(d) cu~turing the transfeeted cell line to produce 

the CDR-qrafted antLbody product. 

22. A therapeutic or diagnostic composit~on comprising a 
CDR-grafted antibody heavy cbaLn according to ClaLM 

1, or a CDR-grafted light chain according to ClaLm 6 
or C~aim 8, or a CDR-grafted antLbody molecule 
according to Claim 13 in combination wLth a 

pharmaceutically acceptabie carrier, diluent or 

excipient. 

23. A method of therapy or diaqnosis comprising 

administering an effective amount of a CD~-grafted 
heavy chain accordinq to Claim l, or a CDR-grafted 
_light chain aceord.inq to Claim 6 or Claim 8, or a 

CDR-grafted antibody molecule according to Cla~ 13 

to a human or anima~ subject. 
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paacat), BR; CP(OAJ"I patcat), CG (OAPI paflmt), CH. 
CB (Earopcaa pat.eat), CM (OAPI pateat), DE. DB 
(EQropeaQ patcat), DK. Fl. FR (Ewopeall patct), GA 
ioAPi Detent), OB. 08 (Europeaa pateat), GR., HU, rr 

cnt).JP, JCP, KR, LK, LU, W (Ewopea.n 
p M~ MG, NL (OAPI patent), Mil (OAPI pa· 
lalC), MW. Nl. NL (European paccnt). NO, R.O, SO, 
SE. SE (Euto~ patent), SN (OAPI patcot). SU, TO 
(OAPI patent). TO (OAPI patcat), US. 

Pabu.t.M 
·Jflldr in1Dn41UJtull MtUdt rqHJrt. .. 
Blffore die apCnltlo11 of lllr dm~ ltmll for 4mmdlllg 1M 
claim~ Gild to be rq~~~blisMJ in 1M nent of tM· nuipt of 
amtmlmmtr. 

Willi• ~for rtJC/Qit::alio11 uruler Ruk 91./{/). 

· CDR-cnlted antibody heavy and light cluUas comprise aa:cptor framcworlt and donor antigen biDding regions. the heavy 
chains comprising donor residues at atlea&t ooc of positioas (6. 23) and/or (24. 48) and/oc (49, 71) and/or (73, 7S) and/or (76) 
aod/or (71) and (88) and/or (91). The CDR.-gaftcd !.ipt chains comprise donor rald111ei at at least one of positioas (l) and/ or 
(3) and (46) and/o r (41) or at. at least one ofpo$itoas (46, 48, 58) and (71). The C DR.-gnftcd.antibodies an: preferably humaniscd 
antibodies, having oon human, C.J. rodem,.doaor and humaa acczpCor Crame.rod:s,· and aury be IUcd for in vivo thenpy and di-

. ainoris. A geuenJ.Jy applicable pcotoc:ol is disclosed Cor obtailllD( CDR.-paftcd antibodies. 
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1/18 

1 GAATTCCCAA AGACAAAQtg gQttttCQQg tgcQgQtttt CQgcttcctg 
51 CtQQtCQgtg CCtCQgtcQt QQtQtCCQ9Q ggQCQQQttg ttctCQCCCQ 

101 gtctCCQQCQ QtCQt.gtctg CQtCtCCQQQ QQQQQQggtc QCCQtQQCCt 
151 gcQgtgccQg ctCQ9gtgtQ QgttQcatgQ QC~ggtQcca gcQgQQgtcQ 
201 ggcQcctccc CCQQQQgQtg gQtttQtgac acatcCQQQC tggcttctgg 
251 agtccctgct CQcttcaggg gcQgtgggtc. tgggQcctct tQctctctcQ 
301 CQQtCQQCgg CQtggQggct QQQQQtgctg CCQCttQttQ ctgcCQQCQQ 
351 tggQgtQgta QCCQttCQC gttcggctcg gggQCQQQgt tggQQQtQQQ 
401 ccgggc tgQt QCtQCQCCQQ ctgtQtCCQt cttCCCQCCQ tccagtgQQC 
451 agttaQcatc tggQggtgcc tcQgtcgtgt gcttcttgQa CQQcttctac 
501 CCCQQOQQCQ tcaQtgtCQQ gtggaQgQtt ~atggcQgtg QQCQQCQQQQ 
551 tggcgtcctg QQCQgttggQ ctgatcaggQ CQQCQQQQQC QQCQCCtQCQ 
601 gcatgQgcag CQccctcacg ttgQCCaQgg acgagtQtga acgacQtQac 
651 agctQtacct gtgQQQCCQC tCQCQQQQCQ tCQQCttCQC CCQttgtcaa 
701 gQgcttcQac QQQQatgQgt gtTAGAGACA AAGGTCCTGA GACGCCACCA 
751 CCAGCTCCCA GCTCCATCCT ATCTTCCCTT CTAAGGTCTT GGAGGCTTCC 
801 CCACAAGCGC tTACCACTGT TGCGGTGCTC TAAACCTCCT CCCACCTCCT 
851 TCTCCTCCTC CTCCCTTTCC TTGGCTTTTA TCATGCTAAT ATTTGCAGAA 
901 AATATTCAAT AAAGTGAGTC TTTGCCTTGA AAAAAAAAAA AAA 
<SEQ ID N0 : 4) 

FIG. 1 a 

1 MDFQVQIFSF LLISASVIIS RGOQIVLTQSP AIMSASPGEK VTMTCSASSS 
51 VSYMNWYQQK SGTSPKRWIY DTSKLASGVP AHFRGSGSGT SYSLTISGME 

101 AE-DAATYYCQ QWSSNPFTFG SGTKLEINRA DTAPTVSIFP PSSEQLTSGG 
151 ASVVCFLNNF YPKDINVKWK IDGSERQNGV LNSWTDQDSK DSTYSMSSTL 
201 TLTKDEYERH NSYTCEATHK TSTSPIVKSF NRNEC* <SEQ ID N0:5) 

FIG. Jb 
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l GAATTCCCCT CTCCACAGAC ACTGAAAACT CTGACTCAAC ATGGAAAGGC 
51 ACTGGATCTT TCTACTCCTG TTGTCAGTAA CTGCAGGTGT CCACTCCCAG 

101 GTCCAGCTGC AGCAGTCTGG GGCTGAACTG GCAAGACCTG GGGCCTCAGT 
151 GAAGATGTCC TGCAAGGCTT CTGGCTACAC CTTTACTAGG TACACGATGC 
201 ACTGGGTAAA ACAGAGGCCT GGACAGGGTC TGGAATGGAT TGGATACATT 
251 -ATTCCTAGCC GTGGTTATAC TAATTACAAT CAGAAGTTCA AGGACAAGGC 
301 CACATTGACT ACAGACAAAT CCTCCAGCAC AGCCTACATG CAACTGAGCA 
351 GCCTGACATC TGAGGACTCT GCAGTCTATT ACTGTGCAAG ATATTATGAT 
401 GATCATTACT GCCTTGACTA CTGGGGCCAA GGCACCACTC TCACAGTCTC 
451 CTCAGCCAAA ACAACAGCCC CATCGGTCTA TCCACTGGCC CCTGTGTGTG 
501 GAGATACAAC TGGCTCCTCG GTGACTCTAG GATGCCTGGT CAAGGGTTAT 
551 TTCCCTGAGC CAGTGACCTT GACCTGGAAC TCTGGATCCC TGTCCAGTGG 
601 TGTGCACACC TTCCCAGCTG TCCTGCAGTC TGACCTCTAC ACCCTCAGCA 
651 GCTCAGTGAC TGTAACCTCG AGCACCTGGC CCAGCCAGTC CATCACCTGC 
701 AATGTGGCCC ACCCGGCAAG CAGCACCAAG GTGGACAAGA AAATTGAGCC 
801 ACCTCTTGGG TGGACCATCC GTCTTCATCT TCCCTCCAAA GATCAAGGAT 
851 GTACTCATGA TCTCCCTGAG CCCCATAGTC ACATGTGTGG TGGTGGATGT 
901 GAGCGAGGAT GACCCAGATG TCCAGATCAG CTGGTTTGTG AACAACGTGG 
951 AAGTACACAC AGCTCAGACA CAAACCCATA GAGAGGATTA CAACAGTACT 

·1001 CTCCGGGTGG TCAGTGCCCT CCCCATCCAG CACCAGGACT GGATGAGTGG 
1051 CAAGGAGTTC AAATGCAAGG TCAACAACAA AGACCTCCCA GCGCCCATCG 
1101 AGAGAACCAT CTCAAAACCC AAAGGGTCAG TAAGAGCTCC ACAGGTATAT 
1151 GTCTTGCCTC CACCAGAAGA AGAGATGACT AAGAAACAGG TCACTCTGAC 
1201 CTGCATGGTC ACAGACTTCA TGCCTGAAGA CATTTACGTG GAGTGGACCA 
1251 ACAACGGGAA AACAGAGCTA AACTACAAGA ACACTGAACC AGTCCTGGAC 
1301 TCTGATGGTT CTTACTTCAT GTACAGCAAG CTGAGAGTGG AAAAGAAGAA 
1351 CTGGGTGGAA AGAAATAGCT ACTCCTGTTC AGTGGTCCAC GAGGGTCTGC 
1401 ACAATCACCA CACGACTAAG AGCTTCTCCC GGACTCCGGG TAAATGAGCT 
1451 CAGCACCCAC AAAACTCTCA GGTCCAAAGA GAGACCCACA CTCATCTCCA 
1501 TGCTTCCCTT GTATAAATAA AGCACCCAGC AATGCCTGGG ACCATGTAAA 
1551 AAAAAAAAAA AAAGGAATTC <SEQ ID N0:6) 

FIG. 2a · 
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OKT 3 HEAVY CHAIN PROTEIN SEQUENCE DEDUCED FROM DNA SEQUENCE 

1 MERHWIFLLL LSVTAGVHSQ VQLQQSGAEL ARPGASVKMS CKASGYTFTR 
51 YTMHWVKQRP GQGLEWIGYI NPSRGYTNYN QKFKDKATLT TDKSSSTAYM 

101 QLSSLTSEDS AVYYCARYYD DHYCLDYWGQ GTTLTVSSAK TTAPSVYPLA 
151 PVCGDTTGSS VTLGCLVKGY FPEPVTLTWN SGSLSSGVHT FPAVLQSDLY 
201 TLSSSVTVTS STWPSQSITC NVAHPASSTK VDKKIEPRGP TIKPCPPCKC 
251 PAPNLLGGPS VFIFPPKIKD VLMISLSPIV TCVVVDVSED DPDVQISWFV 
301 NNVEVHTAQT QTHREDYNST LRVVSALPIQ HQDWMSGKEF KCKVNNKDLP 
351 APIERTISKP KGSVRAPQVY VLPPPEEEMT KKQVTLTCMV TDFMPEDIYV 
401 .EWTNNGKTEL NYKNTEPVLD SDGSYFMYSK LRVEKKNWVE RNSYSCSVVH 
451 EGLHNHHTTK SFSRtPGK• CSEQ ID N0:7) 

FIG. 2b 
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RES TYPE 
Okt3vl 
REI 

RES TYPE 
Okt3vl 
REI 
ID N0:8) 

RE S TYPE 
Okt3vl 
RElvl 

4/18 

1 23 42 
NN N N N N 
SBspSPESssBSbSsSssPSPSPsPSsse•s•p*PiAISsSe 
QIVLTQSPAIMSASPGEKVTMTCSASS . SVSYMNWYQQKSGT 
DIQMTQSPSSLSASVGDRVTITCQASQOIIKYLNWYQQIPGK 
? ? 

CDR! 
CDR! 

<LOOP> / 
<KABAT> 

56 

••••••• ••••••••••• 

85 
N NN 
•IsiPpleesesssSBEsePsPSBSSEsPspsPsseesSPePb 
SPKRWIYDTSKLASGVPAHFRGSGSGTSYSLTISGMEAEOAAT 
APKLLIYEASNLQAGVPSRFSGSGSGTDYTFTI SSLQPEDlAT <SEQ 

? ? ? ? ? 

******* . CDR2 <LOOP/KABAT> 

1 02 108 
PiPIPies**iPIIsPPSPSPSS 
YYCQQWSSNPFTFG~GTKLEINR <SEQ ID N0:29> 
YYCQQYQSLPYTFGQGTKLQIIR <SEQ ID N0 :9) 

•••••• 
••••••••• 

? ? . . 
· CDR3 <LOOP) 

CRD3<KABAT > .. 

FIG. 3 
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RES TYPE 
Okt3h 
KOL 

5/18 

NN N 23 26 32 35 N39 43 
SESPs ftSBssSftsSSsSpSpSPsPSEbSBssBePiftPipiesss 
QVQLQQSGAELARPGASVKMSCKASGYTFTRYTMNHWVKQRPGQ 
QVQLVESGGGVVQPGBSLRLSCSSSGFlFSSYAMYWVRQAPGK 

? ?? 
•••••• CDRl <LOOP) 

••••• CDRl <KABAT) 

52a. 60 65 N N N 82a.bc 89 
RES TYPE IlelpppftssssssssftpsftpSSsbSpseSsSseSpftpSpsSBssSftePb 
Okt3vh ·GLEWIGYINPSRGYTNTNQKFKRKATLTTDKSSSTAYMQLSSLTSEDSAV 
KOL GLE~VAIIWDDGSDQHYADSVKGRFTISRDNSKNTL[LQMDSLEPEDT~V 

RES TYPE 
Okt3vh 
KOL 

?? ? ? ? ? ? 
•••••••••••• CDR2 <LOOP> 
••••••••••••••••••• CDR2 <KABAT> 

92 N 107 113 
PiPIEissssi i isssbibi•EIPIP•spSBSS 
YYCARYYDDHY . .. . .. . CLDYWGQGTTLTVSS <SEQ ID N0 :30> 
Y£CARDGGHGFCSSASCFGPDYWGQGTPVTVSS <SEQ ID NO : lO> 

••••••••••••••••• CRD4 <KABAT/LOOP ) 

FIG. 4 
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OKT 3 HEAVY CHAIN CDR GRAFTS 

1. gh341 and derivatives 

Okt3vh 
gH341 
gH341A 

gH341E 
gH341• 
gH341• 
gH341D 
gH341• 
gH341C 

gH341• 
gH341• 
gH341B 
gH341* 
gH341* 
gH341* 
KOL 

1 26 35 39 43 -
QVQLQQSGAELARPGASVKMSCKASGYTFTRYTMHWVKQRPGQ 
QVQLVESGGGVVQOGRSLRLSCSSSGYTFTRYTMHWVRQAPGK JA178 
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK JA185 

QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK JA198 
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK JA207 
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK JA209 
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK JA197 
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK JAI99 
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK JAI84 

QVQLVQSGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK JA203 
QVQLVESGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK JA205 
QVQLVESGGGVVQPGRSLRLSCSSSGYTFTRYTMHWVRQAPGK JA183 
QVQLVQSGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK JA204. 
QVQLVESGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK JA206 
QVQLVQSGGGVVQPGRSLRLSCSASGYTFTRYTMHYVRQAPGK JA208 
QVQLVESGGGVVQPGRSLRLSCSSSGFIFSSYAMYYVRQAPGK 

FIG. 5a 
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Okt3vh 
gH341 
gH341A 

gH341E 
gH341• 
gH341• 
gH341D 
gH341• 
gH341C 

gH341• 
gH341• 
gH341B 
gH34l• 
gH34l• 
gH341• 
KDL 

7/18 

44 so 65 83 
GLEWIGYINPSRGYTNYNQKFKDKATLTTDKSSSTAYMQLSSLT 
GLEWVAYINPSRGYTNYNQKFKDRFTISRDNSKNTLFLQMDSLR 
GLEWIGYINPSRGYTNYNQKVKDRFTISTDKSKSTAFLQMDSLR - === == == . 

GLEWIGYINPSRGYTNYNQKVKDRFTISTDKSKSTAFLQMDSLR 
GLEW I GY I NPSRGYTNYNQKVKJ!RFT I Sj)ESK.NT~FLQMDSLR 
GLEWIGYINPSRGYTNYNQKVKDRFTISRDNSKNTAFLQMDSLR 
GLEWIGYINPSRGYTNYNQKVKDRFTISTDKSKNTLFLQMDSLR 
GLEWIGYINPSRGYTNYNQKVKDRFTISRDNSKNTLFLQMDSLR 
GLEWVAYINPSRGYTNYNQKFKDRFTISRDNSKNTLFLQMDSLR 

GLEW~YINPSRGYTNYNOKVKDRFTIS!D~SK~T8FLQMDSLR 
GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKSTAFLQMDSLR 
GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKSTAFLQMDSLR 
GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKSTAFLQMDSLR 
GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKSTAFLQMDSLR 
GLEWnGYINPSRGYTNYNOKVKDRFTISfDKSKNTAFLQMDSLR 
GLEWVAIIWDDGSDQHYADSVKGRFTISRDNSKNJLFLQMDSLR 

FIG. 5b 
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84 95 102 113 
Okt3vh SEDSAVYYCAR~YDDHY ....... CLDYWGQGTTLTVSS 

SEQ ID NO: 
30 

gH341 PEDTGVYFCARYYDDHY ....... CLDYWGQGTTLTVSS JA178 11 
gH341A PEDTaVYYCARYYDDHY ....... CLDYWGQGTTLTVSS JA185 12 

gH341E PEDTGVYFCARYYDDHY ....... CLDYWGQGTTLTVSS JA198 13 
gH341* PEDTGVYFCARYYDDHY ....... CLDYWGQGTTLTVSS JA207 14 
gH341D PEDTGVYFCARYYDDHY ....... CLDYWGQGTTLTVSS JA197 15 
gH341* PEDTGVYFCARYYDDHY ....... CLDYWGQGTTLTVSS JA209 16 
gH341 * PEDTGVYFCARYYDDHY ...... . CLDYWGQGTTLTVSS _ JA199 17 
gH341C PEDTGVYFCARYYDDHY .... . ... CLDYWGQGTTLTVSS JA184 .18 

_gH341 * 
gH 341* 
gH 341B 
gH 341* 
gH341* 
gH341* 
KOL 

PEDTAVYYCARYYDDHY ....... CLDYWGQGTTLTVSS 
PEOTAVYYCARYYDDHY . . . . ... CLDYWGQGTTLTVSS 
PEDTaVYYCARYYDDHY ....... CLDYWGQGTTLTVSS 
PEDTGVYFCARYYDDHY .... . . . CLDYWGQGTTLTVSS 
PEDTGVYFCARYYDDHY ...... . CLDYWGQGTTLTVSS 
PEDTGVYFCARYYDDHY ....... CLDYWGQGTTLTVSS 
PEDTGVYFCARDGGHGFCSSASCFGPDYWGQGTPVTVSS 

FIG. 5c 
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OKT3 LIGHT CHAIN CDR GRAFTING 

1. gL221 and derivatives 

Okt3vl 
gL221 
gL221A 
gL221B 
gL221C 
REI 

Okt3vl 
gL221 

·,gL221A 
gL221B 

,'gL221C 
REI 

Okt3vl 
gL221 
gL221A 
gL221B 
gL221C 
REI 

1 24 34 42 
QIVLTQSPAOMSASPGEKVTMTCSASS.SVSYMNWYQQKSGT 
DIQMTQSPSSLSASVGDRVTITCSASS.SVSYMNWYQQTPGK 
QIYMTQSPSSLSASVGDRVTITCSASS.SVSYMNWYQQTPGK 
2IYMTQSPSSLSASVGDRVTITCSASS.SVSYMNWYQQTPGK 
DIQMTQSPSSLSASVGDRVTITCSASS.SVSYMNWYQQTPGK 
DIQMTQSPSSLSASVGDRVTITCQASQDIIKYLNWYQQTPGK 

43 50 56 85 
SPKRWIYDTSKLASGVPAHFRGSGSGTSYSLTISGMEAEDAAT 
APKLLIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT 
APKRWIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT 
APKLLIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT 
APKRWIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT ==-
APKLLIYEASNLQAGVPSRFSGSGSGTDYTFTISSLQPEDIAT (SEQ ID NO:S) 

86 91 96 108 
YYCQQWSSNPFTFGSGTKLEINR 
YYCQQWSSNPETFGQGTKLQITR 
YYCQQWSSNPETFGQGTKLQITR 
YYCQQWSSNPETFGQGTKLQITR 
YYCQQWSSNPETFGQGTKLQITR 
YYCQQYQSLPYTFGQGTKLQITR 

(SEQ ID NO: 29) 
(SEQ ID N0:25) 
(SEQ ID NO.: 26) 
(SEQ ID NO: 27) 
(SEQ ID NO: 28) 
(SEQ ID NO: 9) 

CDR'S ARE UNDERLINED 

FRAMEWORK RESIDUES INCLUDED IN THE GENE ARE DOUBLE UNDERLINED 

-FIG. 6 
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OKT3 - GRAFTED HEAVY CHAINS 
BINDING ASSAY 

(Mean Channel - HPALL's) 
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--o--(204) 6, __ ,24,48,49,71,73,76,78, __ , __ , 
e--(199) 6,23,24,48,49, __ ,_~, __ , __ , __ , __ , 

--o--(207) 6,23,24,48,49,71,73, __ ,78, __ , __ , 
~~<185) 6123,24,48,49,71,73,76,78,88,91, 
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DOCICET NO • : CARP-0009 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are 
as stated below next to my name; and 

I verily believe that I am the oriqinal, first and sole 
inventor (if only one name is listed below) or an original, first 
and joint inventor (if -plural names are listed below) of the 
subject matter which is claimed and for which a patent is sought. 
on the j.nvention ·entitled: H(lo1N{ISED NH'IBOXJ!ffi 
____________________________ the specification of which: 

is attached hereto. 

· -· ····-------------vV--wa~led on--21 ~ 1990 ·­
IntematiOrial Application serial No. PCT/GB90/ .and 

on · ~~~ 

as 
was amended 

(if applicable) 

1: hereby sta.te that I have_r.ev.i.ewed--and--unde·r.s-~a·nd-the- · -- ·------­
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledqe the duty to disclose information which 
is material to the examination of this application in accordance 
with 37 CFR S 1.56(a). 

·I hereby claim foreign priori~y benefits under. JS · 
u.s. c . S 119 of any foreign application (s) for pate~t . ·.or : 
inventor's certificate listed below and have also identified · 
below any foreign application for patent or inventor's 
certificate having a filinq date before that of any application 
on which priority is claimed: 

country 

U.K. 

PT0-19 

Nwllber 

8928874.0 

Date Filed Priority Claimed 

21.12.89 

REST AVAilABLE COPY 
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I .,~areby claim the bene~it un~er 35 u.s. c. s 120_ of any 
United Stat~s. application(s) listed below and, ins"'tar as · the 
subject matti.er of each of the claims o~ this app~icat!on is nee­
disclosed irt. the prior United States application in ~~e manner· 
provided by t~e ~irst paraqraph ot 35 u.s.c. S 112, .r ac~...,..owledq~·( 
the duty to disclose material informatio~ as de~ined in 37 CFR · · 
S ·1. 56 (a) which occurred between the filinq date of tb·e prior \ . 
application and the national or PCT international filinq date of 
this application: 

Application serial No. 

'· 

J'ilinq Date Status (patented, 
pendinq) 

I hereby appoint the followinq attorney(s) and/or 
aqent (s) to prosecute this application and to transact all 
business in the Patent and Tradema~ktinOffice connected therewith: 

Franci..s A. Pa.J.n 

Reqistra tion Nos.. --~1.;..9.:..,3.;.8.;..6.......,~~~~~~~~=---~---------­
of the firm of WOODCOCK WASBBtJ'RN ltURTZ HACltl:EWICZ 5 NORRIS, One 
Liberty Place- 46th Floor, Philadelphia, Pennsylvania 19103, and 

Address all teleP.hone calls and correspondence to: 
FranCis A. Paintin 

WOOOCOClt WASHBURN ltURTZ HACltiEWICZ 5 NORRIS 
one Liberty Place - 46th Floor 
Philadelphia, PA 19103_ 
Telephone No~ 215-$68-3100. 

I hereby declare that all statements made herein of my 
own knowledqe are true and toat all statements made on 
information ahd belief are believed to be ·tru~ and further that 
these statements were made with the knowledqe that willful false 
statements and the like ·so made are punishable by fine or 
imprisonment, o r both, under Section 1001 of Title 18 of the 

PT0-19 

,_~ST AVAftASl~ -COPY 

- 2 -
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United States CQ~e and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 

Full Name znventor'a siqnature Date 
. Ja-JN REERT ADAl:R fro'- l2iJ ·bd-~ H/1 /1/ 
Residence 23 Geo~ Road, StoiCenchurchV Citizenship U.K. 

High ~cx:mbe, Buckinghamshire HP14 3RN, U.K. 

Post Office Address 
23 George Road, Stokenchurch, High Wyoc:ltiJe, Buck.i _a. 

•i.r~ HP14 3RN, U.K. 
~_L 

Full. Name -- I ~ r--sh 19~~··) ,5·~79\ 
I r~[e 

Dn..n::Er SDGI ATBHAL \~ .w 1 v~ 
Residence I \ - Citi•enship I Flat 35, Knollys :House, U.K. 

Tavist:ock Square,_ IA:xldon 1«:1, U.K. 

Post Office Address 
Flat _3_5 JCI'V'\ 1 1 vs !l.'arls:tock Squa_r.e, Ialdon--N:l-r-U .!T· 

F~ll. Name ~ve~r'a s~ure Date 
JOHN SPEN:::ER EMrAGE ~ JY~~ r.a_o~ t3/1(~' I 

Residence 49 'l'errple Mill .. Island; Terrple ) citiz~ip U.K. 
Marlow, BucJc.i.nghaDsh, SL7 lSJ, U.K. ' . ---
Post Office Address 

49 Tenple Mill Island, 'l'eltple, Marlow, Budd.ngham;hire SL7 1SQ, U.K • 

Full. Name xnventor'a Siqnature Date 

Residence Ci tizen·ship 

. 
Post Office Address 

I 

Ful.l Name xnventor'a Si911ature Date 
I 

Residence citizenship 

Post Office Address 

BEST AVAILABLE -COPY 

PT0-19 
\ 
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DATE FILED: 05/28/2010 
DOCUMENT NO: 35 

DOCKET NO.: CARP0001-112 PATENT 
PRELIMINARY AMENDMENT AND REQUEST FOR INTERFERENCE UNDER 37 
C.F.R. § 42.202 DATED NOVEMBER 21, 2005 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In ReApplication of: Jobo R. Adair, Diljeet S. Athwal and JohnS. Emtage 

Serial No.: Not Yet Assigned 

Filing Date: November 21, 2005 

For: HUMANISED ANTIBODIES 

Customer No.: 34132 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 223 J 3-1450 

Dear Sir: 

Art Unit: Not Yet Assigned 

Examiner: Not Yet Assigned 

EXPRESS MAIL LABEL NO.: EV146 601 S6SUS 
DATE OF DEPOSIT: November 21, 2005 

PRELIMINARY AMENDMENT 
AND 

REQUEST FOR INTERFERENCE UNDER 37 CFR § 42.202 

Applicant respectfully requests entry of the following amendments prior to the 

calculation of filing fees: 

Amendments To The Specification begin on page 2 of this paper. 

Listing of the Claims, reflecting current amendments, begins on page 3 of this paper. 

Remarks begin on page 4 of this paper. 

The Conclusion is found on page 12. 

Appendix A is found on page 14. 

Appendix B is found on page ·17. 

Appendix C is found on page 19. 

Appendix D is found on page 20. 

Appendix E is found on page 21. 
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DOCKET NO.: CARPOOOl-112 PATENT 
PRELIMINARY AMENDMENT AND REQUEST FOR INTERFERENCE UNDER 37 
C.F.R. § 42.202 DATED NOVEMBER 21,2005 

AMENDMENTS TO THE SPECIFICATION 

Please replace the paragraph containing the cross-reference to related applications on 

page 1 of the specification with the following: 

This application is a Continuation of U.S. Application Serial No. 08/846,658, Filed May 

l, 1997, which is a Continuation of U.S. Application Serial No. 08/303,569, Filed September 7, 

1994, now U.S. Patent No. 5,859,205, Issued January 12, 1999, which is a File Wrapper 

Continuation of U.S. Application Serial No. 0717 43,329, Filed September 17, 1991, Abandoned, 

which is a 35 U.S.C. 371 National Stage Application of International Application No. 

PCT/GB90/020 17, International Filing Date of December 21, 1990, which claims priority to 

Great Britain Application No. 8928874.0, Filed December 21, 1989, all applications are 

incorporated by reference herein in their entireties . 

-2-
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DOCKET NO.: CARPOOOl-112 PATENT 
PRELIMINARY AMENDMENT AND REQUEST FOR INTERFERENCE UNDER 37 
C.F.R. § 42.202 DATED NOVEMBER 21, 2005 

LISTING OF CLAIMS 

This listing of claims represents the current status of the claims. 

Claims 1-23 (cancelled) 

Claim 24 (new) A humanised antibody heavy chain variable domain comprising non-human 

complementarity determining region amino acid residues which bind an antigen and a human 

framework region wherein said framework region comprises an amino acid substitution at a 

residue .selected from the group consisting of 23, 24, 49, 71, 73, and 78, and combinations 

thereof, as numbered according to Kabat. 

Claim 25 (new) A humanised antibody comprising the variable domain of claim 24. 

- 3 -
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DOCKET NO.: CARPOOOl-112 PATENT 
PRELIMINARY AMENDMENT AND REQUEST FOR INTERFERENCE UNDER 37 
C.F.R. § 42.202 DATED NOVEMBER 21,2005 

REMARKS 

Claims 24 to 25 are pending. Applicants hereby request an interference in accordance 

with 37 CFR § 42.202. It is noted that U.S. Patent No. 6,407,213, whose claims present the 

basis for an interference, is classified in Class 530, and was examined by Examiners Minh-Tam 

Davis and Anthony C. Caputa. 

Compliance with 37 CFR § 42.202 

Applicants respectfully submit that all requirements of 37 CFR § 42.202 have been met 

and respectfully request examination of the present application and declaration of an 

interference. 

(a) Identifying The Patent 

Applicants request that an interference be declared between Applicants' above-identified 

application and U.S. Patent No. 6,407,213 Bl (hereinafter the 213 patent), issued to Carteret al. 

on June 18, 2002, a copy of which is enclosed herewith. 

(b) Compliance with 35 USC§ 135(b) 

Although the present rules do not require a showing of compliance under 35 USC § 

l35(b), Applicants submit the following to advance the examination of the present application to 

allowability. The present application is a Continuation of U.S. Application Serial No. 

08/846,658, Filed May 1, 1997, which is a Continuation ofU.S. Application Serial No. 

08/303,569, Filed September 7, 1994, now U.S. Patent No. 5,859,205, Issued January 12, 1999, 

which is a File Wrapper Continuation of U.S. Application Serial No. 071743,329, Filed 

September 17, 1991, Abandoned, which is a 35 U.S.C. 371 National Stage Application of 

International Application No. PCT /GB90/020 17, International Filing Date of December 21, 1990 

(hereinafter "the PCT application," a copy of which is enclosed herewith), which claims priority 

to Great Britain Application No. 8928874.0, Filed December 21, 1989. Claims 1-23 as filed in 

the PCT application are attached as Appendix A. 

-4-
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DOCKET NO.: CARPOOOI-112 PATENT 
PRELIMINARY AMENDMENT AND REQUEST FOR INTERFERENCE UNDER 37 
C.F.R. § 42.202 DATED NOVEMBER 21,2005 

Under 35 USC§ 135(b)(l), Applicants must show that they had a claim to the same, or 

substantially the same, subject mater as a claim of the 213 patent within one year of the issuance 

of the 213 patent, or June 18,2003. The 213 patent issued on June 18,2002. The PCT 

application was filed on December 21, 1990, over 10 years earlier than the 213 patent issued. 

The time limit ofSe.ction 135(b)(l) has been complied with fully. See Corbett v. Chisholm, 196 

USPQ 337 (CCPA 1977). 

To meet the "same or substantially the same invention" requirement of Section 135(b)(l), 

Applicants must show that their claim contained all material limitations, i.e. limitations 

necessary to patentability, of the claim of the 213 patent alleged to be to the same, or 

substantially the same, invention. Corbett v. Chisholm, 196 USPQ 337 (C.C.P.A. 1977), citing 

Wetmore v. Miller, 477 F.2d 960, 177 USPQ 699 (C.C.P.A. 19730). 

As is evident from Appendix A, Applicants made a claim for the same, or substantially 

the same, subject matter as a claim of the 213 patent well before the issuance of the 213 patent. 

Claim 16 of the PCT application, as depending from claim 8, is to substantially the same subject 

matter as at least claim I of the 213 patent. For the Office's convenience, all three claims are 

duplicated below. 

Claim 8 of the PCT application: A CDR-grafted antibody light chain having a 

variable region domain comprising acceptor framework and donor antigen 

binding regions wherein the framework comprises donor residues at at least one 

of positions 46, 48,58 and 71. 

Claim 16 of the PCT application: A CDR-grafted antibody heavy or light 

chain or molecule according to any one of the preceding claims comprising 

human acceptor residues and non-human donor residues. 

Claim 1 of the 213 patent: A humanized antibody variable domain comprising 

non-human Complementarity Determining Region (CDR) amino acid residues 

- 5-
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DOCKET NO.: CARPOOOl-112 PATENT 
PRELIMINARY AMENDMENT AND REQUEST FOR INTERFERENCE UNDER 37 
C.F.R. § 42.202 DATED NOVEMBER 21, 2005 

which bind an antigen incorporated into a human antibody variable domain, and 

further comprising a Framework Region (FR) amino acid substitution at a site 

selected from the group consisting of: 4L, 38L, 43L, 44L, 58L, 62L, 65L, 66L, 

67L, 68L, 69L, 73L, 85L, 98L, 2H, 4H, 36H, 39H, 43H, 45H, 69H, 70H, 74H, 

and 92H, utilizing the numbering system set forth in Kabat. 

Both claim 16 of the PCT application, as it depends from claim 8, and claim 1 of the 213 

patent are directed to variable domains comprising non-human Complementarity Determining 

Regions ("CDRs") that bind antigen, i.e., antigen binding regions, human framework regions, 

and a non-human framework amino acid at residue 58 of the light chain, using Kabat numbering. 

Both claims also comprise a human framework region; claim 1 of the 213 patent simply recites it 

differently -- if one incorporates non-human CDR amino acid residues into a human antibody 

variable domain, one ends up with a human framework region. Further, the 213 patent defines 

.. humanized antibody" as an antibody having a framework region "having substantially the 

amino acid sequence of a human immunoglobulin," i.e., a human framework region (see column 

8, lines 11-17, of the 213 patent). "Antigen binding regions," as recited in claim 8 of the PCT 

application, refers to CDRs (see page 8, lines 10-13, of the PCT application). As indicated on 

page 8, lines 22-24 of the PCT application, all numbering is according to Kabat. Claim 16 

implicitly contains the recitation that the amino acid be substituted. As indicated on page 17, 

lines 1-19 of the PCT application, substitution of the non-human framework residues for the 

human framework residues is required when the donor and framework residue at any of the 

recited positions differ. While Applicants' claim recites a "light chain" and claim 1 of the 213 

patent recites a "variable domain," Applicants submit that this is merely a difference in scope, 

and not a material difference. See Corbett. 

(c) Presentation Of A Proposed Count 

Applicants present in Appendix B, attached hereto, a proposed count that is presented in 

the "alternative" format as claim 30 or claim 80 of the 213 patent or Applicants' claim 24. All 

alternatives are to the same patentable invention. 

- 6 -
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DOCKET NO.: CARPOOOl-112 PATENT 
PRELIMINARY AMENDMENT AND REQUEST FOR INTERFERENCE UNDER 37 
C.F.R. § 42.202 DATED NOVEMBER 21, 2005 

AJJ alternatives recite that the variable domain comprises non-human complementarity 

determining region amino acid residues which bind an antigen. All alternatives also comprise a 

human framework region. As discussed above for compliance with Section 135(b), the 213 

patent defines "humanized antibody" as an antibody having a framework region "having 

substantially the amino acid sequence of a human immunoglobulin," i.e., a human framework 

region (see column 8, lines 11-17, of the 213 patent). And, if one incorporates non-human CDR 

amino acid residues into a human antibody variable domain, as recited in claims 30 and 80, one 

ends up with a human framework region. Further, all alternatives require only that one of the 

listed framework residues be substituted. Claims 30 and 80 ofthe 213 patent and Applicants' 

claim 24 recite substituting, inter alia, residue 78 of the heavy chain. 

Although claim 30 of the 213 patent and Applicants' claim 24 do not recite the 

alternative recitations (a) through (c) of claim 80 of the 213 patent, e.g., "noncovalently binds 

antigen directly," such limitations are clearly implicit for all the framework residue substitutions 

recited in claim 80. 

Although claims 30 and 80 of the 213 patent do not recite that the variable domain is 

from the light chain, it clearly must be the case when a light chain framework residue, i.e., one 

designated with an "L," is to be substituted. 

Claim 30 of the 213 patent recites an "antibody" while the remaining alternatives recite a 

"variable domain." The antibody recitation is anticipated by and/or obvious over the recitation 

of variable domain and vice versa. "Humanized antibody" is defined in the 213 patent to 

comprise, inter alia, at least one variable domain (see column 8, lines 26-28, of the 213 patent). 

Claim 30 of the 213 patent further recites a specific antibody target. The alternatives of 

the count that do not recite a particular target are clearly anticipated thereby. Considering the 

target, i.e., the tyrosine kinase receptor for HER2, p 185HER2
, Applicants submit that claim 30 is 

clearly obvious over the other alternatives of the count for the reasons that follow. 

The import ofp185H£Rl to cancer, particularly breast cancer, had been well documented 

well before the priority date of the 213 patent. See, for example, Slamon, D.J. et al., Science, 

235:177-182,1987. The development of antibodies against p185HERl for use in therapy had also 

-7-

Board Assigned Page #573 
BIOEPIS EX. 1095 

Page 726



DOCKET NO.: CARPOOOl-112 PATENT 
PRELIMINARY AMENDMENT AND REQUEST FOR INTERFERENCE UNDER 37 
C.F.R. § 42.202 DATED NOVEMBER 21,2005 

been well documented, as was the use of antibodies other than hybridoma-produced monoclonal 

antibodies. Applicants respectfully submit that, in view of the knowledge of the art at the time, a 

humanized antibody against p185HER2 would have been obvious over the remaining alternatives 

of the count. 

(d) Identification of claims corresponding to the count 

Applicants identify all of the 213 patent claims, claims 1-82, and all of Applicants' 

pending claims, claims 24-25, as corresponding to the proposed count. All of said claims are 

either anticipated by, or obvious over, the proposed count as required by 37 CFR § 41.207(b)(2). 

More specifically, the alternatives of the proposed count recite framework residue 

substitutions recited in claims 1, 5-28,34-63,66,70-77, and 79 ofthe 213 patent. 

Claims 2, 31, 67, and 81 of the 213 patent recite that the substituted residue is the 

residue found at the corresponding location of the non-human antibody from which the non­

human CDR amino acids are obtained. Such a claim is anticipated by the proposed count- the 

goal of substituting framework residues is to improve affinity to approach that of the antibody 

from which the CDRs are obtained. See, for example, Riechmann, et al., Nature, 332:323-327, 

1988. 

Claims 3, 32, 68, and 82 of the 213 patent recite that no human framework residue other 

than those set forth in the claim from which they depend has been substituted. Such claims are 

anticipated by, or cJearJy obvious over, the proposed count in view of the use of the Markush 

language "selected from the group consisting of." The transitional phrase "consisting of' is 

closed, meaning that it excJudes any element not listed. See MPEP 2111.03. 

Claims 29 and 78 recite an antibody comprising the humanized variable domains of the 

claims from which they depend. Such claims are clearly anticipated by claim 30 of the proposed 

count. 

While claims 4, 33, 62 and 69 of the 213 patent further recite that the variable domain is a 

"consensus" human variable domain, use of such framework regions in making humanized 

antibodies was known by the priority date ofthe 213 patent. See, for example, column 13, lines 

- 8-
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DOCKET NO.: CARPOOOl-112 PATENT 
PRELIMINARY AMENDMENT AND REQUEST FOR INTERFERENCE UNDER 37 
C.F.R. § 42.202 DATED NOVEMBER 21, 2005 

6-9, of U.S. Patent No. 5,530,101, issued to Queen et al., filed on December 19, 1990. Claims 

62 and 69 are, thus, obvious in view of the proposed count and the art. 

The recitation in claim 63 that the humanized antibody lacks immunogenicity when 

compared to the non-human parent upon repeated administration is the very goal of 

humanization and is, thus, implicit. The motivation for preparing humanized antibodies was to 

reduce immunogenicity. See column 1, lines 51-58, of the 213 patent, discussing the 

''Background of the Invention." References from the early 1980's are cited therein disclosing the 

anti-globulin response to rodent monoclonal antibodies. Claim 63 is, at a minimum, obvious 

over the proposed count and the art. 

The alternatives recited in claim 64 include the alternatives recited in claim 80 of the 

count. Claim 64 is, thus, anticipated by the proposed count. 

The recitation in claim 65 that the variant of claim 63 binds the antigen "up to 3-fold 

more in the binding affinity than the parent antibody binds antigen" broadly includes variants 

that have binding affinities equal to and less than the parent. As recognized in the "Background 

of the Invention" section of the 213 patent, at column 3, lines 50-55, humanizing antibody while 

retaining high affinity for antigen was difficult to achieve; achieving lower affinity was not. 

This recitation, thus, is also either anticipated by, or obvious over, the proposed count in view of 

the art. 

All of Applicants claims, claims 24-25, are anticipated by or obvious over the proposed 

count. Claim 25 is anticipated by claim 30 of the count. 

(e) Interference-In-Fact 

"An interference-in-fact exists if the subject matter of a claim of one party would, if prior 

art, have anticipated or rendered obvious the subject matter of a claim of the opposing party and 

vice versa." 37 CFR § 41.203(a) (2004). Applicants set forth in attached Appendix C a 

comparison of claim 66 of the 213 patent with Applicants' claim 24, both ofwhich correspond to 

the present count. 

As is clear from Appendix C, each claim anticipates and/or renders obvious the other. 

Both claims recite a humanized variable domain. Both claims are directed to a heavy chain 
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variable domain. Both claims also recite that the variable domain comprises non-human 

complementarity determining region amino acid residues which bind an antigen. Both claims 

also comprise a human framework region; claim 66 ofthe 213 patent simply recites it differently 

-- if one incorporates non-human CDR amino acid residues into a human antibody variable 

domain, one ends up with a human framework region. Indeed, as discussed above, the 213 

patent defines "humanized antibody" as an antibody having a framework region "having 

substantially the amino acid sequence of a human immunoglobulin," i.e., a human framework 

region (see column 8, lines ll-17, of the 213 patent). Both claims recite a single amino acid 

substitution in the framework region to be selected from a Markush group listed thereafter; both 

recite that residue 24 of the heavy chain is to be substituted. Finally, both claims recite that 

numbering is according to Kabat. 

(t) Support for Applicants Claims 

In attached Appendix D, Applicants illustrate the representative support in their 

disclosure for the limitations of their claims 24 to 25. There is, of course, additional support in 

Applicants' application omitted herein for the sake of brevity. In Appendix E, Applicants show 

support for their claim 24, filed December 21, 1989. Methods for preparing exemplary 

antibodies having framework substitutions are described, inter alia, on pages 18-23, Sections 

13.1.1 through 15.3, ofthe GB priority application. 

(g) Applicants Will Prevail on Priority 

US Serial No. 08/146,206, which issued as the 213 patent, was filed on June 15, 1992 as 

a PCT continuation-in-part ofU.S. Serial No. 07/715,272, filed June 14, 1991. 

The present application is a continuation of Application Serial No. 08/846,658, filed May 

I, 1997, which is a continuation of Application Serial No. 08/303,569, filed September 7, 1994, 

now U.S. Patent No. 5,859,205, which is a continuation of Application Serial No. 07/743,329, 

filed as PCT/GB90/02017, filed December 21, 1990 and which claims priority benefit ofGB 

8928874.0, filed December 21, 1989. Applicants' earliest constructive reduction to practice date 

to which they are entitled is at least as early as December 21, 1989, but not later than December 

- 10-

Board Assigned Page #576 
BIOEPIS EX. 1095 

Page 729



DOCKET NO.: CARPOOOl-112 PATENT 
PRELIMINARY AMENDMENT AND REQUEST FOR INTERFERENCE UNDER 37 
C.F.R. § 42.202 DATED NOVEMBER 21,2005 

21 , 1990. Regardless, both dates are earlier than the earliest filing date of the 213 patent , or 

June 14, 1991. 
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CONCLUSION 

The Requested Interference Should Be Declared 

Early consideration and indication of allowability of all pending claims is respectfully 

requested. For an interference to be declared, however, only one claim needs to be allowable. 

MPEP § 2307.02. Should the present examination involve rejections of applicant's claims that 

would have been equally applicable against the 213 patent claims, applicants respectfully note 

MPEP § 2307.02, which requires the approval of the Group Director for such a rejection. 

Applicants are presumptively the prior inventors of the claimed subject matter and only desire an 

interference to prove that they are the actual prior inventors. Their opportunity to do so should 

not be unduly delayed. In view of the foregoing, Applicants respectfully request that an 

interference be declared between the present application and the 213 patent. 

To assist the Examiner, Applicants note the following. 

( 1) the proposed count for the interference should be the Proposed Count set forth in 

Appendix B. 

(2) the claims of the 213 patent which should be designated as corresponding to the 

count are claims 1-82, all of the issued claims of the patent. 

(3) the claims of Applicants that should be designated as corresponding to the count 

are claims 24-25, all pending claims of the Applicants' above-identified application. 

(4) no claims of either party should be designated as not corresponding to the count 

since none are directed to a separate patentable invention when considering the proposed count. 
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The examiner is requested to contact the undersigned attorney if an interview, telephonic 

or personal, would facilitate allowance of the claims or declaration of an interference. 

Respectfully submitted, 

Do~~cxth~ 
A/l,._ ... _ I. _ Registration No. 35,719 

Date: '/~ d-1 1 d-oo:;-
cozEN O'CONNOR. P.C. 
1900 Market Street, 6th Floor 
Philadelphia, PA 19103-3508 
(215) 665-5593 -Telephone 
(215) 701-2005- Facsimile 

Attachments: Appendices A-E 
Copy of U.S. Patent No. 6,407,213 81 
Copy of PCT Publication WO 91/09967 
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APPENDIX A 

1. A CDR-grafted antibody heavy chain having a variable region domain comprising 

acceptor framework and donor antigen binding regions wherein the framework comprises donor 

residues at at least one of positions 6, 23 and/or 24,48 and/or 49,71 and/or 73, 75 and/or 76 

and/or 78 and 88 and/or 91. 

2. A CDR-grafted heavy chain according to claim 1 comprising donor residues at positions 

23, 24, 49, 71, 73 and 78, or at positions 23,24 and 49. 

3. A CDR-grafted heavy chain according to claim 2 comprising donor residues at positions 

2, 4, 6, 25, 36, 37, 39, 47, 48, 93, 94, 103, 104, 106 and 107. 

4. A CDR-grafted heavy chain according to claim 2 or 3, comprising donor residues at one, 

some or all of positions: I and 3, 69 (if 48 is different between donor and acceptor), 38 and 46 (if 

48 is the donor residue), 67, 82 and IS (if67 is the donor residue), 91, and any one or more of9, 

11, 41, 87, 108, 110 and 112. 

5. A CDR-grafted heavy chain according to any of the preceding comprising donor CDRs at 

positions 26-35, 50-65 and 95-100. 

6. A CDR-grafted antibody light chain having a variable region domain comprising 

acceptor framework and donor antigen binding regions wherein the framework comprises donor 

residues at at least one of positions 1 and/or 3 and 46 and/or 47. 

7. A CDR-grafted light chain according to claim 6 comprising donor residues at positions 

46 and 47. 

8. A CDR-grafted antibody light chain having a variable region domain comprising 

acceptor framework and donor antigen binding regions wherein the framework comprises donor 
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residues at at least one of positions 46, 48, 58 and 71 . 

9. A CDR-grafted light chain according to claim 8 comprising donor residues at positions 

46, 48, 58 and 71. 

10. A CDR-grafted light chain according to claim 8 or 9, comprising donor residues at 

positions 2, 4, 6, 35, 36, 38, 44, 47, 49, 62, 64-69, 85, 87, 98, 99, 101 and 102. 

11. A CDR-grafted light chain according to claim 9 or 10, comprising donor residues at one, 

some or all of positions: 1 and 3, 63, 60 (if60 and 54 are able to form a potential saltbridge), 70 

(if 70 and 24 are able to form a potential saltbridge), 73 and 21 (if 47 is different between donor 

and acceptor), 37 and 45 (if 47 if different between donor and acceptor), and any one or more of 

10, 12, 40, 83, 103 and 105. 

12. A CDR-grafted light chain according to any one of claims 6-11, comprising donor CDRs 

at positions 24-34, 50-56 and 89-97. 

13. A CDR-grafted antibody molecule comprising at least one CDR-grafted heavy chain 

according to any one of claims 1-5 and at least one CDR-grafted light chain according to any one 

of claims 6-12. 

14. A CDR-grafted antibody molecule according to claim 13, which is a site-specific 

antibody molecule. 

15. A CDR-grafted antibody molecule according to claim 13 which has specificity for an 

interleukin, hormone or other biologically active compound or a receptor therefor. 

16. A CDR-grafted antibody heavy or light chain or molecule according to any one of the 

preceding claims comprising human acceptor residues and non-human donor residues. 

17. A DNA sequence which codes for a CDR-grafted heavy chain according to claim 1 or a 
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CDR-grafted light chain according to claim 6 or claim 8. 

18. A cloning or expression vector containing a DNA sequence according to claim 17. 

19. A host cell transformed with a DNA sequence according to claim 17. 

20. A process for the production of a CDR-grafted antibody sequence according to claim 17 

in a transformed host cell. 

21 . A process for producing a CDR-grafted antibody product comprising: (a) producing in an 

expression vector an operon having a DNA sequence which encodes an antibody heavy chain 

according to claim 1; and/or (b) producing in an expression vector an operon having a DNA 

sequence which encodes a complementary antibody light chain according to claim 6 or claim 8; 

(c) transfecting a host cell with the or each vector; and (d) culturing the transfected cell line to 

produce the CDR-grafted antibody product. 

22. A therapeutic or diagnostic composition comprising a CDR-grafted antibody heavy chain 

according to claim I, or a CDR-grafted light chain according to claim 6 or claim 8, or a CDR­

grafted antibody molecule according to claim 13 in combination with a pharmaceutically 

acceptable carrier, diluent or excipient. 

23. A method of therapy or diagnosis comprising administering an effective amount of a 

CDR-grafted heavy chain according to claim 1, or a CDR-grafted light chain according to claim 

6 or claim 8, or a CDR-grafted antibody molecule according to claim 13 to a human or animal 

subject. 
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APPENDIXB 

Proposed Count for interference 

Claim 30 of the 213 patent 

An antibody which binds p185HERZ and comprises a humanized antibody variable 

domain, wherein the humanized antibody variable domain comprises non-human 

Complementarity Determining Region (CDR) amino acid residues which bind pl85HERZ 

incorporated into a human antibody variable domain, and further comprises a Framework Region 

(FR) amino acid substitution at a site selected from the group consisting of: 4L, 38L, 43L, 44L, 

46L, 58L, 62L, 65L, 66L, 67L, 68L, 69L, 73L, 85L, 98L, 2H, 4H, 36H, 39H, 43H, 45H, 69H, 

70H, 74H, 75H, 76H, 78H and 92H, utilizing the numbering system set forth in Kabat. 

OR 

Claim 80 of the 213 patent 

A humanized antibody variable domain comprising non-human Complementarity 

Determining Region (CDR) amino acid residues which bind an antigen incorporated into a 

human antibody variable domain, and further comprising a Framework Region (FR) amino acid 

substitution where the substituted FR residue: 

(a) noncovalently binds antigen directly; 

(b) interacts with a CDR; or 

(c) participates in the V L - V H interface by affecting the proximity or orientation of the V L and 

V H regions with respect to one another, and wherein the substituted FR residue is at a site 

selected from the group consisting of: 4L, 38L, 43L, 44L, 58L, 62L, 65L, 66L, 67L, 68L, 69L, 

73L, 85L, 98L, 2H, 4H, 24H, 36H, 39H, 43H, 45H, 69H, 70H, 73H, 74H, 76H, 78H, 92H and 

93H, utilizing the numbering system set forth in Kabat. 
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OR 

Applicants' claim 24 

A humanised antibody heavy chain variable domain comprising non-human 

complementarity determining region amino acid residues which bind an antigen and a human 

framework region wherein said framework region comprises an amino acid substitution at a 

residue selected from the group consisting of 23, 24, 49, 71, 73, and 78, and combinations 

thereof, as numbered according to Kabat. 
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APPENDIXC 

Comparison of Applicants' claim 24 and claim 66 of the 213 patent 

Applicants' Claim 24 213 patent Claim 66 

Claim 24 - A humanised antibody heavy chain A humanized antibody heavy chain variable 
variable domain comprising domain comprising 
non-human complementarity determining non-human Complementarity Determining 
region amino acid residues which bind an Region (CDR) amino acid residues which bind 
antigen and an antigen 
a human framework region wherein said incorporated into a human antibody variable 
framework region comprises an amino acid domain, and further comprising a Framework 
substitution at a residue selected from the Region (FR) amino acid substitution at a site 
group consisting of selected from the group consisting of: 

23, 24, 49, 71, 73, and 78, and combinations 24H, 73H, 76H, 78H, and 93H 
thereof, 
as numbered according to Kabat. utilizing the numbering system as set forth in 

Kabat. 
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APPENDIXD 

Support for Applicants' claims in Applicants' Present Specification 

Claim Present Specification 

Claim 24 -- A humanised antibody heavy chain page 6, lines 29-31 
variable domain comprising 
non-human complementarity determining page 7, line 29, through page 8, line 7 and 
region amino acid residues which bind an page 17, lines 6-7 
antigen and 
a human framework region wherein said page 7, line 29, through page 8, line 7 and 
framework region comprises an amino acid page 17, lines 1-19 
substitution at a residue selected from the 
group consisting of 
23, 24, 49, 71 , 73, and 78, and combinations page 7, lines 1-3 
thereof, 
as numbered according to Kabat. page 8, lines 22-24 

Claim 25 -- A humanised antibody see above support for claim 24 
comprising the variable domain of claim 24. 
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APPENDIXE 

Support For Applicants' Claims in the GB Application, filed December 21, 1989 

Claim 1989GB Application 

Claim 24 - A humanised antibody heavy chain page 5, lines 8-10 
variable domain comprising 
non-human complementarity determining page 5, lines 8-21 
region amino acid residues which bind an 
antigen and 
a human framework region wherein said page 5, line 10 and page 26, lines 31-33 
framework region comprises an amino acid 
substitution at a residue selected from the 
group consisting of 
23, 24, 49, 71 , 73, and 78, and combinations page 6, lines 8-10 and Table I 
thereof, 
as numbered according to Kabat. page 6, lines 5-7 
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Se1i.al No.: 11/284,261 
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Dear Sir: 

PATENT 

This paper is being filed in Jesponse to the Non-Final Office Action dated as mailed 

March 9, 2009. Applicants hereby petition for a three-month extension of time to respond to the 

Non-Final Office Action and request the Commissioner to charge Deposit Account 50-3111 the 

appropriate extension of time fee. 

Listing of the Claims, begin on page 2. 

Remarks begin on page 3. 

The Conclusion is found on page 5. 
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LISTING OF THE CLAIMS 

Claims 1-23 (cancelled) 

PATENT 

Claim 24 (currently amended): A humanised antibody comprising a heavy chain 

variable domain comprising non-human complementality determining region amino acid 

residues which bind an antigen and a human framework region wherein said framework region 

comprises a non-human amino acid substitution at a residue selected from the group consisting 

of23, 24, 49, 71, 73, and 78, and combinations thereof, as numbered according to Kabat. 

Claim 25 (cancelled) 
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REMARKS 

PATENT 

Claims 24 and 25 were pending. All pending claims were rejected in the Non-Final 

Rejection. In view of the foregoing amendments and arguments that follow, Applicants 

respectfully request withdrawal of all rejections upon reconsideration. 

Applicants acknowledge with appreciation the Office's withdrawal of the objections to 

claim 24 under 35 U.S.C. 112, second paragraph, as being indefinite. 

Rejection Under 35 U.S.C. § 112, First Paragraph 

Claim 24 was amended with the RCE filing and was again rejected as allegedly being 

indefinite. The Office alleges that the specification is enabling for a humanized antibody 

comprising a heavy chain variable domain and a light chain variable domain, with all 6 CDRs, 

and does not provide enablement for a humanized antibody heavy chain variable domain alone. 

The Office is clearly disregarding the fact that the CDR-grafted chains can be combined with 

other chains, as disclosed in the specification, including chimeric and mouse chains. Thus, it is 

not necessary for the claims to recite both chains. Applicants traverse this rejection but have 

amended claim 24 to recite a humanized antibody comprising a heavy chain variable domain. 

Applicants respectfully submit that this rejection has been overcome. 

Rejection Under 35 U.S.C.102(e) 

Claims 24 and 25 were rejected under 35 U.S.C. 102(e) as allegedly being anticipated by 

Queen, et al US Patent 5,585,089 the '"089 patent". Claim 25 has been cancelled. Applicants 

traverse this rejection as it applies to claim 24. 

With all due respect, the Office has apparently misread the claims. Initially, the office 

states that the claims recite that the framework region comprises a non-human amino acid 
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substitution at a residue selected from 23, 24, 49, 71, 73, and 78, and combinations thereof. The 

Office then asserts that the '"089 patent" teaches an antibody comprising a humanized heavy 

chain variable domain comprising human residues at positions except the CDRs, and the 

following framework positions-27, 93, 95, 98, 107-109, 11, 30, 67, 48, and 68. The Office 

concludes, thus, that all the remaining framework positions are the human antibody allegedly 

taught in the '"089 patent". The Office then states that, since the claims recite substitution to 

human residues in the heavy chain in residues 23, 24, 49, 71, 73, and 78, and the '"089 patent" 

teaches human residues in all of those positions, the claim limitations are met. As the Office 

previously acknowledged, however, these residues are non-human residues in claim 24. The 

"'089 patent", thus, does not anticipate the Applicants invention. 

Applicants respectfully request that this rejection be withdrawn. 
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CONCLUSION 

PATENT 

Applicants respectfully submit that claim 24 is allowable and early allowance of the 

same. If a telephonic conversation with Applicants' attorney would help expedite the 

prosecution of the above-identified application, the Examiner is urged to call the undersigned at 

215-665-5593. 

Date: September 9, 2009 

COZEN O'CONNOR, P.C. 
1900 Market Street, 4lh Floor 
Philadelphia, PA 19103-3508 
Telephone: (215) 665-5593 
Facsimile: (215) 701-2005 

Respectfully submitted, 

/Doreen Y atko Trujillo/ 

Doreen Yatko Trujillo 
Registration No. 35,719 
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(57) Abstract 
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HUMANISED ANTIBODIES 

Field of the Invention 
The present invention relates to humanised antibody 
molecules, to processes for their production using 

recombinant DNA technology, and to their therapeutic uses. 

The term "humanised antibody molecule" is used to describe 

a molecule having an antigen binding site derived from an 
immunoglobulin from a non-human species, and remaining 
immunoglobulin-derived parts of the molecule being derived 
from a human immunoglobulin. The antigen binding site 

typically comprises complementarity determining regions 
(CDRs) which determine the binding specificity of the 
antibody molecule and which are carried on appropriate 
framework regions in the variable domains. There are 3 
CDRs (CDRl, CDR2 and CDR3) in each of the heavy and light 

chain variable domains. 

I n the description, reference is made to a number of 
publications by number. The publications are listed in 
numerical order at the end of the description. 

Background of the Invention 
Natural immunoglobulins have been known for many years, as 

have the various fragments thereof, such as the Fab, 
(Fab')2 and Fe fragments, which can be derived by 
enzymatic cleavage . Natural immunoglobulins comprise a 
generally Y-shaped molecule having an antigen-binding site 

towards the end of each upper arm. The remainder of the 
structure, and particularly the stem of the Y, mediates 
the effector functions associated with immunoglobulins. 

Natural immunoglobulins have been used in assay, diagnosis 
and, to a more limited extent, therapy. However, such 

uses, especially in therapy, were hindered until recently 

.by the polyclonal nature of natural immunoglobulins. A 
significant step towards the realisation of the potential 
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of immunoglobulins as therapeutic agents was the discovery 
of procedures for the production of monoclonal antibodies 

(MAbs) of defined specificity (1). 

However, most MAbs are produced by hybridomas which are 
fusions of rodent spleen cells with rodent myeloma 
cells. They are therefore essentially rodent proteins. 
There are very few reports of the production of human MAbs. 

Since most available MAbs are of rodent origin, they are 
naturally antigenic in humans and thus can give rise to an 
undesirable immune response termed the HAMA ( Hum.an 

Anti-Mouse Antibody) response. Therefore, the use of 
rodent MAbs as therapeutic agents in humans is inherently 
limited by the fact that the human subject will mount an 
immunological response to the MAb and will either remove 
it entirely or at least reduce its effectiveness. In 
practice, MAbs of rodent origin may not be used in 
patients for more than one or a few treatments as a HAMA 
response soon develops rendering the MAb ineffective as 
well as giving rise to undesirable reactions. For 
instance, OKT3 a mouse IgG2a/k MAb which recognises an 
antigen in the T-cell receptor-CD3 complex has been 
approved for use in many countries throughout the world 
as an immunosuppressant in the treatment of acute 
allograft rejection [Chatenoud et al (2) and Jeffers et al 
(3 ) ]. However, in view of the rodent nature of this and 
other such MAbs, a significant HAMA response which may 
include a maj~r anti-idiotype component, may build up on 
use. Cl~arly, it would be highly desirable to diminish 
or abolish this undesirable HAMA response and thus enlarge 
the areas of use of these very useful antibodies. 

Proposals have therefore been made to render non-human 

MAbs less antigenic in humans. Such techniques can be 
generically termed "humanisation" techniques. These 
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techniques typically involve the use of recombinant DNA 
technology to manipulate DNA sequences encoding the 
polypeptide chains of the antibody molecule. 

Early methods for humanising MAbs involved production of 
chimeric antibodies in which an antigen binding site 

comprising the complete variable domains of one antibody 

is linked to constant domains derived from another 
antibody. Methods for carrying out such chimerisation 
procedures are described in EP0120694 (Celltech Limited), 

EP0125023 (Genentech Inc. and City of Hope), EP-A-0 171496 
(Res. Dev. Corp. Japan), EP-A-0 173 494 (Stanford 
University), and WO 86/01533 (Celltech Limited). This 
latter Celltech application (WO 86/01533) discloses a 
process for preparing an antibody molecule having the 
variable domains from a mouse MAb and the constant domains 
from a human immunoglobulin. Such humanised chimeric 
antibodies, however, still contain a significant 
proportion of non-human amino acid sequence, i.e. the 

complete non-human variable domains, and thus may still 
elicit some HAMA response, particularly if administered 
over a prolonged period [Begent et al (ref. 4)]. 

In an alternat.ive approach, described in EP-A-0239400 
(Winter), the complementarity determining regions (CDRs) 
of a mouse MAb have been grafted onto the framework 
regions of the variable domains of a human immunoglobulin 
by site directed mutagenesis using long oligonucleotides. 
The present invention relates to humanised antibody 
molecules prepared according to this alternative approach, 
i.e. CDR-grafted humanised antibody molecules. Such 

CDR-grafted humanised antibodies are much less likely to 
give rise to a HAMA response than humanised chimeric 
antibodies in view of the much lower proportion of 
non-human amino acid sequence which they contain. 
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