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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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