SELECTIVE CHEMOKINE MODULATION TECHNICAL FIELD The present invention generally relates
to selective modulation of the chemokine IP-10 and to treating or preventing diseases and pathogenic
conditions characterized by adverse IP-10 expression. BACKGROUND Cytokines are a group of
proteinaceous signaling compounds that are used extensively for inter-cell communication. These
compounds are critical é%ﬁwm mm@m i esponses. Apart from
their importance in the foTH wgtokines play a major role
in a variety of immunological, inflammatory and infectious diseases. Cytokines are produced by wide
variety of cell types (both haemopoietk and non-haemopoietic) and can have effects on both nearby
cells or throughout the organism, som&RESENICHM d&IDHENt on the presence of other chemicals
and cytokines. Each cytokine generally binds to a specific cell-surface receptor. Subsequent cascades
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other cytokines, an increase in the number of surface receptors for other molecules, or the
suppresSrastions: chareaterissddanndverssdifohORpreRieRefers to a specific class of
cytokines that mediate chemoattraction (chemotaxis) between cells. These chemokines are
pro-inflammatory activation-inducible cytoldnes that generally have a molecular mass of between 8
and 10 kDa. Their receptors are mainly irﬂ@QmRQHH oteins containing seven
membragre;spanning helices, whichare coupled to G proteins. Chemol§i esare.released from a wide
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modulation should preferably be selective in terms of only affecting a limited number of target
cytokines or cheniokines. Document [1] investigates the effect of titanium surfaces on macrophage
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Docume#]‘i}gﬁ]ﬂ%i?s[flose%that titanium particles stimulate the selective induction of IL-8 and MCP-1
chemok thaR S<HEBPEEM& osteosarcoma cells.

Each cytokine generally binds to a specific cell-surface receptor. Subsequent
cascades of intracellular signaling then alter cell functions. This may include
the upregulation and/or downregulation of several genes and their
transcription factors, in turn resulting in the production 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.



Document [3] investigates the effect of titanium particles on cytoldne release by macrophage-like cells
(a). Titanium particles significantly enhanced MLC release of IL-113, IL-8 and TNF-a. Document [4]
provides an overview of macrophage interactions with modified material surfaces. The document
discloses that macrophages contacted with modified surfaces release of IL-113, IL-6, IL-10 and TNF-a.
SUMMARY The present invention overcomes these and other drawbacks of the prior art
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chemokine 10 kDa interferon-y inducible protein, IP-10. [t is another object of the invention to provide a
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met by the invention as defined by the accompanying patent claims. Briefly, the present invention
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metal surface-and an’IP-10 producing cell will cause a reduction in the IF-10 production of that cell.
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preferably, the metal is an oxide of titanium, such as titanium dioxide. The metals and metal oxides of
the predemphasyies.caigratiosdspdnangieguesita medicament for treating or preventing a disease

As the cytokines and chemokines are involved in a multitude of different
diseases and pathogenic or deleterious conditions, there is a general need of
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.



characterized by adverse expression and/or release of IP-10. Such diseases include adverse
inflammatory responses, infectious diseases, autoimmune diseases, host versus graft diseases and
foreign body reactions. In all these diseases, IP-10 is a key factor in the development of the diseases
and a reduction of [F-10 can pbe used for treating and/or preventing the diseases, The m Ehod also
invowé??ﬁamtdﬂ&@g%%ea@éhga%ﬂa%e iPeaHPREGESd -ia%%%mée} 1€flase in a
subjecind féShnsthad de¥o e adbenisieHediasBleda et ahite operarddrvscntiastiahagubject
suffering from the disease. A second method involves an ex vivo treatment of a body fluid extracted
from th@@dﬁ?@&.9!H¥fﬁ§?r$e¥ﬁb?ﬁ‘?rp-9f)lilﬂ%é@eé:iﬁlaﬂgﬂ?%']mgﬁﬁ‘g using the metals or metal
oxides of the invention and the purified blood can then be returned to the particular subject. SHORT
DESCRIPTION OF THE DRAWINGS The invention together with further objects and advantages
thereof, may best be understood by makingSrUfMM the following description taken together with
the acegmpanying drawings. in which: Fig, 11 [ | ratl e rey fitan
granulz%lfg% S%e re‘z’leelg?é) %f ?Igef ?rﬁ%’ﬁo%%su%m%qé%%{gg%%. Q%B§§%g§§%ﬁ-{%u ragtﬁ%% e effect
of pre-aesamgenieitysiersus posttreatment (+1t) with grey titanium granules (GG) on the release of
IP-10 in whole human blood; Fig. 3 is a diagram illustrating relative IF-10 gene expression in total
leukocytes and rnonocytes after incubating whole blood with titanium granules; Fig. 4 is a diagram

illustrafingithezefipehefatepbjaciunofrihelepi&@nbn iPidndgior cipressividie naorsdigedwdter
incubatin ole blood, with titanium.gra - Fig.,5 is a diagram illustrating total ifferential
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illustrating the concentration of IP-10 in a blood loop system with untreated and infected (LPS) blood
with orwithout titgnium granules; Eig. 7 is a diagram illustrating the IP-10 levels jn a.blood lpop system
with us@lgbso?ﬁpe ﬁfaﬁ%?ﬁcgﬁa??u&%(éﬁ?%?ﬁ%% roa)P ﬁg%léj%g%rgﬁﬁ’lléjso(%%?,nwﬁf%%it%%rﬁ eizjranules
(WG) annskedr dongutifpitiinsisamgeleufestiIP}10.

Yet another object of the invention is to provide a composition that can be

used for reducing IP-10 expression.

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 diagram illustrating the IP-10 levels in a blood loops system using different amounts of
added ground white titanium granules (WP); Fig. 9 is a diagram illustrating the effect of ground white
titanium granules (WP) on the IP-10 level in synovial fluid from patients with rheumatoid arthritis; Fig. -
10 is a diagram illustrating the effect of different amounts of ground white titanium granules (WP) on

the IPcharagiErizsmhdwaprlveresrerpressinncand it relpaseialatimf: Bych1ditessess scanning
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5000x magnification); Fig. 12 illustrates log differential mercury intrusion volume to pore size curves for

grey (Ajssasermilqs) vensum grafiuisasiges aurdh fasgiem ndyr acagticnsrda; llaisGest titanium
forms gnd oder ysials qa 'E‘%%#‘ £e0u5r Spiked ViRt rhihtl dfSthdiagmdlysuaiinathe effect

of different titanium forms and other metals on IF-10 in synovial fluid (SF); Fig. 15 is .a schematic
illustragshistioof FRtlcae becused darieating sredd oriPreNeaHing tBe<HSPRSES10 from a
body fluid; and Fig. 16 is a schematic illustration of another tool that can be used according to the
present invention in scavenging IF-10 from a body fluid. DETAILED DESCRIPTION Throughout the
drawifise thaeilod relscerivyelvascmetharlpealsticriingrasgisratg sharmataizs@niy The

presentj i S | tiq E'bg esifr-SY IR FoREgkKines.
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fluid extracted from the subject. In this method, IP-10 is removed in an ex
vivo filtering using the metals or metal oxides of the invention and the

purified blood can then be returned to the particular subject.

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 diseased and medical
conditions characterized by adverse expression or release of the particular chemokine. The relevant
chemokine that can be reduced according to the present invention is 10 kDa (10 000 Dalton)
interferon-y inducible protein, IP-10. IP10, also denoted C-X-C motif figand 10 (CXCL10) or Crg-2 in
the art, belongs to the CDC chemokine family, which have a specific amino acid sequence of ELR

(one Ief.g%r. aging agid %ﬁﬁ@v%%? rgo@gﬁ fi &ygﬁi@geﬁ@g mc%{aﬁgin%&égduce

migration of neutrophils. eeéms to differ from most okines in that it has no
activityieetiation wihsadarite yhgeydjtenipar gramales (GG on the receptor CXCR3 as
well as an IP-10 specific receptor on epithelia and endothelia cells [5]. IP-10 is secreted by several cell
types in response to interferon-y (IFN-y). These cell types include monocytes, endothelial cells and
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elements. Thus, the present invention encompasses the metals titanium (T1), zirconium (Zr), hafnium
(H1), vamanialesey), niobium (Nb) and tantalum (Ta) and different oxides of these metals. Preferred
metals include titanium, tantalum and vanadium and their oxides, in particular titanium and oxides of
titanium. Titanium has three oxidation state, Ti(ll), Ti(lll) and Ti(IV). The present invention can use any

of theSBigxidets ot tiiagram dllvigirpbinge the(I5-d0déexals Tin\g dxlioled TioowT systdeiswitio denoted

titanium digxi 1Q2)-0r titania | - (RS titapi joxide | re ' rm. of titanium
accord[‘?hg é%%%@f&%%%éﬁ&?&gécm éﬁggémn#r%giﬁm% ﬁéﬁ%&%ﬁi’r@ %r%s,
includititemtilen grantdem M) okitd. grotlads whiteagtaaiumn grainigles fWPprismatic habit, anatase
or octahedrite is a tetragonal mineral of dipyramidal habit, while brookite is an orthorhombic mineral. A
preferred titanium dioxide according to the present invention is preferably in the rutile form or a mixture

of the Hiffle&sl ¢himgrane iidustraiingdied Bxid? lefvels dmivmbdatd Wapidsytert Mejmxide is a
preferr ' de, V i4mLis present in the, axidation st V(I I, V(IV) and V(V).
Availaégtg%%%%}rﬁ%&gs%%%gg% %@%@%%%%@%ﬁ% and V{V) oxide (vanadium

pentoxide V20s). Niobium oxide can be in the form of NiM oxide or Ni(lll) oxide and tantalum has

oxidatign stgtes of T.a(H { d fa(V), An IR-10 reducing of removing metal agent according to
the presgh?lne\ilserﬁiéir? éé%%r%%?lsleﬁsh§ﬁgas %r)%l %18@?%% S?ggﬁoﬁgf%g%gﬁg% or%r FAERf a metal
of gro{V#) 4oithélme ER-ddntevel| dive syt loflaedal fimdde patiebaantidtly prhedonataidch as at
least abqﬁtrgé % metal or metal oxide, preferably at least 96, 97, 98 or 99 % metal or metal oxide. The
metal 86e& no?’necessary has to be in pure form but can be in different chemical compounds or
compositions, in addition to metal oxides, with the metal. Also alloys that comprise at least one metal
and/or.at least.one metal axide accordin the.presept.inventign can be used. The metgls,and metal
oxidesP?)lgthe plr%saeﬁ?ﬁ%&ﬁﬁ%ﬁ%@%%@é&gﬁgﬁ%{ 1 f?é%%‘t]%tﬁd% AP SRS Risms.
titanium granules (WP) on the IP-10 level in synovial fluid (SF) from a patient

with rheumatoid arthritis;

Fig. 11 illustrates scanning electronic micrographs showing grey (A, C, E) and
white (B, D, F) titanium granules (250x, 2000x, 5000x magnification);

Fig. 12 illustrates log 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 metals and metal oxides act like IP-10 scavenger in that IP-10 in a surrounding medium will
bind specifically to the surface of the metals and metal oxides. Thus, IP-10 will become enriched on
the metal (oxide) surface and is therefore depleted from the surrounding medium. This IP-10 metal
(oxide) binding is highly specific as other chemokines do not bind to the metals at the levels of IP-10,

includifighdsisendidigrane Shastreding Bue slietsefidifferentititpniom kymsnand  @ther 8) that
belong to th %%ﬁb%ﬂ% ; S monocyte chemotactic protein 1 (MCP-1, also denoted
ccu%%ﬁ%%é%ﬁ%@ﬁ%r ize In t@%@%ﬁgf IP-10 (the two chemokines contain 98 or 99 amino
acids). Blocking the metal (oxide) surface with BSA or fetal bovine serum does not affect the binding of
P10 IeRISTE: Jggege%%%%ﬁ]@ﬁ%ﬂ 'euoRs palbyasAchBqsskiclassmaYe Rouad IP-10
from the Surface by added detergents (Tween-20). The metal and metal oxides of the present
inventipresetrdikinkiemtjospiriicaPen@isaiBnlR fmroug basdy Sdwgivan-10 metal (oxide) binding. As
a consequence, the metals and metal oxides can be used for purifying a medium from unwanted IP-10
and thereby removing or at least reducing the concentration and amount of IP-10 in the medium.

Seconilig.wi@iscansohenpatia dlpastasioncef anathgnisel thalctaw hgcusafcasraysinBgvention,
the cell-mgtal interaction d Elipﬂ;,l_ = gLigHgRas determined from reduced
IP-10 MR %?8%%%%6% %ﬁ%ﬁ?{ﬂﬂg %%égt%%i % nser&ti%gmcl)? rgc?)t%lng the level of newly produced

IP40. Experiments have also shown that the metals of the invention are indeed able to bind to known
IP-10 producing cells, such as nmm% %ﬁ%iﬂﬁ@lﬁ‘ue metals and metal oxides of the
present invention can reduce IP- (;E?!E m a medium through binding IP-10 and
reducing 5 AREURL Sh P @ RIRIS Sigledy salsineferdaverelidatiotepk theilP 16 mi¥dAfproduction.
As the metals and metal oxides of the invention cause the IP-10 reduction at least partly by binding
IP-10 rRersesRending s il PI8MSBESthe metals and metal oxides are preferably in a form that

has high specific surface area, i.e. surface area per weight unit. The metal (oxide) agent can, in a first

embodiment, be in the form of porous granules, grains or granulates. Th ?gr?gules an be produced
by the Wag-BreReniinEeRtinRZenaalyprelates fﬂ@re@!ﬁﬁ%"&réﬁﬁé&l %ﬂé%‘?‘é and have

a 'afgecéi%‘aféﬁ?e? 358 2R mbisinReciiPsuaseses GhiftnpRiausaripkerafhaes eptafarably at
least 0.005 m2/g, such as at least about 0.01 m2/g, more preferably ahout or more than o.gz m2/ g,
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openings of the multiple pores and ducts or passages interconnecting at Ieast;}fortion of the multiple
r
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70 % can be manufactured and used according to the present invention. Instead of providing highly
porousanctahpmekings myndifferpmntimedl8Denaller metal (oxide) particles having an average
diameter of 100 pm or less, such as a few pm or even smaller in the sub pm range, can be used

according to the present invention. Such small metal particles or dust will provide a large surface area
even afhnafingsendtisavention can therefore be used for preventing and/or treating

diseased and medical conditions characterized by adverse expression or

release of the particular chemokine.

The relevant chemokine that can be reduced according to the present
invention is 10 kDa (10 000 Dalton) interferon-y inducible protein, IP-10. IP-
10, also denoted C-X-C motif ligand 10 (CXCL10) 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 metal or metal oxide in the manufacture of
a medicament for treating or preventing a disease characterized by adverse expression and/or release
of IP-10 in a subject. The metal is selected from at least one metal of group 4 or 5 in the periodic table
of elements, at least one oxide of a metal of group 4 or 5 or a mixture of at least one group 4or5

metal Frllaafeatt SRelokispasifiorasepiorep erithelnandsneethslinasilss (RS JR<4
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mammalian subject and more preferably a human subject, likely to suffering a disease characterized
by advVrees RSt ERRACYHES: @ﬂ%@liﬁié’ﬁuﬁaﬂ%éémwpl@eﬁf& a reduction in the production
of IP-10 in the subject, by reducing the IF-10 mRNA expression. Furthermore, once/if IP-10 will be

produced at high levels in the subject, the already provided metal agent will bind IP-10 to its surface,

thereb hedoghaltans, erdtiesay Bretalsiagerrdans optbechratomtinventinn, fpthadeterious
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the onset of an IF- 10 dependent disease. Also a Eatlent already suffering from an |P-10 dependent
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stimulated to Shut down or at least reduce their IF-10"production. The diseases or medical conditions
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invention Is In particular us for treating or preventing adverse inflammatory reactions, where such a
deletedzidsanslimprrsisitartivariam ard axijesiéitasdgas, such as infections, inflammatory
diseases, foreign body reactions and host versus graft diseases. When a subject becomes infected,
IP-10 is normally raised as a part of the immune defense against bacteria, viruses, parasites, fungi,

prions Titaidemor &aer fatesgeridatinaystadesitliifbnsTiile archoFifimibae BYRseHtis altered,
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devastating ance’l orted. That Is, the Immuné system IS causing more damage to the

- tissue/andy BiEVtexidecTifVinoxids isatsnsdafeeted hikanimpidipside§13Q0)- oo fitanignificantly

increaged el to‘m%B Site. n. |F-10 ificgly localized %ﬁah% ells at
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suggesice@ing dintihetpreganhdnyeoitioon Fi0re dsachenpnapenfoimaliffereme auersd, whereas

in AIDS patien kin tor.cel -10 o] 0 mg}l.gb?ﬁ o] is {g8]. IF-10 may
promo%ﬁ&%&?%ﬁ%c%%%dcﬁ%%@é%% }Snl?hﬂtf?ﬂo%%:%eﬁ%y%}ﬁ% M, w%?tlyi;' or tl’%rgou%h
recruitbetragdnalivattaeral o sukdlfp] of rerisvehticl Fhabit, thastasiorospivstabiedGBr)gs alosely
associated with the HIV level i eCSE#ﬂif e t,1P-10 Js beth rqiqﬂ ﬂg ﬂ;}?a
determln%ﬁlggﬂocaﬂﬁ%ggﬁo[g]&%pa oge%%gﬁlggbf%ﬁgbﬁraﬂﬁ%%?ggﬁ%n%e?%w eve%? is largely
contriontiebyicyfolprefearat Ritdniamfadiocideh e ctgifitag thohtiiee pinckeat iR veatiomasfatal YF.
These resplts est,cytokine intervention to teptial therapeutic.sirategies, for r. ent of
infecte@rsg?f%%éﬁ%&. olr‘nurﬁg% %%liglls‘) I(Sf?exnnllﬁ?(ﬁ]l?gdg gﬁ/ﬁéﬁn gcﬁ%lde%?éb%ﬁéﬁr@gﬁer
rhinovirus infection of human epithelial cells it has been shown that the epithelial cells produce IF-10

both invitro and in,viva.,TheJdevel of IF-10.c d to the seyerj the. toms. and therefore it is
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VOg2) and V(V) oxide (vanadium pentoxide V20s). Niobium oxide can be in the

form of Ni(V) oxide or Ni(Ill) oxide and tantalum has oxidation states of Ta(Il),
Ta(lV) and Ta(V).

An IP-10 reducing or removing metal agent according to the present
invention comprises at least one metal of group 4 or 5 and/or at least one

oxide of a metal of group or 4. The metal agent could be a metal or metal



Autoimmune diseases are a particular form of inflammatory diseases, which results in an immune
response against the body's own cells and tissues. IP10 is a key player in immune responses,
specifically in delayed type hypersensitivity (DTH) reactions. Such DTH reactions involve autoimmune
diseases. Therefore a reduction of IP-10 caused by the metals and metal oxides of the invention can

be an mmmammmme@m;mmammﬂieéag/egnst@h@é@@tel _
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include acute disseminated encephalomyelitis ( M), Addison's disease, ankylosing spondylitis,
antiphodpbslipit antitessasynHasnieo (bR 3h aizstifoame iz sanibenimaliprant chespiaaline
oophoritis, Coeliag di Crohn's disease. §i ' siﬂﬂfe, {98 Re PRI,
Goodpggtfﬁlrg%qs@%aréﬁw%é% a?,ggé{%i%;&gﬁ%ﬁ%%%%% romeé(’(IR ,&%%hlmoto’s%gfase,
idiopatkitidiyeo rtbatycomepid serpdrde&skvesekisidisd agady pus atylhestatones meikiblexiglerosis

(MS), nyacihenia growls: Speacionusueslanus:syadlamg (OMS), optic neurits, Ord's thyroidits
pemphigus,; perittious anaemia, primary biliary cirrhosis, rheumatoid arthritis (RA), Reiter's syndrome,
SjOgren’'s syndrome, Takayasu's arteritis, temporal arteritis (also known as giant cell arteritis), warm

autoimgune hemaolytic anemi d Wegener's granul j is an i i where
the body §to u%teag%n I é]d%igaggg{;i%}sﬂ § n?){;e methg{ %% égfi;ﬁrygk\%ié ﬁ tﬁ%g‘%ﬁgﬂ&c% g%%a%%(’:eord
resultingdoorging lesdiffepatit fitendithnmds thlenmpelahflisdrontain high levels of IF-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-Ffriglgoritenimadeal sodinel lenicied okide sl avihljite IPrltissavdhgersinEttiffed have
shown that the severity of the diseasg state is corrglated to the amount of expres IR-10 [16], and
blockinﬁ %Hﬂﬂﬁﬂéﬁf@%ﬁ éﬁ@\)sa%%?ﬁgcéﬂ |s1;%eons'£l(;31 ?hse]%%%cz%nafl(l%fo%ga%lg i%r{r%iunotoxin)
resultedrigtelinisddssp rovarse 1P diffeilinbecouse enrelsdd 701 8fhe sagdalf ridea| sgefaicaccording
to the present inyentign can therefore.be an effective medjcament far treating. or.preventing MS other
cown PGB E A SRS DR e HECR P e RS e it il O
has be¢o:dteyvibiadimacivehighty fupubifitfald iothezsehethokinesncentratioiviad lieetldetected in
synovial fluid (SF) from RA patien 91,.This IP-10 may, selectively attract T-cells o the Sk and
contribﬁféeféj%e afﬁb%gﬁffiso gi%?éﬁ’lﬁ-&ﬁﬁ% c&dfn %Iéugéjtﬁ/a'g e ||&agff1%esrlr(1)1r?€rlnﬁglecules
and ad@igigaties] sicdnihesitsddgangt (lew; mdecdes sigdifCXCLS) hihis |belbhigdioctibie [21].
Data of IP-10, and other_chemokipes, receptor expression suggests that the chemoki stem play a
direct rét&Frln8reagR Rk RERQ A mw%%%&ﬁhe?‘g‘&%ﬁ%b%ﬂ%‘i?ﬁh Ilﬁ\??%-v s caused
by the piRssdenvesdcDClRpethenefiiabimibtetratimeiicaind pheyeatige GRR- I0c(tiaoitvhepatitis
and autoimmune liver diseases, |E- 10 is elevated and redyced after.successful IEN treatment. IP-10
plays a SHERRKIBRSINPRELRUM B8N %%d Wof%@éioc%&c%l%oﬁ?f héﬁ%ﬁ}tig?ﬁﬁf%imilar
results Were-eblainad BepatieTstilitb Ruindvering [eesliseasaied] tit Iiisding efUPiad itoskin

lesions from patients with chronic discoid lupus erytematosus [25] and patients with sg@fmic lupus

erythentBostatiace) fhve Mndingsiso #soo RIFHH |STEPL8 3P MBS R L PSSR I the level
of diseqsqasiviboi2al Ther ofgrsnien® Yal-faxii By WU HetdResica tERtedibeoyvention 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
inflammpierytisaasthel TR ©ASHRIHEesEn %ﬁagk%aﬁumabmm@mgmwﬁw
diseases include inflammatory bowel disease (IBD), ulcerous colitis (ug and Crohn!s Disease (CD,

which idBri Quenavengsrithassighe dity RlCGNG Meknangtal) (9RKS) (RUDE, SScbere
chronic disprdersabine gastigdterlinahHashuis) Weeas OsgH- tereawag ﬁwdfmmguﬁ;zt locally
B

produced chemokines to play important roles in the progression of the diseases [27]. IBD [28], UC [29]
and CDIeu}izva dreracanweantstaPntfand ithere Db FeisAERg efshIpAskted

the therapee dmplsAlond kABINE Bfe-fo 1A ssoalieaipaiivay 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 IF- 10 release [M] and has been shown
to be effective | t i ' hQ = = thway is
abolishgféa%/r%dt?#;ﬁ g{ fgcl)q d%@glfc% 1i:o i%@itngrg:%%r%g%? ge%%riﬁ?ég{l gﬁéfﬁﬁgmﬁiﬁgﬁn al wild
type miof thespizsienhibvekicaite icellomatal inserastiiopeavect e dewrnsngulatiRmatory
bowel d{'lsleaisﬁé [%Lfge?rgﬁﬁ%?p.taégesg%% 'ﬁ%ﬁthﬁ%ﬁﬁ&‘m iting-rericapags 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-108expression), 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
crianectina a2 fiinectinonal intaractinn hetweean laocallvy nrodiiced chamnlinee and CYCR2_.avnraceinn T

el and



appears to play a significant role in the recruitment and maintenance of T cell infiltrates in the
inflammatory skin diseases. Further adverse inflammatory responses that the present invention may
treat and/or prevent include glaucoma and inflammatory responses associated with glaucoma. IP-10
has recently been shown to be produced and secreted by adipocytes [36] and has previous been

found i @ﬁ&i@m&i@i@mmm@rmmmm@uﬁ [@@p@rﬁh@l@ﬁglﬁe@mmice
susceniiaipAnemderisahamedle WAbS L6 ALY NAe! ibedssianioprajieg by loca
stem. T efici

modulation of the immune sy hese results in IP-10 ent mice also showed that by inhibiting
the |P-fvgafionyareingasd abigeteyhiud dockaavamRrt@fprodutangneedly, stk asd

increa @ﬁ. Q{ﬁgti ﬁ%r?&%% ipn which inhibits the atherosclerotic process [38]. These latest
findingz??n ar(lsi#al m§§‘§5 sugge tt%éat blocking chemoldne/chemokine receptor interactions may serve
as a suitable approach to treat atherosclerosis. Likewise, chemokine antagonists that inhibit leukocyte
recruitiRECqyd Pﬁé‘é&i‘éﬁﬁ&%‘féﬁ%ﬁgég Hg%@ Qﬁ%ﬁ@%‘t%%&?&{%ﬂ”é&ﬂ“ﬁ@&%@rﬁﬁ.'l'ﬁfar.C“0”’
the major consequence of atherosclerosis [39]. Therefore, the medicament of the present invention

that rebyltsemeveagddt IR fyapreguiedizmg fduesighi oimdisve |Iin 0sapidcreducingtidsive for

treating and ng | 0 iS. dy&ts6 4 ryf§ € '
charactenzeg{ B?/éggg;?s?g %‘Pg%(%g&?gl%%ﬁaa #1 <£;1>§sﬁh;f : moustlg réf;d%% ?L%ﬁl? %gs é%n shown
to contpbedrietidr.problematic hyper-reaction in the airways. IP-10 deficient mice demonstrated the

opposite results compared to wild type animals which indicates IF-10 pathway to be a target of asthma

therapy [40, 41]. Chemoldnes and IP-10 also have an impact of other conditions negatively affecting
the aindaythef mnetblearchmeiaboxtidesvef fhienomen tise asaysORie) IB-d Oorethizctiohict is

characferized by irreversi way-gbstucti rowi mall ai aﬂ;\# estruction of
the Iurﬁfgg %%Eeﬁ%ﬁi‘r%eﬁ ¥héB I@%}%ﬁf\%%%a%ée%né?#g ?ﬁlgémﬂé\gﬁé}r%%%%l\@r%%%uéop |%ggr’anu gcytes,
macrophetpds aamddy mpttadyexidEs] @ie prefgukivdyl inthe dowaydbaChRd fgintspézifiEhe
medicament of the present i tion can therefor used for treating and/or preventing COPE) and
other ir?ﬁlgn?r?w%t%{?%bﬁgrtiéh%\@a#éc m%at s Iéiﬁv?e]i%%?\%ﬁéﬁ transplanting an implant into a subject body,
a foreign body reaction will be triggered. This reaction is a special form of adverse inflammatory
reactign,caused by the jnfroduction of foreign.material, eg. implant. into the subject. Such an
o DA S AR e e ) 0 ok e ORE e e BREbraGe e

key effgraarubeseapteinsherirngiemamidoes réBlatograimike sa cedudiiorpirotifatedesistividl reellce the

inflammatory response to the foreign implant and ther inhibit the foreign body reaction., The metals
P okl G S T W it S BRSBTS S e
diseaspardtigsatiéd hasetianlazgdepseifity suanfamtienredtn s spospianstiniader aregcofing or at

least reducing the risk of graft rejectian, in particular the acyt e of graft rejection. The outcome of
s EHRER RGP AR e FEALCERLIT (b IRt D g LB LT ABhA%Bian. tssue
or cellsasquolie0htingg feahdrethsrefsiabhiesiouprmsemire dhknl FO st gasadchndsan be
used as,a diagn %g, marker of the rejection process since IP-10 correlates to the severity of the

gk eyt

rejecti&p% nts 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 reyerse has also been showed, i.e. grafts

survive B GBI EOTRREE e GG TR qRo R o SD BERPHE itfhaling

pathwayhRyeleceordeydiopRiding suiarstetd dpcr thesepy thakesyidhigihovedheoitienionsf

transplantations ﬁg]. Taken ﬁ):g'%ether hese results indicate that the IP-10 scavenging and reducing
n

metal GEREES thiacr858RY APELNES ol MRHHERISROTR &Rty THH8VERting graft

rejectiyhgbH@aes Pt BPTVECEAS A (A §Falis poseibaralis, sHeh asuNgiteo paRanTERS.
Leukocyte infiltration is involved.in several cancer types (n.eoplasia). These Infiltrating leukocytes can

be pot&FLSERUrQd ofFotRetaLsIah AGRR d8I1PARIPERBISy Hic 1588Irs 4o effdofNA cells.

IP-10 '}ﬁ%ﬁ@ﬁ'ﬁ)ﬁh%\ﬂﬂéaﬁem%Zk%BVw% RAYERBRRACH0 Ry theislke sipse sheieertines are
important mediators of leukocyte recruitment and demonstrate altered characteristics of expression

and acBhaROHeR BRtReMRRIaREd ab aRo W Sr iR © BTN KPR Reyragtaciised
inflampaoR &0 ARCRIENSSES IUE REAiEE Blyment. Chronic activation of innate immune cells
at sites of pre-malignant 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 IF'- 10 in a subject, preferably a mammatian 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
acrcardance with the invvaentinn the metale ar mefal avidece ~ran he nrovvided acec nharmacariticallvy




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 aimetahdr ofctatcaridiings treihiywjiorehe maftall gresusieststwihihRIAHROR L £4%69s in the

gastro intestinal tract. In intrkayenoys administration, t ' i (ki

compriggé %rrﬁ%?%% rﬂ?nxééefyogﬁiéhg? n;}%\%lﬁ oarﬁ r?gegglwg#g?gﬁg I%%fgl]t.B?r? %@ﬁé)]érticular
administralipreisn zle fleentatinn dheevets| smakdeal dridgcoraidingBolangts iBpttdEobESer
preferably at maultiple time instants, to_a person i d al ke to
emplofg%%‘?#]%%g é?ge%?csoer{ﬁ% 6‘8‘65%u8’81y o?](t?ﬁé %%ﬂ%ﬁggﬁr%%%%ég r?%ggﬁ:regﬁsm or other
adminigiratitdecs lipme suAisocadrdaisvetiont shalltuandities 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 ingradienspeus icthadpriesstimveatibn aetatepatocthieyuse of manetghwietal

administratjons. In general, the formulatipns are prepare if d [nti inging into
associdt& é‘ﬁtir\]}ﬁ‘?rn (l%tﬂrﬁre?graebI)ﬂﬁ%ﬁggégﬁ%ﬁ%gpsgn%liﬁnﬁgs é ge%%%lggg%l%] carriers
or bothdasshihe cHbracestiand sbepadviteserespet ssionuEtidiosuielsrsor galdhitPalin a

administration ingjude aqueous and non-agqueous sterile injectio luf igh '
anti-oxiﬁ‘é%ig,cﬁuﬁg%,rﬂgz?eelrﬁsﬁa%eék%ﬁsﬁﬂfgsa\%rjﬁ Sr%ﬁ(rlieer #ﬁék%grﬁﬁ%%%%s%tcﬁ?’wﬁ the blood of
the intepegddasipi@ne afdhauens, aatl lasgnecoxidtenit ssusptalsphgrehiphinesy hotde
suspending agents angd thickening agents. The formulations res i It
muIti-d&EE‘EBﬁ?aﬂfe%, f& %‘:Osqégledoﬁngp%}ﬁrgéja V%E;f’,léérgg r%gey %%E%%)rgef(;'l“[:r?;%(1é ?raé%éz?g-dried

(Iyophilzedisengitigns requiring only the addition of the sterile liquid carrier, for example, water for
injections, immediately prior to use. The agqueous phase can be physiologic phosphate buffered saline
or other physiologic salt solution. Formulations suitable for oral administration may be presented as

- capsulephgaghetalon ity eatdntovhiting ppsedateimvetamo wainf bethcive mgestidor, as a

powder or granules; as a solution or a suspensiqQn or emulsion jn an aqueous liquid 9 -agueous

liquid. FRRENGRHGE iBaRSISr tdPica Smniﬁaé'ﬂb‘ﬁl e ki#‘loma%/ bg%?r"é%%%te gét%{%%r% nts,

creamspgaisaRtiRasietfeceriisi aribednsreiindslpy hhadrnisterbibtt Alfiteiyacoutifetingreptable

carrier. Formulations for rectal administration ma@b% gresented as a s# positﬁry with a SL{iﬁaeble base
e

comprigingifsResaripsacterzeriiby AAVEIRE ofRBFSHRRitAhIBYE PV AgiRar stministration
may bepaseHeeRSWRFTHIESe [arrpalistivaamsiuelsrodsietonafdRr 1pray thersidieat,

containing in addition to the active ingredient such carrjers as are known in t t tg.be ropriate.
ExamplB¥ seduecingdbe aﬁ%ﬁz\yé@m?@ma' ?}5{[{;’5%38%?%%,%55#3)3%.?@%&, as
herein ahovgqciied. RIAD RRIRPTIRIastioReberast altbaddprosidet! ingtatliagerfwiiaximum

allowable dosage that can be used according to_the present inventiop depends ong gthers, on the
particuIm&’dépt(Ser=.t§t,%%8%&?5?%6%%@&%@19%& 56 g}i‘&’fgﬁaﬁﬁhe

admi”isgﬁﬁgpﬂév&ﬁﬁ primeNfebiasHiy hay srodiensest ibakhertteat dandigeuse Thnism
granules have an IP-10 binding capacity of more than 2000 pg, IP-10/mg titanium particles for IP-10
spiked mBﬂ?hB@Qﬂi&@f)@hFﬂm‘ﬁ@g&ﬂiMmlpf&ﬂ&'égl?nﬁﬁ’%@%%ﬁ%@rﬁ?ﬁ%ﬁﬁ%&ﬂﬁ% ¥ng

IFlolm%H@éJrjlgpagglitf'g_lgg iaéygﬂgghﬂ%gggg_numbers can be used by a physician in determining

the amount of metal (oxide) particles to administer as the amount of IF- 10 present in a body fluid is,
for several medical disorders, proportional to the severity of the disorder.

Also a patient already suffering from an IP-10 dependent disease will benefit
from the medicament of the present invention as the metal agent will remove
already produced IP-10 through the metal-IP-10 binding. In addition, IP-10
producing cells will be stimulated to shut down or at least reduce their IP-10

production.
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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

powdeThhedineasaskior) medicel icopditionsnibatioprenrbse trfaded Audienargeyenécds
chemakings aeeciansRer Bedbonan e Risgd Salail apaiont dbpehelahpoentehtia present

invention can alSo be used for a general system delivery and still being able to affect the expression

and rekaaresterized deyeaduaysecthigtakicvels 1f #3rd @apsaducdiop da ShasmbirttellEs, in
SY”OV:%%AE’%E%ER%H%EB%EMH pRatRaAEIn BB e et i prevkio-oh Lanaser

preve Isease characterized by adverse IF-10 expression/releaseé involves an ex vivo treatment

of a bdafirarmekary geaaticaseRmerefush asdalateriea sallaPatomi R GRY a body
flid frafg3 sybielsulferiag.foradtis cisegsp Nesboreldsen it eara yoluiguaised! IP-10
and/or IF-10 producing cells. The body fluid could be blood, blood plasma, lymph fluid, cerebrospinal
fluid, afuieigampdy serstionsiandbpostingrsmmaipikiinarse®tment. 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, IF-10 present in the body fluid will bind to the surface of the metal (oxide) particles
and thVétgnhe rewliesd g@@ﬂﬁ'@ﬂdﬁfﬂﬁt&d@li%nlaﬂﬁImmuéﬁ@%léspl%w*i@fh@&tracted

body il dugdRace bnaiate g AdNIaeabul doup A aldearprlghibaY, idagduction.

The purified body fluid can then be returned to the subject. The method is similar to a traditional

dialysiom othier bpafhogensexilawavand phrifdaiadans o, HasorBPEmgl SEMEHS the
body. Ji&é&ﬂ%@ﬁﬂf&f}%&%@_ dlye i¥apms b Tt RmekHO (rthgsutirce of the

metal particles of the present invention. The contact time could be a few seconds u(%to some tens of
N

minutesoTmefdmMIBRRereRPeREA SaRrJsRER ALnEcvhenHan: halanssrisndistowattn a body
fuid isepfipsled fomaRAIRNLpRRINGA IBRb bR asA R Bxameltsd iaiiongleal or ver

dialysis ¢an bé combined with an extra purification step, in which IF-10 is removed from the body fluid,

typicalhbldsdentiomaliantIBsh ieztients ninfected ovithg tharpinsperlirgise drad S pwasl
memb-@}%ﬁgfggﬂpﬁr@ﬁ?ﬁéﬁw BAIREEARRANSH" AR PaANONBlIRIEA. PYPRINT §88

accordi sent invention. This form of treatment is in particular advanta%eoij%s forqgatients
PaiEht

sufferimpécificalizplecalizediénogmithelisicalln ak theisitadf iinfectgr R §hat the
septic ghack and fhesinflammatn iRPRORSE ekl CRSRS ML PeRARRSHIES &%%Eeqpeible-

Such patients could be connected to a continuous ex vivo IP-10 dialysis according to present

inventidf. thdeimpentagt fexndisisesativnrbdihe jnfeation iByvdhmmourl WMuawatons
succeertja (moviya he.£8Ush ol ereisbinek/infpation, TemeaRimcsmens has sugral
advantages as ‘compared to administering the metal (oxide) agent to the subject body. Firstly, no metal
(oxide rpatitlgtgitothalinmrunepashegenayiad@hereby any side effects associated with metal
particle administration will not arise. Secondly, larger quantities of the metal particles and thereby a
larger IF-JO scavenging capacity can be utilized as compared to direct administering to the subject

body. TRt mhayptampatecieetaning rénfetigner surkblasBEEBSAg IAMHRAGIEMSY0 (and
other molecu aV&iP@@ﬁ&w\&dﬁﬁ‘%wgﬁ RAKIGSHERESSE BoavaRedakgeehamatipgly

illustrate two possible arra nts or toolsthat can be used in connection with an ex vivo purifying of

an extfEoedeved\ofiUB- 19HY. 15 wershreopinahtfiid JeSE) idsrdosaly orssemiatrA Withed with
metal (@dgrpalilisyd BhUR RiFSPRId SRR ANBRIDIRA BPREA N2 USSR BTBHENTING The

metal par rom leaving the syringe 10.During a treatment, a body fluid, Such as synovial fluid, is
drawn draletesubpsm bofjosal tndfesiiage9]- 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 ifth¢hpatinhgenesissafihorvitiadrinfestions yedlowigranSieis Dargely: senirihieslof the
iter pores. Ihe agdielss d Yl {RaIR i Y Khas, 10 Fas diisrioors s sane.okae agsp tha

gener present in the extracted body flui pass ughilter 12 and come into contact

with thimmesal fodadc¥E .1 These easiltansiggdshresbekineif imtenrprddosinkp cbis peseaiiah the
body flyid are allowe c Ck Wi I ' subject to an IP-10
product%b‘?{?@(f& |8ns%{18ét?%%%e %%I%é%%%ggégnéﬁz{ﬁ%%zuc ag ‘E%;%‘?S?ﬁ%%er 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.
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Fig. 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 |P-SPBHERR Solfe 10U RtiGH vindueedahic v isalidndesHen i dINidRinriEHSaf iRt ubation,
be pumiesgRRUScinEseABAEE A AndMapitcaRe eduad hack 1988 il isaticpgted by

the present invention that the filters 12, 22, 24 employed in the arrangements of Figs. 15 and 16 can

be re-efiiitsdial Eﬂ%ﬂ@%slﬁﬂ%th iR YiiracRRd invivanddisglevchiehdi2192 24,
The abeyedeseiDed AHBNUSKBERIE SARIRISSRBYONRISYRHdOFHERIDECIMIRC &ahigcnot

intended to be returned to the same subject. Thus, the arrangements can be used for reducing the
IP-10 ViR BIAY R RIS 10 S5 Rathernenis at ai5pLiBrbaasharlGEAla method could then
involve contacting a body sample, such as a body fluid, in vitro with a group 4 or 5 metal or an oxide of

a group 4 or 5 metal to thereby scavenging IP-10 from the body sample and preferably also reduce the
level of 1D HRIIRIFSFIH (HRVSSHOGh STe hexpiad mﬁnﬁg%%}gcﬂvensﬁmmé%aiéﬁ%%ne effect

Upon inerdigibiitedriease 9 ichaierieri-adenis ot tetRSIRNG RSy e o gsassngdiators,
e.g. chemokines and cytokines, contributes to the recruitment of circulating leukocytes to the inflamed

tissue. VikabbMestnnsdineases inghading iR eeiilland yallaweieyekines, which in turn are
potent inducers of chemokines. Primary cytokines act as endogenous activators of the immune
response, while inducible chemokines act as secondary mediators to attract leukocytes [541. Because

of this dSHIBIBMANS RinFBERRRFF SRS Al dnemad Hadlammatirn dissaset only the
effect of¢aia (Rxide) Hranvee dedpRAse ade At FhEOBBdPs O oM ibenelease alsathes cliirmokines

and cytokines, which could give an indication of synergistic interaction among them in response to

LPS an#Qréfitnferk@ith RAAYIm G a HIVERURME uBRRIPATSISHn oRPEGHISA Yo e A eMaY 66kh tFR§ranules

An ex mﬁla%géﬁél hioegnnedatyian sisehah PIerPusts daseied wiive Riieforenausblood from
healthy volunteers agﬂ; was anticoagulated with hea?rln (25 U/mL blood; Leo, Ballerup, Denmark)

and theMiffanssed NERHOEE cRITRRBGHORS af P4 Vifrslsaa otidhs metslssand spetal

lipopolysgerdinddate” v AteHNER08e: bR Seyfastirs gl o iehRiifiie CRlkarighy d36:026;
Sigma, St. Louis, MO) and increasing dosages of grey titanium granules (0.015 g, 0.075 g, 0.150 g,
0.300 (liffererto NERIMBIIE CHSEREIK) EB‘IBE’EH%&JU&%&‘&WW diséanrsnibaised as a

POsitivegfath NGLARYEARTLT Ol BPEPEHYEY - by HIRSHANSAY et QLR GhReridre4 h),
plasma was obtained by centritugation at 7000 g for 3 min and was stored at -20 C. Plasma levels of

wwenty-feade raptitgiolingssmitiated cncarbalomysitis APEMbotddHsen sastistastultiplex
bead InMUHRASHAY SHIHIPHEYOKINE A0S ORIP WREIHYES N RYNEdRSe (anRA!IRn{aatESA)

according to the manufacturer's protocol. Briefly, primary antibody coated beads and incubation buffer

were piRBREHntEUEARIHHECH ReRatikis st AREHNSa PPRIRAKEIS inGsdias isliseasesence of
the prineaiiaPEbodisBaaEs faliaBALOTIMRAIatHRHEN & Ofgi%@’téﬂékﬂl FRllomipeiBYsqthe wells

were washed and biotinylated detection antibodies were added. After further incubation for 1’h at room

temperSOPSRASIHERS WoradresRed SraverpeiseRsphizatinimBasndisyndeozaactGB3hch well
and incybaieth{Bfa9 "&&%b@s)mH{Bﬁ%@%%ﬁ%&ﬁ%ﬁ%ﬁerw@?& theropgidyisaeath fluid

was added and read using the Luminéx xMAP system (Luminex Corporation, Austi_n, TX, USA).
disease, lupus erythematosus, multiple sclerosis (MSS), myasthenia gravis,

opsoclonus myoclonus syndrome (OMS), optic neuritis, Ord’s thyroiditis,
pemphigus, pernicious anaemia, primary biliary cirrhosis, rheumatoid
arthritis (RA), Reiter’s syndrome, Sjégren’s syndrome, Takayasu’s arteritis,
temporal arteritis (also known as giant cell arteritis), warm autoimmune

hemolytic anemia and Wegener’s granulomatosis.

MS is an autoimmune disease where the body produces antibodies against

the myelin that protects nerves in the brain and spinal cord resulting in
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Table 1 - measured cytokines 1L-51L-12 INF-a IP-10 IL-1IL-1Ra IL-6 IL-13 INF-y MIG 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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IL-7 IL-15 GM-CSF Eotaxin IL-2R IL-8 IL-17 MIP-la RANTES IL-4 IL-10 TNF-a MIP-113

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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MCP-1 IL - interleukinMCP - monocyte chemotactic protein INF - interferonMIG - monokine induced
by INF-y IP - interferon inducible proteinMIP - macrophage inflammatory protein TNF - tumor necrosis
factor GM-CSF - granulocyte macrophage colony stimulating factor RANTES - regulated upon
activation, normal T cell-expressed and secreted The striking result of the experiments was that the

preserfi2SATR IR raviariisaat mifohdaa BB BRYISRNISRERT Y Rintihe
expressin ankAtddiés 2 gesagedependantinone . diimlitalisea seanuleubadero qidvesaly minor

effects, on the other cytokines whose expression were induced by LPS. Interestirz;ly, the secretion of

other dREIABKHBLAFSHARRYARSS iy ERERHOIATEN RAPTRY ifkeat BnhATBI&¥Rted in the
same Wil P glduaiisnieainamnuifsHaninn aspoiese & nebeoiam] ehign ehingsdiawing similar size

as IF-b, 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, eyl geamalicaddnerpapee s ydelgaml e bénsrsariesdnastiiedorétedPhy naidiiskiiadhe onset
of an ﬁute infectious inflammatory response._In samples incrbated ith titanium granules, in the

absentaQlr Bt BRscRERARYS, s dotail wihiA € ETOHR RRI9GEHO BN e Rtrol,

indicatinginaidae titaraém;grwm;‘.es Eigresaiven gill nehelitdsanonflamiatostisspptibte Efeet of Ti

granules_on IP-10 segretign in whole human blpod ) ) )
atherosclerosis showed IP-10 to be a crucial key player in the lesion
formation by local modulation of the immune system. These results in IP-10
deficient mice also showed that by inhibiting the IP-10 pathway there was a
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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The ex vivo whole human blood model previously described above and in [551 was used. Briefly, fresh

venous blood of healthy volunteers (n=7) was added to different amounts of grey titanium granules

(GO) 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 Wazt%i:/en either in pre- oré)o tg%eatment, by
' r

adminRRsesyREesL g IR RE T AYSe R O GPD nateRls,idthe Thq medicameR €As shown
in Fig. dred@ytifavRIMisIReala SRSl RigE st pE R Enihee preventiteeCarpalthy

volunteers, stimulated by LIPS, in a dose- dependent manner, The results are significant in all the
dosesaid gtheriplaraaoncenditensatitding e RIEFEFSown, * 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 grior,to stimylation wjth LPS (-1t),
at the Yehenananlpnting, %mlwa%%ﬁﬁﬁﬂaﬁioﬁmlﬁﬂm iB Eﬁﬁa%&ﬂg}i@%ﬁf&?‘tﬂe addition

of TARSplgemaiwasrebtairag-andd Bi6e V8lawspr clad!orthb b \Waversastaflahignatiigws that
titanum granules were eil;all effective reducing |F-10,in blood that was pre-treated, o%ir ated at the
same fRection eontsegdyyT ErsiEzeduption of JQTaiamJuatR \ﬁege]%mf@ﬂ idhi %ﬁy reduced

in bloag\ Afjerthesdifiare insHbatiRmERISs Mt Hcn 1S dhendlerlizel thesameexinias
TAPS-treated samples with titanium granules (GG + TAPS), Mean values SEM of 3 donqrs are
shown!P-hQicseesedignicandindrenee F o8 ey Ren s dfoF L?5§%§85e¥98i:\)éﬁﬂﬁ/ew (Bizﬁ.OS).

Effect g{{T4a{ataesP TR ckEENTRIR e SsieB dfietibie Uzatim. Y@ hiBveIanwitogetheceffehieof Ti
granules on IP-10 secretion was disclosed in the above-presented experiments, It was then
investiafiaminatesy tiaRAR SRatRIeHIT G dnaplamt BNG HaskeBY RbIR R A9 on Total
RNA wasisqlaidipam 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, D oReeVie SHRMMERIE Sigadsusingeypabsass lRéhGeateshitalaptifeDubédanocional
antibody (Invitrogen/Dynal, Carlsbad, CA, USA). Total RNA was quanl:gged_ at 260 nm usln% ea

NanodRS§RERgpABIvatRgNeRIDIS e RRRIbgRcaRamidibs, BRe yaggntion can

used in connection with graft transplantation for preventing or at least

reducing the risk of graft rejection, in particular the acute phase of graft
rejection. The outcome of transplantation relies in principal on the reaction
in the host to the graft as rejection of the organ, tissue or cells is problematic
to treat. In the acute rejection phase of a graft, IP-10 is increased and can be
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 6r cell grafts, such as islets of

Langerhans.

16



Real-time RT-PCR analysis Total RNA (0.5 gig) isolated from total leukocytes or naonocytes was
reverse transcribed to cDNA at 42 C for 60 min using iScript cODNA 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

?gx%ega%qﬁg eﬁiﬁ%ﬁi?@ﬁomaiﬂ&&éwﬁi%werﬂlyﬁmhwe&mh@a@lraseeglens&@kfegenase
H) and (3-actin, and four target genes: IP-10, IL-6, IL-10 and -cc. Table 2 lists the primers
used arf@ s FSOGVF}’?@ %thﬁ’eﬂ@@eﬂt'f%@??@?imle@ %W&Ilggﬁtﬁgﬁﬁéﬁt& @éﬂSlgrimer
SeqUen%%lﬁﬁ&l@ﬂ%ﬁg@ﬁi@ﬁé&&m@ﬁm&ﬁ%lf&lﬂﬁl0 has been shown to be
5'-GCTACAATGAAAAAGAAGGGTGA:3 :
a cytokine mvolved in such cancers. Furthermore, since chemokines are
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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84.0 196

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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A 5-GCATTIGTGGTTGOGTCAG-3'4 IL-10 S5-TTATCTTGTCTCTGGGCTIVG-3'584.0139 A
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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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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 Oligonucleotide sequence of sense primer A Oligonucleotide sequence of antisense primer
Each reaction contained 5 ill of cDNA, 0.5 tiM of the sense and antisense specific primers, 12.5 ill of
2X IQTNI SYBR(r) Green Supermix (BioRad, Hercules, CA, USA) in a final volume of 25 ill. 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 (15s, 95 an annealing step (15 s, 60

C) ang'Rg eXEHRIONRISEIRE arfanpfiRlAAS" exale. Ay cHeEnempasyddasoiedfiating A

negative control without cDNA template was run in each assay. Samples were run in d:g{plicate.

Real-tixtragisenbloogetbatidni et intendedivit bpprtirnrdciiEheofitde SURFSErial
dilutiongns8owiny all-ths gupsipatedianseriptedidorepbdmains Rigsfismnay riest ang figh linearity

(r>0.99) whén different concentrations were used. PCR products were subjected to a n&%ﬂz&curve

analydBganeeiblerd ardriasBgudrandler by asbiPag hank FHMbREE i plification

specifigin TRV ARRIERL DS J 5085 el OreetD adow rlafvaaamniicairwiter BCR,
standard curves were constructéd from the standard reactions for eachft_ﬁrlf'}g%&?gnd housekeeé)ing
genesSPERIRIG Farkel ey @ Pradadd )2 BaHP Qe RumBERLIoH fREGFESDENE signal

exceeds Rarkgan %&ewogﬁm ditopreha siikpadisgsiieeshthbievsikopwp-gamples

were then used to calculate the amount of either the target or housekeeping relative to the standard.
RelatiRrestghion, i therbedi SatB®s the ratio of relative concentration for the target genes
relative to that for the mean between the three housekeeping genes (188 rRNA, GAPDH and I3-actin),
to correct for RNA. Values were expressed as a percentage of negative control samples (saline),
which were set to 100. IP-10 gene expr 'mt d in a) total leukocytes that remained in

suspension after incybation with titani I i‘{g otal leukocytes that attached to titanium
granul%sg (?rl%ee IY(lltLﬂ)%'if?%?l YT s rr%ﬁ(%/a’tlgg i%o atl("aEd with beads coated with anti-CD 14 monoclonal

antibo@ipoRigrddtiiintehtheeitatecad @bgeneuspressits, i@i@t@%‘ék@dﬁb%’dﬁ@ﬁo@ﬁtes after
o A
gene exuastinrefi?-tidrinenleting-yleukuytesaitedihsuipdasiesd tissue. Microbial
products like LPS trigger multiple cell types to release cytokines, which in
turn are potent inducers of chemokines. Primary cytokines act as
endogenous activators of the immune response, while inducible chemokines
act as secondary mediators to attract leukocytes [54]. Because of this
complex 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 monocytes were isolated for monitoring IP-10 gene expression with titanium granules. As seen
in Fig. 4, IF-10 mRNA levels were down-regulated in monocytes after incubation with titanium granules
(2 h incubation) and stimulated with LIPS 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 tCatldsh {0 e Blerddncubates grisumthtdhennalinswes nsethan s BRstVAfter
incubatj Yk g@y&i&qn%@gg@ﬂy@ for 2 h, as described above, total and differential white
blood cell (WBE) counts were’performed imimediately 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.
neutrog@ﬁﬁdﬂ@r&%& monocytes, eosinophils and basophils, respectively) after 2 h incubation with
and without grey Titanium granules (GG). Titanium granules showed ability to bind neutrophils and

monocyés difirniente kKisen Robrte-{3 pduaad. Bsbidw haWasmes tReasorpliainRe féPwBC
count andheiiierpplial\ e @9 3e.c8lltnih alifidwhowpst sange FYVRE paghaieiiareptial WBC

Number of cells per L Percentage of total WBC WBC count . )
twenty-five different cytokines, see Table 1, were analyzed using the solid

phase sandwich multiplex bead immunoassays (Human cytokine 25-plex;
Biosource International 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 Polymorphonuclear neutrophils 1.8-7.8x109 50-70 % Band neutrophils 0- O. 7x 109 0-10
% Basophils 0-0 .2x 109 0-2% Eosinophils 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 % Lymfocytes 1-4.8x109 15-45 % Monocytes 0-0 . 8x 109 0-10% Statistics All data are _
presented as mean values SEM. Differences between groups were assessed by Student's .t-test using
the program SPSS(r) for Windows, version 14.0. Results were considered statistically significant at the

P<0.05 Ievel IR-1 e&ndmcapag:l of T|

Poinis tes * 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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Materials Recombinant human JP- 10 was purchased from R&D Systems and IF-JO was analyzed
~ using sandwich ELISA technique according to the manufacturer (R&D Systems). The effect of different
titanium forms on chemokirte level was studied in three different systems: a blood loop model, IP-10
spiked serum/PBS and in synowal fluid. Table 4 lists the titanium forms tested. Table 4- Investigated

: 3 R Bition Particle size Manufacturer Ti granules GG 99.97 %, >80 %

Total RNA (O 5 ug) isolated from total leukocytes or monocytes 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

e ——

S Oligonucleotide sequence of sense primer

A Oligonucleotide sequence of antisense primer
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sponge form O - 1 ram Hereford Metal Powder Co Ltd HeattreatedTi granules (900 C, 3 11) WG 99.97
% 0 - 1 mm 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 Ground 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- micrometers up to
100 pm but with an average diameter size of about 10 Blood loop system IP-10 was studied in a blood
- loop system (described previously [56, 57]), with the exception that fully heparinized (20 U/ml, Leo
Pharma) blood were used. Briefly, fresh human blood from healthy volunteers was collected in
surfaceheparln|M%@WQ@MM$W@%@@I@@@F%@@&¥&%|CMnson) that was
conn ShichCasici - s , ;

continuously. Blood (7-8 mI) was then SH#ERSH SEeAllS RTRY :
leavingg@ikyalyme of -4 mi. After the tubeg avgreydiigel, the loops Were closed with aﬁeparlnltd
stainless-steel connector and placed on a rocking device at 37 C. The loops were rocked at an'
amplithdydBgrRPeBUsSAnted the blood fﬂoﬁrﬁ%hg contact with the cothéQofe. To initiate IP-10
produgtignibsHigm Escherichia con (10 ng/ml, Sigma) was added. Titanium in different amounts and
different forms were added to the loops to investigate the effect on IF-10 levels. After 10, 30, 60, 120
and 198aRR REVEORPHE were collected an® %Fﬁ]am/as stored at -20 C @hddP%10 analysis. Spiked
serum{pRs, gm was prepared from donagpg Blog@@ccording to standarglabgyatory protocol. PBS
was supplemented with 1 % Bovine Serum Albumin (BSA) to prevent protein attachment to the plastic
ware. #@&)‘ﬂﬂ?ﬁéﬁ Human IP-10 was adde&§1849& $8fum/PBS (200-2000 QM and samples (500
Fa) werg,i ted with different metals/oxidgsy(g8Q-P@9 mg) for 3 hours afj ey tgmperature on an
orbital shaker (-400 rpm). After incubation samples were centrifuged briefly (2 minutes at 10,000 g)
and sujemacanieswere analyzed |mmed|atel9‘f ¢3 QP content or stored frB2&R f 20 C) until analysis.

Statistics

All data are presented as mean values * SEM. Differences between 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 from patients with rheumatoid arthritis at the Karolinska
Hospital (Solna, Sweden) or from Oslo Rikshospital (Norway). For 3 hours 150 i.a SF was incubated in
‘room temperature on an orbital shaker (-400 rpm) with or without (10-40 mg/sample) grounded white
granules (WP). When the effect of different metals/oxides was studied, 500 p.1 sample and 20 mg
metal/oxides were used. After indigizltoh ~shmvieekgaseslcBhfarmed briefly (2 minutes at 10,000 g) and
supeese - def3 RO .

‘Blood [
produdtigrailes 2 hours the IP-10d&el in thed.@B%;est@dbloo@wasrmised diichéfimtMeastdvated after

3 hours. By adding untreated sponge titanium granuleg(0) the IP-10 levels weradeedaad in the
infected blood, see Fig. 6. There was a dose-res Jike react] n when diffetent a ts of GG
were 5%%3&. NSFREFIP-10Bvels vb%% observedgié)%ﬁr)ﬁected b%oodla?fgf onlﬁ%ﬁfﬁﬁﬁgﬁi The two
negatigeaootasd PS5 HRPBS with 200 mg titanium granules, showed no incrée®denGpltd levels. The

effect gfsgliffergnt forms of titanium granules ayp|§710, legelswereoaprsyzed in the-&iaadveap system. In

whole blood both grey (GG) and white (WG) grggwggi\gg%e found to be equall;gﬁf;&%'&eegiﬂtjf- 10
reduction. The powder forms of the granules, GP and WP, were more efficient than whole granules
and wﬂf@‘ﬁ%ﬁ?@r (WP) had the hig}f?@st IP-10 re88df g apacity as is illustratdPhiiesg. Metthis figure
illustrates the IP-10 levels in blood 180 minutes after LPS addition. The additidtewfi@0Cmigdof white
POW Chepeniininkimidepeifonmned e e e e e S e R mted
blood wabRfseEeastHaRg Ve cBAFHCIFSoreR el J2fs fy CARESty Bt GY80Rded white
titaniug ranMessiiptemooahwbie RAtdeWRENere ddeddrinigiedf12bdteated) blood
and the IP-10 levels were analyzed 180 minutes after the addition. IP-10 was found to be regulated in
blood ¥8-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 IV-10 level. The temporal
binding_of IP-10 to white powder in PBS solution was studied and already after 10 minutes could WP
reduc (3 pg 1?10/mg WP). The reduction was non-reversible and sustained for as
long agratugiep@ 4hamsd thueb RIS syisbiadaiishinsinpreitobdtyB 86, B 2], dvittal bovine
serum and it was not reduced after detergent addition (0.05 % Tween-20:. The synovial fluid from

inflam&BSofRSER AL hAb Bl hePpEHEzedh RO (1ds fan Bl RleoRirisgAsedels of

IP-10, mhichyn e kHluense-heniadp genes sltisy dstasedasoRh S v iRk deue! dpiyrpsal fluid
from five different patients was strongly reduced after addition of white ﬂ{rﬁmul powder (WP), see Fig.

9. Thehatinizes GRsTHosrEiBEsH TaHRA R 1ePsmiala d 1 wrage s Migrolaneemissiftature.

The IPERIRCIE) CRRBEIAL O AdRRstditetBraRuIeS iae¥  RUphititdvas sitidied indsivgiem where
increasing amounts of WP was added to the SF, see Fig. 10. An apﬁarent dose-response relationship

was oB2EKBg inamRing b sHEREERP HARICH CAnRtiBNe et ifs SramIZERVP) was
calculaiedfos der 4iffsrenksy sRp S Prdiad Bel ifrbtddd’ B S0 met’ 89 cm) leaving

an air volume of ~4 ml. After the tubes were filled, the loops were closed with

a heparinized stainless-steel connector and placed on a rocking device at 37
°C. The loops were rocked at an amplitude setting that prevented the blood
from making contact with the connectors. To initiate IP-10 production LPS
from Escherichia coli (10 ng/ml, Sigma) was added. Titanium in different
amounts and different forms were added to the loops to investigate the effect
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 serum about 50 pg IP-10/rng WP was retained and in synovial fluid
>3.5 pg IP-10/mg WP was retained. 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

granul@revensuproigisisitadhoairmittoTHeepplesiic wateb Jieformbinasih EhanammiRyty) (GG)

and white (Vg Liply %grﬁggwggg&%qgggggé%@%aOég%@&ry (S0EPRAJERHYERS00,

Micromeritics, Norcross, as 130. The samples were evacuated for

10 minincabetedusiith slifferrnvimstalspridesy (30e208rcmg) iy Brdecurs vils EORM 0.22
psia. F{%rglgéeﬁl& gg%SM%ﬁa%ﬁmlgmgﬁ Ul PRYHBANEA: SFIpHEE Wefeand E,

and heat-treate 0 C, 3h) titanium granu granules, WG), see B, JD and E, at
magnifeenitnfgedsbricfbodr aninsussxak 10:0801gnend fineHRaipatsavssatareal#ss reduced

the NUDRELOAARER JON1PMa BTG { BiPdiRRCERIABRIEM RS nARIGIRed wih the Total

porosity, w 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

porositg;%;;ﬁé% ﬂ'ﬁqd/vhite titanium granules are given in Table 5. Table 5- intrusion data summary for
grey an I granules PropertyGrey Ti granules White Ti granules Total intrusion volume (mL/g)
Total sSyacyiakilvieBF) was obtained from patients with rheumatoid arthritis at

the Karolinska Hospital (Solna, Sweden) or from Oslo Rikshospital (Norway).

For 3 hours 150 ul SF was incubated in room temperature on an orbital

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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Median pore diameter (Volume) (gm) Median pore diameter (Area) (pm) Average pore diameter (4V/A)
(pm) Bulk density at 0.22 psia (g/mL) Apparent (skeletal) density (g/mL) Porosity (%) 0.7394 0.055
180.0 21.0 53.7 0.9913 3.7126 73.3 Fig. 12 illustrates log differential mercury intrusion volume to pore
size forairey (A) and white (B) Ti granules. As shown in the figure, micropores (- 40 urn) present in

grey g tessdvlopdyansaitadiiin, ahietalirrehalishedodRriPwrsenenssie&BSby the
heat tra%ta%eatﬂi%(;@ Rading canacihegh e g metals

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 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 MetalAbbreviation Composition Particle size Manufacturer TiO2 (80 %

Anatas@(@/xae TWIR(804s2 08 pitils) Fi(Ispitseidestuitie) AN $Q) PIOTRAbloeg) WE2(ps
Titanigusabiog A T LG P AN iP5 ) 32 WP RN GRilagd v powdery 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, II)Ox 97 % Aldrich Ni(ll) oxide Ni(11)0x 76-77 % <10 gm Aldrich Cup) oxide
Cu(1hHOx

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 gm Aldrich Re(1J1) oxide Fe(111)0x 98 % < 5 gm Aldrich Zn oxide ZnOx 99% Fluka

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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2. The use according to claim 1, wherein said adverse inflammatory response is an autoimmune
disease. 3. The use according to claim 1, wherein said adverse inflammatory response is an
inflammatory disease of the gastro intestinal tract of said subject. 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

charactefige -yl Sete 4T e SERINATKRT IR BiE Bld AcHeABIaHR! ORsd Pt KPR FoP-10, I

a subject, where said metal is a meta of”group 4 or 5 of the periodic table of the elements selected
from the grogFedEsrRlngrattiEsiaationcoditm Jawimah, ef obireramettabiMedicings2009metal or

an oxide of ayeeipi ). the yEIEagiure of a medicament for treating or preventing a host versus graft
disease characterized by adverse expression and/or release of 10 kDa interferon-7 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

selectegsNMORAGRAP CONSIUING DiSENER), BICEH RNy dNPIEN ARG AR ductUse of a
metal of an oxide of a metal in the manufactire of a medicament for treating or prev.entln% a foreign
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protein, IP-1@ip-gupiest syere 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. 8.
The use according to any of the claims 1 to 7, wherein said metal is selected from a group of titanium

or tantafg) apdesitAsidaeisaeielal isselasRddiesna grapr daverde afdigpuman@,oxide of

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

preferably a ﬁt@ﬁ(ﬁﬂ’d@kﬁ@%‘%@me 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 havin%a total porosity of at least about 50 %. 11. The use according to any of the claims 1
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said metal or said metal oxide is in the form of metal or metal oxide particleS having an average
powder parti@S8i@#8ter below 100 13. A method of scavenging 10 kDa interferon-7 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 grolPHoRaRingertithidh, z.‘?S@lﬂﬂ?h? hEgdiatershioh ixlaamatien during tumor

development”, Advances in Cancer Research, 2005, 93: 159-187
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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. 15. 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 nfoENeMaBtal 8cGianorin ofane pericdtceamasiale eibonenal seif celiniond the
group consisj}nglgj,{gmy'wg'gg)rjm)pggngzgiobium 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 particles (1) are arranged for purifying a body fluid passing
throudfTsaicmslying; aymbordoid) KDigdn! esteres- HgHHbIeP alfiRalial Cabpigled DOCY
fluid purifying arrangement (10, 20) comprising a u&fﬁ/lng chamber having a tluid input and a fluid
output and cBHIREREIafbrcH mﬂt}@@ﬂ%e?%) 2P8HHe3H4Metal, 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 1294t Wie gl%{ﬂéﬁ‘ﬁgut and said fluid output for purifying blood passing through said
purifying chamber from 10 kDa interferon-7 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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CLAIMS

1. Use of a metal or an oxide of a metal in the manufacture of a medicament
for treating or preventing an adverse inflammatory response 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.

2. The use according to claim 1, wherein said adverse inflammatory response

is an autoimmune disease.

3. The use according to claim 1, wherein said adverse inflammatory response

is an inflammatory disease of the gastro intestinal tract of said subject.

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 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 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.
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7. Use of a metal or an oxide of a metal in the manufacture of a medicament
for treating or preventing 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 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 0.01 m?/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.
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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.

15. 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 particles (1) are arranged for purifying a body fluid passing through

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

16. 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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