; e3eAANZD6zT910 MAY 2004 1 A Fusion Protein The present ipgﬂﬂ&%gmﬁielates
to a fusion protein conprising a functional IL-6 nolecule an ctional
DS-sl L-6R nol ecul e. The present invention also relates to a nucleic acid
encodi ng the fusion protein, nmethods for producing the fusion protein and
the use of the fusion protein in the trleat ment of infectious diseases and

i nfl ammatory and i mmunol ogi cal disorders. Interleukin-6 (IL-6) is a mjor

i nfl ammat ory cytoki ne, which is responsible for regulating a variety of
cellular events including proliferation/differentiation, hematopoiesis and
regul ation of immune responses. Agqtpidd Pihedh these processes is regul ated
by the binding of IL-6 to a specific receptor {IL-6R) which is found on the
surface of certain cells. Since the presence of IL-6Ris confined to only a
smal | nuntge pedsesicinledtivpasiatdd@o adhiivh Rbbt&h cobnpBisineSefubctighal I bedecul ndi ng
to a soluble formof the IL, -6R (slL6R) can however nodul ate the bi ol ogical
activitiegndp finctpnaliR8-dl16RemolrsylebcBie pugeent iinvention alsg rolakasde g nyelelsodi | y
fluids and ., el evated.in nunerous di ses.. The slL-6R is abl 0 _bind
L6 and " Padienrodips b OadriBiny petidl T BRi0nting ¢5%, BH gl Pt 7 rsp
respond t @flthe GusidP PeoteidORS BRUSEHNENt 6P Mfe&iowR| disdabes SR Ll @S8R0ty SarR

i nportant process in the regulation of IL-6 activities. Sol uble cytokine

r ecept or s imman¢lppicebdibordgrsner at ed t hrough either proteol ytic cl eavage (PC)

or differential nRNA splicing (DS). In the case of slL-6R, both nmechani sns
are utilised and result in the generation of two isofornms, which are herein

termed PG 2R _andr 5 & L- Atrgﬁgﬂﬂzﬂ ist i ey,
rel at ed, @Elg?u%ﬁé% ﬁ%[ﬁl gst :angﬁfosrhe rommBﬁtg Oiég{egéyfgllﬂil%% y's'l'ltbhe arddi tion
of 10 uni gelaimpna aediritsy abf i tdlylaroxévents GEkdingr nproliferdtianldiffCammeqoent | vy,

two distinct forms of slL-6R control the overall .properties of this, soluble
recept or . hpmatopeiesia pad regetion ofpinymyne ¥eRRONSED| AGHiKatlonad: these Pracessissiyned to

ol prpeldby Bl g Bifth WAL phlepich At BRY whfkall Myl g B { Jones
conpl ex hgerfheef caftdiocly SihtahepreencevalI LR isofonfindDto\hty 20R4l] Aumbbd ul ar
responses that include cellular proliferation, differentiation_ and

regul at i off el ynes herasiaryofdl.cnitself iadimiteds iBsndiag to asalubls foreabibs L ¥R

achi eved j raction_of St at 2g9] DEAIW ly
 axpr essed (AR} EEdlty Blaghiie M PRGBS0 Gnck,, i oHPbR hud B

si gnal -t r aiadfed M0 SdeenbL bddily fRlids dnd.is Blel @kaiefuhdiookdReses. HElienIL-GR. et
al., Eur. J. Biochem 236, 837-842, 1998). Consequently, the sIL6R-|L-6
conpl ex adx sbladodrinddbrfi grd dacilitetd agtivaten tdfagellatyppo thih vesudd aws nggmadly  woul d
not i nherentl p todL, -6 i1tself. Guwven that the cellular expression
of the cofReY PrRERnS Comiaierdd Srmral P ei AR Rleste)f of St Pl RS R e
sub- popul @i iheReguidtlen@RIDaactiRRiesapaci ty to widen the range of cell types
that are responsive to IL-6. The identification of elevated slL-6R |evels
in nunerous clinical conditions has enphasized the potential for this

A 1 K N N e LN L T
the cell ulpt) GUEERNGATHRNA i e @(5)6 ThithELdschE sHL-8RI BOYI ABGEnikme B hose

medi ated via the sIL6R/'ITL,-6 co Central to this issue has been the
necessi t yutiliseds emd trasult fovths| genbfdtivel e swoi Bofeems) attdch iane \iievaln termed
Under st andi ng._t he nmechanj s ich control slL,-6R |evels | [
conf oundegcbﬁLt#ea%%§ém'ég‘gf%gp%8& é’c‘j‘FJSIaFﬁ Stﬁ@-“é’?@ Wt@ﬁ&g@f{f &R

Al though BatifieiGieldth Sl SYSE MIakRIby Bk libflion! d1e10llilibee ehldqbdias s ced
variant can I stingul she romthé shed 1 soform by a novel proxi mal
COOH- t er mprxlimsle0OON: & EERERCSCEhequdntightve distihctddnaedf d5-6R consddheence of
the splicing process (Horiuchi et al., Imunology 95 360-369, 1998). To
date, it Pger@‘iém@ﬁfﬂeﬁﬁ;?ﬂt’ﬁﬁl\éblﬁf@e?% i soforns to control the activities of
slL-6R Since PG and DS-slL-6R m ght individually coordinate the overall
properties of slIL,-6Rin vivo, it is essential to consider their tenporal
rel at i ons pispndietéd1gbovB mpihp el the bicloeicd] adtivitied Asivned ar wteeleakin 6 (@hid) ate al so
assessing their ability to elicit individual cellular events. Exam nation

of cli ni calediatadtheongh itsrabitify te bindislh ks Janestes 91 hEIEERr EviiSe 43159, UHPi r ned
that rel f h_i sof b s, di fferentiall | at
et el e Rl AC] SR ST A ALas R et vpon

di sease progression (Jones et al., 2001 (supra), Horiuchi et al., 1998
(supra) and Mull er-Newen et al., Eur. J. Biochem 236, 837-842, 1996).




~ 0 MAY ~~Q~ 3 Wthin the last 4-5 years it has been shown { BadAH20ent ers
cells through utilizing the cell surface protein CD4, and one of two

di stinct co-receptors that have been identified as CXCR4 (for T-trophic
strains of H'V) and CCR5 (for Mtrophig strains of H V). The natural
function of these co-receptors is to act as chenokine receptors and MP-1
a, M P-R qildiaRAEpbfse| thaDindthde el prolifdrgidn, Hitérgahiionagd Wnlpasess
signifi cant |y elevated circulating | evels of these chenokines are | ess
likely tdnflameiagyy feentsh| Asiivaippe! thesa nraeeseesi is dickicehby mmBetien ef thower

it rophi CbtpRocbiiey of feiRiolail sxgRPaiupbbule TRRT ST pibn il
RANTES cmv%aimlgdaemm@mfg%bm&MDm Baeland Stdk@sdsi(MRinyickepar.ess HV
entry. Consequently, factor capable of redressing the balance of this

conpet i t ifur. nBiohkert. r836+842hk9%e|ﬁﬂns¢t51€nﬁn the sU&&F-11-6 gomplexHICs asher apy.
In Fischer et aI 9 |on roteln
conpr 1 oi 7 ROt oF RL S T SRR PRprBe eio0: BeulEnddipferettly BarSList en
stinmul at r r U termed
yper- | L5 IR %“%ﬁﬁ%ﬁ%ﬂé‘ﬁ‘?ﬂ PREEIN FONE rodife ﬁ%&%ﬁ?@éﬁé ?E‘?%ﬁi s al 0
descr i bedoihepdwsytos kandtlesltacyte( sub-populatain, setRobas, th22&patitl +d 83den €29) ,

Kol l et et al (eEI ood,, 94 923-93]1, I? 9) and Chebath et al., (Eur.

Oyt oki ne TaRgs 4f cell gypesdhas sre resepmsiveitd Iinf 00/ 01731 and WD 99/ 02552 a fusi on
protein conprising IL-6 linked to PC-s-1L,-6R is disclosed. In US patent

US- A-5,919,763, HIL-6 is said to have been used in the treatnent of |iver

i njury byr'her atsatifiegtione 9€ e aitddoBIIGERT Revelsi it mumrebust slidicalctérditionsNaaze of
the prior art docunents disclose or suggest a protein corrprl sing IL-6 and

DS- s- | h- @mphmaecbﬂ@smtsnﬁai\feﬁﬂnls)ﬁplpbb\rﬁmorawf gswlte brtbtlesah apd spvtemicng a

f h
orot el n- ik BadialPh RO 0bud o dh 0T Buprag) P As eyl FEMsiat Y Ble rE
and | P- 1Qeltulat ederd¥orBllied B R--8 ifseifoeadis@ngi@dtRAr s ttRoRSmEdkidd W it pis

also referred to as CCL4, NTES is also referred to as CCLS; and IP-10 is
al so ref slp@1k-6 commpxc 1Qentmhdo ghissiesue hasvbeeni dr nesetsity dd aseertaie how

t t.hat f. t
ol eoul e Shida e i gheaied e e s RATRARTRE (B ecBeniihs AR oo,
expressi Qi @R 18R&s & hdWRhRr %ﬁoﬁ@ed"iﬂﬁhé proseRANFES: Aslishfr) PCAIL 6R @0

protein conprising a function IL-6 nolecul e and a PC sl L-6R function

mol ecul e Qﬁi-s& -6Rt- | Adtbpuglo bsthn farmseanal Strucnualhertﬂm’@d,em&f&xmlelé}smphcadf M P-1
a, MP-1 RANTE | P-10 hﬁ_fusmn te|P the pr esent |nv%lgtion
her of or SRR} 48 b&lﬁm&uﬁ?@ A tder § ROH- (2gYel BRI

fusion_ picebeHkethidage eﬁé@{%PRRK @Hf&h"#s lﬁﬁ@ddaéa%s heshsdfLnd 4
i ncrease the expressio but only the fusion proteln of

pr esent it}wepiﬁdimgl proveseddasuchher ek phessrdogo S . ole)-869, i98). offoMaks, Ileus MP-1
-] 3, RANTES@ P-10. The f.usj on protein of the pr nt. invention may al so
i ncr ease WRIEABWEY Hhexs 815 TP IIAIARRS OHFOREP ‘ihﬁégt“élﬂéﬁo (CXCL9) or |TAC
‘(CXCLI 1). The term"a functional IL-6 nolecule” refers to any IL-6

nol ecul e which functions in conbination with DS-slL-6R to increase the
expressi Gin@f PiJ-Panll BS-NLRBR thight RANVESaly doBrdifiate | the ayviedll propaetesr off ne
whet her a_candi date nolecule is a functional |IL-6 nolecule, the candidate
mol ecul e s&IarﬁRben piée, el iSnessentinl gt ensider t themstemporal Rrelationshi r duringdéieer mi ne

110 by At SRRk BB MURE e Phkaindndt Sl oIS

Exanpl e |mdﬁ©fcﬁ!aﬁcelﬂlﬁf@|é§@.| Exarhitatibh 8€ tlimioal sahlplés fFohekiocns aReRE stRss
residues 29 to 212 of figure 3 or a functional honpl ogue thereof. It is

further phase grevsenshhgenfinmedsthatcrelessabf pachsisefinecis| diffesnpialis tegulated @r@quence
3 f th f .. The .t f |

Ponot oguéepiiddiminthe 3es, 8 fh Mafint Psrdlithet PRI Suviediig 6t Teet Bt ona

I'L-6 ol gdth&e %ﬂ%réhrsﬁfne(ﬁﬁéé’eh% @oaﬁqymy oAty &f 19998' ,fﬁﬁa Y6R% The

homol ogy 1s preféerably determ ned using AST anal ysi s. urt her

pr ef erreMnlha‘tNﬂhmttmiDlEagukBmem_}@ﬁﬂ-Sg@A%ﬁ)re pr ef er abI y at |east 90%
and nost preferably .95% 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 fromresidues 29 to 212 of figure 3. '



1 QMAY 2QQ s It is further preferred that any anmino acid ¢faf@¥siiite
conservative. Conservative changes are those that replace one amno acid
with one froma famly of am no acids which are related in their side
chains. For exanple, it is reasonable to expect that an isol ated

repl acenent of a leucine with a isol eudine or val i ne, and aspartate for the
gl ut amat e Wighih IKERRE 13 yohishit AaSBédnehowdl that HIVeh@fs e:disskrouglt utikzing fleacenent
of an amino acid with a structurally related amino acid will not have a

maj or ef f eelt susface peotpindTId4 and) ongfi twordjstiset eqreecpptorsdhpt haye basn WRBHENRS ch
increase th am.no, acid ich . ' sl fide
bonds wi t A Wz’fﬁfﬁ%ﬁggﬁéﬂﬁws tq%eﬁﬁbo?néfﬁegﬁ 2@%5% F@%Wé?fréﬂlgrgg erfed in
order to irjg E%ﬁﬁﬁ fiftGion be Besé E&ré&fePt%rﬂs% Gttths cﬁ%rﬁ@lﬁn@%%%tb%dw bo,

i ncrease the tunction of the proteln can al so be nade. e term"a

functi onaMIPP atd RARTRES €T bind'to ICETIE3. sIndeed B VIBtishtk wHiR pusiess sibeifakmitiyh -

functions in conbination with |L-6 to increase the expression o{j {\él P-1a,
M P-1(3, Raxates cieulating fevelsnofothges chemeldres: ae dessvitiebn &t develem ity jiogm

nol ecul e | unctiongl .DS;slL-6R npl ecul e, t ndy ,dat I can be
tested i nAiQSﬁf“?Pa'ﬁ’l"ﬁ%maivﬂ#ailﬁ_wéo ?‘ﬁveg}r%&v&? l"“r"&‘%émﬁf%méﬁ hag!f3 lﬁﬁg{%&l s an

i ncrease khcMall-3 ciRemdéides las (whil RANIESHIRE strdind 8F HEV $itld GCRS, H%h heeid ef
determ ning such function is described in Exanple 1 herein. Preferably, the
f unct i onaMIPScs| MIBR frahd CRANTESpbimpete wméthi thee sirtd Fot CCRE Wndibggande 4 or
a function_honol ogue thereof. It is further preferred that, the fungtional
DS- s| L- 6Refigntvely summewp Hldesnithe Ganseaicatlyy #yglaston qapable pfrredugsyips fhe
function nol o theregf. T " g of ' : fipvy 1S as
et ned aBUR-coegpt CERER o0 b da i de HEFhATRE BE BOVEAANE] SRV

functi onameE?ysl L, -6R and that the honol ogy of the sequence is to be judged
agai nst residues 113 to 364 of the sequence given in figure 4. As the
C-terminal 10 amino acids of the DS-slh-6R nol-ecule in Figure 4 are the

main diff bet -5l 1,- 6 : SlobsBRe k1 | Lal ot th
C ter i naf L0CBARG a0 s D greaSfy R oy Ry bR EGfbliGheThY 17
present i finkdie Hyuaclingnalo PE-SHL6R 6 BRJAE b Ebe FliMotono iintulate WEV drynt

sequences include sequences which still allowthe DS-sll,-6R nolecule to
i ncrease hhmmitopattiopreaupemss siherfusion preein ig termep-hyppaIL-RAFIESD)dty thpse10 when

i mhi natjon.with |L:6. F l.e, the C.terninal 10, ani i b
modi 1 ed_ BUESHb B a1 J8¢ 25 RO TSR ASS elradBeditsd Bap e P o d HRRLET, Y "
2d04 6 FURAESIDIEs, 17P4RE] F@@B,ﬁ{tﬁleﬁ@f‘alge(g%fé,eﬂ,\’@zgf%ilnp‘;‘l@@%ﬁd Ohebdtbibet | on

of the DS-sIL-6R tunctional nblecule (I.e. Increase the 1 ével of expressi on
of M P-1 agl M| C8tokiReNINESV 918, BFS-56) 18950y dnt WA 08/0RT Y end WAQPHEI S8 & he

DS-sl h-6R_ mpl ecul @ having the sequence.gixen_i.n,Fi.gure 4. Suitable
modi fi cat f&HA PRRFR ﬁ?fPbengg ﬂc’fsgﬁgﬁeﬁé‘) ?ﬁ?'ﬁéﬁ%r‘%dlﬁ?lgﬁ‘}e arginine run in the

C-termnal 10 amno acids. O her suitable nodifications may be random am no
acid substitutions especially alanine substitutions, and truncation of the
- C-term naln U8 pamnn &S84+ 59319, Bik; H-Todiif sabditd lmvs beamuded ib gt techtmsitrog livie

nmet hods described herein. In partj uhar RT- PCR has generat ed cDNA encodi ng
for DS-s| B bymipHoHpaecespeakan ‘étltgé vefeangdis %%t enpl ate to nodify the
GSRRRGSCGL sequence or any ot her sequence of DS-slL-6R dignucleotide
primers based on this sequence can be used in PCR approaches to introduce
novel codpmsevdft the Npricherpdestintats BSclbd or 6Rzgenaqrorin Idmprising ML kv
generation of cDNA fragnents that when expressed will result in serial
truncati oPo$IkHR. DS- sl h-6R COOH ternini and the stepw se conversion of the
DS-sl h-6R sequence to PC-slL-6R A Qui kChangeTM site directed to

mut agenesi s kit (Stratagene) can also be used to nodify individual residues
wi t hi n t hghESPRRBMSEANtRAGIE e 4 Sudidd Protdih cﬁﬁFﬁﬁngaifdﬁctfoaabﬂns inbdlecufer

medi ating DS-slL-6R activity. Al variants wll be sequenced and cl oped
into a suiapdblfenstmmabbs- @91.69\34_81Bgsfeflbﬂleﬁ%t@ﬁ?libmcﬂﬂéeset;ﬁ CERISFDP Ph SF9
cells (Horiuchi, 19 u ) - 3f transi ent/ stabl e expression
in COS-7 CBfPSTPHE %@%%E“M'IEW&r osci ence, 3: 867-872). O her
mut ati ons which increase the function of DS-slL-6R can al so be made. To
ensure receptor functionality and to evaluate the binding kinetics of each
DS-sl L-6R nmutant, surface plasnon resonance technol ogy can be used-with
IL-6 or soluble gpl30 (sgp 130) (for exanple in a 10 ng/m coating stock)
imobilised to a matrix such as CMS carboxynet hyl dextran. To identify
residues inportant for eliciting the differential DS-sll,-6R activities,
chenoki ne expression (MP-1 a, MP-1 p, RANTES and |1 P-10) by hunan
peritoneal nmesothelia cells (HPMC) will be nonitored using ELI SA (Hurst et
al., Immunity, 14, 705-714, 2001). Luciferase reporter assays can al so be

N 1 N T N o - o o - B - Y A R T~



Met hods for directly binding the functional |1L-6 nolecul e tpftHAY 2884t i onal-
DS-sl L-6R nol ecul e can be easily determned fromfollow ng the teaching in

I nternational Patent Application WD 00/01731, wherein a fusion protein
conprising IL6 directly fused to PC-slL;6R is disclosed. The fusion protein
of the present invention can conprise bre than one functional IL-6

nol ecul e MIP-t@riealsbasfepied th Wl CAIF NIPDF-iS lalsoOBremRas s CCITNRARTES i9f |1L-6
nol ecul es to DS-slL-6R nol ecul es does not have to be 1:1 but is preferably

1: 1. Pref @lseurierred e a3 GELSn apt B-10 is adsocofedied ¢p a0CKEE 1pr esent i nventi on
conprises one functional IL-6 nolecule and one functional DS-slL-6R
nol ecule. It is particularly preferred that the fusion protein according to

the preseftel Bt BRI SAMASA bR BXPLASPLAR Hndd e a Mol phordRNTES

or IP-10 by at least 5 fold, preferably at " least 1 nore prefterably
at | east to@pfising adfudctiosl Dpoehelealdt yndt fasaphalBSisL-6R dbkcilacesmitséni n t he
expression of M P-Gl a, MP-(3, RANTES or, | P-10 can be neasured in viva or in
vitro. PrdiePIeEased fEPEReESE ene oF meers JYER en MIPSIR, tRebNEESeand BYL9.em such

as a huma ' - | af I HPMO) . gr. i itro. Suitable
oS UL bl B SRS U Hon 810 Rl YA RV M Rl €
are di scl gsed1-leBP dbes hdt résudintthé ictdaket BippdSlonsd M edi Nﬁﬁhﬁ?k&l\hﬁ@r esent
invention, the fusion protein of the present invention has thé sequence

gi ven in Pr 8. FheThsichysdiein ¢ff the gresenfi meention thergfore differs cobbemtially in
functional, I.L-6. ec nd.a fungtional DS-slL-6R no|ecule |inked

t oget her fﬁ“‘?’l"@ Wg&'ﬁ‘%kgﬁ’?th ¢ ﬁ‘S%P"CP"P@FhP the rreseptinveptionMidcH-Ha& been
under | i neggvelhenFoiiol jaSrel : bih ' 'F!.‘ﬁ?ﬁ!!s si on
protein an?ivei S " ci% Mg\}ﬁ 8%% tgé%?per%%}%@d%tl’ggy{)ﬁ% t eﬁ)?‘ &glgtgﬁlhcgrtié%ei n of
the preseptesentvinvention ieapsses aht Yexphasioh hef bHsi &N nrOtei MIPSI Y SPEPiIB, a
screeni ng_or nedi cal context. The present invention also provides a nucleic
aci d nol eRANTES apdiiPrd Ot Hdeffusipw aroteinwoéithe present invention may also increase the

expression of other chemokines such as MIG (CXCL9) or ITAC (CXCL1 i).

The term “a functional IL-6 molecule” refers to any IL-6 molecule which functions in
combination with DS-sIL-6R to increase the expression of MIP-1ct, 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-sILQSR in order
to determine whether there is an increase in expression of MIP-1a, MIP-1B, 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 preferréd 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.




of the present invention. The nucleic acid of the present NIdl¢flfi Bifilcan be
obt ai ned by nethods well known in the art. For exanple, naturally occurring
sequences may be obtained by genom c cloning or cDNA cloning from suitable
cell Iines or fromDNA or cDNA derived directly fromthe tissues of an
organi sm such as a human or nouse. Altérnatively, the sequences can be
- synthesi z i ﬁg}%r i h ldite
met hod. @cé%;%ttg&t @tg ni qu@?% e (?Js&gﬁt F@gffgﬁ%ﬂgenuc egi g%gg?gﬁsngquence
obt ai ned hangéwears)thddeethhisreplace loaaiamingacidexritt ese fiSnch finabhof auime agids wel |
known to those skilled in_the art. For exanple, .site directed t agenesi s,
or ol i gonwhicBaie adatgd i dhedysife chyBhe §PE exmEBPIPAR 1§ B@piallsde SYBESF 58 #8ed to

alter the, S ely) -wel \), il ed in
the art alﬁ%ﬁiel%gkeéggl%? te%%ﬁeélg{q/%g{lﬂ]bgif/&é&#\ﬁ) 1érv a{ﬁﬁr’e E%‘os Q%E%fﬁg%'e
skill ed i glutdfatélal threbRBePLiES 8 Rérind) ¥E B sindilaroBseripdtive irélsi Scertnexfrreasinon
“vector conprising the nucleic acid of the present invention. Expression
vectors agcid wath a stnsturaliorelassamiseiagiyl wilknetihave ainpior aifest amihe digjogisal

di fferent organi.sns, 1 ncl udi na |ian cells, insegt cel] ia and
eukaryot | SO 0S Saretels MRl SRR R aSls SwteR B B Rty IR 8,7
vel | KnowhshBlelf@srenifk dishBRiei anlid @ith bihcR Afhidd R dSiIA (R proti £ phAituleigt Ors in
-order to express the nucleic acid-sequence is a stand%rd techni que wel |
known t o prafesedsiiokdes do increase therstability eff @rmablein. t Gthepxmations whiohdatreasei s a
bacul ovi r us .expressi.on vector. Preferably the expression vector of the
present i QQHI‘E%SHOEWP?EEC%%%Wé&'and the nucleic acid nol ecul e of the
present invention. The vector |eads to the production of the fusion protein
of the present invention. It is further preferred that the vector conprises
any ot herThegnndtadupctimagl DSedb-GRempolacalt” trefesbtbaing Sl e6R inpeane whighnucl ei ¢
acid nolecule. 10 MAY 200 9 The nucleic acid nolecul e of the esent
i nvent i onfupgionseinesgipbigaten vathy Hebtp ipgiepse the %%@ﬁ@&b@feﬁﬁ%ﬂ&% é&rf’r [B:The

R s T s L R e S

encoded pHYlsEL BRYAUIHuldetheRhAdiAE Afd|€dil® 8abdiestel én SérabinathiGyith 4046 in
Al ternatively, the fusion protein encoded by the nucleic acid nol ecul e of

t he pr eseorter tovdetaringme whethbrethereds an surdasoin MIBUt ¥IPd i BANTEES pr BY1¢.i nki hg
a nucl eoti de,segguence ,encadi ng. a | eader sequencge t. he _nucl gi ¢ ,aci.d
nol ecul e %fsuﬂtﬁg p?’é‘i‘@ﬂtfgf %9@ 1oge S“I‘%eﬁ’é’ﬁe & fﬁcﬁ‘g‘é# FP\HQWP@O 4 a

| eader sepuen y,fﬁmégﬁ%%nﬁ@sisﬂ%f{%ﬂg&%wE:Qxh?h&s%@éi&%%q19!50 Bheonpghei ¢ acid

nol ecul e of the” present i1nvention. T eader sequence will lead to the
secr et i ond of a fimetibo Sioorolquue tthkdreofo it is darthdrerefeirkd that tlednadsiopal h&sE.-GRe
processing sites between the | ead sequence and the fusjon protein encoded
by the nuBPlcElegemprisey e sravepse ‘E‘tﬂé"eﬁ‘rlégfg‘lfe4] AV RiaCEen h‘P‘PBI\RﬁHeg&FWQEI eader
sequence to be cleaved off enzymatically or chemcally. An exanple of such
a | eader sequence is the adenovirus triparite |eader. Preferably, the

‘'vect or of Thherpy ‘@stmttibmusmblopne coresfl’ e as defiaintioze eanept dhdtdrontodegreat or y
sequences required in qgrder to obtain the desired expression of t te['_‘ﬁnucl eic
0

aci d ol eBustereFn the asieserf thevawtioad. Dl $Re aud that rﬂ}%ilf)m&k)gén rovi des

a host cel| { - 3 f i At | The term
"transf orgﬁgfllé%%%{rogé;]?lggéﬂo&%ah%pl&ﬁl\gg% ?fcrjrint%o?’f6 hgﬁ ﬂ%(%sgér%ﬁéwréﬁé {e‘lgl(r]:}eééi d

nol ecule into a host cell, irrespective of the nmethod used for insertion,
for exanpl e direct uptake, transduction, f mating or electroporation. The
exogenousAsthsl Giterminald Oramying acidpebiha &18-slE -6R melequiniadigire A gre/be msin

(epi sone)

o1 “Te wiRieats beveR LRE R e EelieRy SRR MR el F AL I 5g "

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-183,
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.




Chi nese hanster ovary (CHO cells, HPMCs, HelLa cells, babygrnamgecgﬂ@ dney
( BKH) 10 MAY 200 to cells, cells of hepatic origin such as ells,
and nyloma or hybridoma cell lines. Alternatively, the host cell is a
prokaryotic cell such as E.coli. The present invention further provides a
met hod for producing the fusion protein®of the present invention conprising
tr ansf ect ifugth8rnh®8 t m6@ilficatibrisitah BE n¥Rle bWficPinclddse @E-?&%‘ﬁ' n'lof ﬂ%’]ﬁ&%ﬂ,’-ﬂé
culturing the transfected host cell under suitable conditions in order to

| ead to t Hencdiopelaneleonle ¢ic. imaeasa theleveladiestprendias of BIR1d, MDA RANTRS t he
fusion praot i pvention. The fusion protein may then by

i f. th .
harvest ed °f ?%EP}O ‘F‘Pé’tVF S—ba#é‘g}z‘g{’].t I & V%ﬂg)ﬁhcfn%ﬁﬂt@ mdequlhaying thesenugnce
dependi ng gBRAMREIINRE 41 BE;tinIS h{bﬁif?tfa‘ﬁpﬁé x'ﬁa#r gr%/clfl.gfg;igt%r%%&é ' {l‘zﬂ@%ﬁ@a{'ﬁar d

techni ques. The present invention al'so p 8d for
i denti fyi argisint agoini the €-ermagbhd simodcidsh OthatSiunabIR S Bfichtidhs idag ber esent
i nvention. The screenjng nethod preferably conprises testing a candi date

mol ecul e F3P9GE FRIRP REKSUbstitHensrspeciplisbalahing mebstianivns,and trapkainn of the f ect s

the funct i i OF t ei h t,invention, F le,
the cand Gariinst [8art @i SR hoaiqhs PucBe bt S Re RS
chenoki nedeseribbd BereM R paticlBPR TR RANIGSrdd ¢ A%nceaipg k&xﬁﬁs-fsi‘t%kange of

chenoki nes affected by the fusion proterin. Candidate nol8cul es may be
i sol at ed Thisrald¥A meoleqide randkroused @p atemnplotesp noduéfyi thalGSRRR@SCEE, sequennat ur al

product mxes. .The candid | ecu may be a natural or nodified

subst r at 2},3 d ?%}yg%%{,se@h%ﬁg? b%éﬁg’pf’ﬁ%rbﬁ%‘?‘ﬂq){%% PHBIETbAsed en s peaueRseal or
funct i onatan b @l ¢n PER SRM : i i Lgues, see
Coligan et al., Cul?renta rrot lé%%&%%@?%ﬁﬁ%%@%/w?g?hé@gg’?er 5, (199l).
The preseRf-slhwdnzequencel Jhis eilbalbsy peneeaticnrificDN A fssfenmitedt vilea f usi on

protein of the present invention, wherein the inhibitory formbinds to
gp130 ande’fﬂrﬁﬁSB‘?Y@ Feultdn seity krupgationof the@SslistBCHPH eninaediei ng to t he

present | fupist enRAtlodof 8 DLLRL6R Ahluenbd'p BARMDER Ol b Rl A%y UST O

protein of the present i1nvention In S the expres

M P-1ei, @irAedss mutagdiedd kitdSaedghe) thealko b asedrohdiify iafividial RERBmEeNt

i nvention_and hg ihils éhe expressi on-of MCP-1 caused by HIL,-6. Such
" i nhi bi t or YRGS Eégﬁ%{%‘é GEhetequense Ky PiRpOINt pPMENa 3rads espopsibly for eiediatingt he
present ipYemti . i scussed .above with spect to
gener at i ngg:‘% %gﬁ%gﬁﬁtyh%‘r‘r@f%%%ﬁé?% ﬂlbljﬁ :SF (ﬁ% ff%l?dj?lﬂ%e Wit ?‘Bﬁ%&"p‘?ﬁf’é’

I nhi bi t orsuchas pVLAA%S b bdeiloviis@gressiondn SO cERTEISHRIAD d99@§s_ug?®§ hped
above wit hqrﬁgpﬁct to testing functional honol ogues. The 1 nhibitory form of
T

the fusi dif O UgpgieRi{shailg exnressian in QOS-gss BRtsomenal., 20Ol . e. by at
| east 509 - Yot 75%. the effects the fusi ]
hocor di g PROFHAIB A6 R Dlne ool et Botasse e tigaipmdl TN-RGR ¢ or

form of tdam aldoheqnadw, ot ei n of the present invention only inhibits the

effects of the fusion protein according to the present invention, wherein
the inhibitory formof the fusion proteinis not HI1l,-6. The present

i nvent i i des th he, f us;] in of th
e kel S B i B 3SR
modul at i ngu@ns sefle fasnR ﬂé!ﬁﬁéni:é‘te@hrib%%)i“éaﬁrbe%éa Wit 1B ﬁ%‘tﬂtﬁ‘é gﬁgsrgg

signaling in a cellular system informtion concerning e signh
pat hway dagprl38) Gbr example imhil € Imglmy coating staxk) hemiotdired fd Calatrbnsieh at her

parts of t hway .t hgt can . be targeted in order to achieve a desired
result. #@gfgﬁoﬂ’#ﬂg@g‘f igenufy residugs imporiant foxgliviting ach a cel |

cul ture, | lQ |- syst S an o LS r

vent oLy SR DY SO OR By RS R BHER AR HuL PARSAS IR AR TR ¢ usi on

protei n aihdhdOpby hemian ipetRntilafesotiefia Nedlk GHPMIS) Willdfe hbsitdE@a&AL | nvention
or the expression vector according to the present invention, in conbination

with a pHlRAdERrsteapl yinapenip, Afl B5ctrt, 260]). ddiciforne reportortssaisean 8lsot abl e,
phar Mece el @ to/actéifiiRd Abfher Bl hTiRcar 3P AN Scvarion o ANTRE® & scussed
promoter by DS-sIL-6R as described in the Materials and Methods below.




~ The present invention also provides the fusion protein accp(dqpd 2084t he
present invention, the nucleic acid according to the present I|nvention or
the expression vector according to the present invention, for use in

t herapy. The present invention also provides the use of the fusion protein
according to the present invention,the7nucleic acid according to the

rvent | on P BERGRAN k2 PGt 2R nir el doS £ r ok ol By b 5P e

or pr Oth{o?éﬂh% ?fa anuikef 8¢ tdaRUS: Hiré@RSBourdNtd BAdhAGTREE BY YcoVhlear Hakages. an
i mrunol ogi cal disorder. The present invention also provides the use of the
f usi on pr Btigdbte dexibtedlinkers ard mellpiresento theseskilied, intthe afucPefuablyi Weof t he

resent invenption or the expressj V. r..of the present Jjnventi.on in the
F r eat ment 6’1"1&&13’5!%5/‘;35)3?% S"‘&l"‘g%‘i? 5@%@1&@@{?&3&& e’%‘é"é?ﬁg'ﬁﬁf’ ﬁlﬁ lgﬂﬁ%f%‘r]ﬁf i sor der
or an im%?&%h?§ieu%z§‘%f gf, When it is desirable to increase or resolve

an i nmune response. e esent invention also provides a nethod of
treating or preventing an infectious disease, an inflammtory di sorder or

an i mrunol ogi cal di sorder conprising adm nisterin 0 an i ndiyidyal,i n need
of such twgwﬁ}é der direcly finding, ed%%"éioé*?l Hne m@%‘f‘%‘ﬁ%p‘&“ﬁrfg?%m&glc%$ﬁﬁﬁélzt o the
present i tj.on. .h LC aci j t 7 Bs&RiticnaVentdton or
t he expre{s}l\éfegﬁievéegtgtbgre%g{l%g%tgﬁlagt?lg% Fﬁg&%&@%@ﬁ}e ieﬁ%/ﬂgl% ?{)n,ﬁeln nit IS
desi r abl eAppliddtion 6MELOMD1 THS WHeeeinn fusioh peote@s@onaisingl s dindedytfumdstodi sease
can be an}; di sease wherein the infections agent binds using the CCRS
recept or . PCtsl-$Rpadisclosedr |y preferred that the infectious disease is AlDS

caused by a Mtrophic strain of HHV. As the fusion protein increases the
| evel of chenokines MP-la, MP-1 (3, R ANTES or |IP-10, as well as other

chenoki negpe ﬁﬁﬁ)nfﬁiéieﬁﬂopﬂl@?ﬁsenﬁﬁ%dﬁﬁn%@ﬁ Both@rifeiereithus ené funttiendl floét ment
or prophylaxis of inflammtory disorders when it is desirable to iIQ_'%rease

or resol violeeulenandhanaresthamsme fmctitnal {RSsER6Rr trokachlee anl hentarigash

resolve the infla ory . response. Suitable inflammtory.d .{ ncl ude

bact eri al W@P[@éﬁméﬂﬁn—ék@'&fﬁ?n@sa‘ﬁ%&? hayg, oflffg}irgn&ﬁtr 5t Ell%gerr%ﬁ&tswe

- present | P}’e‘ffﬁ(}%lg!‘ the fﬁﬁ&ﬁ ;@H{eﬁ{ | %caraffauko ithe th8scht GatdRIDh Gdmirises edrieal
peritonitis (see Exanple . The fusion protein of the present invention

can al so Bectised IL6 rhédlecile ead omfunctionat DSksIL-«R molskulermunol ogi cal di sorders

such as autoirnnmune di seases. '

It is particularly preferred that the fusion protein according to the present mvention
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-1a., 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-18, 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 n
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




o Mav zoos 13 The present invention also provides the use qf %ﬁﬁ,bmy bitory
formof the fusion protein according to the present inventi &1

treat ment or prophylaxis or inmunol ogi cal disorders associated with high

| evel s of IL-6, such as rheumatoid arthritis. The pharnmaceuti cal
conposition of the present invention cdnprises any one of the conpounds of
t he presepteférable ot @art(df.the flidieh Hriséin v PEOpRESht Ghvdnfien Péspscilly WhsetHd on,
the nucleic acid nolecule of the present invention or the expression vector
of the prBSERPIPigtsehin a sreering g medisalaeriext cal |y acceptabl e carri er,

adj uvant or vehicle. Pharmaceutically acceptable carriers, adjuvants and
vehi cl es that nay be used in the pharmaceutical conposition of this

i nvent i onThéplebeit invaitioR hRopRévildsd fRdkid foid N RICARDIRE $he ALMAIARein

al um num stearate, lecithin, serumproteins, such as hurman serum al bum n,
buf f er sudkthaprasentgnvanties. phosphat es, gl ycine, sorbic acid, potassium
sorbate, partial glyceride m xtures of saturated vegetable fatty acids,
water, salts or electrolytes, such as protam ne sulfate, disodi um hydrogen
Phosphat eThORIASE bel dIXR 86t RRRRRORLE bR BPLRI0HS weR IAGwA B it
colloidal silica, magnesiumtrisilicate, polyvin pyrrolidone,

cel | ul' osearbaded exanysit amaterm]ly potwreinp skqueace! mapbe obtiliedrby genomic cloning

car boxynet hyl cel | ul.ose, pol, ryl ates, waxes, polyethylene-

ol yoxy pr IR EHEE Eopb Py el e r APruRbiA by HoNAGRIveS direstt formhe
phar mace E"Eﬁéugg Q?H.ﬁ%}‘éjn?ﬂn Qﬁchtﬁ'fhdﬁ%e&trhg&e%fe% n‘%gﬂ? ﬁ{essggﬁe%gcsoé’aﬂl Ly,
parenterally, by i1.nhal@ation spray, of via an inp Anted r eServorr

Pr ef er abl be $ynthepibed nsing viahdal spahpskibots sivhae Mdpipssicemifiainhethad. by

i njection. The pharmaceutical conposition of this invention nay contain any
conventional non-toxic pharnmaceutically-acceptable carriers, adjuvants or

hi cl es. herei n.i.nclud b
;/ﬁt Ir ;cﬁts a}r’{{e[lglgré)ﬁlg irtér%g{?gg%@% ﬁ%sefi ﬁ%ﬁ?@tgﬁ ﬁ%ﬁﬁu%}%? %‘éﬁaﬁ%ﬁ\“’tsﬁ%fz %ﬁ%&?neﬁltolfy:%n ovi al ,
i ntrast ergyathesisdf & Frocedufds! SRR tRAlquedde WHINaffa th Thosk RGN & PiheOr

i nfusi on techni ques. e pharmaceutical conposition may be in the formof a
sterile i#f-efpagrampleepiie dircesed mtﬁagegﬂaﬂpireo,llgagude@i@ra‘tl)itaetddrnjnatlagtanﬁis
aqueous of i hOUS suspensi o [ ensi on e farmul ate
accor di ngarid?(ﬁggﬁ?ﬁpw&q?g%ﬁs?cﬂﬁ %Eq:r %ﬁsﬂﬁ 'ﬁ‘?@“"s‘lﬁ’iepg}b/‘f’léte& _%"rsselr?\ﬁ’egr
wet ting aagminSto(iBketskafed thhe X BHPLR delUWRRA i8 Avadibds YT RERKLAORWIRLS: The
sterile injectable preparation may also be a sterile’injectable solution or
suspensi dhoseskilled inghevit¥ 2nd4 14 non-toxi c parenteral |l y-acceptabl e dil uent
or solvent, for exanple, as a solution in 1, 3-butanediol. Anong the
accept abl e vehicles and solvents that nmay be enployed are mannitol, water,
Ringer’ s ‘ol pbicanirRemiss 20 plRidadh iQ 4 rS&J ' labdUF:
sterile, fi xlse%d ol 1 s are con@entli onalléﬂj)l%ggrlrgff o%go ag&ﬁglsg%t\l}ée%?a%? ats:fgggendi ng
medi um Rbe ptdsérst ipuempiose, Exgngssivnavedtors aedvedl knavay fdreexpresting adcleieckiddi ng
syntheti ¢ nmono- or, djgl ycerides. Fatty acids, such as oleic acid and its
gl yceri déndepreyqfiidersptorganisms, ingludisg maramalian gells, igsect eliscbagtariagndas are
nat ur al maxﬁaﬁﬁﬁﬁ&ﬁagms%&%gﬁ ?P}é‘aé%i |1 sRAS %%si%hiv‘éapf%iéx QenGaghgr o !
especially 1n therr pdlyoxyethylate VErstons, PThese of T sof ULl ons or
suspensi aosthosyskillab irc ot aftrand thenge W aixpreddic® Vettody inlekier &6 edhzperhgant
such as Ph. Helv or a simlar alcohol. The pharmaceutical conposition of
this i nvémc_?eéfna?fﬁfeﬂ‘éﬁf@?df Rystapdiichfesheinue weH lnpprotcathioge sldbiedimBiccariiosage
Lo gy B PR VRGOS B By SuEol
whi ch are commonly used include | actose and corn starch. Lubricating
agents, such as magnesium stearate, are also typically added. For oral
admi ni st taeiembly heexpmssioneetior af theswesent thventéon sorprises d prometenard thed dri ed
h W . e ] .
nar edi e RO T Ia e P I AO1A ind PSR G ‘g R o dei o
certain sHeqhaph HEoRHI/PthE ! AYQME iRenaBg/ &Y isCMfTiaﬂ?&eﬁg@%aﬁ fiRYvdforadded.
The pharnaceuti cal g&gposi ti'on of this 1nvention y be adm ni stered by
nasal aercomprises anynpthentrdguintoruchuenoeprgiiréd s obmm pepaicacdfabe andeieg t o
t echni ques.vvelli -known in the art of pharnaceutical fornulation and nay be
pr epar ed 289 28k fons in saline, enploying benzyl al cohol or other suitable
preservatives, absorption pronoters to enhance bioavailability,
fl uorocarbons, and/or other solubilizing or dispersing agents known in the
art. The present invention is nowillustrated in the foll ow ng exanpl es
with reference to the follow ng fi gures.




Figure 1 shows a schematic representation-of HIL-86. 1Q NV MAYs 2804ure 2
shows the conplete Il,-6R protein sequences including the nenbrane board
form DS-slL-6R and PC-slL-6R The putative transnmenbrane domain is -
underlined. Figure 3 shows the sequencg I L-6. Figure 4 shows the sequence
DS-slL-6R. Figure s shows the sequence of IL-6 linked via a flexible |inker
to DS-slL-6R (Hyper DS-slL-6R) wherein the |inker and COOHterm nal c-nyc

tag sequepgces are under]ined.. Figure 6 shows the differential. induction of
GRS | 1 i DB Eimoleeh e pF S HESent vBRSSE el Be PUF=SRRE BUETHERGR Aot t
human | L- GuitdbldIHER céusS hﬂi@%%ﬁﬁtér@ahﬁ’éntcb% e BPectlylirfkBd 15 dhah@deis hepoki ne

- rel ease using (A various nocl ondl anti bodies any (B) PC-slh-6R Figure 8
shows t hemdlemmlecafiths prefent invemtiok imehichdiase therariiyo B3 st the®Rtefhinmdf BE- s| L- 6R

(o). Figure 9 shows the results qof the |uciferase porter assays. Figure
10 shows. FRededTateia waild hemeliomne spcpded by the start A TG codon.

Alternatively, the fusion protein encoded by the nucleic acid molecule of the present
invention can be secreted from a suitable host cell by linking a nucleotide sequence
encoding a leader sequence to the nucleic acid molecule of the present invention. The
encoded protein will comprise a leader sequence fragment and the fusion protein
encoded by the nucleic acid molecule of the present invention. The leader sequence
will lead to the secretion of the fusion protein out of the cell. Preferably there are
processing sites between the lead sequence and the fusion protein encoded by the
nucleic acid molecule of the present invention allowing the leader sequence to be
cleaved off enzymatically or chemically. An example of 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)




Figure 11 shows the expression and functional characteri sdtﬁm%ﬂﬂ%per o
DS-slL-6R. (A) shows the |level of nediator (see top |left hand corner of
graphs) produced and (B) shows the |level of MCP-1 and RANTES produced.
Figure 12 shows the inflammatory potentjpal of PC-slL-6R DS-slL-6R SES,
SES plus PC-slL-6R and SES plus DS-slL-6R Figure 13 shows the expression
of CCL5 amcellexells of hepatic-aigin surh aslHenG2 erliseandimglomianoi hybgidpmuicet lingpe
C57BL/ 6J ( -6." nd, | -6~ m were intraperitoneally adm nistered with
SES or PBS& émgté‘fa*ﬁ]éedlbogt?‘gh’éta&fgfwgi‘iﬁﬂlswf%gs é‘é? toneal cavity |avaged;
(B) IL-6"~" mce were admnistered wwth PBS, 1s0 ng/nouse sgpl30 al one,
SES, or SES in conbination with 1 sO-ng/nouse sgpl30. At the designated
time interlke presentinyentiorfisther pravidey awasthddifon pesiucing the fisiemmerin 6hs and
CXCL10 levels .10 MAY 200 .16 were_.quantified jn ]avage fluid using ELISA
Val ues ar PTER} 4L6pYon, COmpEsing ffansfeciing @phost Gebﬁ"é‘é‘ﬂ/&'ﬁﬁjﬁ’?ﬁ%?g th gigsent14
shows the ; fht - of ' . LR =r.and
Loor i onroith; SRRE oF faToRiPhER Nelldnlts RidBE (efdiins T ghieP i Tealt .,
PBS ( cont riolthe expr&isin #ff the mudidichaid mdldﬂﬁlepﬁfd;jpl@ﬂﬁaiozp@ﬁlﬁé Yush6s ptaasiaggd and
t he recovered cells dual -1 abeled with antibodies for CCR5S and CXCR3 and
anal yzed B{c Preest nypeant Sheyfusion ssetemcmay dhangbyt baryested frouy the deansfectsd

control anij [ e e ells |yj I n the. upper -ri.ght

cegnent | <ehr &2 £omaitd, L0 RREEALAET aBbestifte, Ip e the, B CHDREN iR o)

al ong w t ketrerdeosstnyg ahndaed eeRiif@ds. pl ots for each condition. Val ues

represent the nean (%9 t SEM from 4-6 m ce for each condition. Figure 15

shows Recruitnment of cells expressing CCR5 and CXCR3 in IL,-6"" and

IL,-6"~" myce |L-6w m.ce were treated with a_c i natian of DS-slL-6R (25 ¢

ng/ nouse) r?ahr‘\q'op daica) m(vflggl%?]ﬁ% @g%v)‘éfisﬂsf‘irfn% meﬂmﬁ%r b‘?eé’é‘g’ﬂﬁ% agagosis fEe of

SES. S0l ulas6nig@ 180 thel 75i60/ (1AL or BE fHesiht| MOLMARY aPhd ReleEhe dmebadr ant s
ant 1 bodi es and the

were set according to autofluorescence by contro
per cent ag@referablyl dosnpinisesitpsting 4 handigae malecyle tosdetpraining $f hegsesehedof{ drean t

SEM from 4-6..ni.ce/ experipental gconditi l.ong with presentative scatter
plots for Cé’é%'ﬁgﬂs &@F&p‘ﬁ% HH?%&%%PC%% Ogﬂgcc@ﬁpa@éotsm 2 @»éag?%at Hyenton.

dual - | abel Mty ' j f Qb1ded® \ﬁw

r epr esent F?ﬁe neglne??htyg tEtai;uéigﬁ/tlﬂf 1?%lm 4- 6“%??3819%?6( ggﬁf"é@gﬁ%ﬁ% 8?10 0 aI{)f

| eukocyt e cherhbkixed oucheas MERplex, | MEP-0f, RAMNIES @n IP-10Vesr aitaPihy. rapd WES
represent the nmean t SEMfrom 4-6 mce for each condition. Exanples

Mat eri al s CAFEOIReRSiRetaddydbe {usimaRIgiesvi r us expressed sl L-6R isof orms were
obt ai ned as previously described (Horicuhi et al., Immunol ogy 95 360- 369,
1994). Monocl onal anti-11; 6 and anti-slL-6R (mAb-226 and mAb- 227

respecti velanflidagr moeulRapey B bldted fdm 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-la, MIP-1B, RANTES or IP-10 caused by the fusion protein of the present
N 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




10 MAY 200e 17 systems. Anti-DS-slL-6R (mib-2F3) was rai sdd MY pags ¢ he
uni que COOHterm nal sequence of DS-slL,-6R (Horiuchi et al., (supra)).
| sol ation and culture of human. peritoneal nesothelial cells Human
peritoneal nesothelial cells (HPMO) we isolated by serial tryptic (0.1%
wv trypsin: 0.02% w v EDTA) digestion of onmental tissue from consenting
patients dirdussgdizhgve vithtiespecttndgenersingsiuncgtinnal hdmplogypeet Fafthermpreethean. J.
Pat hol ogy,. 142 76-1886, 1993). Cells were cultured in Earle'.s buffered
765 e WA ot e gPo S Gt R i e S e ARRRDe 00
Unm penigpbdd : : ' =g/ '
insulin a%gb‘(t)é. ‘?111}}?;/ eﬁ;ﬂéﬁ%@ﬁ?gﬁe % LHbéOé%g%hg% E)rg{grla%?rg?dsdiq%fntg? gg’?%nwc in
a huni di f ipexteinopréferablit pesaite oe sulidtantially cedecpe(iicnbntantéasn;0%PRvEferabip hay er s
were gro ed_in the gbsence of serum Under these,

h Lt HPMC
remain in %?Sﬁira‘@s e gHects thedusiap proein pecar ga%ﬂ%e@rg‘@nh@aﬁ@lﬂgr%gg: ;[?gf al .,

1993 (sup t ic for: in. d on
cells no (T;?é Jéﬁabghg*?mﬂlfé@ig% %gggég@é%ﬂg{r%ﬁl& %Zttgfpspg&ﬁtnﬁvgﬁﬁgﬁorg

medi at or  gehibieythe affeqs of thef usioNPiREY 0B TREAL (eOHREM! hiiehOBs WiRfdn the
quantified using sandwi ch ELI SA techni ques. Human MCP-1 |evels were

det er m neéhiitary formnel the Ssicnprpistis neh H—f@ﬁt El A kiht f r om Phanungen, |
B ' eki _ k o . !
oot body. oA B8n R0l I BrdfRdes RO RftndsioloR FREH of  fs PRESEE

M P-1[ 3 apfleg@émst mhmimflfw@@fuﬁé FekidHPESBANINBA SIS BE hidAulakibg a
Luci ferase reporter assays Luciferase-|inked RANTES pronoter constructs

beari ng ebighaling peshwaynisl ceeadlufar systerer Byemodulatinga signaling orscelitahsystémown
Nbr 1 tiohi - TRRSRS: e hiRRAE SRt IneN BT HER L e BPiEined: WA IFG! a8 the
5441- 5449;deAffdation B b YpartsiYend fsat‘!m%/@ 68! dan/ 1R ﬂé?%elted"inc&ﬁ&i fotadhicAke) were

cultured in M99 nmedi um containing 10% FCS unti| they had reached a

conf | uencyesifed @uit0 Jbhe Tebulapsysicaymay e sn va sivedcedlngy sesl $ush tarcall shitaeeor

overnight with i nﬁﬁ' vi dual |uciferase-linked pronoter constructs

(0. 5-1. Op2G§? "4g & L§yéh={n§qc RS PREEEBI™Mas 1 ~ SAY 200 is performed using a

standard cal ci um phosphate precipitation techni que (G aham and van de Eb,

Virol ogy, 52. 4S6-458, 1973). Once the HPMC had recovered, cells were

sti mul at edThé¢ ges2dt uentomalionpiovalesca ipharexmamlica] Lonekitioh yeat@isinge the

prepared and luciferase activjty determ ned by |um nonetry using a

conmer ci a Sf%&rp@fraggﬁlég%%ﬁfnwﬁemno w}elpa@sﬁﬁq BrFSE IRNFaEeRPr B8 r act s

nuet ear extf:acich WRES: PLRBAISE b AR Hiblent'Sin08heford 2 LobfiMiYoA| Gifhoa t e
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




of DNA binding proteins. Briefly, cells were harvested in 1 8- M&Y) 2Bkas
(pH7.4) and pelleted by centrifugation. Cells were resuspended in cold
buffer A (10 mM HEPES-KOH (pH 7.9), 1.5 mM Mgd z, 0.2 nM EDTA, 0. 3mM DIT,
0.2mM PMSF) and incubated on ice for ajhurther 20 minutes. Cellular debris
was pelleted by centri fugatl on and the supernatant stored at -80C until
requi r ed. MERENF Ghiophylexivol i figfestinust disesay aEliiymmatbrs wirordeni drt alENVBA

wer e perf ed previously (Zhang et al., J. Biol. Chem 272,
i O

30607- 306 '$8hucl eoti des cont ai ni ng consensus motifs for NF-kB
~5 ~ % (5' - GATCCATGGGGAATTCCCC- 3' & 5' - CATGGGGAATTCCCCATGGA- 3" ), STAT-3
(Sl E- rr67 5' CGACATTTCCCGTAAATCG 3' & S' - CGACGATTTACGGGAAATG 3') and C/ EBP ~'
(5 GACGTCKMHMEM& p&vides She TAd DAARA TIGICRAATHTACEI Yo herdi ng
wer e anneal ed f.or use i.n EI\/E (ﬂhe e doubl e-stranded fragnents were

r adi ol abePTESELARYSIUOR: %\5]“ d ofi 4ha presart ERERISH SEHERXDESSIPRACHOT 9her ase
. Nucl eaﬂleepgersgfﬁt SviRiG Hﬁgﬁﬁb\%gﬁb GF eﬁ pﬁgjl‘%ggl qdmc%& Sd §ﬁ%9é’eﬂlce and

DNA-protein Tnteractions re resis on a Y% pol yacTtyl ani de

gel . Exanjiflanimadbfyf diserder o MIﬂdmmdlag‘ical)HstﬁES Wheein ébsddsiable 1 Rictdagnen
mesothelial cells were growh arrested for 48 hours prior to stinulation
with vari @ﬁgl‘fééﬁé‘é‘ﬁ’t‘{"&tﬂ’%ﬂ%“(o 50 ng/m) of either DS-sll,-6R() or 10
P1AY 2004 19 PC-slL-6R (0) in conbination with 10 ng/ m human | L-6.

Fol | owi ng an overni ght incubation, cell-free super natants were coll ected

and chenofh&premdinotnivh s gfdvld@da Rk @fp@é‘dt Cor%b@ﬁnn anUgfeciGRy esent
t he nean SEMfrom 4 independent experinents. a shows that DS-slL-6R, in

t he presediseases an -igflapmatery eigordsrsioon anf maol(oMc@L I di);order:Labn@vBingl[l ),
CCL5 ( RANT XCL1O .( L PC- sl | effe ee figure
The | ncgé’)ﬂfs?ofﬂ‘gﬁf’ él%‘ﬁ&él%l}‘wﬁmé Sefc&tiia“(leaft ERET é%ﬁ@?éﬁﬁ@amas
DOSI tive grotineadtitg @OMelftent RMRAGSA, URL YucEiA Rl Gcdording to the present

invention or the expression vector according to the present invention,when it is

desirable to increase or resolve an immune 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-18, 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.




I nhi bition of DS-slL-6R nediated chenoki ne rel ease G ow h- Jrq myegﬂﬂﬁman
peritoneal nesothelial cells were stinulated (24 hours) with 30 ng/m
DS-slIr6R in conbination with 10 ng/m 1L-6. Release of CCL2 and CCLS were
quantified using ELISA. Figure 7A shows,that human peritoneal nesotheli al
cells were grow h-arrested for 48 hours™prior to treatnent. Cells treated
Wi t h the The posentriovantionraddo pmvides theawse (of tgpighibitpryi forttd the Bisiongeoteini | | ed
synbol s) or ahsence, (open synbols). of 10 ng/m 1L-6 + 20 ng/ -sl.L, -6R
TS T cBtcsing th a0y Yeniton wnL{f*e)trea exd g TRy i PE%’@&E@P%‘@] Cel I s
treated w : b f) SRONR hiiied circles. Cells
treated wwﬁsﬁr%%%gat%gg%ﬂihg@ }(éﬁ%l@ggr gksy’ﬁ?g?m nust%§ a%!é%ﬂésI?L-GR) are shown
as filled dianonds. Conditioned nedi umwas harvested 24 hours | ater and
CCL2/ MCP-1 and CCLS/ RANTES | evel s quantified using ELI SA. Val ues pr esent
“the nean Thsmhemasghiical mgw@waeﬁtofesbsarﬁwhﬂryenwy&P@P#Bﬁsswesﬁé e ic
bl ockade %m F%f @{(foﬂgge%lh%eg%lf 7St -fifon Pﬁitahlo'f% Oﬁ%?énﬁn%gnt%%s
rel ease was niIrtoredin e presenhce of 1ncreasing concentration$ of
PC- sl L- 6Rn{ifleio Gicidoin@letule)of the piakhiOmvaitioRANTES ekpresdom obGer d0thP@rastit- 6R and
tong/m IL-6 is showm as a control go). Val ues represent the nean + SEM

from 4 i nifejestiednt wisk pary nphfrsacquticaliyheaccentplle i pmies RANTES 08| velidewas

bl ocked by, t he ingclysi f. . sol ubl 13 | L- ~: 2004 20
Bcanpl e 3P HeEobStLE R Rt e B Vel B ek b AMREIEHRE ¢
sti mul at e@naMriaBer®i@an @bMboddos |df- B (nveRfioGndlhde, Ofut(&E hdt hilGedngSRMce of

10 ng/m TL-6. Unstinmulated cells are shown for conparison (open square

" box). At sethatgers alunhieavainnine stegmte, boiikbinnstramtgotgmsesushab duman) serwa t he
rel ease of, CCL2 - and 5 "ANTES) ,det er m,ned.. Val ues re sent the
mean + SEMbPP&nb&%ggﬁé%@H&%ﬁﬁ%%%i’FPW%%.g’tﬁ% SR A RS, S oL 2
product | 0Bkig) Slgieie bt nRafbd VR SbIS TS, QY satih lor BRctrdIDRs,
DS-sTL-6 ar%lteldi%?ée rg{?leasgg%ﬁaccﬁS isé%lot obt?e%ve(’j unt %/? 15rhoufsp§1§ter t he
initial stadmulaat prantine e sHifgelr di®diunT hisgkrogdednn phngphasy gpetassivrhabydrbgen

regul ati on of expression of CCLS is distjnct. fromthat of . CCL2. Exanple 4
Luci f er asBhSepdF+Sodium shipaide, 7ing %ﬂlfés@@édﬁgﬁ@% BeREP LTS IEAR BOIRTAY 1. 4
kb RANTES r fr . NT or i t ati,@s Wigtfip known
transcri pP%‘%@gg’t or C‘?g{gg%lgaﬁsy s ec?t?g%%ng%s’( O\I)éa{glﬁﬁl?%g%Ta%Ikglegsl L-6)

(Mori uchi cabosmethyl®Qlhldsey poBhdrylarey; evdxesnsoleethylynd-r polgdepreyldnatbdodkuman
peritoneal nesothelial cells. After recovery, cells were stinmulated with

ei t her 100038k pelyethylene glygokagdivoqlfats al one or in conmbination with 50
ng/m PC-slL-6R (PC) or DS-slL-6R (DS). Following a 24 hour stinulation

| uci feras v hLaLEEH - oA G Vi FohbiBstceBsthiet was
confi rmed?ﬂgi l{g%%%eg#ye%i @%@Bg{lggn? r glfll,b j\'[/\llﬁ{iélrgﬁ;ﬁ ;r%%ce 35@408}?% di ng’r ease

i n lucifepassterlly] \biyt ynhalhsion spahy,Stowiy .anVahplested epesaveint Pheferdablydthe

i nducti on obtained from experinents performed using.individual primry
mesot hel i BRarBaeeuticaltompositipags ﬁﬁ@uﬁﬁarﬁdpr%&mr(hyﬂ&)ecmn-s%mﬁ@é UBCure 9).

These dat ow- t hat ~di_ gy .upt.i.Qp: -1L, -6 .5ignlfi L ocked e
DS- sl L- GRQ?{%C |b\é¥fotend ioﬁdut?:i{Si oﬁldvg#‘]tl%c%g r ag%nq%llgt i {'Qltlh{ y?%%n%ﬁg}?%c-@ﬁogg and
| L- 6 al ongh&hrvetichlly-hdepRBRecMitiy, adivivaits tofevebivhat r Qb Sedh Qrfntpalt 450l

| evel . 10 ~Y 2p04 21 Exanple 5 EMSA Anal ysis Nucl ear extracts were :
i sol at ed Be§mhamur ingdudel o gubmgancans, minteaceignedss, 3MiRVenMUEs IRrERUSEOIahg/

IL-1 (3, or. 10.ng/m. |L.-6 in conbinatiQ ith 5 1 BC. .- RC) or
6. o1 L oREriOes inlmombvisl FRAREER o Miiced, R oniicrld iRBRARY o kep
(NF-1L-6); iBnbAtifbdiaReicheiduend i ncubated with the nuclear extracts.

Prot ei n- i nteractions were anal ysed by separation on a 6% pol yacryl am de

gel by el ectrophoresis and bands vi sualised by autoradiography (see Figure
10). Acti ¥he pharmateuicak@mpesit®namag boin theford cig stasie inpdablypeeparatianit i al

experinments enphasise that. DS-slL-6R i nduces .enhance i_ndin . C/ EBP
consens us%cgeeéggé‘ﬂgegs %iS{?ELZe {“ﬁ‘?céa%ieoﬁ%l{?ﬂg%%r sz%%%uﬁcﬁug%%slg)g' (%sgsﬁg?ﬁleogabl e
the indi vifdyak féinfPhed atbokdinfRIReRSqh KABweiis tHengtihsiie shitabRigigletingsr EMSA
and supershift approaches using specific antibody are currently being used

to confi r wetting dgants| (verhess, fof exsampier Twien) $0)-d USPERIIBFSWHS- N*F‘Kfr ptegle3
( C/ EBPS) .

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




Exangl e 6 Expression and functional characterisation of Hyn? m ggm 6R -
COS-7 cells were transiently transfected with either pcDNA- C or
pcDNA- 3/ HYPER- DS- sl L- 6R (HYPER- DS-sl L, - 6R) under serumfree conditions.

Fol l ow ng a 24-hour incubation at 37C, jgonditioned nedi umwas harvested and
t he concentration of human IL-6 and slL-6R quantified using specific ELISA
(see Fi gufeniaxig) parqierallywaenptabis dilupatdpu splvast, dbs exadpled as e selution shar ved

h i | brob Fol | awi 4-h i ti t 37C
Cond t  onatt-BushedtbCABERS nd Kot MR Ricred sA0 B B o e tmalotd e, 1
and CCL5/ maANEES vesaD Rifdees solating 280 eoitdiie s&kih%:méﬁ% & ﬁﬁksrg BBldditya, ues

dl
represent the nean _SD from a single experinent. MAY.200 22 Exarple 7

| nf | ammat &fetilepdixed vila progonentiongHe einplayked as e solviertion susparidingantdiums Horon of

a periton .nf 1l anmat i,qn el i.n both wild type d 1L-6_deficient
S5 B ooy ind B o1 s b Sipoy s iing FURPSRBIPPDSE ous

epi der mi didgsi¥desas® AFSBSAcifunsE a€h id LAHHA] i vl iysi ng
this nodel fg}\(/ve have exgn?lned the i 1ne?él %crlrcTi’rat ory gté%"teélﬁ? ﬁgﬁv%gvéﬁg%q%%%}ﬂ i

PC- sl L, - 6Hagi preparation of injedtalides, s aee wemel iphhmegeenti¢adiyeatdpratide oils)i sstiened wit h
sterile P écgnt roI%FEﬂjLOO ng/ use DS-slL-6R and 25 ng/nouse human IL,-6
(DS- sl L- 6R1YE Y067 Fiyt &spseiallyin thair polyoronthylated veraions nkhese pilgolutions

(PC- sl L- 6F) susSESidton | 0 combination 1L -6 or
bo sl L o suspkRid (s%'ssl-%g%é{l%h% &3%0@@@%’9@8“3%%%%&%8&"%%5%

Fol | owi ngHalv3orteosimilat alovhadt i on, the peritoneal cavity was | avaged and

i nflammatory paraneters determ ned. As previously reported for PC slL-6R

(Hurst et EI. | munity, 14, 705-714, 2001) both_ isoforns inhibited the
infiltratt ?IPBWG‘W‘E%HPFW%S‘%’P od\ihis dresnbios uney be osly dministred i any A) |

L I f Bg&g ! . i ped_in.the .l fl ui d '
.chgi :t gn?%féﬁ ur'ﬁ?naﬁ\a/ﬁ%ger gé)l?i‘gtnga%\%égf gﬁtnalo‘?(gmﬂ dp&\e/facgsséﬂ?ﬁlﬂg?dqlgtg’i ﬁ%ced' by
the acti omuebudSispéisidiiR ahdlsblubiofis €l it 64t Of 1dis Ol eSe [ ARi@SRMichidne mean

SEM (n=3-4 ani nal s/condition * = p<0.05; ** = p<0.001). Exanple 8
Expr essi ofPipony ysed doelnds 1lactose vandd comppatagghy - 6 Lubricatiog| agadisiefichi ent

(IL-6~"0 m : ct.ive inductio f .chenoki.nes. speci.fic fo he
recept or s%glw%{a%&f Afﬁ Socﬁlgfﬁ%ﬁ@d‘%x& 0 r%ﬁ@i‘ﬁf“ﬁ?“ﬁ%—“‘s%ﬁ’f—“@"?@g gests
that thi susefinfdifueh® igiadé ackdte AinHaiHed! ddrtitat GL T WNEen TaudRNQEY LR o M0

nmonocytes to sites of inflammation. To test this, a recently characterized
nodel ~ of iminisied praflys theraetive eredient iseunbived eithremuisifitihe andsyspemling

P! o, SRR R A0S T B S TRASSs Skl

bacteri aladdedi tonitis episode typically encountered in peritoneal dialysis
patients and is based on the intraperitoneal adm nistration of a
bacterial-cell free supernatant derived from Staphyl ococcus epidernmdis
(ternmed SES)Phepmpesutist! composition pf this eventibm stay e edniimsteregbyenatdAerdsokb
profiles for L5 apd ,CXCL10O.expression seen in SES challenged IL-6-;"'"~ i
0 MAY 20 Iﬂh#g@%"mg?%h CYURRYSHLPI TG PLPRIEA AFCPTINE tontschmuaiss stgienenm it

| L-6*' * rthe @t BPGparmmBLlita FobahlBbA Sind e Bl " Sollfiéhs' &5 MifneOf
sl L-6R si gnal i.ng%zli nce bl ockgde_ of sLL- GIB%Q{ei éﬁ)@:‘%{i‘r’]@l %—%ﬁ&srﬁ%cghé\nwt h
sol ubl e gEoyifgdgpeb3el) alrohvlent edthdrhmitablef pleserohtivas], SheavrptidXGrdkhotes) aase
seen in SEﬁ-tr ted.| %.—6"' mce o that observed _in |IL6~_mce

€ ce 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.



(Figure 138) Exanpl e 9 Functional characterization of DS-% IQI f;:;;;@_ﬁ vity
in IL-6-"-mce To test whether the nodified pattern of CCLS. TXCL10
release in IL-6~ - mce has a direct affect on | eukocyte recrwtnent,
IL-6*" and |IL-6w mice were chall enged E%/th SES and FACS st ai ni ng perfornmed
on cells lavaged fromthe peritoneal ity using antibodi es agai nst marine
CCR5 and GRS 2(shoow rthe tdtpleler HEabRembteldf sdqherfets indidisg et ineBBEne hdaded an
increase in the cell types bearing CCR5 and CXCR3, however, thjs,.

nfiltrat RO RS PRRBCISLORS Hhequtaiive fiznguembiane dompindarasetlined
Infiltration of CCRS*/CXCRB* cells were also assessed in |Ih-6~ mce that
had been the presence of DS-slL-6R and IL-6 (Figure
| SA) . %‘i@(lﬁ% ctgg(ﬁgsometsg%éﬁﬁeeno ine data, reconstitution of IL-6 signaling
W th DS-sI L- 6R restored the influx of CCR5*/CXCR3* positive cells to |evels
~encount er Eigure14 khovas the sequeace DBgIledBed recrui tnent of these | eukocytes was
specific to DS-slL-6R and was bl ocked by sgpl30 (Figure 15A). Simlar data

was obtained far_ cell popul atiaons dual | abel h, anti_- nti - CCRS
(Fi gure 15Egure Fisbaws fssironencs ahdks Unedivine f?%%)i?”éﬁ"ﬂ"é?@qgﬁd c‘rrot

i nduced Vi ]:@@ r B g a MRbh@k! 8

| L- 6w m ce wﬁ?hégE r‘%ﬁcg}g gﬁngg{%f\fa?igago(?ﬁé%lg%s%ﬁﬁyt ﬁtggt ot nunber of

| eukocyt eandeeingd.t ed to the peritoneal cavity (Figure 15B). Consequently,

| L-6 appears to influence the attraction of |eukocytes expressi ng CXCR3 and

CCR5 through binding DS-slL-6R and enphasi zes that the biolo fs{gcal
propert i eFigyre Oshews terdifferentipleindustion; oft CER$ ligpeds heither IS-HE-6R (or

I nterl euk has. .been d ri s having both pro- and

anti-infl gﬁﬁﬁ{‘%@gh E%Flématfoﬁl‘f"ﬁﬁgmﬁ?ﬁf'?s protective properties, IL-6
appears to noderate the extent of an inflammatory response through its
ability t@idkd®GKshpin@- thBfihMBTRLOSY DEYSIDIERNMedialdd Mi¥ok@dreldisexiings@on and
by pronoting release of IL-1 receptor antagonist and the sol uble p55

TNFa- r ec epamyus(Syisclopabantibodigs and &)dtﬁtsmﬁ 0-44, 1990; Tilg et al., Blood,
83 113-118, 1994 and Xing et al. J. din. Invest. 101, 311-320, 1998)

I nt erl euki al s in.fluence I recruitme a ation
of neut r o Eaihdrs due Jfna RSt if6h cortphne dniioBnbY PEssBeEI R, | o
action (Upicchr &R %i Am Pat hol . 138 1097- 1102, 1991 ; Barton et al.

I nfect. | mmunol. 1496- 1500, 1993 and Xing et al., J. din. Invest. 101
311-320, 1998). Indeed, exposure of |L6-deficient (I L6~'-) mce to an
endot oxi nFémlre)%dhowsetbalrttssl&ofthegiogﬁﬁtaﬁémnﬁblyamater nunber of neutrophils
in broncho al veol ar lavage fluid than wild-type (I.L-6"*) animals (Xi ng et
al . : | 01 .. Central to the regul ation of

I L- 6 medl t%lﬁei \éﬁ? stbgrqsghst‘%éh‘fné&ése%%ﬁ%ﬁ’ ‘a soluble IL6 receptor (slL-6R),
which forns a |ligand-receptor conplex that allows IL-6 responsiveness in
cel | typegi Sgua@ k1 REoWX B &5ir&Bioal ankdNBnERaRA tRarkdtedsatiof & tHypet DS-SR}6K.Jones

et al. . 5 43-58, 2001). This [sIL6R/I1L6] conplex has the capacity
to acti va(/e) dEJWSsthc bestel dbmadiaton gsawetbp Yeft bansorminercof] graghs) prasuged anst @act i on

with the ui t ress ra sducing el enment for the

| L- 6-f ani P %rthe;% L%/%@??’ Eatﬁ@f\f\“}%%a O ., FASEB. J. 15. 43-58, 2001).
It is through this nechanismthat the slL-6R can induce expression of
certain CF@M!@%&Q the- lﬁﬂadMGErog: gttf@ﬁxa?)ofmdsmdéteqns:@mrek,esaseses IpﬁéM 1 and

VCAM 1) (Romano et al | muni ty 315- 325, 1997; Modur et al

| nvest. 1BC- @5&@%&9&?%@Lﬁ&uche et al., J. Immunol. 163, 4583 4589,
2000). Recently, we have proposed that slL- 6R rel ease acts as an inportant

bet ween t FEEUL03 MEFE ABRHBITSR AL | CLCk e g 3 Bo Sfand ¢ ne
more sust aiaReh FPLAY wtlea;tpecemn/ei (X6 $aRg TUUPNHiYe wetd GlRapBdioatLs

signaling mght contribute to the previously described effec of IL-6 on
| eukocyt eadrenisteredrovith SERi & BB&wdtatabpldemgnatedt 1mtmabaﬁle$mmaP®VSWL 6R

and DS-sl|-6R r t he ex S] enoki ne hough
bot h fornta ?ggbﬁ t&l’&%t"‘e%at‘%“ 5&@»%@& Jngﬁa: &Ir‘]II‘?PS&gBﬁO Alﬁ“%’oul d
elicit rekegser dgd he donfbmdiodondn TN ?1% ousd E’gﬁl@ﬁa’)ﬁ Mepdéi%)atc-ﬁhhﬁteneans
that DS-slh-BR may serve a prom nent ein Y 2004 nononucl ear

| eukocyt eintédvaly shpejtopeal aaﬂtynmmg@;t InévoﬂucasnarﬁChﬁt@né@X@th tavelsosey &
Loet scher, 2001). Indeed, CCRS is a marker for Thl cellular responses which
are typi caI |l y associated with certain inflamatory diseases (Qn et al., J.
. din. Invest. 101: 746-754, 1998; Sallusto et al., J. Exp. Med. 187:
875-883, 1998;). The specific up-regulation of RANTES, MP-1 a and MP-1 [3
by DS-slL-6R suggests that this slh-6R isoformm ght be involved in

control I | ng the hom ng of thi S T-ceII subset to these S|tes Recently,

T | 1 ~ o, o .




To date very little is known about the inflammatory events.icﬂoWo d by
the Il,-6-nediated activation of NF-IL-6. In general, IL-6"Is 0 t to
active two set of genes through activation of STAT-3 and NF-1L-6 fam |y of
transcription factors. Thus in the casg,of the acute phase response, -

NF- 1 L-6 has been reported to regul ate expression of class 1 acute phase
prot ei ns wergquantiied an tavage finish wsing BIIS As 8faluss ang/ bxqireysed whitleendnais SERf acut e
phase genes_such as f.i.brjinogen are controlled via STAT-3 (zZhang et al., J.
Bi ol . Cheﬁﬁ‘”%‘ff"egﬁ%%“i@%esoa 1997). Evidence presented here clearly shows
t hat al t hough both isofornms of slL-6R are capabl e of activating STAT-3;

DS- sl L- 6RFpRSS 5 a8 L . : gactiyvation.
It is thi s%dhi?f ?er%gﬁ?%glﬁfaé?zti vatn?gﬁhgk’yﬁéﬁfg@gﬁ%ﬁ aﬁg?ﬁ@%’%ﬁgﬁor%d[nate
expr essi oH-6" BT Egereind IpHES and bIly6t haice oferd] Sidindstand WitlP-¢lthe8 PBS thi s

respect, ti epe nf{ .an sis of MCP-1, RANTES, MP-la and MP-1[]

expPessi otfogg‘\‘?ga‘ﬁeggf' efw@vﬁ&uf\ﬁé%e pefitaneal cavhs ae lapesd aud rcheerrec@méd t hat
of - RANTES, - wWitPaki i i pare i f i of
CC- chem)kfer%lg g&%r@%@%}gn may l%gdgﬁst Erlt;it‘]b%?gg a?lg {'lfgéﬂgln |(§/|%§hj§'? édr @83‘% ‘é‘l?lbbn of

STAT- 3 anQublirahts- Geter 3ets acdordiag i @ atipfiibiesdthée R coMEAT MRibodict MMd 2D~ 26
Anal ysis of clinical_ sanples have previously shown that slL-6R |evels are

i ndependePgIC§atag @t cs|ls bang in th gpprroichs scomrenl isqueieteddynenn 1 SEMffam 4+t i al
nRNA spl i g | ¥k sheddi n cl eavage riuchi et al,..

rmunol ogficeeyRh Rl EGlathes) o SR RiltesE R SEph ol 5 o cofigii,

2001) . Cowahe@s edprésent thSsidan ¢RR) arBENIGrond 4-66RicB Ty dabHic¥hdiigh | y contribute to
the overall properties of this soluble cytokine receptor. Recently, we have

anal yzed the ‘expression profile for sIL,-6R in peritoneal effluents
obt ai ned Fieyrs patshaws Resmitreenti ofirells exptsating SIGRpend tGRERB i BI-¢'$i snd CAPD)

shown 1 hot-&1 REGofE-Boriie Bete Bt LyBhS et s Psaling QREBI ) 245
hours fol &MING R0MREhGER) (BSTE!6) i ThCHRSERE bflabs eva?rs%sg@ L gpigg cantly

bié 8pi
i ncreased on d;)/ 3 of the inflammtion. This inplies aro eo¥uor %-sIL-GR
duri ng t hdSPang/mouset)ages alfo dicheldeas Tivicumh Quesdrarss svaé set iaotarding to

eritoniti anpl es have .seen that expression of NTES; M P-1 a and
R/I P1/3 %@Bﬁ‘r‘é@%&‘l‘f Yt\%t B?Httc&a?“ﬂaodieﬁ %ﬂﬁ‘é‘t)%@f??@ﬂ@sei ‘?Pif éelfﬁ SHORE it thehat  of

MCP- |, Whiler K @%Hr eki : t
shown). In eeg%ﬁt ﬁeegﬁ{sé SSEYI%I%%&F% ctl (:)h:? %%%%E%@W@Regﬁgeﬁﬁj%ﬂg@l?g@oby

DS- sl L- 6Rlang vathl seprastmtative herttet Ipbse farhenb lcondisionr(@eee ADr B)sPetcemager of N t he
i nfl ammat or rpcess at, their action_ s distinct fromthat of other
Cehonok FESER FELRatpEIEbeled itk Rbories Seck CRB DD duppes W Yalbesal | o
t he CCR5-J I i\t ] - - ' jtic
ol 15, ParonS ey RAT ST roR s B bl Condilif 5 byl |
ganmma- | FNoaetéh/etpedmentad oomdition (Ibeekgraph)e Valubk rdieedent Bie ratan = BEMIfiom

| mmunol . 4[ 83-87, 2000; Braun et al., J. Imunol, 164, 3009-3017, 2000).
ConsequentPynicgifercash pendiionax pr essi on of CCchenoki nes by the slL-6R

i soforms can contribute not only to the recruitnent of distinct nononucl ear
| eukocyt eEﬁﬂB_ pQpul ations, but can also influence the expression profiles
of other ne |gtors that participate in resolution of inflanmation. As all 3
chenokines as well as Mtrophic strains of H 'V bind CCRS, high |evels of

M P-1a, NiRtetal addMEBDHES conpete with the virus for CCRS binding and
effectively suppress HV entry. Consequently, any factor capable of

r edr essi gg t he bal ance of this conpetition in the favour of the chenokine
can be u O%s an HV therapy. The use of the fusion protein of the
present invention is therefore useful in the 1 Q MAY 260 27 treatnent of
any di se i gnfgctw O n j . i

Mt rophi ?fctu\rma‘?{'ljg 33{}5 ‘Efs\“ih ti{l% 6%0?%%0??% E:ve o%?%%‘?%%?hﬁ@gﬁgn%%% eednt

appl i cat i(blsicubf ex re@ld Uanneokign 85.e 368369y 108401 pdiaiceibnabraitiFllPg and
reference. It \I%,i| b Sgerstood t hat the_ present invention has_been

descri bed™bigiEr 69*4‘\%5? fandy BHi-d27 apweethvely)nderes inveshiasss fiom Rt&i P can be

made within the scope of the inventions as defined in the appended cl ai ns.




10 MAY 2004 28 Claims 1. A fusion protein conprising a fudcdiMiaRils-6
nol ecul e and a functional DS-slL-6R nolecule, wherein the protein increases
t he expression of one or nore of MP-la, MP-1(3, RANTES and I P-10. 2. The
fusion protein of claim1l, wherein the functional IL-6 nolecule and the
functional DS-sll,-6R nmolecule are |inkkd together by a linker. 3. The
fusion proisgii agGAITMIE - @@g- ' ' iq60 TS eGmrifa
sequence %&%SG%%&I%SE?EABR e f%%oﬁ?%%% %@%E%?%S to any one of the
pr ecedi ngseghencemf DAl e6R) (Hbududhiipiodli, ofsarah)l, - 6 nol ecul e conpri ses residues
29 to 212 of figure 3, or a functionally equival ent honol ogue thereof. 5.
The fusio r.ot ei a[ccorgfln to an é)ne Q ]t e 1Esrecedi ng clainms wherein the
functi onaﬁ—-ﬂﬂ—éﬂiﬂﬂ@woa on SR UEAnperrancal HICSQIABIBR SRS given in figure 3, or a
functionally equivalent thereof. 6. The fusion protein according to any one
of the prﬂﬁ&%g,eﬂﬂnemrﬁesowi@ﬁbaist@@mgp%t@ﬁalatela%;séd_rm &ﬁﬁ@(@@m ety
“conprises residues 113 to 364 of figure 4, or a functionally equival ent
honol oguetryiser: ed2%67 w/ThEDTAS | digesticot ef nmevtdrtisswy framm apepsantiag qratienls

precedi ng ¢ eFEoHRE glnive bagminal WLl ORI S AR ebar 5 peu SR, 128 the

sequence ,
' 1876-1886, 1993). Cells were cultured in Earle’s buffered 199 medium containing 10%

(viv) fetal calf serum, 2 mM L-glutamine, 100 U/mi penicillin, 100 pg/ml streptomycin,
Spg/ml transferrin, Spg/ml insulin and 0.4pg/mi hydrocortisone (Life Technologies or
Sigma) at 37°C in a humidified 5% CO, atmosphere. Prior to experimentation, HPMC
monolayers were growth arrested in the absence of serum. Under these 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-la, MIP-1p and eotaxin were analyzed using Amersham BIOTRAK
ELISA Kits.

Luciferase reporier assavs

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 ef al., J. fmmunol. 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 (0.5-1.0pug).  Transient transfection was




equi val ent thereof. 8. The fusion protein according to an ' f e
precedi ng clainms, conprising one or nore functional IL-6 ?bpgﬁ%f%nﬁgnd one

or nore functional DS-slL-6R nolecules. ~ ~ MAY 2004 29 9. The fusion
protein according to any one of clains to 7, which conprises one
functional IL-6 nolecule and one functil8nal DS-sIL-6R ol ecul e. 10. The
fusion prptrdomeiosiigh standa0d il iveFhdibhith ?rd%ﬁﬁﬁiﬁgh RQhiqat E@ﬁabﬂiﬁ%s i t he
fusi on prat n increases the expression of MP-la, MP-1 (3 and RANTES. 11.
The fusio e%’bt%ﬁ@"ﬁbe&dﬁﬁﬂi% H¥3).on@nes thel HPMEC Thatl oregoventie cells welne

fusion pr | 1] he .expressi on of M P- MP-1 (3, RANTES and

|po1o oSO Ak 1S BARAE S kafipity GAL Wieiesiet et gL i s,
wher ei n t heifetsse ﬁﬂi\ﬁw&éﬂmiﬁé&wmoh{&y%ﬁfge& é{)ﬁﬁle ial'\rhaf&asel\és%g(la% or.
RANTES by at least 5 fold. 13. A nucleic acid nolecule encoding the Tusion

protein oﬂ)famg@ne of the preceding clains. 14. An expression vector
conprising the nucleic acid nolecule of claim13. 15. The vector of claim

14, which B a.pronpter and ot her regul-atory sequences in order to

obtain e Pieddialiog SPptibar'e %&%i c acid nolecule. 16. A host cell transformed

with the vector of claim14 or claim15. 17. A nethod for producing the

fusion preteesr aGREHONOE Prépadd OREHPME LdhsH rh {g%éi%ﬁ@%%& (1 SlraBdH =551 1O
g |l e anél

the nucleic acid nolecule of claim13 in a Suit ost cel I sol ating
t he prot e?fiDNA binding proteins. Briefly, cells were harvested in ice cold PBS (pH7.4) and

pelleted by centrifugation. Cells were resuspended in cold buffer A (10 mM
HEPES-KOH (pH 7.9), 1.5 mM MgCl, 0.2 mM EDTA, 0.3mM DTT, 0.2mM PMSF)
and incubated on ice for a further 20 minutes. Cellular debris was pelleted by

centrifugation and the supernatant stored at -80°C until required.

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
SN A (5’-GATCCATGGGGAATTCCCC-3’ & 5’-CATGGGGAATTCCCCATGGA-3"),

£ STAT-3 (SIE-m67 S’CGACATTTCCCGTAAATCG-3’ &
9 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 [o??P]-dTTP using the
Kienow 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 CCR5-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




18. The method of claim17, conprising transformng a host cell with the
vector according to claim14 or claim15, culturing the ho$tl ¢4AYl Zmider
suitable conditions for the production of the fusion protein. according to
any one of clainms 1 to 12, and isolating the fusion protein. 10 MAY 2004
30 19. A screening nethod for identifyi g agoni sts or antagonists of the
fusi on pr?teﬁxn.@i@wﬂf biRa Rl withe1 @hofhithifar LS. 1 RollGOMBl dnSbVnigREt i Ng a
candidate noleculein order to determne if it affects the function of the
fusi on pr ddcebatidy) celifiph anpemnatatts vate cdlepied iahi cherokipe peidugtiothdetémingsh
protein accordin on f clains 1 to 12 a phar ceuicll
accept abl Hsﬁrwllcdﬁi% g’ra Ure Hiepfegent othe We%égtrj%@@u PEYl 1:‘515% 2 on
conprisin I 1 i ol @i m
I S e A e A
vehi cl e. @MTK‘MIF-Q&D OG,‘C]MO(MIHHQ);CQCQEHQ{ANTES)/ aadeCHRCLADa{IRE 0] wiulel2, the
nucl eic acid according to claim12 or the expreSS| on vector according to
clai m 14 BE-dLARhas ng effeaidses) g 6)- aB;ﬁ ipductigneofo CGIRMGE 19 nd (ftlel 1y
accord| ng 40 any ane o ns..1l t t he nu according to claim
or ¢ neSarlad il e p il ey ts PR BN o 15, 1 the
rranuf acture of a nedi canent for the prophyl axis or treatnent of an
i nfecti ougxdinpd@se, an inflammtory disorder or an inmunol ogical disorder,
when it is desirable to increase or resolve an i mune response. 25. The use
of the fusion proteln accordi ng to an ._one of claims 1. to 12, the nucleic
aci d accolnlib af PISaglin6Ramedip aleasp vector according to claim 14
or claim15 for the rranuf acture of a rredl canment for treating or preventing

f ect d t
Fndi vi dualr HeRs o BB ol AL Al O Ui Bl SO BRI R 21
resol ve apginfiMSIT-SRPANGRnbid&ion WRh UBenginl mes f UsdleRe RFQELD aad QTIH ng to

claim23 or claim?25, wherein the infectious disease is A DS caused by a
M t r ophi c vere quantified ppivg 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 (0-5pg/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 CCL5/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-s[L-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 (o). Values represent the mean + SEM from 4
independent experiments. In other experiments RANTES release was blocked by the

inclusion of soluble gp!30, Hyper-IL-6.



26. The use of the fusion protein according to claim 23 or‘]@rpﬁ{a?ﬂ%
wherein the infectious disease is bacterial peritonitis. 04 31
27. The use according to claim23 or 25, wherein the immnol ogical disorder
is rheumatoid arthritis. .AY. Ae. A . A AygA<. Al . AKY. A A AA.AAA
_LA<VA AK<. A AR A AL . AY|.A A AC. _E A. A8e. Au ). A3; <86
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Luciferase reporter constructs containing a 1.4 kb RANTES promoter fragment

(RANTES-1.4) or various mutations within known transcription facior 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-1B, 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.
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interactions were analysed by separation on a 6% polyacrylamide gel by electrophoresis
and bands visualised by autoradiography (see Figure 10). Activation of NF-xB and
STAT-3 were used as controls. These initial experiments emphasise that DS-sIL-6R
induces enhanced binding to a C/EBP consensus sequence. Since this consensus
oligonucleotide does not enable the individual C/EBP family members to be
distinguished, competition EMSA and supershift approaches using specific antibody are
currently being used to confirm the involvement of either NF-IL-6a (C/EBPP) or

NF-IL-68 (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 CCL5/RANTES
quantified using specific ELISA (see Figure 9B). Values represent the mean i SD from

a single experiment.
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both wild type and IL-6 deficient (IL-6-/-) mice using a cell-free superatant prepared

from Staphyloccous epidermidis (termed SES) (Hurst et al., Immunity, 14, 705-714,
2001). Using this model, we have examined the inflammatory potential of DS- and

PC-sIL-6R in IL-6 -/- mice. Mice were intraperitoneally administered with sterile PBS

| (control), 100 ng/mouse DS-sIL-6R and 25 ng/mouse human IL-6 {DS8-sIL-6R), 100
ng/mouse PC-sIL-6R and 25 ng/mouse human IL-6 (PC-sIL-6R), SES alone (SES) or in
combination with DS-sIL-6R and IL-6 or PC-sIL-6R and IL-6 (SES + DS-sIL-6R. or
SES + PC-sIL-6R respectively). Following a 3 hour stimulation, the peritoneal cavity
was lavaged and inflammatory parameters determined. As previously reported for
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
CCLS5/RANTES were also determined in the lavage fluid and consistent with our in
vifro 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

The selective induction of chemokines specific for the receptors CCR5 (CCL3, CCL4,
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"
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CXCLIO release seen in SES-treated IL-6** mice to that observed in IL-6” mice

(Figure 13B).

Example 9

Functional characterization of DS-sI-6R activi in IL-6" mice

To test whether the modified pattemn of CCL5. and CXCL10 release in IL-6" mice has a
direct affect on leukocyte recruitment, IL-6* and IL-6" mice were challenged with SES
and FACS staining performed on cells lavaged from the peritoneal cavity using
antibodies against murine CCRS and CXCR3 (Figure 14). Treatment of IL-6*" mice
with SES induced an increase in the cell types bearing CCRS and CXCR3, however this
infiltration was impaired in SES treated IL-6" mice (Figure 14). Infiliration of
| CCRS5YCXCR3" cells 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
CCRS*/CXCR3* positive cells to levels eﬁcountered in IL-6*" mice. Increased
recruitment of these leukocytes was specific to DS-sIL-6R and was blocked by sgpl130
(Figure 15A). Similar data was obtained for cell populations dual labeled with anti-CD3
and anti-CCRS (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 CCRS 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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or inflammation is suppressed by its action (Ulich et al, A4m. Pathol138,
1097—1 102,1991; Barton et al., Infect. Immunol. 61, 1496-1500, 1993 and Xing et al., J.
Clin. Invest. 101, 311-320, 1998). Indeed, exposure of IL6-deficient (IL6™) mice to an
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endotoxin aerosol results in a significantly greater number of neutrophils in
broncho-alveolar lavage fluid than wild-type (IL-6') animals (Xing et al., J. Clin.
Invest. 101, 311-320, 1998).

Central to the regulation of IL-6-mediated responses is the presence of a soluble IL6
receptor (sIL-6R), which forms a ligand-receptor complex that allows IL-6
responsiveness in cell types lacking expression of the cognate IL-6 receptor (IL-6R)
(Jones et al., FASEB. J. 15, 43-58, 2001). This [sIL6R/IL6] complex has the capacity to
activate cells that do not normally respond to IL-6 through interaction with the
ubiquitously expressed signal-transducing element for the IL-6-family of cytokines,
gp130 (Jones et al., FASEB. J. 15, 43-58, 2001). It is through this mechanism that the
SIL;GR 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). Recentlf,', 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 CCRS ligands RANTES,
MIP-1a and MIP-1f. This means that DS-sIL-6R may serve a prominent role in



10@/ 10908 () - - M 109%08’ () - 3+=10%& ()-) M 10908 ()-' M 10%0d §)MAO@Bos: () -1 -
.10;>/bC8 10@! 10%@& ()-! 10%@& ()-110%@& ()-1"<10%@& ()-= 100 100

100LM 10%0& () - s/ dYNCS 10@ 10@ 10@ .

10@! 10%@ ()-h. ! 10%@ ()-).! 10%@%& ()-), 10%& ()-! 10%& ()-"~dEYNC8 10@
M 10%@& () - 6100/@ () 109%@& () - 00! 109@& ()- |10%@& ()-3" 10%@& () - =oxnbC8

}-%ZI)E;%(C)I;A ?%%Olow&' () 109& % lllIﬂi f{ és ?ﬁfl?alé&g@? 69)" BTN ) ackvaSHE () -

0! 10%&' () {Blot&%R T optsChiea, 2R Indeed, CCRS is a marker for Thl cellular responses which
are typically associated with certain inflammatory diseases {Qin et al., J. Clin. Invest.
101: 746-754, 1998; Sallusto et al., J. Exp. Med. 187: 875-883, 1998;). The specific
up-regulation of RANTES, MIP-1¢ and MIP-1B by DS-sIL-6R suggests that this
sIL-6R isoform might be involved in controlling the homing of this T-cell subset to
these sites. Recently, however it has been reported that IL-6 acts on T-cells to inhibit
their differentiation to Thl cells (Diehl et al., Immunity 13, 805-815, 2000). In this
respect, the release of DS-sIL-6R from T cells (Horiuchi et al., Jmmunology 95,
360-369,1994) may also serve another role in the control of Thl polarization, since
sIL-6R has been suggested to act as an antagonistic molecule that enhances the
inhibitory capacity of soluble gp130. (Miiller-Newen et al., Eur. J. Biochem. 236,
837-842, 1998). Thus, by mopping up any free IL-6, DS-sIL-6R may prevent IL-6
acting directly on the T-cell subset to influence their phenotype.

To 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, NE-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-1o. and MIP-1§. In this respect, time dependent analysis of
MCP-1, RANTES, MIP-1a and MIP-1P expression revealed that MCP-1 was induced
considerably earlier than that of RANTES, MIP-la and MIP-1f. 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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splicing and proteolytic (shedding) cleavage (Horiuchi et al., Immunology, 95, 360-369,
1998 and Jones et al., FASEB. J. 15, 43-58, 2001). Consequently, DSsIL-6R and
PC-s1L.-6R may individually contribute to the overall properties of this soluble cytokine
receptor. Recently, we have analyzed the expression profile for sIL-6R in peritoneal
effluents obtained from patients on continuous ambulatory peritoneal diatysis (CAPD)
with overt clinical peritonitis. Through analysis of these samples, it was shown that
although total SIL-6R levels were raised within the first 24-48 hours following
infection, DS-sIL-6R concentrations were only significantly increased on day 3 of the
inflammation. This implies a role for DS-sIL-6R during the latter stages of disease.
Through analysis of clinical peritonitis samples, we have seen that expression of
RANTES,; MIP-1c and MIP1B occurs much later (day 4) in the course of infection than
that of MCP-1, which peaks on day 1 and returns to baseline by day 3 {data not shown).
Indeed, the specific induction of RANTES, MIP-1¢. and MIP-1pB by DS-sIL-6R not only

_ infers that these chemokines are expressed later in the inflammatory process, but that
their action is distinct from that of other CCchemokines such as MCP-1. In this respect,
it has been shown that all of the CCR5-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 inflammatios.

As all 3 chemokines as well as M-trophic strains of HIV bind CCRS, high levels of
MIP-la, MIP-1f 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
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All scientific documents, 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
example, and that modifications of detail can be made within the scope of the

inventions as defined in the appended claims.
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1. 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-lo, MIP-13, RANTES and IP-10.

2. The fusion protein of claim 1, wherein the functional I1.-6 molecule and the

functional DS-sIL-6R molecule are linked together by a linker.

3. 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
functional IL-6 molecule comprises residues 29 to 212 of figure 3, or a functionally

equivalent homologue thercof.

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 -

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.

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.

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

10.  The fusion protein according to any one of the preceding claims, wherein the

fusion protein increases the expression of MIP-lo, MIP-1 and RANTES.

11.  The fusion protein according to any one of claims 1 to 9, wherein the fusion

protein increases the expression of MIP-la,, MIP-15, RANTES and IP-10.

12. The fusion protein according to any one of the preceding claims, wherein the
fusion protein increases the expression of MIP-o, MIP-B or RANTES by at least 5
fold.

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

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

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
11 comprising expressing the nucleic acid molecule of claim 13 in a suitable host cell

and 1solating 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
the production of the fusion protein according to any one of claims 1 to 12, and

1solating the fusion protein.
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protem according to any one of claims 1 to 12 compnsmg testing a candidate

molecule in order to determine if it affects the function of the fusion protein.

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

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

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

diluent or vehicle.

22.  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 claiml5, for

use in therapy.

23.  Use of the fusion protein according to any one of claims 1 to 12, the nucleic
acid according to claim 13, or the expression vector according to claim 14 or claim
15, in the manufacture of a medicament for the prophylaxis or treatment of an
infectious disease, an inflammatory disorder or an immunological disorder, when it is

desirable to increase or resolve an immune response.

25.  The use of the fusion protein according to any one of claims 1 to 12, the
nucleic acid according to claim 13, or the expression vector according to claim 14 or
claim 15 for the manufacture of a medicament for treating or preventing an infectious
disease adapted for administering an effective dose to an individual in need of such

treatment, when 1t is desirable to increase or resolve an immune response.

25.  The use of the fusion protein according to claim 23 or claim 25, wherein the

infectious disease 1s AIDS caused by a M-trophic strain of HIV.

26.  The use of the fusion protein according to claim 23 or or claim 25, wherein the

infectious disease is bacterial peritonitis.
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27. The use according to claim 23 or 25, wherein the immunological disorder is

rtheumatoid arthritis.



