d vcosam nool vcan- ant aci oni sing MCP-1 nutants and net hods of using sanme The

present invention relates to novel nmutants of human nonocyte

chenpattractant protein 1 (MCP-1) with increased glyc ) (GAG

bi ndi ng aVPi2pi%tY>8&hd knocked-out or reduced GPCR acti %%%@Pg@%%ﬁrgggg to wld

type MCP-1, and to their use for therapeutic treatnent of inflanmatory

di seases. All chenokines, with.th ception of ot act i o me

fraktal i - nigt o MILgn e e

subfam |y, respectively, have four cysteines in conserved positions and can

be divided into the CXC or a-chenokine and the CC or 5&3- cherrgrki e

subf ani IMhegreserthe/dntion selafesttd sopeianeants GrhuatremerocHe ShePPRPEFAM of an

am no aci d be he..t ' Al ' inChedoki nes are
S upetrehlie B DAL ¥RieBéed ShEBStirodheh (Saly bidRd i/ B

smal | ron as”i C ar nessengers to

or chest n@bekarbiNeH balicetnGPTRpaalvity nombassudoi wilddypy PKIP-3f ane ik Betuss from
the lumen of bl ood vessels i,rgto ti,ssues (Baggiolini M, J. Int. Md. 250,

91- 104 (feoibergpeutinrgaknentof iNl2MMRIGNEYSEI*She i nteraction of chenoki nes
wi th seven transnenbrane G protein-coupled receptors (GPCRs) on the surface

of target cells. Such interaction occurs in vivo under flow conditions.
Ther ef or/dl chigmokises Withsheneneetionf Iyserhotegifvamt fraltplgie/ %‘&ﬁa&ﬁ'ﬂ W?‘écthr%ﬁui red

and ensured, by t i ' bldriical | haerfbaceysteines i
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Wit h t heignseReeiositens and can bieldvided intotheaCXEard-ehamekine 2O S Ghords a
triggering donain, .and. the other. wt.hi ] second
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of chenoki nes conprise clusters of basic amno _aci Lal Ly di-st Lnet
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hrough the C-term nal a-helix an s 20 in the
pr oxi mal (Beggmdipi MOuhbt. Mﬁén@ﬁ@s%és1,04s@9m STWE@’T,% 'S Wﬂeggﬁﬁ‘?i cant
overl ap hetwee i t i _eothh-ebubbddestptesd t he GAG
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ain. Exp. . 97(3), 451-457 (1994), Robi et al . olin  Exp.
ool . S303468)ioomater (e FeGaBBSRENt VTN IFORY: BORAOKTOLRENT FELBE: rnoi 1
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P.J. et altes ofEREdlanasesmn B, clEaeE-dHagic(anne AridsEpataif FI5tnd HaRolt i ce

that | ack -1 or i > qg?% _égq@m 86 RUNTER REEES and
T-cells @6%?%%%?%33/%%?%%00( 'e\(/jvanTy(l%. . eté%éu%?(,;ﬂ J§ | munol.. 159 él),
401- 408 (GEAT notiBortha g0k lodt asinajor BAGIbindingsitaniL-B7nte(arty with S51Gy Brgudn

1996), Kuziel WA , et al., Proc.Natl, i ; -
(1097) Lt Biemayiabi-Hehy Bnitkys pRg: Prpiied apbon (s Rfmolned el

tr eat mentymbih sNER-alsig@ptarlovaiiagbanidehar essiduesthheconprisiedhe cadeptor

ant agoni sts can reducé inflammtion i.n, several_.aninal %elg (#ﬁ@gps N. W
et al., Xindingiaot the @& iergsh,ng@ﬁ@ém%zt(-é@SV;B@?P?"b. @)-422%%1 " Lab.
| nvest . %ﬁérﬁz%%ﬁj 404 (1993), Gong J.H., et al., J.Exp.Med. 186(1), 131-7

(1997), etal., J.dininvest. 99(12), 2832-6 (1997)). Finally,
LDL-recept or/ MCP- 1-defici ent and apoBtransgeni ¢/ MCP-1-deficient m ce show

considergbly less lipid de Lt i laf oughout
Thei 1 aoriate EBnperans sFERaTny NesR] o FRSKARRApaasRe CheAbkRcldnt

| munol . gﬂr@@ir(@ MCB24) B3 HBAGIyte Bng lymghabyteespaific chemagtiactantangsacivags( 6) ,
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i denti fi efaund Kea vatdly &f disgasesdhat i%;?r?lﬁﬁ&emgf‘%ﬂﬁ?'ﬁgh %Wﬁ‘gﬁﬁﬁ@éﬁfe@'ﬁﬁ‘y’ﬁ%‘?’na| and
di seased physi ol ogy has becone nore and nore intense. The constant need for
new anti-inflammtory drugs with nodes of action different fromthose of

exi sting drugs support the deveCENRRMAJION&SPRY ot ei n- based GAG ant agoni sts
and their use in an inflanmatory set. Since in the |ast years the nol ecul ar
basis of the interactions of MCP-1 with CCR2 and GAGs have been studied in
great detail, targeted engineering of the chenokine towards becom ng an




For this purpose several reconbinant MCP-1 variants that conpete with their
wld type counterpart for glycosam noglycan

bi ndi ng_and_show _r educed- or - knocked- out - acti vati on- of | eukocytes have been
gener at edWO B0BaMséquent | y, one subject matter of the HPrEBEHBHRENtIOon is
to inhibit |eukocyte, nore specifically nonocyte and T cell, mgration by
antagoni zing the GAG interaction with & MCP-1-based nutant protein in the
cont ext wfchiasfdthenmatierosioiNedneN di. et pt ot @lisebwvesu B8at121-THY {i984); d@&rre

ci ther _BYeUART gr TaoeHPH AR B ot Hee Lioah Bl Bl ng &
new GAG (Rioiag, étefl, QNCiimtiavddheadVEP-7moqt es aaadassa mxéttaanemusExp knocki ng
out or redu0| ng its GPCR acti vi t&%&n specifically activity of the

chenoki nevmomlSOHEs 46845 7<1884)s Foginsgn & bap ¢3§h§éfpvthfﬁu%°*ni@ﬁﬁ% Fep- 1

t f f
or ot o1 1 J9PLSEB) gl el P RS SIS R ETaI LGt e
repl aci n2BERAT2 (98N aral camgdstl\m hearbadure (Aulrust Pelet et r Gincwaticat $Hd 1361 no
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opt It onal iidbck@tfti?hi&é tadt 1AEK rtesom—n@k |t®f%d®:pQ{TlUtER£ l\ére]ELmaEhao {n‘e&r?mtnd\?ﬁleytbst ‘
roeln resu I n A arti or co e S O Cem)CCCVI
R L . A R A T S AN o B e AR
i npr oved({;ﬁgﬁ %nﬁg @ngﬁéfd JGé@ EhaRasT (1), Teenarses (agbé)ak@heammt leew. are

deficie or’ reduCed 1 n induci ng Cal ci umrel ease in standard nmonocyiic cell

cul t ur e. Praciatl. AeadaBei. Hﬁ&t%‘? @@Ls??&ﬁl?’rfb 1i9|9(7f'P dasde@cbFxaiMag. 4B7iltlti es and
reduced bef ore.
U8280310 @ggg%@crl s K%Cé’%f%rr%? ec es WI t EE%%?% qddg%:ée}ﬁt@%g and

r epl acenological aitagonists caairddudd ioflarmetios é e@\t%al grirsitrinossls Haukacd NMW.f t he
Feat ur bsStat Siiingbn g OISR EERRE ok O, BH0 L bR AR 802 oy

Steitz Sgg@uo.atggléﬁa&@u Heret,al40.8xp 08EJ.,18811), 1158 ﬂﬁ@pmmmmdeAe@I athnl y

Tose,  27aCipytvest B2 2iia) (ULl Hpabhi-pLueeeR oIty kbl e 89T ol Ve

in receptssgehring- ﬁ@éﬁd{érwmegtshgw%hsi@bm!ﬁy redibiicrbbensn bAdr educe GAG
binding affinity of the nutant MCP- 1 protein. 3a In a first aspect, there

i s proviBearophamPaceHIPdAtonihgeughethiner FNSECRIEEITAG e VT MR $IFAIRS, and
reduced t t ro n, r rized in
hat T hel M T St e A ) e e G S TR

i nserti of0DH(6) a't'ﬁ%é‘*s@ggjhe basi ¢ and/or el ectron donating am no acid or

repl acenent of at |east two am no acids by at |east two basic and/or

el ectron donating am no acids. In a second aspect, there is provided a

MCP- 1 nusané the ﬁmemem@ihaesaamwmezerdcemotMvel tteemoﬂ@mﬂsésthehaemut po acid

(73) (23 PO VOSSR RGP T SORER RO ERT L SKP S AREICABRKE RYPCLERRA®

DKQT QT PKdngviRk € inflersl. The %@hﬁﬁhﬁﬁ’eédi@ﬁhéh%r@rlﬁﬂ@nm&td?y angsAvittGnobles of
preferably it is A wherein Z2 is selected fromthe group of R and K

wher ei n z@qnsd'fé@eabff@"a thessrefraxistigs sivoosuneosiihe develaBmentohoew rrat@iNect ed
fromthe romt e grgémékg aﬂﬁtﬂesﬁagemarprn%wwée& Is A wherein X2 is

sel ect ed up consisting of S, R K and Q preferably it is
K, wherein X3 is selected fromthe group con5|st| ng of R K H Nand Q
preferably it | dof Vv,
ROl by Skl SRR BiyoiepliB SRS Sl B, e IRbhE oD SRR ERpIALY, |
0 or 1 a@@@ﬁiﬂ\@ihﬁe@tst&cﬁasun treat oétaposrgdtensngiBeerkyy mfrthe(ahemekun\acﬂmmrdd

becoming an effective antagonist of MCP-1's biological action is feasible.

For this purpose several recombinant MCP-1 variants that compete with their wild type

counterpart for glycosaminoglycan binding and_show.reduced-or-knocked-out-activation

of leukocytes have been generated.



In a third aspect, there is provided a MCP-1 nmutant protein characterized
inthat it is selected fromthe group of Met- MCP-1 Y1 3A S21K V47K,

Met- MCP-1 Vi 3A S21K @3R and Met-MCP-1 1113A S21K Q3R V47K. In a fourth
aspect, there is provided an isol ated pol ynucl ei ¢c aci d nol ecul e,
characterized in that it codes for a protein as defined above. 3b In a

si xth a@ge%hﬂ ritp%fefe 5§%%&@%fahyg@sem invBatiar isdpiinhibit leakedyia, mere

conpris NEERUFTEEY Bi'e mol ecul e as defj ned, abo,ée. é.@‘ -ﬂnfa%@%}&hﬁﬁpe”’

t here igpergmyliydﬁdn@:ytseamdﬁiQ@&rftmgf@il'qn,bﬁéﬁﬁ%@f‘@mgz § PRCHREEST P
transfected with a vector as ] E i mopRets. there is
provi deliCE-phasarmEdian eaﬂte@d%g??s?@ﬁ%%%%”é@?ﬁ??ggmﬁ tpﬁgt it comprises a
protein as defined above, or a polynucleic acid nol ecul e as defined above
or a vector as defined above, and a pharnaceutically acceptable carrier. In
a ni nt hSuEpRafY, there is provided a use of MCP-1 nutant protein as defined

above, a polynucleic acid nol ecul e as defined, above, . r. as defined
above | Thedissdsheoddsorbasenginegrisgioh A MsNes ﬁ@%ﬂ%ﬂﬁf#"éx's“?%@ﬁ@%?8|* ogi cal
activity of the respective Wl J; Ntiho asRACBAGt here i s
provi deditheniyemnodiiingthe maﬁ?%%&ﬁ]dﬁﬁgée% ?rlntg%ﬁﬂg%gvé, 4 pol ynucl ei ¢ aci d
nol ecul ,a[gn def i O@%ﬁ%}quy\ﬁ@p?br&em%?ﬁminﬁlﬁad@duanemmmamiOhr@UﬁﬁlQH%d for
prepari E’@” e aen or the treatnent (R‘ (ﬁ_@chroni ﬁh%r %o[?ge(ﬁ i nfl anmat ory
di sease pCRUEAVITEpecitaiyitte 66R2 axivitn et % R P S8ur e provi des

an isol ated pol ynucl ei ¢ aci d..npl i RebtERrwihdreinnuteaitn ofiiRe MOp+bt ei n
of the m®§$iﬁ§ﬂ‘g’éccarﬁ‘8ﬁ%be\#e\gwg? n@%ﬁgﬁtﬁnmbﬂan isvg)l ated DNA | e coding

| ec
for the 5@&%‘& MPndd Br o b@idureasuohsanving: wabh b rodsng f%ﬁsgn@?ﬁg“&)&ﬁ‘g%é{wnt h the
vect or. e nutant MCP-1 protein accordif cibgcl osure can
al so be’ darating atrénb a@da%[ﬁ%‘%ﬁ%ﬂ?ﬁ”@ﬁmﬁ‘(ﬁ%ﬁ%@m%ggg%gﬁgi@% t he nut ant
MCP-1 pr ot ei.n or -a%gg,pggﬂel SnaR slsoiceiyihg tiee ti-egminal regiom-of Saisk Mt~
prot ei n, 9MAHEB A0 BHEAI*hi ng an i'sol at ed mol ecul e_codi ng £ rﬁ%%qgll\/w-l
mut ant  pgRkeh By agbiton, duielionearslien CRIAFMERE B RBI0A AT ?ri‘cgr P %él ‘8‘ -
mut ant protein or the pal [ g 1 b essultingtihgaxtatoor
cont ai n!oag &@mwa&ﬁ’lﬁ@P‘@%Wﬁ@e‘%nﬂ@F@g be &ggﬁéﬁ)r Sinr?igb]i ?ian ar
Suppr essL gg.Lhe ol of Basrelacs bty Sat intative 43w 1 &5 ei n.
The i nventi Ve -1 mutant protei ccar di I, §¢ fsulfat
pol ynucl ekhibmeird%nmdﬂﬁlgetfﬁ@r'@PEﬁvegr@(gf%\‘;ggngr% ‘%gﬁrﬁ@f@%ﬁﬁ ﬁi%‘ﬁ?nﬁ% IaeE)t i de

can al so be used i et hed Ead irpihepang Caldumediceamimstangardimenaay ¥t ent
of chroniaé‘géf?eya%&t%ﬁ?ir?ﬁgammt ory diseases or allergic conditions.

Pr ef er ablgituehe di sease is selected fromthe group conprising rheunatoid
arthritis, uveitis, inflanmmatory bowel disease, nyocardial i.nfarction,
congested heart failure or ischem a reperfusion injury. Figu ;

MCP-1 mutant proteins showing increased GAG binding @ initibs and FeduEdd reduced

GPCR aciivity has not been disclosed or indicated before. US2003/0162737 describes
MCP-1 molecules with N-terminal deletions and replacements with amino acids NorL
at selected positions 22 and 24 f the MCP-1 protein, yet these mutant proteins did not
show the advantageous features of the inventive MCP-1 proteins. This was also not
disclosed by Steitz S. et al (FEBS | etters, 40 (1998), pp. 158-164) who modified only
positions 13 and 18 of the MCP-1 protein. Paavola C. et al, (J.Biol.Chem., 1998, ?TC?,
pp. 33157-33165) describe only MCP-1 mutants which are involved in receptor binding

activity but did include modifications to reduce GAG binding affinity of the mutant MCP-

1 protein.



Figure 1: Sequence of MCP-1 nutants, nutations with respect to the wild
type chenoki ne are underlined Figure 2: Structural change of virtMCP-1
(Figure 2 a) and Met-MCP-1 Y13A 521K QR3R (Fi gure 2b) upon heparan sul fate
bi ndi ng, as shown by far-UVvV CD spectroscopy Figure 3: Scatchard pl ot

anal ysis and equilibrium di ssoci ati o@aconstants (Kd val ues) of WI MCP-1
(solid squares), Met-MCP-1 Y1 3A 521K (solid triangles) and Met-MCP-1 Y1 3A

321K 3F ircl - bi ndi t N

o1 U SR F SRt S B BB B A e DAL R P o

THP- lagetddacedlBBCRhanges in fluorescence emssion at 495nm due to cal cium
bilizati i nd db d K i w MCP-1 (A

ot ety arEa0st @ vabpe R0l e e A LM ket P

S21K i ﬁhoﬁlﬁg gb%au?‘e Xéﬁéérﬁ%é'ﬁra%ﬁnyé‘r? t6n 6Pt leBbtadHeebdsic Chenpt axi s

of THP- S |n uce 1 nutants at a concentrati on of
| OnM esuuooesehamdmmmmnotaw sEeplcentenbel stierydnaemineRpEs i nents). 1

wt MCP- 1, t 346, 4 Met-MCP-1 Y1 3A S21K Q23R
5 Met bw&%ﬁéﬁ%@ﬁeqﬁd%ﬁ\%& ggjagose dependent inhibition of
nonocyt e adhesion/efflux by Met-MCP-1 Y13AS21KQ@3R (descri bed by the
conpoyng seQse dgﬁ&ﬁ 808B)is g&:\riMwme@ 1 mutenirprateie, eneradtarzedar beiitle i nj ury
nodel . Figure 7 nprovenent o ni ca hi stological scores in a rat

model coTPERASIDE ﬁ%ﬁ@%%?@%?‘?‘g? g?P%rS[f%ﬁ@aWth Met - MCP- 1 Y13AS21KQQ3R.

Fi gurﬁwgoéﬁbfpm&@f )Wﬁtd%’;ﬂ}fm%B@%ZK@(&%&WML@@YRQW@S:I?e@08) on ischenia
reper ninju nmuri ne ocardial infarct nodel. Figure 9:
Nucle@&ﬁMﬁFKétﬁﬁéh&éEiCb%Dm&VWgﬂm PRQTAGPNT Y13AS211QR3R , MCP-1
Y13AS21K 47K ) d| sure are by way of
exarrpl"'é‘ P aﬁaeglfteedqﬁqﬁ:}ﬁ g%?&ﬁ?ﬁ%%ﬁl gmtﬁ‘@@a%rt%% the pr o);;ort?/ons
shown yerkimez 4 Qrﬁmtemﬁrdm@w geoupr &f Rlendrhfecessarl ly to scale. It has been

shown t hat increased i ndin ffini can be introduced by increasing
the reVReERLBIFHERCISS “Hﬁ h%gfﬁ%%*{ %R/r on donating amino acids in the
GAG bipdiag ¥ el Qbdéd ﬁ&nCiﬁé@w&;;e@bmttmgdw/qu%%mémsmmmat ed in total
herein by reference), leading to a nodified protein that acts as conpetitor
with neltersi XTGiGdidbet Wﬁh@@é@%wnﬁ*ﬁtﬁlg\ﬁé§ Fare o @9 R shown for

interl eur nw8 Tge specific location of GAG binding regions and their

modi fi RIS BRY By Sel ecti vel y introducing at | east two basic and/or el ectron
donat i PFeraiA RO ieaiistscdismtbt glbowe bosestingaf RVERH, Naod &), preferadly

2009/ 015884PCT/ EP2008/ 006298 6 Additionally, the am no term nus of MCP-1
was foligdRto be essential for chenpkine signalling through its GPC receptor
CCR2. 3 r Cénsl,}ﬁﬁ-%dgfm KM, agand &1,, ot hers have

engi ne‘%évﬁee [%Ié&i&ﬂ%ﬁ ﬁ@ tpgrg(g%@rrﬁl etely knock-out GAG binding and to | eave
CCR2 bpmferaplyiiis #ct (V\003084993A1) By these neans, it was intended to

bl ock - 1- nedi at s n

o ook M A R B bk et obd SRS SR e EeR e

chai nslei(awmtah@mﬁﬁree not obvious to turn this appr oach ar ound by

bl ocki ng t he GAG chai ns on the endot helium gby engi neer her %%/

bi ndi nig atrnfrdrasmp) thgrd it proided la NP metacomsias Fear e%ga ait STHEeG%H ent i on
now pr %@g:%u@%?"@l ¢ MCP1 mutant protein with incr eased GAG bi ndi ng

af fini y Mand uced GPCR activity conpared to the wild type MCP1 protein,
wher ei MGP-1egiapnSpfK VHBK MIB-MGH ot 6130 B211H683R aad MetdMGPrIuétfr e conservi ng
way by _inserti f at | east one basic and/or el ectron donating am no acids
or by 53656@‘5&%%9!& at least two am no acids preferably within the native
GAG binding site or within the structural vicinity of a native GAG bi ndi ng
site by, at Hﬁ%%h%&‘c’}ﬁeﬁé% bFo@raﬂ/em.s&b@af\;}rcgauélege@udnao@mﬂ@%h@@dcclcmzed\mamdl ng
to a speC| protein further conprises a

f ur t heft oot for 8 atdtein afdefieed @2@- one amino acid of the first 1 to 10 anino
acids of the N-termnal region of said MCP-1 protein by addition, deletion
and/ or replacenent of at |east one anmino acid residue., If the natl ve am no

aci ds irepfitic eapd@y therp 5 pravided 6n 1eided PRIMNERRIRPSIA G ARGUR CURRIRNIAUS!SRELS ¢

am no aci ds, sti.tyt 0 I8! SarP@atdnfanm no aci ds
or conﬁ??%eé‘ ﬁﬁ] SE?JBI ygsl%S%réglc@Jblgl 8?‘:exiébﬂ@ﬁl:d?yé g(r)%gaer ed&{ o the native

am no acid residue. Structural flexibility according to the invention is
defined by the degree of accommobdating to an induced fit as a consequence
of GAG |l igand binding.



According to a specific enbodi nrent of the invention the native am no acids
repl aced by basic and/or el ectron donating am no acids are non-basic am no
acids. According to the definition as used in the present application MCP-1
mut ant protein can also include any parts or fragnments thereof that stil
show chenokine activity |ike nonocyt&bor T-cell chenptaxis and Ca-rel ease.
WO 2009/ 015884PCT/ EP2008/ 006298 The term "vicinity" as defined according to

the ipventi ' ' ' i j -I% it hi n t he
conf o(}h%?f%ﬁgﬁ(ﬁ%@?émeg%ﬁ@ggﬁgfg %’ CetﬁféziG ?ﬁ*ﬁﬁ%@?} ?La%gut nor?ébg\(l)%sritti oned at
t he GAGIHEATING nsolbese a6arfinedmbiosaal nei ghbour hood can be defined as
either am no acid residues which are | ocated adjacent to GAG bi nding am no
acid residues in the am no acid sequence of a protein or am no aci ds which
are confor i.onal | ' : t [ i ; : igr folding
ot pre R e B B P e P et T ne
as | yifaasfckdd Withhevedidr#f defiradi atsovaf. t he respective amino acid residues to
be nodified of not nore than 20nm preferably 15nm preferably 10nm
preferably 5nm To be able to performtheir biological function, proteins
fold into o Qr kA I H.or | H MR an nunber
of noHl éBxﬁéﬁtﬁtaﬁpﬁ%ﬁ’g&é{aﬁgﬁg@uﬁé%Z‘%F’i’hﬁgg{gaqﬁgﬁmﬁoﬁg@r gﬁ?c i n@gﬁacti ons,
Van dekat\iesbmpfisssepraam hydsimbbbovepacid pgyndtiekeakl meistwaas dafinedt ur e
can be determ ned by known net hods Iiés X- rqa% crystal nggtg!ap%%.or NVR

spect rbovepy 2 Yerser 33 PelitgdarPaye. RaF a/RNARE Lﬁ'&ﬁ%agﬁ CdPBR" det er ni ned
by mutagenesis experinents. GAG binding sites of proteins are characterized

by basic residues |ocated at the surface of the proteins. To test whether
t hese iy eahiapsasRidt ther SAToYidadiangesoft MICR-fesetabasratemmndetingdiab@si dues
can be nutageni zed and decrg%gliir?u9 of heparin bi ndig{g éxffi %bt%’/ can be(

neas urnsdynurigis aghmplecgier 3% do§b%1‘ff§ OF 3 YRR A FESETT S ARRYS (R8T H?J%s as
known i n. th aocRati [ i Ji j QB vald type
M S e TR e G U
introdgyereihoreign amno acids in the vicinity of the native GAG binding
sites which can result in an increased size of the GAG binding site and in
an increase of GAG binding affinity. The GAG binding site or the vicinity
of said sit I Al b1yg the@dirnss desised Bedvd,

det ai |‘“ieh{‘i@“%%6‘7%6@‘%5%%9?3?%éw@gm%gg(%%?gl%’gé% ?%Pzgosl 006298 8 (a)
provi didignidcisienadic motenups s definedabpret @i o vesidr ehslefingd labgaadinmmesiiice,  f or
exanpl e heparan sulfate (H%é, hepar,i n, kgrati n_sul fate, chondroitin

sul f atfer paeparng ameaditaned 9hineyeFthiof 288" St c. bound to said protein:
(b) contacting, sai ' a Cl : gent like a protease, e.g.
trypsi & a@éﬁé%ia@%gtogf@g%f%ggn%@o@@?rﬁ%‘?‘% K(garr?é;'ali n said GAG | i gand nol ecul e
bl ocks protein cleavage in a region of the protein where the GAG |igand

nol ecule is bound, and. wher ' L S ' j@ps that are
not bl GERE: ‘B? Pesey S&l?ﬁﬁr%@i%yqe?%ﬁsﬁg rtr%ﬁ Fgé:}ﬂ]dg;%cggr?gﬂx?ggdlés%%ﬁ%a@?ng and

det ect ki tig 16ELAVRSeRePedRSIosWaes®R] dvédie cabpesieparokolaled DNAge events in a
region of the protein indicates that said GAG |igand nol ecule is bound to

t hat r eghletulc Betiegtiorthe cautatteVCBr1 prdsip) @1y reCnVBSrantnes RS dVEtor Mass
Spectronetric Methods. A protocol for introducing or inproving a GAG

bi ndi n§"&VeEO-s, for exanple, partially described in WD 05/054285 and can
be as follows: Identify a region of the protein which is involved in GAG
bi ndi ng - Design a new GAG binding site by introducing (replacenent or
insertion) at |east one basic or electron donating am no acids, preferably
Arg, Lys, H's, Asp and G n residues at any position or by deleting at |east
two amino acids which interfere with GAG bi nding - Check the confornational
stability of the resulting nutant protein in silica Provide the wild type
protein cDNA (alternatively: purchase the cDNA) - Use this as tenplate for
PCR- assi st ed nut agenesis to introduce the above nentioned changes into the
am no aci d sequence - Subclone the nutant gene into a suitable expression
system (prokaryotic or eukaryotic dependent upon biologically required
post-transl ational nodifications)



Expression, purification and characterization of the nutant protein in
vitro Criterion for an increased GAG binding affinity: KdGAG nutant) <

10uM - Check for structural conservation by far-UV CD spectroscopy or 1-D
NVR $pectroscopy. A deviation of the nodified structure as nmeasured by
far-UVv CD spectroscopy fromw |l d type -1 structure of less than 30%

preferably less than 20% preferably |less than 10%is defined as structure
conserving nodification according to the invention. WO

2009/ 015884hedH FRID0 $F26H6 2aBrdngNodor pierent tivolasurakeraipabe fememtsddsnent , t he
structure conserving nodification is not located within the l\{-term' nus of
the MCPla phartreicauticeheorkpysifiens tempesing the MwantMeRd a8 HPhPAYIYIRGI n of
wtMCP-1 are 521, 023.and/ 7 i:0g ' td eniRP- 1

it ant e BRI B BT HIGR e B e e hi
| east t"moi@%l@%oaﬁgdoftﬂﬁimﬁsi AUtz srdteinand b, pradmacelitisaliiaccepiable

nodi fi cations can be, for exanple, a substitution of, or replacenent by, at
| east twvamrtkdrsi c or el ectron donating amino acids. Electron donating am no
acids are those am no acids which donate el ectrons or hydrogen atons
(Droenstedt definition). Specifically, these am no acids can be N or Q
Basi ¢ angag MCPdsmatamt petaieloe thepolynutiestive epdngthemiel FtPaYeHP' R, K and H.

According to a further e di nent_, of i : cid

posi t i oncortaiBiag SBif oS Ry S%R,a’%n%‘%grgei%%@?ﬁ? orsFprefimpec. by R
and/ or P&o}ggr&aps‘ctmﬁbﬁr@debye@m wildityoe prdtdinsubstitution to at | east
partially crease receptor binding of the nodified MCP-1. Alternatively,
the MCP-1 nutant protein of the invention is characterized in that Y at

posi t i onTASinidntile MMdrer matabSirbleit fdokijngan heatichsurca dolyasiakuesid pr ef er abl y by
A.. Y13 and R18 were shown to be also critical residues for si gna%tbi ng, and
the repl asding therebr bhesectoestaipiein e FobEUCIAviAG Calk AEOMSHEHdS 2 J87E%F i se to

a protein unable to induce ennt axi el i ; &pectra
r ecor ded BRTERFHY M@&F@Wegﬁ%r gﬁeo@%%ﬂfﬂ u%nggﬁcwﬁgﬁl%\?gpgéﬂﬂéjﬁ%g§£§ feg_‘;c%]t hat
these nmubaginge conqiNBhs, Fesferatiy, tht siseladeds pelotteil from( Oragiowm CHERNSNG et al .,
J. Biol. Chem, 273 (50), 33157-33165 19%8 . Furt{?C r iﬁfar&tt@ﬁ N-t er m nal
met hi oni neeureaioidexstnribie Wekig hyaayiaams st @\7)@55“’3’ T on THP-1 cells
(Hemmer i i } ¥ réSerfdddn i 13- 13025 (1999)) so that the
chenot act%préggefo% ep\%éyrt E%hféﬁ/éb}ﬁ?&%l iﬁes appr cr)%i%?ratel y 300-fold | ower than of
the wld type (Jarnagin K et al., Biochem stry 38, 16167-16177 (1999)).
This is in contrast to the potent receptor antagoni st [Met]-RANTES which

does not "THY§Ee chenptaxis but binds with high affinity to the receptor.
WO 2009/ 015884PCT/ EP2008/ 006298 10 Therefore, according to an alternative

enbodi nent of the invent,i he - ol I jn an

N-t er mi ndligwet!: Sﬁ’ﬂj@ﬁce\f?{rj\ﬁgﬁfi"Wgﬁl\gnrﬁﬁ%“{)ﬁggvﬁﬁtr%ﬁlhﬁgﬁﬁﬁe@ﬁim%% ne appear
to have ap Rkieasednapmasgnt affinity for heparin (Lau E.K et al., J.
Biol. Chem 279 (21), 22294-22305 (2004)). According to the present
invention, the NNtermnal region of the wild type MCP-1 region that can be
modi fi ed compr). ' MO0 b @l ApAnENERNGREH ASI3ATIEIK G28Rt i ve
MCP- 1 rrut}gdglg;%rg‘ t@?ﬁ%gfﬁbg@sg#%ve t_hgki ter m?élal am no acid residues 2-8
del et ed. (Figuneab) aporohermesi duiate 2irgiing, 2s-shoms] tNBPLY) ClBSeREERSSORY pr ot ei n

t hat cannot induce chenotaxis. Specifically, MCP-1 nutant protein can be
selected fromthe group of Met-MCP-1 Y13A 821K V47K, Met-MCP-1 Y1 3A 321K
023R and ‘h{ﬁhfel\@%cjatc‘ﬁar@ﬂo%ﬂéﬂy@%ﬂd%ﬁlﬁbﬁhm dissbeiatipo censtekisdlid vaReR) of
activity and at the sanme tine to | v injt or .pkFAZiLNg the
nunber ofV\ﬁFolthPr'b&1@"6@5‘-‘%@5%5\#“6@&:%&gﬁgf\gg{g{] F@%IV@@%&E %&e?%%gnts
were desi ' b Q35 Qt RRlsh SRl (irestisubdr® tool s. This neans,

si nce theggﬁgégﬁhggz%%ﬂé I-1 ?s known, nutants were rationally designed.
This nmeans for knocking-in higher GAG binding affinity, that nore GAG
binding sites are introduced i | bst LNOERG Riupshts coshvai n
by repl acﬂ%“ea‘ﬁi ﬂ?\%lCigE?la ”%/\Fif’sbaﬁné %éérzlﬁtff%dls rﬂec @é?ﬁv%rft\%ed in GAG bigzn_di ng,
whi ch_ar e gtiust il silk eBise baresan fuomsdendd eisaios a8 BFeMdUEIPESEHTDY

vicinity to basic am no acids such as K.or R doi n Chal -~

bt Lent | onmagsaiionnaugL B eeaPRg! ERImSHRES Fie TRETe oaPRE T RS Miery
MCP-1, i.e. those am no acids responsible for hydrogen bondi ng and van der
Waal s contacts with the GAG ligand, as well as the overall fold of the
chenokine to preserve the ability of the chenokine to penetrate chenokine
networ ks which relies on protein-protein interactions contained in-the
surface-of -MOP-1. The ami no acid sequence of the nodified MCP-1 nol ecul e
can be described by the general formula: (M, Q PDAI NA(Z1))nWVTCC( X1) NFTN
(Z2) (Z3) 1 ( X2) V( X3) RLASYRRI TSSKCP KEAVI FKTI ( X4) AKElI CADPKQ KW/QDSMDHL

Y ey



WO 2009/ 015884PCT/ EP2008/ 006298 11 wherein Z1 is selected fromthe group of
Pand A, G L, eferably it is A wherein Z2 is selected fromthe group of
R and K)VQHQP€F%BZS is selected fromthe group of K an§CREPAMENG2ES X1 is
selected fromthe group consisting of Y and A preferably it is A wherein
X2 is selected fromthe group consistifg of S, R K, H Nand Q preferably
| t | S KY‘IM@IN (8;3 NMet-NéIFet tYeiBA SQﬁKt@&@r(Gmsnch@trMQRag YOI3ARB 2K Z3R and
, e%ggﬁ?b& is R wherein X4 is selected fromthe group consisting of
and Q preferably it is K, and wherein n and/or mcan be

elther O or 1 and wherein at least two of positions X2, X3 or X4 are

modi fied. A further aspect of the present invention is an isolated
pol ynuEigere SaChdmotdxis of EHhi celie oubeetidry wiCPriv and iM@P'dr mganis aka

d bed a | i sol I I I

ot | ks ath o PAiLERk i Bhrp SRR HN of Wesibfediidins o st 10
No. 9 ébEFgéIfﬁnér%ftI wcpthezm NMSPCRVERREMERS. YTBA Spalky nuvkeMCRei v 3my be
DNA or ereb%ﬁdﬂe nmodi fi cations which |ead to the inventive MCP-1

mut ant SR1BIRIIR b CPetYddn SRR VRRIK. | evel . This inventive isolated
pol ynucl eic acid nolecule is suitable for diagnostic nethods as well as
gene therapy and the production of inventive MCP-1 nutant protein on a

| ar ge sigates: Pbbedeakhdehtinhibitior siahahecyts akdyasiohtiffiaby tMermepu e
hybrldlzes to the above defined inventive polynucleic acid nol ecul e under

st ri ng¥hBAS8MERZ3Eelespdiprth Y Hoe sampPRendvRdp HAR-PBR) 2 meastmkin a

conple r en the two DNA or RNA nol ecul es, either by
per f ect HB%&%E&HQE&%&@GIRLB%R&%%ﬁprISIng m smat ched- bases4see Sambr ook et
al., Mlecular Goning: A laboratory manual, 2'd ed., Cold Spring Harbor,

N. Y. 1989 Pr obes reat r.in | engt ,h han about 50 n cl eotides. ma
accorrp‘l:'ﬂé')l‘? AplMERyOys 86}6%’@ r?é’ldgﬁéw %%%‘mwmae %(%’éé)g "%PEB%I i sh

f ever %éf?@&ﬁ@ﬁﬁea%wﬁm%m@ IavﬁﬁASQIK@Q@morobe tO form dupl exes
cont ai ni ng m snat base pairs is controlled by the stringency of the
hybridi zati on conditions which itself is a functlon of factors, such as the

concentrati r br| buf f the WO
2000, oeat BsressdoarollsEn oA zet ot d e RARR efismina ¢ ne
post - iRl ZRt ihRify WRS n@Riedint/bemnsiial ByfapRPhodd1g well known principles that
occur in the formation of hybrid dupl exes, conditions having the desired
stringency can be achieved by one skilled in the art by selectlng from
anong e fe K >t i ons.
Thus. gkt brikeRouty BRbdurdiy S Ra FETsAbR TREEACIER A s Tcaask’
perfeqmnprnxr&n$mnwmzaavuVKlIy natchlng hybri d dupl exes. The neltlng
tenperature (Tn) of a duplex is useful for selecting appropriate
hybri di sati on conditions. Stringent hybridization conditions for

pol ynu Y/ | ¥nti NVOl ve
bt 1 e o o 1R LB D e ot P he
expectiaterdigal texbe Fuoitingl Fgribet, doe pdepoptioheshaowein 8@ foedaing figersswediotf or m

| ess stable d Iexe t han | onger probes, stringent hybridization usually is
achiev@ﬁFQ§?aH5p ng at 5 to 10C bel ow the Tm The Tmof a nucleic acid
dupl ex can be calculated using a formul a based on the percent G+C contai ned
in the nucleic acids and that takes chain |engths into account, such as the

f or mul l& hﬁmwﬁﬂmmabg‘[mqwﬁcﬂmir@f)g afighryan begoupdycedipeneradsing hai n

ot ecuie slAparhTRET Erslccn BUE eloRiBa KERB Ao SRR Blin 2 GRS T o

conpr i @gford{disd 885kt i wtmmosszasqa%@byaté@ lin e5thi leérent by refasdneeli on as
wel | as efficient expression of proteins. Such vectors are well known in

the arleading tarymedifieshpretsie haractaas semaatid e ﬂ@ﬁumﬂ{ﬁé@ptemﬁ@géﬁmw'%rt her
h
a?gﬁg?g@%v%QVPgﬁﬁgﬁ &ﬁ%@%&ﬁ@éﬂg%ﬂ§%§h§§7§§s rlgﬁggagove ($gans iohsof

cel | s matbridid Hadil wodivatiee byieiativelyahirsdeeng beleaat fvwo basﬁcmd\rm | known
in the art. Such a reconbi nant cell as well descendant cel

as
theref@@ﬁ?@%ﬁﬁﬂﬁgﬁ%aﬁﬂﬁo@ﬁ@@dNaSWﬂ%?@ﬁ@se%f%ﬂprIyﬁgﬁﬁg‘prOV|ded
whi ch- expresses-the- MCP1 nmutant-protein-either-- continuously or upon
activation depending on the vector. A further aspect of the invention
relates to a pharmaceutical conposition conprising a MCP-1 nmutant protein,
a polynucleic acid or a vector according to the present invention, as
defi ned above, and a pharnaceutically acceptable carrier. O course, the
pharmaceutical conposition nmay further conprise additional substances which
are WD 2009/ 015884PCT/ EP2008/ 006298 13



usual |y present in pharmaceutical conpositions, such as salts, buffers,

enmul gators, coloring agents, etc. A further aspect of the_§res%§1 %nvention
rel at es WO 2R of the MCP-1 protein, a polynucleicpgzﬁlz%wf 2t or
according to the present invention, as _defined above, in a nethod for
either in vivo or in_vitro_inhibitinq Br suppr essi ng the biol ogi cal

act i vi Agditibnalhs the eproe terainks af Mgie1pras und tadeesaengakier sbewekinehe MoP- 1

tant . o ; . . . ¢ . d
or  cc 0nANER TBugh 16 CRU AR St oo REp MBS H R %EH CORA the
i nvent bN@?Nﬁﬁt,%tﬁyﬁsﬂﬁév@é@éiﬁé@ed!N?]CPhi n Basy tohiampietdly Resdi-cul BAY be the
bi ol ogi cal” activity involved in |nflannator¥ reactions. Therefore, a

f ur t hebinding atd thigaverEGRa hinding intactd¥V PREEE493AL: Bydhese means: it ¥&8or di ng

to the present .i,nv L on, . i . LS ] f oduci ng a
roct caREHoRRp PR G uRRilrd SRR e B b d TRl T a7
it W he@@dptas At @Osalveht atddhetintDndecefidethsivandiathelGAB dhaind. dulag | y
suitable for the treatnment of inflamuatory di seases or conditions, either

of chrtherefoss natakdorateiEn thipapereach arundnapckiagdee GHG chaingassiBat
o) or or ROt Rt By 2rtfiedpiha fondSaR RUIRAMALY dHid @RIBR bl HeCaREn o

i nvent bipding dieMCseliat ed pol ynucl ei ¢ acid nol ecul e or vector according to
the present invention or a pharmaceutical preparation according to the
invention is admnistered to a patient. Mre specifically, the inflamuatory
i Seashe A eHibA TR pRAMES 4 ABTIMIEPHERBIR RS KIANIR lrEa Sl SEAT BRI as
asthma, allergic rhlﬁltls, D, hypersensitivity |lung di seases,

hy per saffisity ianidtred poed BRER isstivilntensaiad tal thewilgl ype d4SE] pretedn, whtireipaa hi c

e bRV SRS e gat b ALl PR fPRBRE °

i nfl anpRkPsNe Ba%larﬁi/é@@ié@g@n Elelﬁﬂtin’r’gslaﬁv‘ﬁwd BcilsHriRasslarBant 6EEBlcRY WO

colitis; spondyl oarthropathies, --sclerodernm;

- psor i agine agids ipnéfesaiviE o ther naitveseAGshipdingssittermuithintlhe stuelhmral-viamibpi ¢

dermatitis,. al i L.t tl | 2 LELS, L ne
i seaste® HPURE SRl dRESH b v besli ik Bse BT SHbalid ani AOEE
arthritis (for exanple rheumatoid arthritis, arthritis chronica
progrediente, psoriatic arthritis and arthritis deforrnans) and rheumatic
di seasBECOTHY ©d? RESFIE cARALIBEN M MAdhYGd RIRIMEHTINET rERisss @

| VOl Vi oD Wit Ostfon OffHtIGABIRN ARl dbid BY (R HRINP i 11idfinbififdd1oH g nhot N
ai rways hypersensitivity an ermal hypersensitivity) -and al |l ergi es.

Speci f tecming! oegiomol saidNGCH0 ProtEls 8 RCHltEP2 degtiooared rigpiicsawse of Bhcl ude
autoirrnuge henatolo&%cal di sorders (including e.g. henolytic anaem a,

apl ast {S@ShPBRAMNC BGIETSSE e el | anaemi a and i di opat hi ¢ t hr ombocyt openi a)
system ¢ | upus erythromatosus, polychondritis, Wgener granul omatosis,
dermatonyositis, chronic active hepatitis, nyasthenia gravis, psoriasis,
St evenH Jivhnative s enidls rapleepabyreaid hesigrardiestiorhderatingi e didnaraudi ng

it oi nienie 2Ry aals, e sl EafirEEda8s Maltn b el BBl AR ™R) v

di seasgympass Mcteriessutrbdtle flegibritosodpapsd wathy rizitive ainying iscidasidue.
juveni |l e diabetes (diabetes nellitus type |), uveitis (anterior and

post er BEuyluralidiexitity fogatding ta the igvertipruisdsfived By kerdassedhf unctiviti s,
interstijti I i i - ik} 1 : wi t hout

nephr o%%%d@yﬁgrggﬁ%ﬁé %mg&é‘f’eﬂﬂ%&?éngaﬁ%pat Elmc‘f %%%H@?{‘P?'@@ﬂ%r one or

m ni mal change nephropathy); graft rejection (e.g. in transplantation

i ncludi ng heart, lung, conbinped heart- lung, liver, kidney, . pancreat,ic,

ki 1. BPORBIELO 3 PRRGE SRR SNk dnvaTGEy e haiup EEENS OB ROIGEH v

" ect han: Ao AL URG USRS adiReasEs SR HoRIEAR: Arfftsalant associ at ed
arteriosclerosis; atherosc osis; cancer wth leukocyte infiltration of
the skin or organs; stenosis or restenosis of the vasculature, particularly
of the arteries,  e.g.. the coronary arter i ncl udin nosj s,or restenosis
ohi ch PESSITHG F  HIBTRS PRI BB LASIG OB DG TREl g Protelca
hyper pé@é'iﬁétu?é]%nggﬁﬁfs (ﬂl ﬁ@gﬁﬁ@ﬁts%?w%éﬂs@n%hbwmémgné BELAIAEOT Y
responses i ncl udi Ischem™@ reperfusion injury, henatol ogic rmalignancies,
cyt oki menondiscad! ek icbiempidxis gnd Septéleasdhock or endot oxi ¢ shock),

pol ymyositis, dermatonyositis, and granul omat ous di seases i ncl udi ng

sarcoi dosis. Preferably, the inflanmatory di sease is selected formthe
group conprising rheumatoid arthritis, uveitis, inflamatory bowel disease,
nyocardi al infarction, congested heart failure or ischem a reperfusion
injury. The follow ng exanples describe the invention in nore detail

N 7 AR AN ey wwml



Increase in GAG binding affinity W have determ ned the increased GAG

bi ndi ng affini by surface plasnon resonance (SPR) using a Biacore 3000
system Wﬁé“‘f%ﬁ%"éi‘l i zation of biotinylated HS onto a s??g’ﬁfé‘w/@?ﬁﬁ%oat ed
OM4 sensor chip was perfornmed according to an established protocol (28).
The actual binding interactions were récorded at 25C in PBS pH 7.4
containing 0.01% (v/v) P20 surfactant (Bl Acore AB). 2.5 mn injecti ons of
differ a &ﬁproteln conc rations, at a flow rate of 60gllmn were fol]l owed
by 5 © dﬁ?!ﬁthﬁ%%%&ﬂ%sm%dlﬂaﬁ%he KYENHOR GPEWTISES BMIRG EFI EFIE DI et e
r egenemtdhoarre JBRAMHNTRIR ESHBRAGISHARRIGhHRLISR &f RebAd KIAdhg SBBuUS
surface, corresponding to the plateaus of  the respective sensogrfans, were
used f pot SErsifioriear at the @A@rtahghs{g$|taadcohbrmahcuatatergnbmfrhm can beidsiined

di ssoci atjon constants Kd va In Figure 3.th r | ot s, of

e NOPRS RS SBTm AR et N Hdutetr esee b0 DA RN el 5956 o -
Mt - JLRAST ot br Welind BRI WA 5@1K Q@3R gave
152 nmeswges%r&g%e:’?n?ﬁ%t&?@n% Cattg%tftt ang-lé(ﬁ?]ed}%? |r¥?%y faor HS has been

i mpr oveohfbymatidradly adiatert 8ueThdhivet divePsbndl SS2urev/a7 kiding ahthadprbieiot
exhibit any inprovenent in affinity for the natural HS |igand. Knock-out of
GPCR activity WD 2009/ 015884PCT/ EP2008/ 006298 16 In order to obtain

dom namhe W“éd{é‘cé@’aécdﬁﬁ@ﬁb%heﬁ%n@ﬁ% ééﬁr‘zé’d by t)ﬁ’ﬁ% MiRmlthlagteen

knocked out in addition to the inproved bi ndi n finit Thi s was done
by r epfasidtingf ttllae*esmcz;tmerwnrr@sw@eewuqzﬁm ita owdlftactﬁ)f not regrerinae 208st.due and

by kee term.n o] This led to a conplete
knock-ﬁ'@?g@%@l\ﬁg‘rﬂ ?@f%{%h’g’%’ gc ‘%\?F@é"gﬁs exenplified by the conpl ete
absence of Ca influx and Thp 1 chenotaxis in the case of the Met-MCP-1 " MBA

521K C%BR mut ant ( Fi gs. The inpability of this nutant to actl vat e
its hi §hbgrabiate 9etip@rt%éptqlﬁgloat fragtipn pﬁ@ﬁﬁ@j@t@ B PRE.i Y mBQise SPEE 1 o

! ﬁﬁidbi %&tfa?ggk@&\fﬂac c}rnetnrt?yé?xﬁﬁ%?l nrqrgﬁﬁr alk O’}Q%rga[ Frbﬁ'é LYch b @ _potent

or o V|t I'n"Vi'vo ration The
ef f ect hedrolyeh bvBBinG, bt%rrﬁ@rfﬁétrﬁﬁsaRfmdeDWnayﬁ éomegraaﬂrhyﬂrmﬁmhmpaskrm@at ed
in an o nodel . For this I rote &flClent (Apoe) -/ -
i co vePeeATeIE FEOHLFOCRn RS EaaE R e RIS R Xvfry af Lo 1

week Ofpy, g{ahg%%?)?@l& W%s;ﬁé&tmsﬁébﬁr 24 hours carotid arteries were isolated

for ex vivo usion as described (1). Carotid arteries were preperfused
at 5 pl/mn wth Met-MCP-1 Y13A S21K 023R at a concentration of 1, 5 or 10

pg/m f 0.mn, Iy 6 |l 106 r e i.th cal cei n- AM
was hed'dt%\/\}'é%atgﬁlomd%q'f’% (g%&tmpg%gr?ﬁtﬁ%lc ég‘)re/ @%nﬁﬁe rWﬁh@&% i-nteractions
Wi t h t behdritharte IGHES BRIt 98T Srofeind BLtharstRIizet TylmaRoRiskiues located

epi fluorescence illumnation_(Drelloscop 250, Drello) and an O ynpus BX51

i cr os@ldpe srfiese q@twmt@mp@ﬁ%ﬁ %mﬁthspth%ﬁgea@é}ﬁﬁeﬁae EorbEnbingingotite.

depen i n, S
obser viAer Rl R e b B Bt D e 06 PSR R

Lew s affitidy ven &eimeamireddThist carbiod peﬁondedi egsan dffinity tmetalirenadnine of 200 pl
enul si on, cont ai ni 15 p PDSAg (retinal peptide) in conplete Freund's

adj uvaleeh ”'ﬂb‘??lalsl@g“’m ‘t”ht By#bbact eri um t ubercul osi s strain H37RA (BD,

Hei del berg, Germany) to a final

_concentration-of-2.5-ng/nl. -1- 00- pg- Met - MCF2- 1- Y- 13AS2- 1- KQ23R- nut ant - di ss
ol ved- Ratconal@&Eigﬂedﬁﬁ&ta(gane@BSasoimbtm ctrcmtbrstitmiowarf bapiol orajed:trorpdorjatirtgy

fromda after active.imupjza day. 19. . ur of

i Sensa it SIS EaR BRIy TR 1o Pl Bireion Sing Ao & Gp iRy orthe

opht hah RECORE erﬁﬁt srfesv@ﬁ;cﬁr@%q@sgt iMak Hdr¥assd sgé@rtmﬁoA(osam@rmb ke and
Clark-Lewis |. P 1 (2), 631-640 (1995))) and the average

cl i ni cand gcanm mcmasao epés bl*’@@t@iﬁrﬁlt){}er group and day. As can be seen from
Figure 7, the Met-MCP-1 Y13A821K023R mut ant had a significant inpact on the
WO 20091015884PCT/ E132008/ 006298 17 progression of the disease. Since

uvei t i shé &b iMAihG&itd oF thy vRATY drsart sSivthR bl eibrglddshrosin N@tocyt es
which finally |lead to blindness, the therapeutic effect of Met-
1113ASPekiEbas dascifedingigiabin US 6107 568HGARIHgof the m gration of

CCR2- activated | eukocytes which mainly constitute nonocytes and basophils.
I nhi bition/inprovenment of nyocardial infarction C57/B6 m ce were intubated
under general anaesthesia (100ng/ kg ketam ne and 10ngy/ kg xyl asi ne,
intraperitoneal) and positive pressure ventilation was maintained wth
oxygen and isofluran 0.2% using a rodent respirator. Hearts were exposed
through a left toracotony and M was produced by suture occlusion of the

| eft anterior descending artery (LAD) over a two mmsilicon tube. The
suture was opened after 30 mn by cutting the silicon tube and reperfusion



stimulation to assure a constant heart rate (600 bpm. The coronary fl ow,
devel oped pressure, the increase (dP/dtmax) and decrease (dP/dtmn) in |left
vent ri cOVaR9(&z8tr e were nmeasured without or with dobBEREPHOEREE* Dol in
bol us). The neasured
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S- wer efd)ipredding aeomipkatxeampmmmgttrhe mmlhmerﬁﬁﬁdigam malesule, fon seri al
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deter ”bqf’éﬂe%d% ﬁ%cédi@@tdjﬁoﬁﬁd%%tdﬁanréfgzﬁware (H I gers) and express as

per cent om t ot a eft ventricular vo (see Figure 8, lower panel). WO
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at | eawhetahy 2 pootainds alealeddnregiods teatiarg r@iﬁbmkadltxyssatd PoundbBAG mut ant
protelp % %todcl aim1, characterized in that at | east one am no acid
of the 95? QU6 #8%ni no acids of the Nterninal region of the wild type
MCP- 1 Ri)%b%hfhti'n@ éﬂMétb@ﬁh meaaéawd)aepmSeWr@aemﬂé@bséﬁ@é aE6BBMgef at

| east one ami no acid mut ant protein according to any one of
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in thaspg@mmeﬁ@tmgmdd@ a structure conserving way is a deviation of the
nodi fied structure fromw |l d type MCP1 structure of |ess than 30%
preferably |l ess than 20% as neasured by far-UV CD spectroscopy. 5. MCP-1
mut ant t.eri in that
he. baATHEOEEbIicR ERERIc bR SACbRIdT Si1d B, for SRS IR " "
MCP- 1 dedaribizdpn OVOI §5/88428% and caa tengys toliewsf clainms 1 to 4, characterized

in that the_ electron_donatin no aci ds  ar | ec edfromthe rou
consi st Mﬁ’@%gfaf\?%?” ﬂ"ﬁ p’f@ﬁ?jﬂl"aﬂﬁ? %Wvﬁlr‘lﬁflé”ﬁ:‘pa(g@m@g to any oge o1|‘O
cl ai ms. @e&@g?a néﬁ@@@ttﬁﬁﬁ%ﬁ%ﬂe éilh%d@émb ealademReRBrifsatbhiSatdbafQsid | ons

21, 23 and 47 are nodif MCP-1 frutant protein according to any one
of cI abascare@cwondegm@@damdﬁ preferablaArgdsist Him A #rd Slibsrgidugsed by

N- ter mal\%l )il Rg%’ ﬂ&? Er By %te?etfplgogt (80 t\(% a%uﬂb%d]s J\lﬂlcg mt%%?éalnﬂhr@ﬂ\%rbmdmg

--10, MCBhedk mdi@dﬁfoﬁﬁgﬁ(ﬁhals@ébiﬁ?bfﬂﬁe fés@ltfri@smﬂltarﬁgf&errWﬂe;‘iejan t he
N-term nal am no-acidresidues 2-8 are deleted. 11. MCP-1 nputant protein,

char act Brovieaithenwiith iitos; @roé%ﬁﬁa%éalt%aafa\fﬁ'w%ﬂaﬁ%@&w&f% of the general

KA FREPC Y5 RN EAPHG) KIUOBRDR BROPOTRRT G ai e oo fg Fa oo

t he grchanmgals iRtoathd a@wnGadﬁ spoedmgeably it is A 19 wherein Z2 is sel ect ed

fromthg gr gof R a K, wher ei 3 is selecte mtheg g an
R ubclone the rnutant gene into a suitable expression sys em prokaryolic or ukaryo ic

dependent upon biologically required post-translational modifications)

- Expression, purification and characterization of the mutant protein in vitro

Criterion for an increased GAG binding affinity: K¢ S(mutant) < 10uM.

- Check for structural conservation by far-UV CD spectroscopy or 1-D NMR
spectroscopy.

A deviation of the modified structure as measured by far-UV CD spectroscopy from wild
type MCP-1 structure of less than 30%, preferably less than 20%, preferably less than

10% is defined as structure conserving modification according to the invention.



wherein X1 is selected fromthe group consisting of Y and A, preferably it
is A wherein X2 is selected fromthe group consisting of S, R K, H N and
Q pref SVEBPEP/GIES8ES K wherein X3 is sel ected from t hePHEEERUBEHSPEL i ng of
R K H Nand Q preferably it is R wherein X4 is selected fromthe group
consisting of V, R K, H Nand Q preferably it is K, and wherein n and/or
m can Aecatdingeo dh alterfiatvdembedienantathd slastiutensoderying intodificatied, isXidgtor X4
are nodi fied..  12. MCP-1 nutant, pr in characterized in that it is selected
from t'ﬁ@atfﬂdﬁ‘ﬁﬁfaﬁhwwiwsﬁ}éi&gﬁgé% \PA9RIN- Vet - MCP- 1 Y13A 321K Q23R and
Met - MCP-1 Y13A 321K @3R V47K. 13. Isolated pol ynucleic acid nol ecul e,
characterized in that it codes for a protein according to any one of clains
1 to 1Phe kdy redidudsatedatimptiotha AGdiading doohain wif eAMOR i 3En8§2HuGES @nidder
sequence_of SEQ ID No. 7, SEQ.|D or SEQO 1D No. 9 qr. at,  |least part
©her oY 47 Thccodiondp 1 inkeaboRrns AMCPi PR RIOKIRpRA% Al 71dBRan e DA

o ecuér%it%cgﬂa %&ﬂﬁééﬁoﬁ@%if?ﬁk@a?ka&i ﬂ{lérgnﬂf?b ﬁ&id%sidu%@-at BesRARL panbscel |,
characterized in that 1t 1s transtfected wth a vector according to claim
15. 17andbeéiaceuti cal conposition, characterized in that it conprises a
protein according to any one of clains 1 to 12, or a polynucleic acid

nol ecul e according to clains 13 or 14 or a vector according to claiml15,
and a phaifRfiRitibhalchy RC saRbaphfle CRLLbSTutidS of, Ureeplachnl biLaaBAsiRL €i n
according to any one of clains 1 to 12, a .

_pol yneesiept elestran deviaéing lasiae @oidsi bépctoncdenativngegniopsacids are those amino

uppr AR TPE oGt e 88Haledt okalfod). RsSspli ern.
19. Usethebe Mafind adidsadin 19 Bl & Q. Basiorahing dopdsidan boselictad RbRBthbt@rolg, a
pol ynucl ei c, aci d nol ecul e according to clains 13 or 14, or .a vector

accor dignpistinaceffR.if 88d H.n a nethod for preparing a medicanent for the

treatment of a chronic or acute inflammtory di sease or autoi nmune

conditions. 20 20. Use according to claim19, characterized in that the

i nf | amyetwrdingdbseasiter enteldéneridofftheimidmntiogr Bugt axoimprackd pgsitibe uBetani oy

arthritis, uveitis, inflanmatory bowel djsease cardi al infargctian,

congesTealiRg i ke apa/ar &' BPCe kORGP BIGH PO R MG 58 can hsedeRlee T sTi NG

<110> fxphabdd BciBlstbsfiiinoh 9bPieASt paridiy GbycasaTeRogbY SRRIANbA8ENI Si ng

MCP- 1 wi?ﬁhsmgﬁgqs%etﬁggs of usi ngﬁsalrrey<130> R 52%%4 <15(1)r§_:}”'us 60/ 953140
modifie -1.

Aitefnatévety, the MCP-1 mutant protein of the invenfion is characterized inthat Y at

position 13 is further substituted by any amino acid residue, preferably by A..

Y13 and R18 were shown to be also critical residues for signalling, and the replacement
of these residues by other amino acid residues gave rise to a protein unable to induce
chemotaxis. Two-dimensional 1H-15N HSQC spectra recorded on both deletion and
substitution MCP-1 variants revealed that these mutations do not generate misfolded
proteins (Chad D. Paavola et al., J. Biol. Chem., 273 (50), 33157-33165 (1998)).

Furthermore, the N-terminal methionine reduces the binding affinity of MCP-1 for CCR2
on THP-1 cells (Hemmerich S. et al, Biochemistry 38 (40), 13013-13025 (1999)) so that
the chemotactic potency of [Met}-MCP-1 is approximately 300-fold lower than of the wild
type (Jarnagin K. et al., Biochemistry 38, 16167-16177 (1999)). This is in contrast to the
poient receptor antagonist {Met]-RANTES which does not induce chemotaxis but binds

with high affinity to the receptor.



<151> 2007-07-31 <150> EP 07450166.9 <151> 2007-09-27 <160> 10 <170>

Patentln version 3.5 <210> 1 <211> 76 <212> PRT <213> Hono sapi ens <400> 1
G n ProW@p00RI0a8k+e Asn Ala Pro Val Thr Cys Cys Tyr ASHCWZGPE/PO@%MS Asn
Arg Lys Ile Ser val Adn Arg Leu Ala Ser Tyr Arg Arg Il e Thr 202530 Ser Ser
Lys Cys Pro Lys Gu Ala Val Ile 'he Ly8 Thr Ile Val Al a 354045 Lys GQu lle
Cys Ala Asp Pro Lys A n Lys Trp Val @ n Asp Ser Met 505560 Asp H S Leu Asp

Lys G 'Phél;*g org QC(L?&inS rtg ahya%temartiv%&;gr% gdi?ﬁzeln >of %he; ?nl\l]éﬁtigg, tﬁ%jl\%épl?ﬁ%utant
protein may contain an N-terminal Met. MCP-1 variants retaining the N-terminal
methionine appear {o have an increased apparent affinity for heparin (Lau E.K. et al, J.
Biol. Chem. 279 (21), 22294-22305 (2004)).

According to the present invention, the N-terminal region of the wild type MCP-1 region
that can be modified comprises the first 1 to 10 N-terminal amino acids. The inventive
MCP-1 mutant protein can aiso have the N-terminal amino acid residues 2-8 deleted.
Truncation of residues 2-8 {([1+9-76]hMCP-1) produces a protein that cannot induce

chemotaxis.

Specifically, MCP-1 mutant protein can be selected from the group of Met-MCP-1 Y13A
S21K V47K, Met-MCP-1 Y13A $S21K Q23R and Met-MCP-1 Y13A S21K Q23R V47K,

In order to knock out GPCR activity and at the same fime to improve affinity for GAGs,
minimizing the number of modifications as far as possible, site-directed MCP-1 mutants
were designed using bioinformatical and biostructural tools. This means, since the
structure of wtMCP-1 is known, mutants were rationally designed. This means for
knocking-in higher GAG binding affinity, that more GAG binding sites are introduced into
the already existing GAG binding domain by replacing amino acids which are not
directly involved in GAG binding, which are structurally less important, and which ars
solvent exposed by vicinity to basic amino acids such as K or R. By doing so, special
attention was drawn to conserving the specific GAG-interaction sites of MCP-1, i.e.
those amino acids responsibie for hydrogen bonding and van der Waals contacts with
the GAG ligand, as well as the overall foid of the chemokine to preserve the abiiity of
the chemokine to penetrate chemokine networks which relies on protein-protein

interactions contained in-the surface-of MCP-1.

The amino acid sequence of the modified MCP-1 molecule can be described by the

general formula:

(M), Q(PDAINA(Z1 )mVTCCXINFTN (Z2)(Z3)I(X2)V(X3)RLASYRRITSSKCP
KEAVIFKTI(X4) AKEICADPKQ KWVQDSMDHL DKQTQTPKT |



<213> Artificial <220> <223> nodified MCP-1 protein <400> 2 Met G n Pro Asp
Ala Ile_Asn Ala Pro Val Thr cys Cys Tyr Asn Phe 151015 Thr Asn Argg Lys Ile
Ser Val V¥RYBOYSBEU Ala Ser Tyr Arg Arg |l e 202530 Thr PSEEPEURNNQLE oys pro
Lys Gu Ala Val Ile Phe Lys Thr Ile Val 354045 Ala Lys Qu Ile Cys Ala Asp
Pro Lys @ n Lys Trp Val G n Asp Ser 503560 Met Asp His Leu Asp Lys G n Thr
G n Thr Pro Lys Thr 657075 <210> 3 <211> 77 <212> PRT <213> Artificial

;r2(2)0\>/a\1§ %r%?n gé %@%"éﬁ?@ﬁﬁéﬁg&&é‘ o? ann?j !?, &/,b L ;ﬁe?er@bﬂx i'?‘?SDA,Al alle Asn Ala

wherein Z2 is selected from the group of R and K,

wherein Z3 is selected from the group of K and R,

wherein X1 is selected from the group consisting of Y and A, preferably it is A,

wherein X2 is selected from the group consisting of S, R, K, H, N and Q, preferably it is
K,

wherein X3 is selected from the group consisting of R, K, H, N and Q, preferabiy it is R,
wherein X4 is selected from the group consisting of V, R, K, H, N and Q, preferably it is
K,

and wherein n andfor m can be either 0 or 1 and wherein at least two of positions X2,
X3 or X4 are modified.

A further aspect of the present invention is an isolated polynucieic acid molecule which

codes for the inventive protein as described above,

Specificaliy, an isolated polynucleic acid molecule comprising a nucleotide sequence of
SEQ ID No. 7, SEQ ID No. 8 or SEQ 1D No. 9 or at least part thereof is covered, {0o.

The polynucleic acid may be DNA or RNA. Thereby the modifications which lead to the
inventive MCP-1 mutant protein are carried out on DNA or RNA level. This inventive
isolated polynucleic acid molecule is suitable for diagnostic methods as well as gene

therapy and the production of inventive MCP-1 mutant protein on a large scale.

Alternatively, the isolated polynucleic acid molecuie hybridizes to the above defined
inventive polynucleic acid molecuie under stringent conditions. Depending on the
hybridisation conditions, complementary duplexes form between the two DNA or RNA
molecules, either by perfectly matching or-aiso-by-comprising-mismatched -bases-(see
Sambrook et al., Molecular Cloning: A faboratory manual, 2™ ed., Cold Spring Harbor,
N.Y. 1889). Probes greater in length than about 50 nucleotides may accompiish up to
25 to 30% mismatched bases. Smaller probes will accomplish fewer mismatches. The
tendency of a target and probe to form duplexes containing mismatched base pairs is
controlled by the stringency of the hybridization conditions which itself is a function of

factors, such as the concentrations of salt or formamide in the hybridization buffer, the



151015 Thr Asn Arg Lys Ile Lys Val Gn Arg Leu Ala.Ser Tyr Arg Arg Ile
202530 Thr Ser Ser Lys Cys Pro Lys Qu Ala Val Ile Phe Lys Thr Ile Val
354045 AVE 20185 11e Cys Ala Asp Pro Lys G n Lys TrpWéfEP@i’WOﬁ@Bg Ser
505560 Met Asp His Leu Asp Lys G n Thr A n Thr Pro Lys Thr 657075 <210> 4
<211> 77 <212> PRT <213> Artificial <220> <223> nodified MCP-1 protein
<400> #nmydratdre oPtiee Agiriditation andie posi-Rbadization wasBysoreljional By AsiplyRng

202530%Phknes ASSPRISS they gomian e feaatarept bl olives, fondhins hdvinge

3540451l fdintd SHiMgddy GFbdheniBs8d By drleyskifddinthe alf By ¥@bcfAdiréRp Ser
among a variety of hybridization buffers, temperatures and wash conditions. Thus,
conditions can be selected that permit the detection of either perfectly matching or
partially matching hybrid duplexes. The melting temperature (Tm) of a duplex is useful
for selecting appropriate hybridisation conditions. Stringent hybridization conditions for
polynucleotide molecules over 200 nucleotides in length typically invoive hybridizing at a
temperature 15-25°C below the melting temperature of the expected duplex. For
olignucleotide probes over 30 nucleotides which form less stable duplexes than longer
probes, stringent hybridization usually is achieved by hybridizing at 5 to 10°C below the
Tm. The Tm of a nucleic acid dupiex can be calculated using a formula based on the
percent G+C contained in the nucieic acids and that takes chain lengths into account,

such as the formula
Tm = 81.5-168.6(log[NA'])+ 0.41 (% G+C) — (600/N), where N = chain length.

A further aspect relates o a vector comprising an isolated DNA molecule according to
the present invention, as defined above. The vector comprises all regulatory elements
necessary for efficient transfection as well as efficient expfession of proteins. Such
vectors are well known in the art and any suitable vector can be selected for this

purpose.

A further aspect of the present invention relates to a recombinant cell which is
transfected with an inventive vector as described above. Transfection of celis and
cultivation of recombinant cells can be performed as well known in the art. Such a
recombinant cell as well as any descendant cell therefrom comprises the vector.
Thereby, a celi line is provided which-expressesthe-MCP-1 mutant-protein sither—

continuously or upon activation depending on the vector.

A further aspect of the invention relates to a pharmaceutical composition comprising a
MCP-1 mutant protein, a polynucleic acid or a vector according {o the present invention,
as defined above, and a pharmaceutically acceptable carrier. Of course, the

pharmaceutical composition may further comprise additional substances which are



505560 nmet Asp His Leu Asp Lys G n Thr Gn Thr Pro Lys Thr 657075 <210> 5
<211> 77 <212> PRT <213> Artificial 3 <220> <223> nodified MCP-1 protein
<400> 5 WRB20EWM8Bo Asp Ala Ile Asn Ala Pro Val Thr CyBCEFEAHRPAREH phe
151015 Thr Asn Arg Lys Ile Lys Val Arg Arg Leu Ala Ser Tyr Arg Arg Il e
202530 Thr ser Ser Lys Cys Pro Lys G uU3Ala Val Ile Phe Lys Thr |le Val
35404 5uplalylpresditin pharyseiical éempbsitiohy,ssu@hrad gatsT bpffetsl eGuigaters, Ser
505560 rj[et_ AsB I—Lis !_eu Asp Lys G n Thr Gn Thr Pro Lys Thr 657075 <210> 6
cotoring agents, etc.

A further aspect of the present invention relates to the use of the MCP-1 protein, a
polynucleic acid or a vector according to the present invention, as defined above, in a
method for either in vivo or in vitro inhibiting or suppressing the biological activity of the
respective wild type protein. As mentioned above, the MCP-1 mutant protein of the
invention will act as an antagonist whereby the side effects which occur with known
recombinant proteins will not occur with the inventive MCP-1 mutant protein. in this

case this will particuiarly be the biological activity invoived in inflammatory reactions.

Therefore, a further use of the MCP-1 protein, a polynucleic acid or a vector according
to the present invention, as defined above, is in a method for producing a medicament
for the treatment of an inflammatory condition. In particular, it will act as antagonist
without side effects and will be particularly suitable for the treatment of inflammatory
diseases or conditions, either of chronic or acute nature. Therefore, a further aspect of
the present invention is also a method for the treatment of inflammatory diseases or
aliergic conditions, wherein the MCP-1 mutant protein according to the invention, the
isolated polynucleic acid molecuie or vector according to the present invention or a

pharmaceutical preparation according to the invention is administered to a patient.

More specifically, the inflammatory diseases or allergic conditions are respiratory
allergic diseases such as asthma, allergic rhinitis, COPD, hypersensitivity lung
diseases, hypersensitivity pneumonitis, interstitial lung disease, (e.g. idiopathic
pulmonary fibrosis, or associated with autoimmune diseases), anaphylaxis or
hypersensitivity responses, drug allergies and insect sting allergies; inflammatory bowel
diseases, such as Crohn's disease and ulcerative colitis, spondyloarthropathies,
---gcleroderma;-psorasis-and-inflammatory-dermatoses-such-as-dermatitis;-eczema;—
atopic dermatitis, allergic contact dermatitis, uticaria; vasculitis; autoimmune diseases
with an aetiology including an inflammatory component such as arthritis (for example
rheumatoid arthritis, arthritis chronica progrediente, psoriatic arthritis and arthritis
deformans) and rheumatic diseases, inciuding inflammatory conditions and rheumatic
diseases involving bone loss, inﬂammatory pain, hypersensitivity {including both airways

hypersensitivity and dermal hypersensitivity) and allergies. Specific auto-immune



<211> 77 <212> PRT <213> Artificial <220> <223> nodified MCP-1 protein
<400> 6 Met G n Pro Asp Ala Ile Asn Ala Pro Val Thr cys s Ala M Phe
151015 THE 20901384 Lys Ile Lys Val Arg Arg Leu Al a Ser PEYEPAPFONYS | | e
202530 Thr Ser Ser Lys Cys Pro Lys Gu Ala Val Ile Phe Lys Thr Ile Lys
354045 Ala Lys Qu Ile Cys Ala Asp Prd4ys G n Lys Trp val Gn Asp Ser
505560diseasesipcitde a_téuirmwmeﬂsem%iqwaicﬁgwmars fFneiuding e hagBIGTG
e MY EER R A
systemic lupus erythromatosus, polychondritis, Wegener granulomatosis,
_dermatomyositis, chronic active hepatitis, myasthenia gravis, psoriasis, Steven-Johnson
syndrome, autoimmune inflammatory bowel disease (including e.g. ulcerative colitis,
Crohn's disease and lrritable Bowel Syndrome), autoimmune thyroiditis, Behcet's
disease, endocrine ophthalmopathy, Graves disease, sarcoidosis, multiple sclerosis,
primary biliary cirrhosis, juvenile diabetes (diabetes mellitus type 1}, uveitis (anterior and
posterior), keratoconjunctivitis sicca and vernal keratoconjunctivitis, interstitial lung
fibrosis, and glomerulonephritis (with and without nephrotic syndrome, e. g. including
idiopathic nephrotic syndrome or minimal change nephropathy); graft rejection (e.g. in
transplantation including heart, lung, combined heart- lung, liver, kidney, pancreatic,
skin, or corneal transpiants} including allograft rejection or xenograft rejection or graft-
versus-host disease, and organ transplant associated arteriosclerosis; atherosclerosis;
cancer with leukocyte infiltration of the skin or organs; stenosis or restenosis of the
vasculature, particularly of the arteries, e.g. the coronary artery, including stenosis or
restenosis which resuits from vascular intervention, as well as neointimal hyperplasia;
and other diseases or conditions involving inflammatory responses including ischemia
reperfusion injury, hematologic malignancies, cytokine induced toxicity (e.g. septic
- shock or eéndotoxic shock), polymyositis, dermatomyositis,_and granulofnafous diseases

including sarcoidosis.

Preferably, the inflammatory disease is selected form the group comprising rheumatoid
arthritis, uveitis, inflammatory bowel disease, myoca;‘déal infarction, congested heart

failure or ischemia reperfusion injury.

The following exampies describe the invention in more detail without limiting the scope

of the.invention..—

EXAMPLES

The carotide injury model as well as the animal models used for the present invention
were performed in the laboratories of Prof. Christian Weber (Universitatsklinikum
Aachen). |



at gcaaccgg acgctatcaa cgcaccggtt acttgttgtg cgaacttcac caaccgtaag60

at caaagttc agcgtctggc tagctaccgt cgtatcacga gctctaaatg_cccgaaagaal20
gct gt t atVe® 20€45¥8tcat caaagct aaa gaaat ct gcg cggatccgaa}"é@@g%{%&&ﬁa%o 4
gttcaggact ctatcgacca cctggacaaa cagaigcaga ccccgaagac ctga234 <210> 8
<211> 234 <212> DNA <213> Artifici al 20> <223> nucl eoti de sequence of
nodi f i Bgustoral apalysts af VGRS mabents waen SAG higditcgg acgcet at caa

cgcacc b C (¢ tctggc
R S e R B e P T 4 AR
cgt t gcdrratogonil siicwdd dggahs ogemliaatg adalppalifatliinsaggactinairedd gadeg
cct ggacaaa cagacccaga ccccgaa(%a,c ctga234 <210> 9 <211> 234 <212> DNA <213>

Arti i piAin desigs. Epbermers: eceipieueldiiedis shswrad et pepicuiaghydYiei n
YISASZHKRZFRMARR SARITR 3hAHRA AP SARE LAtAaRG G RRRABAraffhe At t Ot O

cgaacttcac cCy
compared to the wild- type protein, indicating similar stability of these protein variants.

Also the small secondary structural change induced by HS binding found for wiMCP-1
was reproduced in the MCP-1 mutants (as exempilified by the comparison of wtMCP-1
and Met-MCP-1 Y13AS21KQ23R in Figure 1). However, the stability of both proteins
was significantly improved in the presence of HS as determined by temperature-induced
unfolding studies. This means that contrary to other chemokines, HS impacts the fold of
MCP-1 variants stronger than their secondary structure. This may be part.ly due to the
elongated, partially unstructured form of MCP-1 in the absence of GAGs which
experiences a structure-induction upon GAG binding, leading to a more compact fold

and, thus, to greater stability.

Increase in GAG binding affinity
We have determined the increased GAG binding affinity by surface plasmon resonance
(SPR) using a Biacore 3000 system. The immobilization of biotinylated HS onto a
streptavidin coated CM4 sensor chip was performed acCording to an established
protocol (28). The actual binding interactions were recorded at 25°C in PBS pH 7.4
containing 0.01% (v/v) P20 surfactant (BlAcore AB). 2.5 min injections of different
protein concentrations at a flow rate of 60ul/min were followed by 5 min dissociation
periods in buffer and a pulse of 1M NaCl for complete regeneration. The maximum
response signals of protein binding to the HS surface, corresponding to the plateaus of
the respective sensograms, were used for Scatchard plot analysis and the calculation of
equilibrium dissociation constants (Kd values). In Figure 3 the Scatchard plots of

- —wWitMCE-1_and-two_mutants.are-displayed. wtMCP-1_gave-a-Kd-value-of.1,26-uM,-Met-— —
MCP-1 Y13A S21K yieided 676 nM, and Met-MCP-1 Y13A S21K Q23R gave 152 nM.
This means that in the latter mutant the affinity for HS has been improved by a factor of
>8. The Met-MCP-1 Y13AS21KV47K mutant did not exhibit any improvement in affinity
for the natural HS ligand.

Knock-out of GPCR activity
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replacing the tyrosine residue at position 13 by an alanine residue and by keeping the
N-terminal methionine residue. This led to a complete knock-out of MCP-1-related
CCR2 acfivity, as exemplified by the complete absence of Ca influx and Thp-1

~ chemotaxis in the case of the Met-MCP-1 Y13A S21K Q23R mutant (Figs. 4 & §). The
inability of this mutant to activate its high-affinity GPC receptor on target monocyte cells
is expected to lead, in combination with the increased GAG binding affinity, to a potent

inhibitor of MCP-1 activity in vivo.

inhibition of cell migration

The effect of Met-MCP-1 Y13A 521K Q23R on monoccyte migration was investigated in
an ex vivo model. For this purpose, apolipoprotein E-deficient (Apoe)-/- mice were
subjected to wire-induced endothelial denudation injury after 1 week of atherogenic diet
(1). After 24 hours carotid arteries were isolated for ex vivo perfusion as described {1).
Carotid arteries were preperfused at § pifmin with Met-MCP-1 Y13A S21K Q23R at a
concentration of 1, 5 or 10 pg/mi for 30 min. Mono Mac 6 cells (1 ‘106!m|) were labeled
with calcein-AM, washed twice and perfused through the carotid artery. Adhesive
interactions with the injured vessel wall were recorded using stroboscopic
apiflucrescence illumination {Drelloscop 250, Drello) and an Oiympus BX51 miéroscope
after 10 min of perfusion. By this means, a conceniration dependent inhibition of
monocyte adhesion by Met-MCP-1 Y13AS21KQ23R was cbserved (see Figure 6).

Inhibition/improvement of auto-immune uveitis

Lewis rats were immunized into both hind legs with a total volume of 200 ul emulsion
containing 15 ug PDSAg (retinal peptide) in complete Freund’s adjuvant, fortified with
‘Mycobacterium tuberculosis strain H37RA (BD, Heidelberg, Germany) to a final
-concentration-of 2.5 -mg/ml. 100-g-Met-MCR-1Y¥13AS21KQ23R-mutant-dissolved-in- -
0.5 mi PBS (or PBS only as control} was applied i. p. daily from day 1 after active
immunization until day 19. The time course of disease was determined by daily
examination of animals with an ophthaimoscope. Uveitis was graded clinically as
described (Gong J.H. and Clark-Lewis |., J. Exp.Med. 181 (2), 631-640 (1995})) and the
average clinical score of all eyes is shown per group and day. As can be seen from
Figure 7, the Met-MCP-1 Y13AS21KQ23R mutant had a significant impact on the
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progression of the disease. Since uveitis is characterized by occular accumulation of T-
cells and monocytes which finally lead to blindness, the therapeutic effect of Met-MCP-1
Y13AS21KQ23R can be assigned to its inhibition of the migration of CCR2-activated

leukocytes which mainly constitute monocytes and basophils.

inhibition/improvement of myocardial infarction

C57/B6 mice were intubated under general anaesthesia (100mg/kg ketamine and
10mg/kg xylasine, intraperitoneatl) and positive pressure ventilation was maintained with
oxygen and isofluran 0.2% using a rodent respirator. Hearts were exposed through a
left toracotomy and Ml was produced by suture occlusion of the left anterior descending
artery (LAD) over a two mm silicon tube. The suture was opened after 30 min by cutting
the silicon tube and reperfusion was re-estabiished. In sham-operated mice, the suture
was left open during the same time. The muscle layer and skin incision were closed with
a silk suture. Animal experiments were approved by local authorities and complied with

German animal protection law.

Met-MCP-1 Y13AS521KQ23R was dissolved in PBS at 100 ug/ml. Mice were treated
intraperitoneally with 100 pl each during ischemia (10 min after ligation), 2 hours after
reperfusion, and every day until the end point. Cantrol mice were treated in the same

way with vehicle.

At indicated time points, mice were anesthetized and the heart function was anaiyzed
using a Langendorff apparatus {(Hugo Sachs Elektronik-Harvard Apparatus) and HSE
Isoheart software under constant perfusion pressure (100 mmHg) and electrical
stimulation to assure a constant heart rate {600 bpm). The coronary flow, developed
pressure, the increase (dP/dtmax) and decrease (dP/dtmin} in left ventricular pressure

were measured without or with dobutamin {300 pmot in bolus). The measured

-parameters.are-displayed-in-Figure-8-(upper-panel)-At-the-end-the-hearts-were-fixed-in -

distension with 10% formalin and cut into 5 um serial stices.

Serial sections (10-12 per mouse, 400 ym apart, until mitral vaive) were stained with
Gomori's 1 step trichrome stain. The infarction area was determined on every section .
using Diskus software (Hilgers) and express as percent from total left ventricular volume

(see Figure 8, lower panel).
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CLAIMS

1. MCP1 mutant protein with increased GAG binding affinity and reduced GPCR
activity compared to wild type MCP-1 protein, characterized in that the MCP-1
protein is modified in a structure-conserving way by insertion of at least one basic
and/or electron donating amino acid or replacement of at least two amino acids
by at least two basic and/or electron donating amino acids. .

2. MCP-1 mutant protein according to claim 1, characterized in that at least one
amino acid of the first 1 to 10 amino acids of the N-terminal region of the wild
type MCP-1 protein is modified by addition, deletion and/or replacement of at
least one amino acid.

3. MCP-1 mutant protein according to any one of claims 1 or 2, characterized in that
said amino acids that are replaced by basic and/or electron donating amino acids
are non-basic amino acids.

4. MCP-1 mutant protein according to any one of claims 1 to 3, characterized in that
modification in a structure conserving way is a deviation of the modified structure
from wild type MCP1 structure of less than 30%, preferably less than 20% as
measured by far-UV CD spectroscopy.

5. MCP-1 mutant protein according to any one of claims 1 fo 4, characterized in that
thefbasic amino acids are selected from the group consisting of R, K, H.

6. MCP-1 mutant protein according to any one of claims 1 to 4, characterized in that
the electron donating amino acids are selected from the group consisting of N or
Q.

7. MCP-1 mutant protein according to any one of claims 1 to 6, characterized in that
at least two amino acids at positions 21, 23 and/or 47 are modified.

8. MCP-1 mutant protein according to any one of claims 1 to 7, characterized in that
Y at position 13 is substituted by A,

9. MCP-1 mutant protein of any of claims 1 to 8, containing an N-terminal Met.

_10.MCR-1-mutant-protein-of-any-of-claims-1-10-9, wherein-the-N-terminal-amino-acid- -
residues 2-8 are deleted. |

11.MCP-1 mutant protein, characterized in that it comprises the amino acid
sequence of the general formula:

(M)nQ(PDAINA(Z1)mVTCC(X1INFTN (Z2)Z3)X2)V(X3)RLASYRRITSSKCP
KEAVIFKTI(X4) AKEICADPKQ KWVQDSMDHL DKQTQTPKT
wherein Z1 is selected from the group of P and A, G, L, preferably itis A,
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wherein Z2 is selected from the group of R and K,

wherein Z3 is selected from the group of K and R,

wherein X1 is selected from the group consisting of Y and A, preferably it is A,
wherein X2 is selected from the group consisting of &, R, K, H, Nand Q,
preferably it is K,

wherein X3 is selected from the group consisting of R, K, H, N and Q, preferably
itis R,

wherein X4 is selected from the group consisting of V, R, K, H, N and Q,
preferably it is K,

and wherein n and/or m can be either 0 or 1 and wherein at least two of positions
X2, X3 or X4 are modified.

12. MCP-1 mutant protein characterized in that it is selected from the group of Met-
MCP-1 Y13A 821K V47K, Met-MCP-1 Y13A S21K Q23R and Met-MCP-1 Y13A
S21K Q23R V47K.

13.1solated polynucleic acid molecule, characterized in that it codes for a protein
according to any one of claims 1 to 12.

14. . Isolated polynucleic acid molecule comprising nucleotide sequence of SEQ ID
No. 7, SEQ ID No. 8 or SEQ ID No. 9 or at ieast part thereof.

15. Vector, characterized in.that it comprises an isolated DNA molecule according to
any one of claims 13 or 14.. _ ‘

16. Recombinant cell, characterized in that it is transfected with a vector according to
claim 15,

17. Pharmaceutical composition, characterized in that it comprises a protein
according to any one of claims 1 to 12, or a polynucleic acid molecule according
to claims 13 or 14 or a vector according to claim 15, and a pharmaceutically
acceptable carrier.

18.Use of MCP-1 mutant protein according to any one of claims 1 to 12, a

- —polynucleic.acid-molecule-according-to-claims-13-or-14, oravector-accordingto-- - - -

claim 15 in a method for in vitro inhibiting or suppressing the biological activity of
the respective wild type protein.

19. Use of MCP-1 mutant protein according to any one of claims 1 o 12, a
polynucleic acid molecule according to claims 13 or 14, ora vector according to
claim 15, in a method for preparing a medicament for the treatment of a chronic

or acute inflammatory disease or autoimmune conditions.



(48)..(48) <223> Xaa is Val, Arg, Lys, H's, Asn or G n <400> 10 Met

Gn Pro Asp Ala Ile Asn Ala Xaa Val Thr Cys Cys Xaa Asn Phe 151015 Thr Asn
xaa xaa |lle xaa Val xaa Arg Leu Ala Ser Tyr Arg Arg Ile 202530 Thr Ser Ser
Lys Cys Pwm@ 1ws01Gad Ala Val Il e Phe Lys Thr [l e Xaa 3520ZBP2080E3%8 G u |l e
Cys Ala Asp Pro Lys Gn Lys Trp Val G n Asp Ser 505560 Met Asp His Leu Asp

Lys Gn Thr Gn Thr Pro Lys Thr 6570750 . _ ,
20. Use according to claim 19, characterized in that the inflammatory disease Is

- selected from the group comprising rheumatoid arthritis, uveitis, inflammatory
bowe! disease, myocardial infarction, congested heart failure or ischemia

reperfusion injury.



