WO 03/ 014359 PCT/ GB02/03581 1 A Fusion Protein The present invention
relates to a fusion protein conprising a functional IL-6 nolecule and a
functi onavoDSW0$4389 6R nol ecul e. The present invention al soPC&FIGRRM3IO a
nucleic acid encoding the fusion protein, methods for producing the fusion
protein and the use of the fusion protein in the treatnment of infectious
di seases and inflammatory and i mmunol ogi cal disorders. Interleukin-6
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(sIL6R) can however modulate the biological activities of IL-6. The sIL-6R has been
identified in a variety of bodily fluids and is elevated in numerous diseases. The sIL-6R
is able to bind IL-6 and facilitate activation of cell types that would not normally
respond to IL-6 alone. Consequently, control of sIL-6R release is an important process

in the regulation of IL-6 activities.

Soluble cytokine receptors are typically generated through either proteolytic cleavage
(PC) or differential mRNA splicing (DS). In the case of sIL-6R, both mechanisms are
utilised and result in the generation of two isoforms, which are herein termed
PC-sIL-6R and DS-sIL-6R. Although both forms are structurally related, DS-sIL-6R is
distinguished from that of PC-sIL-6R by the addition of 10 unique amino acids at its
proximal COOH-terminal tail. Consequently, two distinct forms of sIL-6R control the

overall properties of this soluble receptor.

As indicated above, many of the biological activities assigned to interleukin-6 (IL-6) are
mediated through its ability to bind sIL-6R (Jones et al., FASEB. J. 15, 43-58, 2001).

Indeed, formation of a sIL-6R/IL-6 complex has been shown to stimulate a variety of



WO 03/ 014359 PCT/ 3B02/03581 2 cellular responses that include cellular
proliferation, differentiation and regulation of inflammtory events.
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sIL-6R levels is however confounded by the presence of the two isoform, PC-sIL-6R or
DS-sIL-6R. Although both forms are structurally related, the differentially spliced
variant can be distinguished from the shed isoform by a novel proximal
COOH-terminal sequence (GSRRRGSCGL) which is introduced as a consequence of
the splicing process (Horiuchi et al., Immunology 95, 360-369, 1998). To date, it is

unclear why there are two isoforms to control the activities of sIL-6R.

Since PC- and DS-sIL-6R might individually coordinate the overall properties of
sIL-6R in vivo, it is essential to consider their temporal relationship during the
progression of an inflammatory event, whilst also assessing their ability to elicit
individual cellular events. Examination of clinical samples from various disease states
have previously confirmed that release of each isoform is differentially regulated and
depends upon the age of the individual, the disease state studied and the stage of the
disease progression (Jones et al., 2001 (supra), Horiuchi et al., 1998 (supra) and
Muller-Newen et al., Eur. J. Biochem. 236, 837-842, 1996).
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patent US-A-5,919,763, HIL-6 is said to have been used in the treatnent of
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None of the prior art docunents disclose or suggest a protein conprising
IL-6 and DS-s-1L-6R The present invention provides a fusion protein
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wherein the protel n 1 hcreases t he expressi on of
linked by a linker to PC-sIL-6R is shown to be a potent stimulator of early
haematopoietic precursors. The fusion protein is termed hyper-IL-6 (H-IL-6) by those
skilled in the art. The use of H-IL-6 is also described in Jostock et al., (J. Immunol.
Methods, 223, 171-183, 1999), Kollet et al., (Blood, 94, 923-931, 1999) and Chebath et
al., (Eur. Cytokine. Netw., 8, 359-65, 1997). In WO 00/01731 and WO 99/02552 a

fusion protein comprising IL-6 linked to PC-s-IL-6R is disclosed.

In US patent US-A-5,919,763, H-IL-6 is said to have been used in the treatment of liver

injury by promoting regeneration of the liver and its functions.

None of the prior art documents disclose or suggest a protein comprising IL-6 and

DS-s-IL-6R.

The present invention provides a fusion protein comprising a functional IL-6 molecule
and a functional DS-sIL-6R molecule, wherein the protein increases the expression of

one or more of MIP-1a, MIP-13, RANTES and IP-10.



one or nore of MP-la, MP-1(3, RANTES and I P-10. WD 03/014359

PCT/ (B02/03581 4 MP-lais also referred to as CCL3; MP1(3 is also
referred wo 8914384, RANTES is also referred to as CCLS; ramiGBRRAOBSB1i s al so
referred to as CXCL10. The present invegntion is based on the unexpected
finding that a fusion protein conprising a functional IL-6 nolecule and a
functi onalMIPStglis alsRrefeired td &s CESA| MIPLM is ilbe réfatedasadCEXPr RANTHS Bf one
or nore MP-la, MP-1(3, RANTES and | P-10. A fusion protein conprising a
function AsogeierrdiupeCEha; 2ndpP:141s algrrefemed fods Goefletil e (i.e. H1L-6)
does not result in the increased expression of MP-la, MP-1P, RANTES or
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IL-6 nolecule" refers to ahy IL-6 nolecule which functions in conbination
wi t h DS- sl(le.GRIL-6) dossreasesulthie tlexipressdexprebsidh B MAP- 1M, RAIPO] B, RAMVEBS or

| P-10. In order to determ ne whether a candidate nolecule is a functional
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I L-6 nol ecul e conprises residues 29 to 212 of figure 3 or a functional

honol ogue prasertegfvention jimcréases Heg epprebson e eoneapr trheref ahdvilbhal MIP-1,
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honol ogy of” at | east 60% The honology is préeferably deterim ned using
BLAST analysis. It is further preferred that the honol ogue has at | east

80% o eT?lg Et'\gr%lr gabiLlIIlc'ggnaIl ?E%tmgl%%llgngefgg St(E a.t%I ﬁj- rrg‘o I:c%lulé9 g\?Qch functions in
combination with DS-sIL-6R to increase the expression of MIP-1a, MIP-1B, RANTES
or IP-10. In order to determine whether a candidate molecule is a functional IL-6
molecule, the candidate molecule can be tested in combination with DS-sIL-6R in order
to determine whether there is an increase in expression of MIP-1a, MIP-13, RANTES
or IP-10. A suitable method for determining such function is described in Example 1
herein. Preferably, the functional IL-6 molecule comprises residues 29 to 212 of figure
3 or a functional homologue thereof. It is further preferred that the functional IL-6
molecule comprises the sequence given in figure 3 or a functional homologue thereof.
The term “functional homologue” refers to a protein which retains the activity of the
functional IL-6 molecule and preferably has a sequence homology of at least 60%. The
homology is preferably determined using BLAST analysis. It is further preferred that
the homologue has at least 80%, more preferably at least 90% and most preferably 95%
sequence homology to residues 29 to 212 of figure 3. Preferably such functional

homologues differ by about one to ten amino acids from residues 29 to 212 of figure 3.



sequence honol ogy to residues 29 to 212 of figure 3. Preferably such
functional honol ogues differ by about one to ten am no acids fromresi dues
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A suitable method for determining such function is described in Example 1 herein.
Preferably, the functional DS-sIL-6R molecule comprises residues 113 to 364 of figure
4 or a function homologue thereof. It is further preferred that the functional DS-sIL-6R

molecule comprises the sequence in given in figure 4 or a function homologue thereof.

The term “a function homologue thereof” is as defined above except that homologue
must retain the activity of the functional DS-sIL-6R and that the homology of the

sequence is to be judged against residues 113 to 364 of the sequence given in figure 4.

As the C-terminal 10 amino acids of the DS-sIL-6R molecule in Figure 4 are the main
difference between DS-sIL-6R and PC-sIL-6R, it is essential that the C-terminal 10
amino acids, or a functionally equivalent sequence, be present in the functional
DS-sIL-6R molecule. Functionally equivalent sequences include sequences which still
allow the DS-sIL-6R molecule to increase the level of expression of MIP-1a, MIP-18,
RANTES or IP-10 when in combination with IL-6. For example, the C-terminal 10

amino acids may be modified by conservative amino acids changes as defined above.



DS-sl L-6R nol ecul e. Functionally equival ent sequences include sequences
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DS-sIL-6R activity. All variants will be sequenced and cloned into a suitable vector,
such as pVL1393 for baculovirus expression in SF9 cells (Horiuchi, 1998 (supra)) and
pcDNA-3 for transient/stable expression in COS-7 cells (Elson et al., 2000, Nature
Neuroscience, 3: 867-872). Other mutations which increase the function of DS-sIL-6R

can also be made.

To ensure receptor functionality and to evaluate the binding kinetics of each DS-sIL-6R
mutant, surface plasmon resonance technology can be used with IL-6 or soluble gp130
(sgp130) (for example in a 10 mg/ml coating stock) immobilised to a matrix such as
CMS5 carboxymethyl dextran. To identify residues important for eliciting the
differential DS-sIL-6R activities, chemokine expression (MIP-1a, MIP-13, RANTES
and IP-10) by human peritoneal mesothelia cells (HPMC) will be monitored using
ELISA (Hurst et al., Inmunity, 14, 705-714, 2001). Luciferase reporter assays can also
be used to determine whether the modification disrupts activation of RANTES

promoter by DS-sIL-6R as described in the Materials and Methods below.



(sgpl30) (for exanple in a 10 ng/ M coating stock) imobilised to a matrix
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zi pper. Methods for directly binding the functional IL-6 nolecule to the
functional DS-slL-6R nolecule can be easily determ ned fromfollow ng the

teachi ng iMethddsebNditdcaRdindiad SRtfundidahkl KA hdleciR QGO futdlionalTES-ellA6R f usi on
protein conprising IL6 directly fused to PCslL-6R is disclosed. The
fusi on pr owd¢onlegantteecasily detarmingd, &remi hlowing beripiche indniernaignal dragent
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but is pretesplyryis lisdiosedr ef erably, the fusion protein according to the
present invention conprises one functional |L-6 nolecule and one
functional DS-slL-6R nolecule. It is particularly preferred that the fusion
protein according to.th resent. i nyention increas the expressjon of

M P 1a, MBS S{sion pealevEel BF PiepeagyspUay crecuppasetins Mooty BpEIGeS) o
10 fold, HRiG&uR SheTARkYihdl drafhctidhal DILANCR MaskcREe! ghabhto aff fieast 25
fold. The increase in the expression of MP-la, MP-1li, RANTES or |P-10 can
be neasumededutesvibvDSGIL-6R miotecoles Foes eotibhve thdei hirlmusie preferablsirled in a

suitable cell ~system such as.a human peritoneal sot hel i al | | HP
grown in \yrqur@blyédhq 4B$ign protein accoqgingpto the presentrr?nventxon Icomp(r:%es Song M)

functional IL-6 molecule and one functional DS-sIL-6R molecule.

It is particularly preferred that the fusion protein according to the present invention
increases the expression of MIP-1a, MIP-1B, RANTES or IP-10 by at least 5 fold,
preferably at least 10 fold, more preferably at least 15 fold and most preferably at least
25 fold. The increase in the expression of MIP-1c, MIP-B, RANTES or IP-10 can be
measured in vivo or in vitro. Preferably the increase is measured in a suitable cell
system such as a human peritoneal mesothelial cells (HPMC) grown in vitro. Suitable
methods for measuring the increase in MIP-la, MIP-13, RANTES or IP-10 are

disclosed herein.

In a particularly preferred embodiment of the present invention, the fusion protein of
the present invention has the sequence given in figure 5. The fusion protein given in
figure 5 encodes a functional IL-6 molecule and a functional DS-sIL-6R molecule
linked together by a flexible linker, with a C-terminal c-myc tag, which has been

underlined. The c-myc tag is used to help with purification of the fusion protein and is



met hods for neasuring the increase in MP-1 a, MP-1(3, RANTES or IP-10 are
di scl osed herein. In a particularly preferred enbodi nent of the present

i nvent i onwotddm1438si on protein of the present invention hasTidm2sssguence
given in figure 5. The fusion protein given in figure 5 encodes a
functional 1L-6 nolecule and a functional DS-slL-6R nolecule |inked

t oget her Ipyeferablyenct ipiag dfi th desionnprotein oftheeprasentlinventigns espgsiallyiviean thas been
underlineﬁgyThe =n§§ tigB%S used to I m&tq purification of the fusion
prot ei n an® YPGB SEETESH 27 °"8preferably not part of the
fusion protein of the present invention, especially when the fusion
protein is used in a screening or nedical context. The present invention
al so pr ovildie presentunyasnition atso promdesanusleénanidimetpculeentoding hegpsior proteinf t he
present inyention. .The nucleic acid of the present invention can be

obt ai ned Bgﬁﬁﬁ¥ﬁﬁﬁ§nﬁgppnknomn inthe art. For exanple, naturally
occurring sequences nmay be obtained by genom c cloning or cDNA cloning
fromsuitable cell lines or from DNA or cDNA derived directly from the

ti ssues oflThamudeigawidsofitbaiptesens irvehtioracandie abtases, byAnethodaweN khgwn inHtbe
sequences can, be synthesized usLngéstandard S ntgesi met hods such as the

phosphor a?rftdi, 08 CHETRGA M RPECEUS e SEHITP i 828 © faing é’éf.gceBOIB}ct PpHe
nucl ei c agj QD'ﬁI%qHSHﬁgefﬁyPﬁ El%i&%f@ Q1 ﬁr{%@ or %@;‘ IPﬁ?eﬁ'dérl %BIEL&' RBVEY dﬂécﬂ?%ﬁ'ﬁ es.

Such techni ques are own to those s e art. Fof exanple,
site dir ediectibsoastcf@ganeginism suchadsiagomuenl eohiwde. dilteactiecyntht agprasissanand PCR
techni ques nmay, be used to alter the DNA sequence. Such techni ques are well
known to bﬁé@éh@aem%giswnﬁﬁs sypthesifigetipds el @s ﬁ@éﬁw oganyidie mspd. of
literature known to those skilled in the art. The present invention also
provi des an expression vector conprising the nucleic acid of the present

i nvent i onNulmeph8sscianqueschar be ased toellter BrowRldiobcidxpgensd obtained [bgithe aci ds
in a variety of different organi sns, including manmalian cells, |nsect
cel I's, bagymhest Qedpnivg REEGBETSe SHck fesbrigues aeivel kapwado those slgllednin the ych

expressi on_vect or. e | L : e skil led. i n. [ L he use
of expres g{t.o ﬁlpo\g X O%Le, is}r’]t\g g%raéét?c? \t{)@.lt%gg?g?sg% gﬁ to%%oﬁ&cl@oqxde rhnteré't%d qnﬁta&rﬁgs&
and PCR techniques may be used to alter the DNA sequence. Such techniques are well
known to those skilled in the art and are described in a vast body of literature known to

those skilled in the art.

The present invention also provides an expression vector comprising the nucleic acid of
the present invention. Expression vectors are well known for expressing nucleic acids
in a variety of different organisms, including mammalian cells, insect cells, bacteria and
eukaryotic microorganisms such as yeasts. All such expression vectors are well known
to those skilled in the art and the use of expression vectors in order to express the
nucleic acid sequence is a standard technique well known to those skilled in the art.

Preferably the expression vector is a baculovirus expression vector.

Preferably the expression vector of the present invention comprises a promoter and the
nucleic acid molecule of the present invention. The vector leads to the production of
the fusion protein of the present invention. It is further preferred that the vector
comprises any other regulatory sequences required to obtain expression of the nucleic

acid molecule.



nucl eic acid sequence is a standard technique well known to those skilled
inthe art. Preferably the expression vector is a bacul ovirus expression
vect or. Pwefoanatsby t he expression vector of the present i meEmdBoRO3IBONPri ses
a pronoter and the nucleic acid nolecgle of the present invention. The
vect or Ieads to the production of the fusion protein of the present

i nventi on. is further preferred that the vector conprises any other
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present i putibld Kodt GEY. The oo echuente magibe wirtily linkedato theiduallccadidst

cell. The pronoter sequence may be directly linked to the nuclelc aci d
mol ecul e Bolackle Qitkespiseent pwentioni Whichrrserhe ammoraid amal teiausaf thee N

erm s SlechhepRieRRl L QLS. TR LhaiRgceigoded by the star

ATG codon it ver usion protein enco y the nucleic acid
nol ecul e of the present i nvention can be secreted fron1a sui tabl e host

cell by linking a nucleotide sequence encoding a |eader sequence to the
nucl ei ¢ aditdrmabyvaly,uthe fagion ipeotpinesneeded; by thet usteic zrché m@m@@@gﬂ}srmmnh will
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lead to tBbgoareLih@? sefuchberd e Inqelefzréasdeinm&uk &fthé prs&rlidvenfbef Ehabl y
there are processing sites between the | ead sequence and the fusion

protei n eexoded pbnyteltnhmll [FQBIPEST aatﬂadlerntﬂqectmeefr@gmqrheinﬁr theefusion npretein on

all owi ng the | eader uence to b aved off enz

chem car'l acots B SheRacTHE S Gomoleovls SR barieuTiEt: i Beek sodynge
tripariteyfieadarto tﬁé %E&E@&l ¥f thRisiRChBlei@but BEHRY &RENPrENRIthQR £ONPT i Ses
a pronoter and other regulatory sequences required in order’to obtain the
desired eppresnigositesfbetheenntiel kead seq@enck and ebwifiesiaf ptdieinperesdadt by rikent i on.

The present invention al so_ provides a host 1. transfqQrmed with the vector
of the p@@‘é@ﬁta%mw%nof iso PreaeTih myniias Dloiing dh TordFropeaupier ebe

i nserti Onclggvea%f?é{%ﬁﬁﬁyﬁlyn&céh%fngcaﬂﬁ' Maﬂ&% §f such a leader sequence is the

adenovirus triparite leader.

Preferably, the vector of the present invention comprises a promoter and other
regulatory sequences required in order to obtain the desired expression of the nucleic

acid molecule of the present invention.

The present invention also provides a host cell transformed with the vector of the

present invention.

The term “transformation” refers to the insertion of an exogenous nucleic acid molecule
into a host cell, irrespective of the method used for insertion, for example direct uptake,
transduction, f-mating or electroporation. The exogenous nucleic acid may be obtained

as a non-integrating vector (episome), or maybe integrated into the hosts genome.

Preferably the host cell is a eukaryotic cell, more preferably a mammalian cell, such as

Chinese hamster ovary (CHO) cells, HPMCs, HeLa cells, baby hamster kidney (BKH)



into a host cell, irrespective of the nethod used for insertion, for
exanpl e direct uptake, transduction, f-nmating or el ectroporation. The
exogenouswouwsloeidsy aci d may be obtained as a non-integratiPeg/GROCHBIS1
(episone), or maybe integrated into theyhosts genone. Preferably the host
cell is a eukar?/otlc cell, nore preferabIP{ a mammalian cell, such as

Chi nese hasHs.ee s)o%hqpapcpmmcsyphl s Hepiigsellyjand mydoma or bﬁmﬂowﬂlémem dney

(BKH) WO 0/3;31/ aﬁlveﬁ/dﬁle /§ gﬁg%(ﬁ}égcg&i L‘?CP#%AO% of hepatic origin such

as HepQ&2 ¢ oma ce nes Alternatively, the
host cell is a prokaryotic cell such as E.coli. The present invention
further provides a nethod for prodUC|ng the fusion protein of the present
i nvent i on Thermseses| ingentioarfyrthertirogdes avasthod don prafuding the fusien motfml of ﬂ@
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and produGhiédfioRf culltifing Ul @ahsRicRdeiRt &1 uddee seikA%E BénditioiRhioeder td M&df usi on
protein may then by hafvested fromthe transfected cells or fromthe cell

growt h medo ghe degmantnmg’ the nudeit laerd mblectlasind prostustien of the fusien meeteid, ofusi ng
standard techni

t t | t hod
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present i RUROLE Gfom HHE c%ﬁrgr%WtH‘QnéH?é encﬁﬁgfo%r @JB'eéhePQﬁ‘%P’fﬁs%&? E&éﬂh' 9 a
candi date nol ecule to determning if e presence of the candidate

nol ecul e atdreted susidpsstdndact tedmiqfest he fu5| on protein of the present
invention. For exanple, the candidate nolecule may increase or decrease
the production of chenokines such as MCP-la, MCP-1(3, RANTES or |P-10, or

al ter theq, @39%569{ mv?ﬁ}ﬁﬂp d! x%vﬁfe% %%Fe@nﬁﬁ% fﬁaﬁo& ! 199ntﬁ?ﬁ’igein&goﬁ‘§@ddrdat e

nmol ecul es SO m ce ree preparati cal

| i brari es agoristaadfurtal ﬁm@dqﬁtem wsfshe Bn&emamd:edabm nthe cueleenimgy miethod
natural or nodified substrate, enzyme, receptar, antibody nol ecul e
or struct Breferably comprises 6L anquaétq%&e mplseuly te doterningts i the pBteace e? teni ng

t echni que r TH
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of the fuFoprexpmplegithe @hndibfte molecule may increase or decrease the production of
chemokines such as MCP-la, MCP-1B, RANTES or IP-10, or alter the range of

chemokines affected by the fusion protein.

Candidate molecules may be isolated from cells, cell-free preparations, chemical
libraries, or natural product mixes. The candidate molecule may be a natural or
modified substrate, ligand, enzyme, receptor, antibody molecule or structural or
functional mimetic. For a review of suitable screening techniques, see Coligan et al.,

Current Protocols in Immunology, 1(2): Chapter 5, (1991).

The present invention also relates to an inhibitory form of the fusion protein of the
present invention, wherein the inhibitory form binds to gp130 and inhibits the effects of
both the fusion protein according to the present invention and H-IL-6. Preferably the
inhibitory form of the fusion protein of the present invention inhibits the expression of
MIP-1a,, MIP-1B, RANTES or IP-10 caused by the fusion protein of the present
invention and inhibits the expression of MCP-1 caused by H-IL-6. Such inhibitory

forms can be generated by mutating the fusion protein of the present invention as



present invention, wherein the inhibitory formbinds to gpl 30 and inhibits
the effects of both the fusion protein according to the present invention
and H I L-wO oBwef3sr ably the inhibitory formof the fusionpPpraBs3si the
present invention inhibits the expressipn of MP-la, MP-1(3, RANTES or

| P-10 caused by the fusion protein of the present invention and inhibits
t he expr eshicossedbamepwithgaspseldtobgengrating dunctigonl horholbgeesr yFurthsrmerecthe be

gener at ed nmut at.i ng, .t he fusion protein.of the present inyentiaon.as WO
057 01 4380 'PRcHP DY ab S 1t o e ety a e SRS och S RASEER, g
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can be determ ned using the sane net hods as described above with respect
to testi ngréteincueisrekly prsreits gusubstamtially reduesist(deybyf atr leas 500 eor¢farablynat

tei f | t tanti al l d (i.e. b | t 509%
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t
protein of the present invention only inhibits the effects of the fusion
prot ei n acwobitk thg effects hbtherfesiemprotein entording taoierpeesent ingentionhiMbetear thef or m of

the fusion protein is.pot HIL-6. The present invention also provides the
use of thé‘.’}gé‘é‘?%ﬁorﬁ}‘bfitg? h“sfﬂnptrﬂtémp‘ﬁé‘gbﬁtli‘ ‘nvention or the inhibitory form
of the fusin@n,BLAL 6hvinlibn 2R pRASkEST hEDE! G R fBigrshh ah'mtr@@&w in a
cellular system By nodulating a signaling in a ce ar syste

i nf or mat i daveatiore er nhentmhibiers ifgpabf tige fsidmprotaann kemetitodi sfedpduihticd anay

lead to the identification of other parts of the pathway that can be
target ed Pignaingpathvayiamg coliulen systpai Bydnodidaiing a spaling in g cglulan system. nay be
an in vite ] : |l o) C-Y A PRI e Ty system
such as a%ﬁgﬁgﬁpyﬁﬁéﬁgﬂgﬁ gﬁé;glg}l\atqﬁllgrfi/agw%%ﬁa es(é)bticl)lrﬁg(\lii\1(!§}hel}§1}ll grpagﬁlgirdrrté)c%%ti cal
conposi ti ¢dentificgionsifnghdriyrrts fofisheopathivay ehad cah be hergpte@ g pkddr v &ohieena t he
nucl eic acid of the present invention or the expression vector according
to the présuied reswltedthe sallulprsysismomanbe am inwitm cgll sprern shete elk uliuge, or
acceptabl ¢ carrien, Sﬁ%u‘%%ﬂta Qr(or:égﬁis | e. Suitable, pharmaceutically
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acceptabl e carriers, uvant s icles are discussed below

The present invention also provides a pharmaceutical composition comprising the
fusion protein of the present invention, the nucleic acid of the present invention or the
expression vector according to the present invention, in combination with a

pharmaceutically acceptable carrier, adjuvant or vehicle.

Suitable, pharmaceutically acceptable carriers, adjuvants or vehicles are discussed

below.

The present invention also provides the fusion protein according to the present
invention, the nucleic acid according to the present invention or the expression vector

according to the present invention, for use in therapy.

The present invention also provides the use of the fusion protein according to the
present invention, the nucleic acid according to the present invention or the expression

vector according to the present invention in the manufacture of a medicament for the



The present invention also provides the fusion protein according to the
present invention, the nucleic acid according to the present invention or
t he expreweiosmidsect or according to the present inventionPCTeEBISEsSIN

t herapy. The present invention also prpyides the use of the fusion protein
according to the present invention, the nucleic acid according to the
present i meetnienororopropliydaas pif ems infectiove cliwaseaanoindliamgnatary t disorgeresenh
invention in the mapufacture of a nmedi canment for the WD 03/014359
PCT/GBOZ/@§§W§d°¥§aﬂ$§§ fent or prophyl axis of an infectious disease, an

i nfl ammatory di sorder or an imunol ogi cal disorder. The present invention
al so provides the use of the fusion protein according to the present

i nvent i on Theheedeuc ivieatiac iathoofrotides ghecasendf ilrevnionoprottin tabeoréxpriesthe on
vector of the present invention in the treatnment or_ prophylaxis of an

i nf ect i ougresPRidav@tiopnthe inyeleisrasid of the gresspigarensiongy theaaxetssg westordfsor der,
when 111 i BRELA inGedifbnl CHRAGEHent HEFAANGIAN bITHNARASRONREse T
present invefAtTon al So provides a metho reating or preventing an

i nfecti ousnflahrigasedis@ter difananw@inelogicdl siesrder, whelit i@ desirablenolingeasalor

di sorder conprising admnistering to an individual in need of such

t r eat nent rAIVERNABMUNE IefP8RSCof t he fusion protein according to the present
i nvention, the nucleic acid according to the present invention or the
expression vector according to the present invention,when it is desirable

t o i ncr eag@e PreseRSRAVMRIcANalETPROVRICE @SRBMEE -of thatihd be ptdverttngdins aas@ionan be
any di sease wherein the infections agent binds using the CCRS5 receptor. It
i s particdiseasey gr einSemguitarhadisotdsr i af edt | iousuriilegiedl e disorder DSowRNISBE by a

Mtrophic strain.of H V. .As the fusion protein. increases. the.|level. of
eheroki nedHITBFHRE fo 5. ngiy upiariee gf Sochiipfny o SEERRE ot RE R Rtngk nes,
the fusi oBqtiRtRLEdER Mo Be SRERNT RivBRYR, ThdlageléiB deliBacchfBRd IE e Present
prophyl axis of inflammtory disorders when it is desirable to increase or
resol ve amventiemerr ths pexpsessionsvache fageidorg po dheipressah inventiensdbenrit riesol ve

t he inflgnna @rﬁ.res onse.ISuitabIe i nfl anmat ory di sorders include
bact eri al d iniqr S€ Or resolve an 1mmune response.

The infectious disease can be any disease wherein the infections agent binds using the
CCRS receptor. It is particularly preferred that the infectious disease is AIDS caused by
a M-trophic strain of HIV.

As the fusion protein increases the level of chemokines MIP-1a, MIP-1pB, RANTES or
IP-10, as well as other chemokines, the fusion protein can be seen to have a use in the
treatment or prophylaxis of inflammatory disorders when it is desirable to increase or
resolve an immune response, as the fusion protein can increase or resolve the
inflammatory response. Suitable inflammatory disorders include bacterial peritonitis
and Crohn's disease. The fusion protein of the present invention is particularly useful in
the treatment of bacterial peritonitis (see Example 7). The fusion protein of the present
invention can also be used in the treatment or prophylaxis of immunological disorders

such as autoimmune diseases.



and Crohn's disease. The fusion protein of the present invention is
particularly useful in the treatnent of bacterial peritonitis (see Exanple
7). The fweionigsotein of the present invention can al sopPoa/amedsssn t he
treatment or prophyl axi s of innunologiﬁ@I di sorders such as autoi mune

di seases. WD 03/014359 PCT/ GB02/ 03581 "13 The present invention also

provi des fThe present dfivention ialsbipbotidesythé asarbthe tiftabitargifom pf tedision potowndi ng to
the present invention in the treatnment or prophylaxis or imunol ogi cal
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conpri ses any one of the ¢ ounds of 'the present 1 nvention (i.e. the
fusion protein of the present invention, the nucleic acid nolecule of the
present invention or the expressiqgn vector of the present invention), with
any phar naBephpeEraceyticat ceppasitien o4the greseniginyention eMRIERS @nyp one of the
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used int armaceuti cal conposition O IS 1tnvention I ncC ut are

not | i m t gakléie acidofoleews ENGE preseralibvention odlthiéipisssherctl @f theegretdnt N,
serum proteins, such as human serum al bum n, buffer substances such as
phosphat eiverfigndi rith s&thi Rhagpaceutienbly 2 aesepibiordsamies, adpavant 0r gebiskr i de

m Xt ures saturated _ve ble.fatty acid t.er, .salts or electrolytes,
such as p%?%?%m f& egt,earb i SOt %rg (ﬁ?/v r%sg%nnd %%g@g%g}agm aﬁ’o'?ealslsgfidfﬁnthé;dr ogen

phosphat e?haﬁm&éﬁﬁbﬁhb&ﬁb&%orz bhahisainkéntiokOldchiddalbusiatd @oy livB@aCH] Ubh
trisilicate, polyvinyl " pyrrolidone, cellulose-based substances,
pol yet hy| exphaggeys; elumisadilwmnunestéasaty netithih,cefuny progeins, suthyasdrapaatsesim waxes,

pol yet hyl ene- . pol yoxypr opyl ene- bl ock ol rs, | yet hyl ene gl yco] and
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adm ni st epefa0f|AleliMe miRREGRERIAYA vEDEtdbI kLS, WREA¥altOdr cldcBrofffes,

i npl anted reservoir. Preferably the "pharmaceutical conposition i's

admi ni st eswetl es aprotanune bsulfaty, edispdinm Hydraghmr pleaspbate.c alotassiomp dsdtogem of

this inventi cont.ai n,an

ion may copventi.gnal...non-toxic . .. .
phar maceubhSaRG SEEBpTAIBIL el Coleidr LA Saghesyan it isie. pARviR m
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i ntravenous, 1 ntranuscul ar,
carboxymethylcellulose, polyacrylates, waxes, polyethylene- polyoxypropylene-block

polymers, polyethylene glycol and wool fat.

The pharmaceutical composition of this invention may be administered orally,
parenterally, by inhalation spray, or via an implanted reservoir. Preferably the
pharmaceutical composition is administered orally or by injection. The pharmaceutical
composition of this invention may contain any conventional non-toxic
pharmaceutically-acceptable carriers, adjuvants or vehicles. The term parenteral as
used herein includes subcutaneous, intracutaneous, intravenous, intramuscular,
intra-articular, intrasynovial, intrasternal, intrathecal, intralesional and intracranial

injection or infusion techniques.

The pharmaceutical composition may be in the form of a sterile injectable preparation,
for example, as a sterile injectable aqueous or oleaginous suspension. This suspension
may be formulated according to techniques known in the art using suitable dispersing or
wetting agents (such as, for example, Tween 80) and suspending agents. The sterile

injectable preparation may also be a sterile injectable solution or suspension in a



intra-articular, intrasynovial, intrasternal, intrathecal, intralesional
and intracranial injection or infusion techniques. The pharmaceuti cal
conpositiwposmys3se in the formof a sterile injectable preparGtonossst for
exanple, as a sterile injectable aqueoys or ol eagi nous suspension. This
suspension may be fornmulated according to techniques known in the art
usi ng sui nabltexielipapatesiligacseptablet diluegt Qgesatvent, sfoe lexample gis @xakipr, inTween

80) and s endi agents. . The s ile..injectabl reparation nmay al so be
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nono- or I'gl ycerideS. Fatty acids, such as oleic acid and its glyceride
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phar maceut {'.cal k -accept.abl e 0jls, such as l.ive oil or iast Q il,
bpeci al | §11140H HEFHEB1Ly SRSEIANY bl PolypEyesRuated yEsionss [Thew ot soBpions of
suspensi OBxssJéE%rrs?clrr%Qnegpe{lE@b tﬁnlaqeﬂ'-g‘i@h _'%Lc%h&lﬁ&lﬁlenfjbﬂ &E%l%rfeﬂﬁ sEihSResS ant

such as Ph. v or simlar alco e pharmaceutical conposition of
t hi s i nvehklvar asiyilirenlastel.l y adm nistered in any orally acceptabl e dosage
formincluding, but not limted to, capsules, tablets, and aqueous

suspensions and solutions. In.the.case of .tablets for oral .use, .carriers
whi ch ar e 1hg Bﬁ%ﬁFWG@‘e&‘W%ﬁ“&Rfeof i BYEntaRImE e aplly afminiiged dB@MKg

agents, sygly aa%cer{ffé’&é‘%is%ﬁ@eﬁ%rg‘?%ﬁhﬁﬁn AMfut adéui'%%ﬁﬁféﬂ %! éa?f)lsjlggge@bleé%n&” g'

admnistration in a caps usef ul l'uents 1'nc | act ose an

dri ed coragsbay sispendfons aad)seoticnss Us ferascootables foncal wiestaeriad whid dry, t he
active ingredient is conbined with emulsifying and suspending agents. If
desired, earmanky 8idedrsindry lagiescorng | I UHRIEE addibeFatig 38fithgS¥dedts nmay

be added . eyt.ical. ¢ it | this i {
odri i st e?lgé{%i}plpngtg%ﬁéaée%e ggsglryﬁ&{lﬂpa?dd&d.oﬁop&al AnSind sHYESH Y kaPBe Bm,
useful diluents include lactose and dried comn starch. When aqueous suspensions are
administered orally, the active ingredient is combined with emulsifying and suspending
agents. If desired, certain sweetening and/or flavouring and/or colouring agents may be

added.

The pharmaceutical composition of this invention may be administered by nasal aerosol
or inhalation. Such compositions are prepared according to techniques well-known in
the art of pharmaceutical formulation and may be prepared as solutions in saline,
employing benzyl alcohol or other suitable preservatives, absorption promoters to
enhance bioavailability, fluorocarbons, and/or other solubilizing or dispersing agents

known in the art.

The present invention is now illustrated in the following examples with reference to the

following figures.

Figure 1 shows a schematic representation of H-IL-6.



or inhalation. Such conpositions are prepared according to techniques

wel | -known in the art of pharnaceutical formulation and nay be prepared as
sol uti onswpr3gaissme, enpl oyi ng benzyl al cohol or other sw®cratBoe/03581
preservatives, absorption pronoters tojc enhance bioavailability,

fl uorocarbons, and/or other solubilizing or dispersing agents known in the
art. The pigsedtshowydid complet HofR iprdteint sequandes mctudeng thie| oehbrgne kaargl es

Fepr esent ARPLP AL POl 6y o dulsthe predkismpdusiomas FHGRTECS: Shovs

the conplete IL-6R protein sequences including the nmenbrane board form

DS- s| L- 6Rpafide PGhevhdthbRequbh& 1pU§.ati ve transmenbrane domain is underlined.
Figure 3 shows the sequehce IL-6. Figure 4 shows the sequence DS-slL-6R

Figure 5 shows the sequence of IL-6 linked via a flexible linker to
DS- s L- 6RF{guypéshoviShe sequgRe MBelebR. t he | i nker and COOHterminal c-nyc tag
sequences are underlined. Figure 6 shows the differential induction of

CCR5 i b ith DS- sl L- . PC-sl L-6R. ' j ' ith
unan | s B g Bl ek o TR e o p PR bRk b PP Bk e
rel ease UuPNILIER) wWiREIRUthe MAARS! QRdl COUH Re M0 arhgyc(Ea PéeyfidrdecedRare Fi gur e
8 shows the tine course for chenokine induction by -sl%_-G () and

PC- sl L- 6Rufiderlingd. gure 9 shows the results of the luciferase reporter
assays. Figure 10 shows the results of the EMSA anal ysis. Figure 11 shows

Shows. [ o TT70b it g8 S0 b A ES RS Loy A (Brdubed
and (B) §)EQME'6ERZ® #rﬁ?’&%?iﬂ%%@%ﬁﬂ&wEs produced. Figure 12 shows the

inflanmat ory po R, DS-slL-6R, SES, SES plus

Figure 7 shows the inhibition of DS-sIL-6R mediated chemokine release using (A)

various monoclonal antibodies and (B) PC-sIL-6R.

Figure 8 shows the time course for chemokine induction by DS-sIL-6R (e) and

PC-sIL-6R (o).
Figure 9 shows the results of the luciferase reporter assays.
Figure 10 shows the results of the EMSA analysis.

Figure 11 shows the expression and functional characterisation of Hyper DS-sIL-6R.
(A) shows the level of mediator (see top left hand comer of graphs) produced and (B)
shows the level of MCP-1 and RANTES produced.

Figure 12 shows the inflammatory potential of PC-sIL-6R, DS-sIL-6R, SES, SES plus
PC-sIL-6R and SES plus DS-sIL-6R.

Figure 13 shows the expression of CCL5 and CXCLI10 in IL-6"* and IL-6" mice,
wherein in (A) Wild type C57BL/6J (IL-6"*) and IL-6" mice were intraperitoneally
administered with SES or PBS and at the designated intervals the peritoneal cavity
lavaged; (B) IL-6"* mice were administered with PBS, 150 ng/mouse sgpl30 alone,
SES, or SES in combination with 150-ng/mouse sgpl30. At the designated time
intervals the peritoneal cavity was lavaged. In both cases, CCL5 and CXCL10 levels



PC-sl L-6R and SES plus DS-slL-6R Figure 13 shows the expression of CCL5
and CXCL10 in IL-6' and IL-6' mce, whereinin (A WId type C57BL/6J
(IL-6") awo mloigsd mce were intraperitoneally adm ni st ered/oBmio3SES or
PBS and at the designated intervals the:peritoneal cavity |avaged; (B)

I L-6" mce were adm nistered with PBS, 150 ng/nouse sgpl30 al one, SES, or
SES i n comgiragnansifiediin tavagoinig/usmgseLIS§p Valies Ate dxipeesskaisisghamedn i TM
interval s the peritoneal cavity was |avaged. In both cases, CCL5 and CXCL10
| evel s V\D(’GEI(O‘?’E@QCQHWP@OZI 03581 16 were quantified in lavage fluid

usi ng ELI SA. Val ues are expressed as the nean SEM (n = 6 mce/condition).

Figure 14 ngﬁmﬂshswg Qi Kctuiitht 6f caRl éxﬁre@é‘iﬁ% EXTH I anCERT RN IEXERAnidN
| L-6+/+ and” |L-6-' mice, wherein IL-6""and TL-6" nmice were adninistered
wi t h eit hdb-6PBghicq, cohtreinl JL-67" 8ES. ILATt emicd 2vdre adenintstergse ithogsbgr BBSi ty was

g e o, SR R £ B PR RTbEIMT LEREGY §2 L™ and
aut of | uor @sGE NG 13Yel &P Wift0 hnddiROfk &SCROdnliNeX CRE! &8N hAsISzf bEdiAEs.! yi ng

in the upper-right segnent is presented (nean SEMfrom 4-6
m ce/ expeQuadring weondet iaccvrdial otog awtbflioressenes bpt adritiod antidvdies apdoths f or

each condition. Values represent the nean (%9 t SEM from 4- i ce for each
condi t | on PerEPHage ohes!ls e e HEparTEh Segmce 1S|p§essseﬁﬁ?('é@§?rh§%é@h?05hﬁ6cxcm

inIL-6+i+-§ggx 1 -6 10 : TN . i t i i on of

DS-slL-6R{ rpge} llrrrn[)egtsaé)gbﬁtgtrll%){)ﬁ@@ Y%@é%ﬁ%‘g S%?%%?‘)IML\GS éfé);lr %ﬁﬁg e l{g?%sence

or absencea/abies Sefvesehpthe hean i) 3B ENI Hnth 4@/ mivs $&@)cavlasomlitban. i ncl uded as

i ndi cated. Quadrants were set according to autofluorescence by control

anti bodi es,and t he percentage of_ cells |ying | he -right segment is
present eSch_ﬁsariS v R Gmimment fice léfﬁgﬁﬁﬁ%;dﬁkiaﬂ@ﬁ%% ingP i 4 b f
represent gt iov att en. £GA 1.0 By . age o
recover ed{ﬁ%e6l ﬁgﬁgua j%I a@%?g%r%mgéﬁgantl %gﬂgﬁlesﬁa?lo?%%ng( @?3‘]’3%%%‘2%)
graph). Vahd€s-6 epigneine) (DS/IMEYNn (1) presdnbt for absehe® of BES. Bolubkagil30

condition. Total |eukocyte influx for each experinmental condition (I ower
gr aph) . Vé}jjb@g,{n@cp}s@s@{qﬁ alse inpdyded asepndigaggeh Quadrants were set according to

autofluorescence by control antibodies and the percentage of cells lying in the
upper-right segment is presented (mean + SEM from 4-6 mice/experimental condition)
along with representative scatter plots for each condition (see A). (B) Percentage of
recovered cells dual-labeled with antibodies for CCRS and CD3 (upper graph). Values
represent the mean (%) = SEM from 4-6 mice for each condition. Total leukocyte influx
for each experimental condition (lower graph). Values represent the mean + SEM from

4-6 mice for each condition.

Examples

Materials and Methods

Reagents

Baculovirus expressed sIL-6R isoforms were obtained as previously described
(Horicuhi et al., Immunology 95, 360-369, 1994). Monoclonal anti-IL-6 and
anti-sIL-6R (mAb-226 and mAb-227 respectively) were purchased from R & D



4-6 mce for each condition. Exanples Materials and Met hods Reagents
Bacul ovirus expressed slL-6R isoforns were obtained as previously described
(Hor i cuhiweto3ali4359 | mmunol ogy 95, 360-369, 1994). Monocl on@CTac®02/083816 and
anti-slL-6R (mAb-226 and mAb-227 respepfively) were purchased fromR & D WO
03/ 014359 PCT/ GB02/03581 17 systens. Anti-DS-slL-6R (mAb-2F3) was raised
agai nst t lspstems. qienticOR¥EIE-6Rnirmab-2F Sewae nasedodgaidst thel wisug HOYQHtdrinimal al . |
(supra)). Isolati d ture.of human peritoneal mesothelial cells Human
peri tonealseqﬂgg‘i)et‘Pfgﬁ‘gﬂ'éé%gm(“ﬁpﬁkﬁl”mg?@“ sol ated by serial tryptic (0.1 %
wv trypsin: 0.02% w v EDTA) digestion of onental tissue from consenting
patients HARNGAH BEINGE BE hiien BEHOREAD HesSiHEIRLI( TOPl ey et al ., American.

J. Pat hol ogy, : - : 93). Cells were cultured in Earle's

buffered 199 nedi um contai ni ng 10% § viv) fetal calf serum 2 nM
L- gl ut anmi hymahQ@ritgnenl pesvitidlial icells C) wrerd iselatedgiyoseyiel wypticg@d oriw/v

transferrin, .59/ m.,) nsul i d..0.4q9/ m . hydr rtisgne (Life .Technol ogies or
S grm) at BHE 3% G DT §8edls " RECRRE MM e BuRE g at  on.

HPMC _rmnﬁh@éfl_gél\i/%g WRICE vE BN Mindl 588t d(ToBledyhe ADSaRERcRl 1S Phtblogndey, these
condi tions remain in a viabffe and qui escént state for up to 96 hours

(Topl ey etl87-1886199%3). Celipma)9 culiBrddnmlEatle srimifferedd 99 enddmmmedntaminghidabsence
of serumand on_cells no_older . than t second passage. Determ nator of
i nf | anmat 6YY) fstdcal{ &m@o%&%tlrﬁlﬂlfagﬁge’llgs (LA REYF “Fré@ﬁé‘tgépl LSRN EHat i ons

wer e quantifj usi.n ndw ch EL i . | evel s were
determ ngé“ ; g’ﬁﬂﬁangfeﬁ%}’ ?ﬁgﬁdﬂ aﬁfﬁllglo%%/%é%gpg/ﬁn &? %%iﬂfwg@%eﬁhé?@égé’g,

Bect on- Di gldnity R 3 79du BN hiBANTESa $98COUaRbiiHeRd Midrio ed tdtRheHPRIC hed
anti body pairs fromR & D Systens (mAb678/ NAF278) while human MP- | a,

M P- | R amdokgtraxiere geowthamadsyexlenh thei abgentesrisseaum Bl UlidRaKhese conditions
HPMC remain in a viable and quiescent state for up to 96 hours (Topley et al., 1993

(supra)). Stimulations were performed in the absence of serum and on cells no older

than the second passage.

Determinator of inflammatory mediator concentrations

Inflammatory mediator concentrations were quantified using sandwich ELISA
techniques. Human MCP-1 levels were determined using a matched antibody pair
OptEIA kit from Pharmingen, Becton-Dickinson. Human RANTES was quantified with
appropriate matched antibody pairs from R & D Systems (mAb678/NAF278) while
human MIP-1a, MIP-1p and eotaxin were analyzed using Amersham BIOTRAK
ELISA Kkits.

Luciferase reporter assays

Luciferase-linked RANTES promoter constructs bearing either the complete promoter
sequence or mutations within known transcription factor binding motifs were obtained
from Professor H. Moriuchi, University of Nagasaki (Moriuchi et al., J. Immunol. 159,
5441-5449, 1997). Briefly, HPMC (1 x 10* cells/6 well microtite plate) were cultured
in M199 medium containing 10% FCS until they had reached a confluency of 60-70%.
The monolayer was washed and cells transfected overnight with individual

luciferase-linked promoter constructs (0.5-1.0ug).  Transient transfection was



ELI SA kits. Luciferase reporter assays Luciferase-linked RANTES pronoter
constructs bearing either the conplete pronoter sequence or nutations

wi t hi n krwarsrgsscription factor binding notifs were obt CmazB02/0838mMm

Prof essor H Moriuchi, University of asaki (Moriuchi et al., J. Imunol.
159, 5441-5449, 1997). Briefly, HPMC (1 x 104 cells/6 well microtite

pl at e) weperfoumedusing a standetibeleinni nhospiwtet preciphafiohdechmimefrabam andyanad
reached a caonflyency of. 60-70% e nol shed and lls

t ransf ect gao‘g@eyﬁ&ﬂé}” é%t%%%cﬁ \}i9§€)a| rgqcﬁctﬁ%mP%E@&ng%n%etq%rwere

const r uct gikdiatedlfR D4 hdirdRs i ifdikatbd aNSkaaple Wasl MEiO3MRiA 3RBared and

PCT/ (B02/ 03581 18 perforned using a standard cal ci'um phosphat e

preci pi t alucdierase eptivigudet¢r@indaby hminemetry dsingl, covimetiag ycifSrse 456y k83,
1973). Onge the HPMC had recovered, cells were stinulated for 24 hours as
i ndi cat ed rﬁ“@ﬁ%)n’pl e 4. Cell lysates were prepared and luciferase activity
determ ned by lum nonetry using a commercial |uciferase assay kit

(Pronega) prLendhaf haflelexititl €ar extracts Nucl ear extracts were prepared
from HPMCTUSTng a rapi echnique for the extraction of DNA binding
proteins. Briefly, cells were harvested in ice cold PBS (pH7.4) and

pel | et ed biuckenextidctsgacticpnepatisl fremidir MG estngs p eandé technique lfer theexisaction (10 mM
HEPES- KOH (pH. 7.,9),. 1.5 mM MyC12, 0.2 nM EDTA, 0.3mM DIT, Q. PVMBE)  and
i ncubat edoéﬁ’%é’l‘%“dﬁlg BIGIRS 1 Fleéb IR OYES E%#F‘gll‘b}cea‘@l‘? P ?gvéw&éﬂ’ét ed by
centri fuggtim aRd cERAARERGE NALRM WO RSusPEnded0tn Wold bufRAYA ' @8- mM

El ectrophoretic nobility shift assay (EMSA) and supershift ENMSA were

per f or red HEPESeKOH @dtl 79).elvd odIMgCizhadgnlét ERTA, 0 3mNBiIdTT, CheM PRISE)

(8 aTooAT AR oot 105 < Rtk O b BBASREAERR Sl Bl & sy
S COACATT T RATARBTN e sfpersinas PR HAERAMATRA ) and O EBP

Electrophoretic mobility shift assay (EMSA) and supershift

EMSA were performed as described previously (Zhang et al., J. Biol. Chem. 272,
30607-30609, 1997). Oligonucleotides containing consensus motifs for NF-kB
(5°>-GATCCATGGGGAATTCCCC-3* & 5-CATGGGGAATTCCCCATGGA-3’),

STAT-3 (SIE-m67 5’CGACATTTCCCGTAAATCG-3 &
5’-CGACGATTTACGGGAAATG-3’) and C/EBP
(5’ GACGTCACATTGCACAATCTTAA-3’ &

5-TATTAAGATTGTGCAATGTGACG-3’) binding were annealed for use in EMSA.
These double-stranded fragments were radiolabelled with [0**P]-dTTP using the
Klenow fragment of DNA polymerase I. Nuclear extracts were incubated with the
labeled consensus sequence and DNA-protein interactions resolved by electrophoresis

on a 6% polyacrylamide gel.

Example 1

Differential induction of CCRS5-ligands

Human peritoneal mesothelial cells were growth arrested for 48 hours prior to

stimulation with various concentrations (0-50 ng/ml) of either DS-sIL-6R(s) or



(5" GACGTCACATTGCACAATCTTAA-3' & 5'-TATTAAGATTGIGCAATGTIGACG 3') bi ndi ng
were anneal ed for use in EMSA. These doubl e-stranded fragnents were

r adi ol abeWbad/owissh [ a32P] -dTTP using the Kl enow fragnent Poff/dA0psSyer ase
| . Nuclear extracts were incubated witly the |abeled consensus sequence and

DNA- protein interactions resol ved by electrophoresis on a 6%
pol yacr yl &fdb-6gelo) 1Ex¢m1;ﬁleatlfanWﬁlﬁ di¥emg/ind huimad UE+6.orFolib wagRE: IOIanrglkt Hurran

t | t hel | | d,f 48 h
BT mul ac | QOB CF e Seamebi Fab ol bmsbHsgks rrcietion dreBend L o)
or WO 03/ Qéﬁg%%eml/m 03G8ikies 1&prEens Ithe GRednO) SRME QR NAtih@peiddn 10
ng/ M human TL-6. Follow ng an overnight incubation, cell-freeée
super nat apxperivents. dddtd detvedhatidS-shekinnlee pressioe of Brb @tetuewmxrpeasSlousf ng

speci fic ELISA Val ues repr nt the nean + fro d ent .

exper i menf&L DRYLP- %abmgcfﬁaﬁlgsl@i LC(HI@, (Rﬁl\{ﬁg\ﬂp g?@]g)f? h’dﬁces
expr essi og~0 gglré fg% ~ 'on SELOC S 10
(IP—10) FI%Lé r&)'\%f% k?g n f? %E%{é@h?gure%gﬁ :Ee)l%@uctlgr_l of
CCL2 ( MCP(Hotaxifipar&pteddnted Es;ioaiﬁve)an@he% apivesemidddrespecpioslyt i ve and negative
controls respectively. Exanple 2 Inhibition of DS-slL-6R nediated chenokine
rel ease G owm h-arrested human peritoneal nesothelial cells were stinulated

(24 hoursﬁ%ﬂﬁo ng/m DS-slL-6R in conmbination with 10 ng/m 1|L-6.
Rel ease of CCL2 and CCL5 were quantified using ELISA. Figure 7A shows that

human perhﬁl%g@ F@gggmgkiiﬁdlé}% (gh%ﬁ%oweercg;&vw h-arrested for 48 hours prior
to treat nmonocl onal anti bodi es

(0-59g/m) in the presence (filled synbols) or absence (open synbols) of 10
ng/ m | L- Growtheirregiedthuaa pelito6éal neabthslidl rceBs evdrevititiuldviid (22060 ufs vith 30 L- 6)
are shown as filled squares, Cells treated with nti soluble IL-6)

are “ShowRmd BYFILER oF CEPBRAtCR I |G BEPHdLed-t KRS AL RGPS Ehe
car boxy t %f@ c{hldﬁtlf?gd using ELISA. Figure 7A shows that human peritoneal mesothelial cells

were growth-arrested for 48 hours prior to treatment. Cells treated with the various
monoclonal antibodies (0-5ug/ml) in the presence (filled symbols) or absence (open
symbols) of 10 ng/ml IL-6 + 20 ng/ml DS-sIL-6R. Cells treated with MAb 206 (anti
IL-6) are shown as filled squares. Cells treated with MAb 227 (anti soluble IL-6) are
shown as filled circles. Cells treated with MAb 2F3 (against the carboxy terminus of
DS-sIL-6R) are shown as filled diamonds. Conditioned medium was harvested 24
hours later and CCL2/MCP-1 and CCLS5/RANTES levels quantified using ELISA.

Values represent the mean + SEM from 4 independent experiments.

Figure 7B shows specific blockade of RANTES production by PC-sIL-6R. DS-sIL-6R
mediated RANTES release was monitored in the presence of increasing concentrations
of PC-sIL-6R (0-50 ng/ml) (e). Secretion of RANTES in response to PC-sIL-6R and 1o
ng/ml IL-6 is shown as a control (0). Values represent the mean + SEM from 4
independent experiments. In other experiments RANTES release was blocked by the

inclusion of soluble gp130, Hyper-IL-6.



DS-slL-6R) are shown as filled dianonds. Conditioned nmedi um was harvested
24 hours later and CCL2/ MCP-1 and CCL5/ RANTES | evel s quantified using
ELI SA. Waloussi43epresent the mean + SEM from 4 i ndependentrCaxgmniosssmt S.
Figure 7B shows specific bl ockade of RANTES production by PC slL-6R

DS-sl L-6R nedi ated RANTES rel ease was nonitored in the presence of

i ncreasi ngrGaanaentrations of PG slL-6R (0-50 ng/m) (). Secretion of
RANTES in response to PC-slL-6R and 10 ng/m I1L-6 is shown as a control
(o). Val ues represent the mean + SEM from 4 independent experinents. In
ot her exp g ap ggdietiaths bl ocked by the inclusion of soluble
gpl30, prer-IL 6. MD 03/ 014359 PCT/ GB02/03581 20 Exanple 3 Tinme course

for cheno ne |ndu t owt h: arres t t ng/ m
08 si L 6RD VG pied M 8 AL Sl MRS TP e ok

Unst i mul aﬁ@@recl%&,&lcebmemgm L0y CasmAilheaRelPRRRhow Yer Corlyskfkon (Spefiet tine
intervals cell-free supernatants were collected and the rel'ease of CCL2

( MCP- 1) arsque(i:‘e:bﬁxx RANSE Enediateevats Med@mmtan‘espwes@nﬂeqtmambtan releBEM f r om
4 |ndepend erinents hat al tho uction is

det ect.abl & qule?r PMCEN‘SO%%CE% 2%?\&&% dgtprminedgR ‘H’é rﬁgegqnf_ngnﬁaém_at ed
rel ease ofgp L tde

stinulati on z se%E n@%ﬂ%ﬁ*ﬁ%’e‘%f |%ﬁ%§g§9§5}§5§g§&{ghat t%rgfotsggtu naltsl on of
expr essi OldeteﬁtaﬁﬁLﬁ’cdrS3 -4l ibstutsrtimulatom byhsll-6R, th€©Q 2 sITERmudiatdd ksledst erfase

reporter assays Lucrferase re orter constructs.containing.a 1.4 kb RANTES
pr onot er Qfég% E)hoerrs afigF the igitial ptimplaHien (See mighrg Abwhhese

transcri T 6
(vor  ucht gy as%%brr?%ﬁé‘?%ﬁratl%ﬁ%fe%?%s%@ﬁ“én{fﬁrs o SR o it 5T
peritonealcgmsothelial cells. After recovery, cells were stinmulated with
either 100 pg/m IL-1 (3, 10 ng/m IL-6 alone or in _conbi nation

Example 4

Luciferase reporter assays

Luciferase reporter constructs containing a 1.4 kb RANTES promoter fragment
(RANTES-1.4) or various mutations within known transcription factor consensus
sequences (ANF-kB, ASTAT and ANF-IL-6) (Moriuchi et al., 1997 (supra)). were
transiently transfected into human peritoneal mesothelial cells. After recovery, cells
were stimulated with either 100 pg/ml IL-1f, 10 ng/ml IL-6 alone or in combination
with 50 ng/ml PC-sIL-6R (PC) or DS-sIL-6R (DS). Following a 24 hour stimulation
luciferase activity was monitored. Activity of the ANF-IL-6 construct was confirmed
using ionomycin as a control, which induced a ~40-fold increase in luciferase activity
(data not shown). Values represent the fold induction obtained from experiments
performed using individual primary mesothelial cell isolates and the mean + SEM (n=4)
is shown (see Figure 9). These data show that disruption of NF-IL-6 significantly
blocked the DS-sIL-6R mediated induction of luciferase activity, while PC-sIL-6R and

IL-6 alone showed no increase with any of the constructs above control level.



with 50 ng/m PC-slL-6R (PC) or DS-slL-6R (DS). Follow ng a 24 hour
stinmulation luciferase activity was nonitored. Activity of the ANF-IL-6
const ructweas/ocasd i rnmed  using ionomycin as a control, whipch/éBudossd a
-40-fold increase in luciferase activi ﬁ/ (data not shown). Val ues
represent the fold induction obtained om experiments perforned using

i ndi vi dual_ primary nesothelial cell isolates and the nean SEM (n=4) is
shown (se@&'—'&g-?é 9). These data show that disruption of NF-1L-6
significantly blocked the DS-slL-6R nediated induction of |uciferase
activity, EMBAARysid L-6R and |1L-6 al one showed no increase with any of
the constructs above control |evel. WO 03/014359 PCT/GB02/03581 21
Exanpl e 5 t f t had
been st 1 mTAten Far g RoERY nE| PR b hhd 130h AR A o
conbi nat i a¥ithM 0 pg/bMR/ 1R, 0P B¢/t 6B6(1H€bmbfnat1&5v&ﬂhl5068nﬂﬂ’@ sILER SBDISa4S
sequences for NF-KB, STAT-3 (SIE n67) and C EBP NF-1L-6) were

r adi ol abelD®sLatRl (DSPuBanssdsws sequertses forc NEaitB.eST AT §SIEDm§f7)3|and I@@BP

interacti e anal ara 6% oI y a y

ol ect rophon B Wil Bk DY GF Tidheg] Uk DSt Btendtia o)
Acti vat i onniefacihis Rerd BflalysREA gs% ARG P EEYASol P;Llﬁﬁl& eirbﬁél%ctkd}ihbfe@s
experiments enphasi se that D ?L 6R i nduces’ en anceog binding to a C EBP
consensus aséduedc gisudised ebyt hitsradmgeaphy \(sce Bighugpo hdic |Aetitviatiien db & -krBtandnabl e

the individual CEBP fam |y nenbers to be distinguished, etition ENMSA
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DS- sl L- 6RoGEemllc0eHE SA¥BT Qot readisie ethel yndividaslf €VEBH Wirkilly ehéhigdrs poDB- 3
(Mock) or  pcDNA- 3/ HYPER- DS- sl L- 6R ( HYPER- DS- sl L- 6R). under _serum-free
condi t i onglistinggsheshrorgpetition EMSA and supsashi G aperoadesusing sprcificcansigodeaeum was

harvested arrr]gntfy gemg used to confirm the involvement of either NF-IL-6a (C/EBPP) or

NF-IL-6p (C/EBPS).

Example 6

Expression and functional characterisation of Hyper DS-sIL-6R

COS-7 cells were transiently transfected with either pcDNA-3 (Mock) or
pcDNA-3/HYPER-DS-sIL-6R (HYPER-DS-sIL-6R) under serum-free conditions.
Following a 24-hour incubation at 37°C, conditioned medium was harvested and the
concentration of human IL-6 and sIL-6R quantified using specific ELISA (see Figure
11A). This conditioned medium was also added to serum-starved human synovial
fibroblasts. Following a 24-hour incubation at 37°C, conditioned medium was
harvested and the concentration of human CCL2/MCP-1 and CCLS5/RANTES
quantified using specific ELISA (see Figure 9B). Values represent the mean + SD from

a single experiment.



concentration of human IL-6 and slL-6R quantified using specific ELISA (see
Figure 11 A). This conditioned nmediumwas al so added to serumstarved
human symevioalo14389 br obl asts. Fol |l owi ng a 24-hour incubati ®@aTAIB03/H8581

condi ti oned nedi umwas harvested and 4ohe concentration of human CCL2/ MCP- 1
and CCL5/ RANTES quantified using specific ELISA (see Figure 9B). Val ues
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PCT/ GB02/ 2 Exanmple 7 Inflammatory Potential W have previously
reported the characterisation of a peritoneal inflammtion nodel in both
wi | d typeldlammatory Fosgntial ent (1 L-6-/-) nmice using a cell-free supernatant
prepared from Staphyloccous epidermdis (termed SES) (Hurst et al.
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i nflanmmat ory potenti al DS- and PC-slL-6Rin IL-6 -/- mce. Mce were

i ntraperi bathewild typadni Al dafsienivilLH6-6D) aniré wsipBS celldnet supkrnatanoprepyedrouse

DS-sl L-6 d.25 R 1 | L- 6R
and825 ng g’g‘u‘gtgpwgﬁﬁfgggsﬁglghr(”g% dtimgﬁ)%éguég %egl %@g,ungty%%é |Snat| on
Wi th DS-shdo1§RUaRE this- Bo®l, Re sk e§ﬁnﬁfé@ thl}'lﬁﬂﬁn%%gtofy BStestidl- RDYL anPES +

PC-slL-6R respectively). Following a 3 hour stimulation, the peritoneal
cavity wBE-slla$RgedLemnd- el eM’r!:at\mq 1qm1atparmten®ﬂy adetinisteradeith Aerilr RS ousl y

| cof or e ASaE L FREOSHUISTLER S 35 TP it I8 P Fef ok giure o
SES (see {fﬁ/g}éan -sfh)- 6Rlaﬁu%§1g%ousé?§h§/aﬁml%§cvm%ml §E’S%§1€(SES)% ihn the

| avage fl consistent wth our vitro data’was found to

pr ef er ent ¢ahbiyationdwitk D $Hylli-6R aadtILeﬁnonPsz-élRLmﬁRIB-m (SES | {&SILR’H@ wre 12B).

Val ues represent the nean +%5M}(_,n =3-4 anj mal S/COI’lthI ;. *F * o=
p<0. 001) . SEX ankft sllgoRxpinesty oltgrying anighasktimlationy} ?necpeflgpasal(qaw% ) and

Cpeo 1 e Faf Mvalld R0 fidatfifiy. DRGIRRE Sl VAL f0viBhlf RESTRIEH 6P
PC-sIL-6R (Hurst et al., Immunity, 14, 705-714, 2001) both isoforms inhibited the
infiltration of neutrophilis following exposure to SES (see Figure 12 A). Levels of
CCLS/RANTES were also determined in the lavage fluid and consistent with our in
vitro data was found to be preferentially induced by the action of DS-sIL-6R + IL-6 (see
Figure 12B). Values represent the mean + SEM (n=3-4 animals/condition * = p<0.05;

#% = p<0.001).

Example 8
Expression of CCL5 and CXCL10 in wild type (IL-6"*) and IL-6-deficient (IL-67") mice

The selective induction of chemokines specific for the receptors CCRS5 (CCL3, CCLA4,
CCL5) and CXCR3 (CXCL10) by DS-sIL-6R suggests that this isoform might be
important in attracting T-lymphocytes and monocytes to sites of inflammation. To test
this, a recently characterized model of peritoneal inflammation was used to determine
the temporal expression of CCL5 and CXCL10 (CRG-2, the murine homologue of
IP-10) in IL-6"* and IL-6™ mice. This model closely resembles a bacterial-peritonitis
episode typically encountered in peritoneal dialysis patients and is based on the
intraperitoneal administration of a bacterial-cell free supernatant derived from
Staphylococcus epidermidis (termed SES) (Hurst et al., 2001). As illustrated in Figure
13A, the profiles for CCL5 and CXCL10 expression seen in SES challenged IL-6"



CCL5) and CXCR3 (CXCL10) by DS-slL-6R suggests that this isoform m ght be
inportant in attracting T-1ynphocytes and nonocytes to sites of

i nfl ammatwor3/iosseest this, a recently characterized nodelcTaiBopmsistoneal
inflammation was used to determine thg tenporal expression of CCL5 and
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consi der agji_.% al IBE ed fromthose encountered in IL-6+~+ mce. These nodified
patterns ‘é’i&)l 'sion were the result of slL-6R signaling since bl ockade
of sIL-6R activity in IL-6" mce with soluble gpl30 (sgpl30) converted the
profile OfyGfdpte #Nd CXCL10 rel ease seen in SES-treated IL-6+1 mice to that
observed in -b-' mce (Figure 13B). Exanple 9 Functional

char act er Faadtional chbirad@rigation6d® RESIIVER yctivitylih 116-6"miice To test whet her the
nodi fied pattern of CCL5 and CXCL10 release in IL-6-' mce has a direct
affect on | eukocyte recruitnment, IL-6" and IL-6" mce were challenged with

SES and Eacstshaihar thg mdifiest patigroef CEL6 end &XEJd leasn inHb-Ganicedaeal

it [ ti badi i nst [ ind. CXCR3 .( Fi 14
Tr eat ment UBfet e oIy e el B 1BIE 47 e P e R ULIFS  y pes
bearing C4Rb Bk %ﬁﬁﬁé hefemed dohicslls Tdvhpdd Rk QRe WRSItdRRRCARH LinSES
treated IL-6-"- mce (Figure 14). Infiltration of 5+/ CXCR3+ celTs were

al so assesstéwdiay aghingtimurioe GCRY and @X5RAh (hparel BHgéttatnert of SESS' miche
presence of. -slL-6R and | L-6 (Figure 15A). edi t he _chenoki ne
it T eo UG aresse 3t B sey ApeRpewES GRE SR LR PENOTHaS n | ux
of  COROH{RKERNL RAST fipife Sl SES Ol P IIE-BNGALN PG |1 kfithifor o
Increased recruitnment of these | eukocytes was specific to DS-slL-6R and
was bl ock ECRIY/CSUIR B ells were also assessed in IL-67 mice that had been challenged with

SES in the presence of DS-sIL-6R and IL-6 (Figure 15A). As predicted by the

chemokine data, reconstitution of IL-6 signaling with DS-sIL-6R restored the influx of
CCR5*/CXCR3* positive cells to levels encountered in IL-6"" mice. Increased
recruitment of these leukocytes was specific to DS-sIL-6R and was blocked by sgp130
(Figure 15A). Similar data was obtained for cell populations dual labeled with anti-CD3
and anti-CCR5 (Figure 15B). These responses were specific for DS-sIL-6R and were
not induced via PC-sIL-6R (Figure 15A & B). In all cases, administration of IL-6" mice
with SES induced significant increases in the total number of leukocytes recruited to the
peritoneal cavity (Figure 15B). Consequently, IL-6 appears to influence the attraction of
leukocytes expressing CXCR3 and CCRS5 through binding DS-sIL-6R and emphasizes
that the biological properties of DS-sIL-6R are clearly distinct from those of
PC-sIL-6R.

Interleukin-6 (IL-6) has been described as having both pro- and anti-inflammatory
effects. In terms of its protective properties, IL-6 appears to moderate the extent of an

inflammatory response through its ability to block pro-inflammatory cytokine
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for DS-sIlwodRoa3do were not induced via PC slL-6R (FigurepPtiAmnByssiln all
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may al so |nfluence | eukocyte, recruit si nce accunul ati on of
neut r ophi EBAOIPXIE| REIOSYF TESH i/t?ec’ﬁni én Sl&?ﬂf[;‘?aﬁﬂ’aﬁﬁ?ﬁ‘ﬁ oRfmbers g p?e@ggélavlsoym ts

action (U ; i o, ,

i ect, | et gbtar 48k TRAD o §B R YL IR End i GRROOL% ht  101,
311-320, L9RS) 101 rsdesdp, eogspsure of |L6-deficient (1L6') mice to an

endot oxi n aerosol results in a significantly greater nunber of neutrophils

in broncho-al veolar lavage fluid than wild-type (IL-6+i+) animals (Xing et
al., J. din. Invest. 101, 311-320, 1998). Central to the regul ation of

| Lo 6 i ptlar BRONSRToh ' PLRIRAGT Yot HDLRSLI of PEARNETLS

(slL-6R), recept or

responsi vesepsdri SICHR), twhies faaki ng lgmdimpt@ﬁ obmplee clegnallevd LHGE6
receptor (IL-6R) (Jones et al FASEB. J. 15, 43-58, 2001). This
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activate cells that do not normally respond to IL-6 through 1nteract10n with the
ubiquitously expressed signal-transducing element for the IL-6-family of cytokines,
gpl130 (Jones et al., FASEB. J. 15, 43-58, 2001). It is through this mechanism that the
sIL;6R can induce expression of certain chemokines (IL-8, MCP-1, MCP-3) and
adhesion molecules (ICAM-1 and VCAM-1) (Romano et al., Immunity 6, 315-325,
1997; Modur et al., J Clin. Invest. 100, 2752-2756,1997 and Klouche et al., J.
Immunol. 163, 4583-4589, 2000). Recently, we have proposed that sIL-6R release acts
as an important intermediary in the resolution of inflammation and supports the
transition between the acute predominantly neutrophilic stage of an infection, and the
more sustained mononuclear cell influx. Consequently, sIL6R mediated signaling might

contribute to the previously described effects of IL-6 on leukocyte recruitment.

This present application indicates that PC-sIL-6R and DS-sIL-6R regulate the
expression of certain CC-chemokines. Although both forms were found to activate
MCP-1 expression, only DS-sIL-6R could elicit release of the CCRS5 ligands RANTES,
MIP-1ac and MIP-1B. This means that DS-sIL-6R may serve a prominent role in



gpl 30 (Jones et al., FASEB. J. 15, 43-58, 2001). It is through this

mechani smthat the slL-6R can induce expression of certain chenokines
(IL-8, MIWOD3/oM3m® 3) and adhesion nol ecules (I CAM 1 and YCAMIEDR/0§RBOMano et
al., Immunity 6 315-325, 1997; Mbdur al., J. din. Invest. 100,

2752- 2756, 1997 and Kl ouche et al., J. mrunol . 163, 4583-4589, 2000).
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activation (Mser & Loetscher, 2001% I ndeed, CCR5 is a marker for Thl

cel lul ar thespdiiseentiatiorc ko Thl eceﬂy ;ﬁD(f,%l |ey abs Beawnite B 458 19e 2P8Pn In this

fl t t 1 1 746 54 1998;
Sai l asto. Sisbegh T Fefgash BRRISIRGR i Tobdis WYERM el Jphilfiooh o
up-regul 335@369"(19@5'\55}541155“ Rriedarfittr YoR- ih(tBe R¥nfpSt- &t thﬁ'ﬁol%ﬁﬁﬁﬁ)‘ht sink®at this

sl L-6R i soform m ght be involved in controlling the homng of this T-cell
subset t osllt+6R stmssbaeps sugBegedttd yact rrewsy @ntagenipizs nidenyle élpﬁﬁrftnéanqehdbel L-6

actsonT |s to inhibit he e |at|on o.Thl | et
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DS- s| L 6Rg5 7913 T1 1% ?h&sﬁqiyl ﬁ%ppmgtupahny frleé”IL'fHﬂI@SlXILgéR m%BBre?a@I% 19§4) may

al so serve another fole in"the coitrol of Thl polarization, since slL-6

has been scgpetiteety do thecT-cels susetantidyeneestheic phreiadypel e t hat enhances t he

i nhibitory capacity of soluble gpl 30 (Muller-Newen et al., Eur. J Biochem

236, 837-842, 1998). Thus, by nopping up any free IL-6, DS-slL-6R may

prevent IL-6 acting directly on the T-cell subset to influence their

phenotyper, date very little is known about the inflammatory events controlled by the
IL-6-mediated activation of NF-IL-6. In general, IL-6 is thought to active two set of
genes through activation of STAT-3 and NF-IL-6 family of transcription factors. Thus
in the case of the acute phase response, NF-IL-6 has been reported to regulate
expression of class 1 acute phase proteins (e.g., C-reactive protein and serum amyloid),
while Class 2 acute phase genes such as fibrinogen are controlled via STAT-3 (Zhang et
al., J. Biol. Chem. 272, 30607-30609, 1997). Evidence presented here clearly shows
that although both isoforms of sIL-6R are capable of activating STAT-3; DS-sIL-6R
possesses the unique ability to regulate NF-IL-6 transactivation. It is this differential
activation of NFIL-6 which appears to coordinate expression of RANTES, and
presumably that of MIP-1a and MIP-1f. In this respect, time dependent analysis of
MCP-1, RANTES, MIP-1a and MIP-1pB expression revealed that MCP-1 was induced
considerably earlier than that of RANTES, MIP-loo and MIP-1B. This apparent
differential control of CC-chemokine expression may be attributed to the individual

regulation of STAT-3 and NF-IL-6 transactivation by the sIL-6R isoforms.
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their action is distinct from that of other CCchemokines such as MCP-1. In this respect,

it has been shown that all of the CCRS5-ligands are capable of activating IL-12
production by dendritic cells, whilst MCP-1-4 has been reported to suppress IL-12
production by gamma-IFN activated mononuclear leukocytes (Aliberti et al., Nature
Immunol. 1, 83-87, 2000; Braun et al., J. Immunol, 164, 3009-3017, 2000).
Consequently, differential expression of CCchemokines by the sIL-6R isoforms can
contribute not only to the recruitment of distinct mononuclear leukocyte
sub-populations, but can also influence the expression profiles of other mediators that

participate in resolution of inflammation.

As all 3 chemokines as well as M-trophic strains of HIV bind CCRS5, high levels of
MIP-1a, MIP-1B and RANTES compete with the virus for CCR5 binding and
effectively suppress HIV entry. Consequently, any factor capable of redressing the
balance of this competition in the favour of the chemokine can be useful as an HIV

therapy. The use of the fusion protein of the present invention is therefore useful in the



RANTES, M P-1 a and MP 13 occurs nuch later (day 4) in the course of
infection than that of MCP- 1, which peaks on day 1 and returns to

basel i ne W9 oday339 (data not shown). |ndeed, the specifi cPCRALBRIRI08IS1 Of
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al so influence the expression profiles of other nediators that participate
in resolution of inflammtion. As all 3 chenokines as well as Mtrophic
strai ns ofit WilVbbiunderCCRS thatithh ptessrelisvantion MaPbeén deschibéd pi3lyabyl WwRANTES
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t herefore useful in the WD 03/014359 PCT/ GB02/ 03581 27 treatnent of any

di sease wherein the infectious agent binds to CCR5, especially Mtrophic
strains of H'V. Al scientific docurnents, patents and patent applications
referred to herein are hereby incorporated herein by reference. It will be
understood that the present invention has been described purely by way of
exanpl e, and that nodifications of detail can be nade within the scope of
the inventions as defined in the appended clains. WO 03/014359

PCT/ GB02/ 03581 28



Clains 1. A fusion protein conprising a functional IL-6 nolecule and a
functional 5 DS-slL-6R nolecule, wherein the protein increases the

expr essi owoaB/oos389 or nmore of MP-la, MP-1(3, RANTES and PicR/dKd2/02581 The
fusion protein of claim1l, wherein thegunctional |IL-6 nolecule and the
functional DS-slL-6R nolecule are Iinked together by a linker. 10 3. The
fusion protein according to claim2 wherein the |linker conprises the
sequence GGGGSVE. 4. The fusion protein according to any one of the
precedi ng tP¥Ms, wherein the 15 functional I1L-6 nol ecul e conpri ses
residues 29 to 212 of figure 3, or a functionally equival ent honol ogue
thereof. 5. The fusion protein according to any one of the preceding clains
wherein the fuAcfisomabprdt¢inGcomprisingl @ fooetpmak és-6t hwleatpuent @ fingtonal n

figure 3, 0 nct.i onal | .20, equi val.ent thereof. 6. The fusion protein
hocor di g RS TAAR GRS cteroif b BT CRhants TR SPISHOR A O0F GRERT 1G
DS-sl L-6R i Lo rr?rﬁi%\m mdyyes 113 to 364 of figure 4, or a

functi onall\?? E%W\iﬁ)a(lfg’n ono {i)lgcﬁllgd#ﬁereof. 25 7. The fusion protein
according to any one of the preceding clains, wherein the functional
DS-sl L- 6R nol ecul e conpri ses the sequence of figure or a funct.i onal

4
equi val en@- t her Bt fusgm grotephef £laimdn Westieithe fweberal 15-6 molasylesnd e t he
precedi ng cl ai Ny, b Sl one . Clik | 1L-6 nol ecul es and one
or nore flmcﬁpg§£§-%@?§$E@o@%uleﬁ%?é@%qd@é&%‘ﬁg@18%359 PCT/ GB02/ 03581 29 9.

The fusion protein according to any one of clains 1 to 7, which conprises
one functional |IL-6 nolecule and one functional DS-slL-6R nolecule.
The fusion protein according to claim 2 wherein the linker comprises the

sequence RGGGGSGGGGSVE.

4. The fusion protein according to any one of the preceding claims, wherein the
15  functional IL-6 molecule comprises residues 29 to 212 of figure 3, or a functionally

equivalent homologue thereof.

5. The fusion protein according to any one of the preceding claims wherein the
functional IL-6 molecule comprises the sequence given in figure 3, or a functionally

20 equivalent thereof.

6. The fusion protein according to any one of the preceding claims, wherein the
functional DS-sIL-6R molecule comprises residues 113 to 364 of figure 4, or a

functionally equivalent homologue thereof.

25
7. The fusion protein according to any one of the preceding claims, wherein the
functional DS-sIL-6R molecule comprises the sequence of figure 4, or a functional
equivalent thereof.

30 8. The fusion protein according to any one of the preceding claims, comprising

one or more functional IL-6 molecules and one or more functional DS-sIL-6R

molecules.



5 10. The fusion protein according to any one of the preceding clains,
wherein the fusion protein increases the expression of MP-la, MP-1(3 and
RANTES. 1WoO oBles3fusi on protein according to any one of cl @CTsGHE2106589,
wherein the fusion protein increases 4fe expression of MP-1 a, MP-1(3,
RANTES and I P-10. 10 12. The fusion protein according to any one of the
preceding clainms, wherein the fusion protein increases the expression of
MP-a, MP-(3 o NTES by.at least 5 fold. . 13. nucl ei ¢ acid nol ecul e
encodi ng Phe fu@?ﬁ‘sﬁswm%w BFOSHE BrRBY e Pﬁ%la“&%ﬁfﬁ LRI R GOEPIREI 14, An
expr essi OfuEehANTL SOBleb Sl A8d bREAMEGS B! DSAGE SRRbREHLe of claim 13. 15. The
vector of claim 14, which conprises a pronpter and other regulatory 20
sequences in order to obtain expression of the nucleic acid nolecule. 16. A

host cell transforped with. the vector of cl 14 or, claim 15, 17. A nmethod
f or pr5odu3:é-ng t Hee Rﬁ@ﬁ%ﬁ%?@f@‘%@o@%ﬂ& ?aflotg]ﬁrﬁ’&“&ﬂ‘é‘g A Vhgeln they 25 11

conprisin ' LG: aCl C 2 [ in a suitable
oot col | EPERE) el QB R GioR U MBSl SMIFL O ERANTES, 15
conprising transformng a host cell with the vector according to claim 14

or claim15, culturing the host cell under suitable conditions for 30 the
product i ohl-of tHe fusishaoisirotesprding kol ery eloclaims bie9owhetel s fasien 12,

St cem noPHTRdtE TS PhaneRrre Mgt o BN AR B e fusion

protgign according to any one of clainms 1 to 12, conprising testing a
candidate nolecule in order to determne if it affects the function of the
fusi on pril.ei n.THe &6ionAmoteithadobtdinmgytof arynomefoftthe pfassdiog claims,evireraiadbe di ng to
any one of clainms 1 to 12, which binds to P130 and inhibits the effects
of “bot h t ASIAPEIN BeEBaES theaedsrsaiongt MJP-%\a Fsher BANTES Ry atileash S foldang
HI1L-6. 21. The inhibitory formof the fusion protein according to claim
20, which inhibits

13. A nucleic acid molecule encoding the fusion protein of any one of the

15 preceding claims.
14. An expression vector comprising the nucleic acid molecule of claim 13.

15. The vector of claim 14, which comprises a promoter and other regulatory

20 sequences in order to obtain expression of the nucleic acid molecule.

16. A host cell transformed with the vector of claim 14 or claim 15.
17. A method for producing the fusion protein according to any one of claims 1 to
25 11 comprising expressing the nucleic acid molecule of claim 13 in a suitable host cell

and isolating the protein.

18. The method of claim 17, comprising transforming a host cell with the vector
according to claim 14 or claim 15, culturing the host cell under suitable conditions for
30  the production of the fusion protein according to any one of claims 1 to 12, and

isolating the fusion protein.



10 the expression of MP-la, MP-lei, RANTES or |P-10 caused by the fusion
protein of any one of clains Ito 12, and inhibits the expression of MCP-1
caused bywbB-Bhi1859 22. An inhibitory formof the fusion precaicBrossidi ng to
any one of claims 1 to 12, which binqﬁ)to gpl30 and inhibits the effects
of the fusion protein according to any"one 15 of clains 1 to 12, wherein

t he i nhi bilpory Accreeningtiwghddifor ddenfifydtgeagonisss oraintdgdohiststof ti3fusios @raiéint he
fusion protein according to any one of clains 1 to 12 or, the |[nhibitory

f or m accori@FHGINE JO A e PRIy bitth 131 comPESIRg hrgae of candislieppleguls 1n

signal I P%r(?e?tt@&@&fnﬁiﬂe?fiﬁgllf%c% Ak FENEbE BF teYuddn at%télﬂ.ar maceut | cal

conposition conprising t usion proteirn according to any one of clains 1
to 12 and a pharmaceutically acceptable carrier, diluent or vehicle. 25. A
pharmaceutical conposition conprising the nucleic acid of claim 13 of the

25 expr esdPon veadehibisgry domn af the fesiorcpratein acsording tloanyipaevacines b 13,
accept abl Gu3a pindk o gﬁl%dg%%n%%lﬁt\éetm §li€ets P poth effdablggsﬁogéi LRLdafeag! di no

to any on al b € nucl el c acl accor 2 or

t he expresgy ofic ¥slhigds PRCIY GdIPIL®, cl ai m 14 or claim 15, for 30 use in
therapy. WO 03/014359 PCT/ @B02/03581 31 27. Use of the fusion protein
according to any one of clains 1 to 12, the nucleic acid according to

claim 13, ,or the expressien v or_according to.clainm.l4,or ai , in
t he manuf ég‘t ur eﬁﬁl 1br@5ﬁ go%oﬁﬁﬁef gursu}ntpé‘)%%‘nop Qfdé% S orlﬁ}%(gei’{lﬁriehn nmobfj“éan

i nf ecftyj OUShe SI3E3RE of MIE- 16, NIMPAB ORANATEROSABL | PEaREd by MeRkidApckindifsor der
when It is desirable to 5 increase or resolve an i nmune response. 28. The
use of theanf usé afitlainst leton 2asmbindibity thecexarassionef MCRAl aanwed bytle 1118, t he
nucleic acid of claim 13, or the expression vector of claim14 or claiml5,
in the treatnment or prophylaxis of an infectious disease when it is

desi rabl ey oy ﬁ}ﬁﬁﬁ?&g 8fm o%Ql?J ﬁ%f&nvgro?ﬂn EEH&'&EE%&S%H?%@ of ¢Haimé 1MRt 10d of
treating or preventihg an I ntectiou I sease conpri sing
which binds to gp130 and inhibits the effects of the fusion protein according to any one

15  ofclaims 1 to 12, wherein the inhibitory form of the fusion protein is not H-IL-6.

23. Use of the fusion protein according to any one of claims 1 to 12 or the
inhibitory form according to claim 20 or claim 21 in a method of modulating a
signalling pathway in a cellular system.

20
24. A pharmaceutical composition comprising the fusion protein according to any

one of claims 1 to 12 and a pharmaceutically acceptable carrier, diluent or vehicle.

25. A pharmaceutical composition comprising the nucleic acid of claim 13 of the
25 expression vector of claim 14 or claim 15, and a pharmaceutically acceptable carrier,

diluent or vehicle.

26. The fusion protein according to any one of claims 1 to 12, the nucleic acid
according to claim 12 or the expression vector according to claim 14 or claim 15, for

30 use in therapy.



adm nistering to an individual in need of such treatnent an effective dose
of the fusion protein according to any one of clains 1 to 12, the nucleic
aci d accowoinngi43s cl aim 13, 15 or the expression vector aecarcBomgs3iso cl ai m
14 or claim 15, when it is desirable tg; increase or resolve an inmmne
response. 30. The use of claim27 or claim28 or the nethod of claim 29,
wherei n t . i nflsetdfdbe fidigeprotin scoardds taasedndyf elaivhs t dpHR2cthstnugleis of
H'V. 20 31. .The use of .claim 27 or claim?28 or the nethod clai m 29,

Wher e n +hisid Pospgting SLUSH Lot dd bbbyt pubriBR faim 58 o BRISS. t ne
i nhi bi t oryi;f @ MAhfdcHSE 8P aRRQSInten@ ¢SGR PRBHY R AN PREMSLt S Al {iFecBBus 25 tO
22, in the manufacture of a nedi canent for 't he prophylaxis or treatnent of
an i munodisggise,ain inflaomdery dissder at and mmuriolagidal gisotdev,evhenfit isldedirabdsto The
use accordjng to claim 28, wherein the inmmunol ogi cal disorder is

r heumaf oi dINSFRHfrQrHFOlvest immune response.

28. The use of the fusion protein according to any one of claims 1 to 12, the
nucleic acid of claim 13, or the expression vector of claim 14 or claim 15, in the
treatment or prophylaxis of an infectious disease when it is desirable to increase or

10 resolve an immune response.

29. A method of treating or preventing an infectious disease comprising
administering to an individual in need of such treatment an effective dose of the fusion
protein according to any one of claims 1 to 12, the nucleic acid according to claim 13,
15 or the expression vector according to claim 14 or claim 15, when it is desirable to

increase or resolve an immune response.

30. The use of claim 27 or claim 28 or the method of claim 29, wherein the
infectious disease is AIDS caused by a M-trophic strain of HIV.

20
31. The use of claim 27 or claim 28 or the method of claim 29, wherein the

infectious disease is bacterial peritonitis.

32. Use of the inhibitory form of fusion protein according to any one of claims 20
25 to 22, in the manufacture of a medicament for the prophylaxis or treatment of an

immunological disorder associated with a high level of IL-6.

33. The use according to claim 28, wherein the immunological disorder is
rheumatoid arthritis.
30



