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smal |, secreted pro-inflamuatory proteins, which
nmediate directional mgration of |eukocytes fromthe
blood to the site of injury. Depending on the to
position of the conserved cysteines characterizing
this famly of proteins, the chenokine famly can be
di vided structurally in C, CGC GCX-Cand C X3-C
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receptors (Baggiolini Met al., 1997, Fernandez EJ
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These membrane receptors, all heptahelical G-protein coupled receptors, allow
chemokines to exert their biological activity on the farget cells, which may present
specific combinations of receplors according io their state andlor type. The
physiological effects of chemokines result from a complex and integrated system of
concurrent interactions; the receptors often have overlapping ligand specificity, so that
a single receptor can bind different chemokines, as well a single chemokine can bind to
different receptors.

Usually chemokines are produced at the site of injury and cause leukocyte
migration and activation, playing a fundamental role in inflammatory, immune,
homeostatic, hematopoietic, and angiogenic processes. Even though there are
potential drawbacks in using chemoklines as therapeutic agenis (tendency to aggregate

and promiscuous binding, in particular), these molecules are ¢ onsidered good target



candi dates for therapeutic intervention in diseases
associ ated to such processes, by inhibiting specific
chenoki nes and their receptors at the scope to
preventing the excessive recruitnment and activation
\N@Emkﬁﬁﬁﬁ§ytes (Baggiolini M 2001; LOGtSChebCBEFﬁﬂQ&ﬂS&
Cark-Lewis 1, 2001; CGodesgart N and Kunkel SL, 2001).
5 Studies on structure-activity rel ationships indicate
t hat chenoki nes have two main sites of interaction
with their receptors, the flexible am no-term nal
region and the conformationally rigid | oop that
folloms the second cystei ne. Chernoki nes are thought
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but al so the expression of cytokines relate d to T

hel parci¥ @20k 436300 EHehédbBRRR06ED P BIEP-1) or Monocyte
Chemotactic And Activating Factor (MCAF), has been identified as having a cenfral role
in inflammation, being capable of promoting the recruitment of monocyles and

20 lymphocytes in response 10 injury and infection signals In wvarious inflammatory

diseases, different types of tumors, cardiac allograft, AIDS, and tuberculusis
(Yoshimura T et al., 1989; Gu L et al., 1999). The physiological activities associatedwith
CCL2 have been extensively studied by means of transgenic animals, which aliowed

the demonstration that this chemockine controls not only monocyte recruitment in

25 inflammatory models, but also the expression of cylokines related to T helper



3 responses and the initiation of atherosclerosis (CGu
L at al., 2000; Gosling J at al, 1999; Lu Petal,
1998). Structurally, CCL2 consists of a N-termnal
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has been 5 detected as a nononer in specific
experinmental conditions (Handel T at al., 1996; Ki mKS
at al., 1996; Lubkowski J, at al., 1997). As for many
ot her chenokines, the literature provides many
exanpl es of structure-activity studies in which CCL2
nmut ant s have been generated by expressing N-termn na
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CCL2 variant | acking residues antagoni zes
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CCL2 nutant containing the P8A substitution were 25
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' gh%r% Qxlisf ilnh?b?{iosg) gf aéenﬁatev cl:y(r:le?se, and stimulation of calcium influx {Paavola
C et al, 1998), While one mutant described by Paavola, herain called P8A*, does not
dimerize, but maintains original potency and efficacy, another obligate monomeric
mutant descrived by Paavola, herein called Y13A*, was shown to have a 100 -fold
20 weaker binding affinity in vifro, to be a much less potent inhibitor of adenylate cyclase
and stimulator of calcium influx Jn vitro, and unable to stimulate chemotaxis in cell
culture. Similarly to Y13A*, a mutant, [1+8-76]MCP-1 (a CCL2 variant lacking residues
2-8), antagonizes CCL?2 activities jn vitro.

The binding properties of the CCL2 mutant containing the P8A substitution were

25 also studied in an expérimental model based upon the recognilion of the viral



WD 2005/ 037305 PCT/ EP2004/ 052572 4 chenoki ne bi ndi ng
protein M3, denonstrating the efficient binding of
this viral protein to this CCL2 nutant (Al exander JM
et at., 2002). Moreover it has been shown t hat
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are devoid of activity in yivo, although fuli9ﬁ§§¥?§gn
and i ndistinguishable fromthe dinmeric formin vitro
(Proudfoot A at 5 al., 2003). Exanples of CCL2

mut ants i nvol ving residues not affecting the
dinmerization profile of the resulting protein have
been already described in the literature as | eading

to nol ecul es havin%wfntagonistic properties towards
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(for exanmple, involving a Proline), may act” as a
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been surprisingly found that variants of
ha8@3rer - f or mi ng chenoki nes, 15 such as CCL2, having
a single amng acid substitution in the dinmerization
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-inflammatory activity 1n vivo. The variants descri bed
hels3@849a3)atopewds ke lis r@bsindication ¢ toaprendrt thaPe kpepieph edede 20
conprising SEQ ID NO 2 and those conprising SEQ ID
NCRutapt, gidtrhpagicylan p CRrmuAN: BaingGn obligay masemes desithe sigle

po i%g‘pﬁﬁ%of E% | D N? 2 éSE | D NQ_4%1 are useful
as™ e s ﬁ’fa@a% PG A F eIk ayci‘g@%? R HEION ar o
useful as nedi canents for the treatnent of
aut oi nmune, inflammtory or infectious diseases. Po
| ypepti des conprsuimagy SEQi RBvENIONNO. 2 and t hose
conprising SEQID NO 2 with a further nmutation to
i sol etils heen gtrprisingly found that variants of homodimer -forming chemokines,
such as CCL2, having a single amino acid substitution in the dimerization interface that
alters the pattern of hydrogen honds, so as to resuli in an obligate monomer that binds
to the receptor and has agonistic properies in vitro, can antagonize natural
chemokines and have anti-inflammatory activity in vivo.
The variants described herein are useful as a medicament. Polypeplides
comprising SEQ |D NO: 2 and those comprising SEQ D NOQ: 2 with a further mutation
to isoleucine at position 64 of SEQ 1D NO: 2 (SEQ ID NO: 4) are useful as
medicaments,
The variants described herein are useful as medicaments for the treatment of

autoimmune, inflammatory or infectious diseases. Polypeptides compiising SEQ 1D

NO: 2 and those comprising SEQ ID NO: 2 with a further mutation to isoleucine at



WO 2005/ 037305 PCT/ EP2004/ 052572 5 position 64 of
SEQID NGO 2 (SEQID NO 4) are useful as nedicanents
for the treatnment of autoi mune, inflanmatory and
i nfecti ous diseases. In one exanple, polypeptides
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NO 2 with a further mutdtion to isol eucine at
position 64 of SEQID NO 2 (SEQID NO 4) are useful
5 as nedi canents for the treatnment of nultiple
sclerosis. The variants descri bed herein are further
useful in nethods for treatnment of autoi mmune,
i nflammat ory and i nfectious diseases. Such nethods
C posjtion &ieof (SH@ 1D HON2 (HESHID A0 Yrerobselinasedetieabdnsdoraount  of
a nononeric variant of the invention, wherein said
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conprising the obligate nononeric antagonistic
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molecules in the form of their active fractions, precursors, salts, derivatives, complexes

or conjugales.

The invention further includes pharmaceutcal compositions confaining a
polypeplide comprising the obligate monomeric antagonistic chemokine variants of the
Invention,

The Invention further includes fusion proteins comprising an obligate monomeric
antagonistic chemokine variant described herein fused o a non-chemokine protein
sequence, for example the amino acid sequence of SEQ ID NQ: 2 fused to the
constant region of a human immunoglobulin heavy chain (SEQ IN NO: 5). The

tnvention further includes methods for producing these fusion proteins.



WD 2005/ 037305 PCT/ EP2004/ 052572 6 The Invention
further includes nethods for screening for obligate
nononeri ¢ antagoni st chenoki ne vari ants descri bed
herein conprising: a) making single point nutations in

w@?m?s/ L block its ability to dinerize; b) PCT!EP2004/052572
e

ntifying said variants §hat bind to the recepto
and show agonistic 5 properties in vitro; c)
identifying said variants fromthe group identified in
(b) above that are further characterized as
inhibiting peritoneal cell recruitnent. Qther features
and advantages of the invention will be apparent from
the follow ng detailed description. 10 DESCRI PTI ON OF
THE Fihelgntonfireriesiudes mgiodfoforateiegning dejpblisete soemetitu man
4-99 of SW SSPROF Acc. N
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The nmutation in position 64
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rel evant nutation P8A is bold and underlined. Figure
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reconbi nant human CCL2 and CCL2-P8A with the baseline
in tHe '?)eétffyl'”ﬂ eiifyayants &pr thp @Btfplﬂef‘tif*?i’g” (Q)s%’a‘? that arq:fFféi'Efr e 3:

graph s e nse, i nhibiting activity of
OCL 2- P80 Qﬂeﬁ]zg%gsmﬁrblglfq%entonTa§E)e rm}meegr ui t ment assays

usi Ngogheratlied BRI ﬁﬂgntab&déiqr%r fventelrlwdl KeMppQHEnt from the
Thi ogl ycollate (B); the results are conpared with the
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DESCRIPTION OF THE FIGURES

Figure1: amino acid sequences of human mature CCL2 (residues 24-99 of
“SWISSPROT Acc. N* P13500; SEQ 1D NO: 1), mature CCLZ-PSA(SEQTD
NO: 2), mature CCL2* (SEQ 1D NO: 3), mature CCL2*-P8A (SEQ ID NO:
4). The mutation in position 64 to Isoleucin (M&41) is boxed in CCL2* and
CCL2*-P8A, the relevant mutation P8A is bold and underlined.

Figure 2: graph comparing the cell recruiting activity of recombinant human CCL2
and CCL2-PBA with the basaline in the peritoneal cell recruiting assay .

Figure3: graph showing the dose-response inhibiting activity of CCL2-P8A in
peritoneal cell recruitment assays using two different inducers: CCL2 {A) or
Thioglycollate (B); the results are compared with the baseline level, a
negative control (vehicle only, saline} and a positive conirol,

Dexamethasone (Dex; only in B).
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negative control (vehicle only, saline) and a positive
control, Dexanethasone (Dex; only in B). WO
2005/ 037305 PCT/ EP2004/ 052572 7 Fi gure 4: graph
showi ng the inhibiting activity of CCL2-P8A

Eﬁ#% i nduced lung inflanmation assay,PFﬁ@nggﬁpvz
is conpared with the basel i ne level, and a negative
control (saline). Figure 5: G aph shomﬁng the efficacy
of CCL2-P8A in reducing clinical scores in an aninm
nodel for nultiple sclerosis called EAE (Experi nment al
Aut oi mune Encephal onyelitis), either when the
animals present a mld disease with |ow clinical
SERres: ( RAbh Sowiey thi aAibifhy 2Avityost CBLBRBAGK QualtlsieRs®e t h
high clinical score (at least 3; B); the data are
conpar eding ofiamhative asisbe wod isgeinagd vilhde beselng isheb aphl y
(negative control) or positive control for the EAE
nodel ( AoERsEe §9V¢ 5elBP) er on beta); the nunber of

?zt tzrré S?ﬁagﬁ W}o&.ﬂ ethe Q!ftcac A BEITZ F%Q%nec@& apﬁ%:al c?%scflfi‘%e the

rstical™signrticance o
obser vedywh iddel £PAMRR 8llerbsR ctawé@ Exhe@@ptewn\éﬁtammn&@he at
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and *** pnepnbmpid), @ith@rlwheﬁismcaa}nﬂmbrésbr&d niky diseaee Wity ANO\/A
followed by Fisher test). 15 Figure 6: graph show ng
the i nhildyictricalgeasingt v jhaint; ADTR Sevpghisoatrenin didhriimidast er ed
at different dos s .in an ani mal nodel for skin
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DNFB ( A)ndicais therdeve! 9 sigtischizegdifiame of tha leffesindpesaivetvinthen DNFB
but only vehicle treated (B), and aninmals treated
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followed by Fisher test).

Figure 6: graph showing the inhibiling activity of CCL2-PBA when administered at
different dosages in an animal model for skin inflammation (DNFB-induced
inflammation on the ear of sensitized mice); the effect of CCL2-P8A on the
volume of the ear swelling volume after the treatment, and it is compared
with the following controls: animals not sensitized but challenged at day 5
with DNFB (A), animal sensitized and challenged with DNFB but only
vehicle treated (B), and animals treated with Dexamethasone (Dex;
administered in the same manner of CCL2-P8A). The values were
meastred at day 6 {the day after the treatment and the challenge).

Figure 7:  Alternative forms of CCL2-P8A that can be generated by single/multiple

amino acid addition and/or substitution (A} or by fusion lo residues 243 -



nmeasured at day 6 (the day after the treatnent and the
chall enge). Figure 7: Alternative forns of CCL2- PSA
that can be generated by single/multiple 25 am no
acid addition and/or substitution (A) or by fusion to
243 WD 2005/ 037305 PCT/ EP2004/ 052

Wﬁﬁ*ﬁﬂ?ﬁ%ﬁl nmmunogl obul i n | aghda heavy chain %%EP8@4}6;2%72
CCL2 signal sequence is double underlined, mature
CCL2-P8A is underlined). DETAILED DESCRI PTI ON OF THE
INVENTION 5 In view of the above nentioned evi dences
inthe prior art, there is no indication that a CCL2
variant, resulti ng fromat |east single amno acid
substitution in the dinerization interface that
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recruitnment and/or 10 inflanmatory reactions. The
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position 8 in human nmature - CCL2, and in particular it
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Al ani ne.  These varants do not contajn addditional
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descri meri c vari an
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expressed either as including t singl e substitution
of antalx@izd’rG8l2 ne vivin Pdsin t dememsl Sat dhibk aali reerufnBEQadddr NO 2)
or as including a further substitution (inproving

10 e XflERBPrHigachenst he protein) of Methionine 64 to
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consi dered as nol ecul e havi ng equi val ent activity.
10, or 13 of human mature CCL2.
i5 An example of the above described substitutions is monomeric variant of the
mature form of CCL2 called CCL2-P8A which can be expressed either as including the
single substitution of the Profine in position 8 to Alanine (SEQ ID NO: 2) or as including
a further substitution (improving expression of the protein) of Methionine 64 to
Isoleucine {SEQ ID NO: 4). The substitution of Proline 8 to Alanine (an amino acid
20 having a different orientation of the chemical group possibly forming hydrogen bonds)
generate a CCL2 variant acting as an obligate monomer. CCL2-P8A and CCL2"-P8A
can be considered as molecula having equivalent activity.
Pharmaceutical uses, methods, and compositions that can be consequently

envisaged for these specific obligate monomeric variants of CCL2, called CCL2Z -P8A

25 and CCLZ*-PBA, can be also envisaged for any other obligate monomeric variant of



Phar maceuti cal uses, nethods, and conpositions that
can be consequently envisaged for these specific
obl i gate nononeric variants of CCL2, called CCL2-P8A
25 and CCL2*-P8A, can be al so envisaged for any other
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PCT/ EP2004/ 052572 9 cCL2,? or of other chenokines that
are naturally active as dinmers, that are generated in
the same manner. These nutants shoul d present

antagoni stic and inhibitory properties simlar to

t hose of CCL2-P8A and CCL2-P8A agai nst the natura
chenoki ne, and therefore they should have a nedica
appld, abitlel dnymokibes PataraBRLBLacRE ad diferPhBSLQERelBYIRNT | ON
is the use of an obligate nononeric variant of a
h@ﬁ@mermmef Girend midantsiseanid kiesesl anfegunisi@eadiphigonO@iegrtisshi ch i s
known to a therapeutic target for various

d ﬁ‘%aééoe@ose §h€¢+2 REA &Rt CrAmPhesairsh e arfiraltcagmpkinegpnd
r%faite th%)lijélou% h%\% asmeegzcai aﬂ)ghc%])lh ar ' ants result from at

ast an am no ution that alters the
pat t @hdaspdor Y6 5@%ﬂnv@rﬂﬂﬂ§tb§hsetoh§1 o@ﬁggt@ FrbfoRlelichiant
interface of said chenokine, so as to result in an
obi & getogimardtraing chetnbigde, bi BASIPIE m:ct;h @hite. apéwarte and has
agonostic properties in vitro and antagonistic
farauic] rgeti fy various, disgssencuthves viginmidie.e infammpjorg, or
osition, in particular for 'the

har t
© PBAPTle=r 15 SUBNR Pk T 2 e e SreFaarory,
00 O3Sl BAR 0TRSO BOAAIRSE ©

properties econe evl I N assays

evaloUaduk Ql’hncbf)hgﬂé ARl B LRUCH tRSredeptol H8 hef dBwticcel |
recruitnment in the peritoneumfollow ng the induction

wepibbetas in vitref snd ramagoistc mapkréssuh erivh,aasc ivtveoikgradientsueh CCL2
itself, thloglycollate or ovalbun1né The obligate
PHETE GAmPPiar. FraRertbws by ter BeAtEenls joh gieentiehi %o aci d
S tltutl nin the. |ner|zat|o interface that alters
A Oy SRR i fr P ePibPile- "he ng
p5@,hehﬁsem@rse<fam BReRflabaBlidvin ROYRILESN &%‘sm&ﬂg dgukarly
rel evant ‘for establishing O stereospecitic hydrogen
b & dsfedt el Irac@itnenn int ihe defioriadt | faowind tHar Bduetion witwrgpl exes
such as honodi ners, the single am no acid substitution
s Iarimatoty @oledyle (ahéimpking suehi G6h2 ki, tiiogiycallaierneovatbumin).

The obligate monomeric variant may result from a single amino ac;id substitution
in the dimerization interface thai alters the pattern of hydrogen bonds. More preferably,
being proline an aminc acid well known fo be particularly relevant for establishing
stereospecific hydrogen bonds involved in the formation of protein complexes such as
homodimers, the single amino acid substitution should be the substitution of a proline
with non-proline amino acid. Altematively, the single amino acid substitution should be
the substitution of non-protine amine acid with a proline, se that the stereospecificity of

hydrogen bonds results altered.



with non-proline amno acid. Alternatively, the single
am no acid substitution should be the substitution of
non-praline amno acid with a proline, so that the
stereospecificity of hydrogen bonds results altered.
“MphgﬁQ§§)37305 PCT/ EP2004/ 052572 10 AIternﬁkh%ﬁa&ﬁkﬁEn
of the nmononeric variants f the honodinmer-formn
chenoki nes above defined that can be used as actlve
ingredients in pharmaceutical conpositions include:
a) an active mutant; or 5 b) a pol ypeptide conprising
said variant, or said active nmutant, and an am no
aci d sequence belonging to a protein sequence ot her
than to said chenokine. The term "active" neans that
such af'e@fti@tIve UESWpB‘EIﬁ@@'CsWEﬂmS dofntBg rpraddimer-higing

fu ona 2 nutants of the present
| SB35 G 0k B TP

I NQinBdshions Gbibger €Crui tment and/or inflammatory
reactions. to An obligate nononeric chenokine

ant aggnarsictivasuighebi ned herein, as an active conpound
according to the Invention, can be in the form of

5t hei r baz pdvpeptidercomprisingsid varjpniee wai ¢ entiee, muml, tis!, an amino
derivati ves, | exes or conjugates. ese a erns Eve
conpond&i é?“@e“i"‘ﬁ%?ﬂﬂ@& %P&te'%W%ﬁ@h@a%’fa@@hﬁ”@%”% th

changﬁ% térr? JJL@ rﬁ'ea:%utﬁart] %L%R% ter] %ﬁcrr(rrrf%ﬁugge sthﬂ\gct n\"/i??{{sa!lqi % s of

the honodl ner - fof
af fﬁr@%al%@@re@@%b @C@%fsﬁ‘t@gf@{e p%génﬁzﬁter%nsﬁal 364 nﬁﬁn@% n. For
exanpl e, CCL2* been generated on th asi s of
a Gaie anvo of mﬁiﬁﬂlﬁill récﬁ@hﬁﬁ MaddinfladhatonCGédeidhy. t hat mai nt ai ns
normal CCL2 activities but has inproved properties

10 egar A thipatetiveomest damiking antagenish pe defiied therellHee an active

ant ago stl r ﬁrtles of the nononeric vari ants of
OB Werie ff Meone el de RIBr RELASJFEionand

exfRtdd tRd iRGHR! Qonﬁ;ﬁe&ég%rc gf8A as CCL2

ant agoni st, can I nt al , Or even potentiated, in

t he mw&mounashﬁﬁntended to comprehend molecules with

changes to the sequence of the monomeric variants of the homodimer -forming

15 chemokines that do not affect the basic characteristics disclose d herein. For example,
CCLZ*-PBA has been generated on the basis of a mutant of CCL2 (CCL2-M64I or
CCL2%) that maintains normal CCL2 activities but has improved properties regarding
the recombinant expression.

The antagonistic properiies of the monomeric variants of homodimer-forming

20 chemoines defined above, and exemplified herein using CCL2-P8A as CCL2
antagonist, can be maintained, or even potentiated, in the active mutants. This
category of molecules includes natural or synthetic analogs of said sequence, wherein
one or more amino acid residues have been added, deleted, or substituted, provided

they display the same biologicatl activity characterized in the present invention at



category of nol ecul es includes natural or synthetic
anal ogs of said sequence, wherein one or nore am no
aci d residues have been added, deleted, or
substituted, provided they dlsplay the same

WE2HS84138%R1 activity characterized in the pr8SEFF2004/052572
i nvention at WD 2005/ 037305 PCT/ EP2004/ 052572 11
conpar abl e or higher |evels, as determ ned by means
known in the art and disclo sed in the Exanples
bel ow. Natural analogs are intended to be the
correspondi ng sequences of human chenoki nes proteins
identified in other organisns, |ike nmouse CCL2
( SWMpaeRR6ITighe? letiCas dbbrmiTdd@F hohs knbNurt ih b & Al diedabogs of
t he nmononeric variants of honodi mer form ng chenokines
arte Bxantpenickdd. t 0 be pol ypept des prepared by known
chem cal synthesis and/or by site-directed
mut adBHES Pglogsedh ifeaiie 0 b BsTTREROBHINe SEIueeBhf01UBEl es at

sﬁﬁﬁ"@ﬁ\‘%lﬁmi@ﬁ% 5@-@? € '%Q%&%@ﬁ‘g e@ﬁﬁ%@ E:él% (QW%%PW

s COUPHE P02, Saloidd %nogsrbf e %hcﬁéwc anan@ef RS G hnipdcNOWN
t echni que SU|tab e thereor, whi ch provide a finite

S ehenkines WhShta@nid abé yosyﬁmdlé@ﬁrgﬁmd b ghoRIErahiedl s@hesis
shortened peptides or polypeptides which can be
I Gotidr hieditg-disBectrnutpgenesiterhtiaiss, extbipglorigiieshrobogiesrathelavely sk | |
in the art using the teachings presented in the prior

arof engprtg; [AVA Srauepse(asH &% Dl iseyfing, F‘B‘Fgee%ﬁﬁﬁ?e@d@'ﬁe@ fic
Brh ule%d’% d%%@&% {Aa\éﬁer%&vn techn ]Ul? %ﬂlgrea‘m ds

er positron

10 f cwme}dprav@le 8 WRB et Ef@ﬁbsﬁrﬁﬁll? EcbdpB@in§elitded of oAb AGRREST S (VO
03/84993). In accordance with the present invention,

proefolypaptnids elicingels routinelylvetaisaitahd/ @stetLbly am & ordigdresktl inmon I y
known as "conservative" or "safe" substitutions, and

i W@rtv@gﬁ@ﬁﬁaﬁi@gﬁ Reesenyied &y g padas art and indherBvanplevelogni no aci d
substj tut| am no aci ds havi
suf fi FJS’ "'é?{‘fpl ‘*VSP?? 'r‘”f']a'f"iﬁﬁ' ‘%’%&‘fﬁ“@ya S o] o [l w1 a‘f’%*’%?%’e rto
s@cﬁ.ﬁut%emtcj'}@,r ?tgsﬁl&h%tolfj .rCéLZaFFgJ 1’0\!?!8 rétgfarg 'f&l @ﬁ’éraq’ f'?d CELuant Ion
of e nol ecu is clear that insertions and
15 dehtedohiasgvoatyiseayno  aci ds may al so be made in the

above defined sequences wthout altering their functio
n, In accordance with the present invention, preferred changas in the active mutants
are commonly known as “conservative” or "safe” substitutions, and involve non-basic
residues. Conservative amino acid substitutions are those with amino acids having
sufficiently similar chemical properties, in order to preserve the structure and the
20 biclogical function of the molecule. It is clear that insertions and deletions of amino
acids may also be made in the above defined sequences without altering their functio n,
particularly if the insertions or deletions only involve a few amino acids, e.g., under ten,

and preferably under three, and do not remove or displace amino acids which are

critical to the functional conformation of a protein or a peptide.



particularly if the insertions or deletions only
involve a few am no acids, e.g., under ten, and
preferably under three, and do not renove or displace
ami no acids which are critical to the functiona
ion of a protein or a peptide.
“éﬁ#%%éggé4/052572 12 Thep,literature prOV|%gq%%%ﬁLag§n
nodel s on which the selection of conservative am no
aci ds substitutions can be performed on the basis of
statistical and physico -chem cal studies on the
sequence and/or the structure of natural protein
(Rogov SI and Nekrasov AN, 2001). Protein design
experi ments have shown that the use of specific 5
subseths litgaturgprp\ire maeyi repdeleaprvhip helsslselion oflcehadnlatve amicb act i ve

prote in the classification of amno acid
-- s"%‘?’ﬂ%ﬂ@%%’ SR b T PR LS GG BaBE |

b
SRR Bl okl Dol ST Rl GH Wi R WP 5D 0 and

p a\feﬁjaébg N, bd41. PRMinlaBRidA texBiments 2848 Qown HREKSEOGRYITRUS

am no acid groups and nore preferred synonynous
5 grsohspls of préinct dvidls eardgbdureefdidibie ahalekide brotelgrhelfify @XiETP! €,
the substitution of Methionine 64 with |soleucine
c H#ffRteToof Gming i rRgnonyEs sutsBotsanish Iseebe et SEiY usi ng
eria. A fu roup of actlv nmut ant s
o ol Bt b o S B RiSHord vt ng
CQ@MQ Rl Shd &%g?@@}ﬁﬁ%@ & a§) 629605 qﬁe %%oh% ﬁmmo

(al so-661 Ked peptidom netics nat ure

Ofacip @iotips 6@ ndfe pRAIYPS KRS Hass h@mﬁhe@méﬂ i bky, rypdi fied
at the level 5 of am no acid side chains, of am no

10 ackahpishihe substitwon ofiveihiorineof4 with dsojpagieicdemdde KBihend These
altenations are intended to provide nononeric variants
of & BABIRGRTHEPSE Y558 AP ElfEAroki nes having similar or

I mpr oy s in t rs of prepar I .on ot ency
and/ gﬁﬁgﬁﬁoﬁ’g a&lvge et g JPrrrel Va'i—'aD? O?]El SRpPU evahen
t Wﬁmﬂmw&m&%%m&ﬁ%@% giijdases
following 20 injection into the subjec |s a problen]
I épihind theeattre af bepidepapdypaptile asd bpersobensdatyi eaiiqoakd ile  bond
with a non-cl eavabl e peptide mnetic can provide a

15 p@peTieReaciside chetnalsf amiemaegidtchically, andior of the peptide backbone.

These alterations are intended %o provide monomeric variants of the homodimer-
forming chemokines having similar or improved properties in terms of preparation,
potency andlor pharmacokinefics features.
For example, when the peptide is susceptible to cleavage by peptidases folloWing
20 injection into the subject is a problem, replacement of a particul arly sensitive peptide
bond with a non-cleavable peptide mimetic can provide a peplide more stable and thus
mare useful as a therapeutic. Similarly, the replacement of an L -arnino acid residue is a
standard way of rendering the peptide less sensitive to proteolysis, and finally more
similar to organic compounds other than peplides. Also useful are amino -terminal

25 blocking groups such as t-butyloxycarbonyl, acetyl, theyl, succinyl, methoxysuccinyl,



nore useful as a therapeutic. Simlarly, the
replacenent of an L-amno acid residue is a standard
way of rendering the peptide |less sensitive to
proteolysis, and finally nore simlar to organic

W@éhﬁ?@éﬁﬂ% ot her than peptides. Also useful BFEEP2004/052572

am no-termnal 25 bl ocki nd®groups such as

t - but yl oxycar bonyl, acetyl, theyl, succinyl,

met hoxysucci nyl, WO 2005/ 037305 PCT/ EP2004/ 052572 13
suberyl, adipyl, azelayl, dansyl, benzyl oxycarbonyl,
fluorenyl nethoxycarbonyl, nethoxyazel ayl,

met hoxyadi pyl, methoxysuberyl, and 2, 4-dinitrophenyl.
Mafb¥ry0t ugi, aH@QF fhe@t | SEH%nchQNdnﬁ' m%rénﬂﬁxﬁtﬁrﬁﬁcﬁrﬂonﬂm ency,
prolonged activity, easiness of purification, nd/ o

I mehegses), hathbxyhdiphie math@ydanoirand 04 dinieopadntl. (M o@@r110195,
Villain Met al., 2001). 5 Preferred alternative,

" wﬁ@ﬁymrdm@wm ppf@mcy azrﬁlorwd adivihpasinges ma\@&paﬁmﬁ.

na%'fﬂés'zﬂ%?a@th%'@e Fetoomgy beriiio Sl A b M w8y’ 4l o
'(Q;/: %ﬂe?enmn% %%J b gslspg gogﬁ& {P&r% M&{rdg%%@ i ne

i ﬁﬂ@uds@@-lr_%?ﬁ&feb@a(fy{ riife 1RLCA tbn -efrmdiive hidd aﬂraﬁa.ms)écfal dbrivivesl -
t hi azolidine -4- carboxylic acid, L-honoproline,

3 aldo dﬂb@pdarmnopptmtyimec;id B\ibd- @Hrb)ypjmm(y{Hyphermlﬁétmwdme, 10

cycl ohex egC|ne and phenyl gl yci ne. "ani no acid
déPq“\?%{'ﬂ? @@ i, gndolfie-drrchetlicarid il gf@roamhr@ b'rth*f’i&?ﬁi'ﬁ%‘"

acid-l.i ke .chem ca . of, the 20
qohBrie &y LEBRle. et ORGP PRRG e do.

10 I @yctoﬁ&%fgd,ng%wheny@@&wam no- avi d-derivative. nmay
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contain substituted or non-substituted alkyl noieties

t hat Bg &iminb ecid deM@de",is iRterRIBE Nethino @did & Yhihd id-iRNEeIRY

i ncl ude one or nore i s heteroatons. The am no acid
d emtify\pher thea snecah ihe Blegensliordly ehsodeonatyrai ccelying amiedkcifls: om
comrercj al sources (Cal bi ochem Novabi ochem AG

SRR o BACHOA oAy on AR PGt e
SYBLEHaS oA (hhe SRl oBMERL 81 RERLLS MpTLCS,

as non-pepti'de mne nown '1n the
ahdterbakdmd Dbhe \bhing A6l Batlitos M be2RRR; de R RRbBMRKImA et
al ., 2001). Various nethodol ogy for incorporating

U novartesiabsbura@ni Gabbio@8m-dloiabiechermA® Spitzetasd; Beshemig$A)g bot h in
vitro and in vivo translation systens, to probe andl or
The techniques for the synthesis and the development of peplide mimetics, as
well as non-peptide mimetics, are well known in the art (Hruby VJ and Balse PM, 2000;
Golebiowski A et al., 2001). Various methodology for incorporating unnatural amino
acids info proteins, using both in vitro and Jn vivo transiation systems, to probe andlor
improve protein structure and function are also disclosed in the literature (Dougherly
DA, 2000},
The present Invention discloses the use of monomeric variants of the

homodimer-forming chemokines, and their active mutanis, as active ingredients in

pharmaceutical compositions, as well as of proteins comprising their amino acid



i mprove protein structure and function are al so
disclosed in the literature (Dougherty DA, 2000). The
present | nvention discloses the use of nononeric
variants of the honodiner-forning chenokines, and
wid®bdesakti ve nutants, as active ingredients IJCQ‘/EP%M{)SZSH
pharmaceutical conpositiong, as well as of prote
conprising their am no acid WO 2005/ 037305
PCT/ EP20041052572 14 sequence and an anmino acid
sequence belonging to a protein sequence other than
sai d chenoki ne. This heterol ogous |atter sequence
shoul d provi de additional properties wthout
i npai ring the pharmaceutical applicability. Exanples
ofse%%cﬁ g Iyl Squﬁ"E?d@WQ'”ééo wrételaﬁeqewse dher than

fi I t hal f-life i
D sl eI B SR e s By o st et gigperiehi &
I afith&l if BRI dha?q&fem.pa@ram&wrEéaamgy Bfagh%lﬁ aéq%nan
defining a specific group fusion or c

P rpedpertiad Sirel ah @dsisel Richton friteduad ©\eyeAiedihdak Ji th b‘édﬁyr?lﬁlgs it
all ows these nononeric variants to be localized in the

5 s paedraapivisr lecativgtion.dhik ipttenagvre is ohyerticules @ipartahe@ for alafding a
purification of these peptides is facilitated, but
al SBFhGpawet E‘E@E’Q‘”ﬁ%iwﬂ@ gieles inglugecsip Aher abovgidefhitiont sinee it

ti d
”QJ]] %vé lrrllwggesfnong'men? \fana tt%hg &ogghgeﬁ (ajrlqt%tSSag? g reéE{ q% nger? lﬂ an
C Qé&:ﬁ:ﬁorn Whd dufidatioP8f Enkde! p&ﬁéés Q@acmlgt@& &G talbmhem% ﬁa‘?uréﬂ;t

fusion proteins are w dely di scussed
| iitepackiwiilr @hef Mbldcsisson J et al ., 1997; "Applications of
chinmeric %enes and hybrid proteins” Methods nzynoT.
10 X326-0sdign of Ke agietiep, d'gﬂnﬁse@f@ Jinkore.00 wel iR Us 3 BBikpies for
rotein sequences which can be used to

A
dmspafaten PP e ghe %PS*W&%‘S ¥ WGEJ)/ e
wmmmg fire (RscR 6B a0 frodh ORAILE ﬁnre'ﬂ.c Jies as

defi ne above are the oﬁ%% g? race ular EOHHIHS

OfprotemErVe¥aas Byt Vol adoesd) ,Acémmga @008l WO o17E@ASt ant

region (Fc region), nul ti nerizati on domains,
eXditipuabbrbleih saqugpees tvidihrug besibeg) madenerqmep:émd&-fﬁrmmbfaieﬁd ng
protelns export signal -containing proteins. The

15 ¢ KB meomesjsHargts of ﬁﬁ?ﬂé'meﬁormﬁ%%m@@q%@w@@gd hevetsee f used

t Qnet Q’Ss %P%ﬁlrar?emia(r: d\érfq‘arlr!sag}tmem%rageupo%rt}dj grgt%n itm%ur?oglgt?ulhf 'c
constant region (Fc region), multimerization domains, extraceliular proteins, signal
peplide-containing proteins, export signal-containing proteins. The choice of one or
more of these sequences to be fused to the monomeric variant is functional to specific

20 use of said agent. When the additional prolein sequence, as in the case of the
sequence of extracellular, export signal, or signal-peptide containing proteins, allows
the monomeric variant to be secreted in the extraceliular space, the agent can be more
easily collected and purified from cultured cells in view of further processing or,

alternatively, the cells can be direclly used or admini stered.



20 use of said agent. When the additional protein
sequence, as in the case of the sequence of
extracel lul ar, export signal, or signal-peptide
contai ning proteins, allows the nononeric variant to

WQasEsBet ed in the extracellul ar space, thePQHERO0EET2
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be nore easily collectednd purified from cul tured
cells in view of further processing or,
alternatively, the cells can be directly used or

adm ni stered. WO 2005/ 037305 PCT/ EP2004/ 052572 15
The obligate nononeric variants of honodi ner-form ng
chenoki nes defined above can be also used in other
pr ef emé elgdied mbomerfcOlariaRi MBb R dmE:-Brink \tRenlokiE HAFRNS ,
precursors, salts, derivatives, conjugates or

C @hgyk ea0e®, alsd lusedtire pthar 'pfefeasst forow, " forr ezéingtesast aptiva fgctidns,ag ment
of the polypeptidic chain of the 5 conmpound itself,
alPEAEsBrsalisepgiYRs: PRagain OViPTFX9%e| at ed nol ecul es or

' b dto it f I i d f
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fromother nodifications I ch o not nornmally alter
P Ifdr Ne&srybieS R6[dLRE OF sudaBI or EphadiRdted, b adbiedesOsf thd oNgiral O
chem cal derivativization of peptides (acetylation or
c apliretigd cipentde) Such mosselemcl wsulhyalsorfsati 6ther mepificdtiens dichpat t er n
of phosggor%lation (introduction of phosphotyrosine
pHBSPHYCEY; Hier, PR SpNENS HXSt FRsn i pe & Wi SRSMicgr

gl yl.at L on. I ng the tide to enzynes
VBT PRl BERAS! ol 8 PRRL R ) B RHT
9lpiesHl pHobR@yibn GRELIEGASH HolphBlyEIHeY PRSphosek, 8
peptide during its synthesis and processing or in

f phdsplefre@ine calgdsNg gh@pstion T @xpobiiceibel pideSlt e@yBes
conmpounds whi ch can be converted into the conmpounds of

1 %rhight @i plycosviating §19i SRBRFaEEesiing o dasbosdrtny praties)

i i fter th dm ni strati to th
a1 98 Ay Bl e Ay PR S B AR BPTSTO B e n 1 of er s
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salts of am no groups e pepf es, polypeptides,

ObresdnBin@@ont ke meRbolic Qhd teRgmiic 56BLsing | pAMERt bren.heSal t s
of a carboxyl group may be fornmed by neans known in
t lhdmimgtratiomia the cells or to the body.

The term "salts" herein refers to both salts of carboxyl groups and to acid addition
salts of amino groups of the peptides, polypeptides, or analogs thereof, of the present
invention. Salts of a carboxyl group may be formed by means known in the art and
include inorganic salts, for example, sedium, calcium, ammonium, fertic or zinc salls,
and the like, and salts with organic bases as those formed, for example, with amines,
such as triethanolamine, arginine or lysine, piperidine, procaine and the like. Acid
addition salts include, for example, salts with mineral acids such as, for example,

hydrochloric acid or sulfuric acid, and salts with organic acids such as, for example,



20 include inorganic salts, for exanple, sodium
cal cium ammonium ferric or zinc salts, and the
like, and salts with organi c bases as those forned,
for exanple, with amines, such as triethanolam ne,

or lysine, piperidine, procai ne and j
RREGS0L L0l e e o ey o S
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Aci d ition salts incluge, for exanple,

m neral acids such as, for exanple, hydrochloric acid
or sulfuric acid, and salts with organic acids such
as, for exanple, WO 2005/037305 PCT/ EP2004/ 052572 16
acetic acid or oxalic acid. Any of such salts should
have substantially simlar activity to the peptides
and pol ypeptides of the invention or their anal ogs.
Theestic agidar Oxglisrapid A0 of sush saiisshpdd havepulptoaiglyrsisfiles agivity do
derivatives which can be prepared fromthe functiona

g r“&Pﬁ@'deﬁla@é’@Wem@FF 9 H‘%'”}‘Pﬁ?c’é P’érle" #R4%*ns of the amino acid
i et'!lc?g R QBFIVEEVEQ'FES Bé}gn l%!é%rs rs é d&rﬁ:ﬁ;%s%kh & i%nge%ar

accordi ng nown et erivativ ncl ude
f Gom eI §SUpE hrseRlon &l IdRRAdhbics AL 8RB0 R nloRfes or

car boxyl -groups and N-acyl derivatives of free am no
groothesi- orm-t@maaeiygfou;ﬁemomag tokemin obthdds.cachhipdinivagidcuger oups
and are formed with ty groups as for exanple

alfe &xpayle estesy or alipkajie angges pihe. carbwéfgwm@w -Bylaiprivativesyof

O PSSRV
,mggfa'g’ggs%glaﬁ?lﬁé&qoﬁm&ﬂﬁo pnown in the art of the

Ion w receptor or ot her pr ot ei ns

(r adi paGitcbitRate or chrhplkREsS 6iddte rhoad@tiSvaridtsQk hombdimer-
therapeutic efficacy (cytotoxic agents), or inproving
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poI yet h Iene (ﬂ] ycol and other natural or synthetic

p ‘Wi‘éi’ eé”*@ﬂ‘%n‘%ﬁl““df?é@% oREher ARFES (r@*‘é‘@ﬂﬁ’/\/ﬁ’l d RB
fluore ﬁégts ?%e%h b|8tln? dtgeg:l eu iC efpcatiyﬂc f 0%9 %qhe% )B Pro |V ra\hngztﬁ)eto ﬁéy

h %&ts’% ernsierds B setticR ad QolyetREhny JRE aRd drRERNt

(i.e., the si echaln of an anmino acid bearing a

f Lme;mthﬁmabiyr@rsquﬁms 4 ghd, Chbsg RBNEDN3; Bedaawaldi RB dall, dpo3;
glutam c acid, cystel ne, histidine, etc.).
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amino acid bearing a functional group, e.g., lysine, aspartic acid, glutamic acid,
cysteine, histidine, etc.). Alternatively, a residue at these sites can be replaced with a
different amino acid having a side chain amenable for polymer attachment. Also, the
side chains of the genelically encoded amino acids can be chemically modified for
polymer attachment, or unnatural amino acids with appropriate side chain functional
groups can be employed. Polymer attachment may be not only to the side chain of the
amino acid naturally occurring in a specific position of the antagonist or to the side

chain of a natural or unnatural amino acid that replaces the amino acid naturally



WOYSHE3Wot only to the side chain of the

10

20

25

20 side chains of the genetically encoded am no acids
can be chemcally nodified for polynmer attachnent, or
unnatural am no acids with appropriate side chain
functional groups can be enpl oyed. Pol ynmer attachnent
B TP 204{052572
naturally occurring in a épeC|f|c position of the
antagonist or to the side <chain of a natural or
unnatural am no acid that replaces the am no acid
natural |y WO 2005/ 037305 PCT/ EP2004/ 052572 17
occurring in a specific position of the antagoni st,
but also to a carbohydrate or other noiety that is
abdettfirid@rla sRcifichesiton steneCR@hdiistObut kikere 3MhbPydRd & ofbr t he
target position. Polynmers suitable for these purposes
ameietpiha Gatgsbditdtheside chainel the, aminb egd shithetalaapesiibroXi ¢ t 0
bi ol ogi cal systens, and nmany such polyners are known.
Such P%megﬁrﬁéiﬁa le foplese §”@‘l§ef’rﬂf@¥%mﬂﬁ‘% nasrelyhipyragsptend i ¢ i n
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pol yt etrafl uor oet hyl enes, pol yet hyl enes, 10 pol yvi nyl
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pol'yacryl am de, and copol yners t hereof.” Preferred

podgpadable r Blyeeaclickepsy@-adre@anE Pbthahylate P REi@knylUiidobol,
ethylene oxi de such as polyethylene glycol (PEG. 15

TeRY(Nofinglr pirplidenelreplyatiifenss. @tﬁ%{lﬂm'ﬁenlaﬂdemwlmyes; ereof.

ation of peptide SY nt hesi and chem ca
B e R B 6 FET ot A BT Ry oo 25-
M@%@$%§Q&NQ Ggolymer will be through a bi odegradabl e

esp Ily at the amino -termnal region of a
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protein in a precursor (or "pro-drug") form that,

updghedeg figetiant Advantagdoudih the bifanhoent of e haasdoid foigmg@mat ei n
V\getﬂbrc?ulért: a Eodegradnglgle IHEeglezgalegaaﬂg Ial?h% amino -terminal region of a prot
) g protein.
Such modification acts to provide the protein in a precursor (or "pro-drug") form, that,
upon degradation of the linker releases the protein without polymer modification.
As a general procedure, the obligate monomeric variants of homodimer-forming
chemokines defined above can be produced may be prepared by any procedure known
in the art, including recombinant DNA-related technologies and chemical synthesis
technologies.

Many books and reviews provides teachings on how to clone and produce

recombinant proteins using vectors and prokaryofic (e.g. E. coli) or eukaryotic host



20 As a general procedure, the obligate nononeric

vari ants of honodi ner-form ng chenoki nes defined

above can be produced nmay be prepared by any procedure

known in the art, including reconbinant DNA-rel ated

\,k}gg&%;ﬁ‘%i es and chem cal synthesis technol 19(%}/1‘352 04/052572
ny books and revi ews prox%des t eachi ngs on howto

cl one and produce 25 reconbi nant proteins using

vectors and prokaryotic (e.g. E. coil) or eukaryotic

host WO 2005/ 037305 PCT/ EP2004/ 052572 18 cells, such

as sone titles in the series "A Practical Approach”

publ i shed by Oxford University Press ("DNA C oning 2:

Expression Systens”, 1995; "DNA Cloning 4: Mnmalian

Sy §tlierfich as s@Bgiies ipihe Eerlen "Arptieas Alntath’ pbBOE by"®foolt ei n

Purifiqa ionwpgechnigﬁes";,2001 . 5, Anot her enbodi nment
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DNAecsafietsnme). codi ng for the obligate nononeric

vari ants of honodi mer form ng chenoki nes can be
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/ honol ogousl y integrating vectors, which can be
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suita ans (transfornption, transfection,
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actors of

injection, etc.) to transformthem
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vector include: the ease with which recipient cells
10t hells &b A asuirble Meeanse transformatiamy rivefectiony chguoaties peptipzeed  and

sehected fromthose recipient cells which do not

colft'dr AT HEaLPR CEBI™ PhofbatrRERiptopfdirect BivEipti@s etof ot he
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vectors should allow the expression of the iSolated or
f ugrideeiecipd tdmethase recipient cells which do not contain the vector: the number of
15 copies of the vector which are desired in a particular host; and whether it is desirable to
be able to "shuttle” the vector between host cells of different species.
The veclors should allow the expression of the isolated or fusion protein
including the antagonist of the invention in the prokaryolic or eukaryotic host cell under
the control of transcriptional initiation / termination regulatory sequences, which are
20 chosen to be constitutively active or inducible in said cell. A cell ine substantially
enriched in such cells can be then isolated to provide z stable cell line.
For eukaryolic hosts (e.g. yeasts, insect or mammalian cells), different
transcriptional and translational regulatory sequences may be employed, depending on

the nature of ihe host. They may be derived form viral sources, such as adenovirus,

25 bovine papilloma virus, Simian virus or the like, where the regulatory signals are



i ncludi ng the antagonist of the invention in the
prokaryotic or eukaryotic host cell under the contro
of transcriptional initiation / termnation regulatory
sequences, which are 20 chosen to be constitutivel

WQIFAHE3Wr i nducible in said cell. A cell | iFe/EP2004/052572
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substantially enriched i ¥ such cells can be then
isolated to provide a stable cell line. For eukaryotic
hosts (e.g. yeasts, insect or mammalian cells),
different transcriptional and translationa

regul atory sequences nay be enpl oyed, dependi ng on

the nature of the host. They may be derived formvira
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virus, Siman virus or the ? ke, where the regulatory
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nmol ecul es, including correct folding or glycosylation
atancoty ndeost-Einsiaienal pabtsemydifieetitns oaliding gly@satiak nuynbaut

post-transl ati onal peptide nodifications including
gpf)quggty‘argpf\lﬁ ﬁtrateﬂewﬁwm utilize strong promoter sequences and high

copy number of plasmids which can be utilized for production of the desired proteins in
yeast, Yeast recognizes leader sequences in cloned mammalian gene products and
secretes peptides bearing leader sequences {i.e., pre-peptides).

For long-term, high-yield production of a recombinant polypepiide, stable
expression is preferred. For example, cell lines which stably express the polypeptide of
interest may be transformed using expression vectors which may contain viral origins
of replication and/or endogenous expression elements and a selectable marker gene

on the same or on a separate vector. Following the introduction of the vector, cells may



of reconbi nant DNA strategies exist which utilize
strong pronoter sequences and high copy nunber of

pl asm ds which can be utilized for production of the
desired proteins in yeast. Yeast recogni zes | eader

woSHHEASSES in cloned mammal i an gene prOdUCtSFﬁ%%Pm%anﬁz

secretes peptides bearing j,eader sequences
pre-peptides). For long-term high-yield production of
a reconbi nant pol ypeptide, stable expression is
preferred. For exanple, cell lines which stably
express the pol ypeptide of interest nay be
transfornmed usi ng expression vectors which nmay contain
viral origins of replication and/ or endogenous
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corresponding to the C-terminus of the peptide to be synthetized is bound to a support
which is insoluble in organic solvents, and by alternate repetition of reactions, one
wherein amino acids with their amino groups and side chain functional groups
protected with appropriate protective groups are condensed one by one in order from
the C-terminus fo the N-terminus, and one where the amino acids bound 1o the resin or
the protective group of the amino groups of the peptides are released, the peptide
chain is thus extended in this manner. Solid phase synthesis methods are largely
classified by the tBoc method and the Fmoc method, depeﬁding on the type of

protective group used. Typically used protective groups include tBoc (t-



l'iquid phase synthesis. As a solid phase synthesis,
for exanple, the amno acid corresponding to the
C-terminus of the peptide to be synthetized is bound
to a support which is insoluble in organic_solvents,
‘Vﬁﬁﬁﬁﬁymgfternate repetition of reactions, oRel/Efgi4/esps2
amino acids with their ani*ho groups and side chain
functional groups 20 protected with appropriate
protective groups are condensed one by one in order
from the Ctermnus to the N-term nus, and one where
the am no acids bound to the resin or the protective
group of the am no groups of the peptides are
I §l1892@6hy1), toNE (PERLbAS oxeIRh, BSz bibkmoR¥ABRERAn)N this
manner, Solid phase synthesis nmethods are largely
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dependi ng on the type of 25 protective group used.
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f rom pliicasonl df dynsietfa u® rdcombinBbtCrhonPrRdnit ivalient< bft Hombdimef €act i on
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f fargrgotherndiiaesedienad e eandeicarigdoul byhany Brscof theteddds and
with TFA for the Fnoc nethod. 10 Tot al synt hetic
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of the nethods known for this purpose i.e any
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preci pitation, chromatography, electrophoresis, or the
| ftagast Profeiry R0¢ i eProdyseg #ridiineBabiligsd on a gel matiix contained within a

column. Impure preparations containing the protelns are passed through the column.

The protein will be bound to the column by heparin or by the spedific antibody while the

20 impurities will pass through. After washing, the protein is eluted from the gel by a

change in pH or ionic strength. Allernatively, HPLC (High Performance Liquid

Chromatography} can be used. The eiution can be carried using a water -acetonitrile-
based solvent commonly employed for protein purification,

The monomeric variant of a homodimer-forming chemokine can be used in the

25 pharmaceutical compesition for the freatment or prevention of autoimmune,



15 procedure that may be used in preference for
purifying the protein of the invention is affinity

chr omat ogr aphy usi ng nonocl onal anti bodies or affinity
groups, which bind the target protein and are
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In a colum. Inpure preparations containin
proteins are passed through the colum. The protein
will be bound to the colum by heparin or by the
specific antibody while the 20 inpurities wll pass
t hrough. After washing, the protein is eluted fromthe
gel by a <change in pH or ionic strength.

Al ternatively, HPLC (H gh Performance Liquid
Chrlgveaing prafieipys dsaareh i rardwlr, hateeulteprevidedin the amamijes
carried using a water-acetonitrile- based sol vent
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substitution that alters the pattern of hydrogen

bordssticatand keetingl pinsirilrzeadidedes dnribeeabia oketho beqsamiedand Wenoki ne,
used as a nedi canent. Exanples of such variants are
d|a§%'F'96§fé>8‘e"rF€?f@f“WSas CCL2- P8A and CCL2*- PBA. However

t he t& n vent i oWS t he
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nnleqyt§§¢@n3gaﬁnnﬁ§rs of the sequence and the
activities o* ot her chennklnes In particular, these

nonorngCeic-rRean$smd 8oean be chosen from a) CCL2- PSA
(SEQ ID NGO 2);
¢) An active mutant of {(a) or (b}; or
d} A polypeptide comprising {a), (b}, or (c), and an amino acid sequence
belonging to a prolein sequence other than said chemoking;
as well as the corresponding monomeric variants in the form of their active
fractions, precursors, salts, derivatives, complexes or conjugates.
Another aspect of the invention is a pharmaceutical composition containing a
menomeric variant of a homodimer-forming chemokine as aclive ingredient, wherein
said variant result from at least an amino acid substitution that alters the pattern of

hydrogen bonds at the dimerization interface of said chemokine, such as CCL2-P8A or

CCL2*-P8A, optionally in the forms defined above (such as active mutants,



b) CCL2*-P8A (SEQ ID NO 4); 15 c¢) An active nutant of
(a) or (b); or d) A polypeptide conprising (a), (b),

or (c), and an ami no acid sequence belonging to a
prot ei n sequence ot her than said chenokine; as well as
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their active fractions, d?ecursors salts,
derivatives, conplexes or conjugates. 20 Anot her
aspect of the invention is a pharmaceutica

conposition containing a nononeric variant of a
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wherein said variant result fromat |east an am no
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of the node of admi nistration. For exanple, the use to
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or remission of such pathology. The effective amcunt will depend on the route of
administration and the condition of the patient.

“Pharmaceutically acceptable” is meant to encompass any carrier, which does
not interfere with the effectiveness of the biological activity of the active ingredie nt and
that is not toxic to the host to which is adminisered. For example, for parenteral
administration, the above active ingredients may be formulated in unit dosage form for
injection in vehicles such as saline, dextrose solution, serum albumin and Rin ger's
solution. Carriers can be selected also from starch, cellulose, talc, glucose, lactose,
sucrose, gelatin, malt, rice, flour, chalk, silica gel, magnesium stearate, sodium

stearate, glycerol monostearate, sodium chloride, dried skim milk, glycerol, propylene



sufficient to affect the course and the severity of

the di sease, leading to the reduction 15 or rem ssion
of such pathol ogy. The effective anount will depend on
the route of admnistration and the condition of the
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enconpass any carrier, whigh does not interfere wt
the effectiveness of the bi ol ogi cal activity of the
active ingredient and that is not toxic to the host
to which is adm nistered. For exanple, for parenteral
20 adm nistration, the above active ingredients may be
formulated in unit dosage formfor injection in
vehi cl es such as saline, dextrose solution, serum
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i ntramuscul ar, intraperitoneal, intranasal,
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synthelic fatly acid esters, for example, sthyl oleate or triglycerides. Aqueous injection

suspensions that may contain substances increasing the viscosity of the suspension

include, for example, sodium carboxymethyl cellulose, sorbitol, andlor dextran.

20 Optionally, the suspension may also contain stabilizers. Pharmaceutical compositions

25

include suitable solutions for administration by injection, and contain from about 0.01 to
99 percent, preferably from about 20 to 75 percent of active compound together with
the excipient, Compositions that can be administered rectally include suppositaries.

It is understood that the dosage administered will be dependent upon the age,

sex, health, and weight of the recipient, kind of concurrent treatment, if any, frequency



nmet hods. I n addition, suspension of the active

conpounds as appropriate oily injection 15

suspensi ons nmay be adnministered. Suitable lipophilic

sol vents or vehicles include fatty oils, for exanple,
WO2RWMR™BI | , or synthetic fatty acid esters, PEHEP2004/052572

exanpl e, sesame oil, or Ynthetic fatty aC|d esters,

for exanple, ethyl ol eate or triglycerides. Aqueous

i njection suspensions that may contain substances

i ncreasing the viscosity of the suspension include,

for exanple, sodium carboxynethyl cellul ose, sorbitol,

and/ or dextran. 20 Optionally, the suspension may al so
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dosage, which is the sane, less than, or greater than

t laeid subslitfoa thatiters ipe gnitero ufSydtbgechosud @i the divhegifatigh ittedfadeh e
i ndi vi dual . Anot her object of the present invention is
a ohssid ﬁr@@mﬁ:@r Examples pfﬁgchdponmeéq,\@mrﬁsﬁ@at can be used in such

methods are:
a) CCL2-PBA (SEQ ID NO: 2);
20 b) CCL2*-P8A (SEQ ID NO: 4);
c) An active mutant of (a) or (b);
d) A polypeptide comprising (a), (b), or (¢}, and an amino acid sequence
belonging {0 a protein sequence other than said chemokine;
as well as the corresponding monomeric variants in the form of their active

25 fractions, precursors, salts, derivatives, complexes or conjugales.



aut oi nmune or inflammtory (such as nultiple
sclerosis), or infectious diseases conprising the

adm ni stration of an effective anbunt of a nononeric
variants of 15 honodi nmer-form ng chenoki nes, wherein
wiModsy3sgsant result fromat least an am no @Ghgn4/052572
substitution that alters tfe pattern of hydrogen bonds
at the dinerization interface of said chenokine.
Exanpl es of such nononeric variants that can be used
in such nethods are: a) CCL2-P8A (SEQ ID NO 2); 20
b) CCL2*-P8A (SEQ ID NGO 4); <c¢) An active nutant of
(a) or (b); d) A polypeptide conprising (a) (b), or
(c), and an_am no acid sequence belon to a
prote|ﬁ"@QHU%%%@'6Fﬁﬁwmfﬁéﬂm§%mﬂedﬁ' Wh@rm§§W%eII as
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di seases nenti oned above regardi ng the uses, the

5va9f4'¥ﬁWS§s sametuianerivitisefibteiel Sorests. qlleraic ori hnesensingndisenses,t he
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di m@@st(d@a@aﬁVHm rfd stheredeasly. bowel di sease (I BD) ,
Crohn's diseases, ulcerative colitis, nmultip

wscl er H%; Geranpylin awgtioationss aipihe polveepsdeR of (e inpntiesy o
58S 90 ok SRR B e IR SR 00
neykinsaaLbic O Lask g o LiBIGRLIBEPLY s o
evabddat(eakiah TRAL er 415 20, Giakre t2p) T IebIseRaIk Bireto Cigs; and
ef 'fclhgma(l)(lzixgs Protecols”, ediled by Proudfoot A et al, Humana Press Inc., 2000;

15 Methods Enzymol, vol. 287 and 288, Academic Press, 1997).

Another aspect of the Invention are methods for screening for obligate
monomeric antagonist chemokine variants described herein comprising:

a} making single point mutations in CCL2 that block its ability to dimerize:

b) identifying said variants that bind to the receptor and show agonistic

20 properties in vifro,

¢} identifying said variants from the group identified in (b) above that are further
characlerized as inhibiting peritoneal cell recruitment,

This evaluation of these properties can be madeusing techniques known In the

art, and shown in the examples, applying a molecule known to induce inflammation and
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by the neans of the in vivo or fn vitro assays mnaking
use of animal cell, tissues and nodels Col eman RA et
aI , 2001 ; Li AP; 2001; Methods Mdl. Biol vol. 138,
hres Protocol s", edited by Proudfootpéwgpwﬁhﬁmﬁz

QMnana Press Inc., 2000; 45 Methods Enzynol, 287
and 288, Acadenlc Press, 1997). Another aspect of t he
I nvention are nmethods for screening for obligate
nmononeri ¢ antagoni st chenoki ne variants descri bed
herein conprising: a) making single point nutations in
CCL2 that block its ability to dinerize; D)
identifying said variants that bind to the receptor
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and 5 substitutions, which can be brought by a person
skilled in the art MAthout extendi ng beyond the
nmeani ng and purpose of the clains. The invention wll
now be descri bed by nP#W¥LEY the fol | owi ng Exanpl es,
whi ch  shoul d not be construed as in any way limting
the present invention. 10 EXAMPLES Exanple 1: cl oning,
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CCL24BBA arut @ats; SHCOD KNG akd thccL:Pea mutant proteins (fig. 1;

SEQ ID NO: 2), mature CCL2* (fig. 1, SEQ ID NO: 3} and the CCL2*-P8A mutant
proteins (ﬁg.‘1; SEQID NO: 4) were generated and expressed as recombinant proiein;s
in E.cofi as described in the fiterature (Paavola CD et al, 1998) on the basis of the
sequence of the mature form of human CCL2/MCP-1, corresponding fo the segment
24-99 of the precursor molecule. For CCL2* and CCLZ2*-P8A, the substitution of a
Methionine with an Isoleucine in position 64 improves the purity and homogeneity of
the mutants by eliminating the formation of species containing methionine-sulfoxide at
position 64,

Brieflly, the genes for CCL2 for CCL2* was constructed by standard gene
synthesis techniques with oplimal codon usage for expression in E. coli and a codon
for methionine added af the 5' end of the sequence encoding mature human CCL2 or

CCL2*, Mutant constructs ihciuding Alanine in position 8 were made by polymerase



SEQ ID NO, 2), mature CCL2* (fig. 1; SEQID NO 3) and
the CCL2*-P8A nmutant 15 proteins (fig. 1; SEQ ID NO
4) were generated and expressed as reconbi nant
proteins in E.coli as described in the literature

wramyed7asCD et al, 1998) on the basis of thepc983bRASE2

of the mature form of humam CCL2/ MCP-1, correspondi ng
to the segnent 24-99 of the precursor nol ecule. For
CCL2* and CCL2*-P8A, the substitution of a Methionine
with an Isoleucine in position 64 inproves the purity
and honogeneity of 20 the nutants by elimnating the
formati on of species containing nethionine-sul foxide
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P /EP2004/052572 28 chain reaction nutagenesis of
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tr anmihesep TAP302 cell's, which are BL21 pLys S cells
engineered with a t hi oredoxi n reduct ase knockout to
make Ab cinbteicts Rk ab@inddbrar cofit@ba oy ReheRt ndculBbiSogy
conducive to disul fide bond formation. Using this
st feginpiodie (Bt ﬁﬂ“@@ﬁn%n@r@ aipiisadion, t RNAD eeqfieprings destriatioh he
need for a refolding step

cel,l

colispiofl DI 0 wbihs coiianis i sorocomer st reeity Fegtaar d

no o enes and
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di gesbin®@) .St @S (Infithgen@a0n 6@1@@375:831.@1 5H3 (dDEyel B4t ect
sequence of MCP-1 (P8A) was subsequently used to
prodé¥ésthe protein in E. coll. The plasnmids were al so

used to transform BL21 StarTM (DE3) (Invitrogen Cat n
C60 1OC@‘§) CEr" a8f SELHEA E@Iﬁ’@?@%ﬁ andgurified as described in the

15 original article, using a sonication step, a lysis step and a chromatographic step (SP -

Sepharose column; elution with a gradient of NaCl in 10 mM K2PO4, pH 7.5). Peak
fractions were pooled and further purified by reversed-phase HPLC {C18 colurnn with a
5-um particle size and 300-A pore size). Proteins were eluted using a gradient of

increasing acelonitrile containing 0.1% trifluoroacetic acid; typically, proteins eluted at

20 34 + 5% acetonitrile. They were then lyophilized, dissolved at 1 mg/ml in 35 mM Tris,

pH 8, reacted with 15 pg of aminopeptidase (Peprolech, Rock Mill, NJ)1 mg of protein
for 36 h at room temperature, and repurified by reversed-phase HPLC. Aminopeptidase
treatment removes only the N-terminal methionine, generating either a N-terminal
Glutamin or N-terminal pyro-Glutamic acid (there is no effect on biological activity due

to this difference), as observed by N-terminal sequencing of the recombinant protein.



n- 6938M3). CCL2, CCL2* and CCL2*-P8A are expressed and
purified as described in the 15 original article,
using a sonication step, a lysis step and a
graphic step (SP - Sepharose col um; ' <
Wﬂ?ﬂ“ﬁ’@%g%r adi ent of NaCl igy, 10 mM K2PO4, p%’g}fﬁb‘gg’gﬁn
fractions were pooled and further purified by
rever sed- phase HPLC (C18 columm with a 5-pmparticle
si ze and 300-A pore size). Proteins were eluted using
a gradient of increasing acetonitrile containing 0.1%
trilluoroacetic acid; typically, proteins eluted at 20
34 5% acetonitrile. They were then |yophilized,
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th 15 @% of am nopepti dase (Peprotech, Rock Hill,
Wﬁ?ﬂﬁ f protein for 36 h at roomtenperature, and
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the cell pellet obtained fromlarge fernentation

0 c oM Tuped beffer, E*B‘b(@lati 208928%i Eﬁ@olm) cuabihnt th¥ed [(eat ei ns.
Gener al | L fernmentor produces aﬁprox mately 200 ¢
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Welikav@h Bt DIGRE !Flu@?ldaﬁ‘bN-Zg_ BBMESad ol |Tﬁ‘4 sul¥Briod %V\Ed and
3 m of breakage buffer per gramwet weight (50 to nM

ThersbddEZkd Withfaf RalyironptloBaiDa G&sa thomdySR@2BRH, of Bhgosiad ste)
containing 10 MM M 2 (Cat. 63065, Fluka), 5 mM
15 pelroReni b mAdkiRins ("@ﬁtﬂa""ePZ‘@'st 4 PF.uRia) homageriagn bacierig_

diithiatr
suspensicn wasttransferred {o a French Press cell mechanical disrupter (differential

pressure}. The number of passages was typically 2-4 under 1500 bar. The cell break

was monilored by SDS-PAGE stained with Coomassie blue.
The lysate was dispensed into GSA centrifuge tubes and centrifuged at 10000
20 rpm with the Sorval RC5C (16300 x g) for 90 minutes at 4°C. After centrifugation, the
supernatant was discarded after confirmation by SDS-PAGE analysis that no soluble
protein of interest could be detected in the supernatant, The pellet was removed with a
spatula from the centrifuge tube and transferred it to a pre -weighed beaker to weigh the
pellet. The pellet was washed with de-ionized water by adding 5 ml of water per gram

25 of pellet in a beaker and stirred for 30 min at 4°C with a magnetic stirrer. The



(DTT) (Cat. 43819, Fluka), 1 nmM phenyl net hyl sul f onyl
fluoride (PMSF) (Cat. 78830, Fluka)* 20 ng/L DNase
(Fluka) (Cat. DN-25, Sigma) was added. The suspension
was honogeni zed with a Polytron to obtain a good
woopgsaat e devoid of fragments or 15 cl unpspcNep2o64/052572
mani pul ati ons were carriedgoout at 4 C. The honbgeni zed
bacterial suspension was transferred to a French
Press cell nmechanical disrupter (differential
pressure). The nunber of passages was typically 2-4
under 1500 bar. The cell break was nonitored by

SDS- PACE stained with Coonassie blue. The |ysate was
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1020 Q0100 pinarlifel ol 8@ cSiQeiétlsing RESFort @R ookl 96 Hed® 300 X
g) for 60 mn at 4C. The wash step was repeated 3

t ifore3). min Af 6B€ apdistived enensird mgaiesstion,tihd eolgebnatant was
di scarded_after confirmation by SDS- PAGE anal ysis
10+ Heffrerriyres dheu BPeoppist wis ndigensedh inr Bé cenbifiog] tubes gt ect ed

| e BB B0 it BT, B eI e e
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Bi osol ve) containing 1 DL di't Fertor ( DTT)

(CAGE aAB@EaTcd fkitpkay Camebsie pitiusa] @hdgartt {Fhce)(flating 50950,
Fluka)) in a ratio of 100 m of buffer for 25 g cell
p e petoch gippligd with ekt r on. The sol uti on was heated for

s 30 m'Tn at érg)OC and. E{_i rred to ensure nononerisation,
t hen 'CBEFEREY PPEBM Hees Syt ad eSO HEshsgEMat e was
diSREMNDCEhuID R AbA 3k E‘atcﬁeidftldl%%n& lt\%eg’upﬂ@rds instructions
{Amersham Pharmacia). After use, the column is regenerated following the cleaning
procedure supplied by the manufacturer (Amersham Pharmacia). For 100 grams of cell
peliet, a column of 3.5 cm diameter x 23 cm height giving a total of 220 ml (equivalent
20 to a1 Column Volume) of Source 30 RPC is packed. The column was installed or an
AKTA FPLC {(Amersham Pharmacia). The fiow rate was 10 mlimin, and the maximum
pressure was 1 MPa. Before loading the sample the column was washed with
deionised water for 2 Column Volume (440 mi). Afler washing, the column was

equilibrated with 5 CVs {Column Volumes) of equilibration buffer (100 mM Tris/HCI



ultracentrifuged at 35 000 rpmw th the Beckman L-60
(100' 000 x g). The supernatant was filtered with a
0.8-0.2 mmfilter (Spiral Cap (Cat. 12069, PALL),
anal yzed by SDS PAGE and quantified using th

%’ﬁéég?se protein assay r§§gent (Pi er ce) forfy\%pw&mszsn
the protocol supplied with the kit. 15 The reconbi nant
protein of interest is captured on a FineLine 35 Pil ot
colum contai ning Source 30 RPC resin packed
followi ng the supplier's instructions (Amersham
Pharmacia). After use, the colum is regenerated
foll owi ng the cleaning procedure supplied by the
a0k, &, ue0er3o(, e frajnatddaHmectiiauming-am, HDQagsans of
cell pellet, a colum of 3.5 cmdianeter x 23 cm
heiuhit giving a total of 220 ml (equivalent 20 to a 1
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he col unm was en washed with oI ume 5 of

10 €QidiedtddertahaNBeddy EDEPAGEOHPLO WAL Ui biWB speftrodebdyf e A
(0.1 % TFA Trifluoroacetic acid (Cat. 28904, Pierce)

arfdctigs. conidairitet prdtdined intsebtenele podlddengihotraiunt messuet by ed
using a linear gradient fromO0%to 100% of buffer B
(dels@/SC*F%@?Per fluoroacetic acid (Cat. 28904, Pierce)

SRR BRI A R
Bake r@h protein Was tEna _?1 _]gl orer{a{uraliof'l b I\z r%ﬂ and
a ThigAur e dbech obzsorl Bidtbivel eaedin@ S AT Beduced
collected. All peaks to detected weré anal ysed by
15 SB#FNGE(CatdPiaS1, Sigoha)got0tiinfv @disyGllibkicp @at todoapy. The
Acros Crganic) to obtain a final concentration of approximately 0.1 mg/ml. The pool of
Source 30 RPC was added dropwise into the renaturation buffer. If the volume is large,
this can be carried out using a peristaltic pump. The sofution was stirred overnight at
4°C. The solution often appears cloudy due to the precipitation of protein that has not
20 renatured. Final concentrations ranging from 0.1 to 0.4 mg/ml in the renaturation buffer
yielded equivalent amounts of renatured protein (40 to 50%). The pH and acetonitrile in
the starting material does not affect the renaturation step. Renaturation can be followed
by HPLC to follow the refolding.

The renaturation sclution was fitered using a High Flow peristaltic pump with a

25  double filter, consisling of a prefilter of 0.8 mm followed by a 0.22 mm. The clarified



fractions containing the protein of interest were
pool ed and the anpbunt neasured by UV-spectroscopy.
The protein was renatured by a 10- fold-dilution into
renaturation buffer (100mM Tris/HCO buffer, pH 8.0
wdRbs038392391, Biosolve) containing 0.1 nMgReeysedos2s72
15 Gutathione (Cat.G 42513; Sigm) and 0.01 mM
Oxi di sed G utat hione (Cat, 120 000 250, Acros Organic)
to obtain a final concentration of approximtely 0.1
ng/m . The pool of Source 30 RPC was added dropw se
into the renatu ration buffer. If the volune is |arge,
this can be carried out using a peristaltic punp. The
solution was stirred overnight at 4C. The sol ution
of @@Wnaﬁb@%{‘r@m&w*@%@y Caflaeewnsewe Hbqae ef E?F’ﬂ‘%ifsf? R atsf
at , has
e e DEIa e e ARl T e E i b St o gyt e ¢ ne
R bAkotePNFP L Ech & ra)ﬁb%'ﬂﬁ%o;@r%;{‘lb@'-%‘%l 4R 1s5o Of
renatured protein ( Z? he pH an acetonltrlle
i N 100chey, 5 26M0TcOME (MY €50 ra) anﬁimes nehmah §@Chlubhh@ cv=
renaturation step. Renaturation can be followed by
SHPISCMo fol l ow the refol ding. The renaturation

solution was filtered using a H gh Fl ow perlstaltl c
pun’p et Rlugn waspagist 3raarding fot @‘r S”%@"r?s'f‘%ft"i‘*ﬂ@ (ypersgam
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depends of the anount of protein. For < 500

10 i 1% Vilhreagi acidand thy @oduetwwﬁﬂdﬁfad o ¢YmS. Ay lpadiyg meoteis ed;
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fuachadah

instructions (Arersham Pharnacia e col um was

m&ﬁt whitoes i@ TS o alieH B i{pamdr SEEhntaa . E
equilibrated with 4 CVs of cation exchange buffer A
( Fiukever@e e Theiragtion Flzaskea determinel] hy dteesdurtrosizeHlitperkst . 5

with NaCH (Cat. 71690 Fl ukaz The sol uti on was adj ust ed
15 ¢ odeﬁzﬁed were analysed by SDS-PAGE, HPLC and quantified by UV-spectroscopy.

After analysis, the fractions confaining AS900652 were pooled, quantified by UV-
spectrum and analysed by HPLC.

The removal the N-terminal Methionine was performed enzmatically using

Methionine Aminopeplidase (MAP), followed by a purification step. Briefly, the sample

20 was first dialysed using membrane tubing with a cut-off of 3.5 kD into cleavage buffer

(35 mM Tris/HCI buffer, pH 7.5 (Cat. 20092391, Biosolve). The dialysis buffer was

changed three times over 24 hours. Methionine Aminopeptidase (MAP) was added to

the protein solution at a ratio of 1:10000 {ww, enzyme:protein). The digestion was

performed at room temperature for 48 hours. The digested protein was then purified by



to 100% of buffer B (buffe

10 4.5 with acetic acid and the conductivity adjusted
to <10 n5. After |oading the protein solution
flow rate recommended by the supplier for the colum
chosen, the colum was washed with 5 CVs of_ buffer

A.
WA n was el uted wi t& a linear gradi elRCYFSMG55°72

at the

A, containing 2 M NadC

(Cat. 71380, Fl uka) over 20 CVs. The fraction
size was determ ned by the colum size. Al peaks 15

detected were anal ysed by SDS-PAGE, HPLC and
guantified by UV-spectroscopy. After analysis,

t he

fracti ons containi ng AS900652 were pool ed, quantified
by cdiivh exstpegtiy tanedoutlactesdiysiatovbyrhdhbién wasthes % prodasal t he
N-term nal Met hi oni ne was performed enzmatically using

Meedimalel SCARPGopept | dase (MAP), foll owed by a
puri f e 20 was

first

'caki n step. Brjefl t he sanpl z ,
G al y SETAT AT (e MRHee BT gt B4 3.5
kD] [ . H7.5
(DB SR GAR U L% PN TSA SR

, Wa
I al'ysr's er

was

< hangaalintates Adutel MBS PN 22 hrf WA (0519 THRITHIRIARR acid)

Am nopepti dase (MAP) was added to the protein

solat P9, Riercel 99.8 %I Distiied waer]l DRGMte(Wak\jesBBXWIBE 25 Ocei N) .
The di gestion was perfornmed at roomtenperature for
48 S¢pbRIPSe XKSPRR coimy e wlimp pestvsphed willd VitV BaRHifdlipwed by WO
2005 7305 PCT/ EP2Q004/ 052572 33 cation exchange is
caltt S SURS I ARt D BRI U TG Cvora: i GBS 0 6
PUBRaIRS coftRibrs "BLE@0 Ws%@é E’r%q:esagta—ch&h[ﬁg(lﬁ RUE bk 'ﬁr%r

h to further y the

system (Pharnaci a) was use puri

iodeSéph@cke. Forvolldsargerlihe® 16018 [ 1R BeuiSy sth Radpesded WE sahplROUr

I3

20

with 1 M NaOH washed with sterile water,

was filtered with 0.22 mm filter before loading. The column is eluted with 1.5 CV 0.1%
TFA with a flow rate of 10 mi/min and a maximum pressure of 1 MPa. Fractions of 10
_ml_are collected Into_sterile tubes. _After analysis, the fractions containing the protein
are pooled, guantified by UV-spectrum under sterile conditions and analysed by HPLC,

SDS-PAGE and mass spectrometry.

The remaining contaminants are removed by using a preparative reverse phase
chromatography (RPC) on DeltaPrep HPLC (WATERS). The sample was acidified fo
0.1 % TFA and loaded onto a Vydac C8 RPC (Cat, 208TB101522, Vydac) equilibrated
in buffer A (0.1 % TFA Trifluoroacetic acid (Cat, 28904, Pierce) and 99.9 % distilled
water), The protein was eluted using a linear gradient from 0% to 100% of buffer B
{0.1% TFA Trifluoroacetic acid (Cat. 28904, Pierce), 99% Acetonitrile (UN1648, Baker),
over 10 CV with a flow rate of 25 mlimin, and a 700 bar pressure limit. All peaks
detected were analysed by SDS-PAGE, HPLC and quantified by UV-spectroscopy.

After analysis, the fractions containing AS900652 were pooled, quantified by UV-



5 and equilibrated in buffer filtered with a 0.22 mMm
filter (0.1% TFA (Trifluoroacetic acid) (Cat. 28904,
Pierce) 99.9 % Distilled water). The protein was
desalted using G -25 fine Sepharose XK50130 col umm.
J@ﬁnﬁ/@i’rb’(ﬁn was washed with 1 CV of 1 M NaCH lf@(l/h%\ﬁﬂ)szsn
CVs of sterile water gnd then equilibrated wth
CVs O 1% TFA. For optimal desalting conditions,
50-tol OO M sanples are desalted on the 450 M G 25
fine io Sepharose. For volumes |argerthan 100 m, the
desalting step is repeated. The sanple was filtered
with 0.22 mnfilter before | oadi ng. The columm is

eluted with 1.5 1% TFA with a flowrate of 10
n FPﬁCW”‘aﬁ'H”QéFdﬁéfﬁqWﬁ?ﬁ’B YaREERdeThg ProteinNsioredat 72X°¢ s of
10 are collected into sterile tubes. After

analysis, the fractions containing the protein are

pool edhe etd@binkdft ipREinbY qﬁeM‘ fied Ef E%%Héd{d%gog%%s?ﬁlgeﬁ il8&ns

condi ti ons and anal ysed by AGE and nmass

spemtroohimmyr (ihen syetem ROMTROBH NA ajidraantse ae 1.&upved
usi ng a preparative reverse phase chromat ography

5( RIH@)W@ WapEted SPhefiReaGEANTERS)er cufde corinphesamals.

aci difie % TFA and | oaded onto a VWdac C8 RPC
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and 99.9 %di st er) Wa's el ut ed

US e @mido hdid@mpositinAhgemdipdnh Bxpa%p THe vaxQQr{EQQF;as hyfifrgr B
(0.1 % TFA Trifluoroacetic acid (Cat. 28904, Pierce),

99%'%@6#bm/ml’fmrﬂeo:(dxsmm&commm)suifdemna 10 CV with a
flowrate of 25 m/mn, and a 700 bar pressure limt.
071 | pSOREACK aliRer were ied o4riing NeRAGEY0%mE! (PAGRI0HPLC

oD UL B P SR0RY 50 PIELS >
quat iehd®ebr BYmitdds \épgsz@oﬁ]é %%Xcﬁma‘ik %’Hg{n %Paé?%f; Qo onZThe

spectrum aliquoted as required ' yophi I'i se

PrOGISIUEr WeRhisdtadarl T84 of AeI6EURT weidh OsBrdald iulioR GR I et

protein is quantified by UV spectroscopy using a
UVrrikiBsampls pere tordein Gk eppastiite weldy THe elactsphsrtstsmunniKONFRON) . A
quart z cuvette (QS 1.000,
was MES (Cat. NP0002 Invitrogen). The migration was caried out according to the
supplier's instructions of 200 V, 12 mA and 25 W for 35 minutes {PowerEase500,
tnvitrogen).
NUPAGE gels were stained with 0.1% R250 Coomassie blue in 10% acetic acid,
30% methanol in distilled water for 30 minutes, and de -stained in 10% acefic acid, 30%
20 methanol in distilled water under slow rocking motion until background leve! is not
coloured. The gel was then washed several imes in water prior to embedding in drying
solution (invitrogen) sandwiched between two cellophane paper sheets (Invitrogen) for
10 minutes and then mounted in the miniature press aliowing the gel fo be stored as a

fine sheet. Alternatively the gel was stained with the SimplyBlue Safe stain protocol

25 (Cat.LC6085, Invitrogen),



5 HELLMA) was used for the buffer reference and the
ot her cuvette contains the sanple. A scan from 350 nm
to 240 nm was neasured and the absorptions at 280 nm
used to determ ne the quantification accord
WQ F@S’@??qsnctl on coeffici en%S obt ai ned from 91‘%)52572
acid conposition using Pr ?Param Expasy. The vaI ue
used was 1.1 for a solution of 1 ng/m for the
oxi di sed protein containing disulfide bonds. to
SDS- PACGE anal yses were carried out using NuPAGE 10%
gel (Cat.NP0301, Invitrogen). The sanple was dil uted
2 fold in sanple buffer (cat. LC2676, Invitrogen) and
heat et Allahce$IPDT syttrd Supfiled HIATERS RasBesaaitimakaypentei n
| adder was used as nol ecular weight Stan arils. 10 j1
oﬂ\qmre BeBAr 7mis 2 ghtdiasvt akdam dauwibbled in dn Yarfh. 2060mpf
rotein sanpl e | oaded in the appropriate wells.
TI"?E?"’?HS‘é é?qlf'g;gﬂér‘“é%ﬁ’ FAYERISEE BpeMe erq Suigydh g greglient

(%EI\APQ/OE%OMM{%E}ZP]egsen) The m gration was carried

out acco supplier's instructions of 200

s V. 12m&ent g’tt%fﬁecyr\lttf]r@ﬁt pl%éln%ﬂdﬁfﬁﬁad@f) QB LAz enINes
I nvitrogen). NuPAGE gels were stained with 0.1% R250

Caohi-sainiel kxdqumca #haliRYbha cetetcN-aamidl seqa3ddo arphhanaet | n
distilled water for 30 m nutes, and de -stained in 10%
adey Plingdiprne pafied magegalnet hanol in distilled water under

I Ki ti K nd | | is not
col ol B et BeheyeEneh b Pode GO parEs [l |
V\%&‘ENCQ Haé% f e pr@tgp %ﬂe«\glg%li Eh]fgg ydn@a\q/\ 5 & d% éc Qwith a

(I'nvitrogen) SBndW ¢ etween two'C ane paper

10 S hagtigvel byniv idafmag gsb) obfedied cokBspbdA A r@aﬂcaﬁdﬂ%ﬂth@nu nted
in the mniature press allowing the gel to be stored
adrreinal Blitargneshaitge into Alpiregluteerici avietl Tye présencg ef thisvaslifistiai ned
with the Si n@l yBlue Safe stain protocol 25
( 625t "Ess 8 8" NeRFvy SR APEN WD 2005/ 037305
PCT/ EP2004/ 052572 35 The Alliance HPLC system
supplied by WATERS was used with an anal ytical C8

AgktanRrRe ckiB3Qhsds (0. 2 cmdiam x 22 cm) equilibrated
in 0.1 %TFA 10 - 50 ng previously acidified 0, 1%

15 f Metadals Bhefneledse | nj ected. Proteins were eluted with a
gr adi ent
Assays for chemakine-induced peritoneal celluar recruitment
Female Balb/C mice {Janvier, France) of 8 to 12 weeks were housed under
normal animal holding conditions with a standard 12-h light/dark cycle and free access
to food aﬁd water. Groups composed of 3-6 mice were injected intraperitoneally with
20 200 Yl of saline (sterile LPS-free NaCl 0.9% (w/v) or of this solution containing CCL2 or
CCL2-P8A at 10 pg per injection. For studies investigating the inhibitory effects of
CCL2-P8A on CCL2-induced peritoneal cell recruitment, these molecules were

administered infraperitoneally 30 minutes before the intraperitoneal injection of CCL2.

All the molecules were administered at the concentration and in buffer above indicated



of 25 to 50 % acetonitrile over 20 CVs. The identity
of the reconbi nant protein was confirned by mass
spectral analyses and N-term nal sequence anal ysis
The correct N-term nal sequence QPDAI NAAVT was

WBbaspeded or the purified material. A mass ofncﬁﬁﬁﬁt}mzsn
was obtained for the main gpecies corresponding to the

theoretical mass of the protein chain with 2 disulfide
bonds. A second species with a 10 mass |ower by 17 Da
was al so observed corresponding to the nodification of
the Ntermnal dutam ne residue into a pyroglutamc
acid. The presence of this m)difi cation has no

i nfl ue on the activit f rotein,

ol 118 e PR et e e st 2t CiiEt s Redags 1 or
chegnnkd,ne-i nduced peritonea! cellular recruitnent

Femal e Bal b/ C mice (Janvier, France) of 8 to 12 weeks

wer e hos seshy uad@ioglyctiate lice@ Hbdldibal NG| HeffnehORMI fdePNS
with a standard 12-h light/dark cycle and free access

t o phigighed dhimticlhiiato8o), Brigly chigutycdaaTpose tagfepaedy Bisp@dmer e
j ect ed intraperitoneally with 20 200 pl of saline
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t hese nol ecul es were m ni stered i nttaperi oneaII

30 stoteth tittieSiark efr@fenipa@tute idr Biddae bihd e Aeli 2P je 8Gtnk AN O f
CCL2. Al the nol ecules were adni ni stered at the

corngegsd bydntiaptopgadnigctionieiihibein graipswfé witInZJDD olat 28 Whtion
200 57305 PCT/ EP20Q4/ 052572 6 (saline). The mce
e r® *"EE Pteop &8y brP0dtnules fiY) P%L%P%fdwnﬁtéaﬂwﬁt?o was

t hi ongco Lerﬁatt}%{ﬂogé gy(gg?alyi d§ 51? E)Césfx?mqﬂggqnmstg%ht has
beaas udeybd k §$1;&§GE c(oMoSQﬁlaljmﬁsteré'dgé%% mg/Ry hEhiibneal Gy The

thiogl ycol | ate medi um was prepared by suspen
“mice werg sactiflced vhDay 5.

Peritoneal lavages fo assess cell recruitment in the previous assays were

15 performed as follows. Mice were sacrificed by asphyxiation with rising concentrations of
COZ in a plexiglass box. Skin was cleaned with 70% ethanol. The outer layer of skin

was removed, exposing the peritoneal membrane. The peritoneal cavity was lavaged 3
times with & mi ice cold PBS (phosphate buffered saline) and fluid was pocled in a 15

ml polystyrene Faleon tube (Becton Dickinson) on ice. Each lavage was accompanied

20 with alight massage of the peritoneal cavity. Lavage fluid was centrifuged at 425xg, the
supernatant discarded and the resultant cell pellet was resuspe nded by gentle multiple
pipetting in 1 ml PBS. 10 pl cell suspension was stained with 90 pl trypan blue and total

cell counts were enumerated with a Neubauer haemocytomster by counting 4 areas
each of 1 mm? The mean of the 4 counts was taken, multiplied by the dilution facior of

25 10, and multiplied again by 10 to give the number of cells per pi, according to the



5 30 g of dehydrated thioglycollate nedium (Becton
Dickinson) in 1l liter of cold distilled water, then
heated until boiling to dissolve the powder

|l etely. The mediumwas then aliquoted i 1 n

“@5$€‘E§m%nd aut ocl aved. ﬁ@ﬁer cool i ng, the %&Bﬂﬁ&g&sﬂ

stored in the dark at roomtenperature for at | east
one nmonth. Cellular recruitnent was induced by
intraperitoneal injection of mce in groups of 3 with
200 pl of a 3% solution 10 of thioglycollate on Day 1,
30 mnutes after CCL2"-P8A adm nistration. CCL2* was
adm nistered daily thereafter for 3 days (Days 2, 3
andreetipns Rensarmedngspiyehd GegompmetshaBindls e @6 vauepesi tive
control and adm nistered at 10 ng/kg
i nmiltipfing by 109Hdedava) 1 miTh errivers) thedotalsellanumizee repdvéredled on Day 5.
Peritoneal |avages to assess cell recruitnent in the
pr us assays were 15 perforned as follows. Mce

wer e %%Mam%@re Mma@g;g%éﬁi ;ng%e%{aﬁs cah%cegz e

concentrations ass &' was
scl @aapshans bﬂngam%nsfhm{a@hzs camec@_gtm andadcﬁ&* F%fe\ @ki was
renoved, exposing the peritoneal nenbrane.
peww&wneamhmﬁmwty was |avaged 3 tines wth 5 n1 ice
cold PBS (phosphate buffered saline) and fluid was
pooIeHWWngmf@wWﬁ$mﬁéﬁV@ﬂWW@ﬁ@'F@W@@ﬁw$dwﬁmwggtﬁon

Di d 20 with
D B G R B SR Tl 1
Vvar§ce Okd Infoldpie tht afiso %@ﬁgs fvﬂ? theSHRREO ! 8N J\ﬂ é(%@r ded
he resultant cell was resuspended

logedmtab@tsﬁulrdlév@it @ssaydf s@éh&g F&M(L‘HH h 185e 1RBRaaabfd ¢V et @ﬁ' |
suspensi on was stained with 90 pl trypan blue and
t ot98%: Alexaader INDANEW2\wer e enunmerated with a Neubauer
haenogcyt opet er counting 4 areas each of 1 nmm2. The
nmean ¢ m4m%8%ﬁF§mWa§‘%%%éﬁmmﬁUﬁPP%I?@dmﬁywﬁﬁe

di,dng) n‘} {,]s errf L%Ed lg ?e]l %%eij gss%er]u!hfr pe[l loneagceﬁ;‘ cnétm?rgy 10

ero

V\QS%Q Qﬁi@%a%d E6b(ER2 Qﬁb@@%&%t cell@%mgdré'd%ﬁ he fo r

use acconpanyi ng the haenocytoneter. Finally the total
15 v atale (Figars 2). Mokdverphdse aoléyledO4ble( it 0 daee|ddbndént Mnhertt®
arrive at the total cell nunber recovered. Results
inhibit CCL2-induced (Figure 3A) and thioglycollate-induced macrophage recruitment
{Figure 3B). In the latter assay, CCL2-P8A appears as effective as the positive control

{dexamethasone, a known anti-inflammatory compound).

20 Example 3: CCL2-PBA properties in animal models for diseases

Materials and methods

Ovalbumin-induced lung inflammation model
The ovalbumin-induced lung inflammation model was performed as published
(Blyth Di et al., 1996). Groups of 6 mice were sensitised by an infraperitoneal injection

25 of 10 pg chicken egg albumin precipitated in 2 mg aluminium hydroxide 2% (Serva)in a



Reconbi nant mature human CCL2/ MCP-1 and the nutants
call ed CCL2* and the 5 correspondi ng obligate nononer
nmut ants cal |l ed CCL2- PBA and CCL2*-P8A (fig. 1) were
expressed in E coll. The literature clearly shows that

wicdhtogmstasi on in CCL2 bl ocks the formation ofpcrSEehads/oszsrz
di mers, without affecting 4he binding to cells

expressing the receptor or to a viral receptor-like
protein, but also without show ng the activities of a
known CCL2 10 antagonist in relevant assays (see
(1+9-76) MCP-1 in table | of Paaavola CD et al., 1998;
Al exander JM et al., 2002) The obligate nononeric form

of Cé:LZ resents specific and unexpected properties
in 'Y §°A%7§ heF Pl Wiie et Rrepastd| by Mg deik! Qlbus (2mp/mi)2h

per i ) regrui nt. .. , 2* - PGA and
Db bBARL AR 95 VKRRl ALl Sk AT
natheirabt 43 Flekder adyEbH Ssiddtion, MRt §R¥ Gbated N &Eueﬁ&'d geul es
are able, in a dose dependent manner, to Inhibit

CClgRupsrotiéiniecwit MiegiraresaBnina i ort 67116 6 ovaniminad 8- seHaced
rracrop_h%%;i recruitnment (Figure 36). In the latter

s $adpr infeley gnapissiaspiueene daly frosf dag ¢ o (% COIL -RBAE2Q00E1E | ve
control, exanet hasone, a known anti-infl ammatory

c or‘?ﬁBﬂﬁrgf&%%g] ERESIOR] s gumigitqrest J8ppinuss bfse qapiealieppeani
nogelk L S€ a1 | al d t hods Oval bum n
ey iy WARES cel BBl PRI B B R Phduced

| uRgsciivad davavathak 210del was performed as published
(Blyth D et al., 1996). G oups of 6 mce were

s e 8 {Exmeardents/Auboimmund Fnegplaidntyeiiembdel nj ection 25 of 10
Cﬁg chi cken egg% al bumn precipitated in 2 nmg al um nium
hyd (

r X RYE S (e parles iRfyeraltalngyhe Geleied Sirp s documented
P 200 /Q%_zg 38 total vol ure of éoc_) |, which
wer SN B Ba s 3 Bl v BT tn AR 250
pI s.@.! iHf Eﬂeﬂéﬁ%mb{g FnP)Sf Q1eenln io%%ﬁnpgﬁd l'DP ﬁbg% 95%955 gg/p%i e d
(saline) and precipitate - ours . FI'fteeen
dayseod b ISiEsETIR, Frhma i CohpleB I SRR att (AL b, BRI
chal | enged in
U.S.A.) containing 0.5 mg of Mycobacterium fuberculosis. Immediately after, they
Is  receive an ip. injection of 500 ng pertussis toxin {List Biological Lab., Campbell, CA,
U.S.A.) dissolved in 400 pl. of buffer (0.5 M NaCl, 0.017% Triton X-100, 0.015 M Tris,
pH=7.5). On day 2, the animals are given a second i.p. injection of 500 ng periussis
toxin. On day 7, the mice receive a second dose of 200 g of MOGas.ss peptide in CFA
injected s.c. in the right flank. Starting approximately from day 8-10, this procedure
20 results in a gradually progressing paralysis, arising from the tail and ascending up to
the forelimbs. Starting from day 7 the animals are individually examined for the
" presence of paralysis by means of a clinical score as follows:
0 = no sign of disease
0.5 = partial tail paralysis

25 1 = tait paralysis



groups of 6 mce with the intranasal admnistration of
15 pg ovalbumn in 50 pl saline, 5 under inhaled
anaest hesia (lsollurane) daily fromday 15 to 19.
-P8A (200 pl, 10 pg per intraperitonea
Wﬁ%‘é@?—ﬁ%) was adninisteregg 30 m nutes befoIPgTIEmOﬁ‘”052572
chal | enge. Peritoneal |avages to assess cell
recruitnment and cell counts were perfornmed as
descri bed above in Exanple 2. EAE (Experi nent al
Aut oi mmune Encephal onyelitis) nodel 10 C57B116 m ce
fromCharles River Italy (the selected strain has
docunmented susceptibility to EAE;, Sahrbacher UC at
al ., 1998 pareysiet paizliniaathinfiddypa8ysisby i njecting s.c.
inthe left flank 0.2 nL of an enul sion conposed of
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Franc ' et.e Fre nd' s Adjuvant (CFA, Difco,
Detro?% 4351%%"%8“@’6‘&9' H?rﬂ’ﬁ'sgf’“{?reﬁﬁel 8f Mycobacterium
tUbef@*ﬂaﬂ%aﬁfs;siMa%ﬁﬁo%ﬁ’paéfE@r they 15 receive an
I.p. injection o 00 ng pertu53|s toxin (List
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400 p.L of buffer (0.5 MNaC, 0.017% Triton X-100,
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i ndi vidual | y exam ned for the presence of paralysis
)P"‘??é’é’ﬁ%s%lf”'zﬁj it 10 Vi RS ableasioses dictedinltisvigre. 0 = no si gn
tail paralysis 25 1 =tail
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2:ta|I paraIyS|s+h|nd|rmvve ness or
hias gieviously patridbd/ Sasigue JL et al,, 1994). Briefly, mice were pre -sensitized

15  topically by applying 25 pl of 0.5% 2,4—dinitr_oﬂuor0benzene {DNFB; Sigma Chemical
Co.) solution in acetone/ olive oil (4:1) to the shaved abdomen. Five days later, 20 ui of
0.2% DNFB in the same vehicle was applied to the right ears, and vehicle alone 1o the
left ears. Mice (n=6 per group) were freated daily on Day 5 with an intraperitoneal
administration of 0.05, 0.5 or § mgikg (1,10 or 100 micrograms/mouse, respectively) of
20 CCL2-P8A, Dexamethasone (1 mgikg), or PBS only in the control group. The treatment
was administered 30 minutes prior to the DNFB challenge. Ear thickness was
measured with a dial thickness gauge (Mitutoyo Corp.), Ear swelling was estimated by
sublracting the pre-challenge from the post-challengs value, and by further subiracting

any swelling detected in the vehicle-challenged contralateral ear.

25 Resulls



2.5 = tail paralysis + partial hindlinb paralysis
(lowered pelvi) 3 = tail paralysis + conplete hindlinb
paralysis 5 3.5 = tail paralysis + conplete hindlinb
paral ysis + incontinence 4 = tail paralysis + hindlinb
WoModd/0s548 + weakness or partial paral ysis ofpdraisgbodbs,
5 = nori bund or dead The tgeatnment wi th conmpounds or
vehicle starts for each animal at day 7 post

i mruni zation and is continued for 21 consecutive days
(10-12 aninmals per treatnment 1o group). Interferon
beta and CCL2- PBA were adm nistered s.c. or i.p.
respectively, once a day solubilized fn 10 nl/kg PBS
at the doses indicated in the figure. Del ayed Contact
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ant agoni st have
(Mahad DJ and Ransohoff RM, 2003; Izikson L ef al.,, 2002). CCL-P8A was tested in
15 animals showing either mild or severe level of the disease, as evaluated by dinical
score, fotlawing the treaiment of the EAE -inducing compounds. Each of the two groups
of animals ware divided in five subgroups: three of them were treated with different
amounts of CCL2-P8A. and the two others were used as either negalive control
{treated with vehicle only) or as positive control (treated with Interferon -beta, a common
20 therapeutic product for the freatment of multiple sclerosis). The evolution of the state of
the animals was compared on the basis of the clinical score measured during the
treatment period (21 days). In both disease models, the administration of CCL2 -P8A (at
& dosage down to 0.15 mgikg) improves the state of the animals in a statistically

significant manner. The observed decrease of the clinical score using CCL-P8A is at

25 least comparable to that ohserved when interferon beta is used as treatment (figure 5).



been tested in animal nodels for inflammtory and
aut oi nmune di seases. CCL2-P8A was tested in a di sease
nodel , the oval bum n-induced lung inflanmation. In
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when interferon heta is used as treatnent (figure 5).
V\ﬁ’%@g i‘g‘%a/%%mﬁ%‘?'l‘eéﬂﬁ esuthoipaigmat. Coattol mice were obtained

by challenging them with the antigen, but with or without previous sensitisation, so that
T cell dependent inflammation and edema is formed or not (figure 6),

Therefore, & monomeric variant of a homodimer-forming CC-chemokine, wherein
said variant result from at least an amino acid substitution that alters the pattern of
hydrogen bonds af the dimerization interface, are inhibitors of chemokine-mediated cell
recruitment in in vivo cell recruitment assays as well as in animal models for human
diseases, implying that this is a novel strategy for generating chemokine variants which

can be used for preparing pharmaceutical compositions and in therapeutic methods.



Anot her di sease nodel, the contact hypersensitivity
nodel was used to evaluate the potential therapeutic
ef fi cacy of CCL2-P8A on skin inflanmmation nedi ated by
T cells. Contact hypersensitivity (CHS) is a
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PERHIEPZ0 0 &2 Rcombinant proteins in the circulation. The resulting fusion

protein can be expressed directly by mammalian cells (such as CHO or HEK293 cells)

using the appropriate expression vectors so that the fusion protein is secreted in the

culture medium. in a preferred arrangement, the nuclsic acid sequence encoding the

mature CCL2-PBA can be cloned in an expression vector fused to a nucleic acid

sequence encoding the human CCL2 signal sequence at its 5' end, and the nucleic

acid sequence encoding the constant region (segment 246 -467) of human

immunogtobulfin lambda heavy chain IgG1 (NCBI Acc. No. CAAT75302) at its 3' end,

The resulting vector can be used to fransform a CHO or HEK293 cell line and the



42 Exanple 4: Alternative forns of CCL2-P8A
Al ternative forns of the chenokine variants discl osed
above can be generated by introducing rmutations known
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(figure 7A), CCL2-P8A can be expressed as a nature
protein mssing the natural G utanmm ne N-term na

resi due, or by adding an additional small residue
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vari ant of CCL2-P8A can be obtarne usi ng

S egueme &r #ng ol signarsayamgl obul i n domai n const ant regi on,
a protein domain known to i nprove the stability and
the efficacy of reconbinant proteins in the
circulation. The resulting fusion protein can be
expressed directly by mammal i an cells (such as CHO or
HEK293 cells) wusing the appropriate expression
vectors so that the fusion protein is secreted in the
20 culture medium In a preferred arrangenent, the
nucl ei ¢ acid sequence encoding the mture CCL2- PSA
can be cloned in an expression vector fused to a

nucl eic acid sequence encodi ng the human CCL2 signa
sequence at its 5 end, and the nucleic acid sequence
encodi ng the constant region (segnment 246-467) of
human i mmunogl obul i n | anbda heavy chain I gGlL (NCB
Ace. No. CAA75302) at its 3" end. 25 The resulting
vector can be used to transforma CHO or HEK293 cel
line and the



WO 2005/ 037305 PCT/ EP2004/ 052572 43 cl ones stably
expressing and secreting the reconbi nant fusion
protein having CCL2 - P8A at the N-term nus and the
| g@ sequence at the Ctermnus (figure 7B) can be

webwsbtaghs This clone then can be used for saali/mgoeddPssr2

the production and for puradying the reconbi nant
fusion protein fromthe culture nmedium Alternatively,
the position of 5 the nucleic acid encoding the
constant region (segnment 243-474) of human

i mmunogl obul i n | anbda heavy chain IgG@ and CCL2- PS8A
can be inversed, and the resulting protein can be
expressed and secreted ust#% ftl|| t he human CCL2
signal sequence, or any 5 signal sequence WO
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The use of a pol ypeptide conprising SEQID NO 2 as a
nedi cament. 5 2. The usg aecording to claim| wherein
t he pol ypepti de further conprises an isol euci ne at
position 64 of SEQ ID NO 2. 3. The use according to
claiml or 2 further characterized in that said
pol.y pePteiuskenf a potypeptide n@tpridr@SEQIING 2 Bad iddiic@ent N posi tion
9, 10, or 13 in the corresponding 10 sequence of SEQ
IDNO 2 and SEQID NO 4. 4. The use according to
cl im,é]eor 2 féthhelr, c1h racte(i%ed in that said

aim 1 w oy

j U according foc erein the polypeptide further co mprises an

cDnt ah; th-e-.cor gtre-nue-cf-SEQ I D-NO - 2-a
nd-SE—%T%ﬁ%b&?ﬁO&d&%a a Cygstei ne in position 8, 14,

17, or 77; or 15 b) an Alanine or a Aycine In
position 1. 5. The use of any of the clainms froml to
4, 3.wheTheiuse ssa@rdig palainplep € fudieer derpesidsthdt bell oiomeptidant
regi on of a human i mmunogl obul i n heavy chain. 20 6.

The us®ebHfot £oHH § Bwilon de PEEMP?: i181 Mg SEbe peyepacrding f or

t he manuf act F ' ent for the treatenent of
loautoi rsr?ﬁ%rﬁcé’,o Em[? %‘a} [{gogréi)sg '4:'1nf ectious

20

25

4. The use according to claim 1 or 2 further characterized in that said polypeptide
‘contains, inthe corresponding sequenceof SEQDNQ:Z2-and SEQ 1D NO 4~
a) aCysteine in position 8, 14, 17, or 77; or

b} an Alanine or g Glycine in position 1.

5. The use of any of the claims from 1 to 4, wherein said polypeptide comprises the

constant region of a human immunoglobulin heavy chain.

6. The use of a polypeptide comprising SEQ 1D NO: 2 for the manufacture of a
medicament for the treatement of aulcimmune, inflammatory or infectious

diseases.

7. The use according to claim 65 wherein the polypeplide further comprises an

isoleucine at position 64 of SEQ [D NO: 2,



di seases. 7. The use according to claim®65 wherein the
pol ypepti de further conprises an 25 isol euci ne at
position 64 of SEQ ID NO 2. WD 2005/037305

W&’% Ef’ 04/ 052572 49 8. The use accordi ngﬁ)éﬁEﬁbiﬁ/&l@sﬁ:

5

urther characterizggd in that said pol ypepti

does not contain a nutation in position 9, 10, or 13
in the corresponding sequence of SEQID NO 2 and SEQ
IDNO 4. 5 9. The use according to claim6 or 7
further characterized in that said pol ypeptide
contains, in the correspondi ng sequence of SEQ 1D NO
2 and SEQID NO 4: a) a Cysteine in position 8, 14,

or 77; or b) an Alanine or a G@ycine in position

: from6 to 9,

3€h - dr e arotp GREpeT Bur e et
" €01 QBesClot SorfBHIPAULBITHRAR NG B REFMo R fnd - The

use according to c erei'n said d sels

sel ecbdqehct 5rapD I0MD: gbAWRQ iIck%0:gonsi sting of . arthritis,
rheumatoid arthritis (RA), psoriatic arthritis,
osteoarthritis, system c |upus erythenatosus (SLE),

stem c scler05|s sci er oder ma, ynyositis,
g%y omBPIYSE ASHRPG o Fiaim 6pf Liprihies charadierizsg wé’aaésa'dapfrpéwﬁgq c or

hype nsi.tvit di,seases . chronic
obot IRV P 2R P mr s Mt or
bowel, @csme] F{og,tgpg ,14(;?9[11;3 o diseases, ulcerative
colltls multiple 20 sclerosis, cancer, septic shock
V|rab)aanmMonnmﬁméhom3maﬁransplantatlon, , airways

i nfl ammati on, graft-versus-host disease (GvHD) and

10 atherosclerosis 12. The use according to claim?7

25

wherein sajd di sease i s selected fromthe grou

COnsiT8e YR GT Y o e Fasi oM § 0 9. ariFm I QRSP TS (RA)
PSOT iyt bifGta el bt hinan ARRAQRE St dadylcRain.

11.  The use according to claim & whetein said disease is selected from the group
consisting of: arthritis, rheumatoid arthritis (RA), psoriatic arthritis, ostecarthritis,
systemic lupus erythematosus (SLE), systemic sclerosis, scleroderma,
polymyositis, glomerulonephritis, fibrosis, fibrosis, allergic or hypersensilvity
diseases, dermatiis, asthma, chronic obstructive pulmonary disease {COPD),
inflammatory bowel disease {IBD), Crohn's diseases, ulcerative colitis, mulliple
sclerosts, cancer, septic shock, viral or HIV infections , transplantation, , airways

inflammation, graft-versus-host disease (GVHD) and atherosclerosis.

12, The use according to claim 7 wherein said disease is selected from the group
consisting of: arthritis, rheumatoid arthritis {RA), psoriatic arthritis, osteoarthritis,

systemic lupus erythematosus (SLE), systemic sclerosis, scleroderma,



25 system c | upus erythematosus (SLE), systemc

sclerosis, scieroderma, WD 2005/037305

PCT/ EP20041052572 50 pol ynyositis,

gl omerul onephritis, fibrosis, fibrosis, allergic or
woyheyeensi tvity di seases, dermatitis, asthpg®Er2004/052572

chronic obstructive pul norsary di sease (COPD)

i nfl ammat ory bowel disease (113D), Crohn's diseases,

ul cerative colitis, nultiple sclerosis, cancer,

septic shock, viral or HV infections,

transpl antation, , airways 5 inflanmation,

graft versus-host disease (GVHD) and at herosclerosis.

10
di seaggymygs't'ﬁuﬁ’q‘fmeﬁ'&@ep b gﬁlbrcgﬁs Gk, E%@F ée’genesl'{cvcyor di ng
to cl 2 er05|s
19 ©! BRI AZIMIBLClnd Vel 38R5F bandt E‘é%%@%%@ of SEQ
| D NOinfidndfasadwdl GisdakreIBOY Bohratisedseg Liestati@fcolds, muitpn
i mmunogl obul i n heavy chain of SEQID NO 5. 16. The
nucl eisdergsisi @ncsesppisoask, @rabw UNN@GC\‘O@% tr%FﬁiéﬂﬂfﬁU’S,i, anvays
pol ypeptide of SEQ 1D NO od for

5 pr odud‘lﬂ?f@j“ai'crﬁ‘egf?ﬁd’ﬁsb*ﬁ"%Qfeﬁi‘fé%‘ﬁDd%”dﬁ?“efBﬁ"'&’P?‘ﬁ 15
conprising: a) cloning of the nucleic acid sequence
encoding the mature CO _2-P8A in an expression vector
f u|§ed ThOusBaddbGhgBh GairRfivile SREAYBRGS ISRRRE k@St he human

0 CCL2 signal sequence at its 5 end, and the nucleic

aC|d sequence encodi ng the constant region (segnent
243-474) of human i nmunogl obul in | anbda heavy chain
| g1 Jhe yse goegdingdpelaim Rwherein e figseseiiseHtale ef90s'sr HEK293
cell line with the resulting vector; WO 2005/ 037305

mPC’I’/EP2004/052572 51 c) selecting the clones stably
expre f on
Bt o Pl R A e R R U T e 1 0
sequengRiateglol & a human immunoglobulin heavy chain of SEQ 1D NO: 5.

16.  The nucleic acid sequence encoding for the fusion polypeptide of SEQ ID NO:

15 5.

17.  Method for producing the fusion polypeplide of claim 15 comprising:
a) cloning of the nucleic acid sequence encoding the mature CCL2-P8A in an
expression veclor fused fo a nucleic acid sequence encoding the human
20 CCL2 signal sequence at its 5" end, and the nucleic acid seguence encoding
the constant region (segment 243-474) of human immunoglobuiin lambda
heavy chain lgG1 atils 3’ end;

by transforming a CHO or HEK293 cell fine with the resulting vector,



Ctermnus; d) purifying the fusion protein fromthe
culture nedium 5 18. Methods for screening for
obl i gate nonomeri c antagoni st chenoki ne vari ants

W(S*%)%%iﬁs’(ﬁd herei n conprising: a) naking si n%@‘rfﬁ%moszsvz

10

25

mutations in CCL2 that blegk its ability to dinerize;
b) identifying said variants that bind to the receptor
and show agonstic 10 properties in vitro; c)
identifying said variants fromthe group identified in
(b) above that are further characterized as
inhibiting peritoneal cell recruitnent. 19, The
pharmaceutical co sition conprising a nonomeric

o . - n
var i afitselgfinghe ﬁ%eﬁ%ﬁ’%@ip??ﬁ*‘gﬁ@rsﬁﬁfﬂbg heeRBRIFEUSRE act i ve
i ngredi ent,. wherej L.d variant result from.at |east
an ani rPéOIEé{‘c'laH”gscgfgg{aﬁ%ttqe&ﬁmrfnﬂﬁan%[hf’ El:ré% SHE DA Pern of
hydr ogefyhpnds at the dinerization interface of said
chenoki ne. 20. The pharmaceutical comnposition of claim
19 wheriingttheusRPROER fdnCthatlifkeadtivh.s 20 chosen from
a) CCL2-P8A (SEQ ID NO 2); b) CCL2*-P8A (SEQ I D NO
4); c¢) An active nutant of (a) or (b); or d) A
pol yﬁe ti de conprising (a%, (b), or gc), .and _an am no
ath d @@Ha@he@e"wﬂb@hﬁ@ﬁgﬂ graie 2popsh LEmRe 2GR c e
ot her, sai henoki ne. WD 2005/ 037305
PCT/ @éﬁ%@?ﬁ@ﬂ%’?%&% 52 21. The pharmaceutical _
CONPQShakihdihgl boirkt hatbtdhskSc@b hd o BBt iddtel MONoMeri c
variants 1s in the formof an active fraction,
pr ecbyr sdeniifying Ssaili tvariadigrthay aintl ie thec egploexnd gow cgojstisgat e.
properties in vitro;
c) identifying said variants from the group identified in (b) above that are further

characlerized as inhibiting peritoneal cell recruitment.

19. The pharmaceutical composition comprising a monomeric variant of a
homodimer-forming chemokine as active ingredient, wherein said variant result
from at least an amino acid substitution that alters the pattem of hydrogen bonds

at ihe dimerization interface of said chemokine.

20. The phamaceutical composition of claim 19 wherein the monomeric variant is
chosen from;
a) CCL2-PBA (SEQ ID NO: 2);
b) CCLZ*-P8A {SEQ ID NO: 4},
c) An active mutant of {a) or {b}; or
d} A polypeplide comprising {a), (b}, or (¢}, and an amino acid sequence

belanging fo a protein sequence cther than said chemokine.



5 22. A nethod for treating or preventing autoi nmune,
inflammatory, or infectious diseases conprising the
adm ni stration of an effective anbunt of a nononeric
variants of a honodi ner-form ng chenoki ne, wherein

weRdos/dsdosant result fromat |east an am no pr@E2004/052572

15

substitution that alters tf2e pattern of hydrogen bonds
at the 10 dinerization interface of said chenokine.
23. The nethod of claim 21 wherein the nononeric
variant is chosen from CCL2 PS8ALSEQ 1D NO 2); b)
CCL2*-P8A (SEQ ID NO 4); 15 c¢) An active nmutant of
(a) or (b); or d) A polypeptide conprising (a), (b),
or (c), and an ami no acid sequence belonging to a
protei n sequence ot her than said chenoki ne.

21. The pharmaceutical composition of claim 18 or 19, wherein said monomeric
variants is in the form of an active fraction, precursors, salt, derivative, complex

or conjugate.

22, A method for frealing or preventing autoimmune, inflammatory, or infectious
diseases comprising the administration of an effective amount of a monomeric
variants of a homodimer-forming chemokine, wherein said variant result from at
least an amino acid substitution that alters the pattern of hydrogen bonds at the

dimerization interface of said chemokine.

23.  The method of claim 21 wherein the menomeric variant is chosen from:
@) CCEL2-PBA(SEQIDNGT2),
b) CCL2*-P8A (SEQ ID NO: 4);
¢} An active mutant of (a) or (b); or
d) A polypeptide comprising {a}, {b}, or {¢), and an amino acid sequence

belonging to a protein sequence other than said chemokine.



