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Aho o3
ETI C GROMH-FACTFOR" ANTAGONI STS Thie "present

i nvention rel ate®sto

i fT'ed and variant forms of -haenppoietie growth 5 factors capabl e of
..acting as antagonists to the correspondi ng native haenopoietic growh

factors and their use in anel iorating aberrant effects caused by the native

mol ecul es.
“to'in this specification are coflected at,the end of the descri ption.

,Se'quence I denti'ty Nunbers (SEQ ID NGs.) for 10

‘Bi-bl i ogr-aphi-¢- det-aits—of ~t-he-publi cati ons numerically Teferred

t he nucl eotide and ami no

acid sgguences referred to in the specrfrcatron are defined follow ng the

“"bi bl i ography. Throughout this specification, unless the context

ot herw se,

the wor d g RRSPOTETI TICT GROWFHOPACEOR ANTAGUNISES' of
"conpri sing", €

el enent

of any ot he
-G anul ocyte
a famly
predicte

or

15

20

25

30

requrres

will un erstoodtomplythe 15 inclusion of a stated
i nteger .or group of elenents or integers but not the exclusion

Th aRTRh JEveatipn 5 ats,  RAtRY AR @r&%%@%ﬁ%ﬁ%%&%

FRAGERE, Ebfa&fd@'ﬁs'hnf@ﬁ o (HdEomespétidity fetié growth
got ertraryﬁ%]% configuration (Parry et al, 1988) and \r\gb &
receptors alfactoiscindrtheir aisa i

1990). This famly of haenopoietic growh factors I ncl udes,
addition to GMCSF the cytokl nes IL-2, IL-3, IL-5,
di stinct su

ose

gawpd:bw the gative melecmles.

IL-6 and IL-10. A

- iBlibgna oﬂdmfh@ibdn referred: fo- e this speeifivationated

i on structural si'm arrtres Goodal | et at, 1993) and onther abrlrtyto
i nteract wi tdellacted atrthe a8l 0 piessmp@@moc&mmncer!;ﬂ@ﬂ ) for

. Gw CSF ( F i ses 127 amino ac v t
form (r h?ﬁ\ﬂégé)‘}m%%‘ f CBRIP AG PR é\% %?%%@egl ﬁé %&ﬁi&a 0sho fﬁgﬁﬁ&f'
conpri se '

following the bibliography.

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.

Granulocyte—macrophage colony-stimulating factor (GM-CSF) is one member of a family
of haemopoxeuc growth factors . (HGFs) which have a similar’ predlcted tertiary
conﬁgurauon (Parry et al, 1988) and whose receptors also belong to a common family.
(Gearing et al, 1989, Bazan, 1990). This family of haemopoietic growth factors includes,
for example, in addition to GM-CSF, the cytokines IL-2, IL-3, IL-5, IL-6 and IL-10. A
distinct subfamily comprising GM-CSF, IL-3 and IL-5 can be discemed based on
structural similarities (Goodall ef al, 1993) and on their ability to interact with a common
receptor component (Lopez et al, 1992). -

Human GM-CSF (bGM-CSF) comprises 127 amino acids and is available in recombinant
form (thGM-CSF). The hGM-CSF receptor has also been cloned and shown to comprise

" a binding (o) chain exhibiting low affinity binding to GM-CSF (Gearing ef al, 1989) and

- a second (P) chain which does not measurably bind GM-CSF By itself but it allows the

formation of a high afﬁmty receptor when co—expressed with the o chain (Hayashlde et
al, 1990). B

for exanple, in



a binding (a) chaifi éxhibiting low affinity binding to GwWCSF (Gearing et
dl:, 1989) and 30 a second ([err]) chain which does not neasurably bind
GW CSF by itself but it allows the formation of a-high affinity Treceptor
<\hen co-expressed Wth the [err] ‘chai n (Hayasbi de et al, 1990). - 2-

GW CSF exhi bits a range of activities exRendi ng over neut rophi |, eosinophil
and nonocyte |ineages. Specifically, GWCSF stinulates the progenitors of
these cel | GMACSF obihiliitsaheraags ofl hdthvited! erfefiding @ ofitutrophil] @osiabplsil and
addition, it stimul ates rrature ceIIs to ?reater function, The stinmul ation

of . mat ure &RQNOS stimnlgtes the pregeaitorssel these rellsito

gener at é%%@?@h‘%&%ﬁ?ﬁ?‘?ﬁ?&ﬁ%# 5” By i P aft et

| -purpose of bl hireataf fucdionoN The fin@iateir of Gnatasd cells Fesultatinr grestet | bgconme
better effector cells in inflammatory reactlons F‘? The eutlca Iy, the

HGFs f ordm Shagestesesand kil migso-organisms; kilkantibad

properti es. S 't .
effects on eF‘ é“'ﬁ?@%&?!’ Is O”@éiﬁg&g@ﬁe% %s efﬁ’il u%oéeocfthls
progeni tor a’&ﬁlvhﬁon (i?\/bféiﬁnbﬁ wsaﬂbhnmemmeaémm beéoxh@rbett&aéffwoﬁ eellslire as
seen in aplastic anaem a or chenotherapy or AlDS-induced nmarrow

suppr essi ont pmmatery;reactioRSnt of i nfections, the capacity to 15 stimulate
mature cells is especially relevant The capacity of GW CSF-acti vated

10 Therapeutically, the HGFs form an important group of molecules for their actual or

~ potential properties. For example, the main indications for GM-CSF are for its effects

on progenitor cells or rﬁature cells. Using its effects on progenitor cells, GM-CSF is used

in the treatment of bone marrow failure as seen in aplastic anaemia or chemotherapy or

AIDS-induced marrow suppression. In the treatment of infections, the capacity to

15 stimulate mature cells is especially relevant. The capacity of GM-CSF-activated

neutrophils and eosinophils to kill tumour cells that have bound antibody is especially
remarkable and could be used in tumour therapy.

However, despite the actual and potential benefits of HGFs, they can exhibit some
20  detrimental side effects. For example, GM-CSF can exhibit toxicity due to stimulation
of mature cells causing blood vessel damage-or thrombosis. The eosinophilia caused by
GM-CSF appears- especially damaging in this regard. =The molecule can also have’
detrimental effects by stimulating growth of leukaemia cells and tumour cells of non-
haemopoietic origin and stimulating ptodtiction of mﬂammatory mediators.
25 )
International Patent Application No. PCT/AU89/00177 and an article by Lopez et al.
(1992) disclose amino acid variants of GM-CSF which have exhibited reduced potency.
These variants were investigated further for their potential as GM-CSF antagonists..
"However, the variants cause classical stimulation at concentrations 100 fold greater
30 compared to the native GM-CSF molecule. Furthermore, attempts to find antagonistic
properties failed since mixing large concentrations of one of the variants with subopﬁ;nal
concentrations 6f_ native GM-CSF resulted in stronger GM-CSF stimulation W1th no

oty ket e L i e L e




F

neut rqphils and eosinophils to kill tunour cells that have bound anti body

i¥s especially remarkabl e and coul d be used in tunour therapy. However,
despite the actual and potential benefits of HGFs, they can exhibit sonme 20
detrinmental side effects. For exanple, GWCSF can exhibit toxicity due to |
stimul ation of mature cells- causi-ng bl ood vessel damage or thronbosis. The
eosi nophilia caused by Gw CSF appears e§p§eti ally damaging in this regard.

The nol ecul e .¢an al so, have detrinentgl effects by stinulating growth of

| eukaen a c‘é‘ﬂ&%n"&rﬂf‘f‘h%lﬂ“‘?ﬁé% gbs§fvedon- haeropoi etic origin and

stinulating production of inflamuatory nediators. 25 International Patent
Application No. PCT/AUB9/00177 and an article by Lopez et al. (1992)

di scl ose anThereaisiaineesl; tixsefore fto Apvelch- antagaiists 20 HERh and e gartictilar «3M-CSF
potency. These variantg,were invesiigateq further for.their potential as.
Gk GO ant 2D, Al CHMA Bf exmaonying; e, ezt Srts 8 {18 chmiRuRdbE RaE
| concentrati giyteckidl. "Pidte X A50 & heetlDfor SRLPAESbnits hitdo tahibittageiist propEPh@GH| -
. Furthernore, attenpts to find antagonistic properties failed sifnce m xing
. | ar ge concemn¢spatti afithe ebrrespendingtli@Fs.ari ants wi t h subopti mal concentrati ons

of native GMCSF resulted in stronger GV CSF stinulation with no - 3-
evi dence of inhibition being observed. There is a need, therefore, to

devel op ant 3gQRtdhdly! 6nd fpectidtind Predéitlihvéntioh prddidesa haemopoietic growth factor
characterised by being in unglycosylated form and comprising a sequence of amino acids
10 within a first a-helix wherein one or more exposed amino acids in said first o-helix

having acidic or acidic-like properties are substituted with a basic amino acid residue.

In accordance with the present invention, it is proposed that the modified HGFs defined
above act as antagonists of the native form of the corresponding HGF but not other

15 HGFs. The term "modified” is considered herein synonymous with terms such as
"variant", "derivative" and "mutant”. |

The HGFs are preferably GM-CSF, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-9, IL-10,
granulocyte colony-stimulating factor (G-CSF) and erythropoietin (EPO) modified in

20 accordance with the present invention. Most preferably, the HGF is GM-CSF. The
HGFs are preferably in recombinant or syntheuc form and, with the exception of the
amino acid substitution(s) in the first a-helix, the amino acid sequence of the HGF 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

25 sequence. The HGF sequences are preferably of mammalian origin such as from humans,
livestock animals, companion animals or laboratory test animals. Most preferably, the

. HGFs are of human origin or of 2 mammalian origin capable of functioning in humans.

' The first a-helix of GM-CSF has been determined at 2.4 angstrom resolution by X-ray

30 crystallography and encompasses amino acid residues 13 to 28. Similar procedures may

be adopted to determine the first a-helix in other haemopoietic growth factors. The
position may also be determined by analogy to GM-CSF structure.



mhlch pre capable of'anEFroratlng the aberrant effects of the correspondlng
native 5 nolecul es. There is also a need for such ant agoni sts not to

exhi bit agoni st properties in respect of the correspondi ng HGFs.
Accordingly, one aspect of the present invention provides a haenppoi-etic
growth factor characterised by being in unglyco§yJaLed_forn1and.conprising
a sequence of amiho acids 10 within a fjrst cc-helix wherein one or nore:
exposed am no acids in sald first [errT‘%eIix having acidic or acidic-Ilike

b Uh e pRaEence B, rneiresyipted; Bt il b, Beh b Shfnls' B BRRRERRCC

above agct @?ﬁgﬁ%éﬁ fwﬂeﬁee Mnfﬁwmmaﬁtfmnﬁanaemmﬁg olrﬁﬁxdwt

not ot her e term™ fied" is considered herein synonypous
with terns(esgpdh audi). vAlteraatively, a:iglyctwiama”de mtmmmmuemﬁmﬁ’;mor

preferably GwW CSF L4, LL- ined
. granul ocyt @%B\e%éeﬂbx'ﬂﬂaﬁ?ﬁlﬂ@ t ORI, Y% gﬁgm AT c?me et| n %y,

modi fi egw @2%% GE GnYartion Wxidhds '@ RhesRally | sitidsised. m.nsrprwnehaw yin t he
HOF is F e HO-s are preferably in reconblnant or synthetic form
-and, with uhglyeosylated formef t he amino acid substitution(s) in the first
[err]-helix, the am no acid sequence of the HOF nay be the sane as the
nat uraaly occurring nolecule (i.e. native nolecule) or nay carry single or
mul tiple af}%&%@sﬂ"wﬁé héid 4 AREn héleindb réfestorncingino adid dl enexposed drsomtert i ve
am no acid equence. The HGF sequences are preferably of n%gggki?%m
origin sucipomoﬁoﬁmathmompmmemwdse sowards the o
| aboratory t animals. Most preferably, the HGFs are of human origin or
of a ma | fi gin capable of functioning in humans. The first

[err]-helix of GWCSF has been determ ned at 2.4 angstromresol ution by
X-ray

AU1wmdu:mmnn)wnd1ndbdmgfbrmumum;(ﬂuamdAsp Phdbnedbamcanmm;wnds
are Arg and Lys.

15 ﬁuxonﬁngto:nnﬂhﬂraquiofthepmxmn{hnmmﬁon,ﬁumeispmmﬁdcdzlhmnnopokﬁc
~ growth factor characterised by:

@ being in unglycosylated form;

(i) comprising & sequence of amino acids within the first a-helix;

Gii) one or more exposed amino acids in said o-helix which have acidic or
20 acidic-like properties being substituted by a basic amino acid residue;

Gv)  being in recombinant or synthetic form;

(v)  being capable of acting as an antagonist for at least one property of the

corresponding native HGF.

25 'nﬁsaqxxmofﬂwqxexmmhnmmﬁonispmﬂka&dinpmnomthgsuqxiﬁngd&mownyﬂmu
a mutation in amino acid 21 (Glu) of hGM-CSF to Arg or Lys together with the variant
_hxGhLCSFlmh@ﬁnumgyumyhkﬂibnnnumhsh1ﬂplﬂﬂﬂ4}§’wmﬁnubdmgunﬂﬂe
_ to detectably exhibit classical GM-CSF function. The variants, referred to herein "GM-
' CSF Arg?!" and "GM-CSF Lys2!" are unable to bind to high affinity receptors but are

30 still able to fully bind the low affinity & chain of the GM-CSF receptor. Importantly, the

. non-glycosylated GM-CSF Arg?! and GM-CSF Lys?! act as antagonists, preventing the
stimulatory effect of native GM-CSF. For convenience, the numbering of amino acid



3Q crygtal | ography and enconpasses am no acid resi.dues 13 to 28. Simlar
procedures. may be adopted to determne the first a-helix in other

haenopoi etic growh factors.. The position may also be determ.ned by anal ogy
to GV CSF stiuctiure. -4 - Reference to_"¢ingl ycosylated fornt herein -
means that the nolecule is conpletely unglycosylated such as when expressed

m E. |
lAlnt re(ra(r:la(@)lt i Lgf%ﬂfgﬂé cos{% atl on- ‘%%%‘Iﬁ: orfl "W, %%I]( frogs5) E. coli).

|C|ent ran Cell may be used or
conpl ete deglycosylatlon may occur in vitro using appropriate enzymnes.
Accordi ngly, the

M CSE up ch %Meml %?%nds%ghemﬁwgtpesi SEdﬂcxd

. herein to refpé ark %418 tRE g&cggﬁggn a¥ BOGRA MrT4HH g portion of an
~a-helix conpared to those am no aci ds

orientate towards the inside of the
- 10 nol ecube. An acidic ani no aci d I ncl udes, for exanple, du and Asp.
Preferred basjig anm no ds ar

and Lys ACCOJ’.dI n ot he
aspect of the \PrEE & éﬂlﬁ\/ n‘gp'&‘&qlf
- factor char acifgp st abin beh bpamggm g[,}upd perscri
conprising a sequence ofoam no -aci Inthe first [err ‘{&ﬁ"fd”)ms“ ipt

(i.e. Xaa", wherein Xaa is the ammo acxd residue).

10 - Table 1
Amino acid Three-letter Corresponding
: abbreviation single-letter
15 ' -abbreviation
Alanine Ala A
Arginine Arg R
20 Asparagine Asn N
| Aspaitic acid Asp D
Cysteine Cys C
- Glutamine Gln Q
Glutamic acid Glu E
25 Glycine Gly G
Isoleucine Ile I
Leucine Leu L
Lysine ' ‘Lys K
30 Methionine Met M
 * Phenylalanine Phe F
Proline Pro P
Serine Ser S
. Threonine Thr T
35 Tryptophan Trp - W
Tyrosine Tyr Y
Valine Val \'/




(i) ;one or nore exposed am no acids in said a-helix which have acidic or
20 ' acidic-like properties being substituted by a basic am no
acid residue; (iv) being in reconbinant or synthetic form_(v)__ being .
capabl e ‘of actifngas di antagoni st for afgleast one property of the
correspondi ng native HG. 25 This aspect of the present invention is
predicated in part on the surprising discovery that a nutation in amno
acid 21 (GQu) of hGWCSF to Arg or Lys together with the variant in Gw CSF
bei ng i n unFhy presentimantion is exeaplified using GMICSE @8lin partignlar hEMCSH AR t o
, detectably exhibjt si sal . fynction. .The varjants,. referfed to .
~ herein W%P%?éﬁi}yéﬁnﬂcﬁ%[{lw& P’Y‘;‘E‘ e“m‘?%%ﬁ% € PLESERigh
affinity. rareptighextitds 6 al13FGFSAd hdreifbiferel deséiheddy bind the low affinity a

chain of the GWCSF receptor. Inportantly, the non-glycosyl ated Gw CSF

Arg[err] S and GW CSF Lys[err] act as antagonists, preventing the
st i nmul at oxy

ff . Qf ' CSF. ' h nber i .
o no. actd For sxaimsle o HinBaE & GI% t RGN P AGTILes M BRI F B )Los,y
of ‘a shor t hafitich Ghathe three Hmemdibilisiictif! @€ the tdse! of MREY Gbavgied an feqhival¥hi'©

aci d residues are used J,bln the specification as defined 1n Table 1. '5 Were

a. speci fi c gosition tiGlue o T, dbient theppresens ipspition (provides the hasig foptthele
of an HOFj

of an HOF et 0 SELSAPRTEYA B 175! Tub BALaMALR oF e LR BoBUERS 1
10 3 and IL-5 may be the sole mutation or it may be in combination with other amino acid

' mutations (including substitutions, deletions and/or additions) for the development of

effective antagonists. This similarly applies to other HGFs based on the acidic or acidic-

like amino acid residues in the first a-helix of the molecule. The location of the N-

terminal h__elix can in each case be readily determined on comparable motifs from
15 predicted helices. Such HGFs are listed in Table 2 showing the acidic or acidic-like

amino acid residue in bold in the equivalent position to Glu?! of hGM-CSF. The acidic

or acidic-like amino acid residues are readily substituted bj, for example, recombinant
DNA technology.

20  According to another aspect of the present invention there is provided a médiﬁed variant’

including HGF comprising an amino acid sequence in the first a-helix of said HGF
selected from the group consisting of:

i) His Val Asn Ala Ile Gln Xaa Ala Arg Arg Leu Leu Asn
25 (SEQ ID No. 1); '

-ii) Ala Leu Val Lys Xaa Thr Leu Ala Leu Leu Ser Thr His Arg
Thr Leu (SEQ ID No. 2); '

iii) Asn Met Ile Xaa
_iv) Leu Leu Leu Xaa

30 v) Ile Thr Leu Gln

Leu

Xaa Ile Ile Thr His Leu (SEQ ID No. 3);
Leu Gln Met Ile Leu (SEQ ID No. 4);

Xaa Ile Ile Lys Thr Leu (SEQ ID No. 5);
vi) Arg Tyr Ile Leu Xaa Gly Ile Ser Ala Leu Arg Lys - '
(SEQ ID No. 6); |

vii) Gly Asp Gln Tyr Xaa Ser Val Leu Met Val Ser Ile
(SEQ ID No. 7);




(i.e. Xaa, wherein Xaa is the amno acid residue). 10

Table 1 Amino acid : Three-letter Cor r espondi ng
abbrevi ation single-letter 15 o _ -
abbrevi ati on Al ani ne P e N YAKC T ATAIgi ne '
Arg R 20 . Aspagi ne Asn -
N Aspaitic ggkd) a1 he 16h YELChBR Lys Met gin
oys . ) a alart é[%ené.eﬁsﬂaa Ile Asn Phe 1 vs Me 81n
dutamic acid Glu Asp (SEQ@R No. 8); E 25 d ycine
Ay ix) Adn Mt iGeWeArg Xaa Leu Arg Asp Ai#$ Phe Ser H
| sol euci ne (s ' I;e_ | Leuci ne
Leu FQ IRiNQ. 9): Lys K 30
Met bi oni 6e x) . Phe Leu Leu LjtCys Leu Xaa GlnW&hehybalgs Mde
Phe PQl 4ne . : Pro P

~ Serine (SEQ 15" 82 %g}' and - S Threoni ne

| Thr xi) Tyr Leu Leu Glu Ala Lys Xaa Ala Glu Asn Ile Thr Thr Gly

" (SEQ ID No. 11); '

10 wherein Xaa is a basic amino acid, preferably selected from t_he group consisting of Arg
and Lys, and wherein said variant HGF is in unglycosylated form and acts as an
antagonist for at least one property of the corresponding native HGF. Preferably, the
haemopoietic growth factor is hGM-CSF and Xaa is Arg or Lys at position 21 of the first
o-helix. '

15 |

The HGF antagonists of the present invention and in particular GM-CSF Arg?! and GM-

CSF Lys?! are useful inter alia in the treatment of myeloid and lymphocyte leukaemias,

some tumours of non-haemopoietic origins and acute and chronic inflammation such as;

asthma and theumatoid arthritis. These and other conditions afe considered herein to.
result from or be facilitated by the aberrant effects of an endogenous HGF such as GM-E_

CSF. hGM-CSF Arg?! and hGM-CSF Lys?" will also be useful in mobilising stem cells

and progenitor cells into the circulation without the risk of activating neutrophils and

monocytes. Other related molecules may have different useful properties.

20

25 The present invention, therefore, contemplates a method of treatment comprising the

administration to a mammal of an effective amount of a modified HGF as hereinbefore
defined and in particular hGM-CSF Arg?! or hGM-CSF Lys?! or both for a time and
under conditions sufficient for effecting éaid treatment. Generally, the mammal is a
human, livestock animal, companion animal or laboratory test animal. Most preferably,

. the mammal is a human. A single modified HGF may be administered or a combination
of vaiants of the same HGF. For example, a range of hGM-CSF variants could be used
such as a combination of hGM-CSF Arg?! and hGM-CSF Lys?l.

30




35 Tr ypt ophan Trp W Tyr osi ne
Syr f o y..Val i.ne : Val Vv

-6 -- The present invention is exenplified using G4 CSF-and-+r-particutar
-oM-ESHArgterTiand hGW CSF Lys[err]. This is done, however, with the

nder standi ng that the present inventi 8n extends to all HGFs as

her ei nbef ore described. For exanple, given that there is a u at position
22 of 1L-3 and position 13 inIL-5 which in the three dinensional structure
(in the case of IL-5) occupies an equivalent position to 3 u2l1 of GwW CSF,
then the present invention provides the basis for the creation of- _
antagonists in&L-3 and IL-5. The substitution of Qu at. these positions in
IL- 10 3 and I?-5 may be the sole nutation or it may be in c&nbi nati on
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teghnology. 20 According to another aspect of the present invention
here is pI’OVI ded. a@m)dl fied variant including HG conprising an amno acid
equence in'the T SESAT BT X of sai'd HGF sel ected fromthe group

onsisting of: i) Hs Val Asn Ala Ile @n Xaa Ala Arg Arg Leu Leu Asn -

eu 25 ... (SEQI1D Nao. 1);..il)-._Ala. Leu...\/al. Lys..Xaa. Thr. Leu Al a Leu
Leu Ser Thr His Arg Thr Leu (SEQIDNo 2 ii1) Asn Met |Ile Xaa Xaa I|le

'le Thr His Leu ((SEQ ID No. 3); iv) Leu L&J Leu Xaa Leu G n Met Ile Leu
- (SEQID No. 4); 30 v) Ile Thr Leu dn Xaa Ile Ile Lys Thr Leu (SEQ ID
No. 5);. vi) Arg Tyr Ile Leu Xaa Gy lle Ser Ala Leu Arg Lys (SEQ | D No.

6); .vii) G ﬁ%&,ﬁ@r vafiant
)7 viii)) Al a Ile%g%&?ga g}%gﬁbPhe Leu | céggo Me Gnh%u Asp
(SEQ I D No. HiGFs i as) hergipbeftdet definedArog Sembinetions gheteof. AI Mcfshepsumﬂaﬂy, the

pharmaceutical composition comprises hGM-CSF Arg?! or hGM-CSF Lys?! or both.

Methods for preparing pharmaceutical compositions are well known in the art and
reference can conveniently be made to Remington’s Pharmaceutical Sciences, Mack
Publishing Company, Eaton, Pennsylvania, USA and may also include one or more
pharmaceutical acceptable carriers and/or diluents.

10

"The present invention is further described by reference to the following non-limiting
Examples and/or Figures. '

In the Figures:
15

Figure 1 is a graphical representation showing titration of E. coli derived GM-CSF Arg?!
for its ability to affect 0,” production in human neutrophils ((J) and to antagonise the
enhancement of 0, by wild type GM-CSF tested at 1.0 ng/ml () and at 0.1 ng/ml
(closed triangle). - '

20

Figure 2 is a graphical representation showing failure of E. coli-derived GM-CSF Arg?!
to antagonise the enhancement of 0, production in human neutrophils stimulated with
tumour necrosis factor-o. (TNF-a).

Figure 3 is a graphical representation showing cdmpeﬁtive inhibition of 12°I-GM-CSF _
binding to COS cells transfected with the GM-CSF receptor o chain alone (top) or & and
B chains (bottom) by GM-CSF Arg?l.

‘Figure4isa grapheal representation showing titration of GM-CSF Arg?! for its ability

to antagonise GM-CSF (A) in confrast to no effect on IL-3 (B)-mediated proliferation of
TF-1 cells.
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(SEQ 1D No. 9); 5 x). Phe Leu Leu Lys Cys Leu Xaa G n Val Arg Lys Ile
(SEQI‘DNO 10); and xi) Tyr Leu Leu Qu Ala Lys Xaa Ala Qu Asn Ile Thr

Thr Ay (SEQ ID No. ,11_)“1Q v\hereln Xaa.is.a basic amne acid, preferably
sel ected fromthe grOUp ‘const sting of Arg and Lys,

HGF is in.unglycasylated form and acts_as._an _antagoni-st—for—at—}teast—ene--
- property of the corresponding native HGF. Preferably, the haenopoietic .
growmh factor is hGWCSF and Xaa is Arg-d04ys at position 21 of the first
~a-helix. 15 The HG- antagoni sts of the present invention and in

particul ar
GW+ CSF Ar g d?xgﬁraﬁds@@rawf&enﬁuwﬁom@ tlie fitrdtion off GM'IGSR heg r feqtitsent
of nyeloid aﬂgg‘ éorrphocyte | eukae some @%&ﬁﬂ?ﬂ %ﬁé#i
~origins and 3 ERise AFd prR m Ad
| arthritis. litgg]ed_ 3 catsd f herein to 20 result
{ fromor be flacilitate Qf; ﬁqﬁglk)%rrant ef (ég

ects 0 endogenous HGF such as
I GW CSF. hGW CSF Arg[err] and hGW CSF Lys[err] will also be useful in

m)tsjlkl |0f5|21 tltem Ce ls and gcpgl toE .cells.i nt‘@fﬁ&?‘*&%?’ﬁmﬁg}?ﬁﬁw?m t he

have di T ereg; h'ﬁﬁﬁnl% AlieilaeRid (LB &y & avs.
contenpl ates a xt hodta%(% treatnent Conprising the adm nl(‘qsz’trat:?r’] to a
manmmal of an effective anmpbunt of a nodified HG as.herei nbefore defined and

' particul A AR SafiEi rpredenthiibn Showitiy tat E21R Hntagohited Both G C8F 1t
not TNF-a-mediated stimulation of human neutrophils (A), and both E21R and E21K
10  also antagonise neurtrophil stimulation by CHO cell-derived GM-CSF (B). In panel A,
titrations of E. coli-derived wild type GM-CSF (@), TNF-c (#) and E2IR () are
shown. In antagonistic experiments, E21R was titrated ‘against 1ng/ml of E. coli-derived
GM-CSF (0) or 3ng/ml TNF-ct (0). In panel B, titrations of CHO cell-derived wild type
GM-CSF (O), E21R (M) and E21K (a) are shown. In antagonistic experiments, E2IR
15 (03) or E21IK (a) were titrated against 3ng/ml CHO cell-derived GM-CSF. Each value
represents the mean of triplicate determinations and error bars represént the SEML

'EXAMPLE 1
Expression of wild type and GM-CSF Arg?! and GM-CSF Lys®! inan
20 - E.coli expressed system
. 'Wild type GM-CSF was expressed in E. coli using a plasmid (designated pshGM-CSF)

containing a syntheuc human GM-CSF cDNA cloned into the E. coli expression vector
pIN-III-OmpH3, a derivative of the vector pIN-II-OmpA2 (Ghrayeb ef al, 1984).
GME2IR was expressed from the plasmid. pSGM21.1 containing Glu?'->Arg?!

25 substitution and was derived from the pSGM-CSF patental plasmid. GME2IK was
expressed from the plasmid pSGM21.4 containing Glu?! —» Lys?! substitution and was
derived from the pSGM-CSF parental plasmid.

' PSGM21 was generated by initially eliminating a Sacll site from the wild type GM-CSF
using oligonucleotide cassette mutagenesis to 'generate plasmid pSGMV1. A 64 i)p Nco
1/Sacll fragment was then excised from the pSGMV1 plasmid and replaced by double-
stranded 64bp oligonucleotides containing the appropriate mutation in the DNA sequence.

30

and wherein said variant-
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under conditions sufficient for effecting said treatnment Cenerally, the
mamel is a human, |ivestock animal, corrpanl on animal or |aboratory test ......
ani mal . -Most pref effasb*t”y = 30 t’he»-marm*ﬁl "6 'a human. A single nodified HGE

may be administered or a conbi hation of variants of the same HGF. For

exanpl e, a range of hGwW CSF variants could-be- used-such—as a combi ration of
vk CSF Arg[err] “and hGWF CSF Lys21. [err] - 9 - The present invention

al so provides a pharmaceutical conpositi corrprl sing the variant HGFs as
her ei nbefore defined or conbinations the Most particularly, the

b bothe 5 WGNATE Br °%'%%ﬁ%ﬁa§sﬂh%kﬁ%&%ﬁm[ &b
in the art aifadifg strwms 88?%811@&5&6!3%8& dontdifinPRCagpRopiRie Rilitaiorbsite directed

Phar maceuti cal Sciences Publ i shi ng Conpany, "Eaton, Pennsylvania, USA
and may al smwmie(ZﬂEero&m 84).maceuti cal acceptable carriers and/ or

di luents. 10 _
5 Protein was expressed in either MC1061, for wild type GM-CSF or BL21 for GME21R
or GME21K, after induction by isopropyl B-D-thiogalactoside and recovered from the
periplasmic space by osmotic shock (Koshland and Botstein, 1980).

GM-CSF protein was purified using a monoclonal antibody 4A12 generated in the
10 laboratory coupled to Sepharose beads. Further purification was achieved by reversed
phase HPLC using a BioRad controller and a Brownlee Aquaport C8 100 x 10mm

column. GM-CSF was eluted using a 30-50% .gradient of acetonitrile in 0.1%
trifluoroacetic acid.

15 Resultant purified GM-CSF was lyophilised and resuspended in 1 x PBS before being
" quantitated by HPLC gel filtration. Samples were fractionated on a Beckman
Ultraspherogel SEC3000 7.5 x 300mm using a 0.1M Na Phosphate pH 7.0/01M Na,SO,
mobile phase. Purity was estimated at >95% and area under peaks corresponding to GM-

CSF integrated as the extinction coefficient of 0.95 absorbance units.ml.mg™L.

20 '
" EXAMPLE 2
Visualisation of mutant GM-CSF protein

GM-CSF unpurified or purified from E. coli was size-fractionated by NaDodSo,/12.5%
wiv polycarylamide gel electrophoresis (Laemmli, 1970). For Western blot analysis,
25 protein was transferred to nitrocellulose as described (Towbin ef al, 1979). Filters were
probed with a sheep anti-GM-CSF followed by a second layer of biotinylated-rabbit anti-
sheep IgG. After a further incubation with an avidin-biotinylated-horseradish peroxidase
cbnjugate, the complex was visualised using a diaminobenzidine substrate solution. For

" silver staining, the method of Morrissey (1981) was used.
30
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The present invention is further described by reference to the follow ng
mon-|1 Fmiting Exanpl es and/ or Fi gures. In the Figures: 15 Figure 1 is a
graphi cal representati on ‘sfiowing.titrati on of E coli derived GwW CSF
Arglerr] for its ability to aff.ect [err] production in human neutrophils
(0) and to antagonise the enhancenent. _of..[err]. by w-ld-type G CSF-tested
at- 1.0 ng/nf (A) "and at 0.1 ng/n (closed riangle). 20 Figure 2 is a ;
graphi cal representation showing failure E coli-derived GWCSF Arg[err]
to antagoni se the ehancenent of [err] production i n human neutrophils
stinmulated with tunour necrosis fictor-[err] (TNF-[err]). 25 Figure 3 is a

graphical .repre on show ng conpetitivegxampigison of [err] binding to COS
cells transfected with the GwW CSF receptor [err] chain alone (top) or a and

[err] chains (bottom by Stimakition of haemopoigticccell prolifegationi cal

representati how n on of 2

ot agon se. e ehyirolcitaciia S i TR o oyl é*"%e?%& Y e bed to

prol i f eraty oRn@kurtithd pfoliftrdtive ﬁmc_aéh of GM-CSF and GM-CSF Arg?!. Proliferation of TF-1
cells were measured by the ability to incorporate [PH]-thymidirie in response to increasing
doses of GM-CSF. This assay was performed as described by Lopez et al (1988).

EXAMPLE 4
10 Functional activation of human granulocytes and monocytes

The superoxide anion production assay was carried out as previously described (Lopez
et al, 1986).

EXAMPLE §
15 Radioreceptor assay
(@) Radioiodination of GM-CSF.
Yeast derived human GM-CSF or E. coli-derived human GM-CSF was radioiodinated by
the IC1 method (Contreras ef al, 1983). Iodinated protein was separated from free 1251
by chromatography on a Sephadex G-25 PD10 column (Pharmacia, Uppsala, Sweden),
20 equilibrated in phosphate buffered saline (PBS) containing. 0.02% w/v Tween 20, and
stored at 4°C for up to 4 weeks. Before use, the iodinated protein was purified from
Tween and non-protein-associated radioactivity by cation exchange chromatography on
a 0.3ml CM-Sepharose CL-6B column (Pharmacia) and stored at 4°C for up to 5 days.
The radiolabelled GM-CSF retained >90% biological activity as judged from titration
25 curves using non-iodinated GM-CSF as controls. .

(b) Competition binding assays.
Comopetition for binding to high affinity and low affinity receptors used stably transfected
"CHO cell lines expfessing either the o« and B chains, or the « chain alone. The cells were
30 suspended in binding medium consisting of RPMI-1640 supplemented with 20mmol/l
HEPES and 0.5% wi/v bovine serum albumin (BSA) and 0.1% w/v sodium azide.
Typically, equal volumes (50ul) of 4 x 10* CHO cells, iodinated GM-CSF and different



Figure 5 is a graphical representation showing the titration of Gu CSF .
Arg[err] for its. abil'ity to ahtagoni Sé™TF-1 prolifelation stimnulated by
either E coli-derived GWCSF (A), yeast-derived GWCSF (B) or CHO derived
GWCSF (©). 5. Figure 6 is.a graphi-cal—epresentati onmshow ng tThe titration
of GWCSF Arg[err] for its ability to antagonise three primary hunman

nyel oid | eukaema (A, B & C) ex vivo. 'lélne 7 is a graphical
representation show ng that E21R ant agoni ¢ s bot h GW CSF. but _not -

TNF- [ er r | - penseatrationstofiGMaCSEand G we@mxeglp coaﬁadsbsﬁhégaﬁwrand

() I pandr ey A BNkt e Eobpbadon ol < Tefenliohs i o B 0y
TNF-a ([ er foetalocf Sottin (FCS)ak Mo@! eentrifiiged in & Brokago Misiofegee1 2, nd, thEZB o@s
titrated against 1ng/m _of E col 1 -derived GWCSF (0) or 3ng/m TNF-[err]

(0). In pasath Bibe centainingntheovisibleocalb pelle cut wil m%en@\zwa(mmt@| R

o “E21 k | SmEAES ot tdte Sombfomen by A OHBIAIE SR TEMiTed S altent) |
val ue repr efextesstwidd R GM-CSFi pl i cate detmi nations and error bars

represent the SEM EXAMPLE 1 Expression of wild type and G\ CSF Arg2l1 and
G\t CSF Lys[err] in an 20 E. coli expressed system

‘Wld type GV CSF was expressed in E w&ﬁg a plasm d (designated
‘pshGWt CSF) containing a synthetic human CcDNA cloned into the E. coli

expression vector pIN-I11I- mwﬁemldﬁroﬂmwewvaﬂanwct or pIN-TII- OnpA2
(Ghrayeb et_al, 1984). GQVE2| R was expressed from t B(/;\z/a snjd., pSGwl. 1
4

cont ai nifig BY tyay: o4 example only, the gensration of GM;ESEAT ereinaBgr fescribeddn
PSGM CSF paggh ala RhRsi'GM-CFEDNA'RRs subjected to mutagenesis to introduce the amino

acid Arg for Glu at position 21. Two mutants were obtained, one containing the
Glu?!'—>Arg mutation and a second one containing a double mutation X'%-Jle and

Glu?!>Arg. These mutants were cloned into the expression system piN OMPIII and
15 expressed in E. coli. Wild type (WT) GM-CSF was expressed in MC1061. GM-CSF

Arg?! could not be expressed in MC1061. Of twenty strains tested for GM-CSF Arg?!

expression, BL21 was the highest producer and used for subsequent studies.

To obtain purified GM-CSF Arg?! in high yields a tv\.ro-ste'p purification procedure was
20 devised. In the first step, GM-CSF Arg?! was purified by an affinity column constructed
: with a monoclonal antibody (4A12) that binds to GM-CSF ‘in. solution and with high

affinity. Affinity-purified GM-CSF Arg?! was then purified by reverse-phase HPLC and

quantitated by HPLC before being analysed for biological and binding activities.

25 It was found that E. coli-derived GM-CSF Arg?! was unable to enhance neutrophil 0,
production up to a concentration of 3,000 ng/ml (Figure 1). This is different to the
inventors’> previous results with CHO-derived (i.e. glycosylated) GM-CSF Arg?! which
was able to enhance neutrophil function at appmmmately 30 ng/ml wluch represents a

"300 fold reduced potency compared to wild type GM-CSF (Lopez et al, 1992). -
30 '



-

expressed fromthe plasmd pSGWwI .4 containing Qu[err] > Lys[err]
substi‘tution and was derived fromthe pSGMt CSF parental plasm d. pSGW1 was
generated by initially elimnating a Sacll site fromthe wild type GWCSF .
30 using oligonucl eotide-cassette -nutagenesisto generate plasm d pSGW1. A
64 bp Nco |I/Sacll fragnent was then excl4ed fromthe pSGWL pl asm d and
repl aced by doubl e- stranded 64bp oligonucleotides containing the

appropriate nutation in the DNA sequence. pSGW21. 4 was generated by

Sobp. o | gorRepis RisResiliy R divals THHEoDl 3 FPEdkal GMORIEAHES s btk do
nut agenesi isdak hasll & Hildtippe CAOSF f B O Blisin WRTHGM-CSFertckptop (Fipfe 3)

MC1061, for wild ty%M r BL21 for GVE2IR or GVE21K, after induction
by i sopr opyln qoatrast, Wéc?’d@bw anpproxiosted 80-foldseduationjnbinding to the

- space by o @% e

©opurifi e tg(*’@ ?mgﬁo naI bﬁ%&%@ gene$&l?§§‘)elln nggﬁ%gg cg’?’g\\v%sy
coupl ed to whgusmeelyemgts Further purification was achi eved by reversed
phase I PLC using a Bi oRad controller and a Brownl ee Aquaport C8 100 x 10nm

colum. GWCSF was el uted usi ng a 30-50% gradient of acetonitrile in 0.1%
F esuspendedtiis i 5 G tine B514 GRRLSE hirad S SAbred nARSubRRE biififls B0 he
Sanpl es wer GM+GS¥ reveptos di-chiain aBewkn@being devoid of agonistic actxv1ty This indicates
10 that whilst binding to the o chain is necessary for GM-CSF activity it is not sufficient,
and that GM-CSF binding to the § chain is required for GM-CSF-mediated activation.

Since E. coli-derived GM-CSF Arg?! was not able to stimulate neutrophils yet fully
bound the GM-CSF receptor o chain, it was tfested .for antagonistic activity. The
15 inventors found that this mutant fully inhibited the effect of wild type GM-CSF with an
approximately 300-fold excess required to induce 50% inhibition of E. coli-derived wild -
type GM-CSF (Figure 1). This antagonistic effect was specific for GM-CSF as judged-
by the lack of antagohistic effect of GM-CSF Arg?! on TNF enhancement of neutrophil
0, production (Figure 2). |
20
The antagonistic effect of E. coli-derived GM-CSF Arg?! was present whether wild type
GM-CSF was expreséed in E. coli (Figure 5A), yeast (Figuré 5B) or CHO cells (Figure
SC). In keeping with the differences m binding affinity between heavily glycosylated
CHO GM-CSF (lower affinity), partielly glycosylated yeast GM-CSF (intermediate
affinity) and unglycosylated E. coli GM-CSF (higher afﬁmty), E. coli-derived GM-CSF
Arg?! antagonised better the CHO wild type GM-CSF (Figure 5).

25

The antagonism of E. coli-derived GM-CSF Arg?! was not restricted to proliferation of

"the established TF-1 cell line but was also seen in primary myeloid leukaemias. In three

- 30 different leukaemias, E. coli-derived GM-CSF Arg?! antagonised the proliferative effect
of wild type E. coli GM-CSF with an EC50 that varied with each leukaemia (Figure 6)



U traspherogel SEC3000 7.5 x 300mm using a O 1M Na Phosphate pH 7.0/01M
[err] nobile phasezsPurity was estimated at >95% and area under peaks
corresponding to GV CSF integrated as the extinction coefficient of 0.95
'or bance unitSTHAG[EFTT." 207EXAVPLE 2 Vi§Slal i sati on of nmutant GW CSF
protein GW CSF unpurified or purified fromE. coli was size-fractionated by
NaDodSo4/ 12. 5% w/ v pol ycaryl am de gel el eti50phoresi s (Laemm i, 1970). For

West ern bl ot .agal ysi‘ﬁ ﬁS pyfotein was transferred to nitrocellul ose_ as
~described ( TohRsSs Tefulty;showghatian ynglycesylated GM-GSEsealegnlerwith 3 mautated Glu for an

anti- G CSE akd gtpesifivn 21 Y4 firse ﬁéhﬁgagl&?th'ag:?ﬁéﬂlhﬁgldg Qoigmagse. sheep

- 1gG After a further 1 ncubation wth an avi orser-adi sh
" peroxi dase conjugate, the conplex was visualised using a diarinobenidine

used 30° . SincBlo piitated & in BHESR St it whete e, s Sfiiocresidbe ot
The human §rykiibirieideraspiueS{d.g.| ApF arbprasehidcreired %%%%@?@m

were used to 5 neasure the proliferati've function of GWCSF
Arg[err]. Proinvestioniextends torantagonistic molecules for these growth factors constructed by

incorporating the analogous charge reversal mutation. In particular, given that the GM-
CSF, IL-3 and IL-5 receptor share the B chain, the Glu? in IL-3 and the Glu'? in IL-5
are predicted to play a-similar role. Other variant HGFs are shown in Examples 3 to 22

10  in which the equivalent or similar amino acid residue to -Glu21 of hGM-CSF is replaced
by either Arg or Lys. In these Examples, the amino acid sequences are provided for the
relevant portion of the first a-helix carrying the substitution (see Table 2).

EXAMPLE_ 7
15 hGM-CSF Lys?!
His Val Asn Ala Ile Gln Lys Ala Arg Arg Leu Leu Asn Leu (SEQ ID NO. 23)

EXAMPLE 8
hiL-5 Lys1®
20 AlaLeu Val Lys Lys Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu (SEQ ID NO.24)

EXAMPLE 9
hiL-5 Arg™®
Ala Leu Val Lys Arg Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu (SEQ ID NO. 25)
25 - .
EXAMPLE 10
hiL-3 Variants
Asn Met Ile Asp Lys Ile Ile Thr His Leu hIL-3 Lys®2 (SEQ ID NO. 26)
" Asn Met lle Lys Glu Ile Ile Thr His Leu hiL-3 Lys*! (SEQ ID NO. 27)
30 Asn Met Ile Asp Arg Ile Ile Thr His Leu hiL-3 Arg? (SEQ ID NO. 28)
Asn Met Ile Arg Glu Ile Ile Thr His Leu hiL-3 Arg?! (SEQ ID NO. 29)

Asn Met Ile Lys Lys Ile Ile Thr His Leu HIL-3 Lys*! Lys”? (SEQ ID NO. 30)



cell's were measuréd by the ability to incorporate. [err]-thym dine in
response to increasing doses of GWCSF. This assay was performed as
described by lLopez et al (1988).EXAMPLE-4 46-- ~——-"Functi onal ~activation
BY hunman granul ocytes and nonocytes The superoxi de ani on producti on assay

. was carried out as previously described {l@pez et al, 1986). EXAMPLE 5 15
Radi or eceptor assay (a) Radi oi odi nati on of GW CSF. . Yeast,derived human -
GM CSF or E.AsvMetdler Ave ArgdieaHe Thr 85 Loms r adilbioArg’ tmg%y(scmllp@ﬂonél)hod
(Contreras et al, 1983). lodinated protein was separated fromfree [err] by
- chromat ography on a -Sephadex G 25 PD1O col umm (Pharmaci a, Uppsal a, Sweden),
20 equilibrated in phosphate bufferegxanmpng 1aPBS) containing 0.02% w v
Tween 20, and stored at 4[err]C for up to 4 ks. Before use, the .

i odi nated protein was purified from Twela2 non- pr ot ei n- associ at ed

radi oacti yity by cati exch f ' 0.3m CM Sephar ose
CL- 6B col ﬁmiﬁ‘bﬁ'g}‘%"é‘%’s %@?yggfeﬁ4ﬁgﬁg@w 3??) to 5 days. The

radi ol abel | ed Gt CSF ret ai ned >90% bi ol ogi cal activity as judged from
titration 25 curves using non-iodinated GW CSF as controls. (b)
Conpetition binding assays. Conpetiti BXAMPLE Biing to high affinity and

| ow affinity receptors used stably trapﬁfé&c 0 CHO cel |l |ines expressing
either the [err] and [err] chains, or ain alone. The cells were 30

ZgSpeP?Fd | N Lt Tobu Wed ARG [bucGhsves Ilo Leal (SEQMDMB033uppl enented with
nmo
10

EXAMPLE 13
| hIL-4 Lys'?
Ile Thr Leu Gln Lys Ile Ile Lys Thr Leu (SEQ ID NO. 34)

15 . EXAMPLE 14
'hIL-4 Arg™?
Ie Thr Leu Gln Arg Ile Ile Lys Thr Leu (SEQ ID NO. 35)

_ EXAMPLE 15
- 20 BIL-6 Lys?
Arg Tyr Ile Leu Lys Gly lle Ser Ala Leu Arg Lys (SEQ ID NO. 36)

EXAMPLE 16

hIL-6 Arg®?

25 Arg Tyr Ile Leu Arg Gly Ile Ser Ala Leu Arg Lys (SEQ ID NO. 37)

EXAMPLE 17
hIL-7 Lys!3
" Gly Asp GIn Tyr Lys Ser Val Leu Met Val Ser Ile (SEQ ID NO. 38)
30 '
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HEPES and 0. 5% W v - bovine seéruff albuim n (BSA) and 0.1% w' v sodi um azi de.
sTypieally, equal volunmes (50[err]) of 4 x 104 CHO cells, iodinated GW CSF
and different - 13 - concentrations of GWCSF and GWCSF Arg[err] were
m xed in silic¢onised glass tubes for 3 hr at 4[er'r]C At the end of the

i ncubation period, cell.suspensions were overlaid on 0.2nm foetal calf
serum (FCS) at 4[err]C, centrifuged in a Beckman M crofuge 12, and the tip
of each tube containing the visible cell pellet cut off and counted in a
gama counter. 5 Specific counts were determined by first subtracting the
counts, obtained in the presence of excessyy_ld type GV CSF. EXAMPLE 6
Generation of hGWCSF Variants 10 By way of1 exanpl e only, the generation of
GW CSF Arg[err] is hereinafter described in detail. A human GV CSF cDNA was
subj ected to nutagenesis to introduce the amno acid Arg for Au at
position 21. Two nutants were obtai nedEXaMPEEMSI ning the GQu[err]>Arg
mutation and a second one containing a douple mytation [err]->lle and

G u2l->Arg. These nutants were cloned i TARE expressi on system pl N OVPI | |

V1061, o Copar P QTR hte Sl VAL LDt VBl s I D 30ty st i s

tested forsGv CSF Arg[err] expression, BL21 was the hi ghest producer and
used for subsequent studies. _ LE 19
hIL-9 Lys'!
Ala Gly Ile Leu Lys Ile Asn Phe LeuIle Asn-Lys Met Gln Glu Asp (SEQ ID NO. 40)

10 EXAMPLE 20
hIL-9 Arg!!
Ala Gly Ile Leu Arg Ile Asn Phe Leu Ile Asn Lys Met Gln Glu Asp (SEQ ID NO. 41)

- EXAMPLE 21
15 | hIL-10 Lys?S
Asn Met Leu Arg Lys Leu Arg Asp Ala Phe Ser (SEQ ID NO. 42)

EXAMPLE 22
* BIL-10 Arg®
20 Asn Met Leu Arg Arg Leu Arg Asp Ala Phe Ser (SEQ ID NO. 43)

EXAMPLE 23
hG-CSF Lys"
Phe Leu Leu Lys Cys Leu Lys Gln Val Arg LysIle (SEQ ID NO. 44)
25

EXAMPLE 24
hG-CSF Arg!?®
"Phe Leu Leu Lys Cys Len Arg Gln Val Arg Lys Ile  (SEQ ID NO. 45)
30




To obtain purif FEESE” Arg[err] in high yields a two-step purification
proced"ure was 20. devised. In the first step, GWCSF Arg[err] was purified
by an affinity colum constructed with a nonocl onal ‘anti body (4A12) that
binds to GWCSF in solution and with high affinity. Affinity-purified

GW CSF Are[err] was then purified by reverse-phase HPLC and quantitated by
- HPLC before bei ng anal ysed for biological and binding activities. 25 It

-~ was found that E coli-derived GWCSF Arg[err] was unable to enhance

. neutrophil [err] production up to a concentration of.3,000 ng/m (Figure
~1). This is different to the inventors' previous results wth CHO derived
~ (i.e. glycosylated) GWCSF Arg[err].which was able to enhance neutrophil
function at approxinmately 30 ng/m which represents a 300 fold reduced
Sotency conpared to wild type GW CSF (Lopez et al, 1992). 30 - 14 -
Despite its inability to activate neutrqopils, E. coli-derived Gw CSF
Arge[err] was able to bind as well as wild type GMWCSF to the [err]-chain
. of the GWCSF receptor (Figure 3). In contrast, GWCSF Arg[err] exhibited
- an approximate 100-fold reduction in binding to the S ap Gw CSF receptor
conpl ex (Figure 3) indicating that t BXAMFLE@Se of the [err] chain has

. been selectively lost. This is the fi %&’ tﬂ meet hat a GV CSF nutant is shown
- to have unaltered binding to.the GM Q Ptor a-chain as well as being

devoi d of ageRirRhl CafBii K4 Yys s Alh GTh 28h3% Thr Thr Gly (SEQ ID NO. 46)
5
EXAMPLE 26
hEPOQ Arg!®
Tyr Leu Leu Glu Ala Lys Arg Ala Glu Asn Ile Thr Thr Gly (SEQ ID NO. 47)

10- 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 all of the steps, features, compositions and compounds referred
to or indicated in this speclﬁcauon, individually or collectively, and any and all

15 combinations of any two or more of said steps or features.



10 that whi | st bi ndi’ ng HEthe a chaln is necessary for GMCSF activity it

i s not” sufficient, and that-GwW CSF bi ndi ng to the [err] chain is required
for GW CSF-nedi ated activation. Since E. coli-derived GW CSF Arg2' was not
able to stimulate neutrophils yet fully bound the GW CSF receptor a chain,
it was tested for antagonistic.activity. The.15 .invehtors found that this
t fully inhibited the effect of wild t pe GV CSF with an approxi mately

$0-f ol d excess required to i nduce 50% i n‘hl%i‘tion of E. coli-derived wild

type GW CSF (Figure 1). This antagonistic effect was specific for Gw CSF as
- judged by the lack of antagonistic effect of G CSF Arg2l on TNF

- enhancenent Q%E?f id [err] production (Figure 2). 20 The antagonistic
effect of E. s d GV CSF Arg[err] was present whether wild type
- GMCSF was expressed in E. coli (Figure 5A), yeast (Figure 5B) or CHO cells

(Figure SC%/ I n kee |n wi th the dlfferences |n bi nding affinity between
heavi |y gl ycoBgzam ) dvngrol Todaye 11,350r partially glycosyl at ed

yeast GMCSF i nt cosylated E. coi GV CSF
(hi gher af ffin f’%‘ﬁ:‘ Egd%fffaﬂggs\?igk.g{ie@giggrg?ﬁl ant agoni sed better the
CHO wi | d typeCehirérak MAI &'l €(1583) Methods Eaganel9D, @772292col i - deri ved Gv CSF
Arg[err] was not restricted to proliferation of the established TF-1 cell

line but was Biedericheat ol r(lﬂﬂ)rﬁﬂlsﬂcﬁ’%&o”y El#senias. In three 30 different
etk oo o) S e oc0 e ol 1S
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-15- These r esul TENERREETRal - iu'ngl ycosyl at ed GVt CSF nol ecule with a

mutated Gu for an Arg in p05|t|on 21 of- the first cc-helix is able to

ant agoni se native GWCSF. Since the nutated Gu in GWCSF is in a position
phhere the same-act-dre—+est-due—or—5 -siat-t ar-—aci-di c-restdues~(e.’g: "Asp) are |
_present in related growh factors (see Table 2), this invention extends to \

ant agoni stic nol ecul es for these growh2@actors constructed by
~incorporating the anal ogous charge reversal nutation. In particular, given
~that the G# CSF, IL-3 and IL-5 receptor share the [err] chain, the G u22

. in IL-3 and the Quf[err] in IL-5 oplaya5|mlar rol e.
- Qther variant HGs are shown in ﬁm&dﬁﬁﬂﬂé in which the
equi valent or simlar am no aC|d re5|due to Gu[err] of hGMW CSF is repl aced ‘

by either g OGElN? | es, the am no acid sequences are
provi ded f the re evant portlon of the first a helix carrying the |

substitution (see Ta W@g 7 15

hGw CSF Lys[err] HIS Asn Leu
(SEQ ID NO. 23) EXAI\/PLE g ﬁ‘?ﬁ?& Awr%*ﬁ&sﬁb Leu

Al a.Leu Leu Ser Thr H's A 24 EXAMPLE 9 hlL-5 Argl3

Al a Leu Val Lys Arg Thr Lé Smrﬂy)LekO Ad'T $hiANN@N0\MFTBndMDASEM.AD NO.
25)

(i) TITLE OF INVENTION: "Haemopoietic Growth Factor
Antagonists”

(i) NUMBER OF SEQUENCES: 47

(v) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Davies Collison Cave
(B) STREET: 1 Little Collins Street
(C) CITY: Melbourne '
(D) STATE: Victoria
(£) COUNTRY: Australia
(F) ZIP: 3000

(v COMPUTER READABLE FORM:
(A) MEDIUM TYPE: floppy disc
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: Patentln Release #1.0, Version #1 25

(vii CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: International PCT App
(B) FILING DATE: 28-JUL-1994

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: Provisional AU PM0186
(B) FILING DATE: 28-JUL-1993
(C) APPLICATION NUMBER: Provisional AU PM4772
(D) FILING DATE: 30-MAR-1993

(viil) ATTORNEY/AGENT INFORMATION:
(A) NAME: HUGHES, DR E JOHN L
(C) REFERENCE/DOCKET NUMBER: EJH/EK

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: +61 3 254 2777
(B) TELEFAX: +61 3 254 2770



25 EXANPLE 10 hl L-3 Var| anta ASHMet 1Te Asp. Lys Ile Ile Thr H's Leu
hl L-3 Lys22 (SEQ ID NO° 26) AmMet Ile Lys Qu Ile 1le Thr H s Leu
hi L-3 Lysferr] (SEQID NO 27) 30 Asn Met Ile Asp Arg Ile Ile Thr H s Leu

gt - 3 Argferri - ( SEQ-+B-NO:—28)-Ashn-Met- ++e—-Arg-E-u-H-e-tle-Thr Hs Leu

hiL-3 Arg2’ (SEQ ID NO 29) Asn Met Ile LygLlys.lle Ile Thr Hs Leu hiL-3

~Lys[err] Lys[err] (SEQ ID NO 30) -16- Asn Met Ile Arg Arg Ile Ile Thr
H's Leu hlL-3 Arg[err] Arg[err] (SEQ ID NO 31) EXAMPLE 11 hlL-2 Lys[err]
"5 Leu Leu Leu Lys Leu G n Met Ile Leu (SEQ ID NO 32) EXAMPLE 12 hlL2 Arg20
Leu Leu Leu Ay LetneOritatiin ko€ skeup( §6Q1:D NO. 33) 10 EXAMPLE 13 hil L4
Lys12
(i) SEQUENCE. CHARACTERISTICS:
(a) LENGTH: 14 amino acid residues
(B) TYPE: amino acid .-
(C) STRANDEDNESS: single
(D) TOPOLOGY: lineax
(ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 1:

His Val Asn Ala Ile Gln Xaa Ala Arg Arg Leu Leu Asn Leu

{2) INFORMATION FOR SEQ ID NO. 2:

(1) SEQUENCE CHARACTERISTICS:
{a) LENGTH: 16
(B) TYPE: amino acid
(c) STRANDEDNESS: single
{D) TOPOLOGY: linear
{ii) MOLECULE TYPE: polypeptide
{xi) SEQUENCE DESCRIPTION: SEQ ID NO. 2:

Ala Leu Val Lys Xaa Thr Leu Ala Leu Leu Sex Thr His Arg Thr Leu

{2) INFORMATION FOR SEQ ID NO. 3:

(1) SEQUENCE CHARACTERISTICS:
- (&) LENGTH: 10 amino acid residues
(B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) . TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 3:

. Asn Met Ile Xaa Xaa Ile Ile Thr His Leu



Ile ThrsLeu G n Lys Ile Ile Lys.- Thr Leu (SEQ ID NO. 34) 15

EXAMPLE 14 hlL4 Argl2 Ile Tbr Leu @n Arg Ile Ile Lys Thr Leu (SEQ I D NO

35) EXAMPLE 15 20 _ hlL-6 Lys[err] Arg Tyr lle
Leu Lys Gy lle Ser Ala Leu Arg Lys (SEQ ID NO 36) EXAMPLE 16 hlL-6 .
Arglerr] 25 Arg Tyr le"Leu Arg Gy Ile Ser-Ara LewrArg tys (SEQI'D"NO 37)
EXAMPLE 17 hlL-7 Lys[err] Gy Asp A n Tyr Lys Ser Val Leu Met Val Ser Ile
(SEQ I D NO. 38) 30 - 17- EXAVPLE 18 hRB-7 Arg[err] Gy Asp Gn Tyr Arg

Ser Val Leu Met Val Ser Ile (SEQID NO. 39) 5

(2) INFORMATION FOR SEQ ID NO. 4:

(i) SEQUENCE CHARACTERISTICS:
() LENGTH: 9
{B} TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION:  SEQ ID NO. 4:

Leu Leu Leu Xaa Leu Gln' Met Ile Leu

{2) INFORMATION FOR SEQ ID NO. 5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10
(B) TYPE: amino acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
{xi) SEQUENCE DESCRIPTION: SEQ ID NO. 5:

Ile Thr Leu Gln Xaa Ile Ile Lys Thr Leu

" (2) INFORMATION FOR SEQ ID NO. 6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12
(B) TYPE: amino acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 63

Arg Tyr Ile Leu Xaa Gly Ile Ser Ala Leu Arg Lys



EXANPLE 10 hils" Lys
Met Gn Gu Asp (SEQ I'D NO. 40) 10

A Gy Ile Leu Lys Ile Asn Phé Leu Ile Asn Lys
EXAMPLE 20

hl L-9 Arg{err] —Ara—G&-y--+te1teu-Arg 11e Asn’ Phe T_euTIe ASh Lys Met G n du

Asp (SEQ I D NO

41) EXAMPLE 21 15 hiL-10

. Lys25 Asn Met Leu Arg Lys Leu Arg Asp AlaZ2Btre Ser (SEQ ID NO 42) EXAMPLE

22 hlL-10 Arg[err] 20 Asn Met Leu Arg Arg Leu Arg Asp Al a Phe Ser
NO. 43) EXAIVPLE 23 hG CSF Lys[err] Phe Leu Leu Lys Cys Leu Lys d n Val

Lys Ile (SEQ

(SEQ I D

Arg

EXAVPLE_24 hG— CSF A Phe L L L
Ly g G ARt R B ) a0 1 T T e e e O

{1i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12
(B} TYPE: amino acid
(c) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
- {xi) SEQUENCE DESCRIPTION: SEQ ID NO. 7:

Gly Asp Gln Tyr Xaa Ser Val Leu Met Val Ser Ile

(2) INFORMATION FOR SEQ ID NO. 8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
- (ii) MOLECULE TYPE: polypeptide ,
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 8:

Ala Gly Ile Leu Xaa Ile Asn Phe Leu Ile Asn Lys Met Gln Glu Asp

(2)  INFORMATION FOR SEQ ID NO. 9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11
(B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ XD NO. 9:

.

Asn Met Leu Arg Xaa Leu Arg Asp Ala Phe Sex

S LT A i i SN R R g e e
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18- EXAMPLE 25 hEPO Lys[err] Tyr Leu Leu Gu Ala Lys Lys Ala Gu Asn Ile
Thr Thr Gy (¢SBEQES TEERAMPLE 26-hEPO Argferr] Tyr Leu Leu Gu Al a-
Lys Arg-Ala Qu AsnTe~Thr Thr Ay (SEQ ID NO. 47) 10 Those skilled in
the art will appreciate that the invention described herein is susceptible-

to yari-atiens—and-wedi-fications. other. than _those specifically described. It

[ s_,/to be understood that the invention in@4udes all such variations and
modi fi catirons. The invention also includes all of the steps, features,
conpositions and conpounds referred to or indicated in this specification,
I ndi vidually or collectively, and any and all 15 conbi nations of any two or
nore of sai d{8) epINFORMAZIONIEOR SEQ IP MREFHRENCES Bazan JF. (1990) | nmunol
Today 11, 350-354. Brandhuber BJ et al. (1987) Science 238, 1707-1709.
_ (i) SEQUENCE CHARACTERISTICS:
- () LENGTH: 12
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear _
(ii) MOLECULE TYPE: polypeptide _
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 10:

Phe_' Leu Leu Lys Cys Leu Xaa Gln Val Axg Lys Ile

(2) INFORMATION FOR SEQ ID NO. 11:

(1) SEQUENCE CHARACTERISTICS:
(A) - LENGTH: 14 '
(B) TYPE: amino acid _
{C) STRANDEDNESS: single
_ (D) TOPOLOGY: linear .
(ii) MOLECULE TYPE: polypeptide .
{xi) SEQUENCE DESCRIPTION: SEQ ID NO. il:

Tyr Leu Leu Glu Ala Lys Xaa Ala Glu Asn Yle Thr Thr Gly

(2) INFORMATION FOR SEQ ID NO. 12:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14.
-{B) TYPE: amino acid
(c) STRANDEDNESS: single
(D) TOPOLOGY: lineax
(ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 12:

-

His Val Asn Ala Ile Gln Glu Ala Arg Arg Leu Leu Asn Leu
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(B) ° TYPE: amino acid
(C)  STRANDEDNESS: single
{D) TOPOLOGY: linear

MOLECULE TYPE: polypeptide

SEQUENCE DESCRIPTION: SEQ ID NO. 13:

Ala Leu Val Lys Glu Thx Leu Ala Leu Leu Sex Thr His Arg Thr Leu

(2)  INFORMATION

)

Y
(xi)

FOR SEQ ID NO. 14:

SEQUENCE CHARACTERISTICS:
() LENGTH: 10

(B) TYPE: amino acid
(C) STRANDEDNESS: single -
(D} TOPOLOGY: linear

MOLECULE TYPE: polypeptide

SEQUENCE DESCRIPTION:  SEQ ID NO. 14:

Asn Met Ile Asp Glu Ile Ile Thr His Leu

(2)
(1)

(i)
{xi)

Leu

INFORMATION FOR SEQ ID NO. i5:

SEQUENCE CHARACTERISTICS:.

(a) LENGTH: 9

. (B) TYPE: amino acid

- {C) STRANDEDNESS: single
(D) TOPOLOGY: linear

MOLECULE TYPE: polypeptide
SEQUENCE DESCRIPTION: SEQ ID NO. 1S:

»

Leu Leu Asp i.eu Gln Met Ile Leu
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120 -, SEQUENCE LF'STI'NG (1) GENERAL |'NFORMATI ON: (i) APPLICANT (other than
the US): MEDVET SClI ENCE PTY LTD APPLI CANT/ I NVENTORS (US only): LOPEZ, A F.,
SHANNON, M F. and VADAS;-MA. (ii) TITLE OF I NVENTI ON: "Haenopoi étic G oWih
Factor Antagonists” (iii) NUMBER OF SEQUENCES:. 47 (iv) CORRESPONDENCE .
ADDRESS: (A) ADDRESSEE: Davies Collison Cave (B) STREET: | Little Collins
Street (C CITY: Mel bourne (D) STATE _X ctoria (E) COUNTRY: Australia (F)
ZI P: 3000 (v) COWUTER READABLE FORM ( ? MVEDI UM TYPE: fl oppy disc (B)
COMPUTER: | BM PC conpatible (C) OPERATI NG SYSTEM PC- DCOSI Ms- DOS (D)
SOFTWARE: Patentin Rel ease #1.0, Version #1.25

{2) INFORMATION FOR SEQ ID NO. 16:

(1) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 10
(B} TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: lineaxr
{(ii) MOLECULE TYPE: polypeptide
{xi) SEQUENCE DESCRIPTION: SEQ ID NO. 16:

Ile Thx Leu Gln Asp Ile Ile Lys Thr Leu

{(2) INFORMATION FOR SEQ ID NO. 17:

(i) SEQUENCE CHARACTERISTICS:
(a) LENGTH: 12
(B) TYPE: amino acid
(c) STRANDEDNESS: single
(D) TOPOLOGY: lineax
(ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ XD NO. 17:

Arg Tyx Ile Leu Asp Gly Ile Sexr Ala Leu Arg Lys

(2) INFORMATION FOR SEQ ID NO. 18:

(i) SEQUENCE CHARACTERISTICS:
{a) LENGTH: 12~
(B) TYPE: amino acid
(C) . STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
{xi) SEQUENCE DESCRIPTION: SEQ ID NO. 18:

Gly Asp Gln Tyr Glu Ser Val Leu Met Val Ser Ile-
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(vi) CURRENT- APPET € TIRONCDATA (‘A)” APPUCATI ON NUMBER | nt er nati onal PCT
App. (B) FILING DATE: 28-JUL-1994 (vii) PRI OR APPLI CATI ON DATA (A)

APPL| CATI ON NUMBER: Provi si onal AU PMD186 (B) FILING DATE: 28-JUL-1993 (O
. APPLI CATI ON_NUVBER:--Provi'sional “AU PMA772 (D) FI'LI' NG DATE: 30- MAR- 1993
(viii) ALTORNEYI AGENT | NFORMATI ON: (A) NAME: HUGHES, DR E JOHN L (O
REFERENCE/ DOCKET. NUMBER: EJH EK (i x) TELEQOVMUNI CATI ON | NFORVATI ON:  ( A)
TELEPHONE: +61 3 254 2777 (B) TELEFAX +61 &254 2770 -21 - (2)

| NFORMATI ON FOR SEQ ID NO. 1: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 14
amno acid residues (B) TYPE: amno acid

(2) INFORMATION FOR SEQ ID NO. '19:

(i) SEQUENCE CHARACTERISTICS:
{(a) LENGTH: 16
(B) TYPE: amino acid
{c) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 19:

P

Ala Gly Ile Leu Asp Ile Asn Phe Leu Ile Asn Lys Met Gln Glu Asp

(2) INFORMATION FOR SEQ ID NO. 20:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 11
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 20:

Asn Met Leu Arg Asp Leu Arg Asp Ala Phe Sex

(2) INFORMATION FOR SEQ ID NO. 21:

(i) SEQUENCE CHARACTERISTICS:
(A) . LENGTH: 12
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 21:

Phe Leu Leu Lys Cys Leu Glu Gln Val Arg Lys Ile



(qQ STRANDEDNESS i ngzj'l“"e (D)‘ CFOPELOGY: “V'i nea (i i) MOLECULE TYPE:
pol ypeptide (xi) SEQUENCE DESCRI PTION: SEQ | 1: Hs Val Asn Ala |lle
Gn Xaa Ala Arg Arg Leu Leu Asn Leu (2) INFCRIVATIC]\I FOR SEQ ID NO. 2: (i)
SEQUENCE CHARACTERI STICS; (A) LENGTH 16 (B) TYPE: amino acid (Q .
STRANDEDNESS: single (D) .TOPCLOGY: linear (ii) MOLECULE TYPE: - pol ypepti de
(xi) SEQUENCE DESCRI PTION: SEQ ID NO. 2:284 a Leu Val Lys Xaa Thr Leu Al a .
Leu Leu Ser Thr His Arg Thr Leu (2) | NFORMATI ON FOR SEQ I D NO. 3: (i)
SEQUENCE CHARACTERI STICS: (A) LENGTH 10 anmino acid residues (B) TYPE
am no acid (C} STRANDEDNESS:  si n%'gégé;[)é% TOPOLOGY: |inear (ii) MOLECULE

| T

CTYPE: pol ypdfti de FRRATIREGB\ERR O\ SEQ ID NO. 3:

(1) SEQUENCE camerms'ncs
(AY LENGTH: 14
{B) TYPE: amino acid
{(c) STRANDEDNESS: single
o (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
{xi) SEQUENCE DESCRIPTION: 'SEQ ID NO. 22:

Tyr Leu Leu Glu Ala Lys Glu Ala Glu Asn Ile Thr Thr Gly

(2) INFORMATION FOR SEQ ID NO. 23:

(1} SEQUENCE ' CHARACTERISTICS:
(a) LENGTH: 14
(B) TYPE: amino acid
(c) STRANDEDNESS: single
(D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: polypeptide
{xi) SEQUENCE DBSCRIPTION : SEQ ID NO. 23:

His Val Asn Ala Ile Gln Lys Ala Arg Arg. Leu Leu Asn Leu

{2) INFORMATION FOR SEQ ID NO. 24:

{i}) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16
(B) TYPE: amino acid
(c) STRANDEDNESS: single
(D) TOPOLOGY: linear '
(ii) MOLECULE TYPE: polypeptide
{xi) SEQUENCE DESCRIPTION: SEQ ID NO. 24:

Ala Leu Val Lys Lys Thr Leu Ala Leu Leu Ser Thr His Axrg Thr Leu



S o ol -1 e

n Met Ile XaaXaaIIeIIeT‘nr“Hs*Leu "-22-(2) | NFORMATI ON FOR SEQ
1D NO® 4: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 9 (B) TYPE: am no
acid (Q) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MYLECULE TYPE. :
poI }/peptlde (xi) TSEQUENCE DESCRIPTTON' ™~ SEQ 1D NO. 4: Leu Leu Leu Xaa Leu -

Met Ile Leu (2) | NFORMATI ON FOR SEQ-ID NQ 5: (i) SEQUENCE
CHARACTERI STICS: (A LENGTH: 10 (B) > amno acid (C
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE:
pol ypeptide (xi) SEQUENCE DESCRI PTION: SEQ ID NO 5:

(2) INFORMATION FOR SEQ ID NO. 25:

(i) SEQUENCE CHARACTERISTICS:
() LENGTH: 16
(B} TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
-(ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 25:

Ala Leu Val Lys Ai:g Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu

(2) INFORMATION FOR SEQ ID NO. 26:

(i) SEQUENCE CHARACTERISTICS:
() LENGTH: 10 '
{B) TYPE: amino acid
(C) STRANDEDNESS: single
" (D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 26:

Asn Met Ile Asp Lys Ile Ile Thr His Leu

{2} INFORMATION FOR SEQ ID NO. 27:

(i) SEDUENCE CHARACTERISTICS:
(a) LENGTH: 10
(B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOEOGY: linear
(ii) MOLECULE TYPE: polypeptide
{xi) SEQUENCE DESCRIPTION: SEQ ID NO. 27 :

Asn Met Ile Lys Glu Ile Ile Thr His Leu



Ile Thr, Leu G n Xaa lle Ile'Lys Thr Leu (2) | NFORMATION FOR SEQ I D NO

6: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 12 (B) TYPE: ami no aci d:
(O STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE:

pol ypeptide (xi) SEQUENCE DESCRI PTION: SEQ ID NO 6: Arg Tyr Ile Leu Xaa
"Gy lle Ser Ala Leu Arg Lys -~ -23 - (2) | NFORMATI ON FCR SEQ I D NO. 7:
(i) . SEQUENCE CHARACTERI STICS: (A) LENGTHp .12 (B) TYPE: anino acid (C) ,
STRANDEDNESS: single (D) TOPOLOGY: lineafl (ii) MOLECULE TYPE: pol ypeptide
(xi) SEQUENCE DESCRI PTION: SEQ ID NO. 7:

{(2) INFORMATION FOR SEQ ID NO. 28:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10 '
{B) TYPE: amino acid
{c) STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii) VMOLECULE TYPE: polypeptide
{xi) SEQUENCE DESCRIPTION: SED ID NO. 28:

Asn Met Ile Asp Arg Ile Ile Thr His Leu

(2) INFORMATION FOR SEQ ID NO. 29:

(1) SEQUENCE CHARACTERISTICS:
(a) LENGTH: 10
(B) TYPE: amino acid
() STRANDEDNESS: single
(D} TOPOLOGY: linear
{(ii) MOLECULE TYPE: polypeptide
{xi) SEQUENCE DESCRIPTION: SEQ ID NO. 29:

Asn Met Ile Arg Glu Ile Fle Thr His Leu

(2) INFORMATION FOR SEQ ID NO. 30:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10
{B) TYPB: amino acid
(). STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) *~ MOLECULE TYPE: polypeptide
{xi) SEQUENCE DESCRIPTION: SEQ ID NO. 30:

Asn Met Ile Lys Lys Ile Ile Thr His Leu.



Ay Asp*dn Tyr Xaa Ser Val Leu.Met Val Ser Ile (2) | NFORVATI ON FOR SEQ
ID NO. 8: (i) SEQUENCE CHARACTERI STICS: (A) LENGIH. 16 (B) TYPE: am no
acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE:
pol ypeptide (xi) SEQUENCE DESCRIPTION: SEQID NO. 8:. Ala Gy Ile Leu Xaa
1lle Asn Phe Leu Ile Asn kys Met G n Qu Asp (2) | NFORVATI ON FOR SEQ I D

NO. 9: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 11 (B) TYPE: anino acid

(C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE - -
pol ypeptide (xi) SEQUENCE DESCRI PTI ON: Slg? ID NO. 9: Asn Met Leu Arg Xaa
Leu Arg Asp Al a Phe Ser TorT ‘

(2) INFORMATION FPOR SEQ ID NO. 31:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10
(B) TYPE: amino acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 31:

Asn Met Ile Arg Arg Ile Ile Thr His Leun

(2) INFORMATION FOR SEQ ID NO. 32:

{i) SEQUENCE CHARACTERISTICS:
(a) LENGTH: 9
(B) TYPE: amino acid
(c) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
{xi) SEQUENCE DESCRIPTION: SEQ ID NO. 32:

Leu Leu Leu Lys Leu Gln-Met Ile Leu .

(2) INFORMATION FOR SEQ ID NO. 33:

(i) SEQUENCE. CHARACI‘ERISTICS:
(a) LENGTH: 9 .
(B) TYPE: amino acid
{C) STRANDEDNESS: single
(D} TOPOLOGY: linear
- (1) MOLECULE TYPE: polypeptide -
{xi) SEQUENCE DESCRIPTION: SEQ ID NO. 33:

-

Leu Leu Leu Arg Leu Gln Met Ile Leu




O A 0 S ST
T o e L A

=245 (2) | NFORMATI ON FOR SEQ ID NO. 10: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH:® 12 (B) TYPE: amno acid (C) STRANDEDNESS:. single (D) TOPOLOGY:
linear (ii) MOLECULE TYPE: pol ypeptide (xi) SEQUENCE DESCRI PTI ON: SEQ I D
NO. 10:. Phe Leu Leu Lys Cys Leu Xaa G n Val Arg Lys Ile (2) . _I NFORVATI ON
FOR SEQ ID NO. 11: (i)~ SEQUENCE CHARACTERI STICS: (A) LENGTH 14 (B)y
TYPE. amino acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii)
‘MOLECULE TYPE: pol ypeptide (xi) SEQUENCE DESCRI PTION:. SEQ ID NO. 11: Tyr °
Leu Leu Gu Ala Lys Xaa Ala Gu Asn Ile T .Thr Gy (2) | NFORMATI ON -FOR
SEQ ID NO. 12: (i) SEQUENCE CHARACTERI STICS: (A) LENGIH  14.

(2)° INFORMATION FOR SEQ ID NO. 34:

(i) SEQUENCE CHARACTERISTICS:
(n) LENGTH: 10
{B) TYPE: amino acid
(C} STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 34:

Ile Thr Leu Gln Lys Ile Ile Lys Thr Leu

(2) INFORMATION FOR SEQ ID NO. 35:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 10
(B8) TYPE: amino acid
{C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 35:

Ile Thr Leu Gln Arg Ile Ile Lys Thr Leu

- (2) INFORMATION FOR SEQ ID NO. 36:

(i) - SEQUENCE CHARACTERISTICS:
(a) LENGTH: 12
(B} TYPE: amino acid
(c) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 36:

Arg Tyx Ile Leu Lys Gly Ile Sexr Ala Leu Arg Lys



(B) TYPE ‘am no acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: "pol ypepti-de (xi) SEQUENCE DESCRI PTION:." SEQ ID NO." 12: His
Val Asn-Abg-kbke Qn Gu Ala Arg Arg Leu Leu Asn Leu -25 - (2)
| NFORMATI'ON"FOR SEQTB™RO. 13: " (1%~ SEQUENCE “GHARACTER! STI.CS. (A) LENGTH:
16 (B) TYPE: -amino acid (C) --STRANDEDNESS: single..(D) TOPOLOGY:. |inear- (i)
MOLECULE TYPE. pol ypeptide (xi) SEQUENCE DESCRI PTION: SEQ ID NO. 13: Ala

Leu Vad Lys Gu Thr. Lou Ala Leu Leu Ser ThéEHl s Arg Thr Leu (2)

| NFORVATI ON FOR SEQ I D NO. 14: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
10

{2) INFORMATION FOR SEQ ID NO. 37:

(i) SEQUENCE CHARACTERISTICS:
"(A) LENGTH: 12
(B) TYPE: amino acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
. {xi} SEQUENCE DESCRIPTION: SEQ ID NO. 37:

Arg Tyr. Ile Leu Arg Giy Ile Sexr Ala Leu Arg Lys

{2) INFORMATION FOR SEQ ID NO. 38:

(1) SEQUENCE CHARACTERISTICS:
{a) LENGTH: 12 .
{B) TYPE: amino -acid
{C) STRANDEDNESS: single
. (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
(xiY SEQUENCE DESCRIPTION: SEQ ID NO. 38:

CGly Asp Gln Tyr Lys Ser Val Leu Met Val Ser Ile

(2)  INFORMATION FOR SEQ ID NO. 39:

" (i) SEQUENCE CHARACTERISTICS:
' (a) LENGTH: 12
(B) TYPE: amino acid
{C) STRANDEDMNESS: single
{D) ° TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 39:

Gly Asp Gln Tyr Arg Ser Val Leu Met Val Ser Ile



(B) TYPE: amino acid (C) 'STRANDEDNESS: single (D) TOPOLOGY: linear (ji).
MLECULE TYRE—pol.ypeptide (xi..). SEQUENCE DESCRI PTION._-:SEQ I D NO. 14: Asn
Met Ile Asp Qu Ile Ile Thr His Leu (2) | NFORVATI ON FOR SEQ | D NO.  15:
(i) SEQUENCE CHARACTERI'STICS™. {(AY [ENGTH 9 (B) TYPE —anino acid (C

STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: pol ypepti de."

(xi) SEQUENCE DESCRI PTION: SEQ ID NO. 15: Leu Leu Leu Asp Leudn Met Ile
Leu - 26 - (2) | NFORVATI ON FOR SEQ 34}NO 16: (i) SEQUENCE
CHARACTERI STICS: (A) LENGTH: 10 .

* (2) INFORMATION FOR SEQ ID NO. 40:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 -
(B) <TYPE: amino acid
(C) STRANDEDNESS: single
{D} TOPOLOGY: linear
(if) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 40:

Ala Gly Ile Leu Lys Ile Asn Phe Leu Ile Asn Lys Met Gln'Glu Asp

.

(2) INFOR!MIdN f‘OR SEQ ID NO. 41:

(i) SEQUENCE CHARACTERISTICS:
(A LENGTH: 16 . _
(B) TYPE:  -amino acid
(C) STRANDEDNESS:- single
{D) TOPOLOGY: lineaxr
(ii). MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 41:

Ala Gly Ile Leu Arg Ile Asn Phe Leu Ile Asn Lys Met Gln Glu Asp

(2) - INFORMATION.FOR SEQ ID NO. 42:

(i) SEQUENCE CHARACTERISTICS:
{(a) LENGTH: 11 .
(B) TYPE: amino acid
{) STRANDEDNESS: single
_ (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide
{xi) SEQUENCE DESCRIPTION: SEQ ID NO. 42:

Asn Met Leu Arg Lys Leu Arg Asp Ala Phe Ser



(B)__TYPE: anino acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: pol ypeptide (i) SEQJENCE DESCRI PTION: SEQ ID NO. 16: lle .

Thr Leu G n Asp. hle~lle Lys.Thr. Leu (2) I NFORVATION EOR SEQ ID NO _17:
(i) SEQUENCE CHARACTERI STICS:.(A) LENGIH 12 (B) TYPE: amno acid (O
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: pol ypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 17.-%yg Tyr Ile . Leu Asp Ay Ile Ser
Ala Leu Arg Lys (2) | NFORVATI ON FOR SEQ ID NO 18: (i) SEQUENCE '
CHARACTERI STICS: (A) LENGTH 12 (B) TYPE: amino acid (C) STRANDEDNESS:
single (D TOPOLGGY: linear (ii) MOLECULE TYPE: pol ypeptide
*  (2) - INFORMATION FOR SEQ ID NO. 43:

(i) = SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11 '
{B) TYPE: amino acid
{C). STRANDEDNESS: single
(D). TOPOLOGY: linear
(ii) MOLECULE TYPE: polypeptide )
“(xf) SEQUENCE DESCRIPTION: SEQ ID NO. 43:

Asn Met Leu: Arg Arg Eew Arg Asp Ala Phe Sex

(2)  INFORMATION FOR SEQ ID NO. 44:

& 3) SEQUENCE CHARACTERISTICS: -
' (a) LENGTH: 12
(B) TYPE: amino acid
{c) STRANDEDNESS: single
{D) -TOPOLOGY: linear
{ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID.NO. 44:

Phe Leu Leu Lys Cys Leu Lys Gln Val Axg Lys Ile

(2)  INFORMATION FOR SEQ ID NO. 45:

(i) SEQUENCE CHARACTERISTICS:
' (A) LENGTH: 12
(B) TYPE: amino acid.
(C) - STRANDEDNESS: single
. (D} - TOPOLOGY: linear
{ii) MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 45:

Phe Leu Leu Lys Cys Leu Arg Glh Val Arg Lys Ile



(xi Y SEQUENCE DESCRI PTi-€N:--SEQLD.NO._18; dy_Asp A@n Tyr Au Ser Val Leu
Met Val ,Ser lle ....- 27 = (2) | NFORMATI ON FOR SEQ I D NO '19: (i) e
SEQUENCE CHARACTERI STICS: (A) LENGTH™™1%6 (B)  TYPE: anino acid (O - -
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: pol ypeptide
(xi) -SEQUENCE DESCRIPTION: SEQ ID NO 19: Ala Ay Ile Leu Asp Ile Asn Phe
Leu Ile Asn Lys Met A n Qu Asp (2) | NFGRMIXTI ON FOR SEQ I D NO. 20: (i)
SEQUENCE CHARACTERI STICS: (A) LENGTH: 11 (B) TYPE: amino acid (C
STRANDEDNESS: single (D)  TOPOLOGY: linear (ii) MOLECULE TYPE:

ol ypeptide *
polypep (2)  INFORMATION FOR SEQ ID NO. 46:

{1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 14
(B} TYPE: amino acid
(C) STRANDEDNESS: single
~ {D) TOPOLOGY: linear
{ii)  MOLECULE TYPE: polypeptide.
{xi) SEQUENCE DESCRIPTION: SEQ ID NO. 46:

Tyx Leu.'I;eﬁ Glu Ala Lys Lys Ala GIu Asn Ile- Thr Thr Gly

B

(2)  INFORMATION FOR SEQ ID. NO. 47:

(i) SEQUENCE CHARACTERISTICS:
.7 {a) LENGTH: 14 .
{B} TYPE: amino acid
- {C) STRANDEDNESS: single
(D} TOPOLOGY: linear:
{(ii)  MOLECULE TYPE: polypeptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 47:

Tyx Leu Leu Glu Ala Lys Arg Ala Glu Asn Ile Thr Thr Gly



G

(Xi) SEQJENCE DESCRI PTI ON: SEQ ID NO 20: Asn Met Leu.Arg Asp Leu Arg Asp
Ata-Phe Ser (2) | NFORMATI ON FOR SEQ I D NO. 21: (i) SEQUENCE

CHARACTERI STICS: (A) LENGTH 12 (B) TYPE: amino acid (C STRANDEDNESS:!
single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: pol ypeptide (xi)

SEQUENCE DESCRI PTION:  SEQ ID NO. 21: Phe Leu Leu Lys Cys Leu u @ n Val
Arg Lys Ile -28 - (2) | NFORMVATI 87 FOR SEQ ID NO 22: (i) SEQUENCE

CHARACTERI STICS: (A) LENGTH 14 (B) TYPE: amino acid (C)  STRANDEDNESS: .
Si ngl e (GLAIMS>OLOGY: linear (ii) MOLECULE TYPE: pol ypepti de i

1. A modified haemopoietic: growth. factor (HGF) characterised by being in -
unglycosylated form and comprising a sequence. of amino acids within a first a-helix
wherein one or more exposed amino acids in said first a-helix having acidic or acldxc-hke
properties are subshtuted with a basic.amino acid residue..

2. A modified HGF acoording' to claim 1; wherein said HGF is a modified form of

an HGF selected -from granulocyte-macrophage colony-stlmulanng factor (GM-CSF),

mterleukm ar) -2, IL-3, IL-4, TL-5, IL-6, Il-7 IL-9 IL-10, G—CSF erythropoietin -
(EPO).

3. A modified HGF according to claim 2 wherein sdid HGF is a modified form of
GM-CSF.

4. A modified HGF according to claim 1 or 2 or 3 wherein said HGF is of human,

livestock animal, companion animal or laboratory test animal origin.

S. A modified HGF according to claim 4 wherein said HGF is of human origin.

‘6. Amodified HGF according to any one of the preceding claims wherein the acidic
amino acid residue on the first a-helix is Glu and/or Asp and the basic amino acid
residue substituted therefor is Arg and/or Lys.

7. A modified HGF comprising an amino acid sequence in the first a-helix of said’
HGF selected from the group consisting of:

i)

His Val Asn Ala Ile Gln Xaa Ala Arg Arg Leu Leu Asn Leu;
"ii)

Ala Leu Val Lys Xaa Thr Leu Ala Leu Leu Ser Thr His Axg
Thr Leu;

iii) Asn Met Ile Xaa Xaa Ile Ile Thr His Leu,
iv) Leu Leu Leu Xaa Leu Gln Met Ile Leu;
v) 'Ile Thr Leu Gln Xaa Ile Ile Lys Thr Leu;

- [T




T9-<—SECUENCE-PESER-RT ON: - SEQ ID NO. 22:. Tyr LeuLeuGIuAIaLys Adu Ala
Gu Asn Ile Thr Thr Gy (2) | NFORMATION FOR SEQ ID NO. 23! (i) SEQUENCE
CHARACTER! STI CS:": (:A)s-. LENGFH:. .14 .(B)

.TYPE: amno acid (O STRANDEDNESS:
single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: pol ypeptide (xi)
SEQUENCE DESCRIPTION: SEQ ID NO. 23: His Val Asn Ala Ile @n Lys Ala Arg
Arg Leu Leu Asm Leu (2) | NFORMATI ON_FOR SEQ ID NO. 24: (i) SEQUENCE.
CHARACTERI'STICS: (A) LENGTH 16 (B) -P¥

PE: .amno acid (C STRANDEDNESS:
single (D) . TOPOLOGY: linear (ii) MOLECULE TYPE: polypeptide (xi)

SEQUENCE PRICRAG Gvr s IIpnwGan £lyn e dewdla eq ArghkyBeu Al a Leu
Leu Ser " TRAiHi %ﬂ%&ﬁrelﬁmr Xaa Ser Val Leu Met Val Sex Ile;

viii) Ala Gly Ile Leu Xaa Ile Asn Phe Leu Ile Asn Lys Met Gln.

Glu Asp; -
ix) Asn Met Leu Arg Xaa Leu Arg BAsSp. Ala. Pha Ser,
© X) Phe Leu. Leu Lys Cys Leu Xaa Gln Val Arg Lys. Ile;
xi)

Tyr Leu Leu Glu Ala Lys Xaa Ala Glu Asn Ile Thr Thr Gly,

wherein Xaa is abhsic amino acid, selecte&ﬁ:om tﬁegtoup eonsishng of ArgandLysand
wherein said modaﬁed HGF is in unglycosylated form and acts as an antagonist for at
least one propmy of the correspondmg nauve HGF..

8. A modified HG? according to claim 7 wherein the HGF is a modified form of an-

HGF selected from the list consisting of GM-CSF, IL-2, IL-3, IL-4, IL-5, IL-6, 117, IL-9,
1L-10, G-CSF, EPO.

9. A modified HGF according to claim 8, wherein the variant HGF is a modified
form of GM-CSEF.- '
10. A mod:ﬁedHGF according to claim 7 or 8 wherein Xaa is Arg.
11.

A modified human GM-CSF in unglycosylated form havmg an amian _lacid '
sequence in a first o-helix comprising His Val Asn Ala Tle Gin Arg Ala Arg Arg Leu
Leu Asn Len. '

12, A modified human GM-CSF in uriglycosylated form baving an amino acid

sequencemaﬁrsta-helm comprising His Val Asn AlaJle GlnLys Ala Arg ArgLeuLen
Asn Leu.

'13. A modified human IL-5 in unglycosylated form- havmg an amino acid sequence
in a first a-helix comprising

Ala Leu Val Lys Lys Thr Leu Ala Leu Leu Ser Thr His Arg Thr Len.

* [ L M s *
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+29 5 (2) | NFORVATI ON FOR SEQ I D NO. 25: (i) SEQUENCE CHARACTERI STI CS;
(A) LENGTH 16 (B) TYPE: anmino acid (C) STRANDEDNESS:. single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: pol ypeptide (xi.) SEQUENCE

DESCRI PTION: SEQ ID'NO. 25: Ala Leu Val Lys Arg Thr Leu Al'a Leu Leu Ser Thr
Hs Arg Thr Leu (2) | NFORMATI ON FOR SEQ I D NO. 26: (i) SEQUENCE
CHARACTERI STICS: (A) LENGTH. 10 (B) -39/PE: amino acid (C) STRANDEDNESS:
single (D) TOPOLOGY:. linear (ii) MOLECULE TYPE: pol ypeptide (xi)
SEQUENCE DESCRI PTION:. SEQ ID NO. 26: Asn Met Ile Asp Lys Ile Ile Thr H's

Leu (2) _LNFORVATI ON FOR SE?LI-D NO. 27: (i) SEQUENCE. CHARACTERI STI CsS:
‘14. A modified human JL-5 in unglycosylated form having an amino acid sequence

in a first o-helix 6omprising

" Ala Leu Val Lys Arg Thr Leu Ala Leu Leu Ser Thr His Arg Thr Leu.

15. A modified buman IL-3 in unglycosylated form having an amino acid sequence
in a first o-helix selected from the list consisting of:

Asn Met Ile Asp Lys He Ile Thr His Leu;

Asn Met Ile Lys Glu Tle Ile Thr His Leu;

Asn Met Ile Asp Arg Ile Hle Thr His Leu;

Asn Met Ile Arg Glu Ile lle Thr His Leu;

Asn Met Tle Lys Lys Ile Ile Thr His Leu; and

Asn Met Ile Arg Arg Ile Ile Thr His Leu.

16. A modified buman IL-2 in unglycosylated form having an amiro acid sequence

in a first o-helix comprising
Leu Leu Leu Lys Leu Gln Met Ile Leu.

17. A mpdiﬁed human IL-2 in unglyoosylated form having an amino acid sequence
in a first o-helix comprising
- Leu Leu Leu Arg Len Gln Met Tle Leu.

18. A modified kuman IL-4 in unglycosylated form having an amino acid sequence °
in a first o-helix comprising -

Ile Thr Leu Gln Lys Ile Ile Lys Thr Leu.
19. A modified human IL-4 in unglycosylated form having an amino acid sequence
in a first a-helix.comprising

"Ile Thr Leu Gln Arg lle Ile Lys Thr Leu,

U
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(A} _.LENGTH. 10 (B) ‘ami.no_acjd (C) STRANDEDNESS: single (D)
TOPOL OGY This ISheaeids Bednl

ila&@_ECULE “TYPE: pol ypeptide (xi ) “SEQUENCE

27: Asn Met 1le Lys Qu- IIeI

30
SEQ ID NO. 28: (i) SEQJENCE %;l l%fl :EN(A) _
| no acid (C) -STRMAGEDNESS: si ngle (DJEPHp
linear (ii) I\/[J_ECULE TYPE: pol ypeptide (xi) SEQJENCE DESCRI PTI ON; SEQ I D
NO -28: Asn:Met Ile Asp Arg Ile Ile Thr H's Leu (2) | NFORMVATI ON FOR SEQ

1D N0 29 1) SEQUERCE CHARACTER ST) e form baving an i acid sequence

in a first ot-helix comprising

Arg Tyr Tle Leu Lys Gly Tle Ser Ala Leu Arg Lys.

21. A modified human TL~4 in unglycosylated form having an amino acid sequence
ina first o-helix comprising

Arg Tyr lle Leu Arg Gly lle Ser Ala Len Arg Lys.

2. A modified human IL-4 in unglycosylated form havmg an amino acid sequence
in a first a-helix comprising '

.Gly Asp Gln Tyr Lys Ser Val Leu Met Val Ser Ile.

23. A modified huiman IL-4 in urglycosylated form having an amino acid sequence
in a first o-helix .comprising - '
Gly Asp Gln Tyr Arg Ser Val Leu Met Val Ser Ile.
24. A modified human IL-4 in ﬁnglyoosylated form having an amino acid sequence
in a first a-helix comprising
Ala Gly Ile Leu Lys Tle Asn Phe Leu Ile Asn Lys Met Gin Glu Asp.
25. A modified human IL-4 having an amino acid sequence in a first a-helix

comprising

Ala Gly Tle Leu Arg Tle Asn Phe Leu Tle Asn Lys Met Gin Glu Asp.

26. A modified human IL-4 in unglycosylated form havmg an amino acid sequence
- in a first o-helix comprising

Asn Met Len Arg Lys Leu Arg Asp Ala Phe Ser. -

27.  A'modified human IL-4 in unglycosylated form having an amino acid sequence
in a first a-helix comprising |

Asn Met Leu Arg Arg Leu Arg Asp Ala Phe Ser.

(AN AL .



(A) . LENGTH 10 (B) TYPE: amno acid (C) STRANDEDNESS: single (D)
TOPGLOGY: linear (ii) MOLECULE TYPE: pol ypeptide (xi) SEQUENCE
DESCRI PTION:. SEQ ID NO. 29: Asn Met Ile Arg Qu Ile Ile Thr His Leu (2)

| NFORVATI ON FOR SEQ I D NO. 30: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:-
10 (B) TYPE: amno acid (C) STRANDEDNESS: single (D) TOPOLOGY: |inear

(i) MOLUECULE TYPE: pol ypeptide (xi)4pEQUENCE DESCRI PTION: SEQ I D NO.  30:
Asn Met Ile Lys Lys Ile Ile Thr His Leu - 31 - (2) | NFORVATI ON FOR SEQ
ID NO. 38 (iA reb&idelTantad IRAF TR ghfédsylated form having an amino acid ‘sequence

1 "in a first o-helix comprising

Phe Leu Leu Lys Cys Leu Lys GIn Val Arg Lys Ile.

. 29. A modified huinan IL-4 in unglycosylated form having an amino acid sequence ‘

in a first a-helix comprising

Phe Leu Leu Lys Cys Leu Arg Gln Val Arg Lys Ile.

30. A modified human IL-4 in unglycosylated form having an amino acid sequence

in a first o-helix comprising

Tyr Leu Leu Glu Ala Lys Lys Ala Glu Asn Ile Thr Thr Gly.

31. A modified human IL-4 in unglycosylated form having an amino acid sequence

in a first a-helix comprising

Tyr Leu Leu Glu Ala Lys Arg Ala Glu Asn Ile Thr Thr Gly.

32. A method of ameliomﬁné the aberrant effects of an endogenous HGF in a

mammal, said method comprising administering to said mammal an effective amount of
a modified HGF characterised by being in unglycosylated form and comprising a
sequence of amino acids within a first a-heliz 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. '

33. A method according to claim 32 wherein the modified HGF is selected from the
. group consisting oft _
i) His Val Asn Ala
ii) Ala Leu Val lLys
Thr Leu;
.1iii) Asn Met Ile Xaa

Ile Gln Xaa Ala Arg Arg Leu Leu Asn Leu; '
Xaa Thr Leu Ala Leu Leu Ser Thr His Axrg

Xaa Ile Ile Thr His Leu;
iv) Leu Leu Leu Xaa Leu Gln Met Ile Leu;

v) Ile Thr Leu.Gln Xaa Ile Ile Lys Thr Leu;
vi) Arxg Tyr Ile Leu Xaa Gly Ile Sex Ala Leu Axrg Lys;
Gly Asp Gln Tyr Xaa Ser Val Leu Met Val Ser Ile;

] ) A R




f .
(A LENGTH: 10 (B) TYPE: anmino acid (C) STRANDEDNESS: single (D)

TOPOLOGY:- -+i near (ii)--MOLECULE TYPE: pol ypeptide (xi) SEQUENCE

DESCRI PTION: SEQ ID NO. 31: Asn Met Ile Arg Axg Ile Ile Thr His Leu (2)

| NFORMATI ON FOR SEQ I D NO. 32: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
9 (B) TYPE: amno acid (C) STRANDEDNESS: single (D)- TOPOLOGY: |inear
(ii) MOLECULE TYPE: pol ypeptide (xi)~ "SEQUENCE DESCRI PTION: SEQ I D NO. 32:

Leu Leu Leu Lys Leu A n-Met Ile Leu (2) |NFORVMATION FOR SEQ ID NO. 33: (i)
SEQUENCE CHARACTERI STICS: (A) LENGTH 9 (B) TYPE: amino acid (C)

STRANDEDNiES$1) shlgl 61¢yDEleT0RGI K& I1e nkan Phe Leu Ile Asn Lys Met Gln

Glu Asp; _
ix) Asn Met Leu Arg Xaa Leu Arg Asp Ala Phe Ser;
x) Phe Leu Leu Lys Cys Leu Xaa Gln Val Arg Lys Ile; and
xi) T

Tyr Leu Leu Glu Ala Lys Xaa Ala Glu Asn Ile Thr Thr Gly;

wherein Xaa is a basic-amino acid selected from the group consisting of Arg and Lys and
wherein said variant HGF is in unglycosylated form and acts as an antagonist for at least
one property of the corresponding native HGF.

34. A method according to claim 32 or 33 wherein the HGF is a modified form of an

HGF selected from GM-CSF, IL-2, IL-3, IL-4, IL-5, IL-6, II-7, IL-9, IL-10, G-CSF,
EPO. .

35. A method according to claim 32 or 33 wherein the modified HGF is 2 modified -
human GM-CSF having an amino acid sequence in a first a-helix comprising His Val
Asn Ala Ile Gln Arg Ala Arg Arg Leu Leu Asn Leu.

36. A method according to claim 32 or 33 wherein the modified HGF is a modified

human GM-CSF having an amino acid sequence in a first «-helix comprising
His Val Asn Ala lle GlnLysAlaArgArgLeuLeuAsnLeu.
37.  Use of one or more modified HGFs each as defined in claim 1 or 7 in the

manufacture of a medicament for the treatment of -the affects of an aberrant endogenous
HGF. '

38.  An agent comprising one or more modified HGFs each as defined in claim 1 or |

7 for treating the affects of an aberrant endogenous HGF.

39. A phamnaceutical composition comprising one or more modified HGFs each as

defined in claim 1 or 7 together with one or more pharmaceutically acceptable carriers
‘and/or diluents.
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(i) MOLECULE TYPE: polypeptide (xi) SEQUENCE DESCRI PTION: SEQ I D NO 33:
Leu Leu Leu Arg Leu G n Met TTe Leu - 32 - (2 | NFORMATI ON FOR SEQ I D
NO. 34: (i) TH BéhABAGLER STICS: (A) LENGTH. 10 (B) TYPE: amino acid
((C) STRANDE R K ) TOPOLOGY: linear (ii) MOLECULE TYPE: )
pol ypepti de (i ﬂ ; HEDESCRI PTION: SEQ ID NO. 34: Ile ThR Leu @ n Lys

eu

Ile Ile Lys Thr FORMATI ON FORSEQ | D NO. [R—ft+)—SEQ _
CHARACTERI'STICS: (A) LENGTH 10 (B) Tvgég:’}sam no aci d [ SHEE BRES:
single (D) TOPOLOGY: linear REPLACED .

ABSTRACT

HAEMOPOIETIC GROWTH:FACTOR ANTAGONISTS

The present invention relates to modified and variant forms of haemopoietic growth
factors capable of acting as antagonists to the corresponding native haemopoietic growth
factors and their use in ameliorating aberrant effects caused by the native molecules.

(No figure to accompany the abstract)




i,

MOLECULE TYPE: pol ypeptide (xi)

11 ). SEQUENCE .DESCRI PTI ON:  SEQ I D NO. 35:
Ile Thr Leu An Arg Ile Ile Lys Thr Leu (2) 1 NFORVATION FOR SEQ I D NGO
6: (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 12. (B) TYPE: am no acid
(C STRANDEDESS: single (D) '(I;ﬁ’% linear (ii) MOLECULE TYPE:
pol ypeptide (xi) SEQUENCE DES IO\I SEQ ID NO. 36: Arg Tyr Ile Leu Lys
Gy Ile Ser Ala Leu Arg Lys / -33 - (2) | NFORMATI ON FOR SEQ I D NO..
37: (1) SEQUENCE CHARACTERI STICS: (A) LENGTH. 12 (B) TYPE: ami no acid (C)
STRANDEDNESS: si ngl e :
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(D) TOPOLOGY: linear (i) MOLECULE TYPE: pol ypeptide (xi) SEQUENCE
DESCR! PTI O\ SEQID NO.. 37: Arg Tyr. Ile Leu Arg Ay Ile Ser Ala Leu Arg
Lys (2) | NFORVATI ON FOR SEQ I D NO. 38: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 12 (B) TYPE: am no aci dZ(I@ STRANDEDNESS: single (D) TOPOLOGY: -
linear (ii) MOLECULE TYPE: pol ypeptide (xi) SEQUENCE DESCRI PTION: SEQ I D
NO. 38: Gy Asp A n Tyr Lys Ser Val Leu Met Val Ser lle (2) | NFORMATI ON
FOR SEQ ID NO 39: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 12 (B)

TYPE: amino acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: pol ypeptide (Xi) SEQUENCE DESCRI PTION: SEQ ID NO. 39: Qdy
Asp A n Tyr Arg Ser Val Leu Met Val Seqf- Ile «
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-<34-+(2) | NFORMATION FOR SEQ I D NO. 40: (i) SEQUENCE GHARACTERI STICS: (A)
LENGTH. 16 (B) TYPE: am no acid. (C) STRANDEDNESS. single (D) TOPOLOGY:
lTinear (ii): MOLECULE TYPE: pol ypeptide (xi) SEQUENCE. DESCRI PTION. SEQ ID
NO.. 40: Ala Ay Ile Leu Lys |le Asn Phe Leu 65:3 Asn Lys Met A n Gu Asp.
(2) | NFORVATI ON FOR SEQ | D NO 41 | E CHARACTERISTICS

LENGTH: 16 (B) TYPE: anino ack 'i'm& mbi&;w
linear (ii’). MOLECULE TYPE: pol ypept i dARF)INITYSEE;(]EKE)RSE{G:EI\ﬁTI C]\l SEQ I D
NO.Al.:AIaGIyIIeLeuZOQOQ '

Specific CPM bound
|

Concentration (ng/ml)

COMPETITION OF Wt-GMCSF AND E21R FOR HIGH
AFFINITY RECEPTORS (100pM)

:

2000 -

" Specific CPM bound

0.01 0.1 1 10 100 1000
Concentration (ng/ml)

- FIGURE 3




(2) | NFORVATI ON FOR SEQ I D NO. 42:
LENGTH. 11 (B) TYPE: amno acid (C
linear (ii) MOLECULE TYPE: poly

(1) SEQUENCE CHARACTERI STICS: (A
STRANDEDNESS: single (D) TOPOLOGY:

NO. 42: Asn Met Leu Arg Lys Leu Arg

| NFORMVATI ON FOR SEQ | D NO. 43:

pf4 de (xi) SEQUENCE DESCRI PTI ON: SEQ | D
Asp Al a Phe Sex 35 -
1) SEQUENCE CHARACTERI STI CS

(A

(2)

LENGTH:

11 (B)

TYPE: ,am no acid (c)

. STRANDEDNESS:

single (D)

- TOPOLOGY:

i near

(ii) MOLECULE TYPE.:.

pol ypeptide (xi)

SEQUENCE DESCRI PTI ON  SEQ | D NO

43: Asn Met Leu Arg Az Leu Arg Agp At? Phe. Ser
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(2) J NFORMATION FOR SEQ'ID. NO.- 44: (i) ;
LENGTH. 12 (B) TYPE: amno acid (C) STRANDEDNESS:. single (D) TOPOLOGY:
linear (ii) MOLECULE TYPE: pol ypeptide (xi) SEQUENCE DESCRI PTION:: SEQ

| D. NO. 44: Phe Leu Leu Lys Cys Lg 13ys G n Val Arg Lys Ile (2)

. | NFORVATI ON FOR SEQ I D NO. 45: f SEQUENCE CHARACTERI STICS: (A) LENGTH:
12 (B) TYPE: amno acid (C) STRANDEDNESS: single CD) TOPOLOGY:- |inear .
(ii) MOLECULE TYPE: polypeptide (xi) SEQUENCE DESCRI PTION: SEQ I D NO. 45:

Phe Leu Leu Lys Cys Leu Arg G n Val Arg Lys Ile - 36 -
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(2) LNFORMATI ON FOR SEQ ID NO. 46: (i) SEQUENCE CHARACTERI STICS: (A)

LENGTH. 14 (B) TYPE: amino acid (C) STRANDEDNESS: .

single (D) TOPOLOGY:

linear (ii) MOLECULE TYPE: pol ypeptide (xi) SEQUENCE DESCRI PTION: SEQ I D
NO. 46: Tyr Leu Leu Gu Ala Lys Lyt

a. u Asn Ile Thr Thr Ay (2)
| NFORVATI ON FOR SEQ I D. NO. 47: (i)

(i)
Tyr

SEQUENCE CHARACTERI STICS: (A) LENGTH:
14 (B) TYPE: amino acid (C) STRANREDNESS:

single (D) TOPOLOGY: I|inear .
MOLECULE TYPE: pol ypeptide (Q’) SEQUENCE DESCRI PTIOM SEQ I D NO. 47:
Leu Leu Gu Ala Lys Axg Ala G

usAsn Ile Thr Thr Ay -37 -
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o . '
CGLAI Ms: 1. A. nodified haenopoietic growh factor (HGF) characterised by
being in unglycosylated.fm and. conprising a sequence. of am no acids
within a first [err]-helix wherein one or nore exposed am no acids in said
first ct-helix having acidic or agifdBc-1ike properties are substituted with
a basic am no acid residue. 2. A nodi fied HGF according to claiml1,
wherein said HGF is a nodified grm an HG- sel ected from
gr anul ocyt'e- macr ophage col ony- s&i nmul %I g factor (GWCSF), interleukin (I L)
-2, IL-3, I, IL-5, IL-6, 1-7, 19 10, G CSF, erythropoietin (EPO. 3.
A nodi fied HOF according to cIaEmZ Werein said HGF i s a nodified form of
GVt CSF. 4. A modi fied HG- ac@rdl toclaiml or 2 or 3 wherein said
HGF is of human, |ivestockNani anion animal or |aboratory test
animal origin. 5. E\ modet i e%@z%cordl ng to claim4 wherein said HGF
is of human origin. ALnodi according to any one of the
- precedi ng clains V\/ner in tHe acﬁjlc no acid residue on the first
[err]-helix is Gu aﬁl or ’ﬁlsp ajasl thegbasm am no acid residue substituted
therefor is Arg and/ Lydd 7 >~ A Podified HGF conprising an am aci d

sequence in the firstf a-hekix o* sai¢g HGF selected fromthe grquEonsisig
of : 1) H's Val Asnl Ala Ile Gin Xagd Ala Arg Arg Leu Leu Asn Leu;gi) Al a
Leu Val Lys Xaa Thr Leu Ala Leu Leu Ser Thr H's Arg Thr leu;
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i#f)..Asn Met Ile Xaa Xaa Ile Ile Thr His Leu; iv) Leu Leu Leu Xaa Leu
d:n Met Ile Leu; v) Ile Thr Leu An Xaa Ile Ile Lys Thr Leu;
11111112121212121212212222211211 11111 ,@8 - vi) Arg Tyr Ile Leu Xaa Ay Ile
Ser Ala Leu Arg Lys; vii) Qy As%l n Tyr Xaa Ser. Val Leu Met Val Ser Ile;
viii) Ala Ay Ile Leu Xaa Il e Asn Phe Leu Ile Asn Lys Met A n. du Asp; iXx)
Asn Met Leu Arg Xa Leu. Ag Asp. Ala, Phe Ser; x) Phe Leu. Leu Ly Cys
Leu. Xaa G@n Val. Arg Lys Ile_ xi) _Tyr Leu Leu Au Ala Lys Xaa Ala d u.
Asn Ile Thr Thr @y; wherein X i s&% basic anino acid, selected fromthe
group consisting of Arg and Ly§'and‘hher ein said nodified HGF is in

ungl ycosyl ated form and acts ‘ag an gntagoni st for at |east one property of
the corresponding native HGF. g, Tof nodified HGF according to claim?7
wherein the HGF is a nodi fed Erm&f an HG- selected fromthe |ist
consisting of GMCSF,_ IL-Z& IL<8, b4, IL-5, IL-6, 11-7, IL-9, IL-10,

G CSF, EPO. 9. A%)difked I-Ez'aczordi ng to claim8, wherein the variant
HGF is a nodified = g
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gff“m“m 91‘ GMCSF 10. A nodified H according to claim7 or 8 wherein Xaa

“is Arg. 11. A nodified human GW CSF in ungl ycosyl ated form having an am no
acid sequence in a first [err]-helix conprising His Val Asa Ala Ile Gn Arg
Ala Arg Arg Leu Le Asa Leu. 12. A §¢q4Bfi ed human GWt CSF in ungl ycosyl at ed
form having an am no acid sequence in a first a-helix conprising H s Val
Asn Ala Ile Gn Lys Ala Arg Arg Leu Leu Asn Len. 13. A nodified human | -5
i n ungl ycosyl ated form havi ng an am no add sequence in a first [err]-helix
conprising Ala Leu Val Lys LysnThr Leu Ala Leu Leu Ser Thr H's Arg Thr Leu.

- 39 - '14. A nodi fied humangdL-5 in ungl ycosyl ated form havi ng an ani no
acid sequence in a first a- heli§< chprisi ng Ala Leu Val Lys Arg Thr Leu Al a
Leu Leu Ser Thr His Arg '@ Le A nodified human IL-3 in

ungl ycosyl at ed form havi gs TEam d sequence in a first a-helix
selected fromthe list c |st@ Asn Met Ile Asp Lys e le Thr H's

Leu; Asn Met Ile Lys Glu-ge Ttg\ Hl'sLeu
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Asn Met le Asp Arg Ile Ile Thr His Leu; Asn Met Ile Arg Gu lle Ile Thr H's
“Leu; Asn Met Ile Lys Lys Ile Ile Thr His Leu; and Asn Met Ile Arg Arg Ile
Ile Thr H's Leu. 16. A nodified human IL-2 in unglycosyl ated formhaving an
am no acid sequence in a first cc-helix conprising Leu Leu Leu Lys Leu G n
Met Ile Leu. 17. A nodi fied human IL-2 in unglycosylated form having an
am no acid sequence in a first [errh%ﬁix conprising Leu Leu Leu Arg Leu.
Gn Mt Ile Leu. 18. A nodified hu I L4 in unglycosyl ated form having
an am no acid sequence in a first a-helix conmprising Ile Tr Leu G n Lys Ile
| e Lys Thr Leu. 19. A nodi fied human IL-4 in unglycosylated form having
an am no acid sequence in a first a-helix .conprising Ile Thr Leu A n Arg
Ile Ile Lys Thr Leu. 20.%% A nodified human IL-4 in unglycosylated form
havi ng anam no. acid sequenge in a first [err]-helix conprising. Arg Tyr
Ilc Leu Lys Ay Ile S%Ala,_ﬂ_eu_Arg Lys.
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., @n Au Asp. 25.

24 : o
2Lz SA nél fied human I1L-4 in unglycosylated form having an amno acid
g-'sequence inafirst [err]-helix conmprising Arg Tyr Ile Leu Arg Ay le Ser
Ala Leu Arg Lys. 22. A nodi fied human 1L-4 in unglycosylated form having
an am no acid sequence in a first [ﬁ/hhellx conprising Ay Asp Gn Tyr
Lys Sef Val Len Met Val Ser Ile. A nodified human IL-4 in
ungl ycosyl ated form hav&kng a am no aC| d sequence in a first [err]-helix .
conprising'@y Asp G n Arg Set Val Leu Met Val Serlle. 24. A nodified
human 1L-4 in unglycosylfgted form baing an ami no acid sequence in a first
[err]-helix compriging B.a Gy lle Leu Lys Ile Asn Phe Leu le Asn Lys Met
/gmdl ﬁfed human I'L-4 in unglycosylated form having an
am no acid sequen% in 3f| rst [err]-helix conprising Aa Gy le Leu Arg
Ile Asn Phe Lcu ITe As ELys M Gn d Asp. 26. A nodi fied human L4 in
ungl ycosyl at ed for-a havigg = amino acid sequence in a first c-helix
conprising Asn Mat Y.eu ARg Lys Leu Arg Asp Al a Phe Ser. 27. A nodified
human 1L4 in ungl y#bsyl abed form having an am no acid sequence in a first

[err]-helix corrpri#ng ﬁn Met Leu Arg Arg Leu Arg Asp Ala Phe Ser. 9JUN
1998 _
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.74% -5328. A nodified hunian IL-4 in unglycosyl ated form having an am no
~acid sequence in a first a-helix conprising Phe Leu Leu Lys Cys Leu Lys Gn
Val Arg Lys Ile. 29. A nodified hutnan IL-4 in unglycosylated form havi ng
an anmino acid sequence in a first12/A8li x conprising Phe Leu Leu Lys Cys .
Leu Arg Gn Val Arg Lys Ile. 30. A nodified human IL-4 in unglycosyl ated
form having an am no acid sequence in a first a-helix conprising Tyr Leu .
Leu Gu Ala Lys.Lys Ala Qu Asn Ile Thr Thr Ay. 31. A nodified hunan IL-4
i n unglycosylated form having an am no acid sequence in a first cc-helix
conprising Tyr Leu Leu GQu Ala Lys Arg Ata Qu Asn Ile Thr Thr Gy. 32. A
~method of aneliorating the aberrant effects of an endogenous HGF in a
manmal , said nethod conprising adm nistering to said nanmal an effective
amount of a nodified HG- characterised by being in unglycosylated form and
conprising a sequence of amno acids within a first [err]-heliz wherein one
or nore exposed amno acids in said first a-helix having acidic or
acidic-like properties are substituted with a basic am no acid residgg.
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“_ A method according to claim32 wherein the nodified HGF i's sel ected: - &
J fromthe group consisting of: i) Hs Val Asn Ala lle @ n Xaa Ala Arg Arg
Leu Leu Asn Leu; ii) Ala Leu Val Lys Xaa Thr Leu Ala Leu Leu Ser Thr His
Arg Thr Leu; iii) Asn Met Ile Xad3%43 Ile Ile Thr His Leu; iv) Leu Leu Leu
Xaa Leu G n Met Ile Leu; v) Ile Thr Leu.dn Xaa Ile Ile Lys Thr Leu; vi)
Arg Tyr Ile Leu Xaa Ay Ile Ser Ala Leu Arg Lys; vii) Ay Asp An Tyr Xaa
Ser Val Leu Met Val Ser 1le; -42 - viii) Ala @y lle Leu Xaa Ile Asn Phe
Leu-l'le Asn Lys Met A n Qu Asp; ix) Asn Met Leu Arg Xaa Leu Arg Asp Al a

Phe Ser; x) Phe Leu Leu Lys Cys Leu Xaa A n Val Arg Lys Ile; and xi)
Tyr Leu. Leu Qu Ala Lys Xaa Ala Qu Asn Ile Thr Thr Gy, wherein Xaa is a
basic am no acid selected fromthe group consisting of Arg and Lys and
wherein said variant HG- is in unglycosylated formand acts as an

antagoni st for at |east one property of the correspondi ng native HG-.
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R T R i i

ﬁj‘gﬁthod Qrdlng to claim 32 or 33 wherein the HGF is a ITDdIerd _
% ‘e‘btéd?romGMCSF |L-2, IL-3, IL4, IL-5, IL-6, |1
, IL-10, G CSF, EPO. 35. A method. according to claim 32 or 'éé b\héf@'?"ﬁ-

modi fi ed HOF is a nodified human GW CSF havi ng an am no acid sequence
Lrst [err]-hejly ("_DthI‘IQLnﬂ H s \al—Asap—-Aa—+te—Gn ArrLAl:x Arn Ar{aL

L Bok &ili ASFEYEQF THE wSTW%FHBB“%%ﬁHH?‘an e it SRPSY 32 or 33 wherein the

o ed—HGFTs—a TTodi Ted—human GW CSF _havi ng_an am no_ack d sequence 1n a.

Z(if rst Wﬁ@ét&eﬁqﬂpédtﬁd‘&lédéssto\ﬁbdﬁﬁﬂ afdavakiagt farthslofshabirdpbiedic Arewhie Factsy!

As,n Leu one or nore nodified HGFs each as defined. in claim]l
of b z{?ﬁbmﬁc@ﬁb% %n@y‘ooﬂlsfmdl theEBAtsgoRtinghRarivedrienpbictt drowiafdant anef
1 a er’r ant

a endogendus HGF. . An agent conprising one or nore nodified
HiStReie 864 irR8meRbrafifg ab@rrﬁﬂuaefrecas &used bpihd haplel melethesaf f ects of an
aperrant endogenous HGF. 39. A pharmaceuti cal conposition conprising one

of nor eA imstifie® Hadtbpoiet€ Gragthdaéion CHGR) is thiratteriséd By beigetineinglicbsylaee form
nmpre pharnmaceutical |y acceptable carriers and/or diluents.

and comprising a sequence of amino acids within a first c-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. |

The preferred HGF are granulocyte-macrophage colony-stimulating factor (GM-CSF).

interleukin (IL)-2, IL-3, IL-4, IL-5. IL-6, IL-7, IL-9, IL-10, G-CSF and erythropoietin (EPO).




" qonoa-3
: : , : Sfos

[T L -

| 20. A modified human IL-4 in unglycosylated form having an ammo acxd sequence
in 2 first a-helix compnsmg '

Arg Tyr Ilc Leu Lys Gly lle Ser Ala Leu Arg Lys. .
2. A mod:ﬁed human IL-4 in unglycosylatcd form havmg &n amino acid sequence
ina ﬁrst a-helix comprising -
Arg Tyr Ile Leu Arg Gly llc Scr Ala Leu Arg Lys -

22. A modxﬁed human IL-4 in unglycosylatcd form havmg an amino aczd sequence
in a first e-helix comprising ‘ ' ;
Gly Asp Gin Tyr Lys Ser Val Leix- Met Val Ser Ile.

23. A modified human 1L-4 in unglycosylatcd form havmg an am:no acld sequence
in a first a-hchxeompnamg s
Gly Asp Gln Tyr Arg Ser Val Leu Met Va! Ser Ile. .

. 2¢. A modzﬁed buman IL-4 i m unglycowlated form having an ammo acxd sequence
in a first a-helix comprising :
" Ala Gly Ile Leu Lys Ile Asn PheLeuIleAsnLys Met Gln GluAsp

25.. A modified human IL-4 ln unglycosylated t‘orm havmg an ammo acxd

sequence in a first a-helix compnsmg . . -
~ Ala Gly Xle Leu Arg Ile Asn,ptheu Ile Asn Lys Met Gln Glu Asp. -

26. A modified human IL-4 in unglycosylated form having an amino acxd sequencc
in a first a-helix comprising
Asn Met Leu Arg Lys Leu Arg Asp Ala Phe Ser.

27. A modified human IL-4 in unglycosylated form having an amino acid sequence
in a first a-helix comprising - |
Asn Met Leu Arg Arg Leu Arg Asp Ala Phe Ser. REPLAEEMENT SHEET

9 JUN 1998




