SELECTI VE CHEMOKI NE MODULATI ON TECHNI CAL FI ELD The present invention
generally relates to selective nodul ation of the chenokine IP-10 and to
treating or preventing di seases and pat hogenic conditions characterized by
adverse | P-10 expressi on. BACKGROUND Cytoki nes are a group of proteinaceous
signaling conmpounds that are used extensively for inter-cell conmmunication.
These conpounds arSEIECTEE: CHEMOKINE MQDIILAFIONDNat e and adapti ve
i mmune responses. Apart fromtheir inportance in the devel opnent and
functioning of the i mune system cytokines play a major role in a variety
of 1 nmmunol ogi cal, inflanmat orai/Eand infectious diseases. Cytokines are

produced by wide variety of CHNMEALBIELR enopoi et k and

non- h oi etic) .and gan have effects on both nearby cells .or throyghout
Che or BRI BHFSSEhifTRREOD, (Eallle eiriaRt on SeRC YL BALLIHOR  fbr e
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cell -surtface receptor. Subsequent Tascades of intracellular gl gnlg I ng then
al t er cetditiomsceharactefibed hyngdexdeuld®: 10hexpreseipai.at i on and/ or

downr egul ati on of several genes and their transcription factors, in turn
resulting in the production of other cytokines, an increase in the nunber

of surface receptors for other t he suppression of their own
ef fect by feedback inhibition. B@%ﬁlﬁgg&grs to a specific class of

cyt oki Qgeoliihets dredh aireughefMmmbtéineickols(sifaatihaXeSmpRringse thaelalre uddtbse
chenoki nes are pro-inflammtory activation-inducible cytol dnes that
gener a¢Xtgngivedy foninteswall comypusicajiencthese sampounrds argrsiticaloeheor s

el | couoficBhECooff RAARE aRHCAFapRre SRR RIS RN ER e AEH PGB, 0
wi de vighpeitanet oelitte idevets hedodahetioaling Nb£ athieo immilihes e§stdit,

agents that cause physical dapmage. They function_ mainly as chenpattractants
for | eckokjnes play& Mmaiprgok i@ Vasetn efdryphinalogical.citilamematesy gndel | s

fromt . . sites of infection or damage. They can be rel eased by
many dflﬁ??gdruglggdé%ﬁ%?ypes and serve to guide cells involved in innate

immunity and al so the | ynphocytes of the adaptive i mune system Sone
chenoki nes .al so have role(egs( in the devel opnent of nphocytes, nmigration and

I
angi ogektakines gre prodygeck brewide yaziedywtisedk ipes (brth hagmapoieligiand ude

of dif ' nj I ' it is a
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shou refera e selective in terns of on affecting a limted nunber
of tar@g@mé‘iﬂl§lé1¥%§mk@ﬁ§ni oki nes. Docunent [)1/] i nvest i gat es the effect of
titani um surfaces on macrophage activation and secretion of proinflanmtory
cyt oki nes and chenoki nes. When attached to rough titani um surfaces,

| i popoEgshagtiakirtegéietgllys bimads ab ed specificptelpesirfassy paspiot h®ubssguent i on

of the cytokines inter]euldn-11 IL-10),. 1L-§ and funor_necrosi,s factor-a
( TNF- & Saedlest el %ﬂ%ﬁpéeth@ &F £F épm%tmﬁ.@awnp{qcfe and
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chenpkimescriptivmmiactoss,ehl darnl rdsmltingeos the pradoetion of other cytokines,

an increase in the number of surface receptors for other molecules, or the

suppression of their own effect by feedback inhibition.

Chemokine refers to a specific class of cytokines that mediate
chemoattraction (chemotaxis) between cells. These chemokines are pro-
inflammatory activation-inducible cytokines that generally have a molecular
mass of between 8 and 10 kDa. Their receptors are mainly integral
membrane proteins containing seven membrane-spanning helices, which are

coupled to G proteins.



Docunment [3] investigates the effect of titaniumparticles on cytol dne

rel ease by macrophage-like cells (a). Titaniumparticles significantly
enhanced MLC rel ease of 1L-113, IL-8 and TNF-a. Docunent [4] provides an
overvi ew of nmacrophage interactions with nodified material surfaces. The
docunent di scl oses that macrophages contacted with nodified surfaces

rel ease of |L-113, I1L-6, |L-10 and TNF-a. SUWMARY, K The present .i nventjon
over cérhemokings arel relensed drombadrisecraniely of cells &?treag?laﬁ%éﬁé?ﬂ enpl s a
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These | r t ' [ | ;
acconpa f %hg%?ﬁ{aﬁ?éafénlgasgﬁbﬁﬁfh{f ﬁgf%réggg%%l ﬁggﬁ%rlidg%@f%ﬁ eéd? he use
of a rﬁ%llelimnhmd][rﬁi eihnaﬁdz c’l:mﬂ'nilmiiif(ygahélieeﬂcsa|UE1‘1&3'h ll}'rm%ﬂ'mbyms eﬁtthegdt@apﬁim: ng
IP-10 to its surface, The tal, (oxi urt her. has IR-1 ownr e ating
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cel l % Es amE Sdbdd Qﬁdiéh,c%iBgeﬁgSiép production of that cell. The netal
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or ne e present ntron is a netal of group 4 or 5 of the
periodic table of elenents. Preferred such netals include titanium
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treating or prev a di sease ]
being able to effect or modulate the expression and/or release of these

compounds. Furthermore, such release/expression modulation should
preferably be selective in terms of only affecting a limited number of target

cytokines or chemokines.

Document [1] investigates the effect of titanium surfaces on macrophage
activation and secretion of proinflammatory cytokines and chemokines.
When attached to rough titanium surfaces, lipopolysaccharide (LPS)
stimulated macrophages increased their secretion of the cytokines
interleukin-1p (IL-1B), IL-6 and tumor necrosis factor-a. (TNF-a) and the
chemokines monocyte chemoattractant protein-1 (MIP-1) and macrophage

inflammatory protein-1la (MCP-1a).

Document [2] discloses that titanium particles stimulate the selective
induction of IL-8 and MCP-1 chemokines in human osteblast-like

osteosarcoma cells.

Document [3] investigates the effect of titanium particles on cytokine release
by macrophage-like cells (MLC). Titanium particles significantly enhanced
MLC release of IL-1B, IL-8 and TNF-q.



characteri zed by adverse expression and/or release of |P-10. Such di seases
i ncl ude adverse inflamuatory responses, infectious di seases, autoi mmune

di seases, host versus graft di seases and foreign body reactions. In all

t hese diseases, IP-10 is a key factor in the devel opnent of the diseases
and aDoeduedniof#] girovidds) aaasvdieiaw ef thacrdplesde imteaadtions withenodified he

di seases. The thod gl sq i nvol ves, net hods of treating a di sease, .
char aB¥adeTiRb §UBIACESy dPPuWré&é a%ﬁ?d’/'f{ﬂ‘chE 8 qqxlstacg%ﬁfé@?. A

fi rst oGt J 1 Nic$t erd g _ dicanarinpiy t he present invention
to the sug?géd}gﬁﬁ??lﬁgg% ?g?the{Féqg'i g’eglssg. A"second nethod invol ves an” ex
vivo treatnment of a body fluid extracted fromthe subject. In this nethod,
| P-10 is renoved in an ex vivo fj| i sing the nmetals or netal oxides
of the invention and the purifie%bhﬁé@gq%gn then be returned to the

partigcul ar subject. SHORT DESCRI PLI ON OF . T W The  i.ovent.i

P oget P THBHAE aRY FRR0 RGBT AR (LT AR Pack B Prar art

under giRefbebyertki Ng reference to the following description taken together
wi th the acconpanying drawings, in which: Fig. 1 is a diagramillustrating
the effect of grey titaniumgranules (G0 on the release of I1P-10 in whole
humang,bl.ood; Fi Q. IS, a, di amillustrat] .fhe effect. of pre- ment
(- 1t)It\/éFsﬁs g&b’%??fe%%ﬁ?&ﬁt of%@}e) quﬁ%rg&%}??éﬁi Ltl gﬁgﬁiﬁ%esao(&%éﬁﬁ. t he

r el eagfodiilatiBnléf the whehfolHeRI0 MO thterfetondy indacible@ratein| fRsto.at i ng

relative I F-10 gene expression in total |eukocytes and rnonocytes after
i ncubating whole blood with titaniumgranules; Fig. 4 is a diagram

expr obto o Reses ASEE o Shed piYsiof o Brefie o SoisBdeidin, e, 8 e
gr anupyeed foFipﬁuri 'ﬂlg aas,ﬁ:n@gss &orhl1PusOrating total and differential WBC

count after incubation with and without grey titaniumgranules (G5; Fig. 6
is a diagramillustrating the concentration of IP-10 in a blood | oop system

ith rea nf . . LthsOr. W 4 Lt anl r | es;
Flo Yo SR AMcb o the ekt is 1 tdeial s YobiBidols B4 Rl BEY °
Wi th usagqoﬁfreguemg IP-A0 expssiothes (GO, sifted gray titanium granules
(GP), white titaniumgranules (W5 and ground white titanium granules (W);

These and other objects are met by the invention as defined by the

accompanying patent claims.

Briefly, the present invention involves the use of a metal or a metal oxide
having the capability of selectively binding IP-10 to its surface. The metal
(oxide) further has an IP-10 downregulating effect in that a contact between
the metal surface and an IP-10 producing cell will cause a reduction in the
IP-10 production of that cell.

The metal or metal oxide of the present invention is a metal of group 4 or 5
of the periodic table of elements. Preferred such metals include titanium,
vanadium and tantalum and their oxides. More preferably, the metal is an

oxide of titanium, such as titanium dioxide.

The metals and metal oxides of the present invention can be used for

manufacturing a medicament for treating or preventing a disease



Fig. 8 is a diagramillustrating the IP-10 levels in a blood | oops system
using different anmounts of added ground white titaniumgranules (WP); Fig.
9 is adiagramillustrating the effect of ground white titanium granul es
(WP) on the IP-10 level in synovial fluid frompatients - with rheumatoid

ar t hehracteriZed BY Adversdi xiresidd Wald/ali rededdte o€ TPeD0. Biicti disetsss
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curves for (A) and white titani um ranules H:g is a diagram
1| Usrduction ohF-aprem berisad Fal tating SR PEFYRARG theiftposttl 5 on

| P-10 in serumspiked with 1P40; Fig. 14 is a diagramillustrating the

effect of different titaniumforns and other netals on IF-10 in synovi al
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wi |l feemutled discasnrA expond ng=thodsinviolves ahea:ertuao tidetnpemts ofita. bodgnt i on
generally relates to a_sele tlve &§|atl ci.fic cytakjnes and
chemdRuidegxtragted |f’é§§n¥he| 3 Bﬁcrtf) tieh %ﬂﬂ‘g{ & ACHRAVECS L AR 2t al
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chenokf Ne ah I neé scavengers his was totally unexpected, as

t he prisfiediload caln th?éﬁ beagthyned tarthetafticudar sulbjedtow t hat t he net al
titani um causes an upregulation in the production of cytokines and
chenoki nes by different cell types.

SHORT DESCRIPTION OF THE DRAWINGS

The invention together with further objects and advantages thereof, may best
be understood by making reference to the following description taken

together with the accompanying drawings, in which:

Fig. 1 is a diagram illustrating the effect of grey titanium granules (GG) on the

release of IP-10 in whole human blood;

Fig. 2 is a diagram illustrating the effect of pre-treatment (-1t) versus post-
treatment (+1t) with grey titanium granules (GG) on the release of IP-10 in

whole human blood;

Fig. 3 is a diagram illustrating relative IP-10 gene expression in total
Jeukocytes and monocytes after incubating whole blood with titanium

granules;

Fig. 4 is a diagram illustrating the effect of grey titanium granules (GG) on IP-
10 gene expression in monocytes after incubating whole blood with titanium

granules;



The present invention can therefore be used for preventing and/or treating
di seased and nedi cal conditions characterized by adverse expression or

rel ease of the particul ar chenoki ne. The rel evant chenoki ne that can be
reduced according to the present invention is 10 kDa (10 000 Dalton)
interferon-y inducible protein, IP-10. |1P10, also denoted C-X-C notif
figand 10_( CXCL10) or Cr -2 in the art, belongs to the CDC chenoki ne

f ami | §ig. whi é% 8a afasape hasteatingndotad | anﬁequgfnmml BVBQ opeunetaféer ani no

aci d fore the. first c hese CXC chenoki nes
induc%‘%%%% m%ﬁﬁe‘ﬁﬁwﬁﬁ@%ﬁmﬁm ?gggrrs to differ from nost
CXC chenokines in that it has no activity on neutrophiles and targets
| ynphocyt es speC| ficall | F-10 acts on the receptor CXCR3 as well as an

| P- 10FigpeRiipi @ Aiagapmmyilluatraingh the conrerdraidencol 2Pdd) is ashloodploap i s

s R e L et SR R i A e
and ogdegirdesf netals according to the present invention that have the |F-

10 reducing effect are netals and oxi-des of netals selected fromgroup 4 or
5 in the periodic tabl e of the elenents. Thus, the present invention

enco t i i i I
vana?@ ep%h i um Hb Ln’ta%-t%:i &?n %%Q{E g?ln(?( ﬁ%?de?géﬁ Sg}&éﬂs t hese
net al ﬁsagEr ei.‘ greyeﬁtmmhsgranullwe}@) Lsiftedgrayyaiiealiumh granuRRAE R)mmitb their
oxides, 1.n particular titaniumand oxides of titanium Titaniumhas three
oxXi da&ltaéﬁuezgr%nultﬁqdwsi ) and ground, m@mumtﬁaﬁﬂ%%ﬁwpb;nventl on can use
any of these oxides of titanium i.e. Ti(l1l) oxide, Ti(lll) oxide and
Ti(1V) oxide. TWAT) oxide is also denoted titani um dioxide (Ti02) or

tit arfig. i8nig AadiagramTiihstratingi the IP-00i ldeclssimnapbleber loepsosyisterd asngf
titae(}hgfré\ according to t(}?‘gchresen |r1vent|on Ti Q2 can bhe present in

di ff rent amoyntsof g %HW‘FIGNW@’ anat ase and
brookite. Rutile is a tetragonal m neral usual Iy of prismatic habit,
anatase or octahedrite is a tetragonal m neral of dipyram dal habit, whi |l e
br ookfige 9 $s &n diagram Htlostrating ¢heleffett pfegrrurd whiteniitemidnggreaudesor di ng
toth rese ention js preferably | he rutile formor, a m xtuye of
the (QVE) o ke; RETI eael Snbsmontan, Hild am,paticrsts 1B oFREHRSEORI (1 v
oxid gifdWV) oxide is a preferred hafnium oxide. Vanadiumis present in

the oxidati on states V), v(rer), V(Iv) and V(V). Available vanadi um
oxi des include V(1V) oxide (vanadi um di oxide VO2) and V(V) oxide (vanadi um

Ol oo A0t arA Hieer LR AR A eHEkO LA PSP SroHty OLBEURd Whllcy
| P- 108341 %9aﬂﬁlé§qmb¥rg Tfﬁ’f%) ﬁ’-l@ﬁfé%l A GPrdvia AQid g%?perﬁ? at ﬁe‘!ﬁf‘t hon

conprises at least o group 4 or~5 and/or at l'east o oxl de of a
met alwith ripesupatoidartiihidisgret al agent could be a netal or netal oxide in
substantially pure form such as at |east about 95 % netal or netal oxide,
preferably at |least 96, 97, 98 or 99 % netal or netal oxide. The metal does
not e S j '
R ey g e AR e o e Sl BROPDY eVl
AI so Whit@;(B h) timninns granulesa@50xn 2008 15 Q00H magmﬁba’aen),one met al
oxi de according to the present invention can be used. The netals and net al
oxi des of the present invention nmay reduce |IP-10 according to different

f undamgni alilNREAABE 388 differential mercury intrusion volume to pore size curves
for grey (A) and white (B) titanium granules;

Fig. 13 is a diagram illustrating the effect of different titanium forms and other
metals on IP-10 in serum spiked with IP-10;



Firstly, the netals and netal oxides act |like |IP-10 scavenger in that |P-10
in a surrounding nediumw Il bind specifically to the surface of the netals
and netal oxides. Thus, IP-10 will becone enriched on the netal (oxide)
surface and is therefore depleted fromthe surrounding nedium This |IP-10
met al p{a0Xia0R) o HiAGHRE Til8shia@hleyiinPefiddti of diffepdritetitaliennfonas «dal oftierbi nd to
the nmetals at the levels of 1P-10, including the structurally and

cheni nmitals e dBelQ in eynovidl flwid (PEukin 8 (1-8, al so denoted CXCL8) t hat

bel ong to the CXCL group of chenoki nes and nonocyte chenotactic protein 1
(MCP-1, also denoted CCL2) that has a nolecular size in the range of IP-10
(the typ BherakifesmagelAuRHRRicH 099 bl ThatTatisbe Wl ktogrdihg toethel

(oxide)”  surface with BSA or fetal bovine serum does not affect the binding
of | Ppissend inventonfinrssavenging IRtlAdrem abogyrilyidsand rong as it was not
possi ble to renove bound IP-10 fromthe surface by added detergents
(Tween-20). The netal and netal oxides of the present invention act |ike

hi ghl pigs pEs id ieCsdierhtisCilivieieaion Of ueihéh eosletiexit care YePused raxcatdipexi de)
bi ndi ng. As a consequence, the netals and netal oxides can be used for

pur i f {0 the presemtunventianimeenvenging iRy 19 gomar Bibving or at |east
reduci ng the concentration and anmount of IP-10 in the nedium Secondly,
when contacting | F-10 producing cells with a nmetal or netal oxide of the
present invention, the cEEINIED DESCRIPTIONses a downregul ation in
the 1 P-10 production as determ ned fromreduced | P-10 nRNA producti on.

Thi s Thréughohasthehdrawirsgs)utine esaohe rederciug  theraeters will reanvusedr fatuced

| P40. Experinments haye al sQ shown that the nmetals of the invention are

i ndeeGOEISSRONGINE QY SR &80 producing cell's, such as neutrophils and
nmonocytes. Thus, the netals and netal oxides of the present invention can
reduce | P-10 by renoving | P-10 froma nedi um through binding I P-10 and

reducThe pleseattinventibn Bedéradkprelatéoo by selactivegmodistationgof specHicof t he

| P-10 nRNA producti on. .the npetal s and netal ,.oxides of the invent.ion

causeCypkines lénﬁed%ﬁi“glg‘r{ﬁs' I gggt PREsEn IB‘VCBFRE apggﬁoﬁﬁ%']i eccqff“f%l? toits

et Al f B} I8k S HAAF Bxiddl oFB 1S BIFEATRIAhE ExifEsSon BNEI RISy of i a form
as " hig a e

t hat specific surface area, I1.e. surfaCe area per weight unit. The
met al pastdl)r ehenokias, and act iass chenhokiinee scaviéregéns. t Heisf sram dotadbr ous

Sel T KRGHREH s Shecadar Bt RiRSyHiEd dor erRielid IA1 S shtrh B
hi ghl ;g?g;}ﬁetga ﬁ%ﬁﬁfﬁec%\légﬁ %gll g\gﬁggﬁl&l&v rthagge ArR@uctivd om?&bkiﬂ@ urface

area e porous neta preferably at |east 0.005 nR/g, such
as at ahdachembkinebg different calt éypesef erably about or nore than 0.02 n2/ g,
such as about 0.055 n2/ g. The preferred porosity of the granules inplies
that the granules include nultiple pores, including mcro and/or nacro

por e?TP%féée?fﬁn&@%Ho@x“ eHa {HURRIR bOuHPRRY PPeveiling Raid f@s trehtidie

mul tip ores an ucts or passages Interconnecting at |east a portion of
t he ndigdased podesnedival povnditionsofcherectarizad (mkiaigaerageﬂxpmssmref@r ably
at least 25 % . nore preferably.at |east 40 % such as at |east about 50 %
H ghl Jelsase of thewart %Fggnﬁ%?)flﬁg a porosity of about or nore than 70 %
can be manufactured and used according to the present invention. |nstead
of providing highly porous netal granules in mmor sub mm sizes, snaller

net al Thexirdievapar thetrmkihavihat aramviee arpslutieshrsacaording o gheopresent such

he. piawarion s ot KB (s DROLRaloRhntr ey anaweiitedottef e io b ae &
I ar ge 1ULi&s Aefbs&t SLRICH ot darftt' 20 (GXEE10) or Crg-2 in the art, belongs
to the CDC chemokine family, which have a specific amino acid sequence of
ELR (one letter amino acid code) immediately before the first cysteine. These
CXC chemokines induce migration of neutrophils. However, IP-10 seems to
differ from most CXC chemokines in that it has no activity on neutrophiles

and targets lymphocytes specifically. IP-10 acts on the receptor CXCR3 as



A first aspect of the present invention relates to the use of a netal or
netal oxide in the manufacture of a nedicanent for treating or preventing a
di sease characterized by adverse expression and/or release of IP-10 in a
subject. The netal is selected fromat |east one nmetal of group 4 or 5 in
the peellati ant Hb1© specifienBiteptotibnl @sithelin arnkedeovhea roellal [S)f IRHiQup 4 or
5 or a mxture_ of at |east one group 4 or 5 netal and at | east one Qxide of
a netisl seswetadh by sevsrab celiypas dalregpenae)todaderiespn @ Nrds dheseradht i on

can b ent.i kSe i inistered to a

subj e‘%@’?sg‘f‘é’@‘?%&t‘ §ﬁ?r%%§r géﬁg%%?%c(?égl érir[)f?%]0|t|i)!)rq%%ga‘i’lr'nabI y a human subj ect,
likely to suffering a di sease characterized by adverse | P-10 expression. In
such a case, .t he tal agent wjll cause a reduction i,n the produycti on of
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| evel 4 ofr & érl the iperidditi table Fofl fhandementsntTings, Ehé Opfesemt havendiornt s

del eterious effect, of the disease. Th nmet al .agent,_of the. invention wll
f unct $REPIEDAESER dRGamactalst ttté‘ﬁl‘r}%v@i’ t41EC dfthn hainivg qEllndent

di sea@& PalibEREm ele! iteEr SRS thEdsSease
will Beneti f(m’mﬁél?le mm@an%?%g%EﬁgﬂpG@gﬂ&{anvfgﬂ%?toﬁ as tﬁe nmet al
agent mwithls. Prefereedimetaly ipchitie tdahRirh) toohtalugh arid vassdivinPatd thiemdi ng.
In addition, IP-10 producing cells wl]l stinmulated to shut down or at

| eastO¥idgsc PREFFAE Lﬁ:"fé BF#ASSWIQEMQES or nmedical conditions
that can be treated and/or prevented .according to the present invention

i nclude |1 P-10 dependent di seases characterized by adverse (high) |evels of
| P- 10Tfianiluct ihas ithredeoxidatist .stabg PiE8eRi(lhventd di(IVy Theparesent ar
usefu] for,treating or preyventing.,adverse infla X react.l.ons, ere
such ’éw&éllt’é’?’ef;%l}ég? ﬁPVp a?%%?f’agﬁﬁps éﬁaﬁ'é“nhéMYPVc&’ %[lf‘@}iﬁtx\@ uses,
-such asqi 388, Ti(IV) GRIRL R A0 RERREY titaHiBhY HibLK bPRRafld host
ver su@%r@‘@g)ggis’ggmmen algsé&gjgect begorres 1i nf eét ed, qﬁ@% is normally
rai seih abheaaptr This tikeniuomidéoxideeis e agetfamedbaxidei tormyi ol ddtgnium
parasi tes,,.fungi rions,, viroids r..ot her, pat hogeps. ver . at

ot uATRding epehharag v Rf b b Hresroh i rast miirrelg

| mung: qetAeAIaReY fsRd!l RRIGAHS)utllee H4ERe WA BrdoRSRONRtHBNIPS
devastatihg when the balance is distorted. That is, the inmmune systemis
causi tegragoreldaringeat aisutadlyt iof sprismadic tiedit,t poatasean ogtaheduiteDds pat i ent s
infected with chryptospoy.di osis, | P- .Signi fi.cantly increased, and
corr e‘é{%&?r’c Fﬁ’é%g%fagi By’c'ﬁn‘?"b%"’f'} ﬁ?‘éﬂimg %%’é?&f &EI% ‘%“glaaﬁ?%ﬁ’? 0

epi t helihatalC ol [prefirrblatitdditmRdibRIRS bcedrding ¥ eRet Predetiteipiviednionn ss
treated, I P-10"1evels were normalized. These Tresults suggest |Pl0 to be

i mporpraferaly intide sstlaifdron osfa mistureg et theorutile and the aaptasmioramdef ense,
whereas in AIDS patients |lacking effector cells, IP-10 may contribute to

t he i nmmunopat hogenesis [6]. I F-10 may pronote retroviral infection, such as
humana i ppasaedaf bLidenes zirtorsum M ZHIVEekide Al PIF(IVPoxas is et preferpsd  of
acti v%t ed target cell sZ[8] . The | eg(g‘lnaof IeP- 10 i n(IY?:e cerebr o%’i nal fluid

( CSF) hagivm ozide.a¥svedinadispresartisinthe ogidation statesc¥AlanV (EH), SVigYkst s
that | P- i S bot to.and. i . . Inf i 9] .
The: A% Yo AEi e RSN higs Bettiad MIVE Biadd (viiinkf dicide 1°)
cont ryypyf 8dbV(\yéLidén®anadguhpéfitodse 0. NiobRusi aride canteyirhtigher in
fatal YF than in nonfatal YF. These results suggest_cytokine intervention

t o befopor ohNiiM) axideaqreNi(lld) exids: agd dentalumrhad pxidaiien siatas elfTalli ent s

[ 10] . D o) is often induced by viral infection e.g. by rhinovirus.
AfterT?mavar’ﬁ%Mnf ection of human epithelial cells it has been shown that
the epithelial cells produce IF-10 both in vitro and in vivo. The |evel of
| F-10 correl ated to the severity of the symptons and therefore it is
suggeAnedPiHat rédudihgpl oty remeving metal pgehtgecseerding to rthie ipresenstl col d

11]., Thus, th t i ti b d i tj i
Ui 71 drERttion BOPHONSeR At A BE rtapietAL AT A58, "o ot S0/7 8! IHSREH on. i n
par ti GHlarofvhr Aleth o @riots ofli $.eTB8 SmekdC hgeht Gotl@Se H Ynetad orekhetal f ever.




Aut oi mmune di seases are a particular formof inflammatory di seases, which
results in an i nmune response agai nst the body's own cells and tissues.

| P10 is a key player -in imune responses, specifically in delayed type
hypersensitivity (DTH) reactions. Such DTH reactions invol ve autoi nmune

di seaggiie I SUBsPASHANGGHNE 3 Chudl o af BesR GBduE 98 FBhRLS SPehdtal 2l

oxXi desig%e ﬁeh?)%\?ent ?%)12 can ge a’nélééf?ect?ve cure or preventive neasure for
di f f eoritde, preferabin atdeash 965 975q81pr Q9 86 mehadiarmesalipriskes dhe matakhi ght
be treated or prevent by the.netal ent. of th r.es inventi i ncl ude
acut e%@le§sré‘?ﬁ ﬂg?%ﬁaéﬁg]gﬁﬁif)o PP VR ﬁﬁ:&lelgg ﬁnsgxg‘feg Sﬁgé:?méﬁ%# osi ng

S pond)ébhi&&o%n&é‘ br RReEpHSHId S A ddedy: ByAHtaNBxIdNESwithrhashktalandss a,

aut oi nrnune hepatitis, autoifmmune oophoritis, Coeliac disease, Crohn's
di seasdloydi thait commpttise taks legsicone getnhtanhior génisidsiorne mstabaxide e’ s
syndr one aves,, disease,. Guillain-Barre syndrone ((IRS), Hashinoto's
di sea%?quﬁpté’tm%pﬁﬁe%wﬁpgﬁgn?@ r‘fﬁ?cg', Kawasaki's di sease, |upus
eryt hemat osus, multiple sclerosis (MS), nyasthenia gravis, opsoclonus
nyocl onus syndrone (OMS), optic neuritis, Od' s thyroiditis, i

enmph ,
per ni Theumetaderand wetahogides iofr the iprerest SnveRkGHa TRV mdllfpﬁanP*ls QJ SRA) ,
Rei t ' .nd Si ' d T ' t itis, t I
ot or pererd e BifisRhB s aRmieaEl AEnAPERIET" Lot aut of mune heml yti c

anem a and Wegener's granul omatosis. M5 is an autoi nmune di sease where the
body produces antibodi es against the nyelin that protects nerves in_the

br ai n Firstls giheametalsdandsmietahexides agdrlilee [R<0 scavengein shaf {i-1(sin he

spinal_ fluid contain.high | |, - i in
the centroUrERlE e atlmil £ Pocifedn i haGHB G e tactS g
di seagfetal HB6HQESI ThubkPIROL0 will Pediki eriricltéd on the trhetalefakide)f surfdbe
therapies [12]. It has been shown that I P-10 is concentrated to the | esions

of t hanshimdgherefore clapletask from- thy suexgending mediya. sHawnlR-14 m

P2 ) A SEERREL e B R TR I Mg

ant i seAseils her abye devkls Fofl (PboONdnctodingt eke njtrvesurdldyl andcthendehlly
i mprovenment in different nouse nodels [17, %ﬂ%{) Léageﬁﬁf@ tal agent
accor dlegely gelatedpindssleukin 8nill-dh alse dapptat (XGEShihaf rrelongetonthe canent
for tr in (.. p i e | FP- i ent /e had
posi ti(%&gf g@%%.gﬁﬁggdgﬁnggt%%ﬁe %%%%ﬁﬂ%%#ﬁaé%ag Elgg’? ghown to
dot oot ag L e ol Furd Cory Tr om RA ot L onte [30F Thi s 1P 20 mpy.
etected 1n synovial Tlul rom patients | 191. IS -
sel ectohespgkinesr gentaine 4% sox cé? h@Imno 5 Agl ntmogiﬂlégtﬂ"? Hackak a‘%gﬁisi s of
RA [ 2Q - | Sdan [ i [ g € d
i nisSiepags SR PoAnOl BG! Houih sk a3RE St ofichF 168 R BRAPPRO B, 1
| F-  1Qhkngugfaicen ’lfkaal]bﬁnaﬂtl% ief ﬁld& &ﬁgh@n@tmﬁgralxs: lie ks nest  passiipleoto )
expressi on suggests that the chenpkine syst pl ay a djrect e in the
dest r uemans howand Ibr 1@Arampthe guriaga &y %ﬁﬁ?ﬁi raeﬁelﬁ?r&ﬁ%m{%&nd | F- 10
| evel s caused by the present invention will be beneficial in the treatnent
and prevention of RA. In chronic hepatitis and autoi mune |iver diseases,
| F-  10rhes nedtal arl neetd] reeddes df ahieepressmxt dnventionFct diket highly specificpl ays
a specific role in the accunul ati on and_deat h of hepa,tdgﬁ&yées in chronic

t

hepaptlPt1@ scajengsrnthequgh sihe selgatweopP-4 G gaetal (ax INgding. 4% o mune

l'iver di 4]4 . P LS - LN A 534N rﬁ#@%'ets
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| upus raedidienbas uBwW:Eter 1RO anditherelas edmoving oveatuledst retluenm the s

| P-10 I evel correlates to the level,K of disease activity [26]. Therefore,

t he meosIcenssating apshamodigof edOdantha THHE i nvention can be used al so
for treating and/or preventing these types of autoi mune di seases. The

i nflammatory response to be treated or prevented by the nedi canent of the
pr esergedoiiddyi} whknceon etihe IP-d (aprodicingnedlls with seastabbr thetzjastide
intestinal tract of a subject. Exarrplaﬁs of such infl ammt ow/ di seases

i ncl ud¥ ther prereatdnyepbing, Wesealbanetapntergction gauses ia FeWIIE 18 ohn' s
D sease ( i I oi I.S;ease ctl] e ®ASH Qn stinal
tract )1. T%s eywdﬁlgi;agg(%&g?gaéevé@egrrga%ﬁ%%adi g%%ge?réa%ﬁp E@heﬁgggt %IHN&
intestinal tract with unclear origin. Increasing evidence suggest locally
produced chenokines to play inportant roles in the progression of the

di seases [27]. IBD [28], UC [29] and £D [30] are characterized by an
increase in | P-10 protein expression In the inflaned bowel and the

t herapeutic inplication by inhibiting the IF- 10 signaling pathway has been
di scussed [31]. Blockade of IP-10 signaling by adm nistration of antibodies
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appears to play a significant role in the recruitnment and maintenance of T
cell infiltrates in the inflammtory skin di seases. Further adverse

i nfl ammat ory responses that ‘the present invention may treat and/ or prevent

i ncl ude gl aucoma and inflamuatory responses associated with gl aucona. |P-10

has 1 gfaMittioRCTRIS MR VIlrhOhRS tHeOSbIsS RéHbeS BF FeRadidY thdlerdysPaewdp] and
has previous been found in atherosclerotic |esions totglet her with act’ vated

T cel produwrd Bc3é: i BExpesimentsii kavenalsoc shover ethat| thef gnetalepbsther osi s
h | P-10 to b { al ' | esi f i I

odul Sregticst 2fdhdhelh 8Bl to dithdrtE Ao i T0) Ao B Bt 422 a1 <o

shovefletifidipHils afllilbhioegtddle | P- 10 pathway there was a tendency to reduce

t he amount of pro-inflammtory T cells and increase the protective T cell
popul ati on which inhibits the atherosclerotic process [38]. These | atest

findi i ' I ' i

recepriner BEhERits T e HHials bl he RraBPhE TafciiiBh Bl FREIRE P10

at herpp dlegi®dhg. IR-1KeHioie, a ehedivithnihretighgbinding IPA0 and bedutieigktieyt e
recruitnment could particularly be interesting to treat inflanmmtion in

r espoRBWUY %H’cdﬂﬁ%l?r‘?ﬁﬁ%dﬂ gausingaggwnregnesion: At Ehe APt QanBMA er osi s
[ 39]. Mgﬁe, the nmedi canent of the present invention that results in a
r educB - expression and reduced IP-10 levels in a subject can be
effective for treating and/ or preventing atherosclerosis. Another adverse
inflammtory response that is rfgct erized by adverse | P10 expression is

h
ast hnds the HetaRARe Faetalres ol theHRTeHEOR SAUOR the Bohdmesicsorbat he

pr obl [ s eactl QN | j . - f G j
Genoriepe b ot by EEibR" A HoReiey To 45 TR, (BUAG) rfdoe the

i ndi catetslsd BntD metdiveyxides eeaptefegaiblyoin astform tihetahys| Aih 4Aldecific
Chenol dnes and | P-10 al so have an inpact of other conditions negatively
af f ecPWFGCE feeai F-fnSUriceAreape Weightt YAlte obstructive pul nonary di sease
(COPD) is a condition which is characterized by irreversible airway
obstruction due to narrow ng of small airways and destruction of the |ung
par enThy maetalhexidd)digémincanp e s frstwamboditrenintbieoin thefotmi ofyposetis ophi |
granul ocyt es, nacrophages and | ynphocytes. I F-10Q is reqgul ated in_the
ai r wa§RIB1les OB Pérgrél{‘glﬁff?&T € RIGNCHER AT PG Réogﬁsefgthy theeRellon can
t her i r ni.d M

| o Ftes, bRbccd Py RebIl BloRbsd PHEHALER BaRlic b ity

i npl apbroud el halveea tlabgel\speaifiosairfpeebarka.r Bhid specifid subfacer arggeoéd.
This reaction is a_speci

The” i Fis Bapeds SheBil Barlen ingreirapDy ot JoastiOn 1|8, St a5 i) Bast . auh
| sreil . | {Fikas.
Socy cebSHTY 01 B0 iafe refIRMES i oGr MofE thBSy 6308 hb/6Fstlh as

i nf| aabeibOyOS58an2/@n. Thus, a reduction in IP-10 levels will reduce the

i nfl ammatory response to the foreign inplant and thereby inhibit the
foreign body reaction. The netals and netal oxides of the present invention
can oo BRoMeRA WYroBlts) 8 R PEntlAGHAA that i FrabliLs dhesades.
Thus,a’ttﬁeﬁfénventl nrgar;&be usedglfn connect’l on vsi\tnhth graft transplantation
for pmal&ple ppres, anchelng mécioc ang /oOinemaicsé pdregy arhiche pee tdomrtinuons

ti | 1 1 h f ft i ti . .Ih 1
P stiitanieh M5e” BEeruley napfi AEFAUIES Pl Fat TEaifins Poranenthdudts ohe
raft iceCl,i r i e i i t eat .
g hgé%séa[ S (ihtéi‘%oﬁfnetcg_ﬁﬁeeggpeaéﬂ Sé;’yt?c,)ﬂ%o& bt SHes rﬁﬁggiggg&%gs. orhé

In t e rejection agra P-10 is incr can be used
as a pomgitystofc ther eetalf (oXide) epgenti ds preferablyi atclehBt 125¢86y ahates to
the severity of the rejection.[43-46]. eri t ve .shown t hat

t r ansPeiRTaRly ot a%}r%’t » S @Sp‘?‘teieé‘r%x ugﬁ& %3@@%%@%% nst

| P- 10 f goe[n;d - f i1 ' fesy EAn! 199884 n i of
t he a tﬁgﬁc}&%h r ﬁ?%ﬁlgleﬂﬁj@%%ﬁé%l nt o ?E):% Fgﬁs%?ant ?%%C\éhzg(% The
r ever srd hedahecottling tehthwepreserd. ingeation. survi ve | onger in ani mals without
ability to respond to IP-10 [49]. Antagonists to the IP-10 signaling

pat hway have been devel oped and suggested as a therapy that could inprove
the outconme of transplantations [50]. Taken together these results indicate
that the I P-10 scavenging and reduci ng netal agents of the present
invention can be very effective nmedicanents in treating or preventing graft
rejection of transplanted tissue grafts, organ grafts or cell grafts, such
as islets of Langerhans. Leukocyte igfiltration is involved in several
cancer types (n.eoplasia). These infiltrating | eukocytes can be potenti al
source of gromh factors for the tunor cells and angi ogenic factors for
endot helial cells. 1P-10 has been shown to be a cytokine involved in such
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ot her parenteral route or via inhalation, in the formof a pharnaceuti cal
preparation conprising the active ingredient in a pharmaceutically

accept abl e dosage form The particular adm nistration route to use wll
depend, anmong others, on the disorder or synptomto treat and can be

det er i b bl AR1188 inf {68 sl hom SBshe
usef ufﬁé}grgdtéfeg%ﬂ(l;kaéﬁli%fkﬁg%%rr?ﬁgﬁ%@aél %ﬂorders: whil e an oral or_rectal
adm nisgidikirimsetali okide) pertidles havifigansatregesdianeterofl HOOwraar kessct i ons
in the gastro ipntestinal tract. In. intrayenous adm nistratian,

phar nfBEht PEaR fRMi KB} ToFFESE; ?F@qleé'o%r%seefqﬁ%eu%fcﬁpg& 9?8} al?é g)%e e of
the I gy &td.iﬂg td'the zgﬂie%hferin%naoﬁ?'sﬂs‘ér?%rﬁﬂu vgetal parficlesrér duistrwill
adm nrstratign 1 npl enentation, the metal or netal oxide containing solution
i s i npeotide ahogemuniaet eredleyentatrsmallgueantifiesi nstants to a person in
need of treatnent. It could al so be possible to enploy a continuous or
sem -continuous supply of the nmedicanment frome.g. a nedical punp or other
adm MASHESY ASect Bl ﬂi@?)treséllﬁ; hRdTtioh yelaabs abstie e Bt & anetlll @dmetal
slowrelease 1s possibl'e and within the scope of the present invention. In
anot hexiderini th¢ amamplacthere 20ff anmedicameantafior rfireating er preventing a

connection with the inflamatory site can be t 0 ehatd vel y
hi gh CéReasec6 @E‘?‘F&eﬁ{zieén i agﬁgxysgcpxygeﬁsrll e%#ézgr %%éq :g‘é:‘lﬁ To2hd '

adm nisglfiétl qhe AR A cERHAAIFonDA: RastEneRictad wiflgoup adem Biisi that | ons.
In general, the fornulations are prepared by uniformy and intimatel

br i ngipegiodi¢ dablssof elements akldass angypsisiecnt avineiabPEREPEBIY OFi &

carriers or s imgs finely djvi L carl r , 1 f
neces Sapgare ALAT AT o Abate ot Al PAAReRPL Y et SRRl
adm niggtgt4 gp 5, ncl ude aqueous and non-aqueous sterile injection solutions

whi ch“may” contain anti-oxidants, buffers, bacteriostats and sol utes which
render the forrmulation isotonic with the blood of the intended recipient,

~and agyeous d, non-aqueoys stgril i j i
suspeﬁg}%dn‘ﬁ%gn{?ﬂaﬁﬁ%t “lIuckQZi ﬁge &’S‘Sﬁ?@f%@@%%@%ﬂ%ﬁf%em ed
N UNigredosingr didkhbedony chainl nadministeretampl & seifject, amrefiredlpnd
vials,” and may be stored in a freeze-dried (Ilyophil.ze ondi ti

r equi mhammaligntsubjeat enidomase preferably i Buma sykigst ﬂﬁ?e(iy 8 rSUefif‘QF??% e,

water foy. injeciions, | ia I 9 -The S be
physi & ?‘?‘?éﬁhf}gﬁﬁ%ﬁ@qﬁ?& g’}’ eéagéﬁ | ngalg'olrd %f{#zgssp)%)i}éi Zﬂq%‘:&é}:& g gPté§§’oF13€i on.
For mul abiAnsesiti wabbaukera esdhicaoniini te productioy dfelbiOsientleel sabjecpsul es,
cachets or tablets each containing a_ predeterm ned armun}. ei@e ﬂc%i ve

i ngr edieneducingaths iek0 snRYA supression. Fusthermereenee/df, 2%’ i ¢

emul sion.n gn ueous l.jquig o . QN O E | add :
st t areckeara s elh M bBigiio B EERAy pROEed JRER Aeri

0i Nt Medth§, IPC1 @3BEts Selrfacy)dhpasthesedatipg tiengvehef freghedirendating iB-10
adm ni stered in_a pharnmaceutical acceptable carrier. F re\rATHl ationg,for

r ect alanudipraventing i1Bn1 @dyone heving ifscdelgterious &b ttcg‘rtg‘ 1sfases fhisy| e

base conpr.i Ssi ng, r t i LONS
ot ¢ abPEul et YRR P HACHUD' 4 Hatfad@id WHaE bln FrovEH! th
t anpordsset GreA - 19eHEpendehedisdazens or spray fornul ations containing in

addition to the active ingredient such carriers as are known in the art to
be appropriate. Exanples of unit dosage formul ati ons are those containing a

dai ly se or unit_ . dail - 1Y i

appr opt8t% PAHSHE| %ﬁe‘ﬁ% %gi#é?m? ﬁ?’ﬁ% %gldfnl? i :ﬁs {igﬁ%@&?ﬁ% r%{é%le}agér% Wml’ r@r?g? i mum

al | OV"?’%& des aanlithaiernaol i piestndasention 4 thaenptedsmgenti wilbnernove

depends, anong others, on the part.icul ar _disorder ,oatieat . h??i g[?r_i cul ar
. s IFF

pat i eralreadse preduced IPol Oathnonteha the meeipllEa B RddiH i on

rout e. Exper.i nent.al | 4,86 i ndj ; nd
{1t ani RARCDTRG SUenRE B, ftfpifeel 5tk SEcT By At3Bhst FARMGE RO 550

| P- 10/13%ddétﬁjﬂ.um particles for | P-10 spi ked PBS, about 50 pg | F10/ny
titanium particles in I P-10 spi ked serumand nore than 3.5 pg | F10/ ng
titaniumparticles in synovial fluid. This nunbers can be used by a
physician in determ ning the anmount of netal (oxide) particles to

adm nister as the anount of IF 10 present in a body fluid is, for several
medi cal disorders, proportional to the severity of the disorder.
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The netal agent of the invention is preferably provided (transpl anted,
injected or otherwi se adm nistered) in or in the nei ghborhood of the site
in a patient where a |local-|1P-10 expression/rel ease control or nodification
is desired. This adm nistration can be performed by transplanting the

granufgs @iseRdés i e8edichP dnditiens 9t Bant BEgRCated candy éerpravensldy
especially when utilizing granul ates and powder, the neta] (oxide) agent of

the premsedingndenthen present imyjandiony inelodendPriPgalepsndentadiss@sski nes

g?ntﬁ %ﬁr‘ag‘g% ﬁ&?fgf%{‘l %#;S%cgﬂh@ gc}’%ggo?s% rggﬁcgggr r&sl?/tssthg% ellvegin;nd

stil | phaiend ﬂﬁle@ltidh a8 flﬁcpafﬁeule&puesﬁﬂomraﬁféamigeas eprfvenhing eldeet sl
targe ? chenokine IF-10 fromcells in the bl ood system and vessels, in

synovxrﬁlammﬁ’r@ry depebpaspaTer sushy a deleterdqug in ATy repetionfan

alter h&ﬁf r reue di SABSR CH ed by
adver@%‘g“!f Lo expr egél %n@#%%sgﬁfﬁv%veﬁgfeggogf’w vo treatnent ?%E%‘a%a

f1 ui dforeipm Bodgireaptionsfdmd hogt feosus lgeaftidiseases.The net hod woul d i nvoI ve
extracting a body fluid froma subject suffering fromthe di sease. The body
fluid contains adverse high |l evels of IP-10 and/ or I F-10 producing cells.
e Doftted laibnfed Bedfingt af @efct?{io‘i’ﬂ 1 38 BorrhifiPhalised s §958% osidal
fluid, "asci /or synovl a Ui d depen |ng on the partivcul ar

t r eatimmntund hl”efem‘se agaedsbbaytétiaj dinusesy maxastdsefungi,opnions, &inkdds] or an

d f . wh h I 5
ot a1 oF | AT GRBOESSPE HEVETEbont RiCAMOTL dyheTs, iy Srrmrh e
surf f ag%elﬂé%éal sﬁeﬁlacgeacaaiﬁeucﬁﬁﬁmm dehieiaiey SendrsmeqAIDsymndie

f|UId irtion, any IF-10"producing cells preSent in the ext r act ed body
f1 ui dmmhlal ithmune respeirisenean|be devasiatingiwdien $hatbaleneeds distodad:

(o't e e SHEtPrR d sl hote daiias 1 Mf /Bl ety 5o
body fya '1Hféc’i1cﬁi<t IRABSS apskiontd ihReEted avRhf cRyPDsPOrdissier ePLED Rgas

returned to the body. The fluid-nmetal contact can generally be very short
as t heighifichmdy oinarpased t andheosiglatese tof thecrarasite fainden. e FPJ0 s

present v o) I d p t ens
b o Dep ey 18BpoF 45 ChBfib et FEIS 3 he Sith oEIEERIA AP whRE |

ar r anggeEenba - whs trddted, aPLrglYevdly iv@bﬂeSn@pmaﬁzé@dThemasu}zttsl fuggeadPt hen
returned to the body For exanple, a traditional ren or liver dialysis

can btOdonbe nmp%taﬁt for &he mespltion ofttheninfeetion in aprppal POMIRE npy ed

from dy t.y pi t C QUUIRCt

and/ o hfﬁ?r?g ITEI}LI ﬁ’g? 1islluc‘ﬁl% ﬁt%& g%?’%g@ éﬁgé%ﬁe oxygezgtlgnﬁ%&w})
nmachi e@striuitedtn the infmamopathdgenesisgb].! P- 10 purifying step according to
the present invention. This formof treatnent is in particul ar advant ageous

for patients suffering froma septic shock follow ng an infection. A

cruci t [ t s ieSdefiignthe

i nfl mtﬁo’rﬁ@a}%&%ﬁg@{ﬁ%ﬁr@ggltgécgge%§urcgeﬁgoﬂ at ed fast as pos}bsqi bl e.
Such wigtisefHIV) ¢ diteatthe [T]onnetd:n'edghorecmnunennmfsa@xva!hedotafgemc&ilsa[&ls| S
according to t epresen tion, The | f. IE-JQ in the blpod,.can
hen Bhodepel af TR Gn s peirhropbinal fuid {C5Fddpidndcly. dasaiated FHDY! ng
the causergl e’ir@?u?%ﬂé thiﬂu Qﬁgg ét%“th Ehe- !lf)%tE@iH a'fekpefsBas sayer al
advantages as conp are m ni STEri ng t e nmetal (oxide) agent to the
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Table 1 - measured cytokines 1L-5 IL-12 INF-a IP-10 IL-1IL-1Ra IL-6 IL-13
INF-y MG IL-2

nerve loss. In patients with MS the spinal fluid contain high levels of IP-10
and accumulation of T cells in the central nervous system is very important
in the pathogenesis of the disease. Therefore, IP-10 is a potential target in
the search for MS therapies [12]. It has been shown that IP-10 is
concentrated to the lesions of the damaged nerve tissue [13-15].
Experiments have shown that the severity of the disease state is correlated
to the amount of expressed IP-10 [16], and blocking of IP-10 (antibody
treatment, DNA vaccine, antisense therapy and IP-10-bound immunotoxin)
resulted in clinical improvement in different mouse models [17, 18]. Usage of
a metal agent according to the present invention can therefore be an effective
medicament for treating or preventing MS other known IP-10 blocking

agents have had positive effects.

RA is an autoimmune disease where IP-10 has been shown to be active. Up
to hundred-fold increase in IP-10 concentration has been detected in
synovial fluid (SF) from RA patients [19]. This IP-10 may selectively attract T-
cells to the SF and contribute to the pathogenesis of RA [20]. IP-10 is
induced in the SF by specific adhesion molecules and administration of
antibodies against these molecules significantly inhibits IP-10 induction [21].
Data of IP-10, and other chemokines, receptor expression suggests that the
chemokine system play a direct role in the destructive phase of RA [22]. A
reduction in IP-10 production and IP-10 levels caused by the present

invention will be beneficial in the treatment and prevention of RA.

In chronic hepatitis and autoimmune liver diseases, IP-10 is elevated and
reduced after successful IFN treatment. IP-10 plays a specific role in the
accumulation and death of hepatocytes in chronic hepaptitis [23]. Similar

results were obtained in patients with autoimmune liver disease [24].

IP-10 is up-regulated in skin lesions from patients with chronic discoid
lupus erytematosus [25] and patients with systemic lupus erythematosus
(SLE) have an increased IP-10 serum level and this IP-10 level correlates to

the level of disease activity [26]. Therefore, the metal (oxide) comprising
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medicament of the invention can be used also for treating and/or preventing

these types of autoimmune diseases.

The inflammatory response to be treated or prevented by the medicament of
the present invention can be due to an inflammatory disease of the gastro
intestinal tract of a subject. Examples of such inflammatory diseases include
inflammatory bowel disease (IBD), ulcerous colitis (UC) and Crohn’s Disease
(CD, which is an autoimmune disease affecting the gastro intestinal tract).
These diseases are severe chronic disorders of the gastro intestinal tract with
unclear origin. Increasing evidence suggest locally produced chemokines to
play important roles in the progression of the diseases [27]. IBD [28], UC [29]
and CD [30] are characterized by an increase in IP-10 protein expression in
the inflamed bowel and the therapeutic implication by inhibiting the IP-10
signaling pathway has been discussed [31]. Blockade of IP-10 signaling by
administration of antibodies against IP-10 resulted in protection from acute
colitis [32] as well as chronic colitis [33]. Butyrate inhibits IP-10 release [34]
and has been shown to be effective in the treatment of UC patients [35]. Mice
deficient of IFN-y, where the IP-10 pathway is abolished, are unable to
develop colitis in response to dextran sulphate stimulation which normal
wild type mice does [28]. Antibodies against IP-10 have been developed for
the treatment of inflammatory bowel diseases [59]. These experimental
results indicate that an IP-10 inhibiting medicament of the present invention
can be used for treating and/or preventing inflammatory diseases of the
gastro intestinal tract, including IBD, UC and CD.

The medicament of the present invention is also highly effective in treating
and/or preventing inflammatory diseases. For example, IP-10 is up-
regulated in skin lesions from patients with lichen (strong IP-10 expression),
chronic discoid lupus erytematosus (strong IP-10 expression), allergic
contact dermatitis (strong IP-10 expression), and psoriasis (weak IP-10
expression) [25]. In these lesions a high amount of infiltrating active T cells
was present suggesting a functional interaction between locally produced

chemokines and CXCRS3-expressing T cells. Hence, the IP-10 pathway
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tendency to reduce the amount of pro-inflammatory T cells and increase the
protective T cell population which inhibits the atherosclerotic process [38].
These latest findings in animal modeis suggest that blocking
chemokine/chemokine receptor interactions may serve as a suitable
approach to treat atherosclerosis. Likewise, chemokine antagonists that
inhibit leukocyte recruitment could particularly be interesting to treat
inflammation in response to myocardial infarction, the major consequence of
atherosclerosis [39]. Therefore, the medicament of the present invention that
results in a reduced IP-10 expression and reduced IP-10 levels in a subject

can be effective for treating and/or preventing atherosclerosis.

Another adverse inflammatory response that is characterized by adverse IP-
10 expression is asthma. In asthma mouse model IP-10 has been shown to
contribute to the problematic hyper-reaction in the airways. IP-10 deficient
mice demonstrated the opposite results compared to wild type animals
which indicates IP-10 pathway to be a target of asthma therapy [40, 41].
Chemokines and IP-10 also have an impact of other conditions negatively
affecting the airways of a subject. Chronic obstructive pulmonary disease
(COPD) is a condition which is characterized by irreversible airway
obstruction due to narrowing of small airways and destruction of the lung
parenchyma. The condition causes airway inflammation, involving

neutrophil granulocytes, macrophages and lymphocytes. IP-10 is
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to treat. In the acute rejection phase of a graft, IP—lO is increased and can be

ssue or ce 1Ms matic

used as a diagnostic marker of the rejection process since IP-10 correlates to
the severity of the rejection [43-46]. Experiments have shown that
transplantation of grafts in the presence of antibodies directed against IP-10
or grafts from IP-10 deficient mice resulted in longer survival of the graft and
fewer infiltrating T cells into the transplant [47, 48]. The reverse has also
been showed, i.e. grafts survive longer in animals without ability to respond
to IP-10 [49]. Antagonists to the IP-10 signaling pathway have been
developed and suggested as a therapy that could improve the outcome of
transplantations [50). Taken together these results indicate that the IP-10
scavenging and reducing metal agents of the present invention can be very
effective medicaments in treating or preventing graft rejection of
transplanted tissue grafts, organ grafts er cell grafts, such as islets of

Langerhans.
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Real -time RT-PCR analysis Total RNA (0.5 gig) isolated fromtotal

| eukocytes or naonocytes was reverse transcribed to cDNA at 42 C for 60 mn
using i Script cDNA Synthesis kit (Bi oRad, Hercules, CA USA) that contains
both oligo(dT) and random hexaners. Each cDNA was frozen (-20 C) in
aliquots until the PCR reactions were carried out. Real-time PCR was
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important mediators of leukocyte recruitment and demonstrate altered

characteristics of expression and activation in chronically inflamed tissue,
they have been implicated as key regulators of inflammation and

angiogenesis during cancer development.

Chronic activation of innate immune cells at sites of pre-malighant tumor
growth may enhance tumor development. It has also become evident that
early and persistent inflammatory responses observed in or around many
solid tumors, play important roles in establishing an environment suitable
for neoplastic progression by providing diverse factors that alter tissue
homeostasis [51-53]

The teachings of the present invention can therefore be used for treating or

preventing cancer in a subject.

A second aspect of the present invention relates to a method of treating or
preventing a disease or disorder characterized by adverse expression and/or
release of IP-10 in a subject, preferably a mammalian subject and more
preferably a human subject. The method comprises administering a metal
and/or an oxide of a metal to the subject suffering from the disease, where

the metal is a group 4 or 5 metal in the periodic table of the elements.

In accordance with the invention, the metals or metal oxides can be provided
as pharmaceutically acceptable formulations using formulation methods
known to those of ordinary skill in the art. These formulations can be
administered by standard routes. In general, the copolymer may be
administered intravenously, intraperitoneally, subcutaneously, buccally,
rectally, dermally, nasally, orally, tracheally, bronchially, topically, by any
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other parenteral route or via inhalation, in the form of a pharmaceutical
preparation comprising the active ingredient in a pharmaceutically
acceptable dosage form. The particular administration route to use will
depend, among others, on the disorder or symptom to treat and can be
determined by a physician. For example, a dermal administration can be
useful for treating inflammatory skin disorders, while an oral or rectal
administration will be beneficial for subjects with inflammatory reactions in

the gastro intestinal tract.

In intravenous administration, the pharmaceutical medical composition
comprises the metal or metal oxide of the invention in a solution of a
- selected solvent. In a particular administration implementation, the metal or
metal oxide containing solution is injected once or preferably at multiple
time instants to a person in need of treatment. It could also be possible to
employ a continuous or semi-continuous supply of the medicament from e.g.
a medical pump or other administration equipment. Also administrations
through so-called slow-release is possible and within the scope of the

present invention.

In another particular implementation, a local administration in or in
connection with the inflammatory site can be used to allow a relatively high
local concentration of the active ingredient. This local administration can be

accompanied by one or more systemic administrations.

In general, the formulations are prepared by uniformly and intimately
bringing into associate the active ingredient with preferably liquid carriers or
sometimes finely divided solid carriers or both, and then, if necessary,

shaping the product.

Formulations suitable for parenteral administration include aqueous and
non-aqueous sterile injection solutions which may contain anti-oxidants,
buffers, bacteriostats and solutes which render the formulation isotonic with

the blood of the intended recipient, and aqueous and non-aqueous sterile
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suspensions which may include suspending agents and thickening agents.
The formulations may be presented in unit-dose or multi-dose containers,
for example, sealed ampoules and vials, and may be stored in a freeze-dried
(lyophilized) conditions requiring only the addition of the sterile liquid
carrier, for example, water for injections, immediately prior to use. The
aqueous phase can be physiologic phosphate buffered saline or other
physiologic salt solution.

Formulations suitable for oral administration may be presented as capsules,
cachets or tablets each containing a predetermined amount of the active
ingredient, as a powder or granules; as a solution or a suspension or
emulsion in an aqueous liquid or a non-aqueous liquid. Formulations
suitable for topical administration to the skin may be presented as
ointments, creams, gels and pastes comprising the ingredient to be
-administered in a pharmaceutical acceptable carrier. Formulations for rectal
administration may be presented as a suppository with a suitable base
comprising, for example, cocoa butter or a salicylate. Formulations suitable
for vaginal administration may be presented as pessaries, tamports, creams,
gels, pastes, foams or spray formulations containing in addition to the active

ingredient such carriers as are known in the art to be appropriate.

Examples of unit dosage formulations are those containing a daily dose or
unit, daily sub-dose, as herein above recited, or an appropriate fraction

thereof, of the administered ingredient.

The maximum allowable dosage that can be used according to the present
invention depends, among others, on the pérticular disorder to treat, the
particular patient, the severity of an inflammatory reaction and the
administration route. Experimental results have indicated that heat treated
and ground titanium granules have an IP-10 binding capacity of more than
2000 pg IP-10/mg titanium particles for IP-10 spiked PBS, about 50 pg IP-
10/mg titanium particles in IP-10 spiked serum and more than 3.5 pg IP-
10/mg titanium particles in synovial fluid. This numbers can be used by a
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physician in determining the amount of metal (oxide) particles to administer
as the amount of IP-10 present in a body fluid is, for several medical
disorders, proportional to the severity of the disorder.

The metal agent of the invention is preferably provided (transplanted,
injected or otherwise administered) in or in the neighborhood of the site in a
patient where a local IP-10 expression/release control or modification is
desired. This administration can be performed by transplanting the granules
or particles into or close to the target site. Alternatively, especially when
utilizing granulates and powder, the metal (oxide) agent of the present
invention can be injected into the target site. As chemokines can be
transported through the blood system of a patient, the metal agent of the
present invention can also be used for a general system delivery and still
being able to affect the expression and release of the selected target
- chemokine IP-10 from cells in the blood system and vessels, in synovial

fluid, cerebrospinal fluid, ascites or in lymph fluid.

An alternative method of treating or preventing a disease characterized by
adverse IP-10 expression/release involves an ex vivo treatment of a body
fluid from a patient suffering from the disease. The method would involve
extracting a body fluid from a subject suffering from the disease. The body
fluid contains adverse high levels of IP-10 and/or IP-10 producing cells. The
body fluid could be blood, blood plasma, lymph fluid, cerebrospinal fluid,
ascites and/or synovial fluid, depending on the particular treatment. The
extracted body fluid is contacted ex vivo with a metal or an oxide of a metal,
where the metal is a group 4 or 5 metal. In this metal-fluid contact, IP-10
present in the body fluid will bind to the surface of the metal (oxide) particles
and thereby be removed from the fluid. In addition, any IP-10 producing
cells present in the extracted body fluid will, due to a cell-metal surface
contact shut down or at least reduce their IP-10 production. The purified
body fluid can then be returned to the subject. The method is similar to a
traditional dialysis in that a body fluid is extracted and purified, here from
IP-10, before being returned to the body.
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The fluid-metal contact can generally be very short as the binding of IP-10 to
the surface of the metal particles of the present invention. The contact time

could be a few seconds up to some tens of minutes.

This form of treatment can be combined with other treatment arrangements,
in which a body fluid is extracted from a patient and then returned to the
body. For example, a traditional renal or liver dialysis can be combined with
an extra purification step, in which IP-10 is removed from the body fluid,
typically blood. Also patients connected to heart and/or lung machines, such
as extracorporeal membrane oxygenation (ECMO) machines can benefit from

an additional IP-10 purifying step according to the present invention.

This form of treatment is in particular advantageous for patients suffering
from a septic shock following an infection. A crucial step in saving such a
patient is that the septic shock and the inflammatory response that it causes
must be combated as fast as possible. Such patients could be connected to a
continuous ex vivo IP-10 dialysis according to the present invention. The
level of IP-10 in the blood can then be kept at a low level until further

medications succeed in removing the cause of the septic shock/infection.

The treatment method has several advantages as compared to administering
the metal (oxide) agent to the subject body. Firstly, no metal (oxide) particles
will be administered to the body and thereby any side effects associated with
metal particle administration will not arise. Secondly, larger quantities of the
metal particles and thereby a larger IP-10 scavenging capacity can be
utilized as compared to direct administering to the subject body. Thirdly, the
metal particles can be reused after suitable processing, in which bound IP-

10 (and other molecules) have been removed from the particle surfaces.
Figs. 15 and 16 schematically illustrate two possible arrangements or tools

that can be used in connection with an ex vivo purifying of an extracted body

fluid. In Fig. 15, the arrangement is basically in the form of a syringe 10
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151 A 5' CCATCCAATCGGTAGTAGCG 3' 12 GAPDH S 5' - TGCACCACCAACTGCTTAGC- 3" 13
85.0 87 A 5' - GCGCATGGACTGIGGTCATGAG 3'

filled with metal (oxide) particles 1 of the present invention and being
equipped with a filter 12 for preventing the metal particles 1 from leaving the
syringe 10. During a treatment, a body fluid, such as synovial fluid, is drawn
from a subject body into the syringe 1. The fluid passes the filter 12 and
comes into contact with the metal particles 1. Any IP-10 molecules present
in the fluid will become attached to the particle surface and are thereby
removed from the fluid. Following an incubation time, the fluid can be
pushed back into the body (at the same or different site as the withdrawal
site). Due to careful choice of the filter pores, the particles 1 will remain in

the syringe 10.

The filter pore size can be selected so that generally no cells present in the
extracted body fluid will pass through filter 12 and come into contact with
the metal particles 1. However, it can be advantageous if IP-10 producing
cells present in the body fluid are allowed to contact with the metal particles
1 and thereby be subject to an IP-10 production reduction due to the cell-
particle contact. In such a case, the filter pore size is selected to allow such
IP-10 producing cells, e.g. monocytes, endothelial cells and fibroblasts, but
not the metal particles 1 can pass through the filet 12.

PFig. 16 illustrates an arrangement 20 having a separate fluid input and a
separate fluid output. The arrangement 20 forms a purifying chamber
defined by two filters 22 and 24. This purifying chamber is filled with metal
(oxide) particles 1 of the present invention. During operation, body fluid is
pumped from a patient past the first filter 22. There the fluid comes into
contact with the metal particles 1 and any IP-10 present in the fluid will
bind the particle surface. The purified fluid can then, after incubation, be
pumped past the second filter 24 and may then be returned back to the
body.

It is anticipated by the present invention that the filters 12, 22, 24 employed

in the arrangements of Figs. 15 and 16 can be re-enforced by protective

layers that prevent the particles 1 from damaging the filters 12, 22, 24.
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14 S digonucl eoti de sequence of sense prinmer A digonucl eotide sequence

of antisense priner Each reaction contained 5 ill of cDNA 0.5 tiMof the
sense and antisense specific primers, 12.5 ill of 2X IQINI SYBR(r) G een
Superm x (Bi oRad, Hercules, CA USA) in a final volume of 25 ill. The
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set tepderenqus rpegia{ersy Er%sg]ﬂ%ﬁq}%geﬂtﬁﬁ‘ &Yefeﬁﬁe%) C‘g”aﬁré‘)uf%% #B8ci%s t hat
remai ' P& iSRS | LON W tihfamhed" Gisalie! eRticRIbibD! al
Ieuko%%?‘élgﬁl?%gf (g‘?tsda{igﬁélé t tl:epgér?? r#sgptgnu es lia’tlftertl)k%{nhe i.ncubatlf_on and c)
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SUSpe&)Sﬁ%Téx interaction between cytokines and chemokines, it is important to
evaluate not only the effect of metal (oxide) granules on the secretion of IP-10

but also on the release of other chemokines and cytokines, which could give

an indication of synergistic interaction among them in response to LPS and

treatment with titanium granules.

Incubation of whole human blood ex vivo with Ti granules

An ex vivo whole human blood model was used as previously described {55].
In brief, venous blood from healthy volunteers (n=7) was anticoagulated with
heparin (25 U/mL blood; Leo, Ballerup, Denmark) and then incubated in
microcentrifuge tubes at 37 °C with slow rotation in the presence of
lipopolysaccharide (LPS) (10 ng/mL blood; LPS was derived from Escherichia
coli serotype B6:026; Sigma, St. Louis, MO) and increasing dosages of grey
titanium granules (0.015 g, 0.075 g, 0.150 g, 0.300 g; Hereford Metal Powder
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Human nonocytes were isolated for nonitoring | P-10 gene expression with
titaniumgranules. As seen in Fig. 4, IF-10 nRNA | evel s were down-regul at ed
in nonocytes after incubationwith titaniumgranules (2 h incubation) and
stinmulated with LIPS in the two donors tested. Total and differential white

bl 0od GeiLtd COR)! BRGE ih BB BhedRily SAME IRS drisaliditnd Gséd it aYlosiiveh
types of |eukoCytes that have the ability to attach to the surface of

ti t aniamd gegalive sontrady respagiiveling wi t h whol e human bl ood. After incubating
bl ood with grey titaniumgranules for 2 h, as described above, total and
differential white blood cell (WBC) counts were perforned-imrediately in a
hemat ohfginanas r (Cell-Dyn 4000, Abbott Di agnostics Division, Santa
Cl ara, USA). Fig. 5 jllustrates the tot@@ and differential, K WBC count

S
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of toihs¥Bfce/BfnfePHAtional Inc., Camarillo, CA, USA) according to the
manufacturer’s protocol. Briefly, primary antibody coated beads and
incubation buffer were pipetted into 96-well filter plates. The standards and
samples were incubated in the presence of the primary antibody beads for 2
h at room temperature on an orbital shaker. Following this, the wells were
washed and biotinylated detection antibodies were added. After further
incubation for 1 h at room temperature, the wells were washed and
streptavidin-phycoerythrin solution was added to each well and incubated
for 30 min at room temperature. Finally, the wells were washed thoroughly,
sheath fluid was added and read using the Luminex xMAP system (Luminex
Corporation, Austin, TX, USA).

Table 1 — measured cytokines

1L-1B IL-5 IL-12 INF-a IP-10
IL-1Ra IL-6 IL-13 INF-y MIG

IL-2 IL-7 IL-15 GM-CSF Eotaxin
IL-2R IL-8 IL-17 MIP-1a RANTES
IL-4 IL-10 TNF-a. MIP-18 MCP-1

IL - interleukin MCP - monocyte chemotactic protein
INF - interferon MIG - monokine induced by INF-y

IP - interferon inducible protein MIP - macrophage inflammatory protein
TNF - tumor necrosis factor

GM-CSF - granulocyte macrophage colony stimulating factor

RANTES -~ regulated upon activation, normal T cell-expressed and secreted
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4.5-11x109 Pol ynor phonucl ear neutrophils 1.8-7.8x109 50-70 % Band
neutrophils 0- O 7x 109 0-10 % Basophils 0-0 .2x 109 0-2% Eosi nophils
0-045x 109 )

The striking result of the experiments was that the presence of the titanium
granules had a profound effect by almost completely shutting down the

expression of IP-10 in a dosage dependant manner.

The titanium granules had no or merely minor effects on the other cytokines
whose expression were induced by LPS. Interestingly, the secretion of other
chemokines from the same family (CXC chemokines) as IP-10, like IL-8, was -
not affected in the same way to IP-10 after treatment with titanium granules.
Furthermore, chemokines having similar size as IP-10, such as MCP-1, were
not affected.

The negative control (saline) and the positive control (LPS only) showed the
predicted effects with normal cytokine levels in all samples incubated with
saline only, and dramatically increased cytokine levels in samples incubated
with LPS, mimicking the onset of an acute infectious inflammatory response.
In samples incubated with titanium granules in the absence of LPS the
cytokine levels were well within the range observed for the negative control,
indicating that the titanium granules themselves did not elicit an

inflammatory response.

Effect of Ti granules on IP-10 secretion in whole human blood

The ex vivo whole human blood model previously described above and in [55]
was used. Briefly, fresh venous blood of healthy volunteers (n=7) was added
to different amounts of grey titanium granules (GG) and spiked with LPS (10
ng/ml). After 3, 6 and 24 h, plasma was isolated and analysed for IP-10 by
Luminex assay. In other set of experiments, the blood was given either in
pre- or post-treatment, by administering titanium granules 1 h before LPS,
at the same time as LPS, or 1 h after LPS.

As shown in Fig. 1, grey titanium granules reduced the production of IP-10

in whole human blood of healthy volunteers, stimulated by LPS, in a dose-

dependent manner. The results are significant in all the doses and time
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0-6 % Lynfocytes 1-4.8x109 15-45 % Monocytes 0-0 . 8x 109 0-10% Statistics
Al data are presented as mean values SEM Differences between groups were
assessed by Student's t-test using the program SPSS(r) for Wndows, version
14.0. Results were considered statistically significant at the P<O0.05
| evel Poitpis] destieddi Mpasnpeadiey of SEM of 7 donors are shown, * indicates

significant differences versus LPS alone (p<0.05).

In order to find out whether grey titanium granules were more effective as
pre- or post-treatment, titanium granules were given 1 h prior to stimulation
with LPS (-1t), at the same time as LPS (0t), or 1 h after stimulation with LPS
(+1t) (n=8). Six hours after the addition of LPS, plasma was obtained and IP-

10 levels were analysed by Luminex assay.

Fig. 2 shows that titanum granules were equally effective reducing IP-10 in
blood that was pre-treated, or treated at the same time, and even after LPS.
Basal IP-10 levels (without LPS) were as well significantly reduced in blood
after the different incubation times with titanium granules (GG), to the same
extent as LPS-treated samples with titanium granules (GG + LPS). Mean
values = SEM of 3 donors are shown, * indicates significant differences of GG
versus basal or LPS alone, repsectively (p<0.05).

Effect of Ti granules on IP-10 gene expression after incubation with
human blood

The effect of Ti granules on IP-10 secretion was disclosed in the above-
presented experiments. It was then investigated whether titanium granules

had any effect on IP-10 gene expression.

RNA isolation
Total RNA was isolated from total leukocytes or monocytes after incubating

whole blood with titanium granules for 2 h, using RNeasy mini kit (Qiagen,
Valencia, CA, USA), according to the manufacturer's protocol. In order to
isolate monocytes, a pre-processing step before the cell lysis was included to
separate monocytes from whole blood, using Dynabeads CD14 coated with
anti-CD14 monoclonal antibody (Invitrogen/Dynal, Carlsbad, CA, USA).
Total RNA was quantified at 260 nm using a Nanodrop spectrophotometer
(NanoDrop Technologies, Wilmington, DE, USA).
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Mat eri al s Reconbi nant human JP- 10 was purchased from R& Systens and |IF-JO
~was anal yzed using sandwi ch ELI SA techni que according to the manufacturer
(R&D Systens). The effect of different titaniumforns on chenokirte |evel
was studied in three different systenms: a blood | oop nodel, IP-10 spiked
ser unRRBEtANE RT-FOYR @AY sl uid. Table 4 lists the titaniumforns tested.

Tabl e 4- Tnvestigated Ti fornse Metal Abbreviation Conposition Particle
si ze Wotalf BNAI(RS TR) jeelated Sram totad Aeykosyissopr mongpcytes was reverse

transcribed to cDNA at 42 °C for 60 min using iScript cDNA Synthesis kit
(BioRad, Hercules, CA, USA) that contains both oligo(dT) and random
hexamers. Each cDNA was frozen (-20 °C) in aliquots until the PCR reactions

were carried out.

Real-time PCR was performed in the iCycler (BioRad, Hercules, CA, USA)
using SYBR green detection. Real-time PCR was done for three housekeeping
genes: 188 ribosomal RNA (188 rRNA), glyceraldehyde-3-phosphate
dehydrogenase {(GAPDH) and B-actin, and four target genes: IP-10, IL-6, IL-
10 and TNF-o. Table 2 lists the primers used and the parameters of the real-

time PCT.
Table 2 — Primers and PCR parameters
Gene Primer sequence SEQID NO: Tnamplicon Amplico
¢C) size (bp

IP-10 S 5°-GCTACAATGAAAAAGAAGGGTGA-3’ 1 84.5 185
A 5-TAGGGAAGTGATGGGAGAGG-3’ 2

IL-6 S 5-AGGAGACTTGCCTGGTGAAA-3’ 3 84.0 196
A 5-GCATTTGTGGTTGGGTCAG-3’ 4

IL-10 S 5-TTATCTTGTCTCTGGGCTTGG-3’ 5 84.0 139
A 5-ATGAAGTGGTTGGGGAATGA-3’ 6 ,

TNF-o, S 5-CTATCTGGGAGGGGTCITCC-3’ 7 88.0 181
A 5-GGGGGTAATAAAGGGATTGG-3’ 8

B-Actin S 5-CTGGAACGGTGAAGGTGACA-3’ 9 85.5 136
A 5-AAGGGACTTCCTGTAACAATGCA-3’ 10

18S rRNA S 5-GTAACCCGTTGAACCCCAIT-3’ 11 86.0 151
A 5-CCATCCAATCGGTAGTAGCG-3’ 12

GAPDH S 5-TGCACCACCAACTGCTTAGC-3’ 13 85.0 87
A 5-GGCATGGACTGTGGTCATGAG-3’ 14

W

S Oligonucleotide sequence of sense primer

A Oligonucleotide sequence of antisense primer
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sponge formO - 1 ramHereford Metal Powder Co Ltd HeattreatedTi granul es
(900 C, 3 11) W5 99.97 %0 - 1 mnm Hereford Metal Powder Co Ltd Sifted GG GP

Each reaction contained 5 pl of ¢cDNA, 0.5 pM .of the sense and antisense
specific primers, 12.5 ul of 2X IQ™ SYBR® Green Supermix (BioRad,
Hercules, CA, USA) in a final volume of 25 pl. The amplification program
consisted of a preincubation step for denaturation of the template cDNA (3
min, 95 °C), followed by 40 cycles consisting of a denaturation step (15 s, 95
°C), an annealing step (15 s, 60 °C) and an extension step {30 s, 72 °C). After
each cycle, fluorescence was measured at 72 °C. A negative control without

cDNA template was run in each assay. Samples were run in duplicate.

Real-time efficiencies were calculated from the given slopes in the iCycler
software using serial dilutions, showing all the investigated transcripts high
real-time PCR efficiency rates, and high linearity (r>0.99) when different
concentrations were used. PCR products were subjected to a melting curve
analysis on the iCycler and subsequently 2 % agarose/TAE gel
electrophoresis to confirm amplification specificity, Tm and amplicon size,

respectively.

In order to allow relative quantification after PCR, standard curves were
constructed from the standard reactions for each target and housekeeping
genes by plotting Ct values (cycle threshold), i.e. the cycle number at which
the fluorescence signal exceeds background, versus log cDNA dilution. The
Ct readings for each of the unknown samples were then used to calculate
the amount of either the target or housekeeping relative to the standard.
Relative mRNA levels were calculated as the ratio of relative concentration for
the target genes relative to that for the mean between the three
housekeeping genes (18S rRNA, GAPDH and B-actin), to correct for RNA.
Values were expressed as a percentage of negative control samples (saline),

which were set to 100.

1P-10 gene expression was monitored in a) total leukocytes that remained in
suspension after incubation with titanium granules, b) total leukocytes that
attached to titanium granules after the incubation and c) monocytes isolated
with beads coated with anti-CD 14 monoclonal antibody.
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99.97 % >80 % sponge form <0.075 mm Hereford Metal Powder Co Ltd G ound WG
WP 99.97 % Hereford Metal

Fig. 3 illustrates the relative IP-10 gene expression in total leukocytes and
monocytes after incubating whole blood with titanium granules for 2 h. It is
seen in Fig. 3, that the monocytes had the highest IP-10 gene expression.
Leukocytes that had attached to the granules showed higher IP-10 gene

expression (12-fold) than leukocytes that remained in suspension.

Human monocytes were isolated for monitoring IP-10 gene expression with
titanium granules. As seen in Fig. 4, IP-10 mRNA levels were down-regulated
in monocytes after incubation with titanium granules (2 h incubation) and
stimulated with LPS in the two donors tested.

Total and differential white blood cell count
Experiments were conducted in order to find out which types of leukocytes
that have the ability to attach to the surface of titanium granules after

incubating with whole human blood.

After incubating blood with grey titanium granules for 2 h, as described
above, total and differential white blood cell (WBC) counts were performed
immediately in a hematology analyzer (Cell-Dyn 4000, Abbott Diagnostics
Division, Santa Clara, CA, USA).

Fig. 5 illustrates the total and differential WBC count (i.e. neutrophils,
lymphocytes, monocytes, eosinophils and basophils, respectively) after 2 h
incubation with and without grey titanium granules (GG). Titanium granules
showed ability to bind neutrophils and monocytes, which are known to be
IP-10 producers.

Table 3 below lists the normal range for WBC count and the differential
white blood cells.
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Powder Co Ltd * The resulting Ti particles generally had a size in the
range of sub- mcroneters up to 100 pmbut with an average di aneter size of
-~ about 10 Bl ood | oop system | P-10 was studied in a blood | oop system
(described previously [56, 57]), with the exception that fully heparinized
§]20I W, LepableasrENobhadgdanse fWBe cBiaheling diffeehtiad WB! ood from )
ea B Wi t

a c?nnul a (18-guage, M crol anegnbéeet eall&pekilns dParcehtbgyas te@WBIEd to a
sur =

r ot at WiBGontiviuous! y. Bl ood (7- 84n%5)1 % hen added to each l'oop (PVC tube,
di a r 6.3 l.ength 39 cm) | [ air volune oL -4.,. After the
tubg?m%}}q ,le?‘ﬂe | oops V\eria%':‘fc;@éﬁﬁbw th a hepari tf?lot"gos‘{"ai nl ess- st eel
connegé@frophdisPl aced on a rocking device at 37 C. The |oops were rocked at

an' anplitude setting that prevented the blood from nmaking contact with the
connddandseutyophilsi ate | P- 10 pr dH7xd0° LPS from Esche®ildhPa con (10

ng/ My, Si was added. Titaniumif,different anmounts ang di fferent forms
wer e }gaﬁ%@qﬁ% the loops to invesm)"ég?)ék{)%e effect on IF:e)rIg 'f‘j’evel s. After
10, 3osi®@phi0 and 180 mi nutes gpporlbgionere collected gng %l asma was

stored at 20 C until IP-10 analysis. Spiked serum PBS Serum was prepared
f r om Jaom&easded| ood according to st#n8ut@°| aboratory prd®ot8l% PBS was

suppl nt W th 1 % Bovine Seruym pn (BSA) to prewens, protein
attacm?f:%%?the pl astic ware. %nggéglyggnt Human | P- 106\\//\1/?51/%1dded to the
ser =

di fferent netal s/oxides (20-200 ng) for 3 hours at roomtenperature on an
or bi t@tatgbeilesr (-400 rpn). After incubation sanples were centrifuged
briefl é}lz m nutes at 10,000 g) and supernatants were apal yzed i medi ately
for |4l1dnteoare mresentad asdmaesy ¥plpend BEMnDiffergngspsbstween groups

were assessed by Student’s t-test using the program SPSS® for Windows,

version 14.0. Results were considered statistically significant at the P<0.05

level.

IP-10 binding capacity of Ti

Materials

Recombinant human IP-10 was purchased from R&D Systems and IP-10
was analyzed using sandwich ELISA technique according to the
manufacturer (R&D Systems). The effect of different titanium forms on
chemokine level was studied in three different systems: a blood loop model,
IP-10 spiked serum/PBS and in synovial fluid. Table 4 lists the titanium

forms tested.
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Svnovial fluid Synovial fluid (SF) was obtained frompatients with
rheumatoid arthritis at the Karolinska Hospital (Solna, Sweden) or from
‘Csl 0 Ri'kshospital (Norway):. For-3 hours 150 i.a SF was incubated in room
tenperature on an orbital shaker (-400 rpn) with or wthout (10-40

ng/ sanpl e) grounded whi tegf2aU ByecBatedVTeHofg ef fect of different
nmet / oxi d i i used.
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gr anudresuleY9P0t°RFe3hP- 10 | evel s were reduced in the infect@wiénerlltdsee Fig.
6. T@g@d&@s a dose-respongg |ikeogp@acki o when glots gnent mrmsatnietal GG
were added. Normal |P-10 |levels were observed in uninfected bl ood after
only GO addition. The two negative SESRESIT™, PBS or PBS wifeHd H@
titangeimg@weaul es, showed wip i ncreasm®.9n% P- 10 | evel s. ThelesdféraMNetaf
different forns of titaniumgranules on IP-10 levels vverepgaéyéggt& n the
bl ood | oop system In whole blood both gre GQ) and whitée granul es
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Fig. 7. This figure illustrates the IP-10 levels in blood 180 m nutes after
LPS d##ition. The addition of 200 ng of white powder (WP) to 7 nl of
infected blood resulted in a totally abolished I P-10 response. PBS treated
bl ood was used as negative control. In order to evaluate the I P-10 reduci ng
capadBiopdoloogr systdatl white titaniumgranul es different anount of white

R
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of IB-10 t.0o.whi wder. i n PBS.sol ution t udi edand al.rea ter 10
o nut A B0 Bl Seingls ok, & LabBludr 5tERE! ETRRGES Heficd
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hours). It was not possible to block this binding with 5 % BSA or 10 %
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may 4w laiepsRihBOPH hD ATes the tubbs veirgcfilied Pthe Bitlps Whee choskd wittel in
synovial fluid fromfive different patients was strongly reduced after

addi ta dieperiniged stginlegsstpehennesipr ard olaced om amackingdavige at 374 was
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Fig. 10. An apparent dose-response_relationship was _observed in these
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on IP-10 levels. After 10, 30, 60, 120 and 180 minutes samples were
collected and plasma was stored at -20 °C until IP-10 analysis.

Spiked serum/PBS
Serum was prepared from donated blood according to standard laboratory
protocol. PBS was supplemented with 1 % Bovine Serum Albumin (BSA) to
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10/mg WP was retained, in spiked serumabout 50 pg I P-10/rng WP was
retained and in synovial fluid >3.5 pg I P-10/ng WP was retained. Physical
characterization of Ti granul es Scanning El ectron M croscope A Scanni ng
El ectron M croscope (SEM Philips XL 30 ESEM FElI El ectron Optics,
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mercury Tilling pressure was about 0.22 psia. Fig. 11 shows the surface of

Ent r egerbrifugednbrigfly r(anmi@sl_tg.‘g By QORLE @&ﬂlpeg%tqqts verrapal
aﬁgt 'E%rhgﬁécﬁgt&?%r ﬁt’—. 50 B))n{;ér&tg@; H%g@g&&% & Ogé)%).eu?{tﬁ%a‘?t G, see B, JD

magnt frecati'ons o and is seen fromthe
m crographs that heat treatnment reduced the nunber of pores in white
granules. This is in accordance with the results obtained with the total
por os s 73 % and 57 %for grey and white titanium granul es,

oviali
respeeadt,l : \ i ' : t ' pore
G aneb TR, et () s BbLACANUM HiRierk Elund hoARRBIE e R oR PO
whi t ethé EaolimsiaaHospitab(Solgiay Swededlaot frdin OfkbReékshospitaluNarwadadt a
summary for. gre d |Le Ti granules .PropertyGey Ti granules Wite Ti
or anaFbs S e 150wl g R ODRtEd) o Bon Yook ntunt. oo A gybital
shaker (~400 rpm) with or without (10-40 mg/sample) grounded white
granules (WP). When the effect of different metals/oxides was studied, 500 ul
sample and 20 mg metal/oxides were used. After incubation, samples were
centrifuged briefly (2 minutes at 10,000 g) and supernatants were analyzed

immediately for IP-10 content or stored frozen (-20 °C}) until analysis.

Blood infection was simulated by LPS addition to blood loops which resulted
in an increase in IP-10 production. After 2 hours the IP-10 level in the LPS
treated blood was raised and further elevated after 3 hours. By adding
untreated sponge titanium granules (GG) the IP-10 levels were reduced in
the infected blood, see Fig. 6. There was a dose-response like reaction when
different amounts of GG were added. Normal IP-10 levels were observed in
uninfected blood after only GG addition. The two negative controls, PBS or

PBS with 200 mg titanium granules, showed no increase in IP-10 levels.

The effect of different forms of titanium granules on IP-10 levels were
analyzed in the blood loop system. In whole blood both grey (GG) and white
(WG) granules were found to be equally efficient in IP-10 reduction. The
powder forms of the granules, GP and WP, were more efficient than whole
granules and white powder (WP) had the highest IP-10 reducing capacity as
is illustrated in Fig. 7. This figure illustrates the IP-10 levels in blood 180
minutes after LPS addition. The addition of 200 mg of white powder (WP) to 7
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Medi an pore dianmeter (Volunme) (gm Median pore dianmeter (Area) (pm Average
pore dianeter (4V/IA) (pm Bulk density at 0.22 psia (g/nL) Apparent

(skeletal) density (g/nmL) Porosity (% 0.7394 0.055 180.0 21.0 53.7 0.9913
3.7126 73.3 Fig. 12 illustrates log differential nmercury intrusion volune

to pame 6f 18idcted IPRIGA AbsAREdH (£ (0Bl | aBSREWERSIP-AD $bSYensd PBS

figure, mcropores (- 40 urn) present in grey granules were absent in wite
gr anuireatedihlaas wasraped @s negatixe poptrabr e not affected by the heat
treatnment. |1 P-10 binding capacity of Ti and other netals

In order to evaluate the IP-10 reducing capacity of grounded white titanium
granules different amount of white powder (WP) were added to infected (LPS-
treated) blood and the IP-10 levels were analyzed 180 minutes after the
addition. IP-10 was found to be regulated in blood in a dose-response like
fashion when WP was added, which is illustrated in Fig. 8. The addition of
66 mg of white powder to 7 ml of infected blood resulted in a normalized IP-
10 level.

The temporal binding of IP-10 to white powder in PBS solution was studied
and already after 10 minutes could WP reduce IP-10 levels to zero (3 pg IP-
10/mg WP). The reduction was non-reversible and sustained for as long as
studied (24 hours). It was not possible to block this binding with 5 % BSA or
10 % fetal bovine serum and it was not reduced after detergent addition
(0.05 % Tween-20). '

The synovial fluid from inflamed joints in rheumatoid arthritis patients has
previously been shown to contain high levels of IP-10, which may influence
the pathogenesis of the disease [20, 58]. The IP-10 level in synovial fluid
from five different patients was strongly reduced after addition of white
granule powder (WP), see Fig. 9. The synovial fluid was incubated with either

10 or 40 mg of WP for 3 hours at room temperature.

The IP-10 binding capacity of grounded white granules in synovial fluid was
studied in a system where increasing amounts of WP was added to the SF,
see Fig. 10. An apparent dose-response relationship was observed in these

studies.

The capacity of IP-10 reduction of grounded white granules (WP) was
calculated for the different systems studied here. In spiked PBS >2000 pg IP-
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Materials In order to investigate the I P-10 binding capacity of different
titani um oxi des and other netals, two different systens: |P-10 spiked serum
and in synovial fluid were used.- Table 6 lists the other nmetals and oxi des
that were studies in addition to the titaniumforns |listed in Table 6.

Tabl e 16y Loat I : ' bl e | [
vanut A7 e WS FleBh g, RS S R RO SORERRIE TR e e
(R_uffrgﬁaTned‘é)rﬂﬁR)syﬁb@l(fhlidta’S@ﬁng{]A)/migWH wasardtathen. Carb Ti (11)
oxi deTi (11)0x Ti powderTi -325 Ta powderTa -325 V powderV -325

Physical characterization of Ti granules
Scanning Electron Microscope
A Scanning Electron Microscope (SEM, Philips XL 30 ESEM, FEI Electron

Optics, Eindhoven, Netherlands) was used to examine the surface of grey

(GG) and white (WG) titanium granules.

Mercury Intrusion Porosimetry

The pore size distribution measurements of the grey (GG) and white (WG)
titanium granules were performed using mercury porosimetry (Autopore IV
9500, Micromeritics, Norcross, GA, USA). The contact angle used was 130°.
The samples were evacuated for 10 min at an evacuation pressure of about

50 pmHg. The mercury filling pressure was about 0.22 psia.

Fig. 11 shows the surface of untreated titanium granules (grey granules,
GQ), see A, C and E, and heat-treated (900 °C, 3 h) titanium granules (white
granules, WG), see B, D and E, at magnifications of 250x, 2000x and 5000x.
It is seen from the micrographs that heat treatment reduced the number of
pores in white granules. This is in accordance with the results obtained with
the total porosity, which was 73 % and 57 % for grey and white titanium
granules, respectively. The total intrusion volume, total surface area, median
pore diameter, bulk density, apparent density and percent porosity for grey

and white titanium granules are given in Table 5.
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Mu(l', ill) oxide Magi, I11)Ox 97 % Aldrich Ni(Il) oxide N (11)0x 76-77 %
<10 gm Al drich Cup) oxide Cu(1l)Ox

Table 5 - intrusion data summary for grey and white Ti granules

Property Grey Ti granules White Ti granules
Total intrusion volume (mL/g) 0.7394 0.4895
Total surface area (m2/g) 0.055 0.021
Median pore diameter (Volume) (umj 180.0 328.7
Median pore diameter (Area) (um) 21.0 28.9
Average pore diameter (4V/A) (um) 53.7 93.3

Bulk density at 0.22 psia (g/mL) 0.9913 1.1614
Apparent (skeletal) density (g/mlL) 3.7126 2.6916
Porosity (%) 73.3 56.9

Fig. 12 illustrates log differential mercury intrusion volume to pore size for
grey (A) and white (B) Ti granules. As shown in the figure, micropores (~ 40
um) present in grey granules were absent in white granules, while
macropores (~ 400 um) were not affected by the heat treatment.

IP-10 binding capacity of Ti and other metals

Materials _

In order to investigate the IP-10 binding capacity of different titanium oxides
and other metals, two different systems: IP-10 spiked serum and in synovial
fluid were used. Table 6 lists the other metals and oxides that were studies

in addition to the titanium forms listed in Table 6.

Table 6 — Investigated metals

—

Metal Abbreviation Composition Particle size Manufacturer
TiO2 (80 % Anatase/20 % TiO2(80A/20R) 99.5 % ~21 nm Degussa
Rutile)

Ti(IV) oxide (Rutile) Ti(VIOx(R) 99.9 % <5um Aldrich
TiO2 (Anatase) . TiO2(A) - - Sachtleben
Titaniumcarbide TiCarb - < 2 pm Roth
Ti(ll) oxide Ti(Mox 99.9 % <45 ym . Aldrich

Ti powder Ti ~325 99.9 % <45 pm Aldrich
Ta powder Ta ~325 99.9 % <45 um Aldrich

V powder V ~325 99.5 % <45 ym Aldrich
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97 %< 5 gmAldrich Re(l1JlI) oxide Fe(111)0x 98 %< 5 gm Aldrich Zn oxide
ZnOx 99% Fl uka

Mn(II, M) oxide Mn(lI, IIT)Ox 97 % - Aldrich
Ni(II) oxide Ni(II)Ox 76-77 % < 10 ym Aldrich
Cu(ll) oxide Cu(II)Ox 97 % <5 um Aldrich
Fe(lll) oxide ' Fe(lll)Ox 98 % <5pum  Aldrich
Zn oxide ZnOx 99 % - Fluka

20 mg of the different metals were added to serum spiked (200 pg/ml) with
IP-10. Fig. 13 shows the results from these experiments. Among the different
titanium forms it can be concluded that white titanium (WP, Ti(IV)Ox(R),
TiO2(80A/20R), TiO2(A)) is the most efficient form to lower IP-10 levels in
blood. Both tantalum and vanadium, which are closely related to titanium,
were efficient in IP-10 lowering. Neither zink, cupper nor manganese was

affecting IP-10 levels in spiked serum to any extent.

The effect of these different oxides and metals on IP-10 levels was also
investigated in synovial fluid, see Fig. 14. These results did in general
confirm the results from IP-10 spiked serum with some exceptions. In SF
Ti()oxid (black) and zinc were more efficient than observed in studies on

serum, whereas the other metals affected the IP-10 levels to the same extent.

It will be understood by a person skilled in the art that various modifications
and changes may be made to the present invention without departure from

the scope thereof, which is defined by the appended claims.
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5 where said netal is a netal of group 4 or 5 of the periodic table of the
el ements selected fromthe group consisting of titanium zirconium

haf ni um ni obi um and tantalum =~ 2. The use according to claim1,
wherein said adverse inflanmatory response i s an 10autoi mune di sease. 3.
The use according to claim1, wherein said adverse inflammatory response is
an inflammtory di sease of the gastro intestinal tract of said subject.
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i nfecti ousl9REOkse5tHarB@0eri zed by adverse expression 20 and/or rel ease

of mkDa interferon-y inducible protein, IP-fo, in a subject, where said
metal is a netal of group 4 or 5 of the periodic table of the elenents

sel ect f o] c | Sl | ' i ' hﬂﬁi | i obi um
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netal is a netal of group 4 or 5 of the periodic table of the elenents

sel ected fromthe group consisting of titanium zirconium hafnium niobium
and ‘tantal um 8. The use according to any of the clainms ito 7, wherein
said netal is selected froma 5group of titaniumor tantalum and said oxide

of said mebatpletnat edtbehtic®MiA GHOUR OFitR) Moded”,0fJdurmani Bm @‘lm?é?:tlox' de
of tantalum 9. The use accordlgé; to claim8, wherei n said oOxide of

titani um ilBUBuRelogy; LHPE, dGi(dk 232-22% abl y a titanium dioxide of ruffle
formor a mxture of the rutile and anatase forns. 10 10. The use
according to any of the clains 1 to 9, wherein said netal or said netal

oxi de [58] Pateheef oam of CHICRGI| esidor CORS i tigagishan nghéuiiteld paresitiy of at
| east about 50, % f}e use accordi ng to any of the clainms i to 10,

wher ei n s§I>’H°WéF§I’ kmé% dmmuaplogy; 48015 9861k R9-f&r m of granul es or
particles having a total surface area of at |east about 0.01 nR/g. a
The use according to any of the clains 1 to 11, wherein said netal or said
met al [SDpWOL0857060487f orm of nmetal or netal oxide particles having an
average powder particle dianmeter below leo um 13. A nethod of scavenging
10 IdDa interferon-y inducible protein, IP-10, froma body sanple in vitro,
conprising contacting said body sanple with a netal or an 25 oxide of a
nmetal, where said netal is a netal of group 4 or 5 of the periodic table of
the el enents selected fromthe group consisting of titanium zirconium

haf ni um ni obi um and tantal um 14. The method according to claim 13,
wherein said body sanple is a body fluid 30sel ected froma group of bl ood,
bl ood plasma, |ynph fluid, cerebrospinal fluid, ascites
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or synovial fluid. 15. Use of a netal or an oxide of a netal as scavenger
of mkDa interferon-y inducible protein, IP-io, where said netal is a netal
of group 4 or 5 of the periodic table of the elenents selected fromthe
group consisting of titanium zirconium hafnium niobiumand tantalum 5

16. A body fluid purifying arrangeneq;BgEKQSn the formof a syringe
conprising: a purifying chanber havi nmmon fluid i nput and out put and

conprising p i ' e ' . aid
motal s 1A st SLF tubtal o AR B el B, MapRcRlerbr i gicdthicrot
sel ect ed théaing be Iﬂé%iﬁir%?aﬁ%@eﬁéd iflavhmiatdignidsponge chanictorizedabyiadverse

ni obi um and t ant al u(g) an a filter (12), arranged in connecgti onb,vm' th
sai d comfsRressigARGETelpase @ﬁiq)lipaflatelfﬂrenempaﬁgl Pt {P10e 11 2 Ybjecom

| eavi ng L d. PUERf VNG - : ' ' tiches ( for
par 1 11 g actEOHGA el iE SRR o BRERL 1 075 bl beniatic abIFLF o eRRRAS.

i nt er f er gelectddditonn [the groapetonsistingl éf titaived, zirdmtynd,|hdfoiymy nighiom and
arrangenent (io, 20) conprising a purifying chanber having a fluid input
and a f| dABt3WMpuUt and conprising particles (i) made of a netal or an oxide
of a netal, where said netal is a netal of group 4 or 5 of the periodic
table of the elenents selected fromthe group consisting of titanium

zi rconi um, 20Heafise aveordinglibwhaiang, wherteinh said advérset inflaashaioreg réspanse if 482
22, 24) arranged in _connection wth at |east one of said fluid input and
Sdi d 1 uisntememunediseasey i f yi ng bl ood passing through said purifying
chanber from 10 kDa interferon-y inducible protein, wherein said blood is
not intended to be returned to the sane subject fromwhich it was

extract ed. 2% he use according to claim 1, wherein said adverse inflammatory response is an

inflammatory disease of the gastro intestinal tract of said subject.

15 4. The use according to claim 1, wherein said adverse inflammatory response is an

inflammatory skin disease.

5. Use of a metal or an oxide of a metal in the manufacture of a medicament for
treating or preventing an infectious disease characterized by adverse expression
20 and/or release of 10 kDa interferon-y inducible protein, IP-10, in a subject, where said
metal is a metal of group 4 or 5 of the periodic table of the elements selected from the

group consisting of titanium, zirconium, hafnium, niobium and tantalum.

6. Use of a metal or an oxide of a metal in the manufacture of a medicament for
25 treating or preventing a & host versus graft disease characterized by adverse
expression and/or release of 10 kDa interferon-y inducible protein, IP-10, in a subject,
where said metal is a metal of group 4 or 5 of the periodic table of the elements
selected from the group consisting of titanium, zirconium, hafnium, niobium and
tantalum.
30
7. Use of a metal or an oxide of a metal in the manufacture of a medicament for
treating or preventing a a foreign body reaction characterized by adverse expression

and/or release of 10 kDa interferon-y inducible protein, IP-10, in a subject, where said
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metal is a metal of group 4 or 5 of the periodic table of the elements selected from the

group consisting of titanium, zirconium, hafnium, niobium and tantalum.

8. The use according to any of the claims 1 to 7, wherein said metal is selected from a
group of titanium or tantalum and said oxide of said metal is selected from a group of

an oxide of titanium or an oxide of tantalum.

9. The use according to claim 8, wherein said oxide of titanium is a titanium dioxide,

preferably a titanium dioxide of rutile form or a mixture of the rutile and anatase forms.

10. The use according to any of the claims 1 to 9, wherein said metal or said metal
oxide is in the form of granules or particles having a total porosity of at least about 50
%.

11. The use according to any of the claims 1 to 10, wherein said metal or said metal
oxide is in the form of granules or particles having a total surface area of at least about

0.01m2/g.

12. The use according to any of the claims 1 to 11, wherein said metal or said metal
oxide is in the form of metal or metal oxide particles having an average powder particle

diameter below 100 um.

13. A method of scavenging 10 kDa interferon-y inducible protein, IP-10, from a
body sample in vitro, comprising contacting said body sample with a metal or an
oxide of a metal, where said metal is a metal of group 4 or 5 of the periodic table of the
elements selected from the group consisting of titanium, zirconium, hafnium,

niobium and tantalum.
14. The method according to claim 13, wherein said body sample is a body fluid

selected from a group of blood, blood plasma, lymph fluid, cerebrospinal fluid, ascites

or synovial fluid.
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15. Use of a metal or an oxide of a metal as scavenger of 10 kDa interferon-y
inducible protein, IP-10, where said metal is a metal of group 4 or 5 of the periodic
table of the elements selected from the group consisting of titanium, zirconium,

hafnium, niobium and tantalum.

16. A body fluid purifying arrangement (10) in the form of a syringe comprising:

- a purifying chamber having a common fluid input and output and
comprising particles (1) made of a metal or an oxide of a metal, where said metal is a
metal of group 4 or 5 of the periodic table of the elements selected from the group
consisting of titanium, zirconium, hafnium, niobium and tantalum; and

- a filter (12) arranged in connection with said common fluid input and
output for preventing said particles (1) from leaving said purifying chamber, wherein
said particies (1) are arranged for purifying a body fluid passing through said

purifying chamber from 10 kDa interferon-y inducible protein, IP-10.

17. Use of a body fluid purifying arrangement (10, 20) comprising a purifying
chamber having a fluid input and a fluid output and comprising particles (1) made of a
metal or an oxide of a metal, where said metal is a metal of group 4 or 5 of the periodic
table of the elements selected from the group consisting of titanium, zirconium,
hafnium, niobium and tantalum, and at least one filter (12; 22, 24) arranged in
connection with at least one of said fluid input and said fluid output for purifying
blood passing through said purifying chamber from 10 kDa interferon-y inducible
protein, IP-10, wherein said blood is not intended to be returned to the same subject

from which it was extracted.
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