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The present invention relates:to nodified and variant forns of

I nt erl euki n- %16@'& Jﬂl es capabl e of antagonizing or reducpagatdrsonetivity
of IL-5 and t use in aneliorating, 5 abating or otherw se reducing fhe
aberrant effects caused by native or nmutant forns of |L-5. Sequence

I dentity Nunmbers (SEQ ID NGs.) for the nuelieoti de and am no acid sequences
referred to in the specification are defined follow ng the description.

10 Throughout this specification, unless the context requires otherw se,

the word *comprise’, . or VaRNAIRPERLEUKINGS ANPABONET' of - comprising’,
wi |l be understood to inply the inclusion of a stated el enment or integer
or group of elenents or integers but not the exclusion of any ot her

el ement or integer or, rou f ele S, or, i nt ers
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fields. This |s particul arl
5 abating or otherwise reducmg the aberrant effects caused by native or mutant forms of IL-5.

Sequence Identity Numbers (SEQ ID NOs.) for the nucleotide and amino acid sequences

referred to in the specification are defined following the description.

10 Throughout this specification, unless the context requires otherwise, the word "comprise”,
or variations such as "comprises” or "comprising", will be understood to imply the inclusion
of a stated element or integer or group of elements or integers but not the exclusion of any

other element or integer or group of elements or integers.

15 The rapidly increasing sophistication of recombinant DNA technology is greatly facilitating
research and development in the medical and allied health fields. This is particularly
important in the area of haemopoietic growth factor research where a number of disease

 conditions are predicated on the aberrant effects of native or- mutant forms of growth
factors.

20
One particularly important haemopoietic growth factor is IL-5. This molecule is a
lymphokine secreted by T-cells and mast cells and is a disulfide-linked homodimeric
glycoprotein. The human form of this molecule comprises 114 amino acids per monomer,
IL-5 consists of a bundle of four a-helices in an up—up., down-down array. The phénomenon

25 of D-helix swapping whereby one bundle is built up of thr'eé-. helices coming from one
monomer and a fourth helix which is contributed by the secénd monomer is unique to IL-5.
The IL-5 molecule also contains two short anti-paraliel B-strands located between helices A
and B and helices C and D.

30 Human and murine IL-5 receptors comprise two different chains, the o and B-subunits.
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agents for chronic asthma or other disease states with demonstrated eosinophilia or other
conditions associated with IL-5. It is also important for the IL-5 antagonist not to interfere

with the activities of other cytokines, such as GM-CSF or IL-3.

10 Accordingly, one aspect of the present invention contemplates a modified IL-5 comprising
a sequence of amino acids within a first n-helix wherein one or more exposed amino acids
in said first a-helix having acidic or acidic-like properties are substituted with a basic amino -

acid residue or a non-acidic amino acid residue.

15 The IL-5 which is subject to modification is generally of mammalian origin such as from
humans, primates, livestock animals (eg. sheep, cows, pigs, horses), laboratory test animals
{eg. mice, rats, guinea pigs, rabbits), companion animals (eg. dogs, cats) and captive wild
animals (eg. kangaroos, foxes, deer). Most preferably, the IL-5 is of human origin. The
modified IL-5 of the present invention may be glycosylated or unglycosylated and does not

20 interfere with GM-CSF or IL-3 activity.

Even more particularly, the present invention is directed to a modified human IL-5 molecule
comprising a sequence of amino acids wherein Glu at amino acid position 13 (or its
equivalent position) in a first a-helix is replaced by Arg or Lys or a chemical equivalent or

25 derivative thereof. An alternative substitution may also be:made using non-acidic amino
acid residues such as but not limited to Gln and Asn or-:_ their chemical equivalent or

derivatives. A "derivative" may be a naturally occurring or synthetic amino acid residue.

In accordance with the present invention, it is proposed that the modified IL-5 molecules

30 defined above act as antagonists of the native form of IL-5. The term "modified" is
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More particularly, the present invention provides an antagonist of IL-5 said antagonist -

comprising an IL-5 molecule with Gln at position 13 (or its équivalent position) in a first o-
15 helix substituted by Arg or Lys or a chemical equivalent or derivative thereof. An

alternatively substitution may also be made using non-acidic amino acid residues such as but

not limited to Gin and Asn or their chemical equivalents or derivatives.

The modified IL-5 molecule of the present invention is preferably in recombinant or

20 synthetic form and, with the exception of the amino acid substitution(s) in the first a-helix,
the amino acid sequence of the IL-5 may be the same as the naturally occurring molecule
(i.e. native molecule) or may carry single or multiple amino acid substitutions, deletions
and/or additions to the native amino acid sequence. It is then referred to as a "mutant" IL-5.
The structure of the first a-helix of IL-5 has been determingd at 2.4 angstrom resolution by

25 X-ray crystallography and comprises amino acid residues 7to 27 or their equivalents (see
Milburn ez al. Nature 363: 172-176, 1993). The modifieci-'.i-I:L-S of the present invention

may or may not comprise a leader sequence.

The nucleotide and corresponding amino acid sequence for the modified IL-5 having Arg in

30 position 13 is shown in SEQ ID NOs: 1 and 2 and Figure 1. The leader sequence is shown



I n accordance with the present invention, it is proposed that the nodified
I L-5 nol ecul es 30 defined above act as antagoni sts of the native form of

IL-[err]. The term"nodified" is WO 97/ 45448 ]
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consi dered hg‘rggiy#‘sg?/snonyrmus with terms such as "variant", 'Pgerl vatrve" -and
"mutant". The present invention is particularly direct ed to a nodified

I L-5 which exhibits specific antagoni gmof 1L-5 nitogenic effects such
as observed in vitro. The nodified IL-5 nol ecul es may be gl ycosyl ated or

ungl ycosyl ated and do not interfere with GMCSF or IL- 5 3 activity.

Accordi ngly, . . . - | . QR.A I rect to.an |L-5
ant-agoni gt sal 'n‘?é"r%?szgg"ﬁé. @?&(%Lr:gﬁq[shl%%g‘pghs f%éﬁgmnﬁ) é'éﬁﬁg”ﬁ%‘l%‘ﬁg' i no
aci d sequenceadids 1o 7fare showhas afiroedcids 13-33Wh SEQIID NOS 10ind T ifRigeead am no
acids in said_ first [err]-helix having acidi.c or acjdic-1jke 10 properties
are substit ut%ﬁtj"'{ﬁ“f% PRI Szfrﬁ" 1S,1aKeEn 38R aeid residur, Babess iamelgewte aci d

resi due. withou2 a Bhidér seiiberbe, YThel d¥Eind & Sueh Y6 Un iR alliL¥ o985 Mdwn as
antagoni st of 1L-5 said antagonist .
5 SEQ ID NO:4 except that amino acid 13 is represented as Xaa. In accordance with the
present invention Xaa is preferably a basic amino acid residue or a non-actdic amino acid

residue.

Reference to "unglycosylated form" herein means that the molecule is completely

10 unglycosylated such as when expressed in recombinant form in a prokaryotic organism (e.g.
E. coli). Alternatively, a glycosylation-deficient mammalian cell may be used or complete
deglycosylation may occur in vitro using appropriate enzymes. Different glycosylation
patterns are encompassed by the present invention such as when recombinant molecules are
produced in different mammalian cells.

15
An "exposed” amino acid is taken herein to refer to an amino acid on a solvent-exposed or
outer portion of an x-helix compared to those amino acids orientated towards the inside of

the molecule.

20 An acidic amino acid includes, for example, Glu and Asp. Preferred basic amino acids are

Arg and Lys. Preferred non-acidic amino acids are Gln and Asn.

According to another aspect of the present invention there is provided a modified IL-5
characterised by:
25 )] comprising a sequence of amino acids within a first a-helix;
(i)  having one or more exposed amino acids in said a-helix which have acidic or
acidic-like properties being substituted by a basic amino acid residue or a
non-acidic amino acid residue;
(i)  being in recombinant or synthetic form; and |

30 (iv)  being capable of antagonising IL-5 mitogenic activity in vitro.



conprising an IL-5 nolecule with G n at position 13 (or its equival ent
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PCT/ AU97/ 00322 (iv)  being capable of antagonising IL-5 mitogenic activity in vitro4-

The IL-5 mutant may be in glycosylated or unglycosylated"fonn.
10
This aspect of the present invention is predicated in part on the finding that a mutation in
amino acid 13 (Glu) of human (h) IL-5 to Arg results in:the hIL-5 variant being capable of
antagonising IL-5 mitogenic effects in vitro. This var.iant is referred to herein as "IL-5
Arg'" or "E13R". Such a variant would be unable to bind to high affinity receptors but
15 would still able to fully bind the low affinity e chain of the IL-5 receptor. Importantly,
the IL-5 Arg® mutant acts as an antagonist, preventing thse' stimulatory effect of native IL-
5. A particularly important use of the IL-5 A_rg13 antagonist is in reducing or otherwise -
antagonising [L-S-mediated stimulation and activation of eosinophils in vivo or in vitro.
The antagonist may also be able to antagonise effects caused by a mutated, endogenous
20 IL-5. The present invention extends to a range of other IL-5 mutants such as IL-5 Lys®,

IL-5 GIn'* and IL-5 Asn*® as well as functionally equivai;éir__j; mutants. The nucleotide and

corresponding amino acid sequence for IL-5 Arg" (E13R
and 2. The present invention extends, in a particularly preferred embodiment, to an
isolated polypeptide having an amino acid sequence subs;t;_ﬁ_x:t'ially as set forth in SEQ ID

25 NO:2 or a genetic sequence encoding same having a nuélé?ﬁtide sequence substantially as
set forth in SEQ ID NO:1.

By way of a shorthand notation, both single and three Ietter abbreviations are used for
amino acid residues in the subject specification and these are defined in Table 1.
30 :



as amino acids 1 to 6 (Met Hs Tyr Hs Hs Hs [SEQID NG 3]).
- Consequently, am no acids 7 to 27 are shown as am no acids 13-33 in SEQ
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acidic-like properties being substituted by a basic am no acid residue or a

non-aci di c am no acid residue; (ii1) being in reconbinant or
synthetic form and 30 (1v) bei ng capabl e of antagonising IL-5
mtogenic actjivity in vitro. WO 97/ 45448 AU97/00322

PCT/ AU 7/ 003240 975448 Rt A a
rel ated enbodi nent, the present invention provides an |IL-5 antagoni st
characterised by: (1) conprigi_ng a sequence of amino acids
within a first [err]-helix; (i) havi ng one or nore exposed

amno acids in said [err]-helix which have acidic or
acidic-like properties being substituted by a basic am no acid residue or a

5 non-aci di ¢ am no acid residue; (iii) being in
reconbi nant or synthetic form and Table1 (i V) bei ng capabl e of
antagonising IL-5 mtogenic activity in vitro. The IL-5 nutant may be
in glycosyl ated or ungl ycosylated form—10——TFh-s—aspect—of—the—present
invention is predicated in part on the finding that a nutation in am no
acid 13 (G uy of human flknd dcid 10 Arg resyhies-ldrt he hl lcopreypbntimpt bei ng
capabl e of s .

abbreviation single-letter

abbreviation

10 Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic acid Asp D
Cysteine Cys C
15 Glutamine Gln Q
Glutamic acid Glu E
Glycine Gly G
Histidine His H
Isoleucine : lle 1
20 Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
25 Serine Ser S
Threonine Thr T
Tryptophan Trp w
Tyrosine Tyr Y
Valine Val \'
30

The present invention is exemplified using IL-5 Arg'®. This is done, however, with the
understanding that the present invention extends to all other IL-5 variants having

antagonistic properties to IL-5 in vitro or against eosinophils in vitro or in vivo.
35



antagonising IL-5 mtogenic effects in vitro. This variant is referred to

herein as "IL-5 Arglerr]"™ or "E13 R'. Such a variant would be unable to
Ibi nd ]E? high affinity receptors but 15 would still able to fully bind the
ow affinity a chain of the IL-5 receptor. Inportantly,
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endogenous 20 IL-5. The present invention extends tgo a r% f_other IL-5
nut ants such Agcorqing ‘Q_W'Fé ppect of the present fqveption,therg ggprpyic f‘g’i“}ﬁ‘ AYATA | as

wel | as funct
correspondi ng&%kr?o[&ac ﬂs‘@éﬁ@%\%@&%% e ArgFﬁ’lr?ﬁ)sL'1 EFBR) are shown in SEQ

ID NGs: 1 and 2. The present invention extends, in a particularly
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encodi ng sargelgwmggoa@ucl eoti de sequence substantially as set forth in

SEQ ID NO 1. By way of a shorthand notation, both single and three
| etter abbreviations are used for am no acid residues in the subject

ISDpC-el-/C ;nggfgbgg Qr%mt 3518 a Bastc 9rerIoin-na%1 ic arrlm-xl;g chg re51du§ referably éelecYga f?or(\ oy é}gup
consisting of Arg, Lys, Gln and Asn and wherein said variant IL-5 acts as an antagonist for
at least one property of the corresponding native IL-5. The_.- amino acid sequence defined by

10 SEQ ID NO:4 corresponds to amino acid residues 7 to 27 of human IL-5. Preferably, Xaa is
Xaa® wherein n is amino acid position 13 of human IL-5. Preferably Xaa® is Arg' or its

equivalent.

In a related exhbodiment, the present invention contemplates an IL-5 antagonist comprising
15 a polypeptide or chemical equivalent thereof comprising amino acids 7 to 27 of the first a-

helix of human IL-5 with the proviso that one or more exposed amino acids in said first o-

helix having acidic or acidic-like properties are substituted by a basic amino acid residue or

a non-acidic amino acid residue.

20 Preferably, the acidic or acidic-like amino acid residue if Glu or Asp and is replaced by Arg,

Lys, Gln or Asn.
More preferably, the acidic or acidic-like amino acid resndue is replaced by Arg.

25 Most preferably, the amino acid sequence of the modiﬁeﬁldz_':;I_L-S is as set forth in SEQ ID
NO:2.

In a particularly preferred embodiment, the present mventmn is directed to an IL-5
antagonist comprising a modified IL-5 molecule having the following amino acid sequence

30 in its first a-helix:



Where a specific amno residue is referred to by its positionin IL-5 a
single or three letter amno acid abbreviation is used with the residue
nunber given in superscript (eg. Xaa", wherein Xaa is the am no acid

residue) andloadeS.al N€. residue nunber in the nol ecul e. PCT/AU97)06322
07/ 45448 | WOIsks PCT/ AU97/ 00322
-7 - Table 1 5

Am no acid Three-letter .g9. Correspondi ng

abbrevi ation single-letter

abbrevi ation :
Thr Ser Ala Leu Val Lys Xaa Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu Leu Ile Ala

[SEQ ID NO:4}

wherein Xaa is Arg;
5 or an IL-5 molecule having a single or multiple mutation in its first a-helix giving

functionally similar antagonistic properties to the mutation wherein Xaa is Arg.

In respect of the latter embodiment, the mutation in the IL-5 molecule may be a single or
multiple amino acid substitution, deletion and/or addition or may be an altered glycosylation
10 pattern amongst other mutations. Preferably, the IL-5 antagonist comprises an amino acid

sequence as set forth in SEQ ID NO:2.

The IL-5 antagonists of the present invention and in particular IL-5 Arg"® are useful inter
alia in the treatment of allergy, some myeloid leukemias (such as eosinophilic myeloid

15 leukaemia), idiopathic eosinophilic syndrome, allergic inflammations such as asthma,
rhinitis and skin allergies by preventing or reducing IL-5-mediated activation of eosinophils.
These and other conditions are considered herein to result from or be facilitated by the

aberrant effects of an endogenous native IL-5 or an endogenous naturally mutated IL-5.

20 The present invention, therefore, contemplates a method of treatment comprising the
administration to a mammal of an effective amount of 2 modified IL-5 as hereinbefore
defined and in particular IL-5 Arg" for a time and under conditions sufficient for effecting

said treatment.

25 Preferably, the treatment is in respect of the treatment of allergy, some myeloid leukemias
(such as eosinophilic myeloid leukaemia), idiopathic eoSiz__iophilic syndrome, allergic

inflammations such as asthma, rhinitis and skin allergies.

Generally, the mammal to be treated is a human, primatfe£ livestock animal, companion

30 animal or laboratory test animal. Most preferably, the mammal is a human.
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nebuliser form or nasal spray. Modified forms of IL-5 permit entry following topical
application are also encompassed by the present invention.
10

In addition to the modifications to IL-5 contemplated above, the present invention further

provides a range of other derivatives of IL-5.

Such derivatives include fragments, parts, portions, mutants, homologues and analogues of

15 the IL-5 polypeptide and corresponding genetic sequence. Derivatives also include single or
multiple amino acid substitutions, deletions and/or additions to IL-5 or single or multiple
nucleotide substitutions, deletions and/or additions to the genetic sequence encoding 1L-5.
Derivatives also contemplated modifications to resident nucleotides. Alteration of the
nucleotides may result in a corresponding altered amino acid sequence or altered

20 glycosylation patterns amongst other effects. “Additions” to amino acid sequences or
nucleotide sequences include fusions with other peptides, polypeptides or proteins or fusions
to nucleotide sequences. Reference herein to “IL-5" includes reference to all derivatives
thereof including functional derivatives or IL-5 immunologically interactive derivatives.
All such derivatives would be in addition to the modifications to the first a-helix

25 contemplated above. Accordingly, such derivatives would be to IL-5 Arg', IL-5 Lys", IL-
5 GIn®™ or IL-5 Asn®.

Analogues of IL-5 contemplated herein include, but are not limited to, modification to side
chains, incorporating of unnatural amino acids and/or their derivatives during peptide,

30 polypeptide or protein synthesis and the use of crosslinkers and other methods which impose
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Accordi ng to another aspect of the present invention there is provided an

| L-5 vari ant wog_,g&r‘g%ri sing an am no acid sequence in the figsShadeobdz hel ix
of said Il-5: hr Ser Ala Leu Val Lys Xaa Thr Leu Ala Leu Leu Ser Thr
Hs Arg Thr Leu Leu Ile Ala 5 ISEQ ID No. 4]; wherein Xaa is a basic
or non-acidic amino acid residue prefergpbly selected fromthe group
consisting of Arg, Lys, Gn and Asn and wherein said variant Il-5 acts as
an ant agoni st for at | east one property of the correspondi ng native
IL-5. The am BeroafitbndRdHARAGHRSs 6tttk pRieiRitedi? niéuldrididanagi@sponds to
amno acid residues 7 to 27 of human IL-5. Preferably, Xaa is Xaa[ err]

wherein n is amno acid position 13 of human IL-5. Preferably Xaa[err] is

Arglerr] or its ui val ent ln.a rel. ke t

I nvention cor#hg %ﬁsgﬁ g’éveg'ﬁoq ﬁlﬂgeracﬁf‘tgﬁlg gﬁt?tcﬁ%%lﬁp;@l%gglﬁg%g ?Eﬁgmﬁ%‘ia&%g’&g {'tg%eagr

cheni cal equiakakemits bihaoRiss of ULAS ok Whivh canhdl@s Amiclihal adalbghies of IL4SheCHemicat

[err]- helix of human IL-5 with the proviso that gne or nore exp,oseid

ami no aci ds® ianalggyes myay mat n&{cgqsqu}ly be derived from IL-5 but may share certain conformationa
similarities. Alternatively, chemical analogues may be specifically designed to mimic
certain physiochemical properties of IL-5. Chemical analogues may be chemically

synthesised or may be detected following, for example, natural product screening.

10 Other derivatives contemplated by the present invention include a range of glycosylation
variants from a completely unglycosylated molecule to a fully glycosylated molecule and
from a naturally glycosylated molecule to molecules with an altered glycosylation pattern.
Altered glycosylation patterns may result from expression of recombinant molecules in
different host cells.

15
All these types of modifications may be important to stabilise the modified [L-5 molecules
if administered to an individual or when used as a diagnostic reagent. The modifications
may also add, complement or otherwise facilitate the antagbtiiétic properties of the modified
IL-5 molecules.

20
Reference herein to a "modified" IL-5, therefore, includes reference to an IL-5 with an
altered amino acid sequence in the first a-helix as well as, where appropriate, a range of
glycosylation variants, amino acid variations in other parts ofthe molecule, chemical
modifications to the molecule as well as fusion molecules. |

25
The present invention also provides a pharmaceutical mmpdéition comprising the modified

IL-5 molecules as hereinbefore defined or combinations thér__eOf.

Accordingly, the present invention contemplates a phamaééﬁ;ical composition comprising a

30 a modified IL-5, said modified IL-5 comprising a sequence of amino acids with a first a-



hel i x having acidic or acidic-like properties are substituted by a basic

- am no acid residue or a non-acidic am no acid residue. 20 Preferably,
: the acidic or acidic-like amno acid residue if Gu or Asp and is replaced
- by Arg, Lys. A& n or Asn. More preferably, the acidj

acidic-1ike aﬁ‘f‘hg”%’d residue is replaced by Arg. 25 Nbs?hgvg?%'f%ﬁy, -
. the am no acid sequence of the nodified IL-5 is as set forth in SEQID
- NG 2. In a particularly preferred _gghodi ment, -the present invention
" is directed to an IL-5 ant agoni st conprising a nodified IL-5 nol ecul e

having the followi ng amno acid sequence 30 in its first a-helix:

WO 97/ 45448 . . . ey e e . e -
PCT/ AU97/ 00322hehx wherein one or more exposed amino acids in said first c-helix having acidic or acidic-

. like properties are substituted with a basic amino acid residue or non-acidic amino acid
residue, said composition further comprising one or more pharmaceutically acceptable

carriers and/or diluents,

In a related embodiment, the present invention provides a pharmaceutical composition
comprising a modified human IL-5 or a mammalian homologue thereof said modified IL-5

comprising a sequence of amino acids in a first a-helix of’

10 Thr Ser Ala Leu Val Lys Xaa Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu Leu Ile Ala
[SEQ ID NO:4]

wherein Xaa is a basic non-acidic amino acid residue preferably selected from Arg, Lys, Gin
' and Asn, said composition further comprising one or more pharmaceutically acceptable
15 carriers and/or diluents. Preferably, Xaa is Xaa" where n is.amino acid position 13.

Preferably, Xaa is Arg,
In another related embodiment, the present invention contemplates a pharmaceutical
composition capable of antagonising IL-5, said composition comprising a modified IL-5

20 having an amino acid sequence in its first o-helix:

Thr Ser Ala Leu Val Lys Xaa Thr Leu Ala Leu Leu Serl'I‘h_'r His Arg Thr Leu Leu lle Ala
[SEQ ID NO:4) EE

25 wherein Xaa is selected from Arg, Lys, Gin and Asn.

Preferably, Xaa is Arg.

The pharmaceutical compositions may also contain btheﬁfﬁharmaceutically active molecules

30 including other IL-5 variants. The modified IL-5 moleci.fi_lief and other components in a



Thr Ser Ala Leu Val Lys Xaa Thr Leu Ala Leu Leu Ser Thr H's Arg Thr Leu Leu
l1e Al a [ SEQ I D NQO 4] wherein Xaa is Arg; 5 or an IL-5 nol ecul e
having a single or multiple mutation in its first [err]-helix giving
functionally sinilar. antagonistic properties to the nutatio i aa is
Arg. In ‘?’Q?ﬁ)é%f‘s of the latter enbodi ment, the nutati onlildgnﬁagwlaﬁ% -
nol ecul e nay be a single or multiple amno acid substitution, deletion
and/or addition or may be an altered glygosylation 10 pattern anongst ot her
nmut ations. Preferably, the IL-5 antagonist conprises an am no acid
sequence as set forth in SEQ ID NO 2. The 1L-5 antagonists of the
present inventy | : 1 - b ef W, J:.nt lia
1 he 1 oat meng HaPRey BoRRbdidiirererlain UGN BE PectZé SreiBrbe actif¥ Sinpound?,
nyel oid 15 | eukaem a), idiopathic eosinophilic syndrone, allergic

I nfl ammati ons_such as ast hna, rhipitis d skip . allergies b reventing
or reducing | 'Lf-ispmém%ﬁue‘aﬁig@m&&f@%&m%@?%&mc{@? Ste“{e%ﬂ‘é?é‘s g‘ﬂﬁ“%‘? her
condi tions ar @wEé?E'%Q?&ﬁﬁblé}eJr%lsBerEiQn{ ARl %d%ﬂe%rfopﬁeﬁﬁﬁhbbﬁaﬁéo%ﬁl?{}?g{aﬁ'&

aberrant effects of an endogenous native |IL-5 or an endogenous na |y
mut at ed | L- S. of sterdle Tijectablescdnions ondispersions. itmeustbostable ursder thesbaditiens®fnet hod

of treatnent co i.sing,the adm.,ni stration-to,a | ..of an effective
orount ol niRpaeste fid sBfage and AREHYoRsEE SBinsP R oA aciPe B | 70
IL-5 Arg[err] rfi@bo@adisi®sudnds budtbein af@ Nzl | THEScailék tanthetd Wolvedt orelidpeionng

said treatnment. = 25 Preferably, the treatnent is in respect of the
treat ment of g}eﬂwgggntagqmg fon xpmPlg. Vaigh Sienaitol glycine or suitable mixtures thereof. The

preventions of the action of microorganisms can be brought about by various antibacterial

10 and antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid,
thirmerosal and the like. In many cases, it will be preferable to include isotonic agents, for
example, sugars or sodium chloride. Prolonged absorption of the injectable compositions

can be brought about by the use in the compositions of agents delaying absorption.

15 Sterile injectable solutions are prepared by incorporating the active compounds in the
required amount in the appropriate solvent with various of the other ingredients enumerated
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by
incorporating the various éterilized active ingredient into a sterile vehicle which contains the
basic dispersion medium and the required other ingredients from those enumerated above.

20 In the case of sterile powders for the preparation of sterile injectable solutions, the preferred
methods of preparation are vacuum drying and the freeze-drying technique which yield a
pdwder of the active ingredient plus any additional desired éingredient from previously
sterile-filtered solution thereof. Mannitol glycine is a particularly useful formulation
especially when the modified IL-5 molecules are given as an intravenous drip.

25 ' |
The present invention also extends to forms suitable for inhaling such as a nasal spray as
well as in nebulizer form. Alternatively, sustained releasg _féompositions may be formulated
as well as a range of implant devices. When suitably modiﬁed, the molecules may also be
given as a cream, lotion or gel. A suitable carrier for a cream lotion or gel includes a

30 polyol such as but not limited to glycerol, propylene glycdl, liquid polyethylene glycol and



. (such as eosinophilic nmyeloid | eukaem a), idiopathic eosinophilic syndrone,

~allergic I nfl ammati ons such as asthma, rhinitis and skin allergies.

- Generally, the mammal to be treated is a human, primate, |ivestock animal,
- conpanion 30 aninpl. .or laboratory test animal. Most ‘preferakh) nmal
is B human,  WOSTHsE \\' %) Geand FohathfossF
: PCT/ AU97/ 00322 - 10 - A

! single nodified IL-5 may be adm ni stered pr a conbi nati on of variants of

- the sanme 1L-5. For exanple, a range o} IL-5 variants could be used such

as a conbi nation selected from two or nore of [I5 Arg[err], IL-5
Lys[err], IL-ﬁ‘eCﬂ@[err] and IL-5 Asn[err]. The IL-5 variants of the
present invention are particularly useful in treating eosinophilia and
conditions resulting 5 therefromsuch as asthnma. Adm nistration is
preferably by _intravenous adm nistration byt a .,  range of other fqrns, of
adni ni strat i or\’hem@cem@wcsa%e EAfrigrR an predlogits inglidh ARG P GRthlispersigny
an i nplant deyiae gr ohiBes ey Tl RO SEhSRSH: @l dplfs - ©
variant, in amegﬁlhe uﬁlsg‘{eriag?ﬂrg%#&%g%@gr ay. I\/bdlgtﬁhe oair?lmsakoF1s Iok-S
permt entr\; fpbérmaneutigaltapiivecsbstancesis prelldabvoin tie @rta Excepe msofapassmgd by t he
present invention. . l.n addition to {.ﬁr}e n&c&ﬁficat_i ons. Lo L a2 e ofin th
cont enpl at ed ABEFAtona) meia of agent is trompatiple pith g olive ingredient, use thereof in the

therapeutic compositions is contemplated by the present invention. Supplementary active

ingredients can also be incorporated into the compositions.

10 It is especially advantageous to formulate parenteral compositions in dosage unit form for
ease of administration and wniformity of dosage. Dosage unit form as used herein refers to
physically discrete units suited as unitary dosages for the mammalian subjects to be treated,
each unit containing a predetermined quantity of active material calculated to produce the
desired therapeutic effect in association with the required pharmaceutical carrier. The

15 specification for the novel dosage unit forms of the inventi_bn are dictated by and directly
dependent on (a) the unique characteristics of the active material and the particular
therapeutic effect to be achieved, and (b) the limitations inherent in the art of compounding
such an active material for the treatment of disease in living subjects having a diseased
condition involving or facilitated by aberration of I1L-5 molecules or levels of IL-5.

20
The principal active ingredient is compounded for convenient and effective administration
in effective amounts with a suitable pharmaceutically ac_ééf)table carrier in dosage unit form
as hereinbefore disclosed. A unit dosage form can, for e’ximple, contain the principal active
compound in amounts ranging from 0.5 pg to about 200'0_5.-'::ng. Expressed in proportions, the

25 active compound is generally present in from about 0.5 ug to about 2000 mg/ml of carrier.
In the case of compositions containing supplementary ac_l:t__ié\_rc ingredients, the dosages are
determined by reference to the usual dose and manner of %._fdministration of the said

ingredients.

30 The pharmaceutical composition may also comprise genetic molecules such as a vector



provi des a range of other derivatives of |L-5. Such derivatives

i ncl ude fragnents, parts, portions, nutants, honol ogues and anal ogues of 15
the IL-5 pol ypeptide and correspondi ng genetic sequence. Derivatives al so

i ncl ude single or mul ti pl e am no acid substitutions, delgéiR0800329/ or
addi tions to WQIE¥EB ngle or multiple nucl eoti de substitutions, h
del etions and/or additions to the genetic sequence encoding |L-5.
Derivatives also contenpl ated nodificatjsons to resident nucleotides.

Al teration of the nucl eotides may result in a corresponding altered

am no acid sequence or altered 20 glycosyl ation patterns anongst other

effects. "Addjtj " ' ' jes.: il Intifech RWAFIHIE S
i ncl ude fusi G gb%%?ﬁa%s?ﬁgrﬂ},%g%e?%ﬂgsﬁﬁg%‘ﬁegg%?%ggsgrnﬂ%‘?g?ei ns or&?ﬁsi ons
to nucl eot i def meduistingasodified Br-& expression @r motified TL-S3ctivite | Theasctpemay, dofce t o
all derivatives t hereof including functional derivatives or IL-5
i munol ogi cal¥3mRlkPE YR} YA er i vat i ves. Al such derivatives woul d be
in addition to the nodifications to the first [err]-helix 25 contenpl ated
above. Accordingly, such derivatives would be to IL-5 Arg[err], JL-5
Lys[err], 9 Still anotber@sprctef the presqnt inyentinn if directed to antibodjes & tgg pledifigd k5. 5
contenpl ated herejn ipglude.. but e n l,d_m ( LJ ' | de
chains, inco ?‘céflefﬁ nrgﬁfh%a?xm?saguglﬁ]axﬁ@og%}ﬁgﬁh\?) oF heH edrl(|9lr\%31%r{alvnzél
during pepti g spédiicany wneBtd Medified ML-Slof derivayinéshiereat. dmthetchse ofithe latter, a
crosslinkers and ot her met hods. which i npose , MO 97/ 45448
PCT/ AU97/ 003 podified IL-5 or its derivatives may first need to be associated with a carrier molecule. The
antibodies and/or recombinant modified IL-5 or its derivatives of the present invention are

10 particularly useful as therapeutic or diagnostic agents.

For example, a modified IL-5 and its derivatives can be used to screen for naturally
occurring antibodies to IL-5. These may occur, for example in some autoimmune diseases.
Alternatively, specific antibodies can be used to screen fof a modified or mutant 1L-5.

15 Techniques for such assays are well known in the art and include, for example, sandwich
assays and ELISA. Knowledge of IL-5 levels may be important for diagnosis of certain
cancers or a predisposition to cancers or for monitoring certain therapeutic protocols when

modified IL-5 molecules are employed.

20 Antibodies to modified IL-5 of the present invention may be monoclonal or polyclonal.
Alternatively, fragments of antibodies may be used such as Fab fragments. Furthermore,
the present invention extends to recombinant and synthetic antibodies and to antibody
hybrids. A "synthetic antibody" is considered herein to intc'_:lu'de fragments and hybrids of
antibodies. The antibodies of this aspect of the present in\kgption are particularly useful for

25 immunotherapy and may also be used as a diagnostic tool for assessing apoptosis or

monitoring the program of a therapeutic regimen.

For example, specific antibodies can be used to screen for modified IL-5 proteins. The
Iatter would be important, for example, as a means for screening for levels of modified IL-5

30 in a cell extract or other biological fluid or purifying modified IL-5 made by recombinant



conformati onal constraints on the protei naceous nol ecule or their

anal ogues. The present invention further contenpl ates chem cal

anal ogues of IL-5 capable of acting as ant agoni sts or agonists of IL-5
or which can functi onal anal ogues of IL-5. Chemi cal _5 anal ogues may
not necessarﬁﬁiaﬁé‘ﬁerlved fromlIL-5 but may share certain Egﬁtﬂﬁﬁﬁ%Fona
simlarities. Alternatively, chem cal anal ogues may be specifically
designed to mnmc certain physiochent&g_ properties of IL-5. Chem cal
anal ogues may be chemcally synt hesi's or may be detected foll ow ng,
for exanple, natural product screening. 10 O her derivatives contenpl at ed

by the present invention include a_range . of yl ation variants from
ayconpl etely H‘ﬁ@‘?‘y’e Wl&{rgﬁuﬁ"rﬂﬂa@ﬂwlég 36%{“% ‘?2}/’ &Wﬁlf%‘fwm%ﬂpéﬁ‘and

from a nat ur akhomPinta® sy bt i%@hua@lf&%thﬁ teosam\kn%ﬁuéseﬁ adtHLIeR, al tered
gl ycosyl ation pattern. Al'tered glycosyl ation patterns nmay result from

expression of reconbi nant nol ecules in di fferent host cells. 15 Al

these types of, plhhifeld A0S AR RERIHAN Qe ShABILAE: e IpL | ed

| L-5 nol ecul es stere O an In

di agnostic rSEﬁQQﬂbnal'Bh&agmehti ofcatibstiés or syﬁtﬁetlc&hﬁﬁbd@éwdtré‘c%ﬂb ﬂﬁ'&ﬁﬁt rﬂ’énnoned
otherwi se faciljtate the antagoni stlctpro perties of the nodified I L-5
q

nol ecul es. 20ntibodigs discussrdabaye. Bath the firstand geconpd antibpdiesmay hepsed dn detection
i ncludes ref eft@ﬁ[ﬁ%r%@irﬁ@nhl&od@ nidyig3 with a bhfkREhIN %ﬁ&bﬁ%g-ﬂ?ﬂ“g&gﬁﬂh

the first [err]-helix as wel ere appropriate, a ran
gl ycosyl at i onatibodpnAsg antbridyas emltcjnplaﬂed heremrischides anymmbpdy.tpscnﬁf: td &1y region
g: ggﬂl g,s cher‘r},modlﬁed IL_IngI fications to the nolecule as well as fusion

10
Both polyclonal and monoclonal antibodies are obtainable by immunization with the
enzyme or protein and either type is utilizable for immuhoéssays. The methods of obtaining
both types of sera are well known in the art. Polyclonal sera are less preferred but are
relatively easily prepared by injection of a suitable laboratory animal with an effective

15 amount of modified IL-5 or antigenic parts thereof, collecting serum from the animal, and
isolating specific sera by any of the known immunoads'orttenft techniques. Although
antibodies produced by this method are utilizable in virtually any type of immunoassay, they

are generally less favoured because of the potential heterogeneity of the product.

20 The use of monoclonal antibodies in an immunoassay is pamcularly preferred because of

the ability to produce them in large quantities and the homo" enelty of the product. The

preparation of hybridoma cell lines for monoclonal antlbody productton derived by fusing
an immortal cell line and lymphocytes sensitized against the 1mmunogemc preparation can
be done by techniques which are well known to those.whq__; g;'._e skilled in the art.

25 -
Another aspect of the present invention contemplates a method for detecting modified [L-5
in a biological sample from a subject said method compr st ng contacting said biological

sample with an antibody specific for modified IL-5 or -1_ts detlvatxves or homologues for a

time and under conditions sufficient for an antibody—ttf%o’dﬁiﬁé}:! IL-5 complex to form, and

30 then detecting said complex.



- The present invention also provides a pharnmaceutical conposition conprising

~the nodified | L-5 nol ecul es as herei nbefore defined or conbinations
. t her eof . Accordingly, the present invention contenplates a
- phar maceut i calyge/eeai tion conprising a 30 a nodified IL-5, meiavomei2iied .
. 1L-5 conprising a sequence of amno acids with a first a- WO
97/ 45448
PCT/ AU97/ 00322 -17- - 12 -
hel i x wherein one or nore exposed am no acids in said first [err]-helix
havi ng aci dic or acidic- | i ke properties are substituted with a basic

am no aci d respugedh; ;RUALSE higs &:@éﬂﬁ)&gﬂ@&ic assdy® §ic U8 inveRirl FCRRSysts toN

further conprisirg one or nore pharnaceutical |y acceptabl e carriers
and/ or di | uentdstect modified Ila-Srgehenerdts derivasiviesrohiternative msthede includp diset pugieotide

>0 o R e e . e L
B0 ol | arteROTERE gt UaREP RaThER A A5 AR B B pd Eortortign b mt R,
- sequence of aninaRsid¢SSEP)ias walifb setificlipdmisRbiide Igbtidisation.

5

The present invention extends to nucleic acid molecules encoding a modified IL-5 of the
present invention. Such nucleic acid molecules may be DNA or RNA. When the nucleic
acid molecule is in DNA form, it may be genomic DNA or cDNA. RNA forms of the
nucleic acid molecules of the present invention are generally mRNA.

10
Although the nucleic acid molecules of the present invention are generally in isolated form,
they may be integrated into or ligated to or otherwise fused or associated with other genetic
molecules such as vector molecules and in particular expression vector molecules. Vectors
and expression vectors are generally capable of replication and, if applicable, expression in

15 one or both of a prokaryotic cell or a eukaryotic cell. Preferably, prokaryotic cells include
E. coli, Bacillus sp and Pseudomonas sp. Preferred eukaryotic cells include yeast, fungal,

mammalian and insect cells.

Accordingly, another aspect of the present invention contemplates a genetic construct
20 comprising a vector portion and a mammalian and more particularly a human modified IL-5
gene portion, which modified IL-5 gene portion is capab!#'of encoding an modified IL-5

polypeptide or a functional or immunologically interactive derivative thereof.

Preferably, the modified IL-5 gene portion of the genetic construct is operably linked to a
25 promoter on the vector such that said promoter is capable of directing expression of said

modified IL-5 gene portion in an appropriate cell.

In addition, the modified IL-5 gene portion of the genetic construct may comprise all or part
of the gene fused to another genetic sequence such as a nucleotide sequence encoding

30 glutathione-S-transferase or part thereof.



10 Thr Ser Ala Leu Val Lys Xaa Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu

Leu Ile Al a (SEQ I D NO 4] wherein Xaa is a basic non-acidic am no
acid residue preferably selected fromArg, Lys, Gn and Asn, said
conposition further conprising one or nore pharnaceuticall e 15
carriers and/¥P%f¥nts. Preferably, Xaa is Xaa[err] m(g%p%?@??%/%@inzo aci d
position 13. Preferably, Xaa is Arg. I n anot her rel ated enbodi nent,
the present invention contenplates a phgsnaceutical - conposition capable
of antagonising IL-5, said conposition” i%‘rrpri sing a nodified IL-5 20 havi ng

an amno acid sequence in its first [err]-helix: Thr Ser Ala Leu Val
Lys Xaa Thr Leu a Leu Leu Ser

NG 4] 25 wHSkRIT B A0t GepegiaroRe pretst A uicpyoreiaplpieapisRlafpa hucteic did— | °

Preferably, %ﬁﬁ%duﬁ: o) risi_ng glsm}fgﬂ& dﬁﬁﬁ&l@@tfd%h‘hi\&ﬁip%o%ﬁiﬁﬁgﬁ%hﬁﬂ? 'R Yeqabie

contain other pharnmaceutl active nol ecul es uding other IL-5

vari ants. Thenengiiligfa mddified B-fisaslomodifieh--b comprisiagpgsquencs of amigo acids with a
first &-helix wherein one or more exposed amino acids in ~s§id first e-helix having acidic or
5 acidic-like properties are substituted with a basic amino ‘acid residue or a non-acidic amino

acid residue.

Preferably the sequence of nucleotides encodes a human modified IL-5 or a mammalian
homologue which comprises a sequence of amino acids in a first a-helix of:

10
Thr Ser Ala Leu Val Lys Xaa Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu Leu lle Ala
{SEQ ID NO:4]

wherein Xaa is a basic or non-acidic amino acid residue preferably selected from Arg, Lys,
15 Gin and Asn and wherein said modified IL-5 exhibits antagonism of IL-5 induced mitogenic

effects. Preferably, Xaa is Xaa® where n is amino acid position 13. Preferably, Xaa is Arg.

The present invention extends to such genetic constructs and to prokaryotic or eukaryotic
cells comprising same.

20
The present invention further contemplates the use of a modified IL-5 as hereinbefore
defined in the manufacture of a medicament in the Ueétﬁi . t of allergy, some myeloid
leukemias (such as eosinophilic myeloid leukaemia), xdlop thlc eosinophilic syndrome,
allergic inflammations such as asthma, rhinitis and skin'-éa;_lleji'gies.

25 o
The present invention is further described by reference to tﬁe following non-limiting

Examples and/or Figures.

In the Figures:
30



WD 97/ 45448
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pharmaceutical conposition are referred to below as "active agents" or
"active conp%ygg 45445 The pharmaceutical forns suitabl epéphusinosst abl e
use include st&rita aqueous sol utions (where water soluble) or i
di spersions and sterile powlers for the extenporaneous preparation 5 of
sterile injectable solutions or dispersigns. It nust be stable under the
condi tions of manuf act ure and storage and nust be preserved agai nst the
contam nating action of m croorgani sns such as bacteria and fungi. The
carrier can bg, a sol vent i i : 1 £ [WaTNaT2 8

water . manni ¢ 51Eugt i (L gbalinSE rritaiod B IR LRI Rt RERR
the action of ppprmargEDNayEmifccidsequens of MEYHRIL-HYE 3R)i Ghe EABR imhaaiosiis al
10 and antifungal agents, for exanple, parabens, chlorobutanol, phenol,

sorbic acid, circledhirnerosal and the like. In many cases, it wll be
preferable to include isotonic agents, for exanpl e, sugars or sodium
chloride. Prolonged absorption of the injectable conpositions can be

br ought about Figore 2és aigrephical réwesemaﬁm&ihbwmgshbﬁtr&@errg)ﬁkfeﬂ isnyabilgy &bsor pt i on.

15 Sterile injectabl ol ut.ions are pre by incorporating the active
compounds in f“l‘fégm‘se?"?}q‘HF‘i‘%‘B‘?B’r?ﬁ'fﬁ?tpolnr??ﬁﬁigacﬁﬁsropri ate solvent with

vari ous of the other ingredients enunerated above, as required,
followed by filtered sterilization. Generally, dispersions are prepared by
i ncorporating the vari ou% stlbr WTzed active ingredient into a sterile

vehi cl e which contains the IL-5 EI3R

10 -8— WT@ 3ng/mi+E13R

Figure 3A shows the titration of E13R for its ability to antagonise IL-5-mediated
proliferation of TF1-8 cells. This figure also shows that E13R exhibits no detectable agonist
activity.
15
—®— [L-SWT
—O— IL-S5EI3R
—%— IL-5+IL-5 E13R

20 Figure 3B shows the failure of E13R to antagonise [L-3-mediated proliferation of TF1.8

cells.
- IL-5
-O— JL-5E13R

25 —&— [L-3 +IL-5 EI3R

Figure 3C shows the failure of E13R to antagonise GM-ZC_SF-mediated proliferation of
TF1.8 cells. e

30 —e— GM



basi ¢ di spersion nedium and the required other ingredients fromthose
enuner at ed above. 20 In the case of sterile powders for the preparation of
sterile injectable solutions, the preferred nmet hods of preparation are
vacuunldryin ﬂ nf freeze-drying techni que which'yield apcpaudoser of
the active |ngre iI'ent plus any additional desired ingredient from

previ ously sterile-filtered solution thereof. Mannitol glycine is a
particularly useful fornulation espegi.al |y when the nodified IL-5

nol ecul es are given as an intravenous drip. 25 The present invention
al so extends to forns suitable for inhaling such as a nasal spray as

well as in nebulizer form f*g Ratively, sustained rel ease conpositions
may be formul ated asOme as a range of inplant devices. Wen suitably
nodi fi ed, the nol ecul es—way GMs$dLEeEI3R given as a cream lotion or gel. A
suitable carrier for a cream lotion or gel includes a 30 polyol such as

but not limted to glycerol, propylene glycol, liquid polyethylene glycol
and 4 Is% 1 tation showing the titration of IL-3 for its mitogenic effects
PCT/ AU97/ 0032%% S ﬁﬁéﬁnca representatio g iy A t he
li ke. Phor Fialc® aeliscat e faidere of high develsiof EA3R wintprisre with tiSACEVithcl ude any
and all solvents, dispersion nmedi a, and anti bacterial and antifungal
agents. The use of such nedia and agents for

—a— IL-SWT

-—o— IL-3

—=— EI13R@100ng/ml+IL3
10

Figure S is a graphical representation showing TF1.8 proliferation assay for IL-5.

—o— IL-SWT
—o— IL-SEI3R

15 —a— WTIL5@3ng/mM+EI3R
—O— WTILS (HI)

WT IL-5 l(HI) was prepared in inclusion bodies in bacteria, dimerized in 2M urea, purified

by reverse phase HPLC, concentrated in buffer exchange in'_ PBS. It was never dried down.
20

I.-5 WT was prepared in the same way as WT IL-5 (HI) but after concentration, the

preparation was dried down and dissolved in 25mM glycit’__xj_jéi:-and 1.25 mg/ml of mannitol.

Figure 6 is a graphical representation showing the titration of GM-CSF for its mitogenic

25 effects on TF1.8 cells and the failure of high levels of EIBR to interfere with this activity.

e IL-3WT

—o— GM

—a— EI3R@1000ng/m+GM
30



5 pharmaceutical active substances is well known in the art. Except insofar
as any conventional nedia or agent is inconpatible with the active

i ngredi ent, use thereof in the t herapeutic conmpositions is contenpl ated
by the preseq&oggafﬂgion. Suppl ementary active i ngr edi enpgravsIERER0 pg

i ncorporated Into e conpositions. 10 It is especially advantageous to
formul ate parenteral conpositions in dosage unit formfor ease of

adm ni stration and uniformty of dosaget-Dosage unit formas used herein
refers to physically discrete units suited as unitary dosages for the
manmal i an subjects to be treated,; each unit containing a predeterm ned
quantity of pghid/®isPirRsHicH reéprdseitatitin@towingih2 EUSR iftilsits IL- Timaiuded @osinophil

t herapeutic effect in association with the required pharnmaceutical carrier.
The 15 speci drtibady-depehdant célempdigted ciotwXigtyunit forns of the invention are
dictated by and directly dependent on (a) the unique characteristics of
the active material and the particul ar therapeutic effect to be

achi eved, and (b) the-{Q+ tF8ReNs5i nherent in the art of conpoundi ng

such an active material _for the treatnment of disease in‘living subjects
havi ng a dfseased coft BI8R*GMr6BYi ng or facilitated by aberration of

I L-5 nol ecules or levels of IL-5. 20 The principal active ingredient is
conpounded for conveni ent and effective adm nistration in effective
amount s wi t hinathe sbsendel of QNI SFeand UL 45 el %*' @ edgaseawhsed’Gar ri er i n dosage unit
form as hereinbefore disclosed. A unit dosage formcan, for exanple,
contain the principal active conpound in anmobunts ranging fromO0.5 [err]g
to about 200figiBe 8 RdEEsHEM rdpResBitARM shbhg thdt (B3R Intkitsi [V.65 fmeidea \¢béindphil
generally present in fromabout 0.5 [err]g to about 2000 ng/m of carrier.
In the cad@ eflomydiepoationi ons cont ai ni ng suppl enentary active ingredients,

t he dosages are determ ned by reference to the usual dose and nmanner of
adm ni stration of the said i ngredi ents. 30 The pharmaceuti cal
conposition may al so cddpriggeRgENSti ¢ ol ecul es such as a vect or

—&— EI13R+GM-CSF

15 No eosinophil colonies were detected absent of GM-CSF and IL-5.
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capgblelof Transfecting target cells where the vector carries a nucleic

aci d nol ecul e_capabl e of nodul ating nodified IL-5 expres d|f|ed
| L-5 activityWo ?ﬁ@ Actor may, for gexarrpl e, be a vi rgl §b?,ﬂ09{m i
anot her aspect of the present invention is directed to antibodies to the
nodified IL-5 nol ecul es and their derinatives. Such antibodi es nmay be
nonocl onal or polyclonal and may be specifically raised to nodified IL-5
or derivatives thereof. In the case of the latter, a nodified IL-5 or

Its derivatives may first need to be as I\ﬁi’ﬁ vmthacarrler nol ecul e.
The ant i bodi es and/ or reconbi nant m)% -5 or its derivatives of
the present inventi ommacﬁ&wtﬂargmdeysauﬂm’tam of dntetleukip S(il-5) with

di agnosti c agents. For exanple, a nodified IL- 5 and its derivatives
can be used to screen for natural | Jl-S-antagonist 'ichgj'“ iBhodies to IL-5. These

may occur, forsp Iéé( ﬁﬁ@ﬁt@rs'eggr%us § gﬁ&%ﬂl%&a?eﬁ%@e‘i@ mutant Gf {195 Ravhics e

specific ant| bodi es can screen for a nodifi or nutant IL-5. 15
Techni ques f 6r glaamintearesidyes atpositioe |18 (EHi)vinreplacedley m@rgmmt m@lﬁﬂélﬁfm] This
exanpl e, sandw ch

Ssays and_ELI SA. . Kng e 5 | eve
i mportant for Hﬁué?é‘hol:s]i?’g WSePEfiR amagon&s&h?:ﬂl‘sgj g?toée%?éf c?dgé' f {o Oﬁa(%/rsﬂem
cancers or for rﬂKQﬁlh&@é)dpﬂQSlGﬁ’ r thRipRotkings Wﬂ&%eﬁﬁ%&ﬂ@ﬁk& a¥Akion proBIMdkiti e
I L-5 nol ecul es are enplo
leader sequence MHYH~ (MHYHHH) [SEQ ID NO:3]. The leader sequence comprises
amino acids 1 to 6 in SEQ ID NOs: 1 and 2. However, there is no reason to believe that
10 removal of this leader sequence (or its replacement by another leader sequence) will affect
the antagonistic effects of E13R. A diagrammatic representation of MHYH, and the
sequence of E13R is shown in Figure 1. The nucleotide and corresponding amino acid

sequence of E13R is represented in SEQ ID NOs: 1 and 2.

15 ' EXAMPLE 2
Production of a bacterial expression plasmid encoding MHYH,IL-5 (E13R)
Human [L-5 E13R mutant coding sequence was derived from IL-5 wild-type sequence, by

site-specific mutagenesis.

20 Codon 13 was changed to an Arg codon
CAG = CGT
The additional codon changes listed here wé_re'baspd on bacterial codon preferences
to promote translational efficiency in E. co{ii anddld not lead to amino acid
changes. -
25
codon 82: CAA = CAG
codon 83: AAA = AAG
codon 84: AAA = AAG
codon 90: AGA = CGT

30 codon 91: CGG = CGT
codon 92 AGA = CGT



20 Antibodies to nodified IL-5 of the present invention may be nonocl onal
or pol ycl onal . Alternatively, fragnents of antibodies may be used such
as Fab fragments. Furthernore, the present invention extends to
reconbi nant and iynt hetic anti bodies and to anti body hy Borilworddszz .
"synthetic ant'Pg d§7“8is considered herein to include fragnments and hybrids
of anti bodi es. The antibodies of this aspect of the present invention
are particularly useful for 25 inmmnotheyapy and may also be used as a

di agnostic tool for assessing apoptosis or nonitoring the programof a
t her apeuti c reginen. For exanpl e, specific antibodies can be used to
screen for nodified IL-5 prgtei Th | atter would be inportant, for
exanpl e, as a neans fo?°d§8r9 eni 46'?&11‘&& s of modified IL-5 30 in a cell
extract or other bi ol oepdenill®] ui@AGr= §iAAfying nodified IL-5 made by
reconbi nant Y08 1412-5448TA = ATC

PCT/ AU97/ 00322 codon 113 TA = ATC -16-
means from cul ture super(ratl:ilgt f (LT hni ques for the assays
contenpl at e herein ar&d0! 1Rno n theart and include, for exanple,

sandw ch assays and ELI SA ' ] _ i g
The mutant DNA fragment was modified by polymerase chain reaction using primers to

generate a sequence encoding the leader MHYHj at the 5’ end, and a stop codon at the 3’
end. The amplified fragment was subcloned into the plasmid pEC611 to generate the

10 expression plasmid pPP31, containing the zrc promoter.

EXAMPLE 3
Production, isolation and refolding of MHYH, IL-5 (E13R)
Fermentation is by the Fed-Batch method. Escherichia coli MM294/pACYCLacl®
15 transformed with the E13R-expressing plasmid pPP31 is grown in minimal medium at
37°C. The pH is held constant at pH 7.0 during bacterial growth by the addition of
NH,OH. Expression of IL-5 (E13R) is induced at high cell density (ODgy > 20) either by
addition of IPTG or by feeding with lactose. Induction continues for 5 hours (not
including lag phase) with the protein being expressed as insoluble inclusion bodies (IBs).
20 Cells are lysed by high pressure homogenization. A primary separation of IBs from
cellular debris is done by differential centrifugation, after which the IBs are washed and
homogenized one more time. A final centrifugation step isolates IBs of sufficient

cleanliness for refolding.
25 The conditions for fermentation, induction, isolation and rgfolding are as follows:

1. FERMENTATION

A. Inoculation

1. Escherichia coli MM294/pACYClacl® carrying pPP31 was streaked out from a
30 80°C glycerol stock onto a minimal medium plate conmming ampicillin (100ug/ml) and

kanamycin (30ug/ml) and grown overnight at 37°C.



It is within the scope of this invention to include any second anti bodi es
(nonoclonal, 5 polyclonal or fragnents of antibodies or synthetic

anti bodies) directed to the first nentioned ant i bodi es di scussed above.
Both the first and second anti bodies may be used in detecti o35 ays or
a first anti B4 be used with a commercially avail able Fmavsofsaz 2 2

anti -i mmunogl obul i n anti body. An antibody as contenpl ated herein

i ncl udes any antibody specific to any rggion of nodified IL-5. 10
Bot h pol ycl onal and nonocl onal anti bodi es are obtai nabl e by i nmuni zati on
with the enzynme or protein and either type is utilizable for

i nmunoassays., The A of o i ni b, : known
in the art. Eol yc@%ﬁ]gg‘??‘g@%‘?’%&%&%ﬁ&gr" %ﬁ‘%‘r'érjgr%mgé? g%? éegtonqg\{cgﬁlg{l?‘{f\é\%%/é’pelﬁsi |y
prepared by ieRdrgighiicnof®0m shdketfRER eultuedsaontaining iaducer| orwiytcoloan sizé beagirve 15
anount of nodified IL-5 or antigenic parts ther ‘fs coll ecting serumfrom
the ani mal , ®kdes with aovishquy induesicinfthis iayiange Whéﬁ'g of the known

i mmunoadsor bent techni ques. Although ant i bodi es produced by this nethod
are utilizable in virtually any type of inmnoassay, they are generally
| ess favoursed. becTus seledted dinglocodlemt frain dnagar pate mas transiérredniato 0o Wit . 20

The use of nopnocl onal anti bodi.es j,0 an . munoassay,,l rticul arly.
preferred beé‘éf[@@“’é‘lcl’ minim E‘e%'mé ffo?tﬁl"w&ﬂ'{?ﬁ‘éﬁf%ghﬁi’%%é\ﬁbga’aﬂyﬁ?’i(?9 es
and the hormoggngiyt yrnefeuftive wik @esied at 379€ overnight Mixdragiunin. of hybridoma cel |

| i nes for nonocl onal anti body production derived by fusing an i mort al
cell line and | ynphocytes sensitized agai nst the inmunogenic preparation
can be dgne by .t i i : l : killed
nthe arc. g5 AngRinl oF R G el bl i 9P YelBerdtang ibbRaREf 7 L
met hod f or 10lekBClowdensipdwith everhighGeulture. | Growthwat a3 & andarpH ef 7.00vasa

subj ect said nethod, conprisin i ai d bi ol ogi cal sanple with
an anti body é‘{?é’é‘?‘\“F‘ébyg{é"ﬁ‘aﬂpgpggﬂ'{@ﬁsm&%s?)ﬂs derivatives or honol ogues for

a time and under conditions sufficient for an anti body-nodified IL-5
conplex to form and 30 then detecting said conplex. .
5. Agitation was manually controlled and aeration automaticaily controlled with

oxygen saturation levels remaining above 10% v/v pO,. Following depletion of glucose at
15 16-20 hours the cell mass was fed with a concentrated glucose solution containing

additional salts. Nutrient feed flow rate was determined by pH or oxygen saturated levels.

B. Induction
1. At an optical density of Ag, = >20 the recombinant expression of E13R

20 antagonist was induced, in this instance by changing to a lactose based nutrient feed.
Induction continued for 5 hours at 37°C, pH 7.0. Samples were removed at immediately
preceding induction and each hour post-induction and examined by micros'copy for the

presence of IB, their size being determined by disc centrifugation.

25 2. The culture was stored overnight at 4°C.

2. PRIMARY ISOLATION OF IL-5 (E13R) INCLUSION BODIES
1. Homogenization - Step 1 o
The culture was passed five times through a Gaulin 30CD homogenizer at 13,500 psi,

30 with homogenate being cooled between passes. Homogenate was then diluted with an
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present invention also contenplates genetic assays such as involving PCR
anal ysis toy 9g§§gpt a nodified IL-5 gene or its derivati pemausdosznati ve
met hods incluae I rect nucl eotide sequenci ng or mutation scanni ng such
as single stranded conformation pol ynor phi sm anal ysis (SSCP) as well as
speci fic oligonucl eotide hybridi sation25- The present invention extends
to nucleic acid nol ecules encoding a nodified IL-5 of the pr esent

I nvention. Such nucleic acid nolecules may be DNA or RNA. When the nucleic
aci d nol eculegudl SroiumeMAROMD. it may be genomi c DNA or cDNA. RNA forns of
t he nucl eic acid nol ecul es of the present invention are generally nmRNA
10 Al t hough the nucleic acid nolecules of the present invention are

general ly i“I‘hic:Zﬁgf’zte‘%x%fr&fe %‘H‘*’f’mﬁ’?ﬁ}é& trip%a{i(;};’egrat ed into or ligated to or

ot herw se fuse assocl a er genetic nol ecul es such as
vector nol ecules and in particul ar expression vector nolecules. Vectors
and expression veciors are g?ner ally capable of replication and, if
appl i cabl & ZexpEEiésdier Bl one or both of a prokaryotic cell or a

eukaryotic gngelhonBE&fa?er@Q éémrﬁﬁg%ﬁ% X@Vés@faﬁz?kﬁ-sll s}a}g‘éiétld\d@ith a chnstdiPbpeed BACI | | US

sp and Pseudononas sp. Preferred eukaryotic ce I ncl ude yeast, fungal,
manmal i an arfg2i0npecit aciidw sate determined by 1B size.

The concentrate collected from this first step was diluted to <2.5% wiv.
10
3. Homogenization - Step 2 _
The IB suspension was passed once through a Gaulin 30CD homogenizer at 13,500 psi.

The JB size was again determined by disc centrifugation.
15
4. Centrifugation - Step 2
The homogenate was centrifuged in a Westfalia SA-1 separator with a constant speed of -

9,700 rpm at a flow rate determined by IB size.

20 For refolding, IBs are initially dissolved in 6M Guanidine-HCI, containing 5-10mM
dithiothretiol and buffered to pH 9.5. Reduced IL-5 monomers of MHYH,LIL-5(E13R) are
then purified from non-reduced protein by Size Exclusion Cbrpmatography (eg. Superose
12 [Pharmacia]) in 6M Guanidine-HCl, containing SmM ditijthhreitol and buffered to pH
9.5. The purified reduced monomer is then refolded into dlmers by dilution into 2M urea

25 buffered to pH 9.5 at a final protein concentration of 0.01-0.1 .mg/ml. Purification of
correctly folded dimers is by reversed phase chromatographfifc}_'n a High Performance
Liquid Chromatograph (HPLC) using a suitable column (eg.fB-_rownlee butyl-silica
employing 0.1% v/v trifluoroacetic acid (TFA) in water as Buffer Aand 0.1% v/v TFA in
acetonitrile as Buffer B). Purified, correctly folded protein'c;ri be recovered in biological

30 buffers after lyophilization from HPLC buffers in the presence of mannitol and glycine,



Accordi ngly, another aspect of the present invention contenplates a genetic
construct 20 conprising a vector portion and a manmal i an and nore
particularly a human nodified IL-5 gene portion, which nodified IL-5
gene portion J.8.63 | e of encoding an nodified IL-5 pol ' ra
functi onal or‘*émﬁmb ogically interactive derivative thereo?{.%]%w‘ﬁmﬁ -
Preferably, the nodified [L-5 gene portion of the genetic construct is
operably linked to a 25 pronmoter on thegector such that said pronoter is
capabl e of directing expression of said nodified IL-5 gene portion in
an appropriate cell. In addition, the nodified IL-5 gene portion of
the genetic ¢ | a r :
anot hor _genet 11928 B BB b ERRRYde3fts " rhe Mepl1dr the puted pRAHERE LS HyFm
gl ut at hi one- Ssingamadsapecsiometry aad N-tehrinalodequencing. WO 97/ 45448
PCT/ AU97/ 00322 -18 -
Accordi ngly, another aspect of the present invention contenplates an
i solated nucleic acid nmol ecul e conmpgikIMIBLR g£eduence of nucl eoti des
encodi ng or conplenmentary to a sequence

5 Assay for I1-S-antagonistic activity

The biological assay for IL-5 antagonism by E13R uses incorporation of radiolabelled
thymidine to detect IL-5-induced cellular proliferation. The cell line used, TF1.8, is a
subline of TF1, a human erythroleukemic cell line which expresses the receptors for IL-3
and GM-CSF. TF1.8 differs from TF1 in that it has been selected for expression of the
10 IL-5 receptor. Stimulation of TF1.8 proliferation by IL-5 is inhibited by 50% in the
presence of a 30-fold excess of E13R, and abolished in the presence of a 300-fold excess
(Figure 2). However, stimulation of TF1.8 proliferation by IL3 or GM-CSF is unaffected
by the presence of E13R. These results demonstrate that E13R is a specific and potent
antagonist of IL-5. The *H-thymidine assay was conducted as follows:
15
Wash cells 24hrs, prior to assay (1500rpm/5min/RT) and resuspend them in

cytokine free medium.

Dilute standards and samples to concentrations required, in culture medium
20 mentioned above (range between 1000ng/mi-1pg/m! as example). Dilutions were

‘done in triplicate.

Aliquot dilutions of appropriate standards (GM-CSF, IL-3, IL-5, etc.) and samples
in 100ul final volumes, in sterile 96 well, flat bottom microtitre plates.

25 '
Check viability of washed cells and resuspend cells to a concentration of 5 x 10

cells/well,

Each cell contains 100ul of diluted standard/sample + 100ul resuspended cells.
30



encoding a nodified IL-5, said nodified IL-5 conprising a sequence of am no
acids with a first [err]-helix wherein one or nore exposed am no acids
in said first [err-helix having acidic or 5 acidic-like properties are

substituted with a basic amno acid residue or a non-acidic ) aci d
. . VA B%700322 ol
resi due. WP92HMB | y the sequence of nucl eotides encoded aAﬁghanz -
nodified IL-5 or a manmal i an honol ogue whi ch conpri ses a sequence of

amno acids in a first [err]-helix of: ]%(3] Thr Ser Ala Leu Val Lys Xaa
Thr Leu Ala Leu Leu Ser Thr His Arg Thr 1leu Leu lie Ala [ SEQ I D NC 4]
wherein Xaa is a basic or non-acidic amno acid residue preferably sel ected

fromArg, Lys, 15 G n and. Asn er.eipn sai.d di.f.i.e L= I bt
ant agoni sm of |L-5 af?aﬁf?e'&éﬁﬁafeg%ﬁ%]é for e‘*rf'e‘f}tag{‘)’"ﬁé’gfégFQbf“%‘ﬁ%}a@?tg?s’ for
Xaalerr] where n igpankrrgtdisposition 13. Preferably, Xaa is Arg.

The present invention extends to such genetic constructs and to prokaryotic
or eukaryotic cells conprising sane. 20 The present invention :

furth t | at th ¥ i - '
et i ned 1 n the. manchaa o el (B0 dneidioeRmRERE TRELRNE

sonme nyel oi 6 | eisg€mnar. (such as eosi nophilic nyeloid | eukaem a),
i di opat hi ¢ eosi nophilic syndrone, allergic inflammtions such as
asthma, rhinitis and skin allergies. 25 The present invention is

further described RyubRE pLEIGITT S Kol LHRRMATH, ikdvaide Exanpl es
and/ or Figures.
Harvest contents of each well onto filterpaper using cell harvester and determine

10 - the radioactivity incorporated into the DNA, by liquid scintillation counting.

The results are shown in Figures 2 to 6. The results show that E13R specifically

antagonises IL-5 activity but does not interfere with GM-CSF or IL-3 activity. In

particular, the Figures show that E13R does not antagonise TF1.8 cell proliferation
15 induced by IL-3 nor does it antagonise TF1.8 cell proliferation induced by GM-CSF.




In the Figures: 30 WD 97/ 45448
PCT/ AU97/ 00322 19- Figure 1

is (a) a diagrammatic representation of the IL-5 E13R bacterial expression
pl asm d pPP3[err] and (b) DNA/am no acid sequence of 5&261’!%’ [L-5

(E13R). The EXYOR7A¥8&tion is circl ed. 5 Figure 2 is a fi}: e
representation showing the titration E13R for its ability to antagonl se
| L-5-nmedi ated proliferation of TF 1.8 c%ls. [err]
IL-5 WI -0- IL-5 E13F(§' W@
3ng/ m +E13R Figure 3A shows the titration of E1 3R for its ability to
ant agoni se | L-5-nedi at ed

EXAMPLE §

hIL-5 Lys"”

Thr Ser Ala Leu Val Lys Lys Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu Leu Ile Ala
[SEQ ID NO. 5]

5
EXAMPLE 6
hIL-5 Arg®
Thr Ser Ala Leu Val Lys Arg Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu Leu Ile Ala
[SEQ ID NO. 6}
10
EXAMPLE 7
hIL-S Gin®

Thr Ser Ala Leu Val Lys Gin Thr Leu Ala Leu La Ser Thr His Arg Thr Leu Leu Ile Ala
[SEQ ID NO. 7]

15
EXAMPLE 8
hIL-S Asn®
Thr Ser Ala La Val Lys Asn Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu Leu Ile Ala
[SEQ ID NO. 8]
20

EXAMPLE 9
Antagonistic properties of E13R'qi|_::eosinophils
An antibody dependent cell-mediated cytotoxicity (ADCC_) assay was used to determine the
effect of E13R on eosinophil function. This assay measu_r-é‘s the ability of eosinophils to kill
25 target cells radiolabelled with chromium and expressing a"certain antibody recognized by
the eosinophils (Vadas et al. J Immunol 130: 793, 1983) Blood was collected from a
healthy donor and eosinophils were prepared by metrxzamlde gradient separation of
leukocytes after removal of red cells with dextran (Vad:asf_gt al. ] Immunol 122: 1228, 1979).
The eosinophil purity exceeded 95%. Th.e eosinophils "w;'e%e then incubated with the target

" 30 cells at a ratio of 100 eosinophils per target cell, and a fixed dose of either GM-CSF (10



proliferation of TF1-8 cells. This figure also shows that E13R exhibits no

det ect abl e agoni st activity. 15 +~ | L-5WI

-0- 1L-5 EI3R IL-5 + IL-5 EI3R 20 Figure 3B shows the"
failure of EhgBobmsseggt agoni se [L-3-nediated proliferation opcHabsfooszz _
cells. IL-5 IL-5 E13R 25 -
IL-3 + IL-5 E13R Figure 3C shows the failure of E13Rto antagoni se

GVt CSF- nedi at ed proliferation of TF128 .cel | s. 30 + GM
WD 97/ 45448

PCT/ AU97/ 00322
ng/ml) or IL-5 (10 ng/m}) and a titration of E13R. Figure 7 shows that E13R dose-

dependently antagonised IL-5-induced ADCC, but had no effect on GM-CSF-induced
- ADCC. Values are mean and sem of triplicates.

5 EXAMPLE 10
Effect of E13R on px;oliferation and differentiation of eosinophilic progenitors

Bone marrow was collected from a healthy donor and subjected to density centrifugation
(Lymphoprep.). The mononuclear cells were plated in agar supplemented with a fixed dose
of either GM-CSF (10 ng/ml) or IL-5 (10 ng/ml) and a titration of E13R. The cells were

10 allowed to grow at 37°C for 2 weeks. The agar plates were then fixed in gluteraldehyde
before the plates were stained with Luxol Fast Blue to detect eosinophilic colonies. Figure 8
shows that E13R dose-dependently antagonized the colony-promoting effects of IL-5, while
E13R had no effect on GM-CSF stimulation of eosinophilic colony formation. Values are
mean and sem of triplicates.

15
Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be understood
that the invention includes all such variations and modifications. The invention also
includes ail of the steps, features, compositions and compounds referred to or indicated in

20 this specification, individually or collectively, and any and all combinations of any two or

more of said steps or features.



-20 - _ IL-5 El 3R GM + IL-5 E13R
Figure 4 is a graphical representation showing the titration of IL-3 for
its mtogenic effects 5 on TF 1.8 cells and the failure of high | evels of

E13R to interfere with this activity. | L

IL-3 w8loFiustd E13R@00ng/ m +[L3 10 Figure 5 is é’éa)rﬁgz’ﬁ?"éﬁ
representation showng TF 1.8 proliferation assay for |L-5.

IL-5 W IL-5 E13R _1§0_ WIr

| L5@ngt M +E13R W LS (H) W IL-5 (H) was
prepared in inclusion bodies in bacteria, dinmerized in 2Murea, purified
3y. rgvgrse phase HPLC, concentrated in buffer exchange in PBS. It was never
rie own.
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20 D5 W was prepared in the sane way as WI IL-5 (H') but after

concentrati on,
glycine and 1.25 ng/ M of mannitol.

representatiopn
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Figure 6 is a graphi cal
g the titration of GMCSF for its m togeRiAterennz2

and the failure of high levels of E13Rto interfere
IL- WI
WO 97/%5448

representation show ng that El

21 -

3R inhibits IL-5

(2) aRidrlogyn deperdeamt ncel | - medi at ed cytotoxicity.

CAT

Leu

ATA
Ile

CAX
Gln

CAA
Gln

TTA
Leu
80

CGT

Arg

GTA
Val

(i) SEQUENCE CHARACTERISTICS:

(A)

(B) TYPE:
(C) STRANDEDNESS: single
{D} TOPOLOGY: linear

LENGTH: 377 base pairs
nucleic acid

{ii) MOLECULE TYPE: DNA (genomic)
FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 4..366

{ix)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

ATG
Met

GTG
Val

GCC
Ala

CTG
Leu

aACT
Thr
65

ATA
Ile

CGT
Arg

ATG
Met

CAC
His

Lys

AAT
Asn

TGC
Cys
50

GTG
Val

ARG
Lys

CGT
Arg

AAC
Asn

TAT
Tyr

CGT
Arg

GAG
Glu

35
ACT
Thr

CAA
Gln

Lys

GTA
Val

ACC
Thr
1158

CAC CAT CAC

His

ACC
Thr
20

ACT
Thr

GAA
Glu

GGG
Gly

TAC
Tyr

AAC
Asn
100

GAA
Glu

His
s

TTG
Leu

CTG
Leu

GAA
Glu

Gly

ATT
Ile
85

CAA-

Gln

TGG
Trp

His

GCA
Ala

AGG
Axrg

ATC
Ile

ACT
Thr
70

GAC
Asp

TTC
Phe

ATC
Ile

ATC CCC ACA

Ile

CTG
Leu

ATT
Iie

TTT
Phe
55

GTG
Val

GGC
Gly

Leu

ATC
Ile

Pro

cTT
Leu

CCT
Pro
40

CAG
Gln

GAA
Glu

CAG
Gln

GAC
Asp

GAA
Glu
120

Thr

TCT
Ser
25

GTT
Val

GGA
Gly

AGA
Arg

AAG
Lys

TAC
Tyr
105

TCC
Ser

GAR
Glu
10

ACT
Thr

CCT
Pro

ATA
Ile

CTA
Leu

ARNG
Lys
90

CTG
Leu

ATT
Ile

CAT
His

GTA
Val

GGC
Gly

TTC
Phe
75

ARG
Lys

CAA .
Gln:

CCC ACA
Pro Thr

CGA ACT
Arg Thr

CAT AAR
His Lys
45

ACA CTG
Thr- Leu
60

AAR ARC
Lys Asn

TGT GGA
Cys Gly

GAG' TTT
Glu- Phe

TGATGAAGCT T

AGT
Ser

CTG
Leu
30

AAT
Asn

GAG
Glu

TTG
Leu

GAA
Glu

CTT
Leu
110

GCA
Ala
15

CTG
Leu

CAC
His

AGT
Ser

TCC
Ser

GAA
Glu
95

GGT
Gly

GV

Fi gure
I nduced

48

96

144

192

240

288

336

377



E13R+I L-5 5

and IL-5, the Aerr]

representation showi ng that E13R inhibits IL-5 i nduced eosi nophi

formati on.

E13R+GM CSF  W987M{4%0si nophi | col oni es were detected absen
WO 97/ 45448 '

I L-5.
PCT/ AU97/ 00322

(2) INFORMATION FOR SEQ ID NO:2:

Met
Val
Ala
Leu
Thr

65
Ile
Arg

Net

(2)

+

: E13R+GV+ CSF
Cr-rel ease was 4%

E13R+I L-5

-32-

(i) SEQUENCE CHARACTERISTICS:

(ii)
{xi)

() LENGTH:

(B) TYPE:

MOLECULE
SEQUENCE

His Tyr His His

Lys

Asn

Cys

50

Val

Lys

Arga

Asn

INFORMATION FOR SEQ ID NO:3:

Arg

Glu

35

Thr

Gln

Lys

Val

Thr
115

Thr

20

Thr

Glu

Gly

Tyr

Asn

100

Glu

S

Leu

Leu

Gly
Ile
8S

Gln

Trp

121 amino acids

amino acid
(D) TOPOLOGY: linear

TYPE: protein
DESCRIPTION: SEQ ID

His Ile Pro

Ala

Arg

Ile

Thr

70

Asp

Phe

Ile

Leu

Ile

Phe

58

Val

Gly

Leu

Ile

Leu

Pro

40

Gln

Glu

Gln

Asp

Glu
120

Thr Glu
10

Ser Thr
25

Val Pro

Gly Ile

Arg Leu

Lys Lys
90

Tyr Leu
105

Ser

(i) SEQUENCE CHARACTERISTICS:

{A) LENGTH:

6 amino acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: peptide

NO:2:

Ile Pxo

His Arg

Val His

Gly Thr

60

Phe Lys
715

Lys Cys

Gln Glu

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Met His Tyr His His His

{2)

5

INFORMATION FOR SEQ ID NO. 4:

In the absence of GV CSF
Figure 8 is a graphical

Thx
Thr
Lys

45
Leu
Asn

Gly

Phe

Ser

Leu

30

Asn

Glu

Leu

Glu

Leu
110

Ala
15

Leu

His

Ser

Ser

Glu

95

Gly

22

Leu

Ile

Gln

Gln

Leu

80

Arg

Val

10 col ony

ch?“&%Pﬁgp and



EXAMPLE 1 Production of a charge-reversal nutant of
interleukin 5(1L-5) with | L- 5- ant agoni stic
properties The inventors expressed and purified a charge-reversal

mut ant of | L-@eloedfag Ch the 5 glutamate residue at positionpdg,gy 22l S
repl aced by an arginine residue (R) [E13R]. This mut ant, E13R, shows -
specific antagonismof IL-5 mtogenic effects in vitro. In order to

maxi m se expression, this protein is prasently being expressed as a fusion

protein with the | eader sequence MHYH err] (MHYHHH) [SEQ ID NO 3]. The

| eader sequence conprises amno acids 1 to 6 in SEQID NGs: | and 2.
However, there is no reasomseeueNbieickaraeTaristIcd0 renoval of this | eader
sequence (or its repl acenen®! byLEg8Eheért | eader sequence) will affect t he

antagoni stic effects of E13R ATHEagamdptrdcit representation of MHYH err]
and the - sequence of El[efﬁ}] R:g’lg‘” Gy_ﬁ?f’iﬁnﬁi"gure 1. The nucl eotide and
correspondi ng am no acj,d, Mo%gtgerf#?&ogoﬁxgue] Ris represented in SEQ ID
NOs: 1 and 2. 15 (xi) SEQUENCE DESCRIPTION: SEQ ID No. 4: EXAVPLEZ
Production of a bacterial expression plasmd encoding WHYH err]IL-5 (El 3R)
Human 1 L-5 E13R nutant codi ng sequence was derived fromlIL-5 wld-type
sequence, byThr sei pbx &pedrl iLgs Xud Jyenesirla LeudBu ser Thr Bedany 3 was changed
5

to an Arg codon CAG - Ca¥ The addi ti onal codon
changes listed here were based on bacterial codon preferences to
pr onot e tran%T“afisoﬁ%ﬁ efficiency in E. coli, and did not lead to am no acid
changes. 25
(2) INFORMATION FOR SEQ ID NO. S5:
(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 21
(B) TYPE: amino acid

{c) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii} MOLECULE TYPE: polypeptide
(x1i) SEQUENCE DESCRIPTION: SEQ ID NO. 5:

Thr Ser Ala Leu Val Lys Lys Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu
s 10 . 15

Leu Ile Ala
20

(2) INFORMATION FOR SEQ ID NO. 6:

(i) SEQUENCE CHARACTERISTICS:
(n) LENGTH: 21
(B) TYPE: amino acid
{(C) STRANDEDNESS: single f
(D) TOPOLOGY: linear '

(ii} MOLECULE TYPE: polypeptide -
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 6:
Thr Ser Ala Leu Val Lys Arg Thr Leu Ala Leu Leu SefiThr His Arg Thr Leu
5 10 15

Leu Ile Ala
20

(2) INFORMATION FOR SEQ ID NO. 7: .
- - This Sheét Has Be,

-5een Replaced

(i; SEQUENCE CHARACTERISTICS: : ' :
™ e I

{B) TYPE: amino acid g

S

THIS SHEET Hag 5
S B
REPLAQED

Sxyccals

EN




codon 82: CAA CAG codon 83: AAA AAG
codon 84: AAA AAG " codon 90: AGA =CGT 30

codon 91: CGG - CGT codon 92: AGA - CGT WO
97/ 45448

PCT/ AU97/ 00330 97/45448 N R
codon 97: CTA CIG codon 110: GAG [err] GAA

codon 112: ATA-ATC cogden 113 ATA ATC 5

codon 115 AGI TCC. The mut ant fragnment was nodified by

pol ymerase chain reaction using prinmers to generate a sequence encodi ng
the | eader MHYH3 at the 5' e#nd, &Rehokosd<@P LAglen at the 3 end. The

anplified fragment was subckg;nedrdebidayt h@ngdrasmi d pEC611 to generate the 10

expression plasm d pPP3iil, seust@ientyrg: tdokydepCider onot er .
(xi}) SEQUENCE DESCRIPTION: SEQ ID NO. 7:

Thr Ser Ala Leu Val Lys Gln Thr Leu Ala Leu La Ser Thr His Arg Thr Leu Leu
5 pYH s i5

Ile Ala
20

(2) INFORMATION FOR SEQ ID NO. 8:

(i) SEQUENCE CHARACTERISTICS:
(n) LENGTH: 21
(B) TYPE: amino acid
(c) STRANDEDNESS: single

(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. B8:

Thr Ser Ala La Val Lys Asn Thr Leu Ala Leu Leu Ser Thr His Arg Thy Leu Leu
5 10 15

Ile Ala
20

l:ms SHEET G BEEN

Thxs Sheet Has B

IIIIIIINHIIIIIIIIII/iII



EXAMPLE 3 Production, isolation and refolding of MHYH err]
IL-5 (E13R) Fernmentation is by the Fed-Batch nethod. Escherichia coli
MW94/ pACYCLacl [err] 15 transformed with the E13R-expressing plasmd pPP31
is grown in r{&{; di um at 37[err]C. The pH is held cpgaghosioossk pH
7.0 during ba &4 growm h by the addition of NH40H. Expression of TL-5
(E13R) is induced at high cell density (O err]>20) either by addi tion
of IPTG or by feeding with |actose. |Indiscti on continues for 5 hours (not

i ncl uding 1ag phase) with the protein being expressed as insoluble

I nclusion bodies (IBs). 20 Cells are lysed by hi ﬂmmmm eni zati on.
A primary sepgpaamseon of IBs from cel lul ar deb mg"m:’mgfferent I al
centrifugation, after which the IBs are washed and hbndyerdi zed one nore
time. Afinal centrisfiugation step isolates |IBs of suff|C| ent
cleanllnessfor r ef il e 1 0N,
I sol ation and’ref gl '@MB@'P&”'&@P gmhg%ﬁﬁs%a ée%e_: E%E%@%?F%%W’MW

| nocul ati on g-helix whereﬁscdmeusn movie 2xpaskd am&éfdpm ficx [zeheti} having 3didig opPP31

was streaked oyt froma 30 80 r ol stock LUm
pl ate cont ai AFAGIKFPFAIEFYSS AT %ﬁ[‘é“r"fl %’d‘y’ e‘ias'ﬁr"i‘ﬂum a e ornl ”?’J’d‘ﬁ%)% )
and grown ovggifireiduedhnd m&'h{ dafd modified TL-5 acts as an antagomst of IL-S

2. A modified IL-5 according to claim 1 wherein the IL-5 subject to modification is -

of mammalian origin.

3. A modified IL-S according to claim 2 wherein the IL-5 subject to modification is

of human origin.

4. A modified IL-5 according to claim 3 wherein the modification is a substitution of
Glu at amino acid position 13 or equivalent position for Arg or Lys or a chemical

equivalent or derivative thereof.

5. A modified IL-5 according to claim 3 wherein the modification is a substitution of
Giu at amino acid position 13 or equivalent position for Gln or Asn or a chemical

equivalent or derivative thereof.

6. A modified human IL-5 or a mammalian homolog_.pi; thereof comprising a sequence

of amino acids in a first ¢-helix of;

Thr Ser Ada Leu Val Lys Xaa Thr Leu Ala Leu Leu Ser Thr ‘His Arg Thr Leu Leu Ile Ala
[SEQ ID NO:4]

wherein Xaa is a basic or non-acidic amino acid residue’ prcfcrably selected from Arg,
Lys, Gln and Asn and wherein said modified IL-5 exhlblts antagomsm of IL-5 induced

mitogenic effects.



WD 97/ 45448

II\D/UCI-I-{ iA:)J?Z/ gglgtz)ﬁi es were assessed Jl’""’ﬂ"ﬂ"&”ﬂb’wpresm on- I2£elv-el s by 5
as

. microscopic __examnation of 20nf shake f tures contaifi .nducer,
~or by col ony_?Pz"é"‘%"ﬁsagar plates with or w thout inducer,&%{r}r}dgﬂ?ogﬁ -
cinstance with I PTG 5 3. The sel ected single colony froman agar plate
- was transferred into 20m of nitrogeggrich mniml nedium (2) containing
~anplicillin (100 [err]g/m) + kananycin (30 [err]g/m). The culture was
grown at 37[err] C overnight with agitation. 4. An anount of |1QOL of

Cerr] was sterilised,.i fernenter. and inocul at 0 very | ow
density wit ht70ver ‘r‘ﬁ g?&lhgduﬁt"%uar%"ef.L %ﬁ%‘%ﬁlmﬁi{%ﬂ Q?m%lg%ueeﬁjﬁr efgaﬁ%‘)rgﬁ'ﬁljzg@?"%?éo was
mai nt ai ned bwhefetn AeklistArgn of NH[err]OH or H2SO err]. 5. Agi tation
was manual |y controll ed and aeration automatically controlled with

oxygen saturation |levels remaining above 10%v/v P(Jerr]. Follow ng

depl et1on of g9' UCRSBodified Rurkdls A5 BP Ml fihbjof R erbBiactiing!ed Blafin 6

concentrated glucose solution contal ning lonal salts. Nutrient feed
fl ow rate wawhdeeireKaa isdcysby pH or oxygen saturated | evels. B.

I nducti on 1. At an optical density of Alerr] = >20 the reconbi nant
expressi on of E13R 20 antagoni st was induced, in this instance by changi ng

to a | actosegbased fudifib€RémaLRI5 or mammalian homologue thereof according to claim 6

wherein Xaa is Gin.

1C. A modified human IL-5 or mammalian homologue thereof according to claim 6

wherein Xaa is Asn.

11,  An IL-5 antagonist comprising an IL-5 molecule with a modification to the amino
acid sequence in its first e-helix wherein amino acid residue 13 is substituted by a basic

amino acid residue or a non-acidic amino acid residue.

12. An IL-5 antagonist according to claim 11 wherein amino acid residue 13 is selected

from Arg, Lys, Gln and Asn.

13.  An IL-5 antagonist according to claim 11 or 12 comprising an amino acid sequence
substantially as set forth in SEQ ID NO:2.

14. A pharmaceutical composition comprising a modified IL-5, said modified IL-5
comprising a sequence of amino acids with a first e-helix wherein one or more exposed
amino acids in said first «-helix having acidic or acidic-like properties are substituted with
a basic amino acid residue or non-acidic amino acid residué, said composition further

comprising one or more pharmaceutically acceptable carriers and/or diluents.

15. A pharmaceutical composition according to claim 14 wherein the IL-5 subject to

modification is of mammalian origin.



| nduction continued for 5 hours at_37C, §H 7.0. Sanples were renoved at

I mredi atel y precedi ng i nduct |H"JHH Hﬂumﬁ post -i nducti on and
exam ned by mcroscopy for the | TR g lIl] .their size being

det ermi ned by, dise, gentrifugation. 25 2. " SThe cul ture wasysimned:
over ni ght at err | % 2 PRI MARY | SOLATION OF IL-5 (E13R) )

I NCLUSI ON BODI ES 1. Honogeni zation - Step 1 The cul ture was passed
five tinmes through a Gaulin 30CD honogesyizer at 13,500 psi, 30 with
honbgenat e bei ng cool ed bet ween passes. Honbgenate was then diluted with an
WD 97/ 45448

PCT/ AU97/0032¢ A pharmaceutical composition according to claim 15 whereinthe?R.-5 subject t€qual
volunme of RO Herr]Q The I'B size was redeterm ned by disc

centri f ugat i owdification is of human origin.

17. A pharmaceutical composition according to claim 16 wherein the modification is a
substitution of Glu at amino acid position 13 or equivalent position for Arg or Lys or a

chemical equivalent or derivative thereof.

18. A pharmaceutical composition according to claim 16 wherein the modification is a
substitution of Glu at amino acid position 13 or equivalent position for Gln or Asn or a

chemical equivalent or derivative thereof.

19. A pharmaceutical composition according to claim 17 comprising a modified IL-5

having an amino acid sequence substantially as set forth in SEQ ID NO:2.

20. A pharmaceutical composition comprising a modified human IL-5 or a mammalian
homologue thereof said modified IL-5 comprising a sequence of amino acids in a first o-

helix of:

Thr Ser Ala Leu Val Lys Xaa Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu Leu Ile Ala
[SEQ ID NO:4)

wherein Xaa is a basic or non-acidic amino acid residue preferably selected from Arg,
Lys, Gln and Asn, said composition further comprising one or more pharmaceutically

acceptable carriers and/or diluents.

21. A pharmaceutical composition according to claim 20 wherein Xaa of the IL-5 is

Arg.

22. A pharmaceutical composition according to claim 20 wherein Xaa of the IL-5 is

Lys.



5 2. Centrifugation - Step-1—-"Thé honbgenate was centrifuged in a
Vestfalia SB-7 separator wit 3 d of 9,210 rpmat a flow
rate determ ned by |IB si zevﬂ‘gma‘ m‘ ate collected fromthis first
step was dlluted to <2.5 %_'.’_,;. "3, sHoFngenl zation - SLeEp,Lavme he | B
suspensi on w0 PUG4Bd once-through a Gaulin 30CD honogeni zer atA‘ ks pSi .
The 1B size was again determ ned by disc centrifugation. 15

Centrifugation - Step 2 The honobgenaje was centrifuged in a V\éstfalla
SA- 1 separator with a constant speed of ©~ 9,700 rpmat a flow rate
determ ned by | B size. 20 For refoldi ng, 1Bs are i ni tially dissol ved i n
6M Guani di ne- HCl , containip hi ot hr.et and \ouf f

9.5. Reduced?¥-L- SAWBWH%?@C&CW en P‘]"PT_ ling o clgim ‘gh remn fglfel?ﬁ 5d from
non-reduced gyptein by Si ze Excl usion Chronmat ography (eg. Superose

[ Pharmacia]) 1n 6M Guani di ne-HC , containing 5mM dithiothreitol and

buffered to pH 9.5. The purlfled reduced nononer is then refolded into
dinmers by dijutio nt02 urea 25 .buff r eln
concentrat i oh‘y 8‘%&”’&"&“ b MPOBLPR oS gg‘ﬁj% HZ%‘?%‘?%‘@?FF&?{CI e:g di mers
is by rever sggn,phase chr orr_at ography on a Hi gh Perfor mance Li quid

Chr omat ogr aph (HPLC) using a suitable colum (eg. Brownl ee butyl-silica

enpl oyi ng O. 1%v/v trifI uoroacetic acid (TFA) in water as Buffer A and O.
1% viv TFA i ' vibh GbcoRling fHCiAild RFwhGRREShbYifEOIUSd
protein can e rec vere Jtlck ‘ﬁ'f"ogl. ca‘lééc??o Hl')guf erls af?’er ophi | |lzat| on from
HPLC buf f er s compriseeamp ammraml xat;uamsubstahnaéltycas genyfoitmén SEQ I NO:2.

26. A method of treatment of a mammal comprising administering to said mammal an -
effective amount of #.'r_‘_n_o_dified IL-5 for a time and under conditions sufficient for

effecting said 'tream.;e'ht, said modified IL-5 comprising a sequence of amino acids within
a first ot-helix wheréi_n;; one or more exposed amino acids in said first a-helix having acidic
or acidic-like p‘ropeniiés are substituted with a basic amino acid residue or a non-acidic

amino acid residue. -

27. A method according to claim 26 wherein the IL-5 subject to modification is of

mammalian origin.

28. A method ac;:o__rding to claim 27 wherein the IL-5 subject to modification is of

human origin.

29. A method acpénding to claim 20 wherein the modification is a substitution of Glu
at amino acid posi‘tioﬁh}is or equivalent position for Arg or Lys or a chemical equivalent or

derivative thereof,

30. A method acéording to claim 20 wherein the modification is 2 substitution of Glu
at amino acid ,p'ositiéﬁ'_ 13 or equivalent position for Gln or Asn or a chemical equivalent or

derivative thereof, =~



WD 97/ 45448 } T

PCT/ AU97/ 00322 T - 26 - added
as bul ki ng exci pi ent agents. The |M ””e‘l' Wr“fled protein can be

confirned j mass spectrofet S€equeNECTIAU97/00322
EXAMPLE 4 5""(!'157"“?’948 Assa fsor 5-antagoni stic activity
The bi ol ogi cal assay for IL-5 antagoni sm by E13R uses i ncor poration of

r adi ol abel | ed thym dine to detect Ji9-5-induced cellular proliferation.
The cell line used, TFl .8, is a subline of TFl, a human erythrol eukem c
cell line which expresses the receptors for [L-3 and GVt CSF. TFI. 8
differs frogy TE Alferhdidés &éanﬁ@ﬁob@ﬁi&nﬁﬁah e&hﬁ%.ﬁgosdnﬂmfeﬁﬁétm@&mﬁmmp I L-5
receptor. Stirmulation of TFl.8 proliferation by IL-5 is 1nhibited by 50%in

t he pr es effiective AmauiB Of A ahadlifisddbsS fopfa tiRtesRd wader mémpsmkﬁﬁmwt foreefigetingence
of a 300-fol d Xcess ) I on. Rf:
proliferati 8‘“‘3 tf“f%‘ sgp ’(CW# %{:ﬁr écﬁwa’f‘?“ ?é%qugﬂce@- Aé’ %}dgé%%—? éﬁ%f_hell—_"h R

These resul pg dem)nstrate that E13R is a specific and potent ant agoni st
of TL-5. The [err]Hthym di ne assay was conducted as follows: 15
Wash cells 24hrs, prior to assay (1500rpm 5m n/ RT) and resuspend themin

cytokine frgg. 85U Teu Val Lys Xaa Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu Leu Ile Ala
[SEQ ID NO:4]

wherein Xaa is a basic or non-acidic amino acid residue preferably selected from Arg,
Lys, Glo and Asn and wherein said modified IL-5 exhibits antagonism of IL-5 induced

mitogenic effects.

32. A method according to claim 31 wherein the Xaa of the IL-5 is Arg.
33. A method according to claim 31 wherein the Xaa of the IL-5 is Lys.
34. A method according to claim 31 wherein the Xaa of the IL-5 is Gin.
35. A method according to claim 31 wherein the Xaa of the IL-5 is Asn.

36. A method according to claim 26 or 31 comprising the administration of a modified

IL-5 having an amino acid sequence substantially as set forth in SEQ ID NO:2.

37. A method for producing recombinant protein, said method comprising introducing
a genetic construct capable of expressing a nucleotide sequexi__ée to produce said
recombinant protein into a cell, subjecting the cell to conditions to permit the expression
of said nucleotide sequence, collecting the expressed recombinant protein in the form of
inclusion bodies and subjecting said inclusion bodies to dissoiution in a chaotropic agent
under conditions of high pH sufficient to disperse and partiaily unfold said recombinant

protein, dilute said unfolded recombinant protein and subjecting same to refolding



Dl ute standards and sanples to concentratmﬁs\#@,qw red, in culture nedium

20 nment i oned above (range /n1 -1 pg/ n1 as exanpl e).
Dilutions were done | Ali quot
dilutions of \pggsaRkd ate standards GG\/I- *, | L-5, etc%:,? Ies
in 10Qul final vofurres in sterile 96 well, flat bottommcro re prate

25 Check viability of washed ceI | s and resuspend cells to a
concentration of 5 x 10[err] eI | s/ wel | . Each cel |l

contai ns 100ul of diluted standard/sarrp‘f'e + 100ul resuspended cells. 30
WD 97/ 45448

II;IC;{ 2\59 Zl/r go;s%%b Uc{ns 311(@]?9 [punpﬁng ?aéd reﬁd?gr ‘?°°’P‘Hn%{“ I‘?Eﬂﬁ“&] fi ed cq err]

i ncubator (48 hrs, for TF-1 & TF1.8 cells).

38. A method according to claim 37 wherein the chaotropic agent is urea.

39. A method according to claim 38 wherein the recombinant protein is a modified IL-
5 comprising a sequence of amino acids with a first e-helix wherein one or more exposed

amino acids in said first a-helix having acidic or acidic-like properties are substituted with
a basic amino acid residue or a non-acidic amino acid residue and wherein said modified

IL-5 acts as an antagonist of IL-5.

40. A method according to claim 38 wherein the modified IL-5 comprises a sequence

of amino acids in a first a-helix of:

Thr Ser Ala Leu Val Lys Xaa Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu Leu Ile Ala
[SEQ ID NO:4]}

wherein Xaa is a basic or non-acidic amino acid residue preferably selected from Arg,
Lys, GIn and Asn and wherein said modified IL-5 exhibits antagonism of IL-5 induced

mitogenic effects.

4l. A method according to claim 37 wherein the nucleotide sequence further encodes

for a leader sequence fused to said recombinant protein.

42. A method according to claim 41 wherein the leader sequence is the amino acid
sequence Met His Tyr His His His.



Pul se cells with [err]H Thym dine (1/20 dilution of stock, then add

| Oul /well) 5 0.5ud /wel . | ncubat e plates @37[err]Cfor

S hrs in a humdified CJerr].incubator, © Harvest contents of
~each well ont graper usk ng cell harvester and determ ne t he
. radi oacti vi tqu(;n%:Jc’)Jrsg{)rat ed into the DNA, by liquid scintill ar}?q’éh“’&’é}??ﬁ%. ng.

~The results are shown in Figures 2 to 6. The results show that E13R

specifically ant agoni ses IL-5 activit but T

GWCSF or IL-3 activity. In  particul af/ m Fi gmmim/SMTEBRSﬁes
dy

..........

not antagoni se TF1.8 cell proliferation ‘-- p{L 3_nar, does |tgd

ion T paged ........
_,.?!_(S) -t paged ........ to paged ] .....

Drawing(s) : pagsg ... wuh. to paged 1) .
. Abstract : paged ........ to paged ..

- antagoni se TF1.8 cell proliferation induced by
- 97/ 45448
+ PCT/ AU97/ 00302

Ndel 1

MHYH -IL-5
E1 3Fw'

trc%-f'_?. .

EcoRI 3000
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EXAMPLE 5 hl L-5 Lys[err] Thr
Ser Ala Leu Val Lys Lys Thr Leu Ala Leu Leu Ser Thr H's Arg Thr Leu Leu Ile

Al a [SEQID NO. 5] 5 EXAMPLE 6
hlL-5 Arg[er Thr Ser Ala Leu Val Lys Arg Thr Leu Al a r Thr
HmAmeD@%&ﬁmAm [SEQ ID NO. 6] 10 pEHAbFHosE

EXAVPLE 7 hlL-5 G n[err] Thr
Ser Ala Leu Val Lys GAn Thr Leu Ala Leu La Ser Thr H's Arg Thr Leu Leu Ile
Al a [ SEQ I D NO. 7] EXAMPLE 8
hl L-5 Asn[err] Thr Ser Ala La Val Asn Thr Leu Ala Leu Leu Ser Thr

BawpLE o o CAT "arG chsé@;t.&aﬁogﬁhzmerm HTELR on
eosi nophils An anti bo%éepﬂrﬂgn ﬁt ﬁ%agggi c;ﬁg_témlc_he/ ( ADCC)

assay was used to determ ne the on "é0si no function.
This assay neasures the ability of e03| nophils to kbl

TTG GTG AAA CGT ACC TTG GCA CTG
Leu Val Lys Arg Thr Leu Ala Leu'
20

ATA GCC AAT GAG ACT CTG AGG ATT
Ile Ala Asn Glu Thr Leu Arg Ile
35

CAA CTG TGC ACT GAA GAA ATC TTT,
Gln Leu Cys Thr Glu Glu Ile Phe
50 55

CAA ACT GTG CAA GGG GGT ACT GTG
Gln Thr Val Gln Gly Gly Thr Val
65 70 '

TTA ATA AAG AAA TAC ATT GAC GGC
Leu Ile Lys Lys Tyr Ile Asp Gly
80 85

CGT CGT CGT GTA AAC CAA TTC CTG,
Arg Arg Arg Val Asn Gln Phe Leu
| 100 '

GTA ATG AAC ACC GAA TGG ATC ATC
Val Met Asn Thr Glu Trp Ile Ile
115 ——

Fig. 1b (i) '“’ﬁﬁiiﬁ‘riﬁlﬁm i fiu
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25 target cells radiolabelled with chrom um and expressing a certain
anti body recogni zed by the eosinophils (Vadas el al. J Immunol 130:
795, 1983). Blood was collected froma heal t hy donor and eosinophils

wer e prepar trizam de gradient separation of | epepsysRnsal t er
renoval of ﬁgﬁgﬁ s with dextran (Vadas et al. J Immunol 1220 1228, 1979).
The eosinophil purity exceeded 95% The eosinophils were then incubated

with the target 30 cells at a ratio ozzy901eosinophils per target cell, and
a fixed dose of either GW CSF (10 WO 97/ 45448
PCT/ AU97/ 00322 - 29 -

Gepentent !d v 235 SobGE ACA! icéé&iieﬁx“x%‘cc@cﬁ& AR AdiT o88a, ™ %Rd°se'
GW+ CSF- i
EXAI\/PLEIEOuce Eéf?%;g?ﬁ# E%%Eﬁon proli era??gﬁﬁaﬁ% Q#f erentlatlon of

eosi nophi lic progenitors BodeD marrow was col | ect ed fromBSheal t hy donor
and subjected to density centrifugation (Lynphoprep ). The nononucl ear
cells were plated in ﬂfar suppl enrented with a fixed dose of either

GM CSF (10 ng/ m )| &THL- FC¢To AGWH CAdd §GA rAGTEn CTG 8 TGThe 86 s
were 10 al | owed t Igégiév §e§7[.fH]]_.CI_fI9_r ZAviﬁa@ksTﬁl'fe 28y &éhes wer e then
y .

fixed in gluteral dé
25 30

CCT GTT CCT GTA CAT AAA AAT CAC 144
Pro Val Pro Val His Lys Asn His
40 45

. CAG GGA ATA GGC ACA CTG GAG AGT 192
Gln Gly Ile Gly Thr Leu Glu Ser
60

GAA AGA CTA TTC AAA AAC TTG TCC 240
'Glu Arg Leu Phe Lys Asn Leu Ser
' 75

.CAG AAG AAG AAG TGT GGA GAA GAA 288
‘Gln Lys Lys Lys Cys Gly Glu Glu
90 : 95

- GAC TAC CTG CAA GAG TTT CTT GGT 336
Asp Tyr Leu Gln Glu Phe Leu Gly
105 /110

GAA TCC TGATGAAGCT T 377
Glu Ser S
© 120

Fig. o.(i) Tl
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before the plates were stained wth Luxol Fast Blue to detect eosinophilic
colonies. Figure 8 shows that El 3R dose-dependentl|ly antagoni zed the

col ony-pronoting effects of IL-5 while E13R had no effect on GwW CSF
.stimulation of e05| nophilic colony formation. Values are  p&RaforiskzSem of
triplicates. 8974548 pse skilled in the art will appreciate that the

i nvention described herein is susceptible to variations and

nodi fications other than those specifically d |bed. It is to be

under st ood that the invention includes éF h variations and

nodi fications. The invention al so |nclud of the steps, features,

conposi tions and conpounds referred to or |nd|cated in 20 this
specification, individually or collectively, and any and all conbinations

of any two or nore of said steps or features. WD 97/ 45448
PCT/ AU97/ 00322 - 30 -

SEQUENCE LI STING (1) GENERAL | NFORVATI ON:

100000
90000 4
s ]
Ei 80000 <
= ]
Q 70000 -
- ]
o I
8 60000 j
S 50000 3
E 40000 ]
) .
— ]
* 20000 —:
™ ]
10000
0 ? e t—e—— -.—-o___oi___._..o..____.______o O O
0.0001  0.001 0.01 0.1 1 10 100 1000

IL5 (NG/ML)

Fig. 2
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(i) APPLICANT: (Cther than US) BRESAGEN LI M TED and MEDVET

. SCI ENCE PTY LTD (ii) TITLE OF I NVENTI ON: " AN | NTERLEUKI N- 5
. ANTAGONI ST" (iii1) NUMBER OF SEQUENCES: 8 (1v)

:  CORRESPONDENCE ADDRESS: (A) ADDRESSEE: Dav on
~ Cave WO 9745448 gy STREET: 1 Little Collins Street bEfiabbIob:

. (C dTY: Ml bourne (D) STATE: Victoria

i (E) COUNTRY: Australia (F) 3000 (v)

. COVPUTER READABLE FORM (A 52@ ".JM TYPE: floppy disc

. (B) COWUTER: |BM PC conpatible (C OPERATI NG SYSTEM
. PC- DOS/ Ms- DCS (D) SOFTWARE: Patentln Rel ease #1.0, Version
- #1.25 (vii) CURRENT APPLI CATI ON DATA: (A

- APPLI| CATI ON NUMBER: | NTERNATI ONAL PCT (B) FILING DATE:
~ (vii) PRIOR APPLI CATI ON DATA: (A) APPLI CATI ON NUMBER:

. P0O0054 (B) FILING DATE: 24- MAY- 1996 (viii)

ATTORNEY/ AGENT | NFORVATI ON:

TF1.8 PROLIFERATION ASSAY (IL5 E13R+IL5)

250000 -

200000 -

150000

100000

3 H THYMIDINE INCORPORATION (DPM)

0 ] L) lllllTr LB IIllll[ T 1°%% l'lll L |l||‘[‘ll“: L Tllllr‘ LRI lillll LI ) |l|l|l'

0.0001 0.001  0.01 0.1 1 10 - 100 1000
CYTOKINE (NG/ML)

Fig. 3A
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(A) NAME: HUGHES, DR E JOHN L (C) REFERENCE/ DOCKET NUVBER:

EJH EK (ix) TELECOVMUNI CATI ON | NFORVATI ON:

(A TELEPHONE: +61 3 9254 2777 (B) TELEFAX: +61 3 9254
2770 7/ 45448

SCH AU/ 0033 97k .31 - TCTApRz

| NFORVMATI ON FOR SEQ ID NO | ; (i) SEQUENCE CHARACTERI STI Cs:

(A) LENGTH 377 base pairs (B) TYRE: cleic acid (O
STRANDEDNESS: si ngl e g? 1 ?J

TF1.8 PROLIFERATION ASSAY (IL5 E13R+IL3)

250000 -

200000

150000

100000 -

50000 -

3 H THYMIDINE INCORPORATION (DPM)

0 4+ '""| MEMLARLL SRR L) maa ‘I R DI B AL
0.0001 0.001 001 0.1 1 10 100 1000

CYTOKINE (NG/ML )

Fig. 3B
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(D TOPOLOGY:. linear (i1) MOLECULE TYPE: DNA (genom c) (1x)
FEATURE: (A) NAME/ KEY: CDS (B) LOCATION:. 4..366

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 1: CAT ATG CAC TAT CAC CAT CAC ATC
CCC ACA GAA CA AGT GCA 48 Met His Ty ' .S, H S
Ile Pro Thr @%9%@‘ ro Thr Ser Al a 1 : 5Fcf‘7|kﬁg7|ﬁﬂo§22 -
10 15 TTG GIG AAA CGT ACC TTG GCA CTG CTT TCT ACT CAT
CGA ACT CTG CTG 96 Leu Val Lys Arg [ Thi, Leu Ala Leu Leu Ser Thr
H's Arg Thr Leu Leu / 25

30 ATA GCC AAT GAG ACT CTG AGG ATTCCTGTT GTA CAT AAA AAT CAC

144 11le Ala Aen Au Thr Leu Arg Ile Pro Val Pro Val H's Lys Asn His

35 40 45 CAA CTG TGC ACT GAA GAA ATC
TTT CAG GGA ATA GGC ACA CTG GAG AGT 192 dn Leu Cys Thr Gu Qu
Ile Phe Gn Ay Ile Gy Thr Leu GQu Ser 50 55
60 CAA ACT GIG CAA GGG GGT ACT GTG GAA AGA CTA TTC AAA AAC TTG TCC

240 A n Thr val An Ay @y Thr Val Qu Arg Leu Phe Lys Asn Leu Ser 65
70 75

TF1.8 PROLIFERATION ASSAY (IL5 E13R+GM)

250000 -

200000

150000

100000 -

3 H THYMIDINE INCORPORATION (DPM)

50000 -
0 ——rrrmm—r e ""'I' MR BRI, BLAALY
0.0001 0.001 0.01 0.1 1 10 100 1000

CYTOKINE (NG/ML )
Fig. 3C
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TTA ATA AAG AAA TAC ATT GAC GGC CAG AAG AAG AAG TGT GGA GAA GAA

288 Leu Ile Lys Lys Tyr Ile Asp Ay Gn Lys Lys Lys Cys Ay Gu Gu 80
95 CGI' CGT CGI GTA AAC CAA TTC

85 - 90

CTG GAC TAC CTG CAA GAG TTT CTT GGT 336 Arg Arg Ar n Phe
Leu Asp Tyr MYR¥58G u Phe Leu Gy 100 Sofikugiidbial

105 110 GTA ATG AAC ACC GAA TGG ATC ATC GAA TCC
TGATGAACGCT T 377 Val Met Asn Thr Qu Trp Ile Ile Au Ser

115 120 WO 97/ 454
PCT/ AU97/ 00322 8/7 7 -32 - (2) | NFORVATI ON

FOR SEQ | D NO 2:

120000 -

 H THYMIDINE INCORPORATION (DPM)

LARL) L | l!lll" T MLRALLI LA 1 IlY‘I’TI"I

0.0001  0.001 0.01 0.1 1 10 100 1000

CYTOKINE (NGML)

Fig. 4

Sheet Has Been RTlaced

AR

SUBSTITUTE SHEET (RULE 26)



(i) SEQUENCE CHARACTER! STI CS:

(A) LENGTH: 121 am no acids

(B) TYPE, am no acid (D) TOPOLOGY: i near (i)
MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTION: SEQ I D NO 2:  Met
Hs Tyr Hs His His Ile Pro Thr Qu Ile Pro Thr Ser Al a Leu

5 WO 97/45448 ) 15 Val Lys Arg Thr”EE’é“%’“&’ﬁ?eu “Leu
Ser Thr H's Arg Thr Leu Leu Ile 20

30 Ala Asn, Qu Thr Leu Arg Ile Pro Val Pro Val Hs Lys Asn Hs Gn

35 40 459)(7U1Q/s Thr Gu Gu Ile Phe
An dy Ile Gy Thr Leu Gu Ser An 50 55

60 Thr Val dn Ay Ay Thr Val Qu Arg Leu Phe Lys Asn Leu Ser Leu 65
70 75 80 Ile Lys Lys Tyr Ile Asp Ay
Gn Lys Lys Lys Cys Ay Gu Gu Arg 85

90 95 Arg Arg Val Asn A n Phe Leu Asp Tyr Leu An Gu
Phe Leu Gy Val 100 105 110
Met .Asn Thr Au Trp Ile Ile Gu Ser 115 120

120000 -

100000 -
80000 -

60000 -

40000 -

3 1 THYMIDINE INCORPORATION (DPM)

20000 -

0.0001  0.001 0.01 0.1 1 10 100 1000
CYTOKINE (NG/ML)

Fig. 5
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(2)_I NFORVATI ON FOR SEQ I D NO 3:
(A) LENGTH. 6 am no aci ds

(D) TOPOLOGY: |i near (1)
SEQUENCE DESCRI PTI ON: SEQ I D NO: 3:
| NFORVATI ON MR8 D NO.  4:

160000 A
140000 -
120000
100000
80000 -
60000

40000

J H THYMIDINE INCORPORATION (DPM)

- 20000 -

0.0001  0.001 0.01

MOLECULE TYPE: peptide

(1) SEQUENCE CHARACTERI STI CS:
(B) TYPE: am no acid
(xi)

Met His Tyr His Hi s "iic'“;rmuswooszz }
e L) I ALY RRELLELARLAL BRI
0.1 1 10 100 1000
GM-CSF (NG/ML

Fig.6

i
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[err] - 33 - (1) SEQUENCE

CHARACTER! STI CS: (A) LENGTH 21

REPLACEMENT SHEET (3) TYPE am: no acid

No 1 40f999 WO 97 (C) STRADEDNESS Sl ngl e. . PCT/AU97/00322

9 tB® ToPOLOGY: 1 near (ii) MOLECULE TYPE

pol ypepti de (xi) SEQUENCE DESCRI PTION SEQ ID NO. 4: Thr Ser Ala

Leu Val Lys Xaa Thr Leu Ala Leu Leu Ser-LLTj‘u/-’I-Vs Arg Thr Leu 1

5 10 20 (2) | NFORVATI ON
FOR SEQ I D NO. 5: 70 (i) SEQUENCE CHARACTERI STI CBS
(A) LENGTH: 21 -

) (B) TYPE: am no acid. (c)
STRADEDNESS:  si ngl & /\’//,/‘\ﬂ“

40

-

30

51 CR-RELEASE (%)

20

10

_/ll LI R AR LR RLAAL) I L) illllil LILLALRLLL LB lljl’lll

1 10 100 1000 10000
E13R (NG/ML)

Fig. 7
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0 1 10 100 1000 10000
| E13R (NG/ML) .
SUBSTITUTE SHEET (RULE 26) Fi a.8



(s) ooy | . ' i Ml c’:U | AV Y 7 U g L L
D T . linear i ECULE TYPE: pol ype

(xi) SEQUENCE DESCRI PTION: SEQ ID NO. 5:  Thr Ser Ala Lau @?’%yg 2y8 HHr 1537
Leu Ala Leu ' Lou Ser Thr His Arg Thr Leu 1

10 15 Leu Xle Ala 20 (2) 1 NFORMATI O\I FOR SEQ | D NO.
. 6; (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 21
(B) TYPE: am no acid RANDEDNESS: singl e
. (D) TOPOLOGY; linear (i )(I!y%]i LE TYPE; pol ypeptide
. (xi") SEQUENCE DESCRI PTI ON: - SEQ I D NO. "6: Thr Ser Ala Leu Val Lys Arg Thr
. Leu Ala Lou Leu Ser Thr H's Arg Thr Leu 5
. 10 15 Leu Ile Ala 20 :
- Ndel 1 '
- EcoRI 3000 MHYHS—IL-5
E13R

“Hindlll 371

trc ‘

/11 311

“Fig.1(b)
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Substitute sheet - 20 November 1999 ' PCT/AU Q 7 / 0 O § 2

(2) FOR IDNO 7: ~REPLAENENYE GiE B 2 8 JUL 1997
I NEORMATI ON FOR SEQ ID NO  7- (i) SQUENCE CARACTERI STI CS:
;1 9 NQv 1u99 (A) LENGTH 21 (B) TYPE: am no
: acid (C) STRANDEDNESS: si ngl e (D TOPOLQOGY,;

.~ linear (i1) MOLECULE TYPE; pepti de (xi) SEQUENCE
- DESCRIPTION: SEQ ID'NO. 7: Thr Ser f’ﬁ iou Val Lys A n Thr Leu Ala Leu Leu
: Serr. Thr H's Arg Thr Lou

CAT ATG CAC CAC CAT CAC ATC
| Met His Tyr‘Hls His His Ile
1 -

TTG GTG AAA CGT ACC TTG GCA CTG
Leu Val Lys Arg Thr Leu Ala Leu!
| 20 |

ATA GCC AAT GAG ACT CTG AGG ATT
Ile Ala Asn Glu Thr Leu Axrg Ile
35 -

CAA CTG TGC ACT GAA GAA ATC TTT,
Gln Leu Cys Thr Glu Glu Ile Phe
- 50 | 55

CAA ACT GTG CAA GGG GGT ACT GTG

Gln Thr Val Gln Gly Gly Thr Val
65 o 70 |

TTA ATA AAG AAA TAC ATT GAC GGC

--Leu .Ile Lys Lys Tyr Ile Asp Gly
80 85

CGT CGT. CGT GTA AAC CAA TTC CTG:
Arg Arg Arg Val Asn Gln Phe Leu
| 100 -

GTA ATG AAC ACC GAA TGG ATC ATC
Val Met Asn Thr Glu Trp Ile Ile :
| 115 REPLACEVEFT SHEET,

Flg 1b(/) .. 28 JUL 1997 !

|
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7760387
[ err] Leulle Ala . 20 (2) | NFORVATION FOR SEO ID NOFCRAU 87 S UG ~'~-n-’-=
(i). SEQUENCE CKARACTERI STI CS: (A) LENGTH RHMECEIVED ? Wit 159
(B) TYPE: amno acid (C) STRANDEDNESS: single

. (D) TOPOLOGY: |i near (i) MOLECULE TYPE: pol ypeptide

- (xi,) SEQUENCE DESCRIPTION: SEQ ID NO B: Thr Ser Ala La Val Lys Asn Thr

~Leu Ala Lou Leu Ser Thr H's Arg Thr 3}/1 71 5 10

15 Lau lle Ala . 20

CCC ACA GAA ATT CCC ACA AGT GCA 48
Pro Thr Glu Ile Pro Thr Ser Ala '
10 ' 15

CTT TCT ACT CAT CGA ACT CTG CTG 96
' Leu Ser Thr His Arg Thr Leu Leu
25 | 30

CCT GTT CCT GTA CAT AAA AAT CAC 144
Pro Val Pro Val His Lys Asn His
40 | | 45 -

| CAG GGA ATA GGC ACA CTG GAG AGT 192
Gln Gly Ile Gly Thr Leu Glu Sexr
60

GAA AGA CTA TTC AAA AAC TTG TCC 240
Glu Arg Leu Phe Lys Asn Leu Ser
' 75

CAG AAG AAG AAG TGT GGA GAA GAA 28_'8'
"1 Gln-Lys Lys Lys Cys Gly Glu Glu
90 95

' GAC TAC CTG CAA GAG TTT CTT GGT 336

Asp Tyr Leu Gln Glu Phe Leu Gly
105 | 110

GAA TCC TGATGAAGCT T
'Glu Ser | . REHA{'”
120 T

Flg 1b (” ) | 28 JUL 997
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s

[3

3
PCT/ AU97/ 00322 : .-35 - ECE[W'Erﬂ) 218 !||| AL?

modi fied interleukin-5 (IL 5) conprising-a sequence of amino acids with a
first a-hélix wherein one or nore exposed anmno acids in said first

- [err]-helix having acidic or acidic-like properties are substituted with a
- basic amino acid residue or a non-acidic i,ng acid residue and wherein

‘ said nodified IL-5 acts as an antagonistﬁé?ZTﬁ-S.' 2. A nodified IL-5
- aceording to claim1 wherein the IL-5 subj'ect"to nodification is of

" manmmal i an origin. 3. A nodified IL-5 according to claim2 wherein the
. 1L-5 subject to nodification is of human origin. 4, A nodified IL-5
~according to cl'aim 3 wherein the nodification is a substitution of Gu at

“am no acid position 13 or equival ent” position for Arg or .Lys or a chemi cal
- equivalent or derivative thereof.

100000
90000 -
) ]
& 80000 |
P . — )
S 70000 A - - 5
o~ ] | 3
S 600004 | - | !
a. ]
< ]
S 50000 -
< ]
'42: 40000 E
Q ]
% 30000 .
~ ' ]
- 20000 E
(5 J
10000 3
= 0 o= ' A= e e o ve QO O
0.0001 0.001. 0.01 0.1 1 10 100 1000

IL5 (NG/ML)

Fig. 2
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‘ Xaa is a basic or non-acidic am no acid

5. A nodified IL-5 according to claim 3 wherein the I‘H)%II‘/%PCQI 70% i(LOaB ¢ o
substitution of Gu at amino acid position 13 or equival eAC ipOEEL ah &f oYL 1997
@ n or Asn or a chem cal equivalent or derivative thereof. 6. A

nodi fi'ed human 1L-5 or a mammal i an honol ogue t hereof . conprising a sequence

of amno acids in a first [err]-helix of: Thr Ser Ala Leu Val Lys Xaa Thr

dpe preferably selected from

Leu Ala Leu Leu Ser Thr H's Arg Thr Leu 1(lle Ala [ SEQ | D NO 4] wher ei n

. Arg, Lys, dn and Asn and wherein said noditfied Il-5 exhibits antagoni sm of
 1'L-5 induced mtogenic effects. [err] WD 97/45448 : :
. PCT/ AU97/ 00322 - 36 - 7. A

nodi fied human IL-5 or mamal i an honol bgue t hereof according to claim®6

200000 -

150000 -

100000 ~

3 H THYMIDINE INCORPORATION (DPM)

50000 -
SRR/ S e -
. 0.0001 ° ~0.001 0.01 0.1 | 10 - 100 1000

CYTOKINE (NG/ML)

Fig. 3A
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7 Y s I
wherein Xaa is Arg. 8. A nodi fied human 1L-5 or rrarrrracl:lgﬁuhgq&mltﬁao;)é :
t hereof according to claim6 wherein Xaa is Lys. Eddal ¥ Edb %%malHL 1997
I.L-5 or manmal.i-an honol ogue t hereof according to cl a| m 6 wherein Xaa is

A n. 1C. A nodi fied human IL-5 or manmal i an honol ogue' t her eof accordi ng

to claim6 wherein Xaa i s Asn. 11. An IL-5 antagoni st conprising an

- IL:5 nmolecule with a nodification to the cid sequence in its first
" [err]-helix wherein anmino acid residue 13?3;ngqgstltuted by a basic am no

- aci.d residue or a non-acidic am no acid residue. An | L-5 antagoni st
- according to claim 11 wherein amno acid residue 13 |s selected from Arg,

- Lys,, dn and Asn. 13. An | L-5 antagoni st according to claim11 or 12

- conprising an am no aci d sequence substantially as set forth in SEQ ID

+ NO 2. 14. A pharmaceuti cal conposition conprising a nodified IL-5, said
. nodified IL-5 conprising a sequence of amno acids with a first [err]-helix
- wherein one or nore exposed amno acids in said first [err]-helix having
~acidic or acidic-like properties are substituted with = -

TF1.8 PROLIFERATION ASSAY (IL5 E13R+IL3)

250000 -

200000

150000

100000 -

50000 4

3 H THYMIDINE INCORPORATION (DPM)
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4

a basic am no acid residue or non-acidic amno acid -resi du§crs,/épdO 7 / 003 32
conposition further conprising one or nore pharmaceuticall 5&&55i5ﬂl S JUi 1538
carriers and/or diluents. 15. - A pharmaceutical conposition accordlng to

. claim 14 wherein the IL-5 subject to nodification is of manmalian origin.
[err] WD 97/45448

Q

[4

. PCT/ AU97/ 00322 _ : .37 - 16. A
: pharmaceuti cal conposition”according to ;6éﬂn115 wherein the | L-5 subject
. to. nodification is of human origin. 17. A pharmaceuti cal conposition

according to claim16 wherein the nodification is a substitution of G u at
- amno acid position 13 or equivalent position.-for Arg or Lys or a cheni cal
. equi val ent or derivative thereof. 18. A pharmaceuti cal conposition
~according to claim 16 wherein the nodification is a

TF1.8 PROLIFERATION ASSAY (IL5 E13R+GM)

250000 -

200000
150000
100000 A

50000 -

3j H THYMIDINE INCORPORATION .(DPM)

T 0 l 41 ]l'l‘l‘ll_ ] T llllll‘ LI Ill‘l]l + 1) Illilll i ' l"““l ] 1 Ill[ll] Ll L] lllllll

0.0001- -0.001 001 01 1 10 100 1000
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v ' N
substitution of Gu at amno acid position 13 or equival e%f”@%i%g?r{ f"bro
equi val ent or derivative thereof RECEIVEDAZ § |

A n or Asn or a chem cal

UL 189

phar maceuti cal conposition according to claim 17 conprising a nodified IL-5

havi ng an am no acid sequence
20,

amno acids in a first [err]-
Lew Ala Leu Leu Ser Thr
Xaa is a basic or
Arg, Lys, @n and Asn,

phar maceuti cal

Arg. 22. A phar maceuti cal
of the IL-5 is Lys.

120000

Hs Arg Thr
non-aci dic amno acid residue preferably selected from

sai d conposition further conprising one or
- pharmaceutically acceptable carriers and/or diluents..

substantially as set forth in SEQ ID NO 2.

. A pharmaceuti cal conposition conprising a nodified human IL-5 or a
- mammal i an honol ogue thereof said nodifie -5 conprising a sequence of
‘ {%A#riSer Al a Leu Val
Leu Leu

hel i x of: Lys Xaa Thr

lle Ala [ SEQ I D NO 4]

wher ei n

nore

21. A

conposition according to claim20 wherein Xaa of the IL-5is

conposition according to claim20 wherein Xaa
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‘ . L . PCT/AU Q 7 Q_Q 3 29
-38 - 23. A pharmaceutical conposition according to CW@Eﬁ‘ wWRer. % “n:
‘Xaa of the I'L-5is dn.- 24 A pharmaceuti cal conposition‘ébc iéb tHJL 195
6l aim 20 wherein Xaa of the I'L-5 is Asn. = 25. A phar maceuti cal
conposition according to cl.aim 20 wherein the nodified IL-5 conprises an

am no aci d sequence substantially -as set forth in SEQ I D NO 2. 26. A

" nethod of treatment of a manmal conprising nistering to said manmal an
. effective anount of a nodified IL-5 for g?ﬂ?

~J

_ and under conditions

. sufficient for effecting said treatment, Sai'd nodified IL-5 conprising a

- sequence of amno acids within a first a-helix wherein. one or nore exposed
amino acids in said first a-helix having acidic or acidic-like properties

- are substituted with a basic am no acid residue or a non-acidic amno acid
resi due.
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27. A nethod according to claim26 wherein the IL-5 Eﬁy'\%{:tqgo/ 0032 2
nodi'fication is of manmalian origin. 28. A met hod aCC(REICr{gs\;Df)Cl')alngZV 337
wherein the IL-5 subject to nodification is of human origin,
met hod according to claim20 wherein the m)dl fication is a substl tut| on of
A u at amno acid positi-on 13 or equival position for Arg or Lys or a
 chemical equival ent or derivative therejre ]32 A net hod according to
~ claim20 wherein the nodification is a tion of Au at am no acid
. position 13 or equivalent position for @n or Asn or a chenical equival ent
~or derivative thereof. WD 97/ 45448 .

. PCT/ AU97/ 00322 . : - 39 - 31. A

nmet hod of treat ment of a marmal conprising admnistering to said mammal an.
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/ [y
effective anmount of a nodified IL-5 for a time and underp%’éfgmg £ 003¢
sufficient for effectlng said treatnment said nodified IL bl&QB&lﬂ 197
gsequence of amino acids in a first [err]-helix of: Thr Ser Ala Leu Val

Lys Xaa Thr

sel ected from Arg, Lys, ‘dn and Asn

Leu Ala Leu Leu Ser Thr H's Arg Thr Leu Leu Ile Ala [SEQID

rein sald nodi fied IL-5 exhibits

NO: 4] wherein Xaa is a basic or nonﬁ/ dic amno acid residue preferably

antagoni smof 11-5 induced mtogeni c
cl ai m 31 wher €
claim 31 wherein
cl aim 31 wherei
cl ai m 31 wher
claim?26 or 31 c
‘am no acid seque

80

o

51 CR-RELEASE (%)

4t ¢

NO. OF EOSINOPHIL COLONIES PER 50,000 CELL

cts . A nethod according to
he Xaa of the IL-5is Arg.

he Xaa of the IL-5 is Lys.
of the IL-5is {d
of the IL-Z4

he—adm ni stration of
ubstantialtly as set forth

A et hod according to
A nmet hod according to
A nmet hod according to
cording to
nodi fied IL-5 having an

_ ¥\ SEQ 1 D NO 2.
30 —
20
0
:- 7/ LEEALLL I T,
0 1 10 100 1OOQ 10000
E13R (NGML) FIQ 7
50 ]
w0

T‘ 4 iy SRIPAT B SRR
bumlt'I ,f" CAVLE Iy [y

28 JUL 197

\ //l 1 Illlil'l LS lll1ll| T TV TTrTy LI ¥

0 1 10 100 1000 10000

E13R (NG ML) :
| Fig. 8

SUBY TTTU'IT.'. SHEET (R \L.l.. 26)

'1
‘



~or a non-acidic am

37, A nethod for producing reconbi nant protein, said nmethod conprising
|ntr0dUC|ng a genetic construct capable of expressing a nucl eotide sequence
to produce sai d reconbi nant protein into a cell, subjecti n&gt he ceII to
condi t i of& G Fper 1+t he .expressi on- of » sai Yupsilte sheet <20 Mevemben 1898 i ng
. the expressed reconbinant protein in the form of i nclusion bodies and

" subj ecting said inclusion bodies to di sso% ution in a chaotropic agent under
. condi tions of high rpﬂ sgﬁmgmmsm@e and: part tally unfold said

" reconbinant protein, dilute said unfolded recombinant _

. subjecting sane to r ef ol (@) nGENGTE: 2} err] WO 97/ 45448, ﬁ.ArtEﬂ@\lT SHEET:
cferr] - Pebbf\ULai 50

. - 40 - condi tions and tB enngurl g‘é/l nggsal d refoI ded re orbi]rﬁarNﬂ\bd&ﬂﬂei n.
¢ 38. A net hod accor di nd€i o STRANDEPBESSshedngla t he chaotrpplc agent is urlea
L 39. A met hod accordi n% Oﬁké’ﬂ.d&%l \ghgrel n the reconbin protein 1s a
- nmodified IL- 5 conprising a sequence of amino acids with a first a-heli

- Wherein one or nore (£XpMSEECTARI THPEA(podgpeptigai d first a-helix having acidic
or acidic-like pr opgﬁbl es_are gubst ituted wiith a basic am no acid residue

ac PERYRESE RFESAFF e r 8FR DY Mddified IL-5 acts as

. an éintagonlfﬁr Sér lniaSnen Val Lys Xaa Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu

10 15
Ieu Ile Ala
. 20
V (2) INFORMATION FOR SEQ ID NO. 5:
. (i) SEQUENCE CHARACTERISTICS:
(p) LENGTH: 21
(B) TYPE: amimo acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: polypeptide |
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 5:
Th{ Ser Ala lLeu Val Lys Lys Thr Leu Aig Leu Leu Ser Thr Hig Arg Thr Leu
Leu Ile Ala
20
"~

(2) INFORMATION FOR SEQ ID NO. 6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: polypeptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 6:

Thr Ser Ala Leu Val Lys Axg Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu
1 10 15

Leu Ile Ala
20



‘Xaa Thr Leu Ala Leu Leu Ser Thr His Arg T Leu lle Al SEQ, | D
Subsliuies

40-_,~A met hod according to claim38 wherein the nodified IL-5 conprises a
seﬁuence of amno acids in a first a-helix of: Thr Ser Ala Leu Val Lys

wherein Xaa is a basic or non-acidic amn Qldaﬂaﬁbﬁ—gggébted

fromArg, Lys, dn and Asn and wherein said modified IL-5 exhibits -
antagoni smof |L-5 induced mtogenic effects. 41. A nmet hod according to

cl ai m 37 wherein the nucl eoti de sequensesf wt her encodes for a | eader

. sequence fused to said reconbinant protein. 42. A met hod according to

icIaLn141 wher ei n the |'eader sequence I's the am no gc IEPD&ﬁﬁmE@TT§ﬁ§EﬁS Tyr

HIS Hi s |4'§2) INFORMATION FOR SEQ ID NO. 7:

() szqquf_mmzc& | 19 NOV 1993 i‘ |
(A) LENGTH: 21

(B) TYPE: amino acid -

(C) STRANDEDNESS: single
{D} TéPQLOGY: linear
(11) MOLECULE TYPE: polypeptide
(xi) SEQUENGB' DESCRIPTION: SEQ ID NOQ. 7:

Thx Ser Ala Leu val Lys Gln Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu

W 1 10 15

Leu Ile Ala
20
(2) INFORMATION FOR SEQ ID NO, B:
(1) . SBQUENCE CHARACTERISTICS:
'(A)_ LENGTH: 21
(B) TYFE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE'Tngx polypeptide
(%) SEQUENCE. DESCRIPTION: SEQ ID NO. B8:

Thx Ser Ala La Val Lys Asn Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu
1 . 10 15

Leu Ile Ala
20
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