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The earliest work on humanising MAbs by CDR-grafting was 
carried out on MAbs recognising synthetic antigens, such 
as the NP or NIP antigens. However, examples in which a ! 

mouse MAb recognising lysozyme and a rat MAb recognising 
an antigen on human T-cells were humanised by CDR-grafting 1 

have been described by Verhoeyen et al (S) and Riechmann 
et al (6) respectively. The preparation of CDR-grafted 
antibody to the antigen on human T cells is also described 
in WO 89/07452 (Medical Research Council). 

In Riechmann et al/Medical Research Council it was found 
that transfer of the CDR regions alone [as defined by 
Kabat refs. (7) and (8)] was not sufficient to provide 
satisfactory antigen binding activity in the CDR-grafted 
product. Riechmann 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 having improved antigen 
binding activity. This residue at position 27 of the 
heavy chain is within the structural loop adjacent to 
CDR!. A further construct which additionally contained a 
human serine to rat tyrosine change at position 30 of the 
heavy chain did not have a significantly altered binding 
activity over the humanised antibody with the serine to 

phenylalanine change at position 27 alone. These results 
indicate that changes to residues of the human sequence 
outside the CDR regions, in particular in the structural 

loop adjacent to CDR!, may be necessary to obtain 
effective antigen binding activity for CDR-grafted 
antibodies which recognise more complex antigens. Even 

so the binding affinity of the best CDR-grafted antibodies 
obtained was still significantly less than the original 
MAb. 

Very recently Queen et al (9) have described the 

preparation of a humanised antibody that binds to the 
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interleukin 2 receptor, by combining the CDRs of a murine 
MAb (anti-Tac) with human immunoglobulin framework and 
constant regions. The . human framework regions were 

chosen to maximise ho~ology with the anti-Tac MAb 
sequence. In addition computer modelling was used to 
identify framework amino acid residues which were likely 
to interact with the CDRs or antigen, and mouse amino 
acids were used at these positions in the humanised 
antibody. 

In WO 90/07861 Queen et al propose four criteria for 

designing humanised immunoglobulins. The first criterion 
is to use as the human acceptor the framework from a 
particular human immunoglobulin that is unusually 
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 use the donor 
amino acid rather than the acceptor if the human acceptor 
residue is unusual and the donor residue is typical for 
human sequences at a specific residue of the framework. 
The third criterion is to use the donor framework amino 
acid residue rather than the acceptor at positions 
immediately adjacent to the CDRs. The fourth criterion 
is to use the donor amino acid residue at framework 
positions at which the amino acid is predicted to have a 
side chain atom within about 3 A of the CDRs in a 
three-dimensional immunoglobulin model and to be capable 
of interacting with the antigen or with the CDRs of the 

humanised immunoglobulin. It is proposed that criteria 
two, three or four may be applied in addition or 

alternatively to criterion one, and may be applied singly 
or in any combination. 

WO 90/07861 describes in detail the preparation of a 
single CDR-grafted humanised antibody, a humanised 

antibody having specificity for the p55 Tac protein of the 
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IL-2 receptor. The combination of all four c·riteria, as 
above, were employed in designing this humanised antibody, 
the variable region frameworks of the human antibody Eu i 

(7) being used as acc~ptor. In the resultant humanised 
antibody the donor CDRs were as defined by Kabat et al ( 7 ~ 

and 8) and in addition the mouse donor residues were used 
in place of the human acceptor residues, at positions 27, 

30, 48, 66, 67, 89, 91, 94, 103, 104, 105 and 107 in the 
heavy chain and at positions 48, 60 and 63 in the light 
chain, of the variable region 
anti-Tac antibody obtained is 
for p55 of 3 x 109 M-1, about 

murine MAb. 

frameworks. The humanised 
reported to have an affinity 
one-third of that of the 

We have further investigated the preparation of CDR
grafted humanised antibody molecules and have identified a 
hierarchy of positions within the framework of the 
variable regions (i.e. outside both the Kabat CDRs and 
structural loops of the variable regions) at which the 
amino acid identities of the ·residues are important for 
obtaining CDR-grafted products with satisfactory binding 
affinity. This has enabled us to establish a protocol 
for obtaining satisfactory CDR-grafted products which may 

be applied very widely irrespective of the level of 
homology between the donor immunoglobulin and acceptor 
framework. The set of residues which we have identified 
as being of critical importance does not coincide with the 
residues identified by Queen et al (9). 

Summary of the Invention 
Accordingly, in a first aspect the invention provides 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. 
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In preferred embodiments, the heavy chain framework 
comprises donor residues at positions 23, 24, 49, 71, 73 
and 78 or at positions 23, 24 and 49. The residues at 

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

In particularly preferred embodiments the heavy chain 
framework additionally comprises donor residues at one, 
some or all of positions 6, 37, 48 and 94. Also it is 

particularly preferred that residues at positions of the 
heavy chain framework which 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 residues. Most 
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 framework optionally comprises 

donor residues at one, some or all of positions: 
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 first and other aspects of the present invention 
reference is made to CDR-grafted antibody products 

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

widely applicable to the CDR-grafting of antibodies in 
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general. Thus, the donor and acceptor antibodies may be 
derived from animals of the same species and even same 
antibody class or sub-class. More usually, however, the ~ 

donor and acceptor antibodies are derived from animals of 
different species. Typically the donor antibody is a ~ 

non-human antibody, such as a rodent MAb, and the acceptor 

antibody is a human antibody. 

In the first and other aspects of the present invention, 
the donor antigen binding region typically comprises at 
least one CDR from the donor antibody. Usually · the donor 
antigen binding region comprises at least two and 
preferably all three CDRs of each of the heavy chain 
and/or light chain variable regions. The CDRs may 
comprise the Kabat CDRs, the structural loop CDRs or a 
composite of the Kabat and structural loop CDRs and any 
combination of any of these. Preferably, the antigen 
binding regions of the CDR-grafted heavy chain variable 
domain comprise CDRs corresponding to the Kabat CDRs at 
CDR2 (residues 50-65) and CDR3 (residues 95-100) and a 
composite of the Kabat and structural loop CDRs at CDRl 
(residues 26-35). 

The residue designations given above. and elsewhere in the 
present application are numbered according to the Kabat 
numbering (refs. (7). and (8)]. Thus the residue 
designations do not always correspond directly with the 
linear numbering of the amino acid residues. The actual 
linear amino acid sequence may contain fewer or additional 
amino acids than in the strict Kabat numbering 
corresponding to a shortening of, or insertion into, a 
structural component, whether framework or CDR, of the 
basic variable domain structure. For example, the· heavy 
chain variable region of the anti-Tac antibody described 
by Queen et al (9) contains a single amino acid insert 
(residue 52a) after residue 52 of CDR2 and a three amino 
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