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1. 

INTERLEUKIN-5 SPECIFIC RECOMBINANT 
ANTIBODES 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

The present invention relates to a recombinant antibody 
molecule (RAM), and especially a humanized antibody 
molecule (HAM) having specificity for human interleukin-5 
(hIL-5), the nucleic acids which encode the heavy and light 
chain variable domains of said recombinant antibody, a 
process for producing said antibody using recombinant DNA 
technology and the therapeutic use of the recombinant 
antibody. 

In the present application, the term “recombinant anti 
body molecule” (RAM) is used to describe an antibody 
produced by a process involving the use of recombinant 
DNA technology. The term “humanized antibody molecule' 
(HAM) is used to describe a molecule being derived from a 
human immunoglobulin. The antigen binding site may com 
prise either complete variable domains fused onto constant 
domains or one of more complementary determining regions 
(CDRs) grafted onto appropriate framework regions in the 
variable domain. The abbreviation "MAb’ is used to indi 
cate a monoclonal antibody. 
The term “recombinant antibody molecule' includes not 

only complete immunoglobulin molecules but also any 
antigen binding immunoglobulin fragments, such as Pv, Fab 
and F(ab')2 fragments, and any derivatives thereof. Such as 
single chain Fv fragments. 

Natural immunoglobulins have been used in assay, diag 
nosis and, to a limited extent, therapy. The use of immuno 
globullins in therapy has been hindered as most antibodies 
of potential use as therapeutic agents are MAbs produced by 
fusions of a rodent spleen cells with rodent myeloma cells. 
These MAbs are therefore essentially rodent proteins. The 
use of these MAbs as therapeutic agents in human can give 
rise to an undesirable immune response termed the HAMA 
(Human Anti-mouse Antibody) response. The use of rodent 
MAbs as therapeutic agents in humans is inherently limited 
by the fact that the human Subject will mount as immuno 
logical response to the MAb which would either remove it 
entirely or at least reduce its effectiveness. 
A number of techniques to reduce the antigenic charac 

teristics of such non-human MAbs have been developed. 
These techniques generally involve the use of recombinant 
DNA technology to manipulate DNA sequences encoding 
the polypeptide chains of the antibody molecule. These 
methods are generally termed "humanization” techniques. 

Early methods for humanizing MAbs involved the pro 
duction of chimeric antibodies in which an antigen binding 
site comprising the complete variable domains of one anti 
body are fused to constant domains derived from another 
antibody. Methods for carrying out such chimerisation pro 
cedures are described in EP 0120694 (Celltech Limited) and 
EP 0125023 (Genetech Inc. and City of Hope), Humanized 
chimeric antibodies, however, still contain a significant 
portion of non-human amino acid sequences, and can still 
ellcit some HAMA response, particularly if administered 
over a prolonged period Begent et al. Br. J. Cancer, 62,487 
(1990)). 
An alternative approach described in EP-A-02394.00 

(Winter), involves the grafting of the complementarity deter 
mining region (CDRs) of a mouse MAb on to framework 
regions of the variable domains of a human immunoglobulin 
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2 
using recombinant DNA techniques. There are three CDRs 
(CDR1, CDR2 and CDR3) in each of the heavy and light 
chain variable domains. Such CDR-grafted humanized anti 
bodies are much less likely to give rise to a HAMA response 
than humanized chimeric antibodies in view of the much 
lower proportion of non-human amino acid sequences which 
they contain. In Riechmann et al Nature, 332 323-324 
(1988) it was found that the transfer of the CDRs alone, as 
defined by Kabat Sequences or Proteins of Immunological 
Interest. US Department of Health and Human Services. 
NTH, USA (1987), was not sufficient to provide satisfac 
tory antigen binding activity in the CDR-grafted product. 
Riechmann et al. found that it was necessary to convert a 
number of residues outside the CDRs, in particular in the 
loop adjacent CDR1. However, the binding affinity of the 
best CDR-grafted antibodies obtained was still significantly 
less than that of the original MAb. 

In WO 91/09967, Adair et al. described CDR-grafted 
antibody heavy and light chains, and determined a hierarchy 
of donor residues. 

In WO 93/16184, Chou et al. described the design, 
cloning and expression of humanized monoclonal antibodies 
against human interleukin-5. A method for selecting human 
antibody sequences to be used as human frameworks for 
humanization of an animal antibody is Suggested, compris 
ing the steps of comparing human variable domain 
sequences with the variable domain sequences of the animal 
MAb that is to be humanized for percentage identities, 
sequence ambiguities and similar PIN-region spacing, PIN 
region spacing is defined as the number of residues between 
the cysteine residues forming the intra domain disulfide 
bridges. The human antibody having the best combination of 
these features is selected. A method for determining which 
variable domain residues of an animal MAb which should be 
selected for humanization is also suggested, comprising 
determining potential minimum residues (residues which 
comprise CDR structural loops and the residues required to 
support and/or orientate the CDR structural loops) and 
maximum residues (residues which comprise Kabat CDRs, 
CDR structural loops, residues required to support and/or 
orientate the CDR structural loops and residues which fall 
within about 10 A of a CDR structural loop and posses a 
water solvent accessible surface of about 5 A or greater) of 
the animal monoclonal antibody. Furthermore, computer 
modelling is performed on all possible recombinant 
antibodies, comprising the human antibody framework 
sequence into which minimum and maximum residues have 
been inserted. The minimum or maximum residues are 
selected based on the combination which produces a recom 
binant antibody having a computer-model structure closest 
to that of the animal monoclonal antibody. The humanized 
and-IL-5 antibody obtained appears to have lost a substantial 
amount of its affinity for the hIL-5 molecule. 

It is an aim of the present invention to provide a human 
ized antibody molecule having improved affinity for the 
hIL-5 molecule. 

Accordingly the present invention provides a RAM hav 
ing affinity for human IL-5 and comprising antigen binding 
regions derived from heavy and/or light chain variable 
domains of a donor antibody having affinity for human IL-5, 
the RAM having a binding affinity similar to that of the 
donor antibody. 
The RAM of invention may comprise antigen binding 

regions from any suitable donoranti-IL5 antibody. Typically 
the donoranti-IL-5 antibody is a rodent MAb. Preferably the 
donor antibody is MAb 39D10. 
The variable domains of the heavy and light chains of 

MAb 39D10 are hereinafter specifically described with 
reference to FIGS. 1 and 2. 
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According to one preferred aspect of the invention, the 
RAM of the present invention is an anti-IL-5 antibody 
molecule having affinity for the human IL-5 antigen com 
prising a composite heavy chain and a complementary light 
chain, said composite heavy chain having a variable domain 
comprising predominantly acceptor antibody heavy chain 
framework residues and donor antibody heavy chain 
antigen-binding residues, said donor antibody having affin 
ity for human IL-5, wherein said composite heavy chain 
comprises donor residues at least at positions 31–35, 50–65 
and 95-102 (according to the Kabat numbering system) 
Kabat et al., sequences of Proteins of Immunological 
Interest, Vol I. Fifth Edition, 1991, US Department of Health 
and Human Services, National Institute of Health). 

Preferably, the composite heavy chain framework addi 
tionally comprises donor residues at positions 23, 24, 27–30. 
37, 49, 73 and 76-78 or 24, 27–30, 37, 49, 73, 76 and 78. 

According to a second preferred aspect of the present 
invention, there is provided an anti-IL-5 antibody molecule 
having affinity for a human IL-5 antigen comprising a 
composite light chain and a complementary heavy chain, 
said composite light chain having a variable domain com 
prising predominantly acceptor antibody light chain frame 
work residues and donor antibody light chain antigen 
binding residues, said donor antibody having affinity for 
human IL-5, wherein said composite light chain comprises 
donor residues at least at positions 24–30, 50–56 and 89–97 
(according to the Kabat numbering system). 

Preferably, the composite light chain framework addition 
ally comprises donor residues at positions 22, 68 and 71 or 
at positions 68 and 71. 

According to a third preferred aspect of the present 
invention, there is provided an anti-IL-5 antibody molecule 
having affinity for a human IL-5 antigen comprising a 
composite heavy chain according to the first aspect of the 
invention and a composite light chain according to the 
second aspect of the invention. 

Preferably, each RAM of the invention has an affinity 
constant for human IL-5 of greater than 10M. 

It will be appreciated that the invention is widely appli 
cable to the production of anti-IL-5 RAMs in general. Thus, 
the donor antibody may be any anti-IL-5 antibody derived 
from any animal. The acceptor antibody may be derived 
from an animal of the same species and may even be of the 
same antibody class or Sub-class. More usually, however, the 
donor and acceptor antibodies are derived from animals 
from different species. Typically, the donor anti-IL-5 anti 
body is a non-human antibody, Such as rodent MAb, and the 
acceptor antibody is a human antibody. 
Any appropriate acceptor variable framework sequence 

may be used having regard to class or type of the donor 
antibody from which the antigen binding regions are 
derived. Preferably, the type of acceptor framework used is 
of the same or similar or type as that of the donor antibody. 
Conveniently, the framework chosen has the most homology 
to the donor antibody. Preferably, the human group II 
gamma germ line frameworks are used for the composite 
heavy chain and the human group I kappa germ line frame 
works are used for the composite light chains. 

The constant region domains of the RAMs of the inven 
tion may be selected having regard to the proposed functions 
of the antibody, in particular the effector functions which 
may be required. For example, the constant regions domains 
may be human IgA, IgE, IgG or IgM domains. In particular, 
IgG human constant region domains may be used, especially 
of the IgG1 and IgG3 isotype, when the humanized antibody 
molecule is intended for therapeutic uses, and antibody 
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effector functions are required. Alternatively, IgG2 and IgG4 
isotypes may be used where the humanized antibody mol 
ecule is intended for therapeutic purposes and antibody 
effector functions are not required, e.g. for specifically 
binding to and neutralizing the biological activity of human 
IL-5. Modified human constant region domains may also be 
used in which one or more amino acid residues have been 
altered or deleted to change a particular effector function. 
Preferably, the constant region domains of the RAMs are 
human IgG4. 
The residue designations given above and elsewhere in 

the present application are numbered according to the Kabat 
numbering Kabat et al. Sequences of Proteins of Immuno 
logical Interest, Vol I. Fifth Edition, 1991, US Department of 
Health and Human Services, National Institute of Health. 
Thus, the residue designations do not always correspond 
directly with a linear numbering of the amino acid residues. 
The actual linear amino acid sequence may contain fewer or 
additional amino acids than in the Kabat numbering, corre 
sponding to a shortening of, or insertion into, the basic 
variable domain structure. 

Also the anti-IL-5 antibody molecules of the present 
invention may have attached to them effector or reporter 
molecules. Alternatively, the procedure of recombinant 
DNA technology may be used to produce immunoglobulin 
molecules in which the Fc fragment or CH3 domain of a 
complete immunoglobulin has been replaced by, or has been 
attached thereto by peptide linkage, a functional non 
immunoglobulin protein, Such as an enzyme, cytokine, 
growth factor or toxin molecule. 

Thus, the remainder of the antibody molecules need not 
comprise only sequences from immunoglobulins. For 
instance, a gene may be constructed in which a DNA 
sequence encoding part of a human immunoglobulin chain 
is fused to a DNA sequence encoding the amino acid 
sequence of a polypeptide effector or reporter molecule. 

Further aspects of the invention include DNA sequences 
coding for the composite heavy chain and the composite 
light chain. The cloning and expression vectors containing 
the DNA sequences, host cells transformed with the DNA 
sequences and the processes for producing the antibody 
molecules comprising expressing the DNA sequences in the 
transformed host cells are also further aspects of the inven 
tion. 
The general methods by which vectors may be 

constructed, transfection methods and culture methods are 
well known in the art and form no part of the invention. 
The DNA sequences which encode the anti-IL-5 donor 

amino acid sequences may be obtained by methods well 
known in the art (see, for example, International Patent 
Application No. WO 93/16184). For example, the anti-IL-5 
coding sequences may be obtained by genomic cloning or 
cDNA cloning from suitable hybridoma cell lines, e.g. the 
39D10 cell line. Positive clones may be screened using 
appropriate probes for the heavy and light chains required. 
Also PCR cloning may be used. 
The DNA coding for acceptor amino acid sequences may 

be obtained in any appropriate way. For example, DNA 
sequences coding for preferred human acceptor frameworks 
Such as human group I light chains and human group III 
heavy chains, are widely available to workers in the art. 
The standard techniques of molecules biology may be 

used to prepare the desired DNA sequences. The sequences 
may be synthesized completely or in part using oligonucle 
otide synthesis techniques. Site-directed mutagenesis and 
polymerase chain reaction (PCR) techniques may be used as 
appropriate. For example, oligonucleotide directed synthesis 
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as described by Jones et al. Nature, 321, 522 (1986) may 
be used. Also ologonucleotide directed mutagenesis of a 
pre-existing variable regions as, for example, described by 
Verhoeyen et al. Science, 239, 1534–1536 (1988) may be 
used. Also enzymatic filling in of gapped oligonucleotides 
using T4 DNa polymerase as, for example, described by 
Queen et al. Proc. Natl. Acad. Sci. USA, 86, 10029–10033 
(1989) and WO 90/07861) may be used. 
Any suitable host cell and vector system may be used for 

the expression of DNA sequences coding for the RAM. 
Preferably, eucaryotic, e.g. mammalian, host cell expression 
systems are used. In particular, Suitable mammalian host 
cells include CHO cells and myeloma or hybridoma cell 
lines. 

Thus, according to a further aspect of the present inven 
tion a process for producing an anti-IL-5 RAM is provided 
comprising: 

(a) producing in a first expression vector a first operon 
having a DNA sequence which encodes a composite heavy 
chain, as defined according to the first preferred aspect of the 
invention; 

(b) optionally producing in the first or a second expression 
vector a second operon having a DNA sequence which 
encodes a complementary light chain, which may be a 
composite light chain as defined according to the second 
preferred aspect of the invention; 

(c) transfecting a host cell with the or each vector, and 
(d) culturing a transfected cell line to produce the RAM. 
Alternatively, the process may involve the use of 

sequences encoding a composite light chain and a comple 
mentary heavy chain. 

For the production of RAMs comprising both heavy and 
light chains, the cell lines may be transfected with two 
vectors. The first vector may contain an operon encoding a 
composite or complementary heavy chain and the second 
vector may contain an operon encoding a complementary or 
composite light chain. Preferably, the vectors are identical 
except insofar as the coding sequences and selectable mark 
ers are concerned so as to ensure as far as possible that each 
polypeptide chain is equally expressed. In a preferred 
alternative, a single vector may be used, the vector including 
the sequences encoding both the heavy chain and the light 
chain. 
The DNA in the coding sequences for the heavy and light 

chains may comprise cDNA or genomic DNA or both. 
The present invention also includes therapeutic and diag 

nostic compositions comprising the RAMS and uses of Such 
compositions in therapy and diagnosis. 

Accordingly, in a further aspect the invention provides a 
therapeutic or diagnostic composition comprising a RAM 
according to previous aspects of the invention in combina 
tion with a pharmaceutically acceptable excipient, diluent or 
carrier. 

These compositions can be prepared using the RAMs of 
the present invention, for instance as whole antibodies, 
single chain PV fragments or antibody fragments. Such as 
Fab or FV fragments. Such composition have IL-5 blocking 
or antagonistic effects and can be used to Suppress IL-5 
activity. 
The compositions according to the invention may be 

formulated in accordance with conventional practice for 
administration by any suitable route, and may generally be 
in a liquid form e.g. a solution of the RAM in a sterile 
physiologically acceptable buffer for administration by for 
example an intravenous, intraperitoneal or intramuscular 
route; in spray form, for example for administration by a 
nasal or buccal route; or in a form suitable for implantation. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
The invention also provides a method of therapy or 

diagnosis comprising administering an effective amount, 
preferably 0.1 to 10 mg/kg body weight, of a RAM accord 
ing to previous aspects of the invention to a human or animal 
Subject. The exact dosage and total dose will vary according 
to the intended use of the RAM and on the age and condition 
of the patient to be treated. The RAM may be administered 
as a single dose, or in a continuous manner over a period of 
time. Doses may be repeated as appropriate. 
The RAM according to previous aspects of the invention 

may be used for any of the therapeutic uses for which 
anti-IL-5 antibodies, e.g. 39D10, have been used or may be 
used in the future. 

IL-5 is a primary activator or eosinophils, and blocking 
the function of this cytokine with antibodies has been shown 
to prevent or reduce eosinophilia which is associated with 
certain allergic diseases. Thus the RA according to the 
invention may be used for this purpose, and in particular 
may be of use in the treatment of asthma, where it may be 
expected to prevent the accumulation and activation of 
eosinophilis in asthmatic lungs, thereby reducing bronchial 
inflammation and airway narrowing. For use in the treatment 
of asthma the RAM according to the invention may advan 
tageously be a single chain FV fragment, formulated as a 
spray, for administration for example via the nasal route. 
A preferred protocol for obtaining an anti-IL-5 antibody 

molecule in accordance with the present invention is set out 
below. This protocol is given without prejudice to the 
generality of the invention as hereinbefore described and 
defined. 
The 39D10 rat monoclonal antibody raised against human 

IL-5 is used as the donor antibody. The variable domains of 
the heavy and light chains of 39D10 have previously been 
cloned (WO 93/16184) and the nucleotide and predicted 
amino acid sequences of these domains are shown in FIGS. 
1 and 2. The appropriate acceptor heavy and light chain 
variable domains must be determined and the amino acid 
sequence known. The RAM is then designed starting from 
the basis of the acceptor sequence. 
1. The CDRS 
At a first step, donor residues are substituted for acceptor 

residues in the CDRs. For this purpose, the CDRs are 
preferably defined as follows: 

heavy chain: 
CDR1: residues 31–35 
CDR2: residues 50–65 

CDR3: residues 95-102 light chain; 
CDR1: residues 24–34 
CDR2: residues 50 to 56 
CDR3: residues 89 to 97 
The positions at which donor residues are to be substi 

tuted for acceptor residues in the framework are then chosen 
as follows, first of all with respect to the heavy chain and 
Subsequently with respect to the light chain. 
2. HEAVY CHAIN 

2.1. Donor residues are used either at all of positions 24, 27 
to 30, 37, 49, 73, 76 and 78 or at all of positions 23, 24, 27 
to 30, 37, 49, 73 and 76 to 78 of the heavy chain. 
3. LIGHT CHAIN 

3.1. Donor residues are used either at all of positions 22, 68 
and 71 or at all of positions 68 and 71. 
The present invention relates to a recombinant anti-IL-5 

antibody molecule having a binding affinity Substantially 
equal to that of the donor antibody. The present invention is 
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now described, by way of example only, with references to Second Edition, Vols 1 to 3. Cold Spring Harbor Laboratory 
the accompanying drawings, in which: Press (1989). 

FIG. 1 shows the nucleotide and amino acid sequence of 
the 39D10 heavy chain; 

FIG. 2 shows the nucleotide and amino acid sequence of 5 
the 39D10 light chain; 3. CONSTRUCTION OF RECOMBINANT 

FIG. 3 shows the alignment of the 39D 10 HEAVY AND LIGHT CHAIN GENES 
light heavychain variable domain framework regions with 
the light heavychain variable domain framework regions of 
the consensus sequence of the human group 
IIIIlight heavychains; 
FIG. 4 shows the alignment of the 39D 10 A heavy chain Vh region was generated by PCR using the 

heavylightchain variable domain framework regions with oligonucleotides R3601 and R2155. The sequences of these 
the heavylightchain variable domain framework regions of a. 

Heavy Chain 
10 

R36O1 5 'GCGCGCAAGCTTGCGCCACCATGAAG (A, T) TGTGGTTAAACTGGGTTT3' SEQ ID NO: 1 

R2155 5 'GCAGATGGGCCCTTCGTTGAGGCTG (A, C) (A, G) GAGAC (G, T, A) SEQ ID NO: 2 

2O 
the consensus sequence of the human group The reaction mixture (100 ul) contained 10 mM Tris-HCl 
III heavylightchains; pH 8.3, 1.5 mM MgCl, 50 mMKC1, 0.01% w/v gelatin, 0.25 

FIG. 5 shows the nucleotide and amino acid sequence of mM of each deoxyribonucleoside triphosphate, 0.1 ug 
the CDR grafted anti-IL-5 light chain CTIL-5-g|L6). The 39D10 heavy chain DNA, 6 pmoles of R3601 and R2155 
first twenty amino acid residues of SEO ID No. 26 represent as and 0.25 units. Taq polymerase. The reaction mixture was 
a leader sequence. The first amino acid residue of the mature heated at 94° C. for 5 minutes and then cycled through 94° 
protein is residue 21. C. for 1 minute, 55° C. for 1 minute and 72° C. for 1 minute. 

FIG. 6 shows the nucleotide and amino acid sequence of 
the CDR grafted anti-IL-5 heavy chain CTIL-5-10gH). The 
rst nineteen amino acid residues SEO ID No. 28 represent 
E. sequence. The first amino E. of C. so form before being precipitated by the addition of 2.5 Vol 
protein is residue 20 umes of ethanol. The PCR product was dissolved in the 

FIG 7 sh f plasmid pMR14: appropriate buffer, digested with HindIII and Apal. purified 
FIG. 8 E. t R E. EMRI. on an agarose gel and ligated into the vector pMR14 (FIG. 
FIG. 9 shows the affinity constants and association and 7) which had also been digested with HindIII and Apal. 

disassociation rates of a chimeric 39D10 antibody and the 35 Following transformation into E. coli LM1035, colonies 

After 30 cycles, the reaction was extracted with an equal 
volume of phenol/chloroform (1:1 V/v), then with chloro 

CTIL-5-10gH-g|L6 antibody; were grown overnight and plasmid DNA analysed for Vh 
FIG. 10 shows a graph of the neutralisation of IL-5 in the inserts. The nucleotide sequence of the Vh region in 

TF1 assay by a panel of antibodies; plasmid, p ARH1217, is shown in FIG. 1. 
FIG. 11 shows the results of a competition assay for rat Light Chain 

39D10, a chimeric 39D10 antibody and the CTIL-5-10gH/ A V1 light chain gene was generated from the original VL 
gL6 antibody; and as described in WO 93/16184, clone by PCR with the 

FIG. 12 shows the effect of CTIL-5-10gH/gL6 on monkey oligonucleotides R3585 and R3597. The sequence of these 
eosinophilia. a. 

R3585 5 'GGACTGTTCGAAGCCGCCACCATGAGTGTGCTCACTCAGGTCCT3' SEQ ID NO:3 

R3597 5 'GGATACAGTTGGTGCAGCATCCGTACGTTT3' SEQ ID NO: 4 

EXAMPLE 50 PCR was carried out as described above. The PCR product 
was digested with enzymes BstBI and SplI and, after 

1. MATERIAL AND METHODS purification, ligated into pMR15.1 (FIG. 8) that had previ 
39D10 is a rat monoclonal antibody raised against human ously been digested with the same enzymes. 

IL-5. The genes for the variable domains of the heavy and 
light chains of 39D10 have previously been cloned (WO 
93/16184) and the nucleotide and predicted amino acid 
sequences of these domains are shown in FIGS. 1 and 2. 
Because of the strategy used in the cloning of the variable 
domain of the 3gD10 heavy chain, the first five amino acids 
of the framework regions are unknown. However, a heavy 
chain was available which contained the leader sequence 60 In order to decide on the most appropriate human acceptor 
and the first five amino acids of framework 1 from the frameworks for the CDR loops of 39D10, the main acid 
antibody YTH 34.5HL. Riechmann et al., Nature, 332, sequence of frameworks 1-3 of 39D10 were compared with 
323 327 (1988)). those of known human kapps light chains, 39D10 was found 

to be most homologous to human group I light chains. Based 
2. MOLECULAR BIOLOGY PROCEDURES 65 on this, it was decided to use the human group I germ line 

The molecular biology procedures used were as described frameworks for the CDR grafting. The homologies between 
in Maniatis et al. Molecular Cloning: A Laboratory Manual, these sequences are shown in FIG. 3. Also shown is the 

A colony was identified, after transformation of E. coli 
55 LM1035, that contained a plasmid (pARH1215) with a V1 

insert. The nucleotide sequence of the V1 insert is shown in 
FIG 2. 
CDR Grafting of 39D10 
Light Chain 
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homology between the framework 4 regions of 39D10 and 
the consensus sequence of known human group I light 
chains. The residues in 39D10 that differ from the human 
consensus sequence are underlined. The contribution that 
these residues might make to antigen binding was analysed 
and two genes were constructed for the CDR grafted light 
chain. These were CTIL-5gL5 and CTIL-5gL6 in which, as 
well, as the CDR residents, either residues 22, 68 and 71 or 
residues 68 and 71 were also from 39D10 respectively. The 
nucleotide and amino acid sequences of CTIL-5-g|L6 are 
shown in FIG. 5. 
Heavy Chain 
CDR grafting of the 39D10 heavy chain was carried out 

as described for the light chain. The framework regions of 
39D10 were found to be most homologous to those of 
human group III antibodies and, consequently, the consensus 
sequence of the frameworks of the human group III germ 
line genes was used to accept the CDRs of the 39D10 heavy 
chain. As before, the consensus sequence for human group 
III framework 4 regions was also chosen. A comparison of 
these sequences is shown in FIG. 4 with the residues in 
39D10 that differ from the human consensus sequence 
underlined. 

Analysis of the framework residues in 39D10 that might 
influence antigen binding was carried out and, based on this, 
two genes, CTIL-5-9gH and CTIL-5-10gh, were con 
structed in which either residues 23, 24, 27 to 30, 37, 49, 73 
and 76 to 78 or residues 24, 27–30, 37, 49, 73, 76 and 78 
respectively were from 39D10. The nucleotide and amino 
acid sequences of CTIL-5-10gH is shown in FIG. 6. 
Expression and Bioactivity of Anti-IL-5 Antibodies 

Chimeric (rat/human) and CDR grafted 39D10 were 
produced for biological evaluation by transient expression of 
the heavy and light chain pairs after co-transfection into 
Chinese Hamster ovary (CHO) cells using calcium phos 
phate precipitation. 
On the day prior to transfection, semi-confluent flasks of 

CHO-L761h cells (Cockett et al. Nucl. Acids. Res., 19, 
319–325, 1991) were trypsinised, the cells counted and T75 
flasks set up each with 107 cells. On the next day, the culture 
medium was changed 3 hours before transfection. For 
transfection, the calcium phosphate precipitate was prepared 
by mixing 1.25 ml of 0.25 M CaCl containing 50 lug of each 
of heavy and light chain expression vectors with 1.25 ml of 
2xHBS (16.36 g NaCl, 11.9 gm HEPES and 0.4 g Na HPO. 
in 1 liter water with the pH adjusted to 7.1 with NaOH) and 
adding immediately into the medium of the cells. After 3 
hours at 37° C. in a CO incubator, the medium and 
precipitate were removed and the cells shocked by the 
addition of 15 ml 15% glycerol in phosphate buffered saline 
(PBS) for 1 minute. The glycerol was removed, the cells 
washed once with PBS and incubated for 48-96 hours in 25 
ml medium containing 10 KM sodium butyrate. Antibody 
was purified from the culture medium by binding to and 
elution from protein A Sepharose, Antibody concentration 
was determined using a human Ig ELISA (see below). 
ELISA 

Antibody expression was assessed by transfecting pairs of 
heavy and light chain genes into CHO cells and, after three 
days incubation, measuring the amount of antibody accu 
mulating in the culture medium by ELISA. 

For the ELISA, Nunc ELISA plates were coated overnight 
at 4° C. with a F(ab') fragment of a polyclonal goat 
anti-human Fc fragment specific antibody (Jackson 
Immunoresearch, code 109-006-098) at 5 ug/ml in coating 
buffer (15 mM sodium carbonate, 35 mM sodium hydrogen 
carbonate, pH6.9). Uncoated antibody was removed by 
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10 
washing 5 times with distilled water. Samples and purified 
standards to be quantiated were diluted to approximately 1 
ug/ml in conjugate buffer (0.1M Tris-HCl pH7.0, 0.1M 
NaCl, 0.2% v/v Tween 20, 0.2% w/v Hammersten casein). 
The samples were titrated in the microtite wells in 2-fold 
dilutions to give a final volume of 0.1 in each well and the 
plates were incubated at room temperature for 1 hour with 
shaking. After the first incubation step, the plates were 
washed 10 times with distilled water and then incubated for 
1 hour as before with 0.1 ml of a mouse monoclonal 
anti-human kapps (clone GD12) peroxidase conjugated anti 
body (The Binding Site, code MP135) at a dilution of 1 in 
700 in conjugate buffer. The plate was washed again and 
substrate solution (0.1 ml) added to each well. Substrate 
solution contained 150 ul N.N.N.N-tetramethylbenzidine 
(10 mg/ml in DMSO), 150 ul hydrogen peroxide (30% 
solution) in 10 ml 0.1M sodium acetate/sodium citrate, 
pH6.0. The plate was developed for 5–10 minutes until the 
absorbence at 630 nm was approximately 1.0 for the top 
standard. Absorbence at 630 nm was measured using a plate 
reader and the concentration of the sample determined by 
comparing the titration curves with those of the standard. 
Determination of Affinity Constants for Anti-IL-5 Antibod 
1S 

Affinities of the chimeric and CDR grafted anti-IL-5 
antibodies were determined using Biospecific Interaction 
Analysis (BIA). Antibodies were produced in CHO cells by 
transfection of combination of heavy and light chain genes 
and purified from culture supernatants on Protein A 
Sepharose. For affinity measurements, a polyclonal antihu 
man Fc antibody was bound to the Pharmacia Biosensor 
chip (12150 relative response units, RU) and used to capture 
anti-IL-5 which was passed over the chip at 5 ug/ml in 10 
mM HEPES. 0.15M NaCl, 3.4 mM EDTA, pH7.4. The 
amount of anti-IL-5 captured for each run was approxi 
mately 1600 RU. Recombinant human IL-5 was then passed 
over the Sensorchip at various concentrations (0.6 to 5 
ug/ml) in the above buffer. The Sensorchip was cleaned after 
each run with 100 mM HCl and 100 mM orthophosphoric 
acid to remove bound IL-5 and antibody. The sensorgrams 
generated were analysed using the kinetics Software avail 
able with the BIAcore machine. 

Values for the affinity constants and association and 
dissociation rates of two antibodies, chimeric 39D10 and 
CTIL-5-10gH/-g|L6, were determined. The results are shown 
in FIG. 9. It can be seen that chimeric 39D10 has an 
extremely high affinity for human IL-5 and that this value 
has been reproduced in CTIL-5-10gH/-gL6. 
Activity of Anti-IL-5 Antibodies in in vitro Bioassay 
The activities of various CDR grafted antibodies were 

compared with that of chimeric 39D10 in an in vitro 
bioassay using TF1 cells, TF1 is an erythroleukemic cell line 
that requires GM-CSF for growth. GM-CSF can be replaced 
by IL-5 but in this instance the cells only survive and do not 
proliferate. However the dependence on IL-5 for survival 
means that TF1 cells can be used in a bioassay to compare 
the activities of various anti-IL-5 antibodies. 

Neutralisation by anti-IL-5 antibodies was measured 
using a constant amount of IL-5 (2 ng/ml) and variable 
amounts of antibody incubated with 5x10" cells per well in 
96 flat bottomed plates for 3 days. For the last 4 hours, cells 
are cultured in the presence of 500 ug/ml Thiazolyl blue 
(MIT). This dye is converted into an insoluble purple form 
by mitochondrial enzymes in viable cells. The insoluble 
material was dissolved by incubating overnight after addi 
tion of 100 ul of 50% dimethyl formamide, 20% SDS pH4.7 
and the amount of dye taken up determined spectrophoto 
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metrically. The levels of bioactive IL-5 remaining in the 
presence of the antibodies is extrapolated from a standard 
curve relating dye uptake to IL-5 concentration. 
The activities of various combination of heavy and light 

chains were evaluated using the TF1 bioassay. The results 
are shown in FIG. 10. It can be seen that all combinations of 
CDR grafted heavy and light chains produce antibodies that 
are equipotent with chimeric 39D10. These results indicate 
that neither residue 22 in the light chain nor residues 23 or 
78 in the heavy chains are required to be 39D10 specific for 
optimal binding. The combination with the fewer 39D10 
specific residues is therefore CTIL-5-10gH/-g|L6. 
Activity of Anti-IL-5 Antibodies in Competition Assays 

Recombinant human IL-5 was diluted to 1 lug/ml in 
phosphate buffered saline (PBS) and 100 ul alduots added 
to microtitre plates (CoStar Amine Binding plates) and 
incubated overnight at 4°C. Plates were washed three times 
with PBS containing 0.5% Tween 20 and any remaining 
active sites blocked with 2% bovine serum albumin (BSA) 
in PBS for 30 minutes. The plates were then aspirated and 
tapped dry. To compare the relative binding activity of the 
parent rat antibody (39D10) with chimeric and grafted 
antibodies, serial dilutions were prepared of each anti-IL-5 
antibody in PBS/1% BSA and 50 uladded to duplicate wells 
followed immediately by 50 ul 39D10-biotin conjugate at 
0.125 g/ml. The assay was incubated for 2 hours at room 
temperature with agitation and then washed twice with PBS. 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 28 

<21 Oc 
<211 
<212> 
<213> 
<22O > 

SEQ ID NO 1 
LENGTH 47 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 

OTHER INFORMATION: Novel Sequence 

<400 SEQUENCE: 1 

5 

10 

15 

25 

gcqc.gcaa.gc tit gcc.gc.cac catgaag witg toggittaaact gg gttitt 

SEQ ID NO 2 
LENGTH 37 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 

OTHER INFORMATION: Novel Sequence 

<400 SEQUENCE: 2 

gcagatgggc cctitcgttga ggctgmir gag acdgtga 

SEQ ID NO 3 
LENGTH 44 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE 

OTHER INFORMATION: Novel Sequence 

<400 SEQUENCE: 3 

ggactgttcg aagcc.gc.cac catgagtgtg ct cactcagg to ct 

<210> SEQ ID NO 4 
&2 11s LENGTH 30 
&212> TYPE DNA 

12 
Horseradish-peroxidase conjugated to Streptavidin (1 lug/ml) 
was added to all wells and incubated for a further 30 
minutes. Plates were washed four times and 100 ul tetram 
ethyl benzidine. (TMB) substrate added. Colour develop 
ment was read at 630 am (reference 490 nm) and OD 
(630-490) was plotted against log (10) antibody concentra 
tion. 
When the activities of rat 39D10, chimeric 39D10 and 

CTIL-5-10gH/gL6 were compared in the above competition 
assay, the results shown in FIG. 11 were obtained. All three 
antibodies competed equally well with biotinylated-39D10 
for binding to IL-5, indicating that the CDR loops of 39D10 
had been successfully transferred to the human frameworks. 
Effect of Anti-IL-5 Antibody on Monkey Eosinophilia 

Anti-IL-5 antibody (CTIL-5-10gH/gL6) was tested in a 
monkey system which models asthmatic conditions (see 
Mauser, P. J. et al., Am. J. Resp. Crit. Care Med., 
152:467-472, 1995. When administered, one hour before 
challenge with Ascaris, to responsive monkeys, CTIL-5- 
10gH/gL6 inhibits lung lavage eosinophilia 75% at a dose of 
0.3 mg/kg i.v. This set of monkeys is not hyper-responsive 
to histamine so the effects of CTIL-5-10gH/gL6 on hyper 
responsiveness could not be determined. Three months after 
this single does, eosinophil accumulation in response to 
Ascaris challenge is still inhibited 75%. 

In the allergic mouse, CTIL-5-10gH/gL6 inhibits pulmo 
nary eosinophilia at 1 mg/kg i.p. 

47 

37 

44 
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-continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Novel Sequence 

<400 SEQUENCE: 4 

ggatacagtt gotgcago at cogtacgttt 30 

<210 SEQ ID NO 5 
&2 11s LENGTH 333 
&212> TYPE DNA 
<213> ORGANISM Rattus rattus 

<400 SEQUENCE: 5 

gaatctggag gaggcttggit acago catca cagaccotgt citcto acct g cactgtc.tct 60 

gggittatcat talaccago aa tagtgttgaac toggattoggc agc citcc agg aaagggtotg 120 

gagtggatgg gactaatatg gagtaatgga gacacagatt ataattcago tatcaaatcc 18O 

cgactgag catcagtaggga caccitcgaag agc.caggttt tottaaagat galacagtctg 240 

caaagtgaag acacago cat gtactitctgt gccagagagt actacggcta citttgattac 3OO 

tggggccaag gag to atggit cacagtc.tcc toa 333 

<210> SEQ ID NO 6 
<211& LENGTH 111 
&212> TYPE PRT 
<213> ORGANISM Rattus rattus 

<400 SEQUENCE: 6 

Glu Ser Gly Gly Gly Leu Val Glin Pro Ser Gln Thr Leu Ser Leu Thr 
1 5 10 15 

Cys Thr Val Ser Gly Leu Ser Leu Thir Ser Asn Ser Val Asn Trp Ile 
2O 25 30 

Arg Glin Pro Pro Gly Lys Gly Lieu Glu Trp Met Gly Lieu. Ile Trp Ser 
35 40 45 

Asn Gly Asp Thr Asp Tyr Asn. Ser Ala Ile Lys Ser Arg Lieu Ser Ile 
50 55 60 

Ser Arg Asp Thir Ser Lys Ser Glin Val Phe Lieu Lys Met Asn. Ser Lieu 
65 70 75 8O 

Gln Ser Glu Asp Thr Ala Met Tyr Phe Cys Ala Arg Glu Tyr Tyr Gly 
85 90 95 

Tyr Phe Asp Tyr Trp Gly Glin Gly Val Met Val Thr Val Ser Ser 
100 105 110 

<210 SEQ ID NO 7 
&2 11s LENGTH 384 
&212> TYPE DNA 
<213> ORGANISM Rattus rattus 

<400 SEQUENCE: 7 

atggctgtgc ccactcagot cotggggttg ttgttgctgt ggattacaga tigc catatgt 60 

gacatccaga tigacacagtc. tccagottcc ctdtctgcat citctgggaga aactatotcc 120 

atcgaatgtc. tag caagtga ggg catttcc agittatttag cqtggitatca gcagaagcca 18O 

gggaaatcto citcagotcct gatctatogt gcaaatagot togcaaactgg g g toccatca 240 

cggttcagtg gcagtggatc toccacacaa tattototca agatcagoag catgcaacct 3OO 

gaagatgaag gggattattt citgtcaa.cag agttacaagt titcc.gaacac gtttggagct 360 

gggacCaagc tiggaactgaa acgg 384 
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-continued 

<210 SEQ ID NO 8 
&2 11s LENGTH 128 
&212> TYPE PRT 
<213> ORGANISM Rattus rattus 

<400 SEQUENCE: 8 

Met Ala Val Pro Thr Gln Leu Leu Gly Leu Leu Lleu Leu Trp Ile Thr 
1 5 10 15 

Asp Ala Ile Cys Asp Ile Glin Met Thr Glin Ser Pro Ala Ser Lieu Ser 
2O 25 30 

Ala Ser Lieu Gly Glu Thir Ile Ser Ile Gly Cys Lieu Ala Ser Glu Gly 
35 40 45 

Ile Ser Ser Tyr Leu Ala Trp Tyr Glin Gln Lys Pro Gly Lys Ser Pro 
50 55 60 

Gln Leu Leu Ile Tyr Gly Ala Asn Ser Leu Gln Thr Gly Val Pro Ser 
65 70 75 8O 

Arg Phe Ser Gly Ser Gly Ser Ala Thr Glin Tyr Ser Leu Lys Ile Ser 
85 90 95 

Ser Met Gln Pro Glu Asp Glu Gly Asp Tyr Phe Cys Glin Glin Ser Tyr 
100 105 110 

Lys Phe Pro Asn. Thr Phe Gly Ala Gly. Thir Lys Lieu Glu Lieu Lys Arg 
115 120 125 

<210 SEQ ID NO 9 
&2 11s LENGTH 23 
&212> TYPE PRT 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 9 

Asp Ile Gln Met Thr Glin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1 5 10 15 

Asp Arg Val Thr Ile Thr Cys 
2O 

<210> SEQ ID NO 10 
&2 11s LENGTH 23 
&212> TYPE PRT 
<213> ORGANISM Rattus rattus 

<400 SEQUENCE: 10 

Asp Ile Gln Met Thr Glin Ser Pro Ala Ser Leu Ser Ala Ser Leu Gly 
1 5 10 15 

Glu Thir Ile Ser Ile Glu Cys 
2O 

<210> SEQ ID NO 11 
&2 11s LENGTH 15 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 11 

Trp Tyr Glin Glin Lys Pro Gly Lys Ala Pro Llys Lieu Lieu. Ile Tyr 
1 5 10 15 

<210> SEQ ID NO 12 
&2 11s LENGTH 15 
&212> TYPE PRT 
<213> ORGANISM Rattus rattus 

<400 SEQUENCE: 12 

16 
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Trp Tyr Glin Gln Lys Pro Gly Lys Ser Pro Gln 
1 

<400 

5 10 

SEQ ID NO 13 
LENGTH 32 
TYPE PRT 

ORGANISM: Homo sapiens 

SEQUENCE: 13 

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser 
1 5 10 

Leu Thir Ile Ser Ser Leu Gln Pro Glu Asp Phe 

<400 

2O 25 

SEQ ID NO 14 
LENGTH 32 
TYPE PRT 
ORGANISM Rattus rattus 

SEQUENCE: 14 

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser 
1 5 10 

Leu Lys Ile Ser Ser Met Glin Pro Glu Asp Glu 

<400 

2O 25 

SEQ ID NO 15 
LENGTH 11 
TYPE PRT 

ORGANISM: Homo sapiens 

SEQUENCE: 15 

Phe Gly Glin Gly Thr Lys Val Glu Ile Lys Arg 
1 

<400 

5 10 

SEQ ID NO 16 
LENGTH 11 
TYPE PRT 
ORGANISM Rattus rattus 

SEQUENCE: 16 

Phe Gly Ala Gly Thr Lys Lieu Glu Lieu Lys Arg 
1 

<400 

Glu Val Glin Leu Val Glu Ser Gly Gly Gly Leu Val Glin Pro Gly Gly 
1 

5 10 

SEQ ID NO 17 
LENGTH 30 
TYPE PRT 

ORGANISM: Homo sapiens 

SEQUENCE: 17 

5 10 

US RE39,548 E 

-continued 

Leu Lleu. Ile Tyr 
15 

Gly Thr Asp Phe Thr 
15 

Ala Thr Tyr Tyr Cys 
30 

Ala Thr Glin Tyr Ser 
15 

Gly Asp Tyr Phe Cys 
30 

15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 

<400 

2O 25 

SEQ ID NO 18 
LENGTH 30 
TYPE PRT 
ORGANISM Rattus rattus 
FEATURE: 
NAME/KEY: misc feature 
LOCATION: (1) . . (5) 

30 

OTHER INFORMATION: Xaa is any amino acid 

SEQUENCE: 18 

18 
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-continued 

Xaa Xaa Xaa Xaa Xaa Glu Ser Gly Gly Gly Leu Val Glin Pro Ser Glin 
1 5 10 15 

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Leu Ser Leu Thr 
2O 25 30 

<210 SEQ ID NO 19 
<211& LENGTH: 14 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 19 

Trp Val Arg Glin Ala Pro Gly Lys Gly Lieu Glu Trp Val Ser 
1 5 10 

<210> SEQ ID NO 20 
<211& LENGTH: 14 
&212> TYPE PRT 
<213> ORGANISM Rattus rattus 

<400 SEQUENCE: 20 

Trp Ile Arg Glin Pro Pro Gly Lys Gly Lieu Glu Trp Met Gly 
1 5 10 

<210> SEQ ID NO 21 
&2 11s LENGTH 32 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 21 

Arg Phe Thir Ile Ser Arg Asp Asn. Ser Lys Asn. Thir Lieu. Tyr Lieu Glin 
1 5 10 15 

Met Asn. Ser Lieu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg 
2O 25 30 

<210> SEQ ID NO 22 
&2 11s LENGTH 32 
&212> TYPE PRT 
<213> ORGANISM Rattus rattus 

<400 SEQUENCE: 22 

Arg Lieu Ser Ile Ser Arg Asp Thir Ser Lys Ser Glin Val Phe Lieu Lys 
1 5 10 15 

Met Asn Ser Leu Gln Ser Glu Asp Thr Ala Met Tyr Phe Cys Ala Arg 
2O 25 30 

<210> SEQ ID NO 23 
<211& LENGTH: 11 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 23 

Trp Gly Glin Gly Thr Leu Val Thr Val Ser Ser 
1 5 10 

<210> SEQ ID NO 24 
<211& LENGTH: 11 
&212> TYPE PRT 
<213> ORGANISM Rattus rattus 

<400 SEQUENCE: 24 

Trp Gly Glin Gly Val Met Val Thr Val Ser Ser 
1 5 10 

20 



<210> SEQ ID NO 25 
&2 11s LENGTH 399 
&212> TYPE DNA 

21 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Novel Sequence 

<400 SEQUENCE: 25 

titcgaag.ccg 

acagatgc.ca 

ggaga.ccggg 

taccagoaga 

actggagtac 

tdcagoctac 

aacacatt.cg 

ccaccatgtc 

gatgttgacat 

toaccatcac 

agcc.cgggaa 

catcaagatt 

agcctgaaga 

gtoaaggcac 

<210> SEQ ID NO 26 
&2 11s LENGTH 128 
&212> TYPE PRT 

tgtc.cccacc 

toaaatgacc 

atgtctagoa 

agctoctaag 

cagtggctica 

titt.cgcaacg 

caaggtogaa 

caagticcitcg 

cagagcc cat 

agtgagggca 

citcctgatct 

ggatcc.gcta 

tattactgtc 

gtoaaacgt. 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Novel Sequence 
<221s NAME/KEY: mat peptide 
<222> LOCAT ION: (21) . . () 
&223> OTHER INFORMATION: 

<400 SEQUENCE: 26 

Met Ser Wall 
-20 

Asp Ala Arg 

Ala Ser Wall 
15 

Ile Ser Ser 
30 

Lys Lieu Lieu 
45 

Arg Phe Ser 

Ser Leu Glin 

Lys Phe Pro 
95 

Pro Thr Glin Wall Leu 
- 15 

Cys Asp Ile Gln Met 
-1 1 

Gly Asp Arg Val Thr 

Tyr Leu Ala Trp Tyr 
35 

Ile Tyr Gly Ala Asn 
5 O 

Gly Ser Gly Ser Ala 
65 

Pro Glu Asp Phe Ala 

Asn Thr Phe Gly Glin 

<210 SEQ ID NO 27 
<211& LENGTH 420 
&212> TYPE DNA 

100 

Gly Lieu Lieu 
- 10 

Thr Glin Ser 

Ile Thr Cys 

Glin Gln Lys 

Ser Leu Glin 

Thr Asp Tyr 
70 

Thr Tyr Tyr 
85 

Gly Thr Lys 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Novel Sequence 

<400 SEQUENCE: 27 

aagcttgcc.g 

ggtgtc. cact 

totctg.cgac 

atacggcaag 

acagattata 

ccaccatggg 

cc gaggtoca 

tgagttgcgc 

caccitggcaa 

attcagotat 

citggagctgt 

actggtagaa 

cgtc.tctggg 

gggtotcgag 

caaatctoga 

atcatcc tot 

totggaggtg 

titatic attaa. 

tgggttggac 

titcacaatct 

US RE39,548 E 

-contin 

gtotcctgct 

ccagoctag 

totccagitta 

atggtgc gala 

cagacitacac 

aac agtcgta 

Leu Lleu Trp 

Pro Ser Ser 
10 

Leu Ala Ser 
25 

Pro Gly Lys 
40 

Thr Gly Val 

Thir Lieu. Thr 

Cys Glin Glin 
90 

Wall Glu Wall 
105 

tottagtagc 

gtotcgtaca 

citagtaatag 

taatatggag 

citagaga cac 

ued 

gctgtggctt 

cgcatctgta 

cittagcgtgg 

tagcttgcag 

gct cacgatc 

taagttc.ccg. 

Leu. Thr 

Teu Ser 

Glu Gly 

Ala Pro 

Pro Ser 
60 

Ile Ser 
75 

Ser Tyr 

aac agctaca 

gcc aggagga 

tgtgaactgg 

taatggagac 

titc galagagc 

60 

120 

18O 

240 

360 

399 

60 

120 

18O 

240 

22 
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-continued 

accotatacc tocacatcaia cactictoracia octdaadata citccacticta citacticitoct g gCagatg g gaga gctgaag gCag gtg 

cgtgagtact atggatattt cqactattgg g g toaaggta ccctagt cac agt citcc to a 

<210> SEQ ID NO 28 
&2 11s LENGTH 135 
&212> TYPE PRT 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Novel Sequence 
<221s NAME/KEY: mat peptide 
<222> LOCATION: (20 ) . . () 
&223> OTHER INFORMATION: 

<400 SEQUENCE: 28 

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr 
- 15 -10 

Val His Ser Glu Val Glin Leu Val Glu Ser Gly Gly Gly 
-1 1 5 10 

Pro Gly Gly Ser Leu Arg Lieu Ser Cys Ala Val Ser Gly 
15 20 25 

Thr Ser Asn Ser Val Asn Trp Ile Arg Glin Ala Pro Gly 
30 35 40 

Glu Trp Val Gly Lieu. Ile Trp Ser Asn Gly Asp Thr Asp 
5 O 55 

Ala Ile Lys Ser Arg Phe Thir Ile Ser Arg Asp Thr Ser 
65 70 

Val Tyr Lieu Gln Met Asn. Ser Lieu Arg Ala Glu Asp Thr 
8O 85 90 

Tyr Cys Ala Arg Glu Tyr Tyr Gly Tyr Phe Asp Tyr Trp 
95 1 OO 105 

Thir Leu Wall Thr Wal Ser Ser 
110 115 

We claim: 
1. A recombinant antibody molecule that specifically 

binds human Interleukin-5 antigen comprising a composite 
heavy chain and a composite light chain, said composite 
heavy chain and light chain forming a variable domain 
comprising acceptor antibody framework residues, said vari 
able domain comprising corresponding donor residues from 
murine monoclonal 39D10 heavy chain variable region 
consisting of the sequence of SEQ ID No.6 at residues 
31–35, 50–65 and 95-102 and at framework residues 23, 24, 
27–30, 37, 49, 73, 76, 77, and 78, and corresponding donor 
residues from murine monoclonal antibody 39D10 light 
chain variable region consisting of the sequence of SEQID 
No:8 at residues 24–34, 50–56 and 89–97 and at frame 
work residues 22, 68, and 71 according to the Kabat num 
bering system. 

2. An antibody molecule according to claim 1 wherein the 
acceptor antibody framework residues for the composite 
heavy chain are human group III heavy chain residues, and 
the acceptor antibody framework residues for the composite 
light chain are human group I light chain residues. 

3. A recombinant antibody molecule that specifically 
binds human Interleukin-5 antigen, comprising thea heavy 
chain variable region amino acid sequence comprising resi 
dues 20-135 of SEQ ID No. 28, and thea light chain 
variable region amino acid sequence comprising residues 
21-128 of SEQ ID No. 26. 

360 

420 

Ala Thr Gly 

Leu Wall Glin 

Teu Ser Lieu 

Telu 
45 

Lys Gly 

Asn. Ser 
60 

Tyr 

Lys Ser Thr 
75 

Ala Wall 

Gly Glin Gly 

40 

4. A composition comprising the antibody molecule of 
any one of claims 1, 2, or 3 in combination with a pharma 
ceutically acceptable carrier, diluent or excipient. 

5. A recombinant antibody molecule that specifically 
binds human interleukin-5 antigen comprising a composite 
heavy chain and a composite light chain, said composite 
heavy chain and light chain forming a variable domain 
comprising acceptor antibody framework residues, said 
variable domain comprising corresponding donor residues 
from murine monoclonal antibody 39D10 heavy chain vari 
able region consisting of the sequence of SEO ID NO:6 at 
residues 31–35, 50–65 and 95-102 and at framework resi 
dues 24, 27–30, 37, 49, 73, 76 and 78, and corresponding 
donor residues from murine monoclonal antibody 39D10 
light chain variable region consisting of the sequence of 
SEO ID No.8 at residues 24–34, 50–56 and 89–97 and at 
framework residues 68 and 71 according to the Kabat 
number system. 

6. A recombinant antibody molecule that specifically 
binds human Interleukin-5 antigen, comprising a heavy 
chain variable region encoded by SEOID No. 27 and a light 
chain variable region encoded by SEO ID No. 25. 

7. A composition comprising the antibody molecule of any 
One of claims 5 or 6 in combination with a pharmaceutically 
acceptable carrier, diluent, or excipient. 

45 
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1 
NTERLEUKEN-5 SPECIFIC RECOMBINANT 

ANTIBODES 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

The present invention relates to a recombinant antibody 
molecule (RAM), and especially a humanized antibody no 
ecule (HAM) having specificity for human interleukin-5 
(h-5), the nucleic acids which encode the heavy and light 
chain variable domains of said recombinant antibody, a pro 
cess for producing said antibody using recombinant DNA 
technology and the therapeutic use of the recombinant anti 
body. 

In the present application, the term "recombinant anti 
body molecule” (RAM) is used to describe an antibody pro 
duced by a process involving the use of recogmbinant DNA 
technology. The term "humanized antibody molecule" 
(HAM) is used to describe a molecule being derived from a 
human immunoglobulin. The antigen binding site may corn 
prise either complete variable domains fiased onto constant 
domains or one of more complementary determining regions 
(CDRs) grafted onto appropriate framework regions in the 
variable domain. The abbreviation"MAb" is used to indicate 
a monoclonal antibody, 

The term "recombinant antibody molecule' includes not 
only complete immunoglobulin Enolecules but also any anti 
gen binding immunoglobulin fragments, such as Pw, Faband 
F(ab'), fragments, and any derivatives thereof, such as single 
chain Fw fragments. 

Natural immunoglobulins have been used in assay, diag 
nosis and, to a limited extent, therapy. The use of inapuuo 
globullins in therapy has beenhindered as most antibodies of 
potential use as therapeutic agents are MAbs produced by 
fusions of a rodent spleen cells with rodent myeloma cells. 
These MAbs are therefore essentially rodent proteins. The 
use of these MAbs as therapeutic agents in builian can give 
rise to an undesirable innune response tened the HAMA 
(Human Anti-mouse Antibody) response. The use of rodent 
MAbs as therapeutic agents in humans is inherently limited 
by the fact that the human subject will mount as immuno 
logical response to the MAb which would either remove it 
entirely or at least reduce its effectiveness. 
A number of techniques to reduce the antigenic charac 

teristics of such non-human MAbs have been developed. 
These techniques generally involve the use of recombinant 
DNA technology to manipulate DNA sequences encoding 
the polypeptide chains of the antibody molecule. These 
methods are generally termed "humanization” techniques. 

Early methods for humanizing MAbs involved the pro 
duction of chimericantibodies in which an antigen binding 
site comprising the complete variable domains of one anti 
body are fused to constant domains derived from another 
antibody. Methods for carrying out such chimerisation pro 
cedures are described in EP 0120694 (Celltech Limited) and 
EP 0125023 (Genetech Inc. and City of Hope), Humanized 
chimeric antibodies, however, still contain a significant por 
tion of non-human amino acid sequences, and can still ellcit 
some HAMA response, particularly if administered over a 
prolonged period (Begent et al. Br, J. Cancer, 62, 487 
(1990), 

An alternative approach described in EP-A-02394.00 
(Winter), involves the grafting of the complementarity deter 
mining region (CDRs) of a mouse MAb on to framework 
regions of the variable domains of a human immunoglobulin 
using recombinant ENA techniques. There are three CDRs 

s 

33 

iss 

s 

2 
(CDR, CDR2 and CDR3) in each of the heavy and light 
chain variable domains. Such CDR-grafted humanized anti 
bodies are much less likely to give rise to a HAMA response 
than humanized chimeric antibodies in view of the much 
lower proportion of non-human annino acid sequences which 
they contain. In Riechmann et al Nature, 332 323-324 
(1988) it was found that the transfer of the CDRs alone, as 
defined by Kabat Sequences or Proteins of Inamunological 
Interest. US Departinent of Health and Hunan Services. 
NTH, USA (1987)), was not sufficient to provide satisfac 
tory antigen binding activity in the CDR-grafted product. 
Riechmann et al. found that it was necessary to convert a 
number of residues outside the CDRs, in particular in the 
loop adjacent CDR1. However, the binding affinity of the 
best CDR-grafed antibodies obtained was still significantly 
less than that of the original MAb, 

In WO 91/09967, Adair et al. described CDR-grafted 
antibody heavy and light chains, and determined a hierarchy 
of donor residues, 

In WO93/16184, Chou et al. described the design, clon 
ing and expression of humanized monoclonal antibodies 
against human interleukin-5. A method for selecting human 
antibody sequences to be used as human frameworks for 
humanization of an animal antibody is suggested, compris 
ing the steps of comparing human variable domain 
sequences with the variable doinai sequences of the animal 
MAb that is to be humanized for percentage identities, 
sequence ambiguities and similar PIN-region spacing, PIN 
region spacing is defined as the number of residues between 
the cysteine residues forming the intra domain disulfide 
bridges. The human antibody having the best combination of 
these features is selected. A method for determining which 
variable domain residues of an animal MAb which should be 
Selected for humanization is also suggested, comprising 
detenining potential minimum residues (residues which 
comprise CDR structural loops and the residues required to 
support and/or orientate the CDR structural loops) and maxi 
mum residues (residues which comprise Kabat CDRs, CDR 
structural loops, residues required to support and/or orien 
tate the CDR structural loops and residues which fall within 
about 10 A of a CDR structural loop, and posses a water 
solvent accessible surface of about 5A or greater) of the 
animal monoclonal antibody. Furthermore, computermodel 
ling is performed or all possible recombinant antibodies, 
comprising the human antibody framework sequence into 
which minimum and maximum residues have been inserted. 
The minimum or Luaximum residues are selected based on 
the combination which produces a recombinant antibody 
having a computer-model structure closest to that of the ani 
mal monoclonal antibody. The humanized and-IL-5 anti 
body obtained appears to have lost a substantial amount of 
its affinity for the hE-5 molecule. 

It is an aim of the present invention to provide a human 
ized antibody molecule having improved affinity for the 

L-5 molecule. , 
Accordingly the present invention provides a RAM hav 

ing affinity for human EL-5 and comprising antigen binding 
regions derived from heavy and/or light chain variable 
domains of a donor antibody having affinity for human L-5, 
the RAM having a binding affinity similar to that of the 
donor antibody, 

The RAM of invention may comprise antigen binding 
regions from any suitable donor anti-IL5 antibody, Typically 
the donoranti-I-5 antibody is a roden MAb, Preferably the 
donorantibody is MAb 39D10. 

The variable domains of the heavy and light chains of 
MAb39D10 are hereinafter specifically described with refs 
erence to FIGS, E and 2. • 
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According to one preferred aspect of the invention, the 
RAM of the present invention is an anti-L-Santihadw mini 
ecule having affinity for the human IL-5 antigen comprising 
a composite heavy chain and a complementary light chairi, 
said composite heavy chain having a variable domain com 
prising predominantly acceptor antibody heavy chain frame- . 
work residues and donor antibody heavy chain antigen 
binding residues, said donor antibody having affinity for 
human IL-5, wherein said composite heavy chain comprises 
donor residues at least at positions 31–35, 50-65 and 95-102 
(according to the Kabat numbering systern) Kaba et al., 
sequences of Proteins of Inmunological Interest, Wol I. Fifth 
Edition, 1991, US Department of Health and Human 
Services, National Institute of Health). 

Preferably, the composite heavy chain framework addi 
tionally comprises donor residues at positions 23, 24, 27-30, 
37, 49, 73 and 76-78 or 24, 27-30, 37, 49,73, 76 and 78. 

According to a second preferred aspect of the present 
invention, there is provided an anti-IL-5 antibody molecule 
having affinity for a human IL-5 antigen comprising a com 
posite light chain and a complementary heavy chain, said 
composite light chain having a variable domain comprising 
predominantly acceptor antibody light chain framework 
residues and donor antibody light chain antigen-binding 
residues, said donor antibody having affinity for human 
IL-5, wherein said composite light chain comprises donor 
residues at feast at positions 24-30, 50-56 and 89-97 
(according to the Kabat numbering system). 

Preferably, the composite light chain framework addi. 
tionally comprises door residues at positions 22, 68 and 71 
or at positions 68 and 7. 

According to a third prefered aspect of the present 
invention, there is provided an anti-IL-5 antibody molecule 
having affinity for a human IL-5 antigen comprising a corn 
posite heavy chain according to the first aspect of the inve 
tion and a composite light chain according to the second 
aspect of the invention. 

Preferably, each RAM of the invention has an affinity 
constant for human IL-5 of greater than 10M. 

It will be appreciated that the invention is widely appli 
cable to the production of anti-IL-5 RAMs in general. Thus, 
the donor antibody may be any anti-I-S antibody derived 
from any animal. The acceptor antibody may be derived 
form an animal of the same species audi may even be of the 
same antibody class or sub-class. More usually, however, the 
donor and acceptor antibodies are derived from animals 
from different species. Typically, the donor anti-IL-5 anti 
body is a non-human antibody, such as rodentMAb, and the 
acceptor antibody is a human antibody. 

Any appropriate acceptor variable framework sequence 
may be used having regard to class or type of the donor 
antibody from which the antigen binding regions are 
derived, Preferably, the type of acceptor fianework used is 
of the same or similar or type as that of the donorantibody. 
Conveniently, the famework chosen has the most homology 
to the donor antibody. Preferably, the human group II 
ganna germ line frameworks are used for the composite 
heavy chain and the human group kappage. In line frane 
works are used for the composite light chains. 

The constant region domains of the RAMs of the inven 
tion may be selected having regard to the proposed functions 
of the antibody, in particular the effector functions which 
lay be required. For example, the constant regions domains 
may be human IgA, IgE, IgG or IgM domains. In particular 
IgGhuman constant region domains may be used, especially 
of the IgG1 and IgG3 isotype, when the humanized antibody 
molecule is intended for therapeutic uses, and antibody 

o 

O 

4. 
effector functions are required. Alternatively, IgG2 and IgG4 
isotypes may be used where the humanized antibody mol 
ecule is intended for therapeutic purposes and antibody 
effector functions are not required, e.g. for specifically bind 
ing to and neutralizing the biological activity of human IL-5, 
Modified human constant region domains may also be used 
in which one or more amino acid residues have been altered 
of deleted to change a particular effector function, 
Preferably, the constant region domains of the RAMs are 
human IgG4. 

The residue designations given above and elsewhere in 
the present application are numbered according to the Kabat 
numbering Kabat et al. Sequences of Proteins of Immuno 
logical Interest, Wol L.Fifth Edition, 1991, US Department of 
Health and Human Services, National Institute of Health. 
Thus, the residue designations do not always correspond 
directly with a linear numbering of the amino acid residues. 
The actual linear amino acidsequence may contain fewer or 
additional amino acids than in the Kabat numbering, corre 
sponding to a shorteuing of, or insertion into, the basic vari 
able domain structure. 

Also the anti-IL-5 antibody molecules of the present 
invention may have attached to them effector or reporter 
molecules. Alternatively, the procedure of recombinant 
DNA technology may be used to produce immunoglobulin 
molecules in which the Fc fragment or CH3 domain of a 
complete immunoglobulin has been replaced by, or has been 
attached thereto by peptide linkage, a functional non 
immunoglobulin protein, such as an enzyme, cytokine, 
growth factor or toxin molecule. 

Thus, the remainder of the antibody molecules need not 
comprise only sequences from immunoglobulins. For 
instance, a gene may be constructed in which a DNA 
sequence encoding part of a human immunoglobulinchain is 
fused to a DNA sequence encoding the amino acid sequence 
ofa polypeptide effector or reporter molecule. 

Further aspects of the invention include DNA sequences 
coding for the composite heavy chain and the composite 
light chain. The cloning and expression vectors containing 
the DNA sequences, host cells transformed with the DNA 
sequences and the processes for producing the antibody mcil 
ecules comprising expressing the DNA sequences in the 
transformed host cells are also further aspects of the inven 
tion, 

The general methods by which vectors may be 
constructed, transfection methods and culture methods are 
well known in the art and form no part of the invention. 

The DNA sequences which encode the anti-IL-5 donor 
amino acid sequences may be obtained by methods well 
known in the art (see, for example, International Patent 
Application No. WO 93/16184). For example, the anti-IL-5 
coding sequences may be obtained by genomic cloning or 
cDNA cloning from suitable hybridoma ceil lines, e.g. the 
39D10 cell line. Positive clones may be screened using 
appropriate probes for the heavy and light chains required, 
Also PCR cloning Inay be used. 

The EDNA coding for acceptor amino acid sequences Inay 
be obtained in any appropriate way. For example, EDNA 
sequences coding for preferred human acceptor frameworks 
such as human group Eight chains and human group II 
heavy chains, are widely available to workers in the art. 

The standard techniques of molecules biology may be 
used to prepare the desired DNA sequences. The sequences 
may be synthesized completely or in part using oligonucle 
otide synthesis techniques, Site-directed mutagenesis and 
polymerase chain reaction (PCR) techniques may be used as 
appropriate. For example, oligonucleotide directed synthesis 
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as described by Jones et al. (Nature, 321,522 (1986)I may be 
used. Also oogonucleotide directed mutagenesis of a pre 
existing variable regions as, for example, described by Wet 
hoeyen et al. Science, 239, 534–1536 (1988) may be 
used. Also enzymatic filling in of gapped oligonucleotides 
using T4 DNa polymerase as, for example, described by 
Queen et al. Proc. Nati, Acad. Sci., USA, 86, l0029-10033 
(1989) and WO 90,0786) may be used. 

Any suitable host cell and vector systern may be used for 
the expression of DNA sequences coding for the RAM. 
Preferably, eucaryotic, e.g. nannaiian, host cell expression 
systems are used. In particular, suitable mammalian host 
cells include CHO cells and myeloma or hybridoma cell 
lines. 

Thus, according to a further aspect of the present inven 
tion a process for producing an anti-IL-5 RAM is provided 
comprising: 

(a) producing in a first expression vector a first operon 
having a DNA sequence which encodes a composite heavy 
chain, as defined according to the first preferred aspect of the 
invention; 

(b) optionally producing in the first or a second expres 
sion vector a second operon having a BNA sequence which 
encodes a complementary light chain, which may be a con 
posite light chain as defined according to the second pre 
ferred aspect of the invention; 

(c) transfecting a host cell with the or each vector; and 
(d) culturing a transfected cell line to produce the RAM. 
Alternatively, the process may involve the use of 

sequences encoding a composite light chain and 
Inentary heavy chain. 

For the production of RAMs comprising both heavy and 
light chains, the cell lines may be transfected with two vec 
tors. The first vector may contain an operon encoding a com 

s 

a comple- 30 

posite or complementary heavy chain and the second vector 35 
may contain an opeton encoding a complementary or coin 
posite light chain. Preferably, the vectors are identical except 
insofar as the coding sequences and selectable markers are 
concerned so as to ensure as far as possible that each 
polypeptide chain is equally expressed, in a preferred 
alternative, a single vector may be used, the vector including 
the sequences encoding both the heavy chain and the light 
chain. 

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

The present invention also includes therapeutic and diag 
nostic compositions comprising the RAMS and uses of such 
compositions in therapy and diagnosis. 

Accordingly, in a further aspect the invention provides a 
therapeutic or diagnostic composition comprising a RAM 
according to previous aspects of the invention in combina 
tion with a pharmaceutically acceptable excipient, diluent or 
car. 

These compositions can be prepared using the RAMs of 
the present invention, for instance as whole antibodies, 
single chain Pw fragments or antibody fragments, such as 
Fab or Fw fragments. Such composition have IL-5 blocking 
or antagonistic effects and can be used to suppress L-5. 
activity. 

The compositions according to the invention may be for 
mulated inaccordance with conventional practice for admin 

iss 

istration by any suitable route, and may generally be in a 
liquid form (e.g. a solution of the RAM in a sterite physi 
ologically acceptable buffer for administration by for 
exampie an intravenous, intraperitoneal or intramuscular 
route; in spray form, for example for administration by a 
nasal or buccal route; of in a form suitable for implantation, 

6 
The invention also provides a method of therapy or diag 

nosis comprising administering an effective annount, prefer 
ably 0.1 to 10 mg/kg body weight, of a RAM according to 
previous aspects of the invention to a human or animal sub 
ject. The exact dosage and total dose will wary according to 
the intended use of the RAM and on the age and condition of 
the patient to be treated. The RAM may be administered as a 
single dose, or in a continuous manner over a period of time. 
Doses may be repeated as appropriate. 

The RAM according to previous aspects of the invention 
may be used for any of the therapeutic uses for which anti 
L-5 antibodies, e.g. 39D10, have been used or may be used 
in the future. 

IL-5 is a primary activator or eosinophils, and blocking 
the function of this cytokine with antibodies has been shown 
to prevent or reduce eosinophilia which is associated with 
certain allergic diseases. Thus the RA according to the 
invention may be used for this purpose, and in particular 
may be of use in the treatment of asthina, where it may be 
expected to prevent the accumulation and activation of eosi 
nophilis in asthmatic lungs, thereby reducing bronchial 
inflammation and airway marrowing. For use in the treatment 
of asthma the RAM according to the invention may advanta 
geously be a single chain Fw fragment, formulated as a spray, 
for administration for example via the nasal route, 
A preferred protocol for obtaining an anti-IL-5 antibody 

molecule in accordance with the present invention is set out 
below. This protocol is given without prejudice to the gener 
ality of the invention as hereinbefore described and defined 

The 39D10 rat monoclonal antibody raised against 
human IL-5 is used as the donor antibody, The variable 
domains of the heavy and fight chains of 39D10 have previ. 
ously been cloned (WO 93/1684) and the nucleotide and 
predicted armino acid sequences of these domains are shown 
in FIGS. 1 and 2, The appropriate acceptor heavy and light 
chain variable domains must be determined and the amino 
acid sequence known. The RAM is then designed starting 
from the basis of the acceptor sequence. 
... the CDRS 
At a first step, donor residues are substituted for acceptor 

residues in the CDRs. For this purpose, the CDRs are prefer 
ably defined as follows: 

heavy chain; 
CDR1: residues 3-35 
CDR2; residues SO-6S 
CDR3: residues 95-102 light chain; 
CDR: residues 24-34 
CDR2: residues 50 to 56 
COR3: residues 89 to 97 
The positions at which donor residues are to be substi 

tuted for acceptor residues in the framework are then chosen 
as follows, first of all with respect to the heavy chain and 
subsequently with respect to the light chain. 
2.HEAVY CHAIN 
2.1. Donor residues are used either at all of positions 24, 27 
to 30, 37,49, 73,76 and 78 or atail of positions 23, 24, 27 to 
30, 37, 49, 73 and 76 to 78 of the heavy chain. 
3. LIGHT CHAN 
3.1. Donor residues are used either at all of positions 22, 68 
and 71 or at all of positions 68 and 7. 
The present invention relates to a recombinant anti-IL-5 

antibody molecule having a binding affinity substantially 
equal to that of the donorantibody. The present invention is 
now described, by way of example only, with references to 

65 the accompanying drawings, in which: 
FIG. shows the nucleotide and amino acid sequence of 

the 390 heavy chain; 
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FIG. 2 shows the nucleotide and amino acid sequence of 
the 39D10 light chain; 
FIG. 3 shows the alignment of the 39D 10 

light heavychain variable domain framework regions with 
the lighheavychain variable domain framework regions of 
the consensus sequence of the huna group 
IIIlight heavychains; 
FIG. 4 shows the alignment of the 39D10 

heavylight chain variable domain framework regions with 
the heavylight chain variable domain framework regions of 
the consensus sequence of the human group 
III heavylightkhains; 

R501 s GCGCGAACTTGCGCCACCATGAAGATTGTGGTAACTGGGTTT3 

R2S5. 5 GCAGAEGGGCCCTTCGITGAGGCTA. C. A. GGAGACG, T, A) 

8 
Second Edition, Wols to 3. Cold Spring Harbor Laboratory 
Press (1989). 

3. CONSTRUCTION OF RECOMBINANT 
HEAVY AND LIGHT CHANGENES 

Heavy Chain 

A heavy chain Wh region was generated by PCR using the 
oligonucleotides R360 and R255. The sequences of these 
are: 

see ED NOl. 

Sec ID 0:2 

FIG.S shows the nucleotide and amino acid sequence of 20. The reaction mixture (100 l) contained 10 mM Tris-HCl 
the CDR grafted anti-IL-5 light chain CTL-5-gó. The 
first twenty amino acid residues of SEQID No. 26 represent 
a leader sequence. The first amino acid residue of the mature 
protein is residue 21. 

F.G. 6 shows the nucleotide and artino acid sequence of 
the CDR grafted anti-L-5 heavy chain CTTL-5-10gH). The 
first nineteen amino residues SEC ID No. 28 represent a 
leader sequence. The first amino acid residue of the mature 
protein is residue 20. 

FIG.7 shows a map of plasmidpMR14; 
FIG.8 shows a map of plasmidpMR15.1; 
F.G. 9 shows the affinity constants and association and 

disassociation rates of a chieric 39D0 antibody and the 
CTIL-5-10gh-glé antibody; 

F.G. 10 shows a graph of the neutralisation of L-5 in the 
TF1 assay by a panel of antibodies; 

F.G. 11 shows the results of a competition assay for rat 
39D10, a chimeric 39DEO antibody and the CTL-5-10gh. 
g6 antibody; and 

FIG. 12 shows the effect of CTEL-5-10ghtg|L6 on monkey 
eosinophilia. 

5 

3. 

pH 8.3, 1.5 mMMgCl,50 mMKC, 0.01% whvgelatin, 0.25 
mM of each deoxyribonucleoside triphosphate, 0.1 peg 
39D20 heavy chain DNA, 6 pinoles of R360 and R2155 
and 0.25 units. Taq polylnerase, The reaction mixture was 
heated at 94 C. for 5 minutes and thea cycled through94 
C. for 1 minute, 5SC, for minute and 72 C. for minute. 
After 30 cycles, the reaction was extracted with an equal 
volume of phenol/chiorofola (:l viv), then with chloro 
form before being precipitated by the addition of 2.5 wol 
umes of ethanol. The PCR product was dissolved in the 
appropriate buffer, digested with HindIII and Apal. purified 
on an agarose gei and ligated into the vectorpMRi4(FIG, 7) 
which had also been digested with HindII and Apal. Fol 
lowing transformation into E. coli LM1035, colonies were 
grown overnight and plasmid DNA analysed for Wh inserts. 
The nucleotide sequence of the Wh region in plasmid, 
pARH1217, is shown in FIG. 1. 
Light Chain 
AW light chain gene was generated from the original WL 

as described in WO 93/E6184, clone by PCR with the oligo 
nucleotides R3585 and R3597. The sequence of these are: 

R3585 5. GGACTGFICGAAGCCGCCACCATGAGTGGCECACTCAGGTCCT3' SEC ID NO:3 

RS9 SCCACCG 

EXAMPLE 

1. MATERAL AND METHODS 

39D10 is a rat monoclonal antibody raised against human 
IL-5. The genes for the variable domains of the heavy and 
light chains of 39D10 have previously been cloned (WO 
93/16184) and the nucleotide and predicted annino acid 
sequences of these domains are shown in FIGS. 1 and 2. 
Because of the strategy used in the cloning of the variable 
domain of the 3gD10 heavy chain, the first five amino acids 
of the framework regions are unknown. However, a yeavy 
chain was available which contained the leader sequence and 
the first five amino acids of fianework from the antibody 
YTH 34.5H. Riechmann et al., 
(1988). 

2. MOLECUAR BOOGY PROCEOURES 

The molecular biology procedures used were as described 
in Maniatiseta, Molecular Cloning; A Laboratory Manual, 

so 

ss 

(Nature, 332, 323-327 

st I : 

PCR was carried out as described above. The PCR product 
was digested with enzymes BstBI and Spl and, after 
purification, ligated into pMR15.1 (FIG. 8) that had previ 
ously been digested with the same enzymes. 
A colony was identified, after transformation of E. coi 

LM1035, that contained a plasmid (pARH1215) with a V 
insert. The nucleotide sequence of the W insert is shown in 
FG.2. 
CDR Grafting of 39D10 
Light Chain 
In order to decide on the most appropriate human acceptor 

frameworks for the CDR loops of 39D10, the main acid 
sequence of frameworks i-3 of 39D10 were compared with 
those of known human kapps light chains, 39D10 was found 
to be most homologous to human group Ilight chains. Based 

6s on this, it was decided to use the human group I germ line 
frameworks for the CDR grafting. The homologies between 
these sequences are shown in FIG. 3. Also shown is the 
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homology between the framework 4 regions of 39D10 and 
the consensus sequence of known human group I light 
chais, The residues in 39D1) that differ for the human 
consensus sequence are underlined. The contribution that 
these residues might make to antigen binding was analysed 
and two genes were constructed for the CDR graftcd light 
chain. These were CTL-5gL5 and CTL-5gL6 in which, as 
well, as the CDR residents, either residues 22, 68 and 7 or 
residues 68 and 7 were also from 39D10 respectively. The 
nucleotide and amino acid sequences of CTI-5-g6 are 10 
shown in FIG. 5. 
Heavy Chain 
CDR grafting of the 39D10 heavy chain was carried out as 

described for the light chain. The framework regions of 
39D10 were found to be most homologous to those of 15 
human group III antibodies and, consequently, the consensus 
sequence of the fameworks of the human group III germ 
line genes was used to accept the CDRs of the 39D10 heavy 
chain. As before, the consensus sequence for human group 
III framework 4 regions was also chosen. A comparison of 20 
these sequences is shown in FIG. 4 with the residues in 
39D0 that differ fron the human consensus sequence 
underlined. 

Analysis of the framework residues in 39D10 that might 
influence antigen binding was carried out and, based on this, 
two genes, CTL5-9gH and CTL-5-10g, were con 
structed in which either residues 23, 24, 27 to 30, 37, 49, 73 
and 76 to 78 or residues 24, 27-30, 37, 49, 73, 76 and 78 
respectively were from 39D10. The nucleotide and amino 
acid sequences of CTTE-5-10g is shown in FIG. 6. 
Expression and Bioactivity of Anti-L-5Antibodies 
Chimeric (rathuman) and CDR grafted 39D10 were pro 

duced for biological evaluation by transient expression of 
the heavy and light chain pairs after co-transfection into Chi 
nese Hamster ovary (CHO) cells using calcium phosphate 35 
precipitation. 
On the day prior to transfection, semi-confluent flasks of 

CHO-L76lh cells (Cockett et al. Nucl. Acids. Res., 19, 
319-325, 1991) were trypsinised, the cells counted and T75 
flasks setup each, with 10 cells. On the next day, the culture 40 
Inediuru was changed 3 hours before transfection. For 
transfection, the calcium phosphate precipitate was prepared 
by mixing 1.25 ml of 0.25MCaCl containing 50 g of each 
of heavy and light chain expression vectors with 1.25 m of 
2xHBS (16.36g NaCl, 11.9 gm HEPES and 0.4 g NaHPO 45 
in liter water with the pH adjusted to 7.1 with NaOH) and 
adding immediately into the mediurn of the cells. After 3 
hours at 37 C. in a CO, incubator, the medium and precipi 
tate were reulowed and the cells shocked by the addition of 
15 ml is% glycerol in phosphate buffered saline (PBS) for 1 so 
minute. The glyceral was renowed, the cells washed once 
with PBS and incubated for 48-96 hours in 25 ml Inedium 
containing 0 KM sodium butyrate. Antibody was purified 
from the culture medium by binding to and elution from 
protein A-Sepharose, Antibody concentration was deter- 53 
mined using a human IgELISA (see below). 
ELSA 
Antibody expression was assessed by transfecting pairs of 

heavy and light chain genes into CHO cells and, after three 
days incubation, measuring the amount of antibody accumu- 60 
Eating in the culture medium by ELISA. 

For the ELISA, Nunc ELISA plates were coated overnight 
at 4C. with a F(ab') fragment of a polyclonal goat anti 
httman Fe fragment specific antibody (Jackson 
Immunoresearch, code 109-006-098) at 5 g/m in coating 63 
buffer (5 nM sodium cartoonate, 35 nM sodium hydrogen 
carbonate, pH6.9), Uncoated antibody was removed by 

O 
washing 5 times with distilled water, Samples and purified 
standards to be quantiated were diluted to approximately.) 
g/ml in conjugate buffer (0.1M Tris-HCl pH7.0, 0.1M 

NaCl, 0.2% ww Tween 20, 0.2% ww Hammersten casein), 
The samples were titrated in the microtite wells in 2-fold 
dilutions to give a final volume of 0.1 in each well and the 
plates were incubated at room temperature for hour with 
shaking. After the first incubation step, the plates were 
washed 0 times with distilled water and then incubated for 
1 hour as before with 0.1 ml of a nuouse monoclonal anti 
human kapps (clone GD12) peroxidase conjugated anti 
body (The Binding Site, code MP135) at a dilution of in 
700 in conjugate buffer. The plate was washed again and 
substrate solution (0.1 ml) added to each well. Substrate 
solution contained 50 kill N,N,N,N-tetramethylbenzidine 
(10 mg/ml in DMSO), 150 l hydrogen peroxide (30% 
solution) in 10 IIll O. M. sodium acetate/sodium citrate, 
pH 6.0. The plate was developed for 5-10 minutes until the 
absorbence at 630 nm was approximately 10 for the top 
standard. Absorbenice at 630 nm was measured using a plate 
reader and the concentration of the sample determined by 
comparing the titration curves with those of the standard. 
Determination of Affinity Constants for Anti-IL-5Antibod 
s 

Affinities of the chimeric and CDR grafted anti-IL-5 anti 
bodies were determined using Biospecific Interaction Analy 
sis (BIA). Antibodies were produced in CHO cells by trans 
fection of combination of heavy and fight chain genes and 
purified from culture supernatants on Protein A Sepharose, 
For affinity measurements, a polyclonal antihuman Fo anti 
body was bound to the Pharmacia Biosensor chip (1250 
relative response units, RU) and used to capture anti-L-5 
which was passed over the chip at 5 pg/ml in 10 mM 
HEEPES.0.15MNaCl, 3.4 mMEDTA, pH7.4. The amount of 
anti-T-5 captured for each run was approximately 1600RU. 
Reconbinant human L-5 was then passed over the Sensor 
chip at various concentrations (0.6 to 5g? Ill) in the above 
buffer. The Sensorchip was cleaned after each run with 100 
mM HCl and 100 mM orthophosphoric acid to remove 
bound L-5 and antibody. The sensorgrams generated were 
analysed using the kinetics software available with the BA 
core machise. 

Walues for the affinity constants and association and disso 
ciation rates of two antibodies, chimeric 39D10 and CEIL-5- 
10g/gL6, were determined. The results are shown in FIG. 
9. It can be seen that chimeric 39D10 has an extremely high 
affinity for human IL-5 and that this value has been repro 
duced in CFIL-5-10g/gL6. 
Activity of Anti-I-5Antibodies in in vitro Bioassay 
The activities of various CDR grafted antibodies were 

compared with that of chimeric 39D10 in an in vitro bioas 
say using TFi cells, TF1 is an erythroleukemic cell line that 
requires GM-CSF for growth. GM-CSF can be replaced by 
L-5 but in this instance the cells only survive and do not 
proliferate. However the dependence on L-5 for survival 
means that TF1 cells can be used in a bioassay to compare 
the activities of various anti-L-5 antibodies. 

Neutralisation by anti-I-5 antibodies was measured 
using a constant amount of IL-5 (2 mg/ml) and variable 
amounts of antibody incubated with 5x10" cells per well in 
96 flat bottomed plates for 3 days. For the last 4 hours, cells 
are cultured in the presence of 500 pg/ml. Thiazolyl blue 
(MIT). This dye is converted into an insoluble purple form 
by mitochondrial enzymes in viable cells. The insoluble 
material was dissolved by incubating overnight after addi 
tion of 100 l of 50% dimethyl formamide, 20% SBS pH4.7 
and the amount of dye taken tap determined spectrophoto 
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metrically. The levels of bioactive IL-5 remaining in the 
presence of the antibodies is extrapolated from a standard 
curve relating dye uptake to I-5 concentration. 
The activities of various combination of heavy and light 

chains were evaluated using the TF bioassay, The results 
are shown in FIG. 10. It can be seen that all combinations of 
CDR grafted heavy and light chains produce antibodies that 
are equipotent with chimeric 39D0. These results indicate 
that neither residue 22 in the light chain nor residues 23 or 78 
in the heavy chains are required to be 39D10 specific for 
optimal binding. The combination with the fewer 39D0 
specific residues is therefore CTIL-5-10gH/gL6. 
Activity of Anti-IL-SAntibodies in Competition Assays 

Recombinant human IL-5 was diluted to l gmi in phos 
phate buffered saline (PBS) and 100 pil alloquots added to 
microtitre plates (Costar Amine Binding plates) and incu 
bated overnight at 4°C. Plates were washed three times with 
PBS containing 0.5% Tween 20 and any remaining active 
sites blocked with 2% bovine serum albumin (BSA) in PBS 
for 30 minutes. The plates were then aspirated and tapped 
dry, To compare the relative binding activity of the parent rat 
antibody (39D10) with chineric and grafed antibodies, 
serial dilutions were prepared of each anti-IL-5 antibody in 
PBS/% BSA and 50 ladded to duplicate wells followed 
immediately by 50 i 39D10-biotin conjugate at 0.125 
g/ml. The assay was incubated for 2 hours at room tempera 

ture with agitation and then washed twice with PBS. 

SEQUENCE LISTING 

1. GENERA. INFORMATION: 

(iii) NUMBER OF SEQUENCES: 28 

2) INFORMATION FOR SEC E O: 1: 

SEECE CHARACTERISTICS: 
(A) LENGTH: 47 base pairs 
(B) TYPE: Eucleic acid 

STRADEEss: single 
D TOOGr: lirear 

(ii OLECULETYPE: other nucleic acid 
A DESCRIPTION: desc = PCR primer R3601" 

xi seese EscFION SEO ED NO; ; 

s 

GGG TCGA CTAT. T. G. 

2 NFORMATION FOR SE I: O2: 

SEQUENCE CHARACTERISTICS: 
A LENGTH 3 base pairs 
(a) TYPE : nucleic acid 
C. STRANoeNESS single 

TOPOLOG inea 

i tolecule TE; other nucleic acid 
A DESCRETION: 

xi SEQUENCE DESCRIPTION: SED ID 0:2 : 

AGAGGGC CCTTCTTGA. GGCTGTGAG ACDGIGA 

(2) INFORMATION FOR SEC ID NO:3: 

(i) SEUENCE CHARACTERESTCS: 
A LENGTH 44 bage pairs 
e PE; Eau ciele acid 

idea c = PCR primer R2155" 

12 
Horseradish-peroxidase conjugated to streptavidin (1 g/ml) 
was added to a wells and incubated for a further 30 min 
utes. Plates were washed four times and 100 tetramethyl 
benzidine. (TMB) substrate added. Colour development was 
read at 630 an (reference 490 num) and OD (630-490) was 
plotted against log (10) antibody concentration, 
When the activities of rat 39DiO, chimerie 39D0 and 

CTIL-5-10g/gL6 were compared in the above competition 
assay, the results shown in F.G. 11 were obtained. All three 
antibodies competed equally well with biotinylated-39D0 
for binding to D-5, indicating that the CDR loops of 39Dl0 
had been successfully transferred to the human fameworks, 
Effect of Anti-L-5Antibody on Monkey Eosinophilia 

Anti-IL-5 antibody (CTTL-5-10gH/gL6) was tested in a 
monkey system which nodels asthmatic conditions (see 
Mauser, P. J. et al., Arn, J. Resp. Crif, Care Med., 
152:467-472, 1995. When administered, one hour before 
challenge with Ascaris, to responsive monkeys, CTH-5- 
10gh g6 inhibits lung lavage eosinophiliatsata dose of 
0.3 mg/kg i.v. This set ofnonkeys is not hyper-responsive to 
histamine so the effects of CTL-5-10gH/gL6 on hyper 
responsiveness could not be determined. Three months after 
this single does, eosinophil accumulation in response to 
Ascaris challenge is still inhibited 75%. 

In the allergic mouse, CTTL-5-10g.H/gL6 inhibits pulmo 
nary eosinophilia at 1 mg/kg i.p. 
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- continued 

(C) SIRANDENESS: single 
TPEY: linear 

(ii) MCLECUE.E. "TYPE: the nucleic acid 
A EscrPION: ese sa PCR Peiner R 585 

xi seGuence Escription: SEC II O:3: 

GGACGTTCG AAGCCGCCA CATAGs cars CT 

2 NFORMATION FOR, se d to: 

SEQUENCE CHARACTERISICs: 
A LENGTH 3 loane pairs 
B. TYPE Iucleic acid 

(c) STRANDENESS single 
to TOPOLOGY linear 

OLECULE TYPE; other nucleic acid 
A. EscripTION: desc re. PCR printer R59 

xi see NCE DESCRIPTION: SE II) No. 4: 

GATACAGTT GGFGCACAT. GTATTT 

2 NFORMATION FOR SE II so; 5: 

SEQUENCE CHARACTERISTICs: 
A LENGTH 333 base pairs 
Es. TYPE; nucleic acid 

(c) STRANDEDNESS single 
OPOLOGY: hear 

OECFE TE: NA 

xi). SEUENCE DESCRIPTION SE ID NOS; 

AATTGAG ACTGGT ACAGCCATCA CACCC CTCTCCCT CACTCTCT 

GGGTTATAT TAACCAGAA. TAGGAAC Tocco AGCOTAGGAAAGGICT 

GAGGAGG GACTAATATG GAAATGA (AACAATAATAGC AcAACC 

CATA, "EAGTAGA (ACCAA ACAGEF AAAA AAAAYG 

CAAAGAA ACACAGCCAF GTACTCror GCCAGAGAGT ACTACGGCTA CTTGATTAC 

GGGCAAG GAGATGGT CACAFC CA 

2 INFORMATION FOR SE ID no: 6 

sEENCE CHARACTERISTICs: 
A LENGT: 1, airino acids 

(B) TYPE: aria acil 
(C. STRANDEDIESS; single 
D TOPOLOGY: linear 

ii) OECULEYPE protein 

xi secENE DESCRIPTION SE, Ed No.: 6: 

ser gy Gly Gly Lau Wall gln. Pro Ser Gen. Thir Lieu. Ser Le Tar 
s s 

Tir Wal Ser Giy Lieu Se eu thr Ser As Ser Wall. As Tro Ilie 
S. 30 

a Po to Gly ys Gy: eu Gu T. et Giy Eel I ser 
35 A. 

Giy Asp Thr Asp Tyr Asn Ser Ala Ilie Eya Ser Arg Leu Ser Ilies 
s s f 

Arg, Aap ar Ser Lys Ser Gil Wa Phe eu y is Met Asn. Set Leut 
O s 8. 
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-continued 
gr Ser Gli Asp Thr Ala Met Tyr Phe Cys Ala Arg Glu Tyr Tyr Gly 

BS 9. 9S 

Tyr Phe Asp Tyr Trp Gly Glin Gly Wal Met Wat Thr Walk Ser Serg 
1. s 

2 INFORMATION FOR SEC ID Jo: 7 : 

sELENE CHARACTERISTIs: 
A LENGTH: 33d base paira 
(B) TYPE nucleic acid 
c seless: single 

TOPOLOGY: linear 

(ii) EECE TFE: A 

xi). SEQUENCE ESCRIPTION SEC I of: 

AIGCTExc coacCAGCT caco"Is TTTTTT GGATTACAA TCCTATGT 6C 

GAATCOAGA TGACAAGEC TAGOcc TTTT (TTGGGA AACTCTCC 12 

AAA AGAGG, GCC ATA GACA GAA 

AAAT AGCTCCT. GATTAGGT GOAAAGCTTGAACTGG GGCAC 

CGGTTAGG GCATGATC GCACACAA TAct AATCAA AACTE 3. 

GAAATGAA GGGAATT. CTTCACAATAAA TTGAACAC GTTT 30 

At A A 38 

2 ForMATION FORSE. Ed to 8 

i SEQUENCE CHARACTERISEECs: 
A ENTH: 2 artino acids 

Pe: auaino acid 
C SERIENESS: silage 

OPOLOGY: lira 

(ii) OLECLI.E. TYPE: protein 

xi. SOECE DESCRIPTION: SEO El N: ; 

et Ala Wall Pro Tir Glin Lieu. Eel Gilly eu e Lau 
s 1. 

Aap Ala Ile cy's Asp Iie Glin Met Thr Glin Ser Pro 
2 

Ala Ser Let Gly G. Thr Ile Ser Ile Giy Cys Lieu. 
35 4) 5 

Ile Ser Ser Tyr Lieu Ala Trip Tyr Glen Gin Lys Pro Gly 
SS s 

G. eu Tyr Gly Ala Agn Ser Leu Gin Thr Gly 
s 75 

Arg Gly Ser Gly Ser Aila Thr Glin Tyr Ser 
ES 9. 

Glin Pro Giu. Asp Gu Gly Asp Tyr Phe Cys Glin 
O s 

Pro Asn. Thr Phe Gly Ala Gly. Thr Lys Lieu. Glu 
s s 

INFORMATION FOR SEQ No: g: 

i. ssNe CARACTERISTIs: 
A LENKTh; 23 artino acidae 
B. TE: acaino acid 
CE STRANDELENESS: single 

TOPOLOGY: linea 
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- continued. 

(ii MOLEcuLE TYPE: peptide 

xi secECE DESCRIPTION: SEO Ed No.: 9 

Asp Ile Gln Met Thr Gin Ser Pro Ser Ser Let Ser Ala Ser Wat Giy 
s 

Asp Arg Wall ihr Ike Thr Cys 
2 

(2) ENFORMATEON FOR SE ID no: lic: 

secE CHARACTERISTICS: 
A LENGTH: 23 artino acids 
is TPE artino acid 
C. STRANCEESS single 
to TOPOGY: 1 near 

(ii) MOLEcle TYPE pistice 

Ki SECENE osCRTO: SE I D : 

Asp Ile Glin et Thr Gla Ser Pro Ai Ser Le Ser Ala Ser el Gl 
s 5 

gu. Thr le Ser Elie Gul cys 

(2) INFORMATION FOR SEQ II No: 11: 

i SEQUENCE CHARACTERISTICS; 
(A LEGTH: 15 artino acids 

TYPE. airo acic 
c streatess: single 
D OPOLOGY: linear 

(i) MOLECULE TYPE: peptide 

(xi, SEQUENCE DESCRIPTION: SE II) No: 11: 

Trip Tyr Gln Gln Lya Pro Gly Elys Ala Pro Llys Leu Leu Ilie Tyr 
1. s 5 

2 NFRATION FOR set II). O:12: 

(i) source CHARACTERISTICs: 
A LENGTH: 15 artino acilis 

(B) TYPE amino acid 
(C) STRANEENESS: single 
D TOPOLOGY: lirear 

OECULe Pe: peptile 

xi). SEQUENCE DESCRIPTION: SEQ ID No. 12: 
Trip Tyr Glin Gln Lys Pro Gly Lys Ser Pro Glin Leu Leu. Ile Tyr 

S 

NFORAION FOR set O:13: 

sEECE CHARACTERISTICS 
A LENGTH 32 artino acids 
E TE: at no acid 
c STRANDEDRESS single 
to TOPOLOGY: linear 

ii) MOLECULE TYPE: peptide 

(xi, SEQUENCE DESCRIPTION SEC ID NO : 13 : 

G1 Wa Pro Ser Arg Phe ser gly Ser Gy. Sex G1 Tar As Phe Ins 
5. 

Eleu Thr le Ser Ser Leu in Pro G. As the Ala Til I Ef Cys 
2 s 3. 

Page 10 of 15 
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2 INFORMAFION FOR SEO to: 14t 

i SEQUENCE CHARACTERISTICS: 
(A LET: 32 anino acids 
(B) TPE: artino acid 
C. STRANCEINEss: single 
D TOPOLOGY: linear 

ki. HOLECULE TYPE: peptide 

(xi, SEQUENCE DESCRIPTION SEC ID NO: 14 : 

gly Wall pro Ser Arg Phe Ser Gly Ser Gly Ser Ala Thr Glin Tyr Ser 
1. s 

eu Lys Ie Ser Ser Matri Pro G.u. As Gui Gy. A? Ty Phe Cy 
2S 

2 NFATION FOR is II or 1s: 

i suice CHARACTERISTICs: 
A LENGTH: 11 amino acids 

(B) TYPE: amino acid 
STRANDENESS single 
TOFOG is ar. 

i OLECULE TYPE; peptile 

xi SEENCE DESCRIPTION SE to No. 5 

Ehe Gly gll gly. Thir Lys Wall Gli1 Eka Liya Arg 
s 

2 ENFORMATION For SE ID No. 15: 

is sequence ARACTERISTICs: 
A teNGTH: il acairno acids 
a TPE antino acid 

SERA.D.ESS single 
to TOG: rear 

ti. OLECLE TYPE petite 

(xi, SEQUENCE DESCRIPTION: SE NO:16: 

Phe gly Ala Gily Tar Liya el Gill. Leu y Arg 
1. 5. 1. 

2) ForMATION Fort SEC to No. 1 : 

SEOUECE CHARACEEERISEcs; 
A LENGTH: 30 artino acids 
(B) TYPE: artino acid 
C STRANIENESS single 

TOPOLOGY: lirear 

(ii) MOLECUEE TYPE: peptide 

xi). SEQUENCE DESCRIPTION SEC ID NO : " : 

glu Wa Girl Lieu Wai Gil Ser gly gly gy Le Wall GE Pro Gly Gly 
S. s 

Ser Lau Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Se 
2. 25 3. 

2 INFORMATION FOR SEC ID NO: ia ; 

it sequENCE CHARACTERIstrics: 
A2 LENGTH: 30 amino acids 
By YPE amino ae 

STRANEENESS singer 
(I) EOEOGY: line 

Page 11 of 15 
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ii (LECUEE FYPE: peptide 

xi. SELENE DESCREPTION: SE DO : 19: 

Xaa Xala Xala Xala Kaa Glu Ser Giy Gly Gly Leu Wall Glin Pro Ser Gla. 
1) s 

Thr Leu Ser Leu Thr Cya. Thr Val Ser Gly Leiser I.e. The 
2 S. 3. 

2) INFORMATION FOR SEQ ID NO: 9: 

SEQUENCE CHARACTERISTICS: 
A LENGTH: 14 airino acids 
is TPE amino acid 
c STRANEEss; single 
(b) Topology: linear 

till OLECLE PE; peptide 

xi). SEQUENCE DESCRIPTION: SEC ID No: 19: 

Erp Wall Arg, Gli Ala Pro gly Lya Gly at Givi Tap Wal Ser 
1. S 

2 NFORATION FoR SE ID no: 2O: 

SEQUENCE CHARACTERESTICS: 
A LeGTH 4 and acid 

(B) TYPE. antino acid 
C. STRANCE-NESs: single 

TOPOLOGY: linear 

OLECLE TPE peptile 

secedesCON: SEC I 2: 

Trip Ile Arg, Gln Pro. Pro Gly ya gly au. Glu, Trp Met Gly 
1. 5 1. 

2 INForTICE FOR SE II No: 21 

sEEE CHARACTERISTICs: 
A LENGTH: 32 artino acid 

TYPE: analo acid 
C. STRANDEDNESS: single 
D OPOLOGY: linear 

il. OLECLE TYPE peptide 

xi). SEUECE DESCRIPTI; so I No. 21. 

Ag Pas Thr Ile Ser Arg Asp Asn. Ser Lys Asa Tar E.e. Tyr Leu in 
1. 10 5 

et. As Ser Leu Arg Al Gill. As the Ala Wa: Tyr Ty Cys Ala Argy 
2 3. 

2 EFORATION FOR is ID no:22: 

(). SEQUENCE CHARACTERISTICS: 
A LENGTH 32 airino acific 

Ps: agro acid 
C. SERANDEDNESS; single 
D POLG linear 

(ii) OECULE TYPE peptide 

xi. SEUENE ESCRIPTION SE, ID No. 22: 

Arg Leu See Ele. Ser Arg Asp The Ser Lys ser gln Wat Phe Leu Lys 
S. s 

Met Asin Se Eleu Ga set us. As Trila et Ty Phe Cys Asia Arg 

Page 12 of 15 
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- Continued 

3. 

2 INFORMAEON FOR SE D F :23: 

(i) serENCE CHARACTERISTIs: 
A le: t amino acids 
a TYPE: arning aeidt 

(C. STRAN.EEss: single 
TOPOLOGY: lineas 

(ii) MOLECULE TYPE peptide 

(xi). SEQUENCE DESCRIPTION: SEC ID NO:23: 

p Gly G. Gly re. Walt the Wall ser see 
S. 

(2) INFORMATION FOR SEO ID NO:24: 

i SEQUENCE CHARACTERISTICS: 
A Lith: 1 attino acids 
El TPE amino acid 
(C) STRANDENESS: single 
{p} Topology lear 

(ii) MOLECULE TYPE peptide 

xi secute EscRIPTION: s , :24 

Trip Gly Girl Gly Wal Met Wall The Wal Ser ser 
S. 

2 INFORMATION FOR SE ID no: as: 

i SE.JECE CHARACTERISTICs: 
A ENGTH: 399 as a pairs 

TYPEs sucleic acid 
C} STRANDEDNESS: single 
to Topology; linear 

MOEECIETYPE: EA 

x. SEUENCE ESCRIPTION: SEC c :es: 

TTCGAAGCCG coACCATGrc TorcCocacc CAAGrcCTCG GTorcCrger GCTGTGGCTT 
AAGATA AGAAAAAA ACC COAG CACT 

GGAACCGGG ACCATCAC ATTCACA AGGAGGGCA CTCCAGTA CTTAGCGG 

TAccAGAA Accoa AGCTTAA (CTAT, AEGCGA TAGGCAG 

ACGGSAC CATCAAGA TGGECA GATCGA CFACTACA GAA 

ECGCTA AGCCGAA TTGAAG ACTT ACACA AAGCC 

AAAATCG GAAGCC cast CCG 

2 FORATION for SE Notes: 

i) strice CHARACTERIsTics 
A LENGTH; 128 anic acid 
a pr: amic acid 

(C. since Ess; single 
Topog: lear 

ii. OLECULE TEE: protein 

ki. SEUENCE DESCRIPTION: see ID No. 25. 

Met Ser Wali Pro. The Gin Was Eeu Gly Leu Lleu Lleu Lleu Tri Leu Thr 
i s s 

Aap A1a Arg Cys Asp le Gln Met. Thr Glra Sef Pro Ser Ser Les Ser 
s 3. 
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A set Wall gly Asp Agg Wai E. I.e. The Cys Le Ala Ser Clu Gly 
3S s 

Ile Ser Ser Tyr Leu Ala Trp Tyr Glin Gin Lys Gly Lys All Pro 
5. s 

ye Leu e I e Tyr Gly Ala. As n Ser Leu Gr 
SS 5 

Arg Phe Ser gly set Gl. See Ala T. As Tyr 
s s 

ser eu Glin Pro Gi Aap Pha Ra Ter Tyr Tyr 
5 

Lys Phe Pro Aan Thr Phe Gly Glin Gly Thr Lys 
S 1. 

2 INFor AFION FOR se II No. 2: 

i SEUENCE CHARACTERISTICs: 
(A LENGTH: 420 base pairs 
B E nucleic acid 
c STRANOEDESS: single 
D TFox linea 

(ii) LECULE TYPE: DNA 

xi). SEQUENCE DESCRIPTION: SEX ID NO:27: 

AGGCCG Act (AGCT, ATATICT TCTATAGAAAGCTACA 

GGGTCCC ccGAssGTCC AcGGTAGAA CTGGAGTG. GTTTACA CAGAGA 

CTCCA TAGICC CNECT, TTAATAA cTAGATAG TGTAATG 

AAAs CACGGCAA CGCTCGA TGGTGGA TAATAGGAG TAGGAGA 

ACAATTATA ArcATA CAAATCGA TEAAATCT CAAAA TAAGA 

AAFAC CAATGAA CAGTCTGAGA GCGAAGATA cTGAA. TATGT 

CGTAC GTATT CACTAGGGGCAAGGTA CATA AGOcci 

(2) INFORMATION FOR SE ED NO 28: 

SEEE CHARACTERISTICs: 
(A LENGTH: 35 amino acids 

per animo actic 
(c) STRANEENESS: gingle 

TOFOGY: linear 

(ii) MOLECULE TYPE: protein: 

(xi, SEQUENCE DESCRIPTION SE, IE) NO 28t 

get Gly Trip ser Cyg re. Ile Ieu Phe Leu Wat Ala Thr Ala Thr 
l S. O s 

Wal His ser Glu Wa. Gr. Leu Wall Gil Ser Gly Gly Gly Leuk Wall 
s 3. 

Pro Gly Gly Ser Leu Arg Eleu Ser Cys Ala Wal Ser Gly Leu Ser 
3s 5. 

Thr ser Asr Ser Wall Asr Trp Ile Arg Glin Ala Pro Gly Lys Gly 
so s 60 

Glu Trp Wall, Gly Let Ills Trip Ser Aan Gly Asp Thr Asp Tyr 
s s 

Ala E, a Lys Ser Arg Phe The Ile Set Arg Asp The Se is 
85 9. 

Was Ty E. Leu Gin Met Asn. Ser Leu Arg Ala Glu Aap 'Shi Ala 
10 OS 
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-Continued 

Tyr Cys Ala Arg Glu Tyr Tyr Gly Tyr Phe Asp Tyr Tp Gay Gri Gly 
15 s 

F Leu Wai. The Wa Ser Se 
3. S 

We claim: 
1. A recombinant antibody molecule that specifically 

binds human interleukin-5 antigen comprising a composite 
heavy chain and a composite light chain, said composite 
heavy chain and light chain forming a variable domain com 
prising acceptor antibody framework residues, said variable 
domain comprising corresponding donor residues from 
murine monoclonal 39D10 heavy chain variable region con 
sisting of the sequence of SBQID No:6 at residues 31-35, 

s 

50-65 and 95-102 and at framework residues 23, 24, 27-30 20 
37,49, 73,76, 77, and 78, and corresponding donor residues 
from murine monoclonal antibody 39D10 light chain vari 
able region consisting of the sequence of SEQ D No.8 at 
residues 24-34, 50-56 and 89-97 and at frauework resi 
dues 22, 68, and 71 according to the Kabat numbering sys 
te. 

2. An antibody molecule according to claim 1 wherein the 
acceptor antibody fitainework residues for the composite 
heavy chain are human group II heavy chain residues, and 
the acceptor antibody framework residues for the composite 
light chain are human group Ilight chain residues. 

3. A recombinant antibody molecule that specifically 
bindshuman Interleukin-Santigen, comprising thea heavy 
chain variable region amino acid sequence comprising resi 
dues 20-135 of SEQID No. 28 and the alight chain vari 
able region amino acid sequence comprising residues 21 
128 of SEQID No. 26. 

2. 

30 

4. A coinposition comprising the antibody Inolecule of 
any one of claims 1, 2, or 3 in combination with a pharma 
ceutically acceptable carrier, diluent or excipient. 

5. A recombinant antibody molecule that specifically 
binds human interleukin-5 antigen comprising a composite 
heavy chain and a composite light chain, said composite 
heavy chain and light chain forming a variable domain com 
prising acceptor antibody fiamework residues, said variable 
domain comprising corresponding donor residues fon 
mutine monoclonal antibody 39D10 heavy chain variable 
region consisting of the sequence of SEQDNO:6 at resi 
dues 31-35, 50-65 and 95-102 and at framework residues 
24, 27-30, 37, 49, 73, 76 and 78, and corresponding donor 
residues from murine monoclonal antibody 39D10 light 
chain variable region consisting of the sequence of SEQID 
No:8 at residues 24-34, 50-56 and 89-97 and at framework 
residues 68 and 71 according to the Kabatumber system. 

6. A recombinaret antibody molecule that specifically 
binds human Interleukin-5 antiger, comprising a heavy 
chain variable region encoded by SEQDNo:27 and a light 
chain variable region encoded by SEQID No:25, 

7. A composition compriving the antibody molecule of any 
one of claims 5 or 6 in combination with a pharmaceutically 
acceptable carrier, diken, or accipient. 

. . . . . 

  


