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Vaccine

The present invention relates to an isolated polypeptide useful for immunisation
against self-antigens. In particular the invention relates to a seli-protein that is
capable of raising auto-antibodies when administered in vivo. The invention
particularly relates to rendering human cytokines immunogenic in humans. The
invention further relates to pharmaceutical compositions comprising such

compounds and their use in medicine and to methods for their production.

Background of the invention

Asthma is a chronic lung disease, caused by inflammation of the lower airways and
is characterised by recurrent breathing problems. Airways of patients are sensitive
and swollen or inflamed to some degree all the time, even when there are no
symptoms. Inflammation results in narrowing of the airways and reduces the flow of
air in and out of the lungs, making breathing difficult and leading to wheezing, chest
tightness and coughing. Asthma is triggered by super-sensitivity towards allergens
(e.g. dust mites, pollens, moulds), irritants (e.g. smoke, fumes, strong odours),
respiratory infections, exercise and dry weather. The triggers irritate the airways and
the lining of the airways swell to become even more inflamed, mucus then clogs up
the airways and the muscles around the airways tighten up until breathing becomes

difficult and stressful and asthma symptoms appear.

COPD is an umbrella term to describe diseases of the respiratory tract, which shows
similar symptoms to asthma and is treated with the same drugs. COPD is
characterised by a chronic, progressive and largely irreversible airflow obstruction.
The contribution of the individual to the course of the disease is unknown, but
smoking cigarettes is thought to cause 90% of the cases. Symptoms include

coughing, chronic bronchitis, breathlessness and respiratory injections. Ultimately

30 the disease will lead to severe disability and death.
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As a result of the various problems associated with the production, administration
and tolerance of monoclonal antibodies there is an increased focus on methods of
instructing the patient’s own immune system to generate endogenous antibodies of
the appropriate specificity by means of vaccination. However, mammals do not
generally have high-titre antibodies against self-proteins present in serum, as the
immune system contains homeostatic mechanisms to prevent their formation. The
importance of these tolerance mechanisms is illustrated by diseases like myasthenia
gravis, in which auto-antibodies directed to the nicotinic acetylcholine receptor of
skeletal muscle cause weakness and fatigue (Drachman, 1994, N Engl J Med
330:1797-1810). There is therefore a need for a vaccine approach which is able to

circumvent antibody tolerance mechanisms without inducing auto-antibody-mediated

pathology.

A number of techniques have been designed with the aim of breaking B cell
tolerance without necessarily inducing unacceptable autoimmune toxicity. However,

all have significant drawbacks.

One technique involves chemically cross-linking either the self-protein (or peptides
derived from it) to a highly immunogenic carrier protein, such as keyhole limpet
haemocyanin (Antibodies: A laboratory manual" Harlow, E and Lane D. 1988. Cold
Spring Harbor Press). This approach is a variant of the widely used hapten-carrier
system for raising antibodies to poorly immunogenic targets, such as low-molecular
weight chemical compounds. However, the process of chemical conjugation can
destroy potentially valuable epitopes, and much of the evoked antibody response is
directed at the carrier protein. Furthermore this approach is only applicable to

protein vaccination, and is not compatible with nucleic acid immunogens.

A variant on the carrier protein technique involves the construction of a gene
encoding a fusion protein comprising both carrier protein (for example hepatitis B
core protein) and self-protein (The core antigen of hepatitis B virus as a carrier for

immunogenic peptides”, Biological Chemistry. 380(3):277-83, 1999). The fusion
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gene may be administered directly as part of a nucleic acid vaccine. Alternatively, it
may be expressed in a suitable host cell in vitro, the gene product purified and then
delivered as a conventional vaccine, with or without an adjuvant. However, fusing a
large carrier protein to the self-protein can constrain or distort the self-protein’s
conformation, reducing its efficiency in evoking antibodies cross-reactive with the
native molecule. Also, like the traditional cross-linked carrier systems, much of the
antibody response is directed to the carrier part of the fusion. Anti-carrier responses
may limit the effectiveness of subsequent booster administrations ot vaccine or

increase the chance of allergic or anaphylactic reactions.

A more refined approach has been described by Dalum and colleagues wherein a
single class Il MHC-restricted epitope is inserted into the target molecule. They
demonstrated the use of this method to induce antibodies to ubiquitin (Dalum et al,
1996, J Immunol 157:4796-4804; Dalum et al, 1997, Mol Immunol 34:1113-1120)
and the cytokine TNF (Dalum et al, 1999, Nature Biotech 17.:666-669). As a result,
all T cell help must arise either from this single epitope or from junctional sequences.
While this approach may work well in subjects possessing the appropriate MHC
class |l haplotype for which the vaccine was designed, or indeed those fortunate
enough to have class Il molecules capable of binding junctional epitopes, in any
normal outbred population, such as those typical of humans, there will be a
significant portion of the population for whom the vaccine will not work. Additionally,
since the inserted epitope is typically from a quite unrelated protein, such as
ovalbumin or lysozyme, it is likely that the additional sequence will to some degree
interfere with the folding of the target protein, preventing the adoption of a fully native

conformation of the target protein.

In contrast to all of the above, the present invention provides a multiplicity of
potential T cell epitopes, yet retains the target molecule in a conformation close to
the native form. These properties allow the vaccines of the present invention to be
effective immunogens in complex outbred populations, such as those composed of

human patients. These properties are achieved by rendering a mutation in a self-
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protein to produce a sequence at that point which can be found in an analogous

protein.

A number of recent papers have defined a critical role for the Th2 cytokine IL-13 in
driving pathology in the ovalbumin model of allergenic asthma (Wills-Karp et al,
1998; Grunig et al, 1998). In this work, mice previously sensitised to ovalburnin
were injected with a soluble IL-13 receptor which binds and neutralises IL-13.
Airway hyper-responsiveness to acetylcholiné challenge was completely ablated in
the treated group. Histological analysis revealed that treated mice had reversed the
goblet-cell metaplasia seen in controls. In complementary experiments, lung I1L-13
levels were raised by over-expression in a transgenic mouse or by installation of
protein into the trachea in wild-type mice. In both settings, airway hyper-
responsiveness, eosinophil invasion and increased mucus production were seen
(Zhu et al, 1999). These data show that IL-13 activity is both necessary and
sufficient to produce several of the major clinical and pathological features of allergic

asthma in a well-validated model.

A vaccine capable of directing a neutralising response to IL-13 would therefore
constitute a useful therapeutic for the treatment of allergic asthma in humans. It
would also have application in the treatment of certain helminth infection-related
disorders (Brombacher, 2000) and diseases where IL-13 production is implicated in
fibrosis (Chiaramonte et al, 1999), such as chronic obstructive pulmonary disease.

The present invention addresses this need.

The concepts and principles of the invention are thus set forth with respect to 1L-13,
but can be applied to any mammalian self-protein having an analogous protein in a

second species.
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Summary of the Invention

The present invention provides an isolated polypeptide which is at least 30% but less
than 100% identical to a human protein which polypeptide

(a) contains at least one mutation which is characteristic of an analogous non human
protein;

and b) is capable of raising antibodies in humans and

(c) is sufficiently structurally similar to the human protein that the antibodies bind o
both the human protein and the polypeptide; and

(d) wherein the polypeptide is not an antibody.

Thus the invention provides in one embodiment; a protein having B cell epitopes
from a mammalian self-antigen and a mutation that gives rise to a sequence of an
analogous protein from a second mammalian species, such that the protein Is able
to raise in the species from which the B-cell epitopes are derived, an immune
response that recognises the native protein from which the B-cell epitopes are

derived.

Preferably the sequence of the analogous protein is more than 5, more preferably
greater than 8 contiguous amino acids. Thus the protein of the present invention
contains a sequence that is identical to the analogous sequence for at least 9,
preferably at least 8 consecutive amino acids. In an alternative embodiment a
protein is provided having B cell epitopes of a self protein which are grafted by
substitution, into a framework of an analogous protein from a second mammalian
species such that the protein is able to raise in the species in which the B cell
epitopes are derived an immune response that recognises the natural protein from

which the B-cell epitopes are derived.

It will be appreciated that the protein of the present invention are not an antiboady.
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The immune response raised is preferably an antibody response, most preferably a

neutralising antibody response.

In general the mutation is introduced preferably into the non-surface exposed region
of the molecule, such that surface exposed regions are conserved. Surface exposed
regions are accessible to the immune-system and consequently often contain B-cell
epitopes. Accordingly the present invention provides a protein comprising
conserved surface exposed regions of a self protein, and a mutation introduced into
the non-surface exposed region, said mutation giving rise to a sequence of an
analogous protein such that the protein is able to raise an immune response to the

self-protein arises in the species from which the self-protein is derived.

The self protein is preferably a human protein, but can be a protein from any

mammal in which it is desired to raise an auto immune response to. The immune
response is preferably specific to the native protein and immunogen of the invention.
That is having minimal cross-reactivity or neutralising capacity with respect to other

self proteins.

The self antigen is preferably a cytokine, more preferably a 4 helical cytokine, more
preferably IL-4 or IL-13, most preferably IL-13. Thus in a preferred embodiment of
the present invention there is provided a chimaeric protein comprising B cell
epitopes from Human IL-13 presented in a murine IL-13 back bone. Such a
construct is capable of raising a specific anti IL-13 antibody response in humans.
Such a construct is shown in figure 9 (seq: ID No 21 and 22). Similarly an |L-4
construct comprising human IL-surface regions and murine framework is presented
in figure 13 (Seq ID: No 25).

The invention also provides:
- an expression vector which comprises a polynucleotide of the invention and
which is capable of expressing a polypeptide of the invention;

- a host cell comprising an expression vector of the invention;
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a method of producing a polypeptide of the invention which method comprises
maintaining a host cell of the invention under conditions suitable for obtaining
expression of the polypeptide and isolating the said polypeptide:

a vaccine composition comprising a polypeptide or polynucleotide of the invention

and a pharmaceutically acceptable carrier.

In another aspect, the invention provides a method for the design and preparation of
a polypeptide according to the invention which method comprises:

1. identification of one or more regions of a self, typically human, protein against
which an antibody response is desired.

2. identification of the amino-acid sequence of the self protein.

3. identification of the amino-acid sequence of an analogous protein
construction by recombinant DNA techniques of a chimaeric molecule containing

at least one target region identified in step 1, whose amino-acid sequence Is taken

15 from the sequence identified in step 2, ana

20

25

30

sufficient amino-acids from the sequence(s) identified in step 3 to enable the
resulting protein to fold into a shape similar to that the seif protein such that the

mutated protein can raise an immune response that recognises the self protein.

Description of Figures
GST = glutathione S-transferase, rmlL-13 = recombinant mouse IL-13, rhIL-13 =

recombinant human IL-13, clL-13 = chimaeric IL-13

Figure 1. Sequence of mouse chimaeric IL-13 vaccine construct. Underlined
aminoacid symbols denote sequence human IL-13, unmodified symbols are from

murine 1L-13.

Figure 2. Analysis of GST clL-13 by 4-20% Tris-glycine SDS-PAGE gel (Novex),

stained for total protein with Coomassie Blue.

Figure 3. Western blot analysis of GST-clL-13.
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Figure 4. ELISA analysis of clL-13 and GST-clL-13 interaction with anti-mlL-13
polyclonal antibody, anti-hlL-13 polyclonal antibody and anti-GST polyclonal
antibody.

Figure 5. ELISA analysis of the interaction of clL-13 and GST-clL-13 with the mlL-
13 receptors, miL-13Ra1 and mlL-13Ra.2.

Figure 6. Anti-phospho-STATG6 Western blot of A549 lysates.

Figure 7. Antibody responses induced by immunisation with GST-clL-13 (mouse F5)
or clL-13 (mouse ES).

Figure 8. Anti-phospho-STAT6 Western blot analysis of A549 lysates.

Figure 9 Chimaeric IL-13 vaccine for use in humans. Underlined aminoacid symbols

denote sequence found in murine 1L-13, unmodified symbols are from human IL-13.

Figure 10. Anti-mouse IL-13 antibody profiles follow administration of cll.-13 in

combination with various adjuvants.

Figure 11.  Serum neutralisation capaéity of mice following administration of ciL-
13.

Figure 12.  Alternative clL.-13 for use as a mouse immunogen.
Figure 13.  Chimaeric IL-4 for use in human anti IL.-4 vaccine.
Detailed description of the invention

Throughout this specification and the appended claims, unless the context requires

otherwise, the words “comprise” and “include” or variations such as “comprising’,
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“comprises”, “including”, “includes” etc., are to be construed inclusively, that is, use
of these words will imply the possible inclusion of integers or elemenis not

specifically recited.

As described herein, the present invention relates isolated polypeptides and isolated
polynucleotides. In the context of this invention the term “isolated” is intended to
convey that the polypeptide or polynucleotide is not in its native state, insofar as it
has been purified at least to some extent or has been synthetically produced, for
example by recombinant methods, or mechanical synthesis. The term “isolated”
therefore includes the possibility of the polypeptides or polynucleotides being In
combination with other biological or non-biological material, such as cells,
suspensions of cells or cell fragments, proteins, peptides, expression vectors,
organic or inorganic solvents, or other materials where appropriate, but excludes the

situation where the polynucleotide is in a state as found in nature.

An advantage of the invention is that the polypeptide of the invention contains
regions of the self, eg human protein against which an antibody response is desired,
in association with regions characteristic of an analogous protein which are
sufficiently different to the human protein to provide excellent T cell help, but yet are
optimised by evolution to fold into a shape highly similar to the human protein. This
allows antibodies to be raised that recognise the self antigen. Typically, the immune

response raised includes the raising of a neutralising antibody response.

The human protein according to the invention may be a full length protein encoded
by the human genome or a domain or sub-unit of a full length protein encoded by the
human genome. Where it is desired to raise neutralising antibodies against a
functional domain of the self antigen — or a receptor binding domain a chimaeric
antigen involving only these regions may be prepared. Thus the exposed region of
such a domain, or the B cell epitopes of such a domain are conserved and mutation

of an analogues protein is introduced in the non-B cell epitope or surface exposed

domains.
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The term ‘protein’ is intended to include, for example, shorter sequences of amino
acid residues which may be referred to as peptides, such as neuropeptides. The
human protein will typically be the subject of post-translational modification such as
glycosylation, proteolytic cleavage, phosphorylation, and others well known to those
skilled in the field. The human protein is preferably a cytokine, a hormone, a growth
factor or an extracellular protein, more preferably a 4-helical cytokine, most
preferably IL-13. Cytokines include, for example, IL1, IL2, IL3, IL-4, IL5, IL6, IL7,
IL8, IL9, IL10, IL11, IL12, IL13, IL14, IL15, IL16, IL17, IL18, IL20, IL21, [L25, TNF,
TGF, GMCSF, MCSF and OSM. 4-helical cytokines include IL2, IL3, -4, IL5, IL13,
GMCSF and MCSF. Hormones include, for example, luteinising hormone (LH),
follicle stimulating hormone (FSH), chorionic gonadotropin (CG), VGF, GHrelin,
agouti, agouti related protein and neuropeptide Y. Growth factors include, for

example, VEGF. Extracellular proteins include, for example, APP or B-amyloid.

An analogous protein is one which is orthologous or paralogous to the self-protein,
eg human protein, wherein an orthologous protein can be traced by descent to a
common ancestor of the different organisms and is therefore likely to perform similar
conserved functions in the different organisms. Thus an orthologous gene means
genes which are so similar in sequence they have originated from a single ancestral
gene and thus are an equivalent gene in a different species and have evolved from a
common ancestor by specification. In particular in humans the orthologous protein is
a structually equivalent molecule in a non human mammal. A paralogous protein is
one which appears in more than one copy in a given organism by a duplication event
(Venter, Science; 1336, vol 291; 2001), that is homologous sequence (sharing a
common evolutionary ancestors) that have diversed by gene duplication. Preferably
the analogous protein is an orthologue. An orthologous protein will typically have the
same name as the human protein and will typically perform the same function, for
example murine IL-13 is the orthologue to human IL-13. The analogous protein Is
typically mammalian or avian, for example, bovine, ovine, rodent, such as murine,
porcine, simian, feline, canine or human. Preferably the analogous protein is

murine. Thus in the context of the present invention, Murine 1L-13 is an analogous
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(and orthologous) protein to human IL-13. Similiarly simian IL-4 Is an analogous

(and orthologous) protein to human IL-4.

The polypeptide of the invention preferably comprises 2, 3, 4, 5,6, 7,8, 9, 10, 11 or
more mutations characteristic of an analogous protein. More preferably the
polypeptide comprises at least three mutations. Each mutation may be
characteristic of the same or different analogous proteins. Thus a first mutation
might be characteristic of a murine analogue and a second mutation might be
characteristic of a simian analogue. According to one feature, the polypeptide
comprises at least three mutations, where each mutation is characteristic of a
different analogue. Preferably, however, each mutation is characteristic of the same
analogue. A mutation is a change in the amino acid sequence of the protein and
includes, for example, deletions, insertions and substitutions. Preferably the
mutation is a substitution. Preferably more than one amino acids are replaced in

each non-surfaced exposed region.

A mutation which is characteristic of an analogous protein is one which results in the
sequence of the human protein being closer in identity to the sequence of the
analogous protein after the mutation has been made to the human protein. For
example when the human sequence is ProProArgVal and the murine analogue has
the sequence ProProTyrVal, a mutation characteristic of the analogous protein is to
substitute Arg for Tyr. Preferably the mutation is not made in residues which are
surface residues in native folded active protein in aqueous solution under
nhysiological conditions. These surface residues particular those forming loop
structures are often B cell epitopes and it is preferred that all of these regions are
conserved. The mutations thus introduced have the function of breaking the
tolerance of the self-protein and being immunogenic in the species that the non-

mutated protein is derived from.

In an embodiment the polypeptides of the invention are at least 30% and less than

100% identical to a human protein, preferably over the whole length of the human
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protein. Preferably the polypeptides are at least 40%, for example at least 50%
identical to the human protein. More preferably the polypeptides are at least 60%,
for example, at least 70% identical to the human protein. Most preferably the
polypeptides are at least 85% identical to the human protein, for example, about
00% identical. Such proteins are capable of raising an immune response in humans

that recognise the human protein.

For example, the UWGCG Package provides the BESTFIT program which can be
used to calculate homology (for example used on its default settings) (Devereux et al
(1984) Nucleic Acids Research 12, p387-395). The PILEUP and BLAST algorithms
can be used to calculate homology or line up sequences (typically on their default
settings), for example as described in Altschul (1993) J. Mol. Evol. 36:290-300;
Altschul et al (1990) J. Mol. Biol. 215:403-10.

Software for performing BLAST analyses is publicly available through the National
Centre for Biotechnology Information (http://www.ncbi.nim.nih.gov/). This algorithm
involves first identifying high scoring sequence pair (HSPs) by identifying short
words of length W in the query sequence that either match or satisfy some positive-
valued threshold score T when aligned with a word of the same length in a database
sequence. T is referred to as the neighbourhood word score threshold (Altschul et
al, 1990). These initial neighbourhood word hits act as seeds for initiating s€arches
to find HSPs containing them. The word hits are extended in both directions along
each sequence for as far as the cumulative alignment score can be increased.
Extensions for the word hits in each direction are halted when: the cumulative
alignment score falls off by the quantity X from its maximum achieved value; the
cumulative score goes to zero or below, due to the accumulation of one or more
negative-scoring residue alignments; or the end of either sequence is reached. The
BLAST algorithm parameters W, T and X determine the sensitivity and speed of the
alignment. The BLAST program uses as defaults a word length (W) of 11, the
BLOSUM®62 scoring matrix (see Henikoff and Henikoff (1992) Proc. Natl. Acad. Sci.
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USA 89: 10915-10919) alignments (B) of 50, expectation (E) of 10, M=5, N=4, and a

comparison of both strands, when the program is being used on polynucleotides.

The BLAST algorithm performs a statistical analysis of the similarity between two
sequences; see e.g., Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90: 587 3-
5787. One measure of similarity provided by the BLAST algorithm is the smallest
sum probability (P(N)), which provides an indication of the probability by which a
match between two nucleotide or amino acid sequences would occur by chance.
For example, a sequence is considered similar to another sequence if the smallest
sum probability in comparison of the first sequence to the second sequence is less
than about 1, preferably less than about 0.1, more preferably less than about 0.01,

and most preferably less than about 0.001.

The successful design of a polypeptide according to the present invention can be
verified for example by demonstrating that, when expressed in an appropriate host
cell, the polypeptide adopts a conformation sufficiently similar to that of the self
protein that antibodies are generated which are cross-reactive with the native self
protein. This may be shown using immunological techniques, such as binding of
monoclonal or polyclonal antibodies in ELISA, or by physicochemical techniques
such as circular dichroism, or by crystallographic techniques such as X-ray
crystallography or by computer modelling, or by numerous other approaches well

known to those skilled in the art.

Further confirmation of a successful design can be obtained by administering the
resulting polypeptide in a self-context in an appropriate vaccination regime, and
observing that antibodies capable of binding the protein are induced. This binding
may be assessed through use of ELISA techniques employing recombinant or
purified native protein, or through bioassays examining the effect of the protein on a
sensitive cell or tissue. A particularly favoured assessment is to observe a
nhenomenon causally related to activity of the protein in the intact host, and to

determine whether the presence of antibodies induced by the methods of the
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invention modulate that phenomenon. Thus a protein of the present invention will be
able to raise antibodies to the native antigen in the species from which the native

protein is derived.

The polypeptide of the invention may be further modified by mutation, for example
substitution, insertion or deletion of amino-acids in order to add desirable properties
(such as the addition of a sequence tag that facilitates purification or increase
immunogenicity) or remove undesirable properties (such as an unwanted agonistic
activity at a receptor) or trans-membrane domains. In particular the present
invention specifically contemplates fusion partners that ease purification such as

poly histidine tags or GST expression partners that enhance expression.

In a preferred embodiment there is provided a human IL-13 having one or more of

the following mutations or a conservative substitution thereof characteristic of mouse

IL-13. The following numbering refers to 1L-13 expressed with its signal sequence In
E.coli.

R - K at position 30
V -> S at position 37
Y - F at position 63
A - V at position 65
E - D at position 68
E - Y at position 80
K - R at position 31
M - | at position 85
G - H at position 87
Q - H at position 113
V - | at position 115
D = K at position 117
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More preferably the human IL-13 comprises at least two preferably at least 3,4,5,6 or

more of the above mutations or a conservative substitution thereof. It is preferred

that all twelve mutations are present.

A "conservative substitution" is one in which an amino acid is substituted for another
amino acid that has similar properties, such that one skilled in the art of peptide
chemistry would expect the secondary structure and hydropathic nature of the

polypeptide to be substantially unchanged.

10 For example, certain amino acids may be substituted for other amino acids in a

15

20

25

30

protein structure without appreciable loss of interactive binding capacity with
structures such as, for example, antigen-binding regions of antibodies or binding
sites on substrate molecules. Since it is the interactive capacity and nature of a
protein that defines that protein's biological functional activity, certain amino acid
sequence substitutions can be made in a protein sequence, and, of course, Its
underlying DNA coding sequence, and nevertheless obtain a protein with like
properties. It is thus contemplated that various changes may be made in the peptide
sequences of the disclosed compositions, or corresponding DNA sequences which

encode said peptides without appreciable loss of their biological utility or activity.

In making such changes, the hydropathic index of amino acids may be considered.
The importance of the hydropathic amino acid index in conferring interactive biologic
function on a protein is generally understood in the art (Kyte and Doolittle, 1982,
incorporated herein by reference). It is accepted that the relative hydropathic
character of the amino acid contributes to the secondary structure of the resuitant
protein, which in turn defines the interaction of the protein with other molecules, for
example, enzymes, substrates, receptors, DNA, antibodies, antigens, and the like.
Each amino acid has been assigned a hydropathic index on the basis of its
hydrophobicity and charge characteristics (Kyte and Doolittle, 1982). These values
are: isoleucine (+4.5); valine (+4.2); leucine (+3.8); phenylalanine (+2.8);

cysteine/cystine (+2.5); methionine (+1.9); alanine (+1.8); glycine (—0.4); threonine (-
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0.7); serine (—0.8); tryptophan (—0.9); tyrosine (—1.3); proline (—1.6); histidine (—3.2);
glutamate (-3.5); glutamine (-3.5); aspartate (-3.5); asparagine (—3.9); lysine (-3.9);
and arginine (-4.5).

It is known in the art that certain amino acids may be substituted by other amino
acids having a similar hydropathic index or score and still result in a protein with
similar biological activity, i.e. still obtain a biological functionally equivalent protein.

In making such changes, the substitution of amino acids whose hydropathic indices

are within £2 Is preferred, those within +1 are particularly preferred, and those within

+0.5 are even more particularly preferred. It is also understood in the art that the
substitution of like amino acids can be made effectively on the basis of hydrophilicity.
U. S. Patent 4,554,101 (specifically incorporated herein by reference in its entirety),
states that the greatest local average hydrophilicity of a protein, as governed by the
hydrophilicity of its adjacent amino acids, correlates with a biological property of the

protein.

As detailed in U. S. Patent 4,554,101, the following hydrophilicity values have been
assigned to amino acid residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 + 1);
glutamate (+3.0 £ 1); serine (+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0);
threonine (-0.4); proline (-0.5 + 1); alanine (-0.5); histidine (—0.5); cysteine (-1.0);
methionine (—1.3); valine (—1.5); leucine (—1.8); isoleucine (-1.8); tyrosine (—2.3);
phenylalanine (—2.5); tryptophan (-3.4). It is understood that an amino acid can be
substituted for another having a similar hydrophilicity value and still obtain a

biologically equivalent, and in particular, an immunologically equivalent protein. In

such changes, the substitution of amino acids whose hydrophilicity values are within
+2 is preferred, those within £1 are particularly preferred, and those within +0.5 are

even more particularly preferred.

As outlined above, amino acid substitutions are generally therefore based on the

relative similarity of the amino acid side-chain substituents, for example, their
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hydrophobicity, hydrophilicity, charge, size, and the like. Exemplary substitutions
that take various of the foregoing characteristics into consideration are well known to
those of skill in the art and include: arginine and lysine; glutamate and aspartate;
serine and threonine; glutamine and asparagine; and valine, leucine and isoleucine.

These are preferred conservative substitutions.

Amino acid substitutions may further be made on the basis of similarity in polarity,
charge, solubility, hydrophobicity, hydrophilicity and/or the amphipathic nature of the
residues. For example, negatively charged amino acids include aspartic acid and
glutamic acid; positively charged amino acids include lysine and arginine; and amino
acids with uncharged polar head groups having similar hydrophilicity values include
leucine, isoleucine and valine; glycine and alanine; asparagine and glutamine; and
serine, threonine, phenylalanine and tyrosine. Other groups of amino acids that may
represent conservative changes include: (1) ala, pro, gly, glu, asp, gin, asn, ser, thr;
(2) cys, ser, tyr, thr; (3) val, ile, leu, met, ala, phe; (4) lys, arg, his; and (5) phe, tyr,
trp, his.

In a preferred embodiment, the mutated IL-13 of the present invention comprises
one or more of the following sequences or a variant thereof comprising a

conservative substitution:

_LKELIEELSN:; (SEQ ID No 1)

FCVALDSL: (SEQ ID No 2)

AITYRTQRILHG: (SEQIDNo3)

KIEVAHFITKLL; (SEQIDNo4)

30 The polypeptide of the invention is encoded by polynucleotides of the invention. A

person skilled in the art will readily be able to determine the sequence of the
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polynucleotide which encodes the polypeptide by applying the genetic code. Once
the required nucleic acid sequence has been determined, the polynucieotide with
the desired sequence can be produced as described in the examples. A skilled
person will readily be able to adapt any parameters necessary, such as primers and
PCR conditions. It will also be understood by a person skilled in the art that, due to
the degeneracy of the genetic code, there is potentially more than one

polynucleotide which encodes a polypeptide of the invention.

The polynucleotide of the invention is typically RNA, for example mRNA, or DNA, for
example genomic DNA, cDNA or synthetic DNA. Preferably the polynucleotide is
DNA. Particularly preferably it is CONA.

The present invention further provides an expression vector, which is a nucleic acid
construct, comprising the polynucleotide of the invention. Additionally, the nucleic
acid construct will comprise appropriate initiators, promoters, enhancers and other
elements, such as for example, polyadenylation signails, which may be necessary,
and which are positioned in the correct orientation, in order to allow for protein

expression within a mammalian cell.

The promoter may be a eukaryotic promoter for example a CD68 promoter, Gal1,
Gal10, or NMT1 promoter, a prokaryotic promoter for example Tac, Trc, or Lac, or a
viral promoter, for example the cytomegalovirus promoter, the SV40 promoter, the
polyhedrin promoter, the P10 promoter, or the respiratory syncytial virus LTR
promoter. Preferably the promoter is a viral promoter. Particularly preferred is when
the promoter is the cytomegalovirus immediate early promoter, optionally comprising
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