2 Septenber, 2005 Vaccine The present invention relates _to an isqlated
pol ypepti de useful for imunisation against self-ant@é&ﬂﬁﬁﬂﬂﬁﬂbégiﬁgular
the invention relates to a self-protein that is $ capable of raising

aut o-anti bodi es when adm nistered in vivo. The invention particularly
relates to rendering human cytoki nes i mmunogenic in humans. The invention
further relates to pharnaceutical conpositions conprising such conpounds
and their use in nedicine and to nmethods for their production. io
Background of the invention Asthma is a chronic lung di sease, caused by

I nflammation of the |ower airways and is characterised by recurrent
breat hi ng problens. Airways of patients are sensitive and swollen or
inflamed to sonme degree all the tinme, even when there are no 15 synptons.
I nfl anmation results in narrow ng ofyihgn&i rways and reduces the flow of
air in and-out of the lungs, making breathing difficult and |eading to
wheezi ng, chest tightness and coughing. Asthma is triggered by

super - sensithe\irbdbnt VSR ralhie8 1O8R Kolated fdlypepide WEehd for iMRluhigagon moul ds)
irritants (e.g. snoke, fumes, strong, od r espi rator% i nf ections,
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shows 25 simlar.,s ns_t.0 asthnma digs treat wi t.h .t he sanme drugs.
COPD i s chﬁmg?qs%% ’53%'Hﬁ%#°d?°?31%38w3'l9°\?3°ra‘ﬁ%’ PQPB@W‘ i rreversible
airflow obstruction. The contribution of the individual to the course of
t he dise | . king cigarettes is thought to cause 90% of
t he case?%ﬁfﬂt%%s%o%?wgmégﬁghi ng, chronic bronchitis, breathl essness

and respiratory injections. Utimately 30 the disease will lead to severe
di sability qpd berord . | ous
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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

15 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), irmitants (e.g. smoke, fumes, strong odours),
respiratory infections, exercise and dry weather. The triggers irtitate the airways and

20 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
25 similar symptoms to asthma and is treated with the same drugs. COPD is

characterised by a chronic, progressive and largely iireversible 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.



and tol erance of nonocl onal antibodies there is an ingreased.foc n

met hods of instructing the patient's own i mmune systgﬁﬁﬁé—ggﬁgﬁéég—
endogenous anti bodi es of the appropriate specificity by nmeans of

vacci nati on. However, mamrals do not s generally have high-titre antibodies
agai nst self-proteins present in serum as the immune system contains
honmeost ati ¢ nechani sns to prevent their formation. The inportance of these
tol erance nechanisns is illustrated by diseases |ike nyasthenia gravis, in
whi ch aut o-anti bodies directed to the nicotinic acetylcholine receptor of
skel etal muscl e cause weakness and fatigue (Drachman, 1994, N Engl J Med io
330: 1797-1610). There is therefore a ne%d fora vaccine approach which is
able to circunvent antibody tol erance imechani sns w thout inducing
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| nvol ves ¢ a gene encoding a fusion [oteln c rising
both carri mtrctpmmmamt(oﬂptolma@qmechﬁ@tﬁmslwmgug‘@@"&ﬂ B

sel f-protein he core antigen of hepatitis B virus as acarder for

i mmunogeni @@ ¥des", Biological Chemistry. 360(3):277-83, 1999). The
fusion 2 Septenber. 2005 3 gene nay be adm nistered directly as part of a

nucl ei ¢ acid vagai feniibhdd RAbibésh Yesigried with the aim of breaking B cell
15 tolerance without necessarily inducing unacceptable autoimmune toxicity. However,
all have significant drawbacks.

One technigque involves chemically cross-linking either the self-protein {(or peptides
derived from it) to a highly immunogenic carrier protein, such as keyhole limpet

20 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

25 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 camier protein technique involves the construction of a gene

encoding a fusion protein comprising both carrier protein (for example hepatitis B
30 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




may be expressed in a suitable host cell in vitro, the gene pr oduct

purified and then delivered as a conventional vaccin I ut an
adj uvant. However, fusing a large carrier protein to the self-protein can
constrain or distort the self-protein's 5 conformation, reducing its

- efficiency In evoking antibodies cross-reactive with the native nolecule.
Also, like the traditional cross-linked carrier systens, nmuch of the

anti body response is directed to the carder part of the fusion.
Anti-carrier responses may |limt the effectiveness of subsequent booster
adm ni strations of vaccine or increase the chance of allergic or

anaphyl actic reactions. 10 A nore refingd approach has been described by
Dal um and col | eagues wherein a single class Il MHC-restricted epitope is
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si nce the m%gp{ﬁquepl @%eeslgéf%ﬁb%ﬁ%ﬁ%ﬁ?b@?oﬁiwldtﬁgﬂﬁﬁi%gbg Aprotel n,
such as ovmré:aamthemanwgiﬁlywoﬂQnapbyl$¢%é¢W9%t t he additional sequence

wll to me degree Interfere wth the folding of the target protein,
preventing the adoption of a fully native 25 conformation of the target

protein. | A momireined apgroach hag begidessiRed by Prlumapd caleagHeEWbeEIe 31 ovi des a
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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
ciass |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
20 normal outbred population, such as those typical of humans, there will be a
significant portion of the popuiation 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
25 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
30 effective immunogens in complex outbred populations, such as those composed of
human patients. These properties are achieved by rendering a mutation in a self-



4 protein to produce a sequence at that point which can be fﬁundgb@§$n
anal ogous protein. A nunber of recent papers have de € role
for the Th2 cytokine IL-13 in 5 driving pathology in the oval bum n nodel
of allergenic asthma (WIlls-Karp at al, 1998, Gunig et .at, 1998). In this
wor k, mce previously sensitised to ovalburnin were injected with a

sol uble I'L-13 receptor which binds and neutralises IL-13. Airway

hyper - r esponsi veness to acetyl choline chall enge was conpletely ablated in
the treated group. Histological analysis revealed that treated m ce had
reversed the io goblet-cell nmetaplasia seen in controls. In conplenentary
experiments, lung IL-13 levels were raiged by over-expression in a
transgenic nouse or by installation of protein into the trachea in

Wi | d-type nheiin tolprédiich aseigliem@sat thait poiat/whiyipean be fospd imsanvanalogops eosi nophi |

i nvasion and |ncreased mucus production were seen (Zhu at al, 1999). These
data show tW&te"TL 13 activity is both necessary and is sufficient to
produce several of the major clinical and pathol ogical features of allergic
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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

15 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

20 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 (Chlaramonts et al, 1999), such as chronic obstructive pulmonary disease.
The present invention addresses this need.

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

second species.
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than 100% i dentical to a human protein which pol ypeptide 5 C | ns at

| east one nmutation which is characteristic of an analgﬁgﬁggééﬁﬁﬁégﬂgg
protein; and b) is capable of raising antibodies in humans and (c) is
sufficiently structurally simlar to the human protein that the antibodies
bind to both the human protein and the pol ypeptide; and to (d) wherein the
pol ypeptide is not an antibody. Thus the invention provides in one

enbodi ment; a protein having B cell epitopes froma nmamalian self-antigen
and a nutation that gives rise to a sequence of an anal ogous protein from
a second mammual i an species, such that the protein is able 15 to raise in
the species fromwhich the B-cell epitoges are derived, an |Inmune response
that recogni ses the native protein fromwhich the B-cell epiitopes are
derived. Prsuinehady of thémveatikence of the anal ogous protein is nore than 5,
nore preferably 20 greater than 8 contiguous am no acids. Thus the protein
of the present invention contains a sequence that is identical to the

anal ogous Jqpessent ihvantiat ptosides ab jsolatedpalyrmiptige which iscat lezgt 3 dutless ve ani no

acids. In an e | | : . | ek S provided having B cell

epi t opes o%’aa'f s@l/{ﬂgé%c%gﬁo?%ﬁ ar %’%?@Wﬂaésubstitution, Into a

fr anmewor ks ¢d) containsadt qunmammwhiﬁbmc@aw@ﬁﬁé oFamanplogaumpIsiEGas such

t hat the prpétg'hn is able to raise In the species in which the B cell

epi topes are defrived an inmune response that recognises the natural protein
from whi cland brisgapahle otigisingratiberies nbumaesandt wi|| be appreciated t hat

the pr ot ei foqf sdiiSedtly S6&hrally MRk 18 theuindlObrofih et thd @etibodRR bindiept erber ,

2005 6 The 'I'mmune reSponse raised i s r@é_eferably an anti body response, nost
pr ef er abl y bath the human peteig angthepolypepidep@de. 1 n general the nutation is

I ntroduceggl (gyv@{e@éiﬁa{eypdh?jegﬁdm nbdh aitbb@e exposed region s of the
nol ecul e, such that surface exposed regions are conserved. Surface exposed
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
15 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

20 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 5,
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

25 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 antibody.

30




regions are accessible to the i nmmune-system and conseguent!y _oft ontain
B-cell epitopes. Accordingly the present invention dﬁgﬁﬂﬁﬁég¥¥ﬁ§§9§in
conprising conserved surface exposed regions of a self protein, and a
mutation introduced into the non-surface exposed region, said nutation
giving rise to a sequence of an io anal ogous protein such that the protein
Is able to raise an i nmune response to the self-protein arises in the
species fromwhich the self protein is derived. The self proteinis
preferably a human protein, but can be a protein fromany mamual in which
It is desired to raise an auto i mune response to. The imune is response
is preferably specific to the native prgtein and i nmunogen of the
invention. That is having mninmal cross-reactivity or neutralising

capaci ty Wirh S8 Rispbibetalaed is sislofaisy 4 sitbedy Beporsel iostrefgmbly
preferably a cytokine nore preferably a 4 helical cytokine, nore 20
pr ef er abl yﬂpuﬁa@lﬂglfﬂt'h@yrﬁmsﬁreferabl y IL-13. Thus in a preferred

enbodi ment of the present Invention there is provided a chimaeric protein
corrprlsmcheI epifapes .fr I L-13
back bone. 'rsgeneralth %8‘ ‘??8'&&'“‘!‘5{“8%‘%5%?35&'\’E"?"aﬁ‘sﬁ‘ﬁg%maﬁ"?. C a?wﬁ | L-13
anti body § g% pRMHeleduls, Buctathat surfBoe bxposed regionscre P@%n@dn Surfagq gpposed) (seq:
ID No 21 and .22 Sim| n,

| L- sur f ace ’?Q!‘@ﬂs)o"’?{g aﬁ?ﬁfsﬁ[ﬁtﬁﬁ% H@rpé'véé i?ﬁféﬁ%%dggé% Mﬁ"@é@?‘% (Seq ID:
No 25). Thepittpesnidicoordinglydhepreséntdwention Md%épl@*ﬁ'wm@ﬂs'%l ch conprises a

pol ynucl eot i de of th er=Tn ) PodREAMSSI Ng a
pol ypept i d&OBTerYesY ven%%ap%‘ﬁﬁg{a%ngéjﬁ EirnlaS| ng iélﬂnr‘aigxpre35| on vector

of the i nvdnd hamsurBicSexpaset eegion G0l nwtathm'\mmnﬁﬁ ﬁrs@él%'?cﬁd’ &Mpol ypept i de
of the i ”Vf?ﬁé%g&s%@p JTh BRf fe!rﬁ@%blefl@kdﬁeaéﬁ’imna rBspphnse & theof t he

i nvent i on® I ONS Ssul ta far obt aj ni n% 5{35 ‘H@SI on of the
pol ypept i deselipebtéin arisasi lh@qmcgﬁf@mpﬂ%@ﬁlsﬁﬁem AV conposi tion
conprising a polypeptide or polynucleotide of the invention s and a

har naceutically acceptabl e carder .
P The self protein pls preferably a human protein, but can be a protein from any

mammal in which it Is desired 1o raise an auto immune response to. The immune

15 response is preferably specific to the native protein and immunogen of the invention.
That is having minimal cross-reactlvrty or neutralising capacity with respect to other
self proteins.

The self antigen is preferably a cytokine, more preferably a 4 helical cytokine, more

20 preferably IL-4 or IL~13, most preferably IL-13. Thusina 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 -4

25 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
30 which is capable of expressing a polypeptide of the invention;

- a host cell comprising an expression vector of the invention;



I n anot her aspect, the invention provides a nethod for éhe deiilgg@%
preparation of a polypeptide according to the Inventr mpe

conprises: 1. identification of one or nore regions of a self, typically
human, protein against to which an antibody response is desired. 2.

i dentification of the am no-acid sequence of the self protein. 3.

I dentification of the am no-acid sequence of an anal ogous protein
construction by reconbi nant DNA techni ques of a chinmeric nol ecul e
containing at least one target region identified in step 1, whose

am no-aci d sequence is taken 15 fromthe sequence identified In step 2,
and sufficient am no-acids fromthe sequence(s) identified in step 3 to
enable the resulting protein to fold into a shape simlar to that the self
pr ot ei n suchmethat of preducing ap@@p@ﬁdeefahedwenﬁmwﬁchmeﬂmdmepﬁes‘ponse t hat
recogni ses the, se | «=_ gl ut at hi one
S-transfer JE%‘{‘*"’WME! ﬁ‘?f%—;&! @@6%@”%@% hgéﬂs&ﬂfjﬂgqgéﬁruhﬁﬁgr@-{a:mmgeconbi nant
human | L- 13xpreission 8f theqiolypaptideantl isolating thp sald polymstideince of nouse chimaeric

| L-13 vacci ém%gﬁ P%?;P dm:jjo quence
human | L- 1 ﬁﬂ%&&@&@ cd"%mggi agg mu I&nﬁ&ﬁ&?g%f%?gﬁ%tgﬁ Anal ysi s
of GST cwmmhanmmmw agegptabiecati®. PAGE gel (Novex), stained for total
protein with Coonassie Blue. 30 Figure 3. Western blot anal ysis of

GST-cl L-13. 2 Septenber, 2005 8 Fiqure 4. ELI SA anal SIS of thﬂlB and
GST- ¢l L- 13 In apetheraspest, thetinveation Pfﬁwﬂeqemeﬁmd;fe'f A gesilin ane B@paration P by L- 13

pol ycl onal gy, d%ﬂerea&@rcﬁﬁgm@ﬁvmwmlmemm pisesS Fi gure 5. ELISA
anal ysi s of the I nteraction of clL-13 and CEP‘C%LYLW 13 with the L 13

receptors, Twiidentifeationof gne,pmargregionsof o self, U, RI¥RIN e Vst ern
bl ot of %%i&l’i’&ﬁéﬁﬁ)ﬂdy 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 technigues of a chimaeric molecule containing

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

15 from the sequenc':e identified in step 2, and
sufficient amino-acids from the sequence(s) identified in step 3 to enable the
resulting protein to fold info a shape similar to that the seif protein such that the

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

20 Description of Figures
GST = glutathione S-transferase, rmiL-13 = recombinant mouse IL-13, rhlL-13 =

recombinant human IL-13, ciL-13 = chimaeric iL-13

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

Figure 2. Analysis of GST ¢IL-13 by 4-20% Tris-glycine SDS-PAGE gel (Novex),
stained for total protein with Coomassie Blue.

30
Figure 3. Westem blot analysis of GST-cIL-13.



lo Figure 7. Antibody responses induced by inmunisati gg Wi .t h IGSTaglgé 13
(nouse F5) or clL-13 (nmouse E5). Figure 8. Anti-phos X rn bl ot

anal ysis of A549 lysates. is Figure 9 Chimaeric |IL-13 vaccine for use in
humans. Under|ined am noacid synbols denote sequence found in mnurine

| L-13, unnodified synbols are fromhuman |L-13. Figure 10. Anti-nouse |L-13
anti body profiles follow adm nistration of clL-13 in conbination with
various adjuvants. 20 Figure 11. Serum neutralisation capacity of m ce
following adm nistration of clL- 13. Figure 12. Alternative clL-13 for use
as a nouse i nmunogen. 25 Figure 13. Chimaeric IL-4 for use in human anti

| L-4 vaccine. Detailed description of thg Invention 30 Throughout this
specification and the appended cl ai ns, unless the context requires

ot herwi se, Eih6roW0 EIISA aRéTsis SREIL-aBdnd GSTH-aibid 3 inferaution with anlisnbbuth as

"conprising”, Sept enher, 2005 9 "¢0 ] et LIXE I ARl NCl udes™
etc., are t 'ﬁ@f@gﬁﬁgﬁa‘wﬁ@rﬁ%m}ﬁ?ﬁg%@%E',‘d héﬁééggf)@ E’ﬁlgg%l words wi | |
inmply the pqfiwbdy.e I nclusion of integers or elenents not specifically
recited. 5 As described herein, the present invention relates isolated
pol ypeptides and isolated polynucleotides. In the context of this

i nvent i on stFigureds. rELISA ahalysisitf the interactinged cilol3 angdG8T-clihtd withibe By pept i de
or polynucl gotide i.S_HOfadh N I at state, insofar as it has been
purified atﬁ)@&%‘? ofsomil‘éi%é@x%r‘edfmmﬁd%%é been synthetically produced, for
exanpl e by reconbi nant net hods, or nechanical synthesis. The term

"i sol at ed" ﬁnﬁ@g%‘ééﬁ@q%ﬁbﬂb%ﬂf’éws%ﬁ&%fmdfabfrpéa%fs t he pol ypeptides or

pol ynucl eot’i conmbi natiton wth other biological or
non- bi ol ogi cal material, such as cells, suspensions of cells or cell

fragnent s | NG ' RERFS RGN Hith GSTAAMS (MéuseB)gani ¢
sol vent s,moﬁa'g'{aﬁlér&r?a ri gﬁﬁé\?\ﬁsﬂg@e ap%’r opriate, but excludes the
or clL-13 (mouse ES).

Figure 8, Anti-phospho-STAT6 Westem blot analysis of ABA9 lysates.

15 Figure 9 Chimaeric IL-13 vaccine for use in humans. Undenined aminoacid symbols
denote sequence found in murine IL-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.
20

Figure 11.  Serum neutralisation capaéity of mice following administration of cit.-
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

30 Throughout this specification and the appended claims, unless the context requires
otherwise, the words “comprise” and “include” or variations such as “comprising”,



situation where the polynucleotide is in a state as found in nat ~ 15 An
advant age of the invention is that the pol ypeptide ofgﬁﬁﬁﬂﬁﬁﬁﬁﬁ¥§8§§
contains regions of the self, eg human protein agai nst which an anti body
response is desired, in association Wi th regions characteristic of an

anal ogous protein which are sufficiently different to the human protein to
provi de excellent T cell help, but yet are 20 optim sed by evolution to
fold Into a shape highly simlar to the human protein. This allows

anti bodies to be raised that recognise the self antigen. Typically, the

I mmune response raised includes the raising of a neutralising antibody
response. The human protein according tg the invention nmay be a full length
protein encoded 25 by the hunan'genone or a domain or sub-unit of a ful

l'ength protg hﬁ’nt.%‘%'tu %rsecwbﬁﬁ&j lnblulsﬁegetﬁatn@chsbo raise

neutral i sing alnst a functlona domai n o he self antigen -
or a recepobihess watdsyiligr the possiplpinsiusion of INGagEON HIkrD '?ﬁ?ﬁ‘@f only these
regi ons mayg,h&icafipPRef&d. Thus the exposed region of such a domain, or the
B cell epitopes of such a domain are conserved and nutation 30 of an

anal ogues protein is introduced in the non-B cell epitope or surface

expfsgd, sfﬂ@raasm)edl Eeﬁfﬂ'p‘tﬁﬁ’@ﬁéentﬂﬂﬁﬁﬂohﬁeﬁ?e isotaited pqnympadeé andsusmlaavf\ehendﬁd to
I NCl uae or exanpl.e ter ences.,. or,. a I C may
be ref er r eROWRHCIROtidSS, Indhg co ?ﬁﬂﬂ@?' V@GF‘%@S 'Hbésoacfﬁcg %ﬂaﬁ(?%’r otein will
typically bemfeka@wa'tlﬁw lﬁtﬂifpepﬁquiohmudasﬂdatisnmammmahvblsmeumfamh as

gl ycosyl at

rot I eava wel | known
0L ey sl M S e AT bl oan SR
cyt oki ne, axdimplampeecombmam\mmoﬂamtrmcbanmi synthesis cThedean "igpladedi n, nore
pr ef er abl hel |,c Likiadids ki nes i ncl ude,
P o o il Shil i AR of b i iodis G
118, 1L9, | L t6mbinatioriaiivothertiologiaat of narsbiplogiealTnateriali sueh s pellsi | 21, | L25, TNF,
TG, GMCSE BAls, [rtefls] P&Tiabs ehid8sidd veoiord 1~ 3, | L- 4,
1L5, 1L13, woﬁ%%h@r rr[s)'nlgﬁsS | ncP&ﬁ' ng? exarmpl e, 1 uteinisi ng
hor mone  ( L bhganicfaglinargsnic saivents, ak other maletials whene gapropgatsy P'Bﬁ?‘@“%‘?ﬁﬁot ropi n
(CO, VG, sfdich Wiere the polynucleotide is in a state as found in nature,
15 '
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
20 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 fo the invention may be a full length protein encoded
25 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 recepfor 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
30 of an analogues protein is introduced in the non-B cell epitope or surface exposed

domains.



agouti, agouti related protein and neuropeptide Y. Gowth factorz I ncl ude,
for exanple, VEGF. Extracellular proteins include, faﬁﬁ§¥§#ﬂﬁafﬂgéé(n
B-anyl oid. 15 An anal ogous protein is one which is orthol ogous or
par al ogous to the self-protein, eg hunman protein, wherein an orthol ogous
protein can be traced by descent to a comopn ancestor of the different
organisns and is therefore likely to performsimlar conserved functions
in the different organisns. Thus an orthol ogous gene neans genes which are
so simlar In sequence they have originated froma single ancestral 20 gene
and thus are an equivalent gene in a different species and have evol ved
froma comon ancestor by specification,,In particular In humans the

ort hol ogous protein is a structually equ}valent nol ecul e in a non hunman

mammal . A p Q vabed 0ol S | | SeqiBhébsidiamine copy in
a given orgih?ge%b@%%ﬁe@géf%)ﬁ%\ffgg@r%;(a?/@ﬁtg ,gs;lfo&gti ence; ,313 l vol 291,
2001), t hat atid résiduss sgishsmaybg efreed ta RE PRPAsies. ush s MRERPERIGPE tisnar y

ancest or s) LQ@%’? EF&(&n Glaiﬂl\‘c%iﬁlg bRXh&8iHect BPhdst-Bhndhtion B ddificabidry sudhhs

anal ogous pr I's an orthol ogue. An orthol ogoys protein will typically
have the sah!eoamﬁ@\,Mfwﬁi%?ﬁ’ﬁgﬁrwwfﬁﬂg’“wgﬁ°wgﬁi"ﬁeilllﬁ"?wﬁgorq"f? t he
sarme T Uncty Qfijedif fine MR Mo hufidhipifaihls praferably acytokitéal lumend, @ drowtin | L- 13.
e anal ogous protein Is ica e ian,Qr .avi an,. xanpl e,
bovi ne, ovi f@;orpﬁa@ﬁm%ﬂm#&gtewu#m%%? M@Ygﬁ%'g%%% i ne, canine
o hﬁﬁan- Ppediaap 13 heytorinbopolude, foraxample, i1, Ha2y IL8elL-4THubs ILi6all7he cont ext
of the present inventjon, rine, LL- i n S efrﬁler. 2005 11
(and ort hol B{j’oﬁg) l'—ﬂpdf-gﬂﬁl'{% I"ﬁ[:}n'é'ﬂk’l 'ﬁ?ﬁé.ﬁﬁ@ﬂrﬁr ﬁggﬁ%ﬂ%%ﬁﬂ L-4 s an
anal ogous  GaFIGMOSF) MESRIs)d OSHit al-relital ciokines Include L2 H-3pbt4 ppili’de of the
I nvention pr bly. rises 2. 4 7 isic harid or S nore
mut at i onsl%ﬁ‘ﬁ‘g{ﬁ@q/@?%? dongﬂ"%}rﬂﬁ%%edufog%?@f) lgT 'rl{.t_e ﬁk%'?ge re%1 %%‘%ﬂb)f y the
pol ypept i defdﬂmmmghohmmt(FSHD.%OM@QQ@dQﬁOmmWEEt GHrelifmy be
characteristic of th « di ff ith RIcRIrEh Fhrus a first
mutation nPgRH® B@%ﬁﬁ@%@ﬁ’é@%gﬁn@ ngpi%gé?rtuﬁraia‘%g@anal R second
mut at i on i ghdmide, VEGRr Extrasellan proteins ipchidgi @ﬁe’@m%&@? ong-aawiidng to one

feature, the polypeptide to conprises at |east three nmutations, where each

mutation is characteristic of a .
15 An analogous protein is one which is orthologous or paralogous to the self-protein,

eg human protein, wherein an orthologous protsin 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

20 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

25 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,

30 porcine, simian, feline, canine or human. Preferably the analogous protein is
murne. Thus in the context of the present invention, Murine IL-13 is an analogous



di fferent anal ogue. Preferably, however, each nutation is characteristic of
the sane analogue. A nutation is a change in the am e of
the protein and includes, for exanple, deletions, insertions and
substitutions. Preferably the nutation is a substitution. Preferably nore
than one am no acids are replaced in 15 each non-surfaced exposed region. A
mut ati on which is characteristic of an anal ogous protein is one which
results in the sequence of the human protein being closer in identity to

t he sequence of the analogous protein after the mutation has been nade to
the human protein. For 20 exanple when the human sequence i s ProProArVal
and the murine anal ogue has the sequengg ProProTyrVal, a nutation
characteristic of the anal ogous proteinis to substitute Arg for Tyr.

Pref erabl y gifotRdlctolsyproteintohuiReeL-18 Sisliatyeimishilich isareandogousce resi dues
i n native fol ded ?ct I ve otein in agueous sol ution under physiol ogical

condi t i ons .(@ndgthologapslprateidohymae 5%y + i cul ar those forning | oop 25

structures are often B cell epitopes and it Is preferred that all of these

regi ons ar copseryved.. . The tation h L DL rodu havge gt ction of
br eaki ng tﬁé’e PP&P@R%RCOJ“}ﬁ’"Y%@hﬁ?’%?’i’,?%ﬁﬁﬁ%%ggé%ﬁ%6; mﬁbgtggﬁc%pl n the
speci es t hahors heutatons charbetedsticf an analogausguoteinebliote praferady he an enbodi nent
t he pol ypept | des. of ' a5k lﬁgg/ ﬁnﬂ Less than 100%

i denti cal t%lyge‘aﬁﬁacﬁﬁﬁ?‘g%%ﬁﬁgiﬁ%?%ﬂ%n%verwzn el;;po ?e;;gin th of the human
2 Sept enbercha26@bstic2f pheosameor difereniranplogoysRrogysy pape a 08t | east 40%
for exanple. | 0% | ' WEBSh M Bia8bmmi preferably

t he pol ypeg?'%gg%g’?@cge?@%ggfﬂ%ﬁéna;%%Ieaﬁg%pl e, at | gg@{m Og’/fi dentical to
the human shameleristions s sipianfaseiaays; Agcerdingdppne featwesthgmolypeptideast 859

| denti Ca'wtﬁn@ﬁ@e&‘e}i’f@%%&?&%ﬁbﬁtbﬁs?wh%%muﬁhﬁlﬁct?ar&ﬁ&ﬁsiti@@fﬁi cal . Such
protel ns are apab e o0 rarsing an I nmune response I n hﬁ%g?wﬁt hat

recogni se iflerent aarlogiest Rieferalhy howgvghstach mutaionig:eharacie MGes the
BESTFI T pr oabighueVhi flut&th i98 chalfRdn ihe difiheadid bequentd bbb pfdieih apdanpl e used

on its default“settings) (DPevereux at al jo (1984 cl e ci ds Research
12, p387- 39wjudesifer i deledons. Jnseigngand Spfctons. retefasfy 8
mutation is a substitution. Preferably more than one amino acids are replaced in
15 each non-surfaced exposed region.

A mutasion which is characteristic of an analogous protein is one which resulis 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

20 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 rmade in residues which are
surface residues in native folded active protein in aqueous solution under
physiological conditions. These surface residues particular those forming loop

25 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.

36 In an embodiment the polypeptides of the invention are at least 30% and Jess than
100% identical to a human protein, preferably over the whole length of the human



can be used to cal cul ate honol ogy or tine up sequences (typically aon their
default settings), for exanple as described in Altscgdéﬂ%igggyxé—gﬁbl

Evol . 36:290300; Altschul at al (1990) J. M. Biol. 215:403-10, is
Software for perform ng BLAST anal yses Is publicly avail able through the
National Centre for Biotechnology Information (htto://ww
ncbi.nimnih.govil. This algorithm involves first Identifying high scoring
sequence pair (HSPs) by identifying short words of length Win 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 20 sequence. T
is referred to as the nei ghbourhood wordoscore threshold (A tschul at a/,
1990). These initial neighbourhood word hits act as seeds for initialing

sear ches {el o doR01g B0l Riyplo ot BTt due 40m; br bidrmplableasisonied in both
di rectlons allong each sequernce for I’aﬁ)’éﬁ &p %ﬁmﬂ at i g%ﬁ%ﬂ,}?nrrent
score can bidentisgtiedhe umanproiginy MH?H refe REPYPER gsgﬁbaé 'ection are
][‘a“ed V‘henforé%[%‘h@!héﬁstY@A?&nﬂédlmmhmnpmihaMostpréferdh}ymhe quantity X
romits nmaximum achi eve atlv ero or

bel ow, due RaiyReptid %ﬁﬁﬁ%ﬁ?ﬁw{gﬁ“%ﬁgﬁﬁ P'ﬁ’égﬁ%rveé(ggl f%%g&rem due

al i gnnent g; g%, idenBctNSueh pmtdiﬂﬂresmlofe‘aibmgmammde réBipensedin Agmaas gori t hm
par anmet ers termn the sensitivity and speed of the

al i gnnent . thﬁ%‘"eﬁ?_gi%sle)iﬁ? YPARPIREE: as defaults a word length (W of 11, the
30 BLOSUMB2 scoring matrix (see Heni koff and Heni koff (1992) Pros Natl

oad. Scl . 2, Sool SOEL RS, Al Sioed HRI= A BooHh NERTSA b6 Of 50

expect ati on arison th strands, when

the progr anuses tbeawatedmmgmwrymmle@sw@yfs d&f@ulﬁq&@sﬁhﬁ[’@m’ﬁ%ﬁﬁ dler f or ms

tati st )
Karl in aril APpALRuAS Aol Fopserth i%gapmgscggwggwwgggmgg STDoe7. Ohe
measure of &MMW@W@WWY@@W@HU&P%W M%“ff‘ﬁ'édgfﬁ'dl | est sum
pr obabi i tyétﬁrfdgz)foré% %ﬂ&%bﬁiﬁéﬂ iR Alsdhtli @b3)U) Mel, BV 3geekadn;l ity by

whi ch a t ween wo nucl eotlde or am no acid sequences woul d occur
by chance. Mtachubeteh(1890k). Mok FigicE! 5403 hsi dered sinilar to anot her

sequence if the smallest 10 sum probabl lity In conparison of the first

sequence 1tSOStt) Q“?a S ?ocroprégfo?n?l ﬁg ensSr analysesﬁs publicly available through the National

Caentre for Biotechnology Information (http://www.nebi.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

20 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

25 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

30 BLOSUMB2 scoring matrix (see Henikoff and Henikoff (1992) Proc. Natl. Acad, Sci.



than about 1, preferably | ess than about 0.1, nore preferably | ess _than
about 0.01, and nost preferably |ess than about 0.061§£2H§Eéﬁécggg§ul
design of a pol ypeptide according to the present invention can be is
verified for exanple by denonstrating that, when expressed in an
appropriate host cell, the polypeptide adopts a conformation sufficiently
simlar to that of the self protein that antibodies are generated which
are cross-reactive with the native self protein. This may be shown using
I mmunol ogi cal techni ques, such as binding of nonoclonal or polyclonal
anti bodies in ELISA, or by physicochem cal techniques 20 such as circul ar
di chroism or by crystallographic techniques such as X-ray crystall ography
or by conputer nodelling, or by numer od$ ot her approaches well known to

t hose skil 1N Furt hers felal i e | ign can
be obt ai nebg 9a&‘§§]'%’§‘{9§?? ?{'Snénﬁgts (gg‘[’}rd‘e’sél}?’tgfﬁg"'ggﬁ’%2?){;%%%%' gﬂ&ﬁ

sel f - cont exdmparisamobipgih sipandst whertheipregrarois beieg used enrblgisieptidasg t hat .

anti bodi es capabl e of binding the protein are induced. This binding nay be
assessed through use of ELISA techni ques enpl oying reconbinant or purified
native proTke BLAST algbrithogperiorms e stajisticekanalysisraf hhengimilanty betweeniw: protein on
a sensitd . S $b6; mg&i : ] g eENenisalrs to
observe & %%qu‘éﬁ%énsb%en% "?ég'géﬁf'y re'ugplggé)![%mggya%ih?;dof the protein In the
I ntact hosb787arRne weasuse of simirrityprovided by the BLASI Aleerityp Istbespiliests i nduced

by the net Qﬁﬂﬁﬁfabﬁi@‘?@)ﬁwmde%%ﬁn&&ﬂoﬁ‘&ﬂ@ BbaBARyIbyivRich Bat

phenonmenon a protein of the present invention wll Eﬁ&_f able to raise

ant i bodi esmatshiheivees:two auglaetide.s aming 3rd seauences wquldhpGayr M&enat i ve

protein i spgesdanpfh, aBedlivhce® ddneibiedainifar tdndtivetebtuente ifithe smalfest t her
i no- acoSum preppbly s EoTmeRsaR Bl et sepspt e soRRfeRoddBinii « on of
a sequencethan@bblitar, pfelérabli 163 ¢tanpbouf 0. t,ahdrepreferablydessatban about0@dgeni ci t y)
2t & 1 ecepbdl OB orepRRS RerBra A na. I n particular the present 1o
I nvention specifically contenplates fusion partners that ease purification
such as The successful design of a polypeptide according to the present invention can be
15 verified for example by demonstrating that, when expressed in an appropriate host
cell, the polypeptide adopts a conformation sufficiently similar to that of the seif
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
monocional or polyclonal antibodies in ELISA, or by physicochemical techniques
20 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

25 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

30 phenomenon causally refated to activity of the protein in the intact host, and to
determine whether the presence of antibodies induced by the methods of the



poly histidine tags or GST expression partners that enhance e lon. In
a preferred enbodi nent there is provided a human | L- 13—5%&5—%—%4% nmor e
of the follow ng nutations or a conservative substitution thereof
characteristic of nouse is IL-13. The follow ng nunbering refers to IL-13
expressed with its signal sequence in E.coll. R--Katposition30

V- - Sat positi on37 20 Y--Fatposition63 A--Vatposition65 E->Datposition68
E- - Yat positi on80 K--Ratposition81 25 M-I atposition85 (AHat position87

Q -Hatpositionll3 V-'tlatpositionll5 D, Katpositionll7 30 2 Septenber, 2005
15 More preferably the human IL-13 conprises at |east two preferably at

| east 3,4,5,6 or nore of the above rrut |ons or a conservative
substitution thereof. It is preferred fat all twelve nutations are

present. 5 A "consery e, Su " ' eht idforBoh A RCi d 1S
subst i t ut ed™ aﬁb‘}ngaf‘“Y’aﬁ?% acr"ﬁﬁtﬁmfs gmwg?%tﬁapmgroﬁert ies, such that
one skil | edablatd daisemntubmesateﬂhe tativecntigerdin thye spegles fiorpwaich theeali ondar y
structure andt h rdgﬁg%l c nature of the polypeptide to be substantially

unchanged. certain am no acids may be substituted for other
am no aci ds in a protein structure without appreciable |oss of interactive

bi ndi ng C d{ M@@pﬁ&e oﬁh% W%Hficﬁﬁn&%@fuﬁﬁer hedifiex By PutitionTor g@mple ndi ng
regi ons o I'es or
substrtutlon insertion or deletlon of amino-acids in order to add desirable properties
(such as the addition of a sequence teg 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
10 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 1L-13 having one or more of
the following mutations or a conservative substitution thereof characteristic of mouse
15 IL-13. The foliowing numbering refers to IL-13 expressed with its signat sequence in

E.coli.
R -» K at position 30
\'4 - S at position 37
20Y -3 F at position 63
A = V at position 65
E - D a posion 68
E -» Y at position 80
K - R at position 81
25 M - | at position 85
G -+ H at position 87
Q < H at position 113
\' - i at position 115
D - K at position 117



sites on substrate nolecules. Since it is the Interactive capaci nd
nature of a protein that defines that protein's M(Mgﬁﬁﬂﬁﬁﬂﬁhﬁkiéggal
activity, certain amno acid is sequence substitutions can be nmade in a
protei n sequence, and, of course, its wunderlying DNA codi ng sequence, and
neverthel ess obtain a protein with |ike properties. It is thus

contenpl ated that various changes nay be nmade in the peptide sequences of
t he di scl osed conpositions, or correspondi ng DNA sequences which encode
sai d peptides wthout appreciable |oss of their biological utility or
activity. 20 In maki ng such changes, the hydropathic I ndex of am no acids
may be considered. The inportance of t hydr opathic am no acid index In
conferring interactive biologic functi on a protein is generally

under st ood, i I N el in by

ref erence) Moﬁ;&@@@&g@g&{ﬁéh& 7 ﬁgﬁ 3t @bbée a fe\?éﬁ%’ r’%’%ﬁﬁ%ﬁ{%%ﬁ@ﬂzﬁ%ﬁr of

t he am no moregofdhmabdvieunigstians or Beopsarmine sybatitution thereofoft is prefareedul t ant

protein, V‘fﬁ%a?ﬂ%lv&%tﬂaﬂﬁ@a?@ﬁrg&&ﬁ. i nteraction of the protein with other
S

nol ecul es, Tor exanple, enzy , Substrates, receptors, DNA antibodies,
antigens, and the |like. Each am no acid has been assigned a hydropathic
i ndex on 5t fA&cangaivativersubsiiulisnd isopnedn wkichyanamine agld fesubs ferrangthegs (Kyl e

and Dool i t 4hpo abR3Rat had RRSRIr pRpEARS, sieh HaPond SAlleAUS tHearf dfpeplide Val | ne
(+4.2); leucine (+3.8); phenylal ani ne (+2. stei ne/cystine (+2.5);

2.8);. ¢
met hi oni nechemisty)would S*H%theﬁf?%dﬁwgﬁt?&‘%a'%‘i Wd&%/p,aﬂ?"hf‘%tﬂfﬂ 9fdhq 2 sept enber,
2005 16 O. golypepbdd dbd subsahtiallylunbhangdan (-0.9); tyrosine (-1.3); proline
(-1.6); histidine (-3.2); glutamate (-3.5); glutamne (-3.5); aspartate
(-3.5); asparagine (-3.5); lysine (-3.9); and arginine (-4.5). s It is
known i niot e examplehedriaireaminomcialginmay bacivbstitatey fdrotisraating adidsdnlay ot her ami no

e, o B S i S8R BL b MR e BB Rt S L0
functi onal stsucenes suzhas} fopexmml@.anﬁg}mbiadihglgagmms_lmf ahtibedies or bindingubst i t uti on
wthin s aeSn MIBaGEl-a8k, Shick B GE hediRe tabid ahs biWRLGLE T U 1 D0S
part i cul arprotefirtbétadefinels thit priotein'g bicloginaldunctional aclivity eertaintamihaacid he
15 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.
20 _
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
25 character of the amino acid contributes to the secondary structure of the resultant
protein, which in turn defines the interaction of the protein with other molecules, for '
example, enzymes, substrates, receptors, DNA, antibbdies, 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
30 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 (-



substitution of |ike am no acids can be nade effectively on the | s of
hydrophilicity. U S. Patent 4,554,101 (specificalIygﬁéaﬁﬁﬁgﬂﬁkggiﬁirein
by reference inits entirety), states that the greatest |ocal average
hydrophilicity of a protein, as governed by the hydrophilicity of its

adj acent am no acids, correlates with a biological property of the is
protein. As detailed in U S. Patent 4,554,101, the foll ow ng
hydrophilicity val ues have been assigned to am no acid residues: arginine
(+3.0); lysine (+3.0); aspartate (+3.0t 1); glutamate (+3.0 1); serine
(+0.3); asparagine (+0.2); glutamne (+0.2); glycine (0); 20 threonine

(-0.4); proline (-0.5 1); alanine (-0.5) histidine (-0.5); cysteine
(-1.0); nethionine (- 1 3) valine (-1.5 | euci ne (-1.8); isoleucine
(-1.8): {yrpg)ends CoB)ypRhay L. @nwymlnéﬂ 5), prolie pi g BidingX-82; 1t s
under stood t
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and in parté,fdjé,g{nmewsﬁnunol ogically equivalent protein. In.-2s such
changes, the substitution of am no acids whose hydrophilicity val ues are

within 2 is preferred, those within 1 are particularly preferred, and
those withi m;sqm‘éwarremeamnamneinmmo amﬂmhyb@seﬁsﬁmt@ﬂ)ywtbemmim ned above,
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15 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);

20 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). Itis 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

25 such changes, the substitution of amino acids whose hydrophilicity values are within
+2 is preferred, those within 31 are particularly preferred, and those within 10.5 are
even more particularly preferred.

As outlined above, amino acid substitutions are generally therefore based on the
30 relative similarity of the amino acid side-chain substituents, for example, their




| euci ne, isoleucine and valine; glycine and al ani ne; ar agine
glutam ne; and serine, threonine, phenyl al ani ne and er gr oups
of amino acids that may represent conservative changes i ncl ude: (1) ala,

pro, gly, glu, asp, gin, asn, ser, thr, is (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 enbodi nent, the nutated IL-13 of the present invention
conprises one or nore of the foll ow ng sequences or a variant thereof
conprising a 20 conservative substitution: L KEL I EEL SN, (SEQ IDNol)
FCVALDSL, (SEQIDNo2) 25 Al YRTQRI LHG (SEQIDNo3) K I E
VAHFI TKLL;, (SEQID No 4) 30 The polypeptide of the invention is
encoded by polynucleotldes of t he |nvengion A person skilled in the art

will readi} oﬁ&tﬁ éf&asamlﬂmﬁeoexémﬁa&ssmlamer 2005 18
pol ynucl eotlde whi ¢ encodes the§5 @@% tide gw%%qu nﬁ%? Ekﬁeneg c code.
Once the Haliake yarousof theforagpipo cbgiasieastios o OBy

pﬁ' ynucl e?!ﬁo@& Xﬁ\élili(lh? tiddrt Basintiade: sagumafagd @emgbgiuigfrmthlmﬂaspartdescrl bed in

t he exanpl es, ski rson w r eadi e.able to ada

par anet er ss?f’@@@’é’é’?’?""’ﬁ%&ﬁfﬁﬁ@'“ﬁrq"ﬂésgarﬁﬂ'ﬂe glnlgda"%%rl%ﬁclnlecﬁ{' '%"?”cm%n al so be
under st ood Thysetarp prefditodsdanbediiversubbiitutions. t hat, due to the degeneracy of
the genetic code, there is potentially nore than one pol ynucl eotide which

encodes a pol ypeptide of the invention. The pol ynucl eoti de of the invention
is typical hm:rRl\Hkud fubistiieiansrhay fuRher, beomadiNgy thbmasisioﬁsiewaﬂvlireptga'imm c DNA,

DNA t | ar |
Sref e?gbf§n| %IS%M% hﬁrgﬁl%rb?ﬂtﬁyhtbﬁ\r)w urt rﬁﬁ" a?%'\??%ﬁ? gﬁﬁée;(glrjeggl gn
vector, whresidues. Borexemple, aemajlvelwhglued:amlnmiqgﬂm@ndﬁ»gespﬁ@cﬁeﬂmdc| eoti de of
th t I

e invepy gfer[bm.@ glg Jioem@ényxharpsﬁam% ids incudedyi Jfaomférgmne%&d arfiRgpr i se

appropri at ers ancers an
acids with uncharged po!ar head groups having similar hydrophilicity values include

{eucine, 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;
15 (2) cys, ser, tyr, thr; (3) val, ile, leu, met, ala, phe; (4) lys, arg, his; and (5) phe, tyr,

tmp, 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
20 conservative substitution:

LKELIEELSN; (SEQID No 1)

FCVALDSL; (SEQ ID No 2)
25

AIYRTQRILHG; (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



el enments, such as for exanple, polyadenylation signals, which nai BE
necessary, and which are positioned in the correct o# rder
to allow for protein expression within a mammalian cell. 20 The pr onot er
may be a eukaryotic pronoter for exanple a CD68 pronoter, Gll, Gll 0, or
NMI1 pronoter, a prokaryotic pronoter for exanple Tac, Trc, or Lac, or a
viral pronoter, for exanple the cytonegal ovirus pronoter, the SV40
pronoter, the polyhedrin pronoter, the P10 pronoter, or the respiratory
syncytial virus LTR pronoter. Preferably the pronoter is a viral pronoter.
Particularly preferred I's when 25 the pronoter is the cytomegal ovirus

| mredi ate early pronoter, optionally conﬂg|5|ng axon 1 fromthe HCW | E
gene. The transcriptional regulatory el enents may conpri se enhancers, for

exanpl e the p,glﬁgéo&.gé amgg%%é@e%%@?&w@g%éw%mﬂwh@t@ﬁeﬁ@mn oridse OW

enhancer, i exa I ntron,. or ron A. or
regul atory ﬂl@gﬁ@iﬂ@d nugipnc@oa#wenqqi@s@wns'eteunw%wam “P'@Eﬂd(?
Sept enber, %’J@ﬁeﬁ@ deiAsd Srodilcéa dsHebtibla irtdhb\examplesb| Askilleaked to t he

pronoter on the nucleic acid construct such that when the ¢ t is

i nserted i nPersan witifaadily b abia to adp H'@"Y;?&W'Pﬁcl &6eeEFany, Y %%&%% H‘% pr oduce
a encoded ppoyRntitiees. R Mwmemw@pmmtsmmmmm dae RNA or

DNA, for exarrpl e plasmd s Vi, I ct e I bacteri al
artificial HedeepRYRey Fhibe ?}?55'9 &qg@%ten%gﬁy @%s% synt hetic DNA
It is al so pawmiddotidd which Recites|apalypeplide afdinsinverdiont o be artificial

nucl ei ¢ acid, for exanple phosphorothl oate RNA or DNA. Preferably the

construct is DNA. Particularly preferred is when it is plasmd DNA. ro The
present iNnvEhé pagndauotimbftpewedm:atymsﬂyEﬁmfocmpl%mf@%wr@m sion

vector of the inventi.o g e ably

stabl e hi bnngya%%g?@p&!F@N&#ﬁnlﬁ oﬁnwéﬁéﬁéﬁhﬁag%nn mga%o@'gll | €‘s‘igl nsect

cel | s, usi npNRoIPatticalady preferably il i®0PNAs  expression system | ower eukaryotic
cells, such as yeast or prokaryotic cells such as bacterial cells.

Partlcul ar exanples of cells which may be nodified by, insertion of 15

vectors enc@hie prpséntinventien fupber preddesanypgrassion ye¢ink éﬁ?l“ﬂﬂeﬁcl‘ﬁdude

mammel i an construct, comprising the polynucleotide of the invention. Additionally, the nucleic
15 acid construct will comprise appropriate initiators, promoters, enhancers and other
elements, such as for example, polyadenylation signals, which may be necessary,

and which are positioned in the correct orientation, in order to allow for protein

expression within a mammalian cell.

20 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, ora
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

25 the promoter is the cytomegalovirus immediate early promoter, optionally comprising
exon 1 from the HCMV IE gene.

The transcriptional regulatory elements may comprise enhancers, for example the
hepatitis B surface antigen 3'untranslated region, the CMV enhancer; introns, for

39 example the CD68 Intron, or the CMV intron A, or regulatory regions, for example
the CMV 5' untranslated region.



HEK293T, CHO, HelLa, NSO and COS cells. Preferably the gell | ﬁedsect ed

wll be one which Is not only stable, but also allo

gl ycosyl ation of a polypeptide. Expression may be achieved in transforned
oocytes. A polypeptide of the Invention may be expressed in cells of a
transgeni ¢ non-human ani mal, 20 preferably a nouse or expressed into the
mlk of larger mammal s, such as goats, sheep and cows. A transgenic

non- human ani nal expressing a pol ypeptide of the invention is included

wi thin the scope of the invention. A polypeptide of the Invention may also
be expressed in Xenopus | aevis oocytes. 2s The present invention also

I ncl udes pharmaceutical or vaccine co Itions, which conprise a
therapeutically effective amobunt of nucleic acid construct or polypeptide

of the |nvey ﬂ)d?fhucfé@ﬁdé)@?iréf&rabﬂ dperEbly ke thb bl%n&:t@hﬁftﬁaﬁﬁblélb%aw y
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dextrose, r@.meoﬁﬂergg ssaﬁb nmucea@nmmmspwe conbi nat | ons t her eof .
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effective 2005 20
i nventi ?B, Dm?nftalhamplbm?m Mbammllamﬁ@ammwoynaﬁmﬂ ymadmhﬁc”i’die va](c:ci ne
conposition o e enti s, for
exanple, 1 %ﬂ?“ e%cw ﬁ%@ﬁ%&i}%@é or a‘:{é’&{?& gor%’dﬁ t?n

adj uvant fhﬂmﬂﬁraallnudelcaicﬁl mrekample@ha@horwﬂ@temg [HﬂgﬂPref@raﬂY&ﬂi body f
responses. t i the sane tine as o
the i nvent?ogﬁ an(faﬁlll Iﬁ%ﬁ“'er r@gjmn%é&s m§?l%¢@r%l ated together. Such

adjuvant agents io contenplated by t he Inventlon include, but this list is

by no %&Q@é&& rnw cﬁ,f\ﬁnhé}% I'Ws?ﬁéli%ﬁzp%:hg an@4pidtdlen voctiragt i C

Im dazoqw n I'nes such as 1 m qui no - 26308 (Harrison, at al.

' Reduct i onthefnvealion: Saieh mnﬂp%%@'%l%ﬁmf?’ﬁblﬁm @F%ﬁ@k‘ﬁw i ned with

a gl ycopr | ﬂ&d—&?@ UsihgFor exapiiiid- baculéwius esi qui mod
[ 5- 28463, q}nggrg m%mﬁfﬁ%f&ah Hwﬁvant Iét?:tlw tesaof II | hmune

response nquss@r' SP’@ temglowep giaryalic colls syrh@Esyeapher prekanyolie selsisuaRA% | ogy
bacterial cells. Particular examples of cells which may be mcodified by insertion of

15 vectors encoding for a polypeptide according to the invention include mammalian
HEK293T, CHO, HelLa, NSO and COS cells. Preferably the cell line selected will be
one which is not only stable, but also allows for mature glycosylation of a
polypeptide. Expression may be achieved in fransformed cocytes. A polypeptide of
the invention may be expressed in cells of a transgenic non-human animal,

20 preferably a mouse or expressed into the milk of larger mammails, such as goats,
sheep and cows. A transgenic non-human animal expressing a polypeptide of the
invention is included within the scope of the invention. A polypeptide of the invention
may also be expressed in Xenopus laevis cocytes.

25 The present invention also includes pharmacseutical or vaccine compositions, which
comprise a therapeutically effective amount of nucleic acid construct or polypeptide
of the invention, optionally in combination with a pharmaceutically acceptable carrier,
preferably in combination with a pharmacsutlcally acceptable excipient such as
phosphate buffered saline (PBS), saline, dextrose, water, glycerol, ethanol,

30 liposomes or combinations thereof. The vaccine composition may alternatively
comprise a therapeutically effective amount of a nucleic acid construct of the




204: 64-74 (2000).), Schiff bases of carbonyls and amnes.that a
constitutively expressed on antigen presenting ceIqugﬁﬂﬂﬂggﬁFLéﬁgiaces,
such as tucaresol (Rhodes, J. at al. ' Therapeutic potentiation of the

| mmune system by costinmulatory Schiff-base-formng drugs', Nature
377:71-75 (1995)), cytokine, chenokine and co 20 stinulatory nol ecules, Thl
I nducers such as interferon ganma, |1L-2, I1L-12, IL-15 and IL-18, Th2

| nducers such as IL-4, IL-5 1L-6, IL-10 and IL-13 and ot her chenoki ne and
co-stimul atory genes such as MCP-1, MP-1 al pha, MP-1 beta, RANTES,

TCA- 3, CD80, CD86 and CD40L, other immunostinulatory targeting |igands
such as CTLA-4 and L-sel ecdn, apoptosisogtinulating proteins and peptides
25 such as Fes, (49), synthetic lipid based adjuvants, such as vaxfectin,
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204: 64-74 (2000).), Schiff bases of carbonyls and amines that are constitutively
expressed on antigen presenting cell and T-cell surfaces, such as tucaresol
(Rhodes, J. et al. * Therapeutic potentiation of the immune system by costimulatory
Schiff-base-forming drugs’, Nature 377: 71-75 {1995)), cytokine, chemokine and co-
20 stimulatory molecules, Th1 inducers such as interferon gamma, IL-2, i-12, IL-15
“and IL-18, Th2 inducers such as IL-4, IL-5, IL-8, IL-10 and IL-13 and other
chemokine and co-stimulatory genes such as MCP-1, MIP-1 alpha, MIP-1 beta,
RANTES, TCA-3, CD80, CD86 and CD40L, other immunostimulatory targeting
ligands such as CTLA-4 and L-selectin, apoptosis stimulating proteins and peptides
25 such as Fas, (49), synthetic lipid based adjuvants, such as vaxfectin, (Reyes et al,
“axfectin enhances antigen specific antibody titres and maintains Th1 type immune
responses to plasmid DNA immunization®, Vaccine 19: 3778-3786) squalene, alpha-
tocopherol, polysorbate 80; DOPC and cholesterol, endotoxin, [LPS], Beutler, B.,
| ‘Endotoxin, ‘Tolklike receptor 4, and the afferent limb of innate immunity’, Current
30 Opinion in Microbiology 3: 23-30 (2000)) ; CpG oligo- and di-nucleotides, Sato, Y. et
al., ‘lmmunostimulatory DNA sequences necessary for effective intradermal gene




WO 99/ 33488 and. U. S. Patent Nos. 6,008,200 and 5, 856 462

| mmunostinul atory 15 DNA sequences are al so descri bed——sriﬂ—&&ﬁ#lgg-—by Sat o
at al., Science 273:352, 1996. Another preferred adjuvant conprises a

saponin, such as Quill A, or derivatives thereof, including Q21 and Q57
(Aqui | a Bi opharnaceuticals Ina, Framngham MA); Escin; D gitonin; or
Gypsophi | a or Chenopodi um qui noa saponins. 20 The present invention al so
provi des nethods of treating or preventing IL-13 nediated di sease, any
synptons or di seases associated therewith, conprising admnistering an
effective anount of a protein, a polynucleotide, a vector or a

phar maceuti cal conposition according to,fhe invention. Adm nistration of a
25 pharnaceuti cal conposition may take ? e formof one or nore | ndividual

doses, for jmgxai "S&ﬁce@f:’:@?ﬁ@@i-&ﬂb@@@?%rﬁi Ma@:camatwm.kéegme In

certain cases t rime nati on é Vi a@artlc nmedi at ed DNA
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pr ef er abl yilgé}%rtmrtﬁég%F'TblﬂFe@eﬁlo@t@ﬁdedcéj?m-ifﬂdciny@ﬁbk}ﬁe@@dcl{559 "boost " by
adm ni stration of a Teconbinan r vect Qr. co the 30 sane

pol ynucl eoﬁyme%ﬂ@%@e"ﬂl"p%%l"?r@ Pﬂefl‘l‘fé’“ﬁ‘fggtpégnp‘?%ﬂ %ﬁ?‘@?ant

Conver sl Ys té:&tﬂndDédidTarﬁwlmﬁm be with the viral vector or with a prote| n
formul ation typically a 2 Septenber. 2005 22 protein fornulated in adjuvant

and the boost with a DNA vacci ne of the present invention. For the
treat nent ertamlprefaréd gdjovantoior eiciting lagrédoniiBantlystil dypsdredpargadneiude, | S

P ik SEAA 6B e B AR ol borone
ol i gonucl e@-acyntedsmohopimsphasy llipid éd MPL® édjﬁmmﬁﬁailab@fmmebma
and conpld GoofnSkAEE UASRe BESutrie, LIS PREHLREE 4 ot ior: £BER81LT, O00 0
bases, and4t866,084 and 4912,084). rCps3-hgntainieg ollgmlumﬂqﬁsdﬁwhlédﬁig IGp§onudeot i des
for use i ngpdiHYRRGS uihethPERIYSS0 Mbuéd's pRIdBRffdintly Th1 response. Such
oligonucleotides are weill known and are described, for example, in WO 96/02555,
WO 99/33488 and U.S. Patent Nos. 6,008,200 and 5,856,462. Immunostimulatory
15 DNA sequences are also described, for example, by Sato et al., Sclence 273:352,
1996. Another preferred adjuvant comprises a saponin, such as Quil A, or
derivatives thereof, including QS21 and QS7 {Aquila Biophanmaceuticals inc.,
Framingham, MAY); Escin; Digitonin; or Gypsophila or Chenopodium quinca
saponins.
20 ‘
The present invention also provides methods of treating or preventing IL-13
mediated disease, any symptoms or diseases associated therewith, comprising
administering an effective amount of a protein, a polynucleotide, a vector or a
pharmaceutical composition according to the invention. Administration of a ]
25 pharmaceutical composition may take the form of one or more individual doses, for -
example in a "prime-boost” therapeutic vaccination regime. In certain cases the
"prime" vaccination may be via particle mediated DNA delivery of a polynucleotide
according fo the present invention, preferably incorporated into a plasmid-derived
vector and the "boost” by administration of a recombinant viral vector comprising the
30 same poljnucleotide sequence, or boosting with the protein in adjuvant. Conversly -
the priming may be with the viral vector or with a protein formulation typically a



I nvention preferably contain two or nore di nudeotide ESG ﬁDthS 868gerably
separated by at |east three, nore preferably at | east® t

nucl eoti des. The oligonucl eotides of the present invention are typically
deoxynucl eotides. In a 15 preferred enbodi ment the. intenucleotide in the
ol i gonudeoti de Is phosphorodithioate, or nore preferably a
phosphor ot hi oat e bond, although phosphodi ester and other intenucleotide
bonds are within the scope of the invention including oligonucleotides

wi th m xed intenucl eotide |inkages. e.g. m xed

phosphor ot hi oat el phophodi esters. O her intenudeotide bonds which stabilise
the 20 ol i gonucl eotide nay be used. thEgds for produci ng phosphorot hi oate
ol i gonuceot i des or phosphorodithi oate aré described in US5, 666, 153,

US5, 278, 302 _.and 0 e Ché UE RO eEER have
the foll ow ﬁ?} 'Eefawﬁ%tééqg Aaéwgéﬁsequengéesspg?ﬁe]féer ly contain b
phosphor ot dveatien.nodi fi ed i nternucl eotide |inkages. OLIGO 1: TCC ATG ACG

TTC CTG AGG TT (CpG 1826) (SEQ ID NO5) QLIGO 2: TCT CCC AGC GIG CGC CAT
(2 TR S e Gl SR it
ISD NO nﬁ) 5 %Ag&a gcgu\?Aélaas%Tﬁefe%tér'ﬁm@TGfATa-msm 1% payicy! ID NO 9) 2

ept enber , ter e
prgf erred ?é&'ﬁf@'l’l ‘?5"95.'3%?/ |"H¥Sq0%ﬁu'%beeﬁ§vé@#ggﬁg%ﬂ%gﬂf%%ﬁgﬁﬁons or
addi ti ons t(wmggnozsssl)emp@lohmgmsauwwwa@rtwlawdgé | be betweey; 8300 il

I nvention £ S
465520) . CORSRT TR, SRELSTPHsBY neAholFfafla X LT ieRSxpid Xedhe
utilisi ng aludaaﬂidnmsea, W@h@ﬁ@@aﬁmﬂ?ﬂﬂ}%ﬁ%t for mul ati on contai ning CpG

ol i gonucl gotlde can be purchased from Q agen under the trade nane

"l m"runEas} . The conpositions of the present mventugﬂ? be used for both
prophyl axi s'fharmefﬂl’sed ﬁMB?eOhﬂﬁéf%Pég&ﬁdﬁvﬁ‘Vﬁrﬂ’lvﬁ?P"ﬁs 'Pfe'ée%{‘mf)ol ypepti de or

a pol ynucl gafhfish Arefdraily Bhtath twd &anua\dhmcle@adé GPGUAGHTS prefeesbici ne.  The
| nvention fslégatirated b?(raot\l/elagte%reteh %olg:me%rab?y at least six or more nucleotides. The
oligonuciectides of the present invention are typically deoxynucleotides. Ina
15 preferred embodiment the intemucleotide in the oligonucleotide is
phosphorodithioate, or more preferably a phosphorothioate bond, although
phosphodiester and other intemucleotide bonds are within the scope of the invention
including oligonucieotides with mixed internucleotide finkages. e.g. mixed
phosphorothioate/phophodiesters. Other intermnucleotide bonds which stabilise the
20 oligonucleotide may be used. Methods for producing phosphorothioate
oligonucleofides or phosphorodithioate are described in US5,666,153, US5,278,302

and WO85/26204.

Examples of preferred oligonucleotides have the following sequences. The
25 sequences preferably contain phosphorothioate modified internucleotide linkages.

OLIGO 1: TCC ATG ACG TTC CTG ACG TT (CpG 1826) (SEQ ID NO 5)

OLIGO 2: TCT CCC AGC GTG CGC CAT (CpG 1758) (SEQID NO 6)

OLIGO 3: ACC GAT GAC GTC GCC GGT GAC GGC ACC ACG (SEQIDNO7)
30 OLIGO 4: TCG TCG TTT TGT CGT TTT GTC GTT (CpG 2006) (SEQ ID NO 8)

OLIGO 5: TCC ATG ACG TTC CTG ATG CT (CpG 1668) (SEQ ID NO 9)



pol ypeptide or a polynucl eotide of the invention in the manufacture of a
nmedi canent for the treatnment of allergies, respirat e h as
asthma and COPD, helmnth-infection related disorders, fibrosis or
cirrhosis of the liver. is The present invention also provides a method of
vacci nating which conprises admnistering an effective anount of a vaccine
conposition of the invention to a patient and provoking an i nmune response
to the vaccine conposition. 20 The present invention also provi des vacci ne
conpositions as described herein for wuse in vaccination of a mamal

against |IL-13 nedi ated di sorders such as allergies, respiratory ailnents,
hel m nth-Infection rel ated disorders, fjbrosis and cirrhosis of the |liver.
Respiratory ailnents i ncl ude, for exanﬁ% e, asthma, such as allergic asthma,

and chroni g altg{ﬁ XI%OPH«gé@ﬂéémag'cﬁﬁﬁﬁ&ﬁm o fifibhdiabbYe jnd vacci ne

25 conp05|t|on ca rectin eutralising response to |L-13 would
t her ef or e thabthey hamlac@sagumual defetipaperadditions thergle. t r eat ment of ast hnm,

par ti cul ar o ahéighfucleBfddy Talisddn I HBSont iveHiR Haybegyritezedpl | cat i on in

t he treatnment 04? certaln heimnth fection-rel ated di ord gBrorrbacher

2000 Bl oesamgethod knowrsindhe ar (pg EF Q%F’@QL- prvesiently, ¢ 3%?'!9& eides

|1 (r)rz I |7 (7: z7it ?Srg?yl bé bﬁ?}tﬁéﬁiﬁed&ﬁihﬂﬁd Qﬁgurt?maﬁtﬁ s@htheé;ﬂ&% Ax a@ﬁvaﬁt fdﬁnhlatci:ocr;a 5 and
such as chroni ¢ . obstruc ar an
cirrhosis @mtainag Cp(rRligonu & fafLhe p‘fﬁ'ﬁﬁ? gg agér& ‘fﬁg%@ Gsitions of

the i nventjfe MympEag@n ni stered in a variety of manners for exanple via
the nmucosal, such as oral and nasal; pulnonary, intranuscular,

subcut aneous or intradermal routes. Where the antigen is to be

adm ni st erHsk asnpiospibng ef the brsent imaEntiommay bh esedifoc both pphylakisandal | y be

water b R, T0RPrRbd Egof iRy a REypa R of aSEmAREEE SURRARG " 0 |
an i ndi vi dioahe ingentionifoy usetimtiedicineofhe inventian, futier pagvides| usefasterile
agueous d' htﬁ’é‘ f:%ﬁfcﬂelg erbﬁﬂ%ﬁ’i%rﬁlon irl W' hadurdcnsie ©Pa AfeBRAmbhRE ONS Wi | |

be adni ni s ut ot routes of admnistration are
possi bl e. for the treatmentofailergzes, respsratory ailments such as asthma and COPD,

helminth-infection related disorders, fibrosis or cirrhosis of the liver.

15
The present invention also provides a method of vaccinating which comprises
administering an effective amount of a vaccine composition of the invention to a
patient and provoking an immune response to the vaccine composition.

20 The present invention also provides vaccine compositions as described herein for

" use in vaccination of a mammal against IL.-13 mediated disorders such as allergies,
respiratory ailments, helminth-infection related disorders, fibrosis and cirrhosis of the
liver. Respiratory ailments include, for example, asthma, such as allergic asthma,
and chronic obstructive pulmonary disease (COPD). Specifically, a vaccine

25 composition capable of directing a neutralising response to IL.-13 would therefore
constitute a useful therapeutic for the treatment of asthma, particularly allergic
asthma, in humans. It would also have application in the treatment of certain
helminth infection-related disorders (Brombacher, 2000 Bloessays 22:646-656) and
diseases where IL-13 production is implicated in fibrosls (Chiaramonte et al, 1999, J

30 Clin Inv 104:777-785), such as chronic obstructive pulmonary disease (COPD) and
cirrhosis of the liver.



10 One technique for intradermally adm nistration invgQlyve rti b
bonmbardnent (which is also known as 'gene gun' techn§$¥§§9§§§5+é—§§scribed
in US Patent No. 5371015). Proteins may be formulated with sugars to form
smal | particles or DNA encoding the antigen nay be coated on to inert
particles (such as gold beads) and are accelerated is at speeds sufficient
to enable themto penetrate a surface of a recipient (e.g. skin), for
exanpl e by nmeans of di scharge under high pressure froma projecting device.
(Particles coated with nucleic acid vaccine constructs of the invention and
protein sugar particles are within the scope of the present invention, as
are devices |loaded wth such particlesy)y Qther methods of adm nistering
the nucleic acid constructs or 20 conpositions containing said constructs

directly tors LB cSMpositisis Wi thelihianbsPimag be abingndtered it a sériemhbfat i on,

el ectroporation and mcroseedi ng which is described in US 5 697,901 A
nucl ei ¢ aci BapsHgioF Gﬁ'm?}f"’laﬁg H&'@%ﬁ'}ts“}ﬂh@%ﬂ f@?# ARSF! RRIC Bg admi ni stered by

mﬁans 25 qﬁmﬁgauah-|§mgjtd@édu\se;r;n?mmrmultaeﬂl\¢heremmﬁgem isdo bpy. Cene
t her apy apprpaches are or . 1997,
389: 2% Zéplga aB "?ﬂa‘?saﬁ' ugﬂ?ﬂv\?fxf'gﬁeﬁ%ﬂ%@%" &p'gal USZ%MWPVEEased
systens i lcémsl:qw’aet srad/inay be lyophitised andlresuspeleted\n water fardhjenion paerdp at ed

l, h d vacci ; | based
systens | nolipacoueoRtbonRiingy Pabiested BtV os dfffectia. o530
based systecrmnpoEmon darenaimple ssa stedletagueousaljspessiom prgferabhiisetonioy | i posones or
wi thin poly ngp r;,g?uc‘ﬁ 9@6&@#&% SE'aﬁ@nm‘i’&ér&& ﬁtl%ﬁnus%uféﬁ (i fr rga&@%f 25 A

nucl ei ¢ aci ruc rese I nvention may a m ni st ered by
means of tadcninitlpatiopchre pessibies| I s. Such cells Include cel | s har vested from a
subject. ,Jhe nucleic acid vaccine construct can be introduced into such

cells invitro and the transforned cells can |ater r et rneg to the
subj ect . THensigehrigue f9E intradermally ﬁ@?lnﬁfam'ﬁ‘é"'?‘ﬂ’f\ﬁ@mq%}??w RRtEMMiR ¢ i nt o

nucl ei ¢ aC'.Q kﬁf\ﬂa/ al 'gRAE Bln' ltébhﬁolﬁ@tbnd%d@%b@ﬁﬂus Paté?ﬁﬂﬂi&?ﬂ&t)iﬁ)ﬂ events.

Atransforrre i f“desired

p in vit and ,one or nore
of the res d?lpiﬂfts reay lp%fonaylat?é witheyoars te %E"ﬁﬂ'@ﬁ@ﬁtheﬁ%ﬁ&ﬁcﬁﬂ‘ can be
antigen may be coated on to inert particles {such as gold beads) and are accelerated

15 at speeds sufficient to enable them to penetrate a surface of a recipient (e.g. skin),
for example by means of discharge under high pressure from a projecting device.
(Particles coated with nucleic acid vaccine constructs of the invention and protein
sugar particles are within the scope of the present invention, as are devices loaded
with such particles.) Other methods of administering the nuclsic acid constructs or

20 compositions containing said constructs directly to a recipient include ultrasound,
electrical stimulation, electroporation and microseeding which is described in US-
5,697,901.

A nucleic acid construct of the present invention may also be administered by means

25 of specialised delivery vectors useful in gene therapy. Gene therapy approaches are
discussed for example by Verme et af, Nature 1997, 389:239-242. Both viral and
non-viral systems can be used. Viral based systems include retroviral, lentiviral,
adenoviral, adeno-associated viral, herpes viral and vaccinia-viral based systems.
Non-viral based systems include direct administration of nucleic acids and liposome-

30 based systems. For example, the vectors may be encapsulated by liposomes or
within polylactide co-glycolide (PLG) particles.



provided at an appropriate site in a patient by known sur%fcal or
m crosurgical techniques (e.g. grafting, mcro-injec tabl e
cells include dendritic cells. 10 The anmount of vaccine conp05|t|on whi ch
is delivered will vary significantly, depending upon the species and

wei ght of mammal bei ng i nmuni sed, the nature of the disease state being
treated/ protected against, the vaccination protocol adopted (i.e. single
adm ni stration versus repeated doses), the route of adm nistration and the
15 potency and dose of the adjuvant conpound chosen. Based upon these

vari ables, a nedical or veterinary practitioner wll readily be able to
determ ne the appropriate dosage |evel It may be, for exanple, when
the vaccine I's a nucleic acid that the?2dose will be O.5- 59/ kg of the

nucl ei ¢ acmuaeg%k%hm o%ﬁ@%%bﬁt‘l%ﬂ?&ﬁ‘ﬁ%}r%lé&%e ddneRisteldd ahbdrsul ar, the

dose w Il Vvary rout nistration. For 20 exanpl e,
when usi ngoﬁﬂmsﬁmmstéﬁlh fush cals insludacals harvested from g subjeataihedosage wil |

pr ef er abl ymR?é.&E&a‘vé&me]éaﬂ&md@eéﬁ b&M&raadaédm&sfseaa&mn /e ah@tdl dosage will
be between 10g and Ing. Wen the nucleic acid co qfieruct i s adm ni stered

directly, mfonmflaellmd@erb%mggnﬂfemsw%ewe'? ieaeidheanstididieen 50g

and 1 or sni%wshﬁdd i iftegrath thté hevléic d6i8 alesd r@séﬁ( ATEPLEIN by Hmdidioug v er age
case. 25 In a protein vaccine, the a unt#o te| n | n each vacgi ne dose
GelbE Vo,

i s sel ect e@o‘é@ natongysots; Adrrisiormad % nse
W thout si gy cfrlrﬁcirébf thaduamaﬁt cefls dﬁyb’efueéd B the ptasanﬁa\ienﬁamccdlsean bsuch

anmount w | | end n V\/m ecific n |.s errpl oyed and
how It is E@%‘%? ?@ in gpa %“‘8&8‘%%"!’&%‘"@#%?{3? 9@ Hose will
conprise lteélQﬁ@JQsl(ggograﬁmglmlcm-mWreemt)l Bualle Gells incluge ddnehitiotalis] 2

Sept enber, 2005 26 100g, nost preferably | to 50g. An optimal anmount for a
particuldr vaccine can be ascertained by standard studi es involving

obser vat i oTheodmeip Df)mdcmta@ompmitim whils isateliered willvancsignificantls ubj ect s.

Fol | owi ng ﬁ’%ﬁ“ﬂ% lifiin 84 KMV er al
boost er h@‘é@ hgtl’ %%g)bﬂ?é Réi(\:’téﬁé uc ’"\%{cm n}é oPrru ation may be
ei t her a pthe ﬁIsngseﬁtabdmm trapt ﬁentat:l |a§ﬁ"$fe@ﬁm§‘°°|b@°&mm pdopted

(i.e. single administration versus repeated doses), the route of administration and the

15 potency and dose of the adjuvant compound chosen. Based upon these variables, a
medical or veterinary practitioner will readily be able to determine the appropriate
dosage level but it may be, for example, when the vaccine Is a nucleic acid that the
dose will be 0.5-5ug/kg of the nuclelc acid constructs or composition containing
them. In particular, the dose will vary depending on the route of administration. For

20 example, when using intradermal administration on gold beads, the total dosage will

~ preferably between 1ug — 10ng, particularly preferably, the total dosage will be
between 10pg and 1ng. When the nucleic acid construct is administered directly, the
total dosage is generally higher, for example between 50pg and 1 or more milligram.
The above dosages are exemplary of the average case.

25
In a protein vaccine, the amount of protein in each vaccine dose is selected as an
amount which induces an immunoprotective response without significant, adverse
side effects in typical vaccinees. Such amount will vary depending upon which
specific immunogen is employed and how it is presented. Generally, it is expected

30 that each dose will comprise 1-1000 pg of protein, preferably 1-500 pg, preferably 1-



systemcally, for exanple via the transdermal, subcutaneous or

i ntranuscul ar routes or applied to a mucosal surface2 tember e,
infra nasal or oral routes. There can, of course, be individual instances
where higher or |ower dosage ranges i0 are nerited, and such are within
the scope of this invention. It is possible for the vaccine conposition to
be adm nistered on a once off basis or to be adm nistered repeatedly, for
exanpl e, between 1 and 7 tines, preferably between 1 and 4 tines, at

i nterval s between about | day and about 18 nonths, preferably 15 one nonth.
This may be optionally followed by dosing at regular intervals of between
1 and 12 nonths for a period up to the E@n&inder of the patient's life. In

an enbodi nent the patient will receive the antigen in different forns In a
prime bOOSHodgs%H& refatsbl | Plo 5068 MAh® ﬁ:ﬂalaé?ﬁémrbrwdahcbﬁrwcﬁmaﬂrmbm stered
as a DNA base vaC(!3

ne a subsequent mnistered as a protein
adj uvant baweﬂ@ﬂ%bsaﬁfﬁbﬂai’dzwd@%@’ aé@\/%frappqu'g teliMEPRent regi me

will be si %h r&@é‘tn'\)éosﬁéiea%usﬁeﬁndblmmgmiﬂ.t'hh@camaﬁbnaaab;mmaﬁs of “ani nal
concer ned, e amount of nucleic¢c acid vacc @mmgughotel conposition

adni ni st er d§CelY@NG gF feverH bepaterimawpisaton eﬂ“%‘e of any

agJ H/agt G OfFRAANSN rHé‘yele éﬂ%r@tdﬁﬁfnd&%ﬁéﬁlg%bﬂhatmuégimbebe agministened t 0 a
SKI ed veteri na

|11 ust r at esSystea S/e’fﬂméiﬁg’a%?ﬂ/a IS%‘IB'??%\ ﬁupﬁ'ﬁ@" éft“'rﬁ’gi"h?ﬁ'é{ﬁ a?;&%g%mns S0

that the pr&ﬁa@bl’bdt&aerﬂmwurfabeﬁhtmemlc;hareaMasemmIMés human protein,
but the results can readily be extrapolated to treatnment of humans where
the protein wll have B cell epitopes fromHuman with nmutations

char act er i SThete 6dn, of cmuse bedndidduad instanceswherg bigheperdowentosageSapgesrber . 2005

27 Th hout t h |l Qw [ d f
vari OL;)U%POU "EEPFIDO gw&m%%§?§g%ﬁaﬁuﬁgg@§hImc;lnecﬂlsgrI Zn(r:lmcgl IOuI ar

bi ol ogy. Practlcal details of these may be found in a nunber of textbooks

| ncl uding qgg}og%bﬁe% 1 vhcoiliecontpe gltlot‘?fé)'ﬁe'é?%imgél*éﬂl o%oébﬁlﬁk difgdRRlor® €sS: New

York). Amn sSequences or esi gnati ons may given in either the
one | etter bepatiminisieradrepeatedy, fpte@xaqmlescbgbveefrﬁeand 7tlmes. preferably between

1 and 4 times, at intervals between about 1 day and about 18 months, preferably

15 one month. This may be optionally followed by dosing at regular intervals of between
1 and 12 months for a period up to the remainder of the patient’s life. Inan
embodiment the patient will receive the antigen in different forms in a prime boost
regime. Thus for example an antigen will be first administered as a DNA based
vaccine and then subsequently administered as a protein adjuvant base formulation.

20 Once again, however, this treatment regime will be significantly varied depending
upon the size and species of animal concemed, the amount of nucleic acid vaccine
and / or protein composition administered, the route of administration, the potency
and dose of any adjuvant compounds used and other factors which would be
apparent to a skilled veterinary or medical practitioner.

The following example illustrates the theory of the invention in mice rather than in
humans, so that the protein is murine with mutations characteristic of human protein,
but the results can readily be extrapolated to treatment of humans where the protein
will have B cell epitopes from Human with mutations characteristic of a mouse, or

30 other analogous protein.



prefix "h'" is used to denote a protein or gene of human origin, 'm_, nmurine
origin and 'c', a chinmmeric construct. 'r' is used t&September 2005
reconbi nant protein. Exanples 10 1. Design of a vaccine against murine

I L-13 1L-13 belongs to the SCOP (Murzin at al, 1995, J Mal Bi 01247: 536-540)
defined 4- helical cytokines fold famly. Individual nmenbers of this fold
superfamly are related is structurally, but are difficult to align at the
sequence |l evel. The 3D structure of IL-13 has not yet been determ ned, but
structures have been generated for a nunber of other4-helical cytokines.
Protein multiple sequence alignnents were generated for |L-13 orthol ogues,
and al so for a nunber of other cytokingg exhibiting this fold where the
structure of at |east one nenber had b&en determined (IL-4, GWCSF, IL-5

and 20 IL- : e I i the I'L-13
protein mu huﬁﬁg'ﬁq@%%tﬂ%@%%ﬁgﬁﬁgﬁbgﬂgﬁ%&gﬁs%ﬁgﬁﬁ%;ﬁ%ﬁ%?mﬁro g 1996,
nd

Prot Sc! %ao@sangpptiseddeohmigues inreolpeularangceligarhiolpgy, Pracfioql detalls
Pred2ary @%Woaﬁwiln@mw of tekB86ks IREI0dInGSamBicdk 2t 285989, BMe i ndi vi dual

cytokine protern nultiple sequence | i gnment s re aligned to each other,
usi ng bot leditine @@@ﬁéﬁ"&”?@%rWﬁf:iwgﬁgmn‘%ﬁé\gw&ﬁl‘?r | nf or mation (from
the known dﬁéi}rz’;ﬁét%hs Friay WelgieRsn aitfbr tHetumolIBiterode, i thigthrestietter tode Thisedi ct i on) .
Antigenic sifes, specCifically B-cel I@eﬁp(igto es, were ,predict %ﬁ_béoc{ muri ne

| L- 13 usi PEefxe is useddp dehpte 8 porg r LGy 2y’ MUmnE O wer e
mapped ont®, 4 SfmhdricicorSinsdtr i used td indicatesd @bombinbetpréteiRCB i n t he Br ookhaven
dat abase) using the protein nultiple sequence alignnent to give an idea of
where they m ght be |located 2 Septenber, 2005 28 structurally on I'L-13.
Fromthi s pxasipyed s, exposed regions which were potentially both antigenic
and involved In receptor binding were selected. Fromthis nodel, a

chi maer*t 1L-13 sequence was designed in which the sequence 5 of the

pr edi ct ed 1ant i Design of acpscine agalnktmufined-A8ri ne | L- 13, and the sequence of
the predicted structural (predom nantly helical) regions was taken from

human | L-13. .
IL-13 belongs to the SCOP (Murzin et al, 1995, J Mol Biol 247:536-540) defined 4-

helical cytokines fold family. Individual members of this fold superfamily are related

15 structurally, but are difficult to align at the sequence level. The 3D structure of IL-13
has not yet been determined, but structures have been generated for a number of
other 4-helical cytokines. Protein multiple sequence alignments were generated for
IL-13 orthologues, and also for a number of other cytokines exhibiting this fold where
the structure of at least one member had been determined {(iL-4, GM-CSF, I.-5 and

20 IL-2). Secondary structure predictions were performed for the IL-13 protein multiple
sequence alignment using DSC (King and Sternberg, 1996, Prot Sci 5:2298-2310),
SIMPASS6 (Levin, 1997, Prot Eng 7:771-776) and Pred2ary (Chandonla and Karplus,
1995, Prot Sci 4:275-285), The individual cytokine protein multiple sequence
alignments were aligned fo each other, using both the sequence information and the

25 structural information (from the known crystal structures and from the secondary
structure prediction). )

Antigenic sites, specifically B-cell epitopes, were predicted for murine [L-13 using the
Cameleon software (Oxford Molecular), and these were mapped onto the IL-4

30 structure {accession number 1RCB in the Brookhaven database} using the protein
multiple sequence alignment to give an idea of where they might be located



The purpose of this design was to identify target epitopes from qurine

| L- 13 agai nst which neutralising antibodies m ght be3$§ﬂ§§§¥5§9559§
present themon a framework which was structurally simlar to the native
protein, but yet contained sufficient io sequence variation to the native
(murine) protein to ensure that one or nore CD4 T hel per epitopes would be
present. The nucleic acid and protein sequences selected for this exanple
of a chimaeric IL-13 vaccine are shown In Figure 1 (SEQ ID NO 19 and 20).
The underlined sequences correspond to sequences found in the human

ort hol ogue. Twel ve am no adds were substituted to achieve the sequence In
figure 15 1. It should be understood thgé t he degeneracy of the genetic
code all ows nmany possible nucleic acid“Sequences to encode identical

proteins. FEyr 14 e | : i EpateRudaiy her
possi bl e cﬁﬁurr%tg'r%?g&ﬁﬁ‘l% E/Pglﬁct?‘ir?%ﬁ 82??'8%@65\/% ﬁgﬁhgﬂ@lc}‘?%pg&of tge

i nvent i on, bbtheantipenie and hwelved inHetamtprdindinawere §8ler®dnon- exposed areas. 20
1.2 Preparation of chinmaeric IL-13 Chimaeric IL-13 (clL-13) DNA sequence
was synthesised froma series of partiall ver | gppi

ol i gonucl e&rora s "Wﬁ?’haph@‘aﬁﬁﬁﬁe@‘&quﬂ‘@%%ﬁ wwegl'{wggh g\elg?ﬂﬂﬁ“‘?en Tabl e
1. These Plot faréMéted BRRAICASopsanS takdrr ficin BNANG (RT3, ahe thdxeqaed@Rdivi th the
25 cycl e specification

AC f ' fol | by, 25 | f 94C f
30 seconds thespredicted s@#ﬁ%?@%ﬁgﬁtﬁﬁsﬁeﬁ%‘?ﬁg kﬂ% r?'B\'A‘/ﬁﬁ‘%B?‘s" C for 7or
g of t e O g e e ibe oot nr0 Lhe
and o e  expected size, 361. base pairs i c s nto the
T/ A cl oni n@%dfe&m"m@%'ﬁwﬁﬁwﬁ?wd‘%?m orPégﬁﬁnY\ﬁ%%er%g%ﬁg‘go%o gener at e
T i ey e ek o e

.1-clL-13 was then supcioned, in : |

E)Amer shah? BRAGNGE i"ﬁr,'aet'RHZ? LIV %‘f{'é’,% ﬁ%elﬁggggﬁrgﬁﬁ%roﬁg%@%g&;eﬁnefat i ng
PGEXATS- cl Ieipaidpicpas geqluencnre@nt ﬁ'hfe pEERe Beide@ind projein seanrceseale ! o, 1
i scover ed . an, .ext| S105ad2NA ﬁ“ﬁgﬂ Y e .
vect or) betf%g@'ﬁe%‘ﬂ'ﬁplgé’aggﬁ@‘ggﬁgp:@a angaﬁ -1 .E'chs)ﬂgéb?recti[? ﬁlmsi wep
r epeat ed t lad 20CR Heamdettined Sequences te spquenices foyad prtheBy®ag | | - 13Fnew

d clL-13R ' i - i GEX4T3
an n; o monggxgs.,{?gl f@&amﬂ.u%de%@é SRR th AeRiedd MBREqUINES i fufe P

15 1. It should be understood that the degeneracy of the genetic code aliows many
possible nucleic acid sequences to encode identical proteins. Furthemmore, it will be
appreciated that there are other possible chimaeric IL-13 vaccine designs within the
scope of the invention, that have other orthologus mutations in non-exposed areas.

20 1.2  Preparation of chimaeric IL13

Chimaeric IL-13 (cIL-13) DNA sequence was synthesised from a series of partially
overlapping DNA oligonucleotides, with the sequences clL-13-1 to clL-13-6 shown in
Tabte 1. These oligos were annealed, and ciL~13 DNA generated by a PCR with the
25 cycle specification of 94°C for 1 minute followed by 25 cycles of 94°C for 30
seconds, 55°C for 1 minute and 72°C for 2minutes. Followed by 72°C for 7 minutes
and cooling to 4°C when finished. The reaction product comprised a band of the
expected size, 361 base pairs, which was subcloned into the T/A cloning vector
pCR2.1 (Invitrogen, Groningen, Netherlands) to generate pCR2.1-clL-13. A BamH1
30 and Xho1 clL-13 digested fragment from pCR2.1-clL-13 was then subcloned into the
8amH1 and Xho1 sites in pGEX4T3 (Amersham Pharmacia, Amersham, Bucks, UK)



restriction sites,

seguence
Thi s vector

site for thronbin.
gl ut at hi one sepharose affinity chromatography,
preparation of free clL-13 produced by cl eavage with thronbin.
A i gonucl eotides used to construct chimaeric |L-13.
-3") clL- 13-1RTGTGATGTTGACCAGCTCCTC£§ATGAGCTCCCTAACI;G (SEQ I D NO

(5

encodes

to generate the expression vector
of this construct was verified by di deoxy t
a genetic fusion protein consisting of
gl ut at hi one-S-transferase and clL-1 3 (GST-clL- 13).
the protein are linked by a short spacer which contains the
The fusion protein may be readily purified by

and then used directly,
Tabl e 1.
s AigoSequence

10) TCAGAGGGAGAGACACAGATCTTGGCACCGECCC

ctL- 13- 2FAGGA
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15) CTACA
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2005 30 ( Smgnetis ieion protein consisting @f gie@ﬁtyneo‘sﬂ@agyse and

QEHEE
cl L-13
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13). The two moieties of the protein are linked by a short spacer which contains the

10 recognition site for thrombin. The fusion protein may be readily purified by
glutathione sepharose affinity chromatography, and then used directly, or a
preparation of free cll.-13 produced by cleavage with thrombin.

Table 1.

15

Oligonucleotides used to construct chimaeric I.-13.

Oligo

Sequence (5°-3")

clL-131R
(SEQ ID NO 10)

TGTGATGTTGACCAGCTCCTCAATGAGCT CCCTAAGGG
TCAGAGGGAGAGACACAGATCTTGGCACCGGCCC

olL-13-2F
(SEQ ID NO 11)

AGGAGCTGGTCAACATCACACAAGACCAGACTCCCCT
GTGCAACGGCAGCATGGTATGGAGTGTGGACCTGGC

clL-13-3R
(SEQ ID NO 12)

GCAATTGGAGATGTTGGTCAGGGATTCCAGGGCTGCA
CAGTACCCGCCAGCGGCCAGGTCCACACTCCATAC

clL-13-4F
(SEQ D NO 13)

TGACCAACATCTCCAATTGCAATGCCATCGAGAAGACC
CAGAGGATGCTGGGCGGACTCTGTAACCGCAAGGC

cIL-13-5R
(SEQ ID NO 14)

AAACTGGGCCACCTCGATTTTGGTATCGGGGAGGCTG
GAGACCGTAGTGGGGGCCTTGCGGTTACAGAGTCC

cIL-13-6F
(SEQ ID NO 15)

AAATCGAGGTGGCCCAGTTTGTAAAGGACCTGCTCAG
CTACACAAAGCAACTGTTTCGCCACGGCCCCTTC

CIL-13F
(SEQ ID NO 16)

CGCGGATTCGGGCCGGTGCCAAGATCTG

clL-13R

CTCCGCTCGAGTCGACTTAGAAGGGGCCGTGGCGAAA

GEX4T3-cl L-13. The

pcouTsclts

The two noi eti es of
0 recognition

13Fnew and ciL-13R. The

TWGATCT G

oy \Gerogps ember




CGCCGATCCGEECCEGTGCCAAGATCTG The pGEX4T3-cl L- 13 expressgion vect or S
transfornmed into E. coli BLR strain (Novagen, suppli &—M

Bi osci ence, Canbridge, UK). Expression of GST- clL-13 was induced by adding
0.5 MM IPTGto a culture in the logarithmc growh s phase for 4hrs at 37C.
The bacteria were then harvested by centrifugation and GST-clL-13 purified
fromthem by a nethod previously described for purification of a simlar
GST- hurman | L-13 fusion protein (MKenzie at al, 1993, Proc Natn Aced Sd

90: 3735-3739). r Characterisation of clL-13 properties Sanples of purified
GST-cl L-13 were anal ysed by SDS-PACGE el ectrophoresis. Figure 2 shows that
the purified preparation contains a proggin of the expected size for

GST-cl L-13. The | ower band represents a small quantity of GST, arising due
to is parti a(smWN@gﬁ)of the fusion prote| n dur| ng preparatlon To confirm
that the pupH-H y by

SDS- PAGE, b| ektIdineht o p 1'ysed for the prlesence of
IL- 13 and [FSEQDWoorsgdctivity by V‘éstern bI ott| ng. Since clL-13 contains
sequence 20Larsinrg—+omboeth-hurar—ang—ortre—+H—=13—tt—was—expect ed t hat
It would be recognised by specific antisera directed at human |L-13 or
mouse | L- 13he PGEX4TIveILe!3 d)dprasision mbhwﬁ%mmdwoﬁnwlﬂi&mmr( BSA) In TBS

d hI d
chl or | de. * DRRrous™SURRER Y RemHEAREHE Tl Uk ERILERIATEIT

| ncubat ed ¢iLt18 \pss induopd doytadting 0.5 mM IPTRdam cylturedn ﬂ@dmar@hm@mvahe (RT) with

haki ng th dded for 1
oo a0 1 Blp B0, At 47°€b Pod bdlerklithe A ABION byXRhirhAfitoiaRy 200Cd | Of

Super Si gnaGsmmlcrﬂa pumﬁedsfmmeRelag%meﬂ'(Oﬂlm\d@SWF@édeor Hq"ﬁ?‘?{@f‘é’?a USA). 2
Septenber,mﬁﬂgﬁe - hiirdH 1813 Al AcRehzib bt 4151993! Prociin eswsEs of this

anal ysi s, |cate t hat t e purlfled protein is recognised by
ant i bodi es%-ﬁ”ﬁﬁﬁﬁ)l L-13, nouse IL-13 and GST, so confirning the expected
structure.

1¢ Characterisation of ciL-13 properties

Samples of purified GST-cIL-13 were analysed by SDS-PAGE electrophoresis.

Figure 2 shows that the purified preparation contains a protein of the expected size

for GST-ciL-13. The lower band represents a small quantity of GST, arising due to
15 partial cleavage of the fusion protein during preparation.

To confirm that the purified protein was GST-clL-13, samples were separated by
SDS-PAGE, blotted onto PVDF membrane and then analysed for the presence of IL-
13 and GST immunoreactivity by Westemn blotting. Since cll.-13 contains sequence

20 arising from both human and murine IL-13, it was expected that it would be
recognised by specific antisera directed at human il.-13 or mouse IL-13. Blots were
blocked with 3% bovine serum albumin (BSA) In TBS (50mM trizma hydrochloride,
138mMsodium chloride, 2.7mM potassium chloride, pH8.0) containing 0.05%
Tween-20 (TBST) overnight at 4°C, Incubated with primary antibody for 1 hour at

25 room temperature (RT) with shaking then washed 4 times with TBST. Secondary
antibody was added for 1 hour at RT with shaking, prior to washing 4 times and
developing with SuperSignal Chemiluminescent Reagent (Pierce, Rockford, ilinois,
USA).



LaneSanpl ePrimary Anti body 1GST-clL-13Anti-mL-13 2rhlL- 13An; | - rBI b 13
3rm L-13Anti-m L-13 4Markers 5GST-cl L-13Anti-hlL-13 -13
7rm L-13Anti-hl L-13 8Markers 9GST-cl L-13Anti-GST 10rhl L- 13Anti - GST

11rm L- 13Anti-GST 12GSTAnti-GST s The primary anti bodies used in this
experinment were: anti-hlL-1 3, catal ogue nunber AF-213-NA, R&D Systens,
Abi ngdon, Oxford, UK, used at 1pglim; anti-m L-13, catal ogue nunber
AF-413-NA, R&D Systens, used at 1 pg/m and anti-GST, catal ogue nunber
27-4590D, Pharnmacia, used at 11200. The secondary anti bodies to used in
this experinment were: HRP-conjugated anti-goat 1gG catal ogue nunber A-
5420, Signma-Aldrich Conpany Ltd, Pool e,34Dorset, UK, used at 1/40,000. The
protein sanples were GST-cl L-13, prepared as described in Exanple 2,

Ir3 econbi nant; bﬁérmmbdehd balow) hlhhtralé‘é the@@éuﬁk obthiz a;uflversr which indticate tﬁarrtbf i dge 15
i osci ence, , se ogue
nunber 418”'%%%3' X |§°§l§§eé’ ﬁ@]@%%magdlad édnﬁvgtyrﬁté%@&ﬂ%ﬁang? ect ed

wi th enpt ys&ccﬁﬁnﬁmghwexp%@ﬂs&ﬁctp@EX4T3 vector as described (Sanmbrook at

al, 1989, 2d edition. Cold Spring Harbor Press: New York). 1.3
Conformation of Chimaeric I1L-13 5

Lane Sample Primary Antibody
1 GST-clL-13 Anti-miL-13
2 thil-13 Anti-miL-13 -
3 rmiL-13 Anti-mit.-13
4 Markers -

5 GST-clL-13 Anti-hIL-13

6 rhiL-13 Anti-hIL-13

7 miL-13 Anti-hiL-13

8 Markers -

9 GST-clL-13 Anti-GST

10 rhiL-13 Anti-GST

11 mniL-13 Anti-GST

12 GST Anti-GST

5
The primary antibodies used in this experiment were: anti-hlL-13, catalogue number
AF-213-NA, R&D Systems, Abingdon, Oxford, UK, used at 1pg/mi; anti-mil-13,
catalogue number AF-413-NA, R&D Systems, used at 1pg/mi and anti-GST,
catalogue number 27-4590D, Pharmacia, used at 1/200. The secondary antibodies
10 used in this experiment were: HRP-conjugated anti-goat 1gG, catalogue number A-
5420, Sigma-Aldrich Company Ltd, Poole, Dorset, UK, used at 1/40,000.

The protein samples were GST-clL-13, prepared as described in Example 2,
recombinant human IL-13 (rhiL-13), catalogue number CH1-013, Cambridge

15 Bioscience, Cambridge, UK, recombinant mouse IL-13 (rmiL-13} catalogue number
413-ML-025, R&D Systems, and GST, prepared from E.coli transfected with empty



To confirmthat GST-clL-13 adopts a simlar confornatiog I h sol utj to
that of native 1L-13, sanples of GST-clL-13 and cIL-f%~%§¥ﬂ%ﬁ§%égﬁg§on1
GST-cl L-13 by thronbin cleavage) were anal ysed by ELI SA. 96-wel | Maxisorp
pl ates (Life Technol ogies Ltd, Paisley, UK) were coated with clL-13,
GST-cl L-13, m L-13, hlIL-13 or gst in to carbonate-bicarbonate buffer,
overnight at 4C. Plates were then blocked with 3% BSA/ TBST for 1 hour at
RT, washed 3 tines in TBST, incubated with primary antibody for 1 hour at
RT then washed 3 times in TBST. Secondary anti body was added for 1 hour,
washed 3 tinmes in TBST, then devel oped with 0O-phenyl enedi am ne

di hydrochl ori de peroxi dase substrate ( g Sigma Aldrich) for 30 m nutes.
The 15 primary and secondary anti bodi es¥ised in this experinent were as

Speci 11 cal IR AR RReLP ool (qiifodeat SR 10002 Pedtith. To SEET DL 15

These dat a HasbdriRress New Ydrk). chi naeri sati on process has not grossly altered
the protein confirmation. 20 1.4 Binding of Chimaeric I1L-13 to receptors
ELI SAs were set up to deterni ne whether clL-13 could bind to either of the
known nousk3 | LCoaformetipn of Shimaericihedd or i L- 13R2). 96-wai| Maxi sorp

pl ates wege coated with anti-human 1gG (catal ogue nunber 1-3382, Sigma

Al drich) in carbonate 25 bicarbonate, huf fer overnigh 4 s Were
t hen bl ockel® mnfwmﬁgkd%$$a#%saf'm@0?°'5?"ﬂ§$° Wa%"ﬁ%‘&" 'Sﬁ"rfg ¥ TBST,
and i ncubatied3Widribiéd drGSRMLER did dil-i3 (gbABRddirdm &ST-dlyd8 bylﬁnbmbn;
491-1 R- 200 and 539-1R-100 re R+tD S t RT.
Af t er washidRpvags a'feé%aﬂﬂ)’?dl %%E%"&?“Ma’ﬂ?qrﬂﬁg%%*? %Q%H@OQ@E Ltoacl L-13 or
GST- ¢l L- 13 pAdioyl UKD Wersiéodtdd witeelbead, Ggmth-w]anLnGublb.thbr\ﬂﬁtlh 30
biotinylated anti-m L-13 al o nu Ié%‘@g o, Fol | owi ng
further VARG a?f‘Ricq ég%ﬁ ‘Wg ht g fg% n conJ u wIﬁg)rase radi sh
per oxi dase,pSA/fBST ﬁ:ﬂ‘hhbur &@ﬂSw&%Mhmb&hJ@%m%@@%’péﬂ“Mt h
0- phenyl enedi e S fisdd m nutes. As
shown in FI%B@ %" ﬂ‘ Wep%r@?sgﬁzggr ﬁgé;naﬁig%no blyﬁ%sto ei t her
of the nl L-ddded &zdioar, washeds times insERST dhan dayriopedwith §iohepdenediamiBRr i sat i on
process has;oto R3S béroRidbes Sibsks (BPB! SighaCAHidr) FBt a0 Minutes. The
15 primary and secondary antibodies used in this experiment were as described above.

As shown in Figure 4, GST-cIL-3 and clL-13 were specifically recognised by

antibodies to human IL-13 and mouse IL-13. These data confimm that the

chimaerisation process has not grossly altered the protein confirmation.

20 1.4 Binding of Chimaeric IL-13 to receptors

ELISAs were set up to determine whether clL-13 could bind to either of the known
mouse IL-13 receptors (miL-13R1 or mIL-13R2). 96-well Maxisorp plates were
coated with anti-human IgG (catalogue number |-3382, Sigma Aldrich) in carbonate- _
25 bicarbonate buffer overnight at 4°C. Plates were then blocked with 3% BSA/T BST for
1 hour at RT, washed 3 times in TBST, and incubated with miL-13R#-Fc or miL-
13R2-Fc (catalogue numbers 491-IR-200 and 539-IR-100 respectively, R+D
Systems) for 1 hour at RT. Afier washing, plates were incubated with dilutions of
miL-13 or clL-13 or GST-clL-13 for 1 hour at RT, washed again and incubated wrth
30 biotinylated anti-miL-13 (catalogue number BAF413, R+D Systems). Following
further washing and incubation with streptavidin conjugated horse-radish peroxidase,



5 1.5 Bioactivity of Chimaeric IL-13 The bioactivity of GST-clL-1 3 was
assessed by the ability of this protein to phosphor t he
human | ung fibroblast cell |line A549. These cells to express the human
type-2 IL-4 receptor that is responsive to both IL-4 and IL-13.

Stimul ation of these cells with hlL-4, hlL-13 or mL-13 induces

phosphoryl ation of the signalling protein STAT6.5x105 A549 cells were
plated into 60mmtissue culture dishes (Life Technologies) in RPM (Life
Technol ogi es) and grown to 70% confluence. Cells were then incubated with
bet ween 2 and 150ng/ m cytokine or 1s purified clL-13 for 15 mns at 37C.
Because the presence of a GST fusion pattner may after the bioactivity of
cytokines, the chimaeric IL-13 was assdyed as both GST- clL-13 fusion

t ei { |
0 W s e e o et <,
prepar ed anustratmﬂoyg@msmgteaxms!wnw biguren?. allird3 gpd GSTdl-38 aphthno- STAT6
usi ng Zoab%atigbhd%%hé?f&?ﬁﬂhﬂtg.ﬁg%p&%y AbSiAhesd8ath eefirh it thél t chi n,

Herts, Bl ofs were bl ocked overnight in 5%
BSA / TsthI(rBsn@ammm@saxhasz%@rqqstyrﬂ"s'regﬁﬁe Reoteln Pﬂ@'\ﬂ}?ﬂ‘iﬁ%. body is

phospho- 5speC|f|c 0.1 % Tween-20), primary antibody was added at 1/1000
for 1 hour RT then washed 3 &Fa s with TBST. Anti- rabbit HRP conjugated
secondary %tl%’&éﬁ"‘(‘ﬂﬁfﬁ magylg drich) was added at as 1/5000 for 1
hour at RT then washed 4 tinmes with TBST prior to developing with the HRP

of thi 5 e Fe DREY 3 BSarks Fae Archared B VB AR ERRRS Boca it the
f ol | ow ng phégpheryhite SWAllfalIl'eﬂ\byismaamngff ibAdbltst celHineAS40e Jhesh ealish. . . 2
Sopt oMb o a00o RS y lbedile bBHR URETE o GRS Bha g 13 (FAD
Stimulation of these cells with hiL-4, hiL-13 or mIL-13 induces phosphorylation of the
signalling protein STAT6. 5x1 0° A549 cells were plated into 60mm tissue culture
dishes (Life Technologies) in RPMI {Life Technologies) and grown to 70%
confluence. Cells were then incubated with between 2 and 150ng/ml cytokine or
15 purified cil-13 for 15 mins at 37°C. Because the presence of a GST fusion partner
may alter the bioactivity of cytokines, the chimaeric IL-13 was assayed as both GST-
cIL-13 fusion protein, and free cIL-13 liberated from the fusion by thrombin cleavage.
By way of control, rmiL-13 and GST were also tested. Cell lysates were then
prepared and analysed by Westem blot for the presence of phospho-STATE using
20 rabbit anti-phospho-STAT6 polyclonal antibody (NEB, Hitchin, Herts, UK. Catalogue
number 93618S). Blots were blocked overnight in 5% BSA / TBST (BSA must be A-
7906 from Sigma as primary antibody is phospho-specific, 0.1% Tween-20), primary
antibody was added at 1/1000 for 1hour at RT then washed 3 times with TBST. Anti-
rabbit HRP conjugated secondary antibody (A-4914, Sigma Aldrich) was added at
25 1/5000 for 1 hour at RT then washed 4 times with TBST prior to developing with the
HRP chemiluminescent substrate ECL Reagent (Amersham Pharmacia). The results
of this experiment are shown in Figure 6.

Each lane was loaded with the following protein:
30

Lane Lysates of A549 cells treated with...




450ng/ m cl L-13 510ng/ M cl L-13 62ng/ m cl L-13 7150ng/iné %T-él L-@SBSOng/ m
GST-cl L-13 96ng/ M GST-clL-13 10No treatnent 111 pg/ - /m GST
13Mol ecul ar wei ght markers Reconbi nant protein reagents were as descri bed
in Figure 3. Treatnent of A549 cells with 50 or 10ng/m (but not 2ng/m)

rm L-13 i nduced the 5 phosphorylation of STATE, indicating bioactivity.
Treatnent of A549 cells with 50ng/m (but not 10 or 2ng/m ) clL-13 induced
t he phosphoryl ati on of STATE, indicating bioactivity. Simlarly, 150ng/ m
GST-cl L-13 (which is approximately equivalent in nolar ternms to 50ng/ m
clL-13) is bioactive, whereas 30 and 6ng/m are not. CIL-13 is therefore
an agoni st at this receptor, but under 3I4hese experinmental io conditions is
approximately 5 fold | ess bioactive than mL-13. 1.6 Inmmunisation with
clL-13 clL-13 ang4GSt- 3 TR/ TRIL-93 GRE D Systemeiogens t i nduce the
formation of 1is i bodi es"aqainst mmuse-l1-13 in Balb/c nmce. Femal e
mce aged 6-8 wedls were gi verlOpaimisuct? (RADSYSIERE) inject{on of
approxi mat el y 30 zg—7proteir ' Gysiemafil uvant A) at the base
of the tail. Thi sl3vvas foll c?gv Mr!%‘g@gﬁ%ﬁ;pf prrhn%g 2005 3F boost er

i mmuni sations at |[#he same sit[E0ngfiellcdbhsi sting of approximptely 10g
protein in i nconﬁgefe—ﬁreunds ARG A13 TFAl Tor boosts.” Eafph treatment
group contained|5 animals, and fhey were ipmunised accordihg to the
protocol in Tablg62. 5 Tabl e p2ngfrakfi-Afuni sati on

7 150ng/mi GST-cIL-13

8 30ng/ml GST-clL-13

9 éng/ml GST-¢clL-13

10 No treatment

11 1pg/mt GST

12 0.25pg/ml GST

13 Molecular weight markers

Recombinant protein reagents were as described in Figure 3.

Treatment of A549 cells with 50 or 10ng/mi (but not 2ng/ml) rmiL-13 induced the
5 phosphorylation of STATS, indicating bioactivity. Treatment of A549 cells with
50ng/ml {but not 10 or 2ng/ml) cll.-13 induced the phosphorylation of STATS,
indicating bioactivity. Similarly, 150ng/ml GST-clL-13 (which is approximately
equivalent in molar terms to 50ng/ml cll-13) is bioactive, whereas 30 and 6ng/mi are
not. CIL-13 is therefore an agonist at this receptor, but under these experimental
10 conditions is approximately 5 fold less bioactive than miL-13.

1.6 Immunisation with ¢IL-13

clL-13 and GST-clL-13 were then used as immunogens to induce the formation of
15 auto-antibodies against mouse IL.-13 in Balb/c mice. Female mice aged 6-8 weeks

were given one subcutaneous (sc) injection of approximately 30pg protein in

complete Freunds adjuvant (CFA) at the base of the tail. This was followed by three



ASal ine control in CFA/IFA sic B30110g GST in CFA/I FA sic CNop | | sed
nai ve mice D30/10g GST-hIL-13 in CFAIIFA s/c E30/10g 4 Beptember, 3005 \°C ) -
F30/10g GST-clL-13 in CFA/IFA a/c DayTreatnent -12Pre-bleed OPrinary

I mmuni sation 141 Boost | nmunisation 27Tail bleed 42Tail bl eed 492 Boost

| muni sation 70Tail bleed 97Tail bl eed 993 Boost | nmunisation 113Tail bl eed
140Tai | bl eed Serum sanpl es were obtai ned by venepuncture of the tail vein
at the timepoints specified in Table 2. After clarification by
centrifugation, the sanples were assayed io by ELI SA for the presence of
specific 1gG responses to nouse |L-13, human IL-13 and GST. None of the
animals in groups A-D possessed anti-nopgse |1L-13 anti bodi es 2 Septenber,
2005 36 at any tinme point Al of the anfhals in groups B, D and F nade a

strong | gGPo 5@?&%@3 Lotk tr?]%a%épsué @éﬁﬂ@ﬁlsﬁ’ﬁé& dﬁﬁﬁﬁ‘(ln%ltél?"mp@”t i body

responses cause there T remaining I1n the clL-13 sanple

used to i mputeis in intarapleterfireunyds amwantrilﬁal;@r pbposts, &agh t[ﬁ?éf?e'i‘ SEPPhses were
| nduced | NobdeifefdlanBhald. 2k tv?é(}'va@é ﬁmﬁuhiaecgééadmu@ @K hidticoltrable 4.1 ve

ani mal s i n group Figure 7 (a and shows the serol ogical analysis for
one of these animals in group F and one of these animals
5 Table 2 -
Group Immunisation

A Saline control in CFAAFA slc
B 30/10g GST in CFANFA sfc
Cc Non immunised naive mice
D
E
F

30/10pg GST-hIL-13 in CFA/IFA s/c
30/10pg clL-13 in CFAAFA s/c
30/10pg GST-cIL-13 in CFA/IFA s/c

Day Treatment

-12 Pre-bleed

0 Primary immunisation
14 1 Boost Immunisation
27 Tail bleed

42 Tail bleed

49 2™ Boost Immunisation
70 Tail bleed

97 Tail bleed

99 3" Boost Immunisation
113 Tail bleed

140 Tai bleed

Serum samples were obtained by venepuncture of the tail vein at the timepoints

specified in Table 2. After clarification by centrifugation, the samples were assayed
10 by ELISA for the presence of specific IgG responses to mouse IL-13, human IL-13

and GST. None of the animals in groups A-D possessed anti-mouss IL-13 antibodies




fromgroup E 7b (gst - clL-13 immunised and clL-13 i g}sni sed! resg&gﬁi vely).
The results indicate that imunisation with GST-clL- £ abl e
to break tolerance to nlL-13, generating nouse anti-m L-13 anti bodies. 10
Sera fromtw mce (F1d70 and F5d97) that had strong anti-m L-13 1gG
responses, were tested for the capacity to neutralise the bioactivity of
rmL-13 In the A549/phospho- STAT6 assay. 20ng/m or long/m rmL-13 (R&D
Systens) were incubated with 1 %sera in serumfree RPM tissue culture
media for 15 mnutes at 15 roomtenperature prior to a 15 mnute incubation
at 37C with A549 cells. Cell |lysates were prepared and anal ysed by Western
bl ot for the presence of phospho- STAT636as previ ously descri bed above. Asa
negative control, anti-hlL-13 serumwas ™ obtained froma Bal b/ c nouse

I muni sed T- Rl - k% g anti-hlL-13
I gG responmér’q@ %J;rtta&il%fﬁ;{%%nﬁgﬂam I%Lée%ﬁd)[: ogﬁﬁo\ég"% control,

nor mal mousssperedaGRFs(ospipEghinglstalee Mmada ﬂ&l"gﬁf‘ﬁﬁﬁﬁmﬂfﬁ%ﬁt i body

( R&D Syst e%mu&é‘hf’ér&%@?%tr@ﬁémmﬁ iffhd-dNA) 3 bampie\Bed td malmmns@nt ration of

pvn-d € resu hi s experi nent areqsugg@ntjwn Iflkl In whi ch
the fo||omﬁg)\ﬁa@m@4§eﬂb§§@aﬂb®aﬁmﬁamm i S@ g‘LH‘fPaPWLS 13Nor nal
mouse serup Pahd'four Blitof Fvd\anifals Ll @ﬁg?imma%ﬂmslﬁdwsuhé?"\br mal
nouse serum ept enber, 2005 37 420, Il‘ Ser sample ,F1d70 510
ng/m rm qufslselpa'rﬁn@b{ﬁ'ﬁl%fqﬂfd’f e§6 2n ’"rgﬁ?‘iP 13 M4%70 720

nglm rm Lfr&n% El’vbgA —muwxnﬁwnm&lﬁ urtgﬂsdmmm|¢em:aémmw¢ly)L 13 nouse

serum 90 n‘Cllhe resLlrtg Ikdicl:atthat rnQIlnhmsation GSTcHM3 or clL-13 was able to break

tolerance to mll-13, generating mouse anti-miL.-13 antibodies.

10
Sera from two mice (F1d70 and F5d97) that had strong anti-mlL-13 IgG responses,
were tested for the capacity to neutralise the bioactivity of rmiL-13 in the
A549/phospho-STATS6 assay. 20ng/ml or 10ng/ml mlL-13 (R&D Systems) were
incubated with 1% sera in serum free RPMI tissue culture media for 15 minutes at

15 room temperature prior to a 15 minute incubation at 37°C with A549 cells. Cell
lysates were prepared and analysed by Westem blot for the presence of phospho-
STATS as previously described above. As a negative control, anti-hlL-13 serum was
obtained from a Balb/c mouse immunised with GST-hIL-13 and shown by ELISA to
have a strong anti-hiL-13 IgG response, but no anti-miL-13 antibodies. As a positive

20 control; normal mouse serum was spiked with a neutralising anti-miL-13 antibody
(R&D Systems, catalogue number AF-413-NA) to give a final concentration of 1

ug/mi.

The resuits of this experiment are shown in Figure 8, in which the following was

25 tested:
Lane Cytokine Antibody
1 20 ng/ml rmiL-13 Normal mouse serum
2 10 ng/ml rmit-13 Normal mouse serum
3 0 ng/ml miL-13 Normal mouse serum




10Mol ecul ar wei ght markers- 110 ng/m rm L-13Normal npuse serum t+
anti-mL-13 1220 ng/m rmn L-13Ser um sanpl e F5d97 131@§m%erum
sanpl e F5d97 140 ng/m rm L-13Serum sanpl e F5d97 1520 ng/m rm L- 13Nor mal
rm L- 13Nor mal nouse serum +

nouse serum + anti-ML-13 1610 ng/m

anti-mL-13 I mmunisation with a chimaeric |IL-13 i munogen of the invention

I nduces the
neutralising the

13),

production of auto-antibodi es agai nst nouse |L-13,
bi ol ogi cal

This activity

c

IS not present in nornal

apabl e of

activity of the nouse IL-13 (lanes 4, 5, 12,
in a fashion conparable to s exogenously added anti-mnurine IL-13
anti body (lanes 15, 16).

nouse

serum (lanes 1,2), nor in serumfrom a%iTmaIs | mmuni sed w th GST-hlL-13
(lanes 7, 8). These data provide a basi'S for treating mammals with an |L-13

dependent ttotog i Ggi nati Ng SR imYekiplcr 14703, and so 1 phduci ng an
endogenous {neutral i szldn’gmgrr#?hndy activity 1 F;ﬁbm ternative Constructs is
1.7.1 6 hi g5 agged |cOnglpl adkilgn. GST- gi3erum spAIEtHP) al | y produked
protein is fgrsotubt R FRPar €S S0l UNMEcydvh isample¥ri7oel ol di ng 1T nj vitro.
Si ze excludion chragmatography Indicates that the refolding-.2-Septienber.
2005 38 pridcess gq@naekmibddral di f fidMdiib-4BMPUss SEBEP f or ns, whi ch
suggest t hdtg—a  PrOoy ddMlimii-18NE T NUNEAHHERIIL4B heousé sBRIMJ dI T ectled agai nst
forms that nmay be gen rati ng L rrel evant a_n'ri bodies.-that..do not i nd nati ve
nmouse |L-139 5 Ther|dng/®! mpll<i3candi dat ¢ Afihlkrd® MRUSESARIML i ng t he| nost
pot ent neutfrgTsim ] TG mdrkets gLl 1 DOJY T €Sponses possi bl g For this
reason 6 hi 51?(:1 L-1 mgim?ﬁppn cloned. idto a WW—JGCI or,
manmal i an g4fr essed BnoMbmel1313 i s sol |Nar@abmauIRRRILRd 83 |ref ol di ng
invitro. 193 20 ngiml rmiL-13 Serum sample F5497

13 10 ng/ml rmiL-13 Serum sample F5d97

14 | 0ng/ml mIL-13 Serum sample F5d97

15 20 ng/ml rmiL-13 Normal mouse serum + anti-milL-13

16 10 ng/ml rmiL-13 Normal mouse serum + anti-miL-13

immunisation with a chimaeric iL-13 immunogen of the invention induces the
production of auto-antibodies against mouse [L-13, capable of neutralising the
biological activity of the mouse IL-13 (flanes 4, 5, 12,13),in a fashion comparable to
5 exogenously added anti-murine IL-13 antibody (lanes 15, 16). This acﬁvity is not
present in normal mouse serum (lanes 1,2), nor in serum from animals immunised
with GST-hIL-13 (lanes 7, 8).

These data provide a basis for treating mammals with an IL-13 dependent pathology

10

15

antibody activity.

1.7 Alternative Constructs

1.7.1 6 his tagged ciL-13 design.

by vaccinating them with clL-13, and so inducing an endogenous neutralising

GST-clL-13 is bacterially produced protein is insoluble and requires solubilisation
and refolding in vitro. Size exclusion chromatography indicates that the refolding



1.7.2 Figure 12 (SEQ ID NO 23 and 24) shows a vaccin ntigen

different anal ogous nutations are nade. Protein squégg%ﬂﬁﬁhﬁﬁggﬂﬁ§
according to a schenme where the glycine residue in the sequence "GPVPR' is
residue 1. Single wunderlined sequences correspond to the predicted helical
regions fromthe revised 15 structural nodel. Double underlined bold
residues indicate points at which nutations are incorporated Into the
nouse sequence: 11 nmouse Lau changed to Val (rat) 21 nobuse Ser changed to
Thr (non-orthol ogous) 20 63 nouse Tyr changed to Phe (non-orthologous) 71
nouse Gy changed to Al a (dog/pig/cow) 100 nouse Ser changed to Thr (dog)
104 mouse G n changed to Asn (non-orthoggpgous) 108 nouse H's changed to
Arg (non-orthol ogous) 25 1.8 Application to human therapy Figure 9 shows
one possi blpfooees Géneeatas ongeal diffeantisityfglded fdrine, Wiick seggest tatect ed at  the

production of anti-human |L-13 antj bodi | ' | be usef ul
for the 30 PNPB&PH@EF“’E?‘"M"&&%%P@ES%E%P g’?ﬁi@h@%%@@@%&@?‘vﬁyﬁe

| nappr opr i ateerhinglideletant apiibodidsdhataktriotbind fibtivesygusenlb«<i3cor respondi ng to
nouse | L-13 are underlined. The 2 Septenber, 2005 39 construct contains

twel ve am no-acid substitutes that are anal ogous to nurine IL-13. These
are: R->KafThesfdre thissGandidaBampy sotthieqged@rating themmesi potent aptdRlising aptt-posi t i on65

E- 4Dat posi {{08it -Fs Aniitlbhy FdshbRMEPolisiiBat POST i ondl

For this reason 6 his-ciL-13 has been cloned into a mammalian expression vector,
mammalian expressed 6 his-clL-13 is soluble and does not require refolding in vitro.
10
1.7.2 Figure 12 (SEQ ID NO 23 and 24) shows a vaccine antigen where different
analogous mutations are made. Protein sequence numbering accordingto a
scheme where the glycine residue in the sequence "GPVPR” is residue 1. Single
underiined sequences correspond 1o the predicted helical regions from the revised
15 structural model. Double underlined bold residues indicate points at which muﬁations
are incorporated into the mouse sequence:

11 mouse Leu changed to Val (rat)

21 mouse Ser changed to Thr (non-orthologous)
20 63  mouse Tyr changed to Phe (non-orthologous)

71 mouse Gly changed to Ala (dog/pig/cow)

100 mouse Ser changed to Thr (dog)

104 mouse GIn changed to Asn (non-orthologous)

108 mouse His changed to Arg {non-orthologous)

1.8 Application to human therapy

Figure 9 shows one possible vaccine antigen according to the invention directed at
the production of anti-human iL-13 antibodies in humans. This will be useful for the

30 treatment of diseases characterised by excessive or inappropriate IL-13, for example
asthma. The sequence corresponding to mouse IL-13 are underlined. The



H

10 M4l atposition85 G 4Hatposition87 Q 4Hatpositionll3 V-tl a%pos'b Lon115

D -Katpositionll7 15 Figure 13 (SEQ I D NO 25) shows oi&?é%%—ﬁ-ﬁe——é—gg ci ne
for human use based on Chimaeric IL-4. it is an Exanple of a chinearic
human | L-4 vaccine protein. Underlined am no-acid residues conprise the

al pha-helical structural regions and are derived fromnouse IL-4 wth the
inclusion of amno acid 21 into the first helix. 20 Plain synbols Indicate
am no-aci d resi dues derived fromhuman IL-4. Positions of the

al pha-helical regions are taken from Zuegg, J et al (2001) I|Inmunol and Cell
Bi ol 79:332-339. Exanple 2: Immune response to gst-clL-13 is specific for
mouse | L-13 and 25 does not cross reagh Wwth nouse IL-4. As nouse IL-13 is
structurally simlar to nouse IL-4, sera froma GST-clL-13 immunised nouse
(that had hasiuctBsing v ARinG-deidbubbtitites tHabhle-diRiszBus to rhdrine IL-13.

aut oanti baodi es) was anal ysed for cross-reactivity to nouse |IL-4 using an
anti - mousel™§@ P& 4 ELISA and an in vitro mL-4 neutralisation bi oassay. 2
Sept enber ,r2005 40 R. 1 Anti -positieR | L-3p ELI SA. 96-wel | Maxisorp plates were
coated with antj - se | ocl on anti body (Cat. No. MAB404, R+D
Systens) | car"bog%e bf ar E‘PB buf er overnight at 4C. 5 Plates were

t hen bl ogked \M—th 3=% BSaf TBSJibsftion 1 rﬁsur at RT, washed 3 tines in TBST,
and incubafed w use, I L-4 {ﬁggt 404- ML- 005, R+D Systens) for |

hour at . After shi ﬁb ptfog S wer€ incubated with nouse sera for 1 hour
at RT, weBhed-agai andtl nowisilioed wi&Bh HRP conj ugat ed anti-nmouse |1gG

pol ycl onalE anty bo C?{ D!% 5930%4 SI GVA) . Fol I owi ng further washing,
the plates Were io deve oped wth 0-p enyI enedi am ne di hydrochi ori de

per oxi daséKsubstratRe f oat 30 position 81 :

10 M - | at position 85
G - H at position 87
Q < H at  position 113
\Y ~ l at position 115
D - K at position 117

15
Figure 13 (SEQ ID NO 25) shows one possible vaccine for human use based on

Chimaeric IL4. It is an Example of a chimearic human iL-4 vaccine protein.
Underlined amino-acid residues comprise the alpha-helical structural regions and
are derived from mouse IL-4 with the inclusion of amino acid 21 into the first helix.

20 Plain symbols indicate amino-acid residues derived from human IL-4. Positions of
the alpha-helical regions are taken from Zuegg, J et al (2001) Immunol and Ceii Biol
79:332-339.

Example 2: Immune response to gst-clL-13 is specific for mouse IL-13 and
25 does not cross react with mouse IL-4.

As mouse IL-13 is structurally similar to mouse IL-4, sera from a GST-cIL-13

immunised mouse (that had been shown to contain high titre antb-mouse {L-13

autoantibodies) was analysed for cross-reactivity to mouse IL-4 using an antimouse
30 IL-4 ELISA and an in vifro miL-4 neutralisation bioassay.



m nutes. The |l evel of anti-nouse IL-4 antibodies in the ser
as an endpoint titre. The endpoint titre is defined &% 2 | £
serumthat |Is equivalent to twice is the ELISA background readi ng.
MouseAnti -mouse I L-4 Anti-nouse |IL-13 anti body end int titreanti body
endpoint titre C2 1/9001/ 80000 (serum sanple taken at day 125, post 4 X
GST- clL-13 vaccine doses) A very |low |l evel of nouse IL-4 cross-reactivity
was detected in this serumsanple. In contrast, a nmuch hi gher anti-nobuse

I L-13 anti body endpoint titre was previously 20 determned in this serum
sanpl e, using an anti-nouse |IL-13 anti body ELI SA. The I|evel of nouse 1L-4
cross-reactivity determned by this ELI%A, woul d not be expected to have
nouse I L-4 neutralising effects in vivdt? This serum sanpl e was assessed for
nmouse | L-4,peutrali | gN ity In an in vitro nouse |IL-4 bioassay. 25 2
Septenber,zgoogkﬁémgaééﬁﬁ4giﬁﬁg nouse | L-4 neutralisation bioassay. Mpuse

| L-4 stinmulates the proliferation of CTLL cells in vitro. An assay was

therefore i ithl dhti L4hforiBRiénal dnkibddy (Cat.
neutrali sa??@%ﬁ(&%%ggﬁpt@b%%]@égﬁw@ ré(g‘rtnﬁ;ﬁﬁ%?ﬁﬁ- clL- l%ﬂ\ﬁl‘ 'yn(ataed nouse.

To measur eNoHdABSNM, R+ Sisteratlde carbpnate-bisarhanaip AufirOVEHd ivity of
r ecombi NgNp1dARHSE tHeh HocRBd WRH 3% BSABET!brSt Rdurat RNOwadhed 31thes, in ECACC)
3ng/ M reconbl nant  nouse |L-4 was i ncuﬁaticdﬁ_em{# Vl?-élj.) us, co ﬁe trations of
sera for 1TBSTrandincypated with repsgdl-dLfat Nog Pu %‘@F@sp hVi t rogen) .
Fol | owi ng hdlirst RTSARSHWERRAINGOPIa®S WeRsincuBEtad withehbssersure farddedr afRE, assay
mxture, C&Qéh@dggg% a\:izcilrirlxc%%sate%%it'fwrpllgl!’ logx;[jlljgoart]esd anti-mouse IgG polyclonal
antibody (Cat. No. A-9309, SIGMA). Following further washing, the plates were
10 developed with 0-phenylenediamine dihydrochloride peroxidase substrate for 30

minutes.

The level of anti-mouse IL~4 antibodies in the serum was expressed as an endpoint
titre. The endpoint titre is defined as that dilution of serum that is equivalent to twice
15 the ELISA background reading.

Mouse Anti-mouse IL-4 Anti-mouse IL-13
antibody endpoint titre | antibody endpoint titre

11900 1/80000

c2
(serum sample taken at
day 125, post 4 x GST-
clL-13 vaccine doses)

A very low level of mouse IL-4 cross-reactivity was detected in this serum sample. In
contrast, a much higher anti-mouse IL-13 antibody endpoint titre was previously

20 determined in this serum sample, using an ant-mouse IL-13 antibody ELISA. The
level of mouse IL-4 cross-reactivity determined by this ELISA, would not be expected
to have mouse IL-4 neutralising effects in vivo. This serum sample was assessed for
mouse IL-4 neutralisation capacity in an in vitro mouse IL-4 bioassay.



reconbi nant nouse |L-4 and CTLL cells, was incubated at 37C for 70 hours In
a humidified O incubator. MIT substrate (Cat. No. Z3gptember, 2005 oo
added during the final 4 hours of incubation, after which the reaction was
stopped with an 15 acid solution to solubilise t he netabol i sed bl ue
formazan product. The absorbance of the solution in each well was read in
a 96-well plate reader at 570nm wavel ength. Note that this assay is only
able to neasure nouse |IL-4 neutralisation capacity in serumdilutions
greater than or equivalent to 1/100. Serumdilutions less than 1/100 20

I nduce non-specific proliferative effects in CILL cells. The capacity of
the serumto neutralise nouse IL-4 bioggtivity was expressed as, that
dilution of serumrequired to neutralise the bloactivity of a defined

amount of o SIOURAIHrb Mo IEXAdutraliBRton bibagsaypr e dil ute serum sanpl e

required, the nore 25 potent the neutralisation capacity. The hi ghest
concentration of nouse C2 serumtested was a 1/100 dilution. This did not

neut r al i seyduae Ibiteaatiaidsitye prolifdrgibniof CTLIS eslkslin vitrbyArbadday was tiedrefoes t he ND50
S expressed as, < 11100 dil ution use

1L- 4Mous e develeredia fasgcplls, 19 %ﬁeﬁﬁwﬂ?ﬁﬁg "?@E?ﬁ"’dh‘%i’ag@m t %ﬁm

( ser um safRhethisaGSTcit 13lVatoifated dfusday 125, post 4 x GST- clL-13 vaCC| ne
doses) No nouse IL-4 neutralisation capacity was detected in this serum

sanple at the dilutions of serumtested. In contrast (when assessed for
nmouse | L- Td measurathe shiifyad nbusa peruit ip)neutrtlise thecbioaativibgfi recqsohieant| y

neut 3l | e, 1458 dhlickdo AT ol o OB IHAECAEEPShgn B!  MoUG 2

very | ow | nouse | S-react can neasure the serum by
an anti - noosuse|lll-4 4vagindubaied uﬂmvgmuawepenttaélomﬁﬁf sera for 1 hour at 37 ina

10 98-well tissue culture plate (Invitrogen). Following this pre-incubation period, CTLL
cells were added. The assay mixture, containing various serum diiutions,
recombinant mouse IL-4 and CTLL cells, was incubated at 37°C for 70 hours in a
humidified CO; incubator. MTT substrate (Cat. No. G4000, Promega) was added
during the final 4 hours of incubation, after which the reaction was stopped with an

15 acid solution to solubilise the metabolised blue formazan product. The absorbance of
the solution in each well was read in a 96-well plate reader at 570nm wavelength.

Note that this assay is only able to measure mouse IL4 neutralisation capacity in
serum dilutions greater than or equivalent to 1/100. Serum dilutions less than 1/100
20 induce non-specific proliferative effects in CTLL cells.

The capacity of the serum to neufralise mouse IL-4 bioactivity was expressed as, .

that dilution of serum required to neutralise the bioactivity of a defined amount of

mouse IL-4 by 50% (= NDsg). The more dilute serum sample required, the more
25 potent the neutralisation capacity.

The highest concentration of mouse C2 serum tested was a 1/100 dilution. This did
not neutralise the bioactivity of 3ng/mi mouse IL-4 by 50%, therefore the NDy is
expressed as < 1/100 dilution.

30



associ ated nouse |IL-4 neutralisation capacity. 10 2.'33 %w nouse ;:Elié?’
neutral i sati on bioassay to assess the nouse 1L-13 n € 5 pacity
of nouse serum sanpl es. Previous GST-clL-13 bloactivity and nouse |L-13
neutralisation capacity data were 15 generated using a STAT-6

phosphoryl ati on readout in A549 cells. This assay was cunbersone and not
easily anenable for the generation of quantitative data. Mouse |IL-13
stinulates the proliferation of TF-1 cells in vitro. An assay was

therefore developed in these cells to assess the nouse |IL-13 neutralisation
capacity of serumfrom GST-clL-13 vaccinated mce. 20 2.4 in vitro nouse

I L-13 neutralisation bioassay. To nmeasyie the ability of npbuse serumto
neutralise the bloactivity of reconbinant nouse IL-13 on human TF-1 cells
(obt ai ned i prtousgyo ATy T TECOTORBaEs P USe 5 | LMbasd@s13ncubpted with
various concentrations of ser|g,dupfalidatisitéapiicity | Relftalisation caphtity | ssue
culture plate (Invitrogen). Hollow ngpLf)i s preqi ncubagmpg) periodj TF-1
cell's wereadued—ghe assay [M XtTure,” contal ni fig various serumdjlutions,

r econbi nant LENRS takeA@PT 43 nougpeobl- 13 apd TF- 11&8bhs, was|incubated
at 37C for 7%: 958 Dokiy Agaym|di fied CO2 incubator. MIT substratp (Cat. No.
(4000, Pronegqy).19% o)irli ng the final 4 fours of incubatiop, after
whi ch the reaction was stopped wth an acid solution to solubilise the

nmet abol i sed bl ue fornmazan product. The absorbance of the solution in 5 each

vel | was neifhobds R-Ofsutalidatioh sisacip ade teatted TN serunebampielat thdot e that this

assay is only able to nmeasure nou | L-13 neytralisati | In serum
di | utions C@Pé?ﬁséﬁf s?rHHHe%tPajﬂW@tﬁ%&hqnc?sﬁsf@g}mgéoruﬁﬁﬁlﬂ??l'] lﬁ%ﬁgétfoéss t han
1/100 i PCHARBCIHyS IhiS B sapnghs potehity rdutrakisediniavse iL-1hbidactiviteel | s. o0 The
capacity of the serumto neutralise nouse |IL-13 bioactivity was expressed
as, that dilution of serumrequired to neutralise the bioactivity of a

defined anmiess data defmousteats that Although @Xe(y-lowibve) of Muse ot crassireadiviier um
sample r e%%hrrr?e%suFegeln 2 sarum by an anti-mouse IL-4 antibody ELISA, there is no

associated mouse IL~4 neutralisation capacity.

10
2.3 New mouse IL-13 neutralisation bloassay to assess the mouse 1L-13

neutralisation capacity of mouse serum sampies.

Previous GST-clL~13 bioactivity and mouse IL-13 neutralisation capacity data were

15 generated using a STAT-6 phosphorylation readout in A549 cells. This assay was
cumbersome and not easily amenable for the generation of quantitative data.
Mouse IL-13 stimulates the proliferation of TF-1 cells in vitro. An assay was
therefore developed in these cells to assess the mouse IL-13 neutralisation capacity
of serum from GST-cIL-13 vaccinated mice.

20 .
2.4 In vitro mouse IL-13 neutralisation bioassay.

To measure the ability of mouse serum to neutralise the bloactivity of recombinant
mouse IL-13 on human TF-1 cells (obtained in-house), Sng/mi recombinant mouse
25 IL-13 was incubated with various concentrations of sera for 1 hour at 37°C in a 96-
weli tissue culture plate {Invitrogen). Foliowing this pre-incubation period, TF-1 celis
were added. The assay mixture, containing various serum dilutions, recombinant




potent the neutralisation capacity. is The nouse IL-1 eutralis 6 n
capacity of serum from GST-clL-13 inmunised mce Was—%#éﬁﬁgiﬁlbg—hge above
met hod. Potent |1L-13 neutralising responses were generated, as indicated
bel ow. MouseMouse |L-13 (Serum sanpl es takenneutralisation capacity at day
125, post 4 x(ND50) GST-clL-13 vaccine doses) O 1/1250 C21/5230 C31/523
C41/ 417 C51/ 1670 20 2 Septenber. 2005 44 2.5 Determ nation of the |evel of
nouse | L-13 neutralisation required for efficacy in the 'oval bumn

chal | enge' nouse asthma nodel. In order to benchmark the required potency
of an IL-13 autovaccine for treatnent of 5 asthma, mce were treated with
various doses of rabbit anti-nouse IL- pol ycl onal anti body (adm ni stered

passively by infra-peritoneal Injection) during oval bumn challenge, in
t he ' oval bigiige ILHaldnaTet céleWwas insiitied a6878E forlVodelirs(ia bamiidified Cowch as

i 1 vt oPgutaG ML AUGRHEtaCRE it SePB S Tamepel e nocky Spr e f non
E1 11 cacy | mutsotinubatirehtonticistheredaion has sioppe Wit ah acidfoltiorso | L- 13
b1 onseay iATHEEI oRErlsR bR 5 Eh Moo PndBtiBRdbo poRBMG 7 OF | |

ser um sanpéach. wellivestreashin agitouell plbleseader al 870nm wavelength.

Note that this assay is only able to measure mouse [L-13 neutralisation capacity in
serum dilutions greater than or equivalent to 1/100. Serum dilutions less than 1/100
induce non-specific proliferative effects in TF-1 cells.

19 The capacity of the serum to neutralise mouse IL-13 bioactivity was expressed as,
that dilution of serum required to neutralise the bioactivity of a defined amount of
mouse IL-13 by 50% (= NDsg). The more dilute serum sample required, the more
potent the neutralisation capacity.

15 The mouse IL-13 neutralisation capacity of serum from GST-cll.-13 immunised mice
was measured by the above method. Potent IL~13 neutralising responses were
generated, as indicated below.

Mouse Mouse IL-13
(Serum samples taken | neutrallsation capacity
at day 125, post 4 x {NDso)
GST-cIL-13 vaccine
doses)
c1 1/1250
c2 1/5230
C3 1/523
C4 1/417
C5 1/1670

20




(Dose of passively neutralisation capacity adm nistered rabbit anti- (ND50)
nouse |L-13 antibody) Hi ghest dosel14100 H h dosel/ 2Septamber, 2005 74
Lowest dosel/ 207 15 Treatnment groups given the highest three doses of
anti body all perfornmed simlarly. Al of these three groups showed
efficacy equivalent to (for AHR) or better than (for GCM the gold
standard treat nent (dexanethasone, adm nistered by the intraperitoneal
route at 3 x 1.5ng/kg) used in this nodel. The '|owest dose' of 20 anti body
adm ni stered, showed efficacy sonewhere between that of dexanmethasone and
the 'no treatnent' positive control groups. Therefore the level of IL-13
neutralisation achieved in the 'md dosg treatment group, represents the
required potency threshold for an IL-13 autovaccine in this 2 Septenber,
2005 45  aqkNMeipaimffthatiol\6F the 16Vel bf mdues N3 nbatraliRiationdequirddor| ovest | evel
of 1L-13 neutralisation in muse sqrun&? requi red%}z show 100% efficacy in
I me e.q

t he ast hneeffigamy in the-‘qualiymin ghallepge, . 3PERP Ot ui val ent to an ND50 of
1/476. s Significance of defined potency threshold. The. level of IL-13

neutralisation required for efficacy in the,'Qv ] of Mouse
ast hma rmod@lorggrdo penshmags ﬁ%ﬁéﬁq%g\@?anﬁgﬁ%l&e@s&%&%ﬁi@?gé ral Psat i on
i nduced RByadBiSia, Ghite Ward treatedowittOlaribua ddsestof rabibit anti-neouse dis-18 polyelenglot ency
threshold iqg required for, efficacy.| \ LaBs/id esul ts are
i 11 ust r at @ntipRdY éﬂﬁ'ﬂr@mﬁ’fq p?ﬁ%'(eg* gﬁ’@hﬁwtgn@%ﬁ]%g})@g iTe woul d be
expect ed t ghalérays, Bifthé tealpuinin cHallengetimeusegsthma medele| Model parameters

such as airway hyper-responsiveness (AHR), goblet cell metaplasia (GCM) and lung

inflammatory cell content were measured at the end of this experiment. Efficacy in

10 this model was correlated to the levels of mouse IL-13 neutralisation achieved in
mouse serum. The mouse IL-13 neutralisation bicassay was used to determine the

level of mouse IL-13 neutralisation in serum samples.

Treatment group Mouse IL~13

(Dose of passively neutralisation capacity

administered rabbit anti- {NDsp)

mouse IL-13 antibody)

Highest dose 1/4100

High dose 1/2670

Mid dose 1/476

Lowest dose 17207

15
Treatment groups given the highest three doses of antibody all performed similarly.

All of these three groups showed efficacy equivalent to {for AHR) or better than (for
GCM) the gold standard treatment (dexamethasone, administered by the
intraperitoneal route at 3 x 1.5mg/kg) used in this model. The "lowest dose’ of

20 antibody administered, showed efficacy somewhera between that of dexamethasone
and the ‘no treatment’ positive control grdups.

Therefore the level of IL-13 neutralisation achieved in the ‘'mid dose’ treatment
group, represents the required potency threshold for an IL-13 autovaccine in this



I's Exanpl e 3: Immunogenicity Profile of GST-clL-13 i% éoq%iq?tigﬁﬁgtr1
various adjuvants. 3.1 Imunisation protocol. 20 GS = d as an
i mmunogen to induce the formation of auto-antibodies against nouse |L-13
in Balb/c mce. Female mce aged 6-8 weeks were given one injection of
approximately 100g protein In adjuvant. This was followed by four booster
| mruni sati ons each consisting of 50pg protein in adjuvant (See bel ow for

i mmunogen + adj uvant fornulations). Each treatnent group contained 5
animals, 25 i muni sed according to the protocol in the table below Serum
sanpl es were obtained by venepuncture of the tail vein at the tinmepoints
specified. After clarification by centjsfugation, the sanples were assayed
by ELISA for the presence of specific 1gG responses to nmouse |L-13. 30 2
Sept enber anigPmod. Di@patbnenthieshold ddeNOST as the-IdBest levaRF3LW BGST-cl L- 13 in

Alum Up CGST-clL-13 in' | mmunEasy! - - : | GodepST-cl L- 13
in PBS a/ Ee'l’—tﬁi‘s? MOPY BHEMpE P@O@%L ﬁbg’r%ﬁﬁcgénd é‘gr:sﬁ‘n%r@ I muni sati on
211boost (#EDkb) &t £Dfw BShaicfore baavalemt2th eo NDss ofiMibsat i on 63Tai | bl eed
773boost i mruni sation

5 Significance of defined potency threshold.

The level of IL-13 neutralisation required for efficacy in the ‘ovalbumin challenge’

mouse asthma model has been defined above. The levels of IL-13 neutralisation

induced by GST-clL.-13 in mice C1-3 and C5, are in excess of the potency threshold
10 required for efficacy in the asthma model. These results are Hlustrated in figure 11.

Therefore the GST-clL-13 vaccine would be expected to show efficacy in the mouse
asthma model.

15 Example 3: Immunogenicity profile of GST-clL-13 in combination with various
adjuvants.

3.4 Immunisation protocol.

20 GST-clL-13 was used as an immunogen to induce the formation of auto-antibodies
against mouse IL-13 in Balb/c mice. Female mice aged 6-8 weeks were given one
injection of approximately 100pg protein in adjuvant. This was followed by four
booster immunisations each consisting of 50ug protein in adjuvant (See below for
immunogen + adjuvant formulations). Each treatment group contained 5 animals,

25 immunised according to the protocol in the table below.

Serum samples were obtained by venepuncture of the tail vein at the timepoints
specified. After clarification by centrifugation, the samples were assayed by ELISA
for the presence of specific IgG responses to mouse IL-13.

30




92Tai|l bl eed 1064boost i munisation 125Tail bl eed 3.2 Innunogen + agjuvant
formul ation. $ Preparation of enulsion adj uvant ASO3: 2 ssol ved
i n phosphate buffered saline (PBS) to give a 2% solution in the PBS. To
provide 100 m two-fold concentrate enul sion 5g of DL al pha io tocopherol
and 5mL of squal ene are vortexed to m x thoroughly. 90nl of PBS/ Tween
solution is added and m xed thoroughly. The resulting emulsion |Is then
passed through a syringe and finally mcrofiuldised by using an ML10S

m crofiuidics machine. The resulting oil droplets have a size of
approximately 180 nm 2 Septenber, 2005 47 Mx adjuvant 1:1 with protein
solution, vortex briefly (10 seconds aygm ddl e speed) and incubate for 10
m nutes at roomtenperature on an orbital shaker. Vortex briefly before

i njection ang actgidapste' 100ul tot allrmmaﬂsmminon per nousejby the

i nt ramuscul af—oute—at—pP-separat i 56ut—per{nouse, one
injection in each s quaflri ceps n{%g'g')t'13¢?§§3$gﬁ'fresh bef ¢re each

i muni sationf Alup Supplied by SBSI\‘AQILE‘CBithﬁpA- 1577) Prepare a 2ng/ n
suspensi on oft—alwpin BS—M- ..L. r-otetrm|sol uti on, vortex
briefly and Mcub;ﬁe shpaki ng |§S 1%%‘?'? gﬁmﬁgﬁyrﬁjﬁs at _noom tenperature.
Vortex brieflly belpre 1h ectl on %TE}CILalaﬁnﬁiFﬂ\ﬂEAsmOOUI tot 4l suspension per

nmouse i/ p. Prepare—fresh—befoere—esn om—CpG—=| munEasy i s
Supplied by @ ggeﬁ (Cat} No. 30310 ?T’CNA Jﬂ”t'" éflock pot of adj uvant by

J.

gentle vort¢xingF then m x adj uvarNoii’miJniaatiquor ot e| n by gpent |y pipetting
up and down 3—ti-mes—iheubate—at—roomtenperaturefor—iI5 mnutes. Gently
Prloggtet gyt[]ﬁeml )I’(lt ;Jalrruscgf'grcn 5 H—r‘.".:s.ra..ﬁmw. Aat-ster 100ul suspensi on per

-7 Pre-bleed

0 Primary immunisation

21 1% boost immunisation

35 Tail bleed

49 2" boost immunisation

63 Tail bleed

77 3" boost immunisation

92 Tail bleed

106 4™ boost immunisation

125 Tail bleed

32 Immunogen + adjuvant formulation.

Preparation of emulsion adjuvant AS03:

Tween 80 is dissolved in phosphate buffered saline (PBS) to give a 2% solution in
the PBS. To provide 100 ml two-fold concentrate emulsion 5g of DL alpha

10 tocopherol and 5mi of squalene are vortexed to mix thoroughly. 20ml of PBS/Tween
solution is added and mixed thoroughly. The resulting emulsion is then passed
through a syringe and finally microfluidised by using an M110S microfluidics
machine. The resulting oil droplets have a size of approximately 180 nm.



route at 2 separate sites (le. 2 x 50ul per nouse, oge inieciiogiiﬂieach
quadriceps 20 nuscle). Prepare fresh before each i er FA
Supplied by SIGVA (Cat. Nos. F-5881, F-5506). Fornulate 1:1 with pre-m xed
CFA for primary or IFA for boosts. Wirlimx sanple to ensure an even
white suspension 25 with the CFA/IFA. Store on ice for at |east 30 mns
prior to use and whirllmx thoroughly prior to dosing. 3.3 Anti-nouse

| L-13 anti body responses. 30 Anti-nouse |IL-13 anti body responses were
nonitored in the serum sanples using an anti-nouse |IL-13 anti body
detection ELI SA. 2 Septenber, 2005 48 96-wel| Maxisorp plates were coated
with anti-nmouse |L-13 nonocl onal antib gy (Cat. No. MAB, R+D Systens) in
car bonat e- bi carbonate buffer overnight at 4C. Plates were then bl ocked

Wi th 3% BWZWaJt% ﬂrtmﬂ'éfenﬁéonfﬁlsn mhwe@ (t10'§B§oﬂdBatiFﬁiﬂlé spued) i ncubat ed
Wi th nmouse [L-13 (Ca 13- M.- 025, R+D

stema for
After was Wﬁ@wbﬁtﬁtf@ﬁ%mﬁteﬁﬁ&[%’&l@ﬂ‘we gKsf- qrpf'é‘th"
washed agdjefbré i ctn&?ﬂﬁtﬁé&dlnl&t&hOﬁREbtﬁKﬁ%p@&Weﬁﬁiohsﬂb}am | gG pol ycI onal

anti body (SI GVA, Cat. 0 further washing.the,pl ates
Nere ey NGRSO Tuts SAsApBtratlen (8 X ST Bokreer INgP ) cheel

subst r at & quadricés mitistlg). ERrepdr8 frEbk bbferetachfimmunisatimuse | L- 13 antibodies in
the serum was expressed as an endpoint titre. The endpoint titre is
defined as that dilution of serumthat is equivalent to twice the ELISA

backgr oun@lamadi ng. MouseAnti-nouse |L-13 antibod end int titre

ASOSA UnOCEALLEA, 10R04 1350 R0 MLHR0 A RPERMARSTAARIRL 075

31/1601/9
PBS. Mix adjuvant 1:1 with protein solution, vortex briefly and incubate shaking
10 gently for 10 minutes at room temperature. Vortex briefly before injection and
administer 100ul total suspension per mouse i/p. Prepare fresh befors each
immunisation.

CpG - ImmunEasy
15 Supplied by Qiagen (Cat.No. 303101). Mix the stock pot of adjuvant by gentle
vortexing, then mix adjuvant 1:1 with protein by gently pipetting up and down 5
times. Incubate at room temperature for 15 minutes. Gently pipette the mix up and
down 5 times and administer 100ul suspension per mouse by the intramuscular
route at 2 separate sites (je. 2 x 50ul per mouse, one Injection in each quadriceps
20 muscle). Prepare fresh before each immunisation.

CFANIFA

Supplied by SIGMA (Cat. Nos. F-5881, F-5506). Formulate 1:1 with pre-mixed CFA

for primary or IFA for boosts. Whirlimix sample to ensure an even white suspension
25 with the CFA/IFA. Store on ice for at ieast 30 mins prior to use and whirlimix

thoroughly prior to dosing.

3.3 Antl-mouse IL-13 antibody responses.

30 Anti-mouse IL-13 antibody responses were monitored in the serum samples using
an anti-mouse IL.-13 antibody detection ELISA.




41/ 90001/ 650011625001 / 16000 51/36001/1000011775001/3&000 1E Fi%ﬁif 10
Illustrates the anti-nouse |IL-13 anti body profiles i t eat nent
groups at day 125, for serum sanples diluted at 1/100. 20 Al five mce

| muni sed with GST-clL-13 in conbination with CpG adj uvant raised strong
anti-nouse |L-13 auto-antibody responses. This Is in contrast to the other
adj uvants, where responses were | ess consistent throughout each group, sone
mce raising very weak responses indeed. 25 These results indicate that
CpG adj uvant is nuch nore effective at raising consistent high W
anti-nouse |L-13 auto-antibody responses conpared to the other adjuvants
tested. 2 Septenber, 2005 49 These serugys sanpl es were anal ysed for |1L-13
neutrallsing ability in an in vitro IL-13 neutralisation bioassay. 3.4

| L- éLB In_eut g?.weﬂggdx@aﬂpmat_ ; gwb}@ c&tipmmmtmheuémE-ﬁlkrMﬂdgLonafahnﬁbu@eTéerl um Itlo
neutralise the bi v of r.econbi na nmou - N -1 cells
(ATCC Cat . (G N‘C&d%fg gy‘jﬁ'@?)ﬂp GP%B%%%ERWE'F?DE‘U@IQ' %Y_Eir%gh\/%{sqaﬁ? ‘ncubat ed

wi t h vari opmtesoisre tiigndiockes with 3%BSATBSTHohbhourat R3/Washed tidés el | ti ssue
culture pl (G hco . BRL) ... Fol | ow N iP5 e | ' TF-1 io
cell's wer e?éga'e@dqwa%l)sw ’H??&%mr@g (égiﬁﬁ g é\fdngnégrg‘?%tg%gggﬁﬁr %Ir futions,

r econbi nanhourat 8F. Afterhashing, fates weees insubaisdwithmobse sefa fr 1370 BURT,70 hour s
in a hum dif,i I d,“%m Promega) was
added dur Wﬁ#@%@gﬁ%@ﬁ%ﬁﬁgﬂr@yg?%gﬁggétlg%ﬁ?t‘-g?{’?éerIB%Hc t%’e reaction was
st opped wi afitibedy (SIGMA, Sat.Nd. A-0309).sioollewingi fudher washing theablplea weps ue f or nazan
product. T I \ ; dﬁ‘ﬁrﬁ | | feaRibstri@tor3pad I n a
96-wel | pl g&%ﬁ%@%ﬂ%%@%l e QWBHN%% gert%ﬁgt this assay is only able
to measuremimdgse | L-13 neutralisation capacity in serumdilutions greater
than or gquivalent to 1/100. Serumdilutions less than 1/100

The level of anti-mouse IL-13 antibodies in the serum was expressed as an endpoint
titre. The endpoint titre is defined as that ditution of serum that is equivalent to twice

the ELISA background reading.
Mouse Anti-mouse IL-13 antibody endpoint titre

ASQ03 Alum CpG CFA/IFA
1 1/875 1/7250 1/67500 116750
2 1/9250 1/800 _1/80000 1/975
3 1/160 1/9000 1/54000 1/6000
4 1/2000 1/6500 1/62500 1/16000
5 1/3600 1/10000 1777500 1/31000

15

Figure 10 flustrates the anti-mouse IL-13 antibody profiles in the various treatment
groups at day 125, for serum samples diluted at 1/100.

20 All five mice immunised with GST-cIL-13 in combination with CpG adjuvant raised
strong anti-mouse IL-13 auto-antibody responses. This is in contrast to the other
adjuvants, where responses were less consistent throughout each group, some mice
raising very weak responses indeed.

25 These resulis indicate that CpG adjuvant is much more effective at raising _
consistent high titre anti-mouse IL~13 auto-antibody responses compared to the

other adjuvants tested.




I nduce non-specific proliferative effects In TF-1 cells. 20 25 apacity
of the serumto neutralise nouse |IL-13 bloactivity mé%§%&¥¥%§%%gﬁﬁgf t hat
dilution of serumrequired to neutralise the bioactivity of 5ng/m nouse
IL-13 by 50% (= ND60). The nore dilute serum sanple required, the nore
potent the neutralisation capacity. The highest concentrati on of nmouse D5
serumtested was a 1/100 dilution. This did not neutralise the bioactivity
of 5ng/ M nouse IL-13 by 50% therefore the ND50 is expressed as < 1/100
dilution. 30 2 Septenber, 2005 50 Mouse Mouse |L-13 (Serum sanpl es taken
neutralisation capacity at day 125)(ND,) C 1/1250 C21/5230 C31/523 CA41/ 417
C5111670 D5 <1/100 Day 125 serum sanmpies fromall five mce Immunised with
- GST-clL-13 in conbination with CpG adjuvant, were able to potently

neutral i S?h&él@sé?urﬁ%ﬁhbtéh%ér&énalﬁéﬂ$@' IL113 h3uiralisivg abilitpintandn bkrodisday. | n
contrast, the day 125 serum sanple froms nouse D5 (imunised with

GST-cl L- 1“3“WS@PM%§§3XAHS unable to neutralise the bioactivity of nouse
IL-13 at all dilutions tested.

3.4 IL-13 neutralisation capacity.

To measure the ability of mouse serum to neutralise the bioactivity of recombinant
mouse IL-13 on human TF-1 cells {ATCC Cat. No. CRL-2003), 5ng/ml recombinant
mouse IL-13 was incubated with various concentrations of sera for 1 hour at 37°Cin
a 96-well tissue culture plate (Gibco BRL). Following this pre-incubation period, TF-1
10 cells were added. The assay mixture, containing various serum dilutions,
recombinant mouse IL.-13 and TF-1 cells, was incubated at 37°C for 70 hours in a
humidified CO, incubator. MTT substrate (Cat. No. G4000, Promega) was added
during the final 4 hours of incubation, after which the reaction was stopped with an
acid solution to solubilise the metabolised blue formazan product. The absorptance
15 of the solution in each well was read In a 96-well plate reader at 570nm wavelength.

Note that this assay is only able to measure mouse IL-13 neutralisation capacity in
serum dilutions greater than or equivalent to 1/100. Serum dilutions less than 1/100
induce non-specific profiferative effects in TF-1 cells.

20
The capacity of the serum to neutralise mouse 1L.-13 bioactivity was expressed as,
that dilution of serum required to neutralise the bioactivity of 5ng/ml mouse I1L-13 by
50% (= NDgo). The more dilute serum sample required, the more potent the
neutralisation capacity.

25
The highest concentration of mouse D5 serum tested was a 1/100 dilution. This did

not neutralise the bioactivity of Sng/ml mouse IL-13 by 50%, therefore the NDso is
expressed as < 1/100 dilution.

30



These results indicate that CpG adjuvant is nuch nore_effective at _raising
neutralising anti-nouse |L-13 auto-antibody response X e ot her
io adjuvants tested. 2 Septenber, 2005 51 What We Claimls: 1. Use of a

chi maeric reconbi nant protein having B-cell epitopes derived froma human
cytokine I1L-13 and a nutation that gives rise to a sequence of an anal ogous
protein of a non-human manmal i an speci es, such that the protein is able to
rai se an inmune response that recogni ses human cytokine IL-13 from which
the B-cell epitopes are derived, in the manufacture of a vaccine for the
treatnment of asthma by breaking B- cell tolerance and thereby raising an

i mmune response agai nst said human cytokgne-IL- 13 In a human. 2. Use of a
chi maeri c reconbi nant protein having B-cell epitopes derived from hunman

cytokine 1L-13 whichfare grmoued, by spbstiMousei-13 nto frame work of an
anal ogous protein fr non- human mral j an. i that the protein
l's ablge tg raise In %"’gﬂéﬁ?‘@@ﬁg&h %b?ﬂ'szﬁgﬁlcgé % es are der!oved, an
| nmune response that recmjluihyd%)hunan cytokl (NDsb)L_- 13 friom which the B-cell
ep oes are derived, kathe r&?f.u.au tre u. T yg5sg e for| the treatnment of
ast hma by breaki ng Beet—tot Tff“u,c and—ttret ei¥23 JSTITgfan | nmune response
agai nst said human cyeldre ICQ F3—r—aphumam 1523 se—as—cl ai ned in any of
clains 1 or 2, wherejn—the pEoeti—eotptt SeS 44470 SETV ] surface region,
and a nmutation introgueed—i-nEEt+hernontsur m,.mwosed—regi on, said

mut ati on gi vi ng ri se pe—a-segence—of—an—anatogous—protel n such that the
protein |Is able to rgse—anrtrore—+esporse—t ran—cytol dne-1L-13 In a
human, In the manuf &et-ure "*Dsa vaw. re—f-or uﬁcm%ur eatment of asthma by

breaking 13-cell tolerance and thereby raising an | mune response agai nst
sai d humanpay 26 ssreml sanpled fronmalh fiveemice dnmusisedwitle Gafedl-1A nany one of cl ai ns

1to 3 wh t.h t h

B cel | ep.e%%b@g B GRS P ITe 3Bl 1p pBERiThduiafcing WEREIRY 8F © 7, fav! o
sequence t hpusolL-13inmtiavird bioasgay tn ¢anbrest; e gay 425 8em® sempiieM t han 5
conti guoys, am NBs AintlRided U B RBR-RORCFARPR) WHEBRILR BirfRubalisaife al SO

bioactivity of mouse IL-13 at all dilutions tested.

These results indicate that CpG adjuvant is much more effective at raising
neutralising anti-mouse IL.-13 auto-antibody responses compared to the other
10 adjuvants tested.




‘V%ereln said nutation replaces nore than one am no agd of thE :2# human
‘amino  acid sequence in each non-surface w posed regi €
‘protein and is not present

In residues which are surface residues in the

native folded active protein in aqueous solution under physiol ogical

conditions. 2 Septenber, 2005 52 5. Use as @qainmed in any one of clains 1
to 4 wherein the i mune response is a neutralising anti body response. 6. A

reconbi nant chinaeric protein conprising the ami no acid sequence of a

hurman cyt oki N&/hat WelGlaihds:ei n t he am no acid sequence has been nutated to
give rise to a sequence of nore than 5 contiguous am no acids from an
anal agous non-hunman protein, and al so wherein nore than one am no acid of

the native hyran $RRUSTHEhimaerié AlloRisHarth MQW%MWWW@
[ resi dues Ich are surface residues
anglggeHs

of the human cytoklne | L-13 and not in
in native fofl okine B33 end am mmam an

o éﬂ*ﬁf&?? am no a@%ghggﬂﬂen e dggggen Eﬁ?gﬁh@h sutsllgs

Pﬁ?ﬂoﬁygﬁf}mumﬁummwmmmtzmmm:lnetmoem«ap
equl va ent s%%ugn.cea ég%nﬂ?n %n% ogﬁus no”- {! %ﬂ EI‘ ot EI n %” St COﬂSﬁI‘Van-_g

t he surface
as claimed icaiithierdnce A1d terchy raRi A KungTeddtise cytokine-iL~
a co serv%@ﬁve %ﬁgstltutlon #:

substitutio s or a substitution 1 nvolving
thereof: R--1Rd 8n30 V-~Sat position37 Y-~ ~Fat posi ti on63

A—-vatp05|t|on65 E- - Dat posi ti on E--Yatposition80 K-9Ratposition81l

M -1 at. position85
2. Use of a chimaeric recombinant protein having B-cell epitopes derived from
human cytokine IL-13 which are grafied, by substitution, into a frame work of an
analogous protein from a non-human mammalian species such that the protein is able
fo raise in the species in which the B-cell epltopes are detived, an Inmune response
that recognises human cytokine-IL-13 from which the B-call epltopes are derived, in the
-manufacture of a vaccine for the treatment of asthina by breaking B-cefl tolerance and
thereby raising an immune response against said human cytokine IL-13 in a human,

3. Use as claimed in any of claims 1 or 2, wherein the protein comprises a
consefved surface region, and a mutation introduced into the non-surface exposed
mghn,saidmuiaﬂmgMngrisetoasequenceofanmabgompMehsudlﬂ\atﬁe
protein is able to mise an immune response to human cytokine-L-13 in a human, in the
manufacture of a vaccine for the treatment of asthma by breaking B-cell folerance and
thereby ralsing an immune response against sald human cytokine IL-13 in a human.

4. Use as claimed in any one of daims 1 to 3 wherein the chimaeric recombinant
protein is & human protein having B-cell epitopes derived from a human cytokine IL-13,
and the amino acid sequence thereof is mutated fo give tise to a sequence of more
than 5 contiguous amino acids from an analagous non-human proteln, and also
wherein said mutation replaces more than one amino acid of the native human amino
acld sequence in each non-surface exposed region of the human protein and is not
present in residues which are surface nesidues in the native folded active protein in
aqueous solution under physiological conditions,




G - Hat position87 Q 4-Hat positionll3 V->|atpositionll6 -i Katpositionll7 9.

A mutated human I1L-13 as clained In claim8 having a L
|isted substitutions 2 Septenber, 2005 53 10. A reconbi nant nutated human

IL-1 3 as claimed in claim8, conprising all of the .listed substitutions

or a substitution Involving a conservative sabstitution thereof. 11. A
havi ng one or nore of the

nmut at ed human IL-13 as clained In claim6 or 7,
foll owi ng sequences LKE.LIEELS N FCVALDSL Al YRTQRI LHG KI EV
Isa

AHF L TKBS5L L Useasclaimadin afy enedf claie do dowhereindhad

12. A nmutated human 1L-13 as clained in claim 11

conservative_substitution
havi ng t he sﬁﬁﬁ'@@%ﬁfg&ﬁa}'w&ﬁ're 9. 13. A polynucl eotide encoding a

protein of clainms 6 to 12. 14. A polynucl eotide of claim 13 which Is a DNA

and is operably Iinked to a E)rom_)t er. 15. A ,vecit'@; %r%ﬁ ng a of

pol ynudeot i & of Aregambinantghimaeric groteincegiprising 8¢ ariee agd; fice ot a

pol ynucl eot i cg*,ﬁn B 3Q&hér§1n%e\é‘?ﬁh raciﬁ ' bebh nhuthi2al 'dhe e

that the host I's n a ﬁ%ﬁ'&n ce I n sitg. s:.éiiké\k}%é?%e conpositiorg'w

conpri si ng, taamaguence ofuioye thandm contiguotis amine acida drom a ianalagotis nep-lsman

clains 6 to 1 th .a pharmaceutically acceptabl. rrier or ' .

for use in M-ﬂ@%ﬁw%@ﬁa maﬁ&ﬁen&ve%un@ﬁ%lﬂ{c&w
replaced in each non-surface exposed region of the human cytokine IL-13 and notin
residues which are surface residues in native folded active protein in aqueous solution

under physiological condifions.

7. A recombinant protein as claimed in claim 6 wherein the human cytokine IL-13
amino acid sequence has been mutated to substitute the non-surface exposed regions
of the human cytokine IL-13 with the equivalent sequences from an analogous non-
human protein whilst conserving the surface exposed B cell epitopes.

8. Areooﬁublnantmuhtedhwnan-lbﬁasdéimedhclahnﬁor?. having one or
more of the following substitutions or a substitution involving a conservative substitution |

thereof:
R < K at posiion 30
V. - 'S at position 37
Y = F a position 63
A - V " a position 65-
E = D at positon 68
E = Y at position 80
K =~ R at position 81
M 3 at- position 85
G -3 H at position 87
Q - H at- position 113
LR | at  position 115
D = K a posifion - 117

9. A mutated human IL-13 as claimed in claim 8 having a plurality of the listed
substitutions.




18. A vaccine conposition as clained in claim17 furtggE %omriséﬂgpan

I mmunosti nul atory oligonucl eotide. 19. A vaccine co med in
claim 18 wherein the i munostinulatory oligonucleotide is selected from
the gawp: COLI GO 1(SEQ ID NO 1): TCC ATG ACG TTC CTG ACG TT (CpG 1826)

OL1GO 2 (SEQ ID 1°10:2): TCT CCC AGC GTG CEB3CAT (CpG 1758) OLIGO 3(SEQ ID
NQ 3): ACC GAT GAC GIC GCC GGT GAC GGC ACC ACG (OLIGD 4 (SEQ ID NG 4): TCG
TCG TTT TGl COT 7-1T GIC GIT (CpG 2006) OLIGO 5 (SEQ ID NO 5): TCC ATG ACG
TTC CTG ATG CT (Cp(3 1668) 20. Use of a proven as Clainmed in darns 6 or 7

N the manuf 41 Ur & @hodibifREiifated AUmRiABLTgs Bakidd in'ddini 8o bbbl

rai sing an | nmune responsée agal nst said self antigen in a human. 21. Use

of a prot ei nlisted substitatibrisrorangubstituliondavalving aicorisarvative - a

medi canent for the treatment of IL-13 nedi ated di seases. 22. Use as | oaned
in claim?2l1 fox the treatnent of asthma. 23. The use of a protein,

pol ynucl eot i f orAvasta®id Huenah Li-1®ds iclaimbediimelain6oor 7% havingtdne onmo ofthar e
of a conposition for the treatment or prophylaxis of IL-13 nediated

di sease i n doliewing®equUeneREed thereof. 24. A nethod for the preparation of a
protein according to any of clainms 6 to 7. which nethod conprises: 2

Sept enber, 2005 55 1. I | fiLcatiqn of ,one or nore regions of a self,
typi cally human, proté‘i gﬁ%h’ﬂ!tﬁ %\ﬁrcﬁ 'gn anti body response 1ls desired. 2.
identification of the am no aci d sequence of the self protein. 3.

| denti fication of the agi fy Epence of an anal ogous protein
construction by reco |nant tec ni qgues of a chinaeric nol ecul e
containing at least one target region identified In step 1. whose

am no- aci d sequence | f uence ldentified in step 2, and
sufficient am no-aci #@(ﬁ]tﬂlégg]cfug t@?g Identified in step 3 to enabl e
t he ,

KIEVAHFITKLL

oraVaiarlt.ofswaidsequencewmisingmeormewnsewaﬁvewbsﬁwmns.

12. A mutated human IL-13 as claimed in claim 11 having the sequence shown in
figure 9.

13. A polynuciectide encoding a protein of claims 6 to 12,

14. A polynucleotide of claim 13 which is a DNA and s operably finked to a
promoter.

16. A vector comprising a polynuciectide of claims 13 or 14.

16. A host transformed with a polynucieotide of claim 13 or 14 or vector of claim 15,
with the proviso that the host is not 2 human cell in situ.

- 17. A vaccine composition comprising, a protein, polynucleotide, or vector as
claimed in any of claims 6 to 16 with a pharmaceutically acceptable carrier or excipient,

for use in medicine.




resulting protein to fold Into a shape simlar to that the self Broteln
such that the nutated protein can raise an imrune r ogni ses
the self protein. 25. A nethod for producing a self protein vaccine for
breaking B-cell tolerance and raising an i mune response agai nst a self
antigen in a human conprising (a) taking t am no aci d sequence of a
human protein, and (b) nutating the human otein am no acid sequence to
give rise to a sequence of nDre than 5 contiguous anm no acids from an

anal agous nof8.hurnaptine e an _one.am no acid of
the native human s qu& ce |§ repl aceg |nE i@%?ﬁ?ﬁ%@?@’%@@d regi on
of the hunaﬁmﬂ?'{ﬂﬁﬂ' opticleotidd. dues whi ch are surface residues in

native fol ded active prot ei n in aqueous solution under physiol ogical
conditions. 26. A met hod for producing a self protei n VaCCI ne as clainmed in

claim25, &8nprAvacginegorpdsitom a9 \clalmibdin dsin

protein, an&Mm tll‘tl ng non- surface expogg m no acl SW"‘FP@’
equi val ent am no acl prote| n froma non- human

manmal i an speci es whilst conserving the surface exposed B-cell epitopes.
27. Use of gﬁ;@ét rising said polynucl eotide,
encodi ng t?ggchl er | c't‘rjggoﬂﬂﬁfﬁr w &GMW(ﬂpﬁmpf clains 1
to 3, in t%!%{&?mma-thmEmﬁ@cmquG 1T{@gb P58y ance. 2
Sept enber o) aiml subst ant i as herein
descri bed égtgéeﬁgﬁﬁ ?‘23‘@“&&]@@@6@& GG GGT GAC ABEIACG) as
herein de God (SE@IDROM): ¥eG T¢G FTTEre q%@q-rﬁ-,—r W@%Qﬂﬁ% to
claim®6 smﬁat&&é‘i ﬁ here| n descri bed or ~exe r(?-af- )

pol ynucl e l 3*' &)cTG%I@AQ&HQCIG&T%CWQCPGﬂMCH bed or

exenplified. 32. A vector according to claim15 substantially as herein
described or exenplified. 3 3. A host according to claim 16 substantially

as herei nagescnige ed ccine conposition according to
Bal m 17 substanti ﬁybasﬁiﬁgeﬁhmm%% manufacture of a vaccine

foruealmgB-celueranoeandmaebymismganhmnemeaganstsau
self antigen in a human.

21. - Useofapmﬁemasdain'nedinanyofdaknssta 12 in the manufacture of &
medmnentforﬂlet!'eatrnemoﬂL~13mediabaddiseases.

22.  Use as clalmed in claim 21 for the treatment of asthma,

23.  The use of a protein, polynuclestide or vector as clalmed In claims 8 to 16 for the

manufacture of a Oornposiﬁonforﬂ'leheairnelﬂorpmphylans of IL-13 mediated
dbeasemapatleminneedmereof

24, An'nemodformepreparaﬂonofaprotelnaocordfngtoanyofdaimsﬁto?whkh
method comprises:



exenplified. 35. A use according to claim 20 substantially as herein
3 6. A use according to cl £i3sptemherg 2005 5| |y

descri bed or exenplified.

as herein described or exenplified. 37. use according to claim23

substantially as herein described or exenplified. 38. A nethod according
39. A nethod

to claim24 substantially as herein described or exenplified.
[ 4

according to claim25 substantially as herein described or exenplified.
0. A nethod according to claim27 substantially as herein described or
exenplified. 4.1 . A use according to claim28 substantially as herein

descri bed 'O'r 'igxe%}n%?one ox more regions of a self, typically human, protein ‘against
which an antibody responseis 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 sequenceistaken
from the sequence identified in step 2, and :
sufficient amino-acids from the sequence(s) identified in step 3 to enable the
resulting protein to fold into & shape similar to that the self protein'such that the
mwutated protein can ralse an immune response that recognises the self protein.

25. A method for producing a self protein vaccine for breaking B-cell
tolerance and raising an immune response against a self antigen' in a human
comprising (a) taking the amino acid sequence of a human protein, and (b)
mutating the human protein amino acid sequence to give rise to a sequence of
more than § contiguous amino acids from an analagous non-human protein,
and also wherein more than one amino acid of the native human sequence is
replaced in each non-surface exposed region of the human protein and not in
residues which are surface residues in native folded active protein in aqueous

solution under physiological conditions.

26. A method for producing a self protein vaccine as claimed in claim 25,
comprising (a} taking the amino acid sequence of a human protein, and (b)
substituting non-surface exposed amino acids with the equivalent amino acids
from an analogous protein from a non-human mammalian species whilst

conserving the surface exposed B-cell epitopes.

27. Use of polynucleotide, or vector comprising said polynucleotide,
~ encoding the chimaeric recombitant protein described in any one of claims 1
to 3, in the manufacture of a vaccine for breaking B-cell tolerance. |
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28.  Ause according to claim 1 substantially as herein described or exemplified.

29, Ause according to claim 2 substantially as hereln described or exemplified.

30. A recombinant protein according fo claim 6 substantially as herein described or
exemplified.

31. A polynucieotide according fo claim 13 substantially as herein described or
. exemplified.

32. A vector according to claim 15 substantially as herein described or exemplified.

33. A hostaccording to claim 16 substantially as herein described or exemplified.

34. A vaccine composition according to claim 17 substantially as herein described or
exemplified.

35. A use according to claim 20 substantially as herein described or exemplified.
36. A use according to claim 21 substantially as herein described or exemplified.
37. Auseaocordingtodakn23$ubstanﬁaﬂyashereindes;abed9rexempﬁﬁed.
38. Amemodaocommgmchin#subsmnﬁaﬂyashereindmcdbedorexempﬁﬁgd.
,' 39. A method according to ciaim 25 substantially as herein described orexémpliﬁed.
| 40. A method according fo claim 27 substantially as herein described or exempilified.

41. A use according to claim 28 substantially as herein described or exemplified.



