WO 2009/080749PCT/EP2008/06 007 HUMAN BONE-FORMING CELLS IN THE TREATMENT OF
INFLAMMATORY RHEUMATIC DISEASES Field of the Invention 5The invention relates to

therapeutic gpplicatinpsef bone-forming cells in the treatment of inflammatargpresimnstic diseases
- (IRD), and in particular in the treatment of inflammation in (inflammatory component of) IRD.

Background to the Invention  Rheumatic diseases encompass a variety of painful disorders which
affect the loco-motor 10system particularly including joints, muscles, connective tissues, soft tissues
around the joints and bones. Inflammation and/or autoimmune reactions contribute to the aetiology of
many rheumatic diseases. Such conditions, commonly referred to as inflammatory rheumatic diseases
or IRD, include without limitation arthritis of various origins, osteoarthritis and so forth. 15Presently

available treatments for IRD mainly include disease-modifying antirheumatic drugﬁ DMARD),
giucocorticoids, ndHMAN GaNEaRR NN FEkdS BribE ¢ Aﬂﬁ%ﬁﬁ%%&ﬁ@yﬁ RBPdingly, there

exists a need for further treatment modaliti¢EUimARD, BiSEABESrticular for treatment modalities targeting
the inflammatory component of IRD. WO 2005/089127 includes osteogenic cells in a scaffold

apparatus t@{8g9¢pgiaiaeRrsteochondral interfaces in osteoarthritis. WO 2007/093431 suggests to
use osteoblasts for the treatment of rheumatoid arthritis and osteonecrosis. These documents do not

disclose theTatinindisiomratans detiberatdbnapolivatinpeaiharduine: @it iBsBenEegeeat of

bone-formingcells 10 SURpisssdrdalasnratpneampanent ofr reuneatisatiseisésntnatiat &. 2006 (J
immunol 176_&5): 2864-7112 disclon %m@g\uoprivileged and 25 immunomodulatory properties of
osteogenic e E R O esenchymal stem cells in the context of allogeneic tissue

transplantation. However, the mechanisms of tissue rejection in allogeneic transplantation are

evidently difRaefRrRERd R LRI NS underlying inflammation in rheumatic diseases. This is
reflected ‘”t?{ aliaindhe distioch- Qs ot disiasyhatamauirantiysisatkio dfieat theseccanditions.
_Conse%g entsy'stlélr% Sér%l{a%%??ngﬁ i%gnj%'fngs, muscles, connective tissues, soft tissues around the joints

and bones.

Inflammation and/or autoimmune reactions contribute to the aetiology of many rheumatic
diseases. Such conditions, commonly referred to as inflammatory rheumatic diseases or IRD,
‘include without limitation arthritis of various origins, osteoarthritis and so forth.

15  Presently available treatments for IRD maiﬁly include disease-modifying antirheumatic drugs
(DMARD), giucocorticoids, non-steroidal anti-inflammatory drugs (NSAID) and analgesics.

Accordingly, there exists a néed for further treatment modalifies in IRD, and in particular for
treatment modalities targeting the inflammatory component of IRD.

WO 2005/089127 includes osteogenic cells in a scaffold apparétus to regenerate

20 osteochondral interfaces in osteoarthritis. WO 2007/093431 suggests fo use osteoblasts for
the treatment of rheumatoid arthritis and osteonecrosis. These documents do not disclose the
anti-inflammatory action of bone-forming cells, and do not disclose the use of bone-forming
cells to suppress the inflammatory component of rheumatic diseases.

Liu ef al 2006 (J Immunol 176(5) 2864-71) discioses immuoprivieged and
25 immunomodulatory properties of osteogenic celis differentiated from mesanchymal stem cells’
in the context of allogeneic tissue transplantation. However, the mechanisms of tissue
rejection in aflogeneic transplantation are evidently different from the mechanisms underlying
inflammation in rheumatic diseases. This is refiected inter afia in the distinct groups of drugs
that are currently used to treat these conditions. Consequently, Liu et al. 2006 does not



disclose any anti-inflammatory actions of bone-forming cells, and does not disclose the use of
bone-forming cells to suppress the inflammatory component of rheumatic diseases. SUMMARY In one
aspect, there is provided isolated bone-forming ceIEs for use in treating the inflammatory component of
inflammatory rheumatic diseases (IRD) wherein thé bone-forming cells display the following
characterisfjcs;_).the cell mRpL xpression.of alkaline. phasphat ALP [ cifically ALP
of the bonea SR a e e e o B L S R o s BB R
mineralize t5€ eftensdPa0ng aellsiysRpresFihedsfipanmataineoseraaant i 'erumebndispasesrix; and Vi) the
cells substantially do not differentiate towards any one of, and preferably towards neither of cells of
adipocytic fHé&¥ ¥chondrocytic lineage. In another aspect, there is provided a pharmaceutical
composition comprising bone-forming cells and an agent chosen from disease-modifying antirheumatic
drugs (DMKR97%@@?8&0%6%&"@6%ﬁﬂ%@@u%?%%&imﬂ%l‘&”%écﬁéﬁéi@ sRetRsaiig) the
inflammatopigemaeResiratdRdt i iafbmhalosprointie mssapea\idey) itersetef ispkatedrene-forming
cells in the %néjfa‘ctu&e éfra mediﬁam nt for treating the inflammatory component of inflammatory
Bl

rheumatic %eaésé)sa{l Yerdin the %rﬁelg?(:)rming cells display the following characteristics: i) the

cells comprise expression.of alkali S 0, ecificall f th
bone-Iiver-Qﬁﬁnee%/(EE'!{{/;péegré?té1 3% r%‘%%%ﬁ%%’ﬁ%@% ;&ﬂ%ﬁ%ﬁgﬁ@v @éf%eér%g %%é%fﬁ%yﬁ tgfrtni.llere\eralize the
external subrainliaGSidBesfriRRaNigoarirrPaEINSRMNY extracellular matrix; and Hi) the cells
substantially do not differentiate towards any one of, and preferably towards neither of cells of
adipocytic lihéiyect ehondPdeghesinkaglty Ii? ANBanza She Qxelerk S HEvines tRE LsEssize
pharmaceutifigieeanesitiing emiResing henexfenming cells in the manufacture of a medicament for
treating the inflammatory component of IRD; wherein the composition further comprise an agent
chosen fromn)dize asi-nagimigianrit-hed aisitc disgsi¢RMaRiny asd glificoebiiskidshartvaderein the
agent is to he ipistered si | ial e tely. 2a Description The present
REAIMIPISHEY $98§§§égﬁg§@§§e %?%HSHﬁ r%gps’% l?né%gé‘ .

inventors surprisingly realise rming cells ay potént immunosuppressive and

SpeCiﬁca”ylﬁ‘”éiﬁi&%mQ%%té’&’ ?ﬁgu%”?si BUALP LR ERRLaT t%BH%%%ﬂEF?‘%%%%iR Spdd are thus

- particularly useful in the treatment of in Iammato(rérheumatlp‘ Iseases (IRD) in subjeCts, and more
specifically 5@ eRiatAEbRITERMEHOHIR dscarrrmrdibinsatofheomplndnost RBRPsubjects.

Hence, in aspegisdas-invrs!ion prarsesisouqithenerfespinrgaaiisifordssngsesingRBy as well as
the use of isolated bonefarming cells for the manufacture of a medicament for the treatment of IRD.
Further dis¢f08ed are Jsotated bone-forming cells for use in treating inflammation in (the inflammatory

component,of), IR, &S %c Sig.une é’rf ﬁc?é%t‘?ﬁeb%g%‘?r%%t%"EJR%H?F

manufahcéture t%f a
. g ce Ig] e
medicament for treafing ihflammation i 8 e Inflammatory component of) %B %he invention also

relates to amaetHaefucy ptavesditpasaldptreaaing IRD infarsusieey isrRusneitsefdnfipednaient,
comprising adpwRigte g iR saidiRudiegharbipPitd askealicphimerapputigaiyagffecdive ramnt of
isolated bone-forming.cells. Also disclosed is a method for preventing and/or treating inflammation in
(the inflamf ?6?§t%r'%iﬁsonent of) IRD in a subject in need of such treatment, comprising administering
to said subject a phylactically or thera ically effective am of isolated hone-f ing cells.
Nae the I R A e e L Ak A e e A e AR B e for
use in treating bRmE-Neokillselo e isnd/phastaacaiaticdPedihposition comprising isolated bone-forming
cells for use in treating inflammation in (the inflammatory component of) IRD. Also described are
isolated bohk-fagnfialscehevoreuisiensercdtinbilibf den Minrialize Wel axterealssuoplaslings bine-forming

cells for th%m@m&%%@ggmiﬁﬁ@g;a{rga@,nb%,tr@ggm@%gf inflammation. As well described is a
method for preventing and/or treating inflammation in a subject in need of such treatment, comprising

administerifg #e stk sdbieshadnophaciraibnes b esraridisallbeiestinedamaun isekaies
bone-forming.gells. Fu“the{ dcfscrit}ﬁeq.is aghqn;}ac utic l.gom osition comprising isolated
bone-formifg LEiStPUSE iRIIRAHAG ITRART L FRNArocytic fineage.

matio
In another aspect, there is provided the use of a pharmaceutical composition-comprising
bone-forming cells in the manufacture of a medicament for treating the inflammatory
component of IRD; wherein the composition further comprise an agent chosen from
disease-modifying antirheumatic drugs (DMARD) and glucocorticoids; and wherein the
agent is to be administered simultaneously, sequentially or separately.



WO 2009/080749PCT/EP2008/068007 3 The term "isolated" as used herein in relation to cells or cell
populations implies that such cells or cell populations do not form part of an animal or human body, but
are removed or separated there from. Said bone-forming cells may preferably be of mammal origin
including non-human mammal 5 origin and more prgferably are of human origin. The bone-forming
cells may be usually obtained from or derived from a biological sample of a subject (La, a sample
removed froggsa&éég%tct and comprising cells thereof) such as preferably a human or non-human
mammal subject. Subjects preferably encompass warm-blooded animals, more preferably mammal
subjects, o ingudingdnmaanes NeorRiNgy Meaisedl ubjecisneseminpresicefaiaidy priotate

subjects, incl:rléjrgmgs%ﬁgpgg&@gdaggnég(g%}ggngrigﬁggﬁw}g%aggﬁxgg n}grgag&%{gallalyelmg&%ra subjects.

The bone-forming cells may thus a of’such origins. Said bone-forming cells may be preferably
employed foHNBREFEIRMRTHASE ABhAice N SaRARHER U s 1 reaiiatt AR mTaiY¥e cells

have been ahtaingtt disdestectR DY itSaleceneaid axmeisistcaftoaliy(fon, e freaiswred tofiarstgjsot other

than, but of ihe same;sRRHEIRP e shbiest, framadigBdre cells have been obtained or derived).

Also possible may be xenogenic administration of said bone-forming cells (La, wherein cells obtained
or derived frasne sobjspias trarspetesrosidntoisiat ddie-bsubpctisf brdifeieittepegity).
Preferably hareigy BUma DR SsEu NG Saks @ISy e SrRiOyaH JaEAH oo RissiesAERasHIC 20
administration to human subjg%tiha\%g IRD. Autologﬁg)u?s adm_lplstr.atlogeh’ga?&be eagtlcﬁcleagx preferred.
The term "bgﬁ@%iﬁg!g&s' G5et°HErs %rgnéslpa )‘7 e%orréetoog(r'a'l?g capable of contri uéflna to, or
capable of defleriopitiontd déiks isatnetmycennmsneateDtiRToprn ardesftboremehiepialatherer-bone

matrix, and paticy|advsdenotes inplalaonlishr SathgasuiRivneWiERR) asgslbreapeabie ohe
- undergoing osteo etnic g(i)l;fnertt)-:‘nntri1 tci) NREY b) are committed towards osteogenic differentiation, or c)
have at least pait yapor'ggresge(f alorig osteogenic differentiation, more preferably denotes isolated cells

or cell populgiopsdisies a%ﬂ%ia@é‘é’t%f?bh&h&-fWBm{iﬁ@tﬁ@Br beserdarDingcslispentissbarly
encompass osteoprogenitors, osteo S, t a 0] C /RES O IC lIneage
2o known mbesktt oBV 0t o PSR i taboy A SUbees b RRdR 6/ neos

therapeutically effective amount of isolated bone-forming cells. Also disciosed is a method for
preventing and/or treating inflammation in {the inflammatory component of) IRD in a subjectin
need of such treatment, comprising administering o said subject a prophylactically or |
therapeutically effective amount of isolated bone-forming cells. Also, the invention relates fo a
pharmaceutical composition comprising isolated bonleorming cells for use in treating IRD.
Also disclosed is a pharmaceufical composition comprising isolated bone-forming'celts for

- use in treating inflammation in (the inflammatory component of) IRD. .

~ Also described are isolated bone-forming cells for use in treating inflammation, as well as the _
use of isota'téd bone-forming celis for the manufacture of a medicament for the treatment of
inflammation. As well described is a method for preventing and/or treating inflammation in a
subject in need of such treatment, comprising administering fo said subject a prophyiactically
or therapeutically effeciive amount of isolated bone-forming cells. Further described is a
pharmaceutical composifion comprising isolated bone-forrrii_ng cells fOr' use in treating
inflammation..



A skilled person thus generally appreciates the bounds of the term "bone-forming cells" as intended
herein. Nevertheless, by means of further guidance and not limitation the present bone-forming cells
may ‘display zg&%gﬁ%re or all foIIowi_n_g characteristics:  a) the ceI'Is ﬁ@m'ﬁ,@g%@@ﬁsion of
alkaline phosphatase P), more specifically ALP of the 5bone-liver-kidney type, or expression of
osteocalcin or both; b) optionally, the cells comprise expression of any one or more of procollagen
type 1 amino-terminal propeptide (P1NP), osteonectin (ON), osteopontin (OP) and bone sialoprotein
(BSP); c) optionally, the cells comprise expression of any one or more nnesenchymal markers
CD105, CD73 and CD90; 10d) the cells show evidence of ability to mineralize the external
surroundings, or synthesize calcium-containing extriicellular matrix (e.g., when exposed to osteogenic
medium; segndaigimaliefi@abdt 99 1isdOedtdioichetati64 12 35431@) cSajripwizatrsuimaleschahsige cells and
deposition igig MLl ISR AABA"R. ANERERTAINN HRARMISCHRA S BHP! SR B EaN A SCa2t
washing ana re-culturing, and then determining any radioactivity present inside the 15 cell or deposited
into the extréRRAAIS RRIGXYT.S. Pat. No. 5,972,703), or by assaying culture substrate for

mineralizati E INg.& + it (St | Griashin b pampes ethe cells
substantially%(%)J Ség‘?ed?ﬁ%?ﬁr?tigﬁﬁg %ﬂﬁ%@ﬁgﬁﬁiﬁi?@il towag]ds"neither gf }%ﬁ‘u’ of

adipocyfic liRESHAE. J oFINEERY 8F% 8%%%?5'%%6193 Yol c'?ﬁ)ﬁgr%c@?gsﬁ The absence of
differentiatiorbteinesy trersuc et difreniye SipingjcpksesupariigifgPisgtRr @ aATeREHRARIAYAGILg
conditions eg{glalishad inipiany(eels SerRittannesehrlietN aJnirnoec?8én1did), madregsaying
methods (e.%. Wh[en induced, adipocytes typically stain with oil red 0 showing lipid accumulation;
chondrocyte 3 eﬁﬁCaIIy stain with alcian blue or safranin 0). Substantially lacking propensity towards

adipogenic angfesishasndragpniccamglifiereniintioodpayiipis e pretiable ssathanl 50 as, less than
30%, or less than 5%, o less than 1 /rg,lgg mgntthﬁg@&,ﬁ,%'é&.“@éw ABRVpRIRDA! AHRRISRiRAE,

0
chondré)%enfecdfﬁtgpen IRfon W i’éonnaﬁp led to the respective test. In an embodiment the E)jgatse-forming

cells may digisiying b¥aRAQBeISRRHEIEN RIFERIP S i) WHAURE RiRiprably human su
2009/080749R&JdERP008{0E80 0va b b ersiba dellidh sadinte be positive for a particular component
(e.g., marker or enzyme), this means that a skilled person will conclude the presence or evidence of a
distinct sign&ale. gonseriepig-sete cbdiePsr yeie@hbh %99’8%?5@&@%8%@%&3 ARSI %ﬁain
reaction, for saafireeEpone ttavimEmecarbjéat fau thbidp froprltdave dagre ridainesopiplid@db® suitable
‘ CO”‘”0'%sWhQTEgQﬁ%iE'%%?Hﬁw(ifeﬂ %Hﬁﬁﬂi&@%ié@_;%sﬁ%ﬁﬁgwrﬂnﬁérthmm?m%mEb@islglls may
on average generate a signal that is signi tly different from the,control,.&.9. it mitation,
at least 1.5-f6%d tﬁ?gﬁ'étp?ﬁ%og%@f%'% ﬁwa% &é‘%ﬁ% 83)%?/%%%11??8 n%eq s?gegﬁé?%tﬁ%gs%%ﬁg%,Hé%t%baést 4-fold,
at least 10-folehcgeiasdptnigiation REsa80TmloaTRASEID f6d VAETBEE5-RABIRRGHYT B8N higher.
10The expregsion &fdbe: absvespelicpacificmasiets can hedetet tediiesingspayisyitable immunological
technique known in the art, such as immuno-cytochemistry or affinity adsorption, Western blot
analysis, FAGSemEbIg herete. NofBY bene JoiaBRaBilsaE 08 HERYSr BV HIeoR T AR IRIG CIor ALP),
or by any suiiahlpiteahsiqueohereasising tberguimTithab ke akeinisiRiby, may. LB oatievablot,
semi-quantit%;glfgrperciquantitative RT-PCR, etc. Sequence

The term “bone-forming cells” as used herein generally refers to cells capable of contributing
10, or capable of developing to cells which can contribute to, the formation of bone material
and/or bone matrix, and particularly denotes isolated cells or cell populations which a) are

25  capable of undergoing osteogenic differentiation, or b) are committed towards osteogenic
differentiation, or ¢) have at least partly progressed along osteogenic differentiation, more
preferably denotes isolated cells or cell populations fisted under any of b} or ¢). Without
fimitation, bone-forming cells particularly encompass osteoprogenitors, osteoblasts,
osteccytes and other celi types of the osteogenic lineage as known in the art



15data for markers listed in this disclosure are known and can be obtained from public databases such
as GenBank (http://www.ncbi.nlm.nih.gov/). Isolated bone-forming cells or cell populations for use in

the invention rfna#ﬂta%?%l;?)tained or derived in any suitable manner known i Hﬁ?.%e@? géaoe,mbodiment,
bone-forminéhge sor ceﬁ’populations may be derived by differentiation from re atlvefy less

differentiated adult 20 progenitors or stem cells, such as, e.g., from mesenchymal stem cells, using
differentiation protocols known per se. Without limitation, one suitable method to obtain bone-forming
osteoblasts has been disclosed in WO 2007/093431 and involves culturing isolated bone marrow stem
cells (BMSC) or mesenchymal stem cells (MSC) in the presence of plasma and basic fibroblast growth
factor (FGF-2). In another example, osteogenic lineage cells may be 25 obtained by differentiating

MSCin oste@g@mg‘d%%ﬁnmd@&mmd ébpr%ﬁiﬁ@ﬂ&h@b@lm&@&&r(&éﬁﬁC@qﬁ%rbﬂ&g%}e@ﬁdslaiswal et
al 1997 (supia [0 agothenerRpdiment, bensdominggels anee LapauaifamanDssgipted and
optionally cultired and/or expan ec‘ﬁ?on# biological samplés comprising such cells. For example,

osteoblasts ‘é%l??‘é%f @i%&ﬂﬁ%é@@?ﬁ@%ﬁﬁﬁ?gﬂ‘%ﬁﬂf fhi¥eviag %@C : ¥iSeribed by Skjodt at at
1555 (1 Enccyno 405 355 00) T 51 TIPS GRoBE A R g s

herein generallyinclu atic diseases which entail an inflammatory and/or autoimmunity

componnt, %ﬁﬁ"W@k%%m?ﬂQWF@ﬁﬁ%W% ti_i%yf‘t:icularly which entail at least an
inflammatory co §§)n%'f§%ee’ééi@%81%r%%@?é%ﬁ%‘fi timiatene IR BrBasHSLAYEOMPHISES

osteoarthritis’( orlatic arthropathy, gout, pseudogout and arthritis of various orl_glns including

among otheke el PraRsBgeHHINCIRORIE e Fabhi CSRARATE SRR BRR R BRI R EIEP S ndrome, 5
osteonecross. AR HALILCD S DRI aR Sl T5eri, BRIGRLARRASR e

lupus erytherhatosus, septic arthritis and spondyloarthropathies such as inter alia ankylosing
spondylitis éﬁ@’@ﬁt&@ﬁ%\ﬁﬂﬁ %B%dylitis and undifferentiated spondyloarthropathy. Hence, in an

embodimentthe diSHOSHIG DAYIRI I AY:ORaIRRRNERCEIEAM) QIRMANIIS P MRsRuatic
arthropathy, gout, pseudogout and arthritis of varlous OrI%nS toin Ig{gl%g among othg:rs rheumatoid
arthritis (RAFAHEYGREANNE RS IR R il 0P equf’ssei% oS IEUB HERF O, 5°°
pauciarticulatzjswehite ahagfatdiGalr hidtbe Btidiseasé 2 Bélaipurdiseayayislisresdripels and
efythemaﬁ)%&%ﬁqrﬁmgiﬁﬁém@m@%Mlgarwmd@ﬁmlﬁmaﬁéatﬂfr %(W)ﬂ?ﬁéﬁ’l@:ﬁ@omdygﬂs and
enteropathic,gpandylitis and yndifferentiate n ropathy. ' , the
disclosure rr?icgarefla 8% dngn?/nlénrg'ﬂgBrb%e?qﬁ%%gs%%iﬁﬁ}ﬁi%#yra]d%gcw%ﬂb%%m 'RQHQW

© 15 cell or deposited into the extracellular matrix (U.S. Pat. No. 5,972,703), or by assaying culture

substrate for mineralization using a Ca®* assay kit (Sigma Kit #587), or as described in the

examples;

g) the cells substantially do not differentiate towards any one of, and preferably towards
neither of cells of adipocytic lineage (e.g., adipocytes) or chondrocyfic lineage (e.g.

20  chondrocytes). The absence of differentiation towards such cell lineages may be tested using
standard differentiation inducing conditions established in the art (e.g., see Pitienger et al.
1099. Science 284: 143-7), and assaying methodé (e.g., when induced, adipocytes typically
stain with oil red O showing lipid accumulation; chondrocytes typically stain with alcian blue or
safranin  O). Substantially lacking propensity towards adipogenic and/or chondrogenic

25 differentiation may typically mean that less than 50%, or less than 30%, or less than 5%, or
less than 1% of the tested cells would show signs of adipogenic or chondrogenic
differentiation when applied to the respective test.

in an embodiment the bone-forming celis may display all characteristics listed under a), d)
and e) above.



(OA), osteonecrosis and rheumatoid arthritis (RA). In yet another embodiment, the disclosure may
relate to any one IRD chosen from psoriatic arthropathy, gout, pseudogout and arthritis of various
origins including among others enteropathic arthritis, reactive arthritis an j e,
pauciarticula}‘j ﬁggﬁfgggdgrheumatoid arthritis, Still disease, Behget diseadspgizsk/qs;%g%mfié %ﬁﬁus
erythematosus, septic arthritis and spondyloarthropathies such as inter alia ankylosing spondylitis and
enteropathic spondylitis and undifferentiated spondyloarthropathy. The present bone-forming cells may
be particularly useful in treating IRD diseases (or treating inflammation in or inflammatory component
of said diseases), which comprise both 25 inflammation, with or without an autoimmunity component,
and bone lesion(s) such as, for example, erosion orsubchondral lesions. In this embodiment, the
bone-forming,geliscancsynergically smplierae koth saidpatholegiemnetiereby.a maskarorounced

therapeutic improvement can he achi %d In anath [ & %i e e,Pang:feming £alls;may be
used in treaﬁﬂgyfﬁfg%lgen&%agé ?%?%O%Ir(%eyg n?g(;a' the in é;r%lr}%gﬁgn%ngér%?larﬁmzﬂo? component of said

diseases), wi@hainasgid koo iprialie MidprRiRDPUIBEEHJaRMHIBE B oRRYREIBI T EY means of

example, a \M&i3A0RIARTABRCZER2208/B6B09 bt tRDagdiseasaaagabertreaitt dompapmtitont wherein
the inflagmation. LORRREIRRLIREheAR WhsHE LPanE LRsion (Sldaasy ok K uensuadordie LSe of
bone-forming cells in such diseases would not have tﬁen previo S|Xﬂll‘lgl aten ,rsolangb (r;})%rtr%? the
present discRESIHE GPIRE AR SRR AR5 B RI0Pb AL TSIRRAR C SRR ST e R Sxpectation
of any 5benefigs swithodisedstonfrarieasirhinfsiddtiomeotoomedo HanaesesaPedEARKeS @i or
treatment of inflaganaationsin, L 1eaéitagdiafiameastany. BRm@apen 20fidid Dat neagtiBopakdicatl it volve

suppressing%gfg%cig{gegg %%%(ﬁ?ﬁ;qge;régéggglnprhglegree of systemic and/or local inflammation in said
IRD, La, suppressing, reéucing or-decreasing tﬂe iInflammation (inflammatory component). Said level

or degree of Rflagymatissh canthe sudiably-1QpasRs seshaskaaw b eleaeidar eswunate anithkthout

imitation by measuina.svimpiams ol AMMAfien.(e-Glhver smcuAliagnal. lssrfigunction
etc.) and/or by mea}sgrlng cellular ana?qr molecular rharff(ers of inflammation, such-as, for example,
IL-la, IL-1[3, 3Es2ratior Westesm hlof Rpalysis oTAGCaFaitflof Sy iR seketls BIaaPRrRERESaY G?he
isolated bonerfgymingicitiisdo. beempioye thirtyesrase nédhvignt of maasbenguhalsiyetifosfitdated into

and adm'i“iSmé%ﬁﬁ]ﬁhﬂff@.@%ﬁmﬁérﬁmggﬂﬁ@g&é%ﬁ@ha&a@wﬂ@atﬁmm@i&oegqmwomprise,
in addition to the bone-formln%%%!lés%atﬁ descrjbed herein, a pharmac%u icallgtac%gp al le eéjcigpient,
iser, 0

carrier, Buffef 3 d8ERAHRS 4 s g?rr%th%orWrﬂa?g%aﬁve KON o those Skilled in the
art. Such maderiizsshoutt HeGroRaokibiEndanworindninteaie with the activity of the cells. The
precise nature 20 of the carrier or Rther mﬂa\terla will d%)end on gle.rouéﬁo%f%gmb@sgg fon, For

example, thés(%?’}ﬁgogwgﬁoﬁqg%%elﬁ ﬁ{ec?orﬂ?%lfkeg%%sren'feurséﬁI)'/nacc":fe"p])\{g e aqueous solution, which is
pyrogen-freedariveH ds anyisuBRbIgIMARRRO Kie dh e ibiiryarreripsiaal OREFRERNY REbYIRsAE
formulation, theippeer imsefeseddotelby hafrpniStem Eett TedatbplantetioniGemdalder e, and
Cellular,jm mH%%%}\%?Q % QG -Mershin &Ws Shedfan&dfoiAmRidIe O veriMiFER g ation
profocois known per se. Without limitation, oné éuitabie method to obtain bone-forming
osteoblasts has been disclosed in WO 2007/083431 and involves culturing isolated bone
marrow stem cells (BMSC) or mesehchymal stem celis (MSC) in the presence of plasma and
basic fibroblast growth factor (FGF-2). In another example, osteogenic lineage cells may be
25  obtained by differentiating MSC in osteogenic medium as described by Pittenger et al. 1999
(Science 284: 143-7) and Jaiswal et al. 1997 (supra). In another embodiment, bone-forming
cells or cell populations may be isolated and optionally cultured and/or expanded from
biological samples comprising such cells. For example, osteoblasts can be directly isolated
and cultured from frabecular bone as described by Skjodt et al. 1985 (J Endocrinol 105: 391-

30 6)

The term “inflammatory rheumatic disease” or “IRD” as used herein generally includes all
rheumatic diseases which entail an inflammatory and/or autoimmunity component, and



25 1996; and Hematopoietic Stem Cell Therapy, E. D. Ball, J. Lister & P. Law, Churchill Livingstone,
2000. Such pharmaceutical compositions may contain further components ensuring the viability of the
cells therein, Fé)r ‘35‘/51&'9{2,'&’ the composition_s may comprise a suitable buffersysiaRl@ds Phosphate
or carbonate%uﬁger system) to achieve desirable pH, more usually near neutral 30pH, and may
comprise sufficient salt to ensure isoosmotic conditions for the cells to prevent osmotic stress. For
example, suitable solution for these purposes may be phosphate-buffered WO
2009/080749PCT/EP2008/068007 8 saline (PBS), sodium chlodde solution, Ringers Injection or
Lactated Ringer's Injection, as known in the art. Further, the composition may comprise a carrier
protein, e.g., albumin, which may increase the viabifity of the cells. The pharmaceutical comroositions
may compriBaightEdt cafmisBnetielisettl iPatt rdNali IETHENE Wil d defecdtEF8r ekample,
such companantsianaydnckiddmitdiout liRitatisndwahipxyapatiestiricalenaniyiifodpHdte frariaties
(H/SITO”P), %ﬂ@gggmgpIgﬁlaptﬁa%gaglyalﬁctm&w@ol& %ﬁ%@yﬁwﬁfic@mnghamg, pabyd -lysine,
and collagen. For example, t ne-forming.cells.m e combin ith de ne matrix
(DBM) or otﬁ?r“fﬂ%%e%’?ﬁjé}%heeg%ﬁ 2Cite %as?go%/eﬁ:‘igc Vce)ngr%)rri}in\g_lin%ngn %]%l\%{]aér%%?f%%’well as
osteo-intluctisteoneShsiaravstibedaisingristohaysrdb rsthilifroRfitcliscitth ARNGEh&IEBEM have
yielded goodyaswitsi(Ganagtheatalslo¥opRiarBitisomd E3oBdyBhrneghamsace wtcataoniposition
can further include. or be co- ini | e ' | S&g&;@fy one
morphogengtri%y[%%{lgiﬁ?%ﬁéﬁaggeh%é?éz%gﬁéﬁgﬁ%&%%%?géﬁ%%ﬁﬁ%fowth a{%ﬂ%ﬁ]ﬁfpotential
accompanyingneempoRaNtsyipsdkitent SHaodgarisusouress efaaldunamyr phesRiaterssieablecfor assisting

pone regeneigLomie @9(97%%8&& asEsnsebAIERALAIRGLRBRE AdIRISIeIBRa8 srgRgier matrix
or material to provide improve

tissue regeneration. For example, the material can bﬁ %granular
s, rtAr
r;(r)';“ reactive HC

ceramié? or HEHSHANEPS QRS RRIZAC ABHIIR A0k RURE: TS N or osteoca #%orous

matrices carRbies sythiesize dostrenedingso raarisdicdiachimiqie srijeupatik estedtis. St BlstRsterials

14:323, 1998 Mikogi&lat, RlmRr idpud a8ttt oieplidlaridrifiamedpondyloarthropathies
such as ihter alia ankylosing spondyiitis and enteropathic spondylitis and undifferentiated
spondylcarthropathy.

15 In another embodiment, the disciosure may relate to any one IRD other than osteoarthritis
(OA), osteonecrosis and rheumatoid arthritis (RA).

In yet another embodiment, the disclosure may relate to any one IRD chosen from psoriatic
arthropathy, gout, pseudogout and arthritis of various origins including among others
enteropathic arthritis, reactive arthritis ahd Reiter syndrome, pauciarticular juvenile

20 rheumatoid arthritis, Still disease, Behget disease, systemic lupus erythematosus, septic
arthritis and spondyioarthro'péthies such as inter afia ankylosing spondylitis and enteropathic
spondylitis and undifferentiated spondyioarthropathy.

The present bone-forming cells may be particutarly useful in freating IRD diseases (or treating -
inflammation in or inflammatory component of said diseases), which comprise both

25 inflammation, with or without an autoimmunity component, and bone lesion(s} such as, for
example, erosion or subchondral lesions. In this embodiment, the bone-forming cells can
synergically ameliorate both said pathologies, whereby a more pronounced therapeutic
improvement can be achieved

In another embodiment, the bone-forming cells may be used in treating IRD diseases (or
30 treating the inflammation in or inflammatory component of said diseases), wherein said

diseases include inflammation and do not include bone lesion(s). By means of example, a



Mater. Res. 35:513, 1997). The pharmaceutical compositions can further include or be
co-administered in combination with any art-known therapies useful in IRD, such as without limitation
with disease-r}nodi{]}f }(ygta&ntirhgumatic drugs (.DMAF\"D), glucocor.ticoids, ng&%&i@d&%—inﬂam.matory
drugs 25 (Né‘ﬁlﬁ r ana?gesms. Hence, the invention also provides a pharmaceutical composition
comprising bone-forming cells and an agent chosen from DMARD, glucocorticoids, NSAID and
analgesics for simultaneous, sequential or separate use in treating IRD. The bone-forming cells are to
be administered in a "prophylactically effective amount” (Le., an amount of that inhibits or delays in a
subject the onset of a disorder as being sought by a 30 researcher, veterinarian, medical doctor or
other clinician) or in a "therapeutically effective amount" (Le., an amount that elicits the biological or
medicinal ré8bbiiteasa Sijele thaekdniing KEtgMt wheseiRsdarcHBraTEaH A S RYEG al Boctor or
other clinicigresaichnnaneWio REROISRIT)IRE THERR0ESI0E800R Ykdncitiberintorralig ativiation of the
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)

times per wédk:- BRI ol R AU SESIRPRIBYRIS. of RRIGHURNABH further also encompasses

methods of producin id [ euti tions, W, in sal r ULic:
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herein With dP@BRIRGERARRRATINESRITISSNREEcEHERR compositions.

Such pharmaceutical compositions may comprise, in addition to the bone-forming cells as
described herein, a pharmaceutically acceptable excipient, carrier, buffer, preservative,
stabiliser, anti-oxidant or other material well known to those skilted in the art. Such materials
should be non-toxic and should not interfere with the activity of the cells. The precise nature

20 of the carrier or other material will depend on the route of administration. For example, the
composition may be in the form of a parenterally acceptable aqueous solution, which is
pyrogen-free and has suitable pH, isotonicity and stability. For general principies in medicinal
formulation, the reader is referred to Cell Therapy: Stem Cell Transplantation, Gene Therapy,
and Cellular immunotherapy, by G. Morstyn & W. Sheridan eds., Cambridge University Press,

25 1996; and Hematopoietic Stem Cell Therapy, E. D. Ball, J. Lister & P. Law, Churchill
Livingstone, 2000.

Such pharmaceutical compositions may contain further components ensuring the viability of
the cells therein. For example, the compaositions may comprise a suitable buffer system (e.g.,
phosphate or carbonate buffer system) to achieve desirable pH, more usually near neutrat
36 pH, and may comprise sufficient salt to ensure isoosmotic conditions for the celis to prevent
osmotic stress. For example, suitable solution for these purposes may be phosphate-buffered



The bone-forming cells or pharmaceutical formulations comprising such can be administered in a
manner that permits them to graft or migrate to the intended tissue site and reconstitute or regenerate

the functionq%t%@'b(/"g(p}ggrea. Administration of the composition will depgndanZasihgdpsculoskeletal
ed.

site being repair or example, administration may occur by injection or implantation directly into
intra-articular cavity in case of disorders of joints. In other circumstances, the bone-forming cells or
pharmaceutical formulations comprising such may be administered systemically, whereby their
anti-inflammatory actions may occur systemically or they may migrate to diseased areas. Hence, in
general examples, the administration may 30be inter alia systemic, topical, intra-articular or
peri-articular. Hence, in an embodiment the pharmateutical cell preparation as define_above may be

administere8ain® fRRD liGatH Eonfblittn SAYED0DBRSE6748IS64TEPF00bA5ERF 7 THIR Snother
embodimentjtugidnone fooming tellsroFoshigrolbelationesitiay Beyicanitseee teragidpten|taed on
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a calcium phospttaeyelytive rcsmfasiisnsukyasos pisgatiifieneoraprenents liaeliAlh digy FeRedsopreferred,
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three-dimengigniah SRl Si4pPRrSinbdTee it crutecthtsad b meltiplyba(ier corttherertbticiffdrentiation
process by IngybaHag. S aqlld SueRard v He e AUYTRNK BRATHER Sl 6. van daRoliaeRReary. Cells
can be transferred onto a three-diménsional solid su‘gport, e.g. %[%/ mgb%reﬁgﬁtm%saldl gudtzéjlor with a
liquid stRspeSETIAT BRIRARTHF SaRHAALOHRONG BHEGA t%%lss%%a YERSREY AT WaS A be
implanted inrashiisr{@nnseljedtal SIEsh . 1Bimprisgnated SdPports can also be re-cultured by immersing

them in a liquid culture medium, prior tQ. bein%in&%implagt d. Th three-%imen,{sior%alva%lidasupport
needs to be Di§cHPRRSREF A SPTRMRIAR it b&TPIalffedh §hihai  RTENBEST afly Siitable
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or else apatiteowied astabtikel gless cegansiatiphiFactivergits Sheernsmieics saclhas Bisglkss@Ernic,

or a biopolymer such as gelatine, collagen, osteonectin, fibrinogen, or osteocalcin. Porous
matrices can be synthesized according to standard technigues (e.g., Mikos et al,

20 Biomaterials 14:323, 1093: Mikos et al., Polymer 35:1068, 1994; Cook et al., J. Biomed.
Mater. Res. 35:513, 1997). e

The pharmaceutical compositions can further include or be co-administered in combination
with any art-known therapies useful in IRD, such as without limitation with disease-modifying
antirheumatic drugs (DMARD), glucocorticoids, - non-steroidal  anti-inflammatory  drugs

25 (NSAID) or analgesics. Hence, the invention also provides a pharmaceutical composition
comprising bone-forming cells and“an agent chosen from DMARD, glucocorticoids, NSAID
and analgesics for simultaneous, sequential or separate use in treating IRD.

The bone-forming cells are to be administered in a “prophyiactically effective amount” (i.e., an

amount of that inhibits or delays in a subject the onset of a disorder as being sought by a '
30 researchér, veterinarian, medical doctor or other clinician) or in a “therapeutically effective

amount’ (i.e., an amount that elicits the biological or medicinal response in a subject that is

being sought by a researcher, veterinarian, medical doctor or other clinician, which may



25¢glasses. General definitions Unless otherwise defined, all terms used in disclosing the invention,
including technical and scientific terms, have the meaning as commonly understood by one of ordinary

skill in the arg 10, (Q'/?%'}ms invention belongs. WO 2009/080749PCT/EP20Q3/06390d&dkt As used
herein, the singular forms "a’, "an", and "the" include both singular and plural referents unless the

context clearly dictates otherwise. By way of example, "a cell" refers to one or more than one cell.

The terms "comprising”, "comprises” and "comprised of' as used herein are synonymous with
5"including”, "includes" or "containing", "contains”, and are inclusive or open-ended and do not exclude
additional, non-recited members, elements or method steps. The recitation of numerical ranges by

endpoints includes all numbers and fractions subsuted within that ran s wel] as the recited
endpoints. TH&E&rfe5 A6 AI8YAN08LH NBIVITROR Fefbs &'f'gaf‘?n%acgﬁcgaggfe !reate%'atﬁ%
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shows mesenchymal and bone markers expression by bone-forming cells. gOFigure 2 ahows
;g ?’—t%ﬁr ther active ¢

mineralizatid?? (RFERY A PRUIBPSEIMAG B9 BORRRSHIRIRG R_iIY RSN R

SROWS COMTPaNSoR Between
Ankles Dianeterisiar@iiRRditinadteticpameaioriighcoie pf IBARRAIPDEX treated animals (dark grey),

CARRA+OB treated animals (dark) and CARRA+0O +DE%tr%aated nin%qls @otted l[i)ne . D{'a;meters
reporte’d’ as %iﬁé?@ﬁﬁm and not limitation, a dose of between about 1x10° and about X

bone forming celts, or between about 1x10* and about 1x10® bone forming cells, or between
about 1x10° and about 1x107 bone forming cells, or between about 1x10°% and 1x10° bone
forming cells, may be administered, locally and/or systemically, to a subject, preferably a non-
hurman mammal or human subject. Such administration may be one-fime or repeated, or may

15 be done by unit of volume. By means of example and not limitation, frequency of repeated
administration may be once or twice per day; once, twice or more times per week; or once,
fwice or more times per month.

The invention further also encompasses methods of producing said ph_armaoeutical
compositions, wherein said pharmaceutical compesitions are intended for use in treating IRD,

20 by admixing bone-forming cells as disclosed herein with one or more additional componenis
as above.’

The bone-forming cells or pharmaceutical formulations comprising such can be administered
in a manner that permits them to graft or migrate to the intended tissue site and reconstitute
or regenerate the functionally deficient area. Adminisiration of the composition will depend on
75 the musculoskeletal site being repaired. For example, administration may occur by injection
or impiantation directly into infra-articular cavity in case of disorders of joints. In other
circumstances, the bone-forming cells or pharmaceutical formulations comprising such may
be adminisiered systemically, whereby their anti-inflammatory actions may occur systemically
or they may migrate to diseased areas. Hence, in general exampies, the administration may
30 be infer alfa systemic, topical, intra-articular or peri-articular.

Hence, in an embodiment the pharmaceutical cell preparation as define above may be
administered in a form of liquid composition. '



baseline. 25 Figure 4 shows comparison between Paw Diameters in CARRA treated animals
(diamonds) CARRA+DEX treated animals (squares), and CARRA+OB treated animals (triangles).

Diameters re98%g &E /g increase versus baseline. WO 2009/080749PGL/ER2QGHIMRAP07 12 Figure
5 shows compaiison Ween Paw Diameters in ADJtreated animals (diamonds), ADJ+DEX treated

animals (squares), and ADJ+013 treated animals (triangles). Diameters reported as % increase versus
baseline.  Abbreviations used in figures are as follows: CARRA: Carrageenan 0.7%; ADJ: Complete
5Freund adjuvant 75pg; DEX: dexamethasone 1mg/kg; 06: osteoblasts 1*106 EXAMPLE 1
Experimental procedures In the following, procedures are described leading to derivation of
bone-forming cells either (A) from bone marrow stel cells (BMSC) substantially as described in WO
2007/09343%, andhéB)dmbidithett differantiatiogting cedts of o) popstdiogenisyrbedisnseord®) by

expanding oalGoplaRle ) stuﬁ; SRR A ATIERP ARV DR BBEMSRICR o B of

heparlnlzedabone marrow were obtained from iliac crest of patients snﬂﬁ%rlr}% fron] bone diseases.
plese

BM was mix&a RaiepiespindLninietecredna BB, sU0) ahd'T8Ydyer FEnsiy gra{(dlent Ficoll
solution. Aftemieentyiftmatobicandne suthesrsoshisaw e realsiuveshesbirah ﬂ@é’iﬁﬁéﬁ‘a@%ﬁ‘%%ed twice

in PBS. §n pgigl lé@{yléﬁéugﬁérfﬁ@méﬂﬁﬁ%b@h f@s@;'ﬁ?&f&%@@%@ﬁ:@hﬁ!@@i aftpreenisiegaticiosof 160 ml
of blood drained into dr bes T Is Spe e Ip u ented with
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20 osteoblasthpirbatsspevesuéiragh é@c'wmosﬂﬁét%éﬁsqﬁbl%‘ﬂfﬁ%@ﬂ%ﬁi’i’!io‘:ﬁ@@ﬁgﬂ'&éﬁrﬁ?flasks and
maintained g, gs8341e. Nenigifiediaimgpherecoatatningd%s.CO2. The cells were allowed to attach for 4
days prior an initial medium change. Two other partial medium changes (half volume changed) are

done at day§F exrnpte, caindhaidiavadralineios Aaliatr ey ey ieRErs R dittigh ¢5PESs%n at 37¢.
The cells wase rpRieciamtbpintecimchsidB cells/ A HoniR bfdernathse Wreekiofroliily @nd/or

continue the differentiation process by incubating the solid support in a liquid nutrient medium

~ of the invention, if necessary. Cells can be transferred onto a three-dimensional sofid support,

e.g. by impregnating said support with a liquid suspension containing said cells. The

impregnated supports obtained in this way can be implanted in a human subject Such

15 impregnated supports can also be re-cultured by immersing them in a liguid culture medium,
prior to being finally implanted.

The three-dimensional solid support néeds to be biocompatible so as to enable it io be
implanted in a human. It can be of any suitable shape such as a cylinder, a sphere, a piate, or
a part of arbitrary shape. Of the materials suitable for the biccompatible three-dimensional
20 solid support, particular mention can be made of calcium carbonate, and in particular
aragonite, specificaily in the form of coral skeleton, porous ceramics based on alumina, on
zirconia, on tricalcium phosphate, and/or hydroxyapatite, imitation coral skeleton obtained by
hydrothermal exchange enabling calcium carbonate to be transformed into hydroxyapatiie, or
else apatite-wollastonite glass ceramics, bioactive glass ceramics such as Bioglass(TM)
25 glasses.

General definitions

Unless otherwise defined, all terms used in disclosing the invention, including technical and
scientific terms, have the meaning as commonly understood 'by one of ordinary skill in the art
to which this invention belongs.



B. Bone Marrow mesenchymal cell differentiation in osteogenic medium Bone Marrow Mesenchymal
Stem Cells from standard MSC expansion culture are recovered by incubation with trypsin-EDTA and

plated at 60 (ﬁ Q)Q& lls/well in 6-wells plate in the expansion mediug( 2o 6ails/cm?2). The
next day, the medium is replaced by 2,5 ml WO 2009/080749PCT/EP2008/1168007 13 osteogenic

medium. The ceIIs_art_a cultured for 2, 3 or 4 weeks. The medium is replaced every 3-4 days. Media
Dexamethasone dilution: 5Dex1 (5.104M): 2 pl dexamethasone stock (5.102M) + 198 pl alpha-MEM
Dex2 (10-8M): 2 pl Dex1 (5.104M) + 998 pl alpha-MEM Osteogenic medium (40 ml) VolumeFinal

concentration alpha MEM31 ml/ FCS6 ml15% PenStrepGIu (100x)400 plix Dexamethasone (Dex2)400
pl10-8M Ascorbic acid200 plI50 pg/ml

As used herein, the singular forms “a”, “an’, and “the” include both singular and plural
referents unless the context dlearly dictates otherwise. By way of example, “a cell” refers to
one or more than one cell.

The terms “comprising”, “comprises” and “comprised of’ as used herein are synonymous with
5 “including”, "includes” or “containing”, “contains”, and are inclusive or open-ended and do not
exclude add:’uonai non-recited members, elements or method steps.

The recntatlon of numerical ranges by endpoints includes all numbers and fractions subsumed
within that range, as well as the recited endpoints.

The term “about” as used herein when referring to a measurable value such as a parameter,

10 an amount, a temporal duration, and the like, is meant to encompass variations of +/-10% or
less, preferably +/-5% or less, more preferably +/-1% or less, and still more preferably +/-
0.1% or less of and from the specified value, insofar such variations are appropriate to
perform in the disclosed invention. it is 1o be understood that the value to which the modifier
“ahout” refers is itself also specifically, and preferably, disclosed.

15 All documents cited in the present specification are hereby incorporated by reference in their
entirety. In particular, the teachings of all documents herein specifically referred fo are
incorporated by reference.

Brief Description of the Figures
Figure 1 shows mesenchymal and bone markers expression by bone-forming cells.

20 Figure 2 shows mineralization (A) and ALP (B) staining by bone-forming cells.

Figure 3 shows comparison between Ankies Diameters in CARRA ireated animals (light
grey), CARRA+DEX treated animals (dark grey), CARRA+OB treated animals (dark) and
CARRA+OB+DEX freated animals (dotted line). Diameters reported as % increase versus
baseline.

25 Figure 4 shows comparison between Paw Diameters in CARRA treated animals (diamonds)
CARRA+DEX ftreated animals (squares), and CARRA+OB ftreated animals (triangies).
Diameters reported as % increase versus baseline.



Betalglycerophosphate2 ml10 mM C. Trabecular osteoblasts expansion From human bone specimen,
soft connective and cortical bone were carefully removed, and 10 the remaining trabecular bone was
minced into small fragments (Lmm?2). The bone fragments were extensively washed in PBS to remove
the adherentfRHERERE and seeded in 25 cm2 tissue culture flasks in d %Jf&ﬁ%"?ﬁ@%ﬁﬁ%
supplemented with autologous serum with or without a growth factor (see above). The medium was
changed twice a week. After 4 weeks cells were released using trypsin-EDTA solution, counted and
eventually re-plated at a density of 155000 cells/cm2. Flow cytometiv Immuno-biological cell surface
markers of the cells were analyzed by flow cytometry. Bone- forming cells were incubated with the
following labelled monoclonal antibodies: HLA-I, HUA- DR, CD80, CD86, CTLA-4, CD40L and
PBS. WO 2B e LD DA 4 o o et T R o

: _ was immuna-detected with a specifi
oyl AR ARPEP A EAA JFHE CEN S T T e A A 0By How
cytometry. Nhiagvethratbmartessas #ridciesss \SFsnmeaegingtion potential was assessed by adding

osteogenic medium on the cells. .5 -6 000 bonfe formi&g&!&s &see abovg)/gg]%, 2 @gll;(g into 6-well

plates in pre2RNENPES 3B JBLSHAERS RUSHRMAREE Wit 0°F DM dexarhe aisonef%l.%S mM

ascorbi6 acifrawit 3diveelyEes PEHodprametmrane 1 mudiu QRisteeblasitule Xells were fixed in 3.7%
formaldehyde/PBS and stained by alizarin red. ALP staining 10Cells were stained for ALP detection.
Bone-formingX@dBlEce above) were washed twice with

Experimental procedures

In the following, procedures are described leading to derivation of bone-forming cells either
(A} from bone marrow stem cells (BMSC) substantially as described in WO 2007/093431, or

10 (B) by further differentiating the cells of (A) in osteogenic medium, or {C) by expanding
ostecblasts from frabecuiar bone.

A Osteoblast derivation from BMSC

20 to 60m! of heparinized bone marrow (BM) were obtained from iliac crest of patienis
suffering from bone diseases. BM was mixed with phosphate-buffered saline (PBS, 2v:v) and
15 layered on density gradient Ficoll solution. After cenfrifugation, mononuclear cells were
harvested from the interface and washed twice in PBS. In parallel, serum from patients or
healthy donors was obtained after centrifugation of 160 ml of blood drained into dry tubes.
The cells were resuspended in alpha MEM medium supplemented with 20% allogeneic
plasma and 10ng/m! FGF2 (or with another growth factor known in the art to induce
20 osteoblast phenotype, such as, e.g., BMP). The cells were plated at 1x107 celis/175cm? flasks
and maintained in a 37°C humidified atmosphere containing 5% CO2. The cells were allowed
to attach for 4 days prior an initial medium change. Two other partial medium changes (haif
volume changed) are done at days 7 and 11. Cells were detached at day 14 using trypsin-
EDTA solution for 1-5 min at 37°C. The cells were counted and plated at 1x10° cells/175¢cm?
25 for ancther week of culture.

B. Bone Marrow mesenchymal cell differentiation in osteogenic medium

Bone Marrow Mesenchymal Stem Cells from standard MSC expansion culture are recovered
by incubation with trypsin-EDTA and plated at 60 to 120,000 cells/well in B-wells plate in the
expansion medium (12 500 cells/cm?). The next day, the medium is replaced by 2,5 mi



PBS, then fixed in 60% citrate buffered acetone for 30 seconds at room temperature, and then rinsed
again with distilled water for 45 seconds. Cells were then stained with a Fast Blue RR/Naphtol AS-MX
phosphate solution for 30 minutes at room temperature, and in the dark. Cg%l e /ngﬁped with
distilled watS¥Por@iifi#es, and then counterstained in Mayer's 15Hematoxylin-solution for 10
minutes. Finally, cells were washed in distilled water for 3 minutes. Proliferation assay 200.000 human
T cells/ml from individual A (Peripheral Blood Mononuclear Cells, PBMCa) were plated in 96-well
microtiter plate with irradiated or CD3 depleted PMBC from individual B 20 (APCb) and human
bone-forming cells from a third individual for 10 days in a total volume of 200p1, in presence or not of
PHA (a mitogenic activator of T cells). The human bbne-forming cells were seeded at 20.000, 100.000
and 200.0004kkosKemMEBMCE aselaPebuidrs &-ifeubated WiRkSor WRHBBEPTIAS A8RiRced
lymphocyte ggagtion fggurred wherein the PBMCa cells were activated by the surface antigens on
APCDb. The culture was incubated with 25 pCi/mI3H-thymidine for 18h of the culture period to measure
T cells prolifdediton. Cells were washed twice with ice-cold PBS and twice with ice-cold 5%
trichloroacetic aCidL%;CA . Flir}alrl_y, cells were lysed by a solution containing 0.1N NaOH and 0.1%
Triton-x100° FHESHBEMS AN Y harvested and mixed with scintillation liquid to be analyzed on a
beta-coyntepe W3 2063OBRASRENEERALQOOBINY Up ResulisprasEgonstructive properties The

level of cellular markers (bone and mesenchymal markers) or membrane markers were assessed by
flow cytomebrgxafted Iaveak DeRigare0TMIThesB ehalgpa-MEMCN) and Smesenchymal (CD105, 73, 90)
markers were highly expressed, while hematopoietic marker (CD45) was negative. Correlation with
bone biological function was done with ALP production (ALP staining) and calcium deposition
(mineraliza@stgogenre nedienifes3ed by most, if not all cells at day 21 and

Volume Final concentration
alpha MEM 31 mi /
FCS : 6 mi 15%
PenSirepGhu (100x) 400 yl 1x
Dexamethasone (Dex2) 400 pl 10 M
Ascorbic acid 200 pi 50 pg/mil
Beta-glycerophosphate 2mi 10 mM

C. Trabecular osteoblasts expansion

From human bone specimen, soft connective and cortical bone were carefully removed, and
10 the remaining trabecular bone was minced into small fragments (1mm?). The bone fragments

were extensively washed in PBS to remove the adherent marrow cells and seeded in 25 cm?

tissue culture flasks in a culture medium supplemented with autologous serum with or without

a growth factor (see above). The medium was changed twice a week. After 4 weeks cells

were released using trypsin-EDTA solution, counted and eventually re-plated at a density of
15 5000 celis/fcm?,

Flow cytometry

Immuno-biological cell surface markers of the cells were analyzed by flow cylometry. Bone-

forming cells were incubated with the foliowing labelied monocional antibodies: HLA-, HLA-

DR, CDB80, CD86, CTLA-4, CD40L and CD28 for 15 min and then washed with PBS before
20  being centrifuged and re-suspended in 0.3mi PBS.



important mineral deposit - above 65% of total area under microscopic examination - was 10observed
(Figure 2). Immuno-modulation properties Results shown in Tables 1 and 2 indicate that APC were
recognized by the PBMC as foreign cells and PBMC were therefore prollferatln]g When PBMCa and
APCDb were MiR8%H%H&*Bresence of autologous BM derived osteoblasts Frdntinti¥iei4 s, BMOBD),
the mixed 15lymphocyte reaction was suppressed, by 40-50%. The same effects were observed in
presence of PHA (10pg/m1) which is a strong T cells proliferation stimulator (Table 2). The
immunosuppressive effects of osteoblasts were more important - at 55 to 65% - on stimulated T cells.
Interestingly when mixed in the presence allogeneic BM derived osteoblasts (from individual 20 C,
BMOBc), the mixed lymphocyte reaction was also significantly suppressed, at 30-40% in standard

conditions %@?@%@s@%@ée@e%ﬁ%tﬁ%@&ﬁg cm@g&ps B%!%WH%d ostgaplasts frgpy individual

C (BMOBc) were lpaded on 96-well microtiter plate and co-incub PBMCa and APCb. The
culture was REETRARAGANAR SIS SEISIANNE 10 PREH SRR TGRS ErI8Y @RI Yure T cell proliferation.

These results suggest that there was no 25specificity of suppression with respect to the HLA subtype.
Table 1 MS¥NRIERHER 88%¥Ch PBMCa + APCb + PBMCa + APCb +

induction of mineralization potential was assessed by adding osteogenic medium on the cells.

5 ~B 000 bone forming cells (see above)cm? were plated into 6-well plates in presence of 5%
autoiogous plasma supplemented with 0.1 uM dexamethasone, 0.05 mM ascorbic acid and 3
mM glycerol phosphate. After 2, 3 or 4 weeks of culture, cells were fixed in 3.7%
formaldehyde/PBS and stained by alizarin red.

ALP staining

10 Cells were stained for ALP detection. Bone-forming celis {see above) were washed twice with
PBS, then fixed in 60% citrate bufferad acetone for 30 seconds at room temperature, and
then rinsed again with distilled water for 45 seconds. Cells were then stained with a Fast Blue
RR/Naphiol AS-MX phosphate solution for 30 minutes at room temperature, and in the dark.
Cells were washed with distilled water for 2 minutes, and then counterstained in Mayer’s

15 Hematoxylin solution for 10 minutes. Finally, cells were washed in distilled water for 3
minutes.

Proliferation assay

200.000 human T cells/ml from individual A (Peripheral Blood Mononuciear Cells, PBMCa)
were pléted in 96-well microtiter plate with irradiated or CD3 depleted PMBC from individual B

20 (APCb) and human bone-forming cefls from a third individual for 10 days in a total volume of
200ul, in presence or not of PHA (a mitogenic activator of T cells). The human bone-forming
cells were seeded at 20.000, 100.000 and 200.000/ml. When PBMCa and APCh were co-
incubated — with or without PHA, a mixed lymphocyte reaction occurred wherein the PBMCa
celis were activated by the surface antigens on APCb. The culture was incubated with

25 1pCiml 3H-thymidine for 18h of the culture pericd to measure T cells proliferation. Celis were
washed twice with ice-cold PBS and twice with ice-cold 5% frichlorcacetic acid (TCA). Finatlly,
cells were lysed by a solution containing G. 1N NaOM and 0.1% Triton-X100. The supernatant
is harvested and mixed with scintillation liquid to be analyzed on a beta-counter.



BMOBb BMOBc WO 2009/080749PCT/EP2008/068007 16 CI CO 15,000 +/- 2,100 9,000 +/- 1,350
10,000 +/- 1,500 14,000 +/- 1,750 7,000 +/-

WO 2009/080749 PCT/EP2608/068007
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Results

Bone reconstructive properties

The level of celiular markers (bone and mesenchymal markers) or membrane markers were
assessed by fiow cytometry after 3 weeks (Figure 1). The bone (ALP, OCN) and
5  mesenchymal (CD'IO5, 73, 90) markers were highly expressed, while hematopoietic marker
{CD45) was negative. |

Correlation with bone biological function was done with ALP production (ALP staining) and

calcium deposition (mineralization): ALP was expressed by most, if not all cells at day 21 and

important mineral deposit — above 65% of total area under microscopic examination — was
10 observed (Figure 2).

Immuno-modulation properties

Results shown in Tables 1 and 2 indicate that APC were recognized by the PBMC as foreign

cells and PBMC were therefore proiiferating. When PBMCa and APCb were mixed in the

presence of autologous BM derived osteoblasts (from individual B, BMOBbD), the mixed
15 lymphocyte reaction was suppressed, by 40-50%.

The same effects were observed in présence of PHA (10ug/m[) which is a strong T ceils
proliferation stimulator (Table 2). The immunosuppressive effects of osteoblasts were more
important - at 55 to 65% - on stimulated T cells.

interestingly when mixed in the presence allogeneic BM derived osteoblasts (from individual
20 C, BMOBc), the mixed lymphocyte reaction was also signiﬁcantly'suppressed, at 30-40% in

standard conditions (Table 1) and 60-65% in. PHA stimulated conditions. BM derived

osteoblasis from individual C (BMOBc) were loaded on 96-well microtiter plate and co-

incubated with PBMCa and APCb. The culture was incubated with 3H-thymidine for 18h of

the culture period to measure T cell pzoiiferat'ion. These results suggest that there was no
25 specificity of suppression with respect to the HLA subtype.

Table 1

MSC n® PBMCa + APCDb PBMCa + APCDh + PBMCa + APCb +
BMOBbD BMOBc




350_ 9,000 +/- 550 17,000 +/- 200 12,000 +/- 1,500 12,000 +/- 750 Table 2. Inhibitory effects of BM
fjerlved osteoblasts (BMOB) on PHA activated T cells proliferation (values are presented in cpm of
incorporated [3H]thimidine) MSC n PBMCa + APCb + PHA PBMCa + APCb + PBMCa + APCb +

BMOBbD + PHR BRIGE? PHA r- 04 CO

PCT/EP2008/068007

16
15,000 +/- 2,100 9,000 +/~ 1,350 10,000 +/- 1,500
14,000 +/- 1,750 7,000 +/- 350 9,000 +/- 550

17,000 +/- 200

12,000 +/- 1,500

12,000 +/- 750

Table 2. Inhibitory effects of BM derived osteoblasts (BMOB) on PHA activated T cells
proliferation (values are presented in cpm of incorporated [PH]Thimidine)

MSC n®

PBMCa + APCh + PHA

PBMCa + APCb +
BMOBD + PHA

PBMCa + APCb +
BMOBC + PHA

25,000 +/- 2,800
22,000 +/- 2,200
35,000 +/- 3,400

12,000 +/- 1,700
8,000 +/- 1,300
15,000 +/- 1,200

13,000 +/- 1,300
10,000 +/- 950
13,000 +/- 1,100

Conclusions

5 Bone-forming cells such as osteoprogenitors, pre-osteoblasts or osteoblasts can be useful in
treating inflammatory rheumatic disease as they display both bone reconstructive and anti-
inflammatory properties. These cells are characterized by high expression levels of
mesenchymal and bone surface markers, correlated with ALP enzymatic activity and
mineralization ability, confirming their bone biological profile. The cells are further capable to

10 downregulate the proliferative response of stimulated T cells on an autologous and allogeneic
basis. This demonstrates that autologous or allogeneic bone marrow derived bone forming
cell products can be particularly useful for the treatment of inflammatory rheumatic diseases.

EXAMPLE 2: Modetl of in vive inflammation (IRD)

Model of Carrageenan-induced ankle/paw inflammation (1)

15 Inflammation was induced by injection of a solution containing 1% Carrageenan (CARRA;
Sigma, Switzerland) in PBS into the hind paw of 8 weeks old SWISS mice; each animal
receiving a single injection in each hind paw (Table 3). Carrageenan-injected animals
received immediately after injection or PBS only, or a solution of Dexamethasone (DEX
Sigma Switzerland) at a concentration of 1 mg/kg, or 1*10° human bone-forming cells (OB)

20  (derived from bone marrow mesenchymat str_omai cells as described in Example 1 Ay or a
combination of DEX and OB.



25,000 +/- 2,800 12,000 +/- 1,700 13,000 +/- 1,300 22,000 +/- 2,200 8,000 +/- 1,300 10,000 +/- 950
35,000 +/- 3,400 15,000 +/- 1,200 13,000 +/- 1,100 Conclusions 5Bone-forming cells such as
osteoprogenitors, pre-osteoblasts or osteoblasts can be useful in treating inflammatory rheumatic
disease as N W7 Hoth bone reconstructive and anti-inflammatory pFSpErias T hese cells are
characterized by high expression levels of mesenchymal and bone surface markers, correlated with
ALP enzymatic activity and mineralization ability, confirming their bone biological profile. The cells are.
further capable to 10 downregulate the proliferative response of stimulated T cells on an autologous
and allogeneic basis. This demonstrates that autologous or allogeneic bone marrow derived bone
forming cell products can be particularly useful for ttte treatment of inflammatory rheumatic diseases.
EXAMPLE Z;,_ Model airri}n\gmlimmgpation (IRD) Model of Carrageenan-induced ankle/paw

15Inil j

inflammation (1) ammation was induced-by-injection-of-a-selution-containing1%-Caffageenan
(CARRA; Groups (n=4) | Left hind paw Right hind paw

#1 | CARRA 0.7% CARRA 0.7%+ DEX (1mg/kg)

#2 CARRA 0.7% CARRA 0.7% + OB 10°

#3 CARRA 0.7% CARRA 0.7% + DEX + OB

#4 CARRA 0.7% PBS

Under isoflurane sedation, the circumference of ankles and paws was measured using a
digital caliper before the injection at TO, and at T1, T4 and T24; respectively before CARRA
adminisiration, and 1h, 4h, 6h and 24 hours after the injection.

5 Model of Carrageenan-induced ankie/paw inflammation (2)

Inflammation was induced by injection of a solution containing 1% iambda carrageenan
(CARRA; Sigma, Switzerland) in PBS into the hind paw of 8 weeks old SWISS mice; each
animal receiving a single injection in each hind paw (Table 4). Cafrageenan injected animals
received immaediately after injection or PBS bnly, or a solution of Dexamethasone (DEX;
10  Sigma Switzerland) at a conceniration of 1 mg/kg, or 1*10° human bone-forming Cells (OB)

(derived from bone marrow mesenchymal stromal cells as described in Example 1 A).

Table 4: experimental protocol

Groups (n=4) | Left hind paw Right hind paw
#1 CARRA 0.7% CARRA 0.7% + DEX (1mg/kg)
#2 CARRA 0.7% CARRA 0.7% + OB 10°

#3 CARRA 0.7% PBS




S_igma,_ S_,wit_zerl_and) in PBS into the hind paw of 8 weeks old SWISS mice; each animal receiving a
single injection in each hind paw (Table 3). Carrageenan-injected animals received immediately after

injection or PBS only, or a solution of Dexamethasone (DEX; Sigma Switzerland

1 mg/kg, or YF@GEWIRREY bone-forming cells (OB) 20(derived from bone martouw masanc

cells as described in Example 1 A) or a combination of DEX and OB. WO

at a 00£centration of
ymal stomal

2(_)09/080749PCT/EP2008/068007 17 Table 3: experimental protocol Groups (n=4) Left hind paw
Right hind paw #1 CARRA 0.7% CARRA 0.7%+ DEX (1mg/kg) #2 CARRA 0.7% CARRA 0.7% + OB

106 #3 CARRA 0.7% CARRA 0.7% + DEX + OB

10

15

20

18
Under isoflurane sedation, the circumference of ankles and paws was measured using a
digital caliper before the injection at TO and at T1, T4, T6 and T24; respectively before
CARRA administration, and 1h, 4h, 8h and 24 hours after the injection.

Model of Adjuvant-induced ankle/paw inflammation

inflammation was induced by injection of a solution containing 0.5% complete Freund
adjuvant (ADJ; Sigma, Switzerland) in PBS into the hind paw of & weeks old SWISS mice;
each animal receiving a single injection in each hind paw (Table 5). Adjuvant-injected animals
received immediately after injection or PBS only, or a solution of Dexamethasone (DEX) at a
concentration of 1 mg/kg, or 1%10° human bone-forming celis (OB) (derived from bone
marrow mesenchymal stromal cells as described in Example 1 A).

Tabie 5: experimental protocol

Groups (n=4) | Left hind paw Right hind paw

#1 ADJ 75ug ADJ 75ug + DEX (1mg/kg)

#2 ADJ 75ug ADJ 75ug + OB 10°

#2 ADJ 75ug PBS

Under isofiurane sedation, the circumference of ankles and paws was measured using a
digital caliper before the injection at TO and at T1, T4, T6 and T24; respectively before ADJ
administration, and 1h, 4h, 6h and 24 hours after the injection.

Results: Effects on Carrageenan-induced Inflammation

Carrageenan injection induces an immediate inflammatory reaction measurable by the
increase in (paw or ankle) diameters on the injected animals. The diameter increase, over
baseline, is approximately 20% after 1 hour, 25% after 4 hours and 17% at 24h (Fig. 3).

in the ankle, Dexamethasone (1mg/kg) induces a potent inhibition of the inflammation and the
swelling of the paw/ankle injected with Carrageenan (Fig. 3). The inhibition of inflammation



#4 CARRA 01% PBS Under isoflurane sedation, the circumference of ankles and paws was
measured using a digital caliper before the injection at TO, and at Ti, T4 and T24, respectively before
CARRA administration, and lh, 4h, 6h and 24 hours after the injection. 5Model of
CarrageenarfRdeE¥eHkIe/paw inflammation (2) Inflammation was indudéd 8¢ THECHEH of a solution
containing 1% lambda carrageenan (CARRA; Sigma, Switzerland) in PBS into the hind paw of 8
weeks old SWISS mice; each animal receiving a single injection in each hind paw (Table 4).
Carrageenan injected animals received immediately after injection or PBS only, or a solution of
Dexamethasone (DEX; 0 Sigma Switzerland) at a concentration of 1 mg/kg, or 1"106 human
bone-forming cells (03) (derived from bone marrow mesenchymal stromal cells as described in
Example 1 Ayddablevi:dexperthesor psot668 Grdilpsa(d=4) beffistirid jsassRigghttisimdfisaip #8 CARRA
0.7% CARRg: S iseaPRX (1mg/kg) #2 CARRA 0.7% CARRA 0.7% + OB 106 #3

By comparison in the ankle, administration of bone forming cells induces a moderate, but
important, inhibition of the inflammation at 1h and 4h, with a decrease of 30% and 40%
5 respectively, but this inhibition seems long iasting with an inhibition maintained at 40% at 24h.

Interestingly, in the carrageenan-induced inflammation, a synergistic (and potent) effect of the
combination of bone forming cells and dexamethasone is observed (Fig. 3). The anii-
inflammatory effects are 50%, 80 % and 75% at respectively 1, 4 and 24h. '

The anti-inflammatory effects for bone-forming cells are stronger, and also long lasting, in the

10 paw. Dexamethasone displays a 100%, 70% and 38% inhibition at th, 6h and 24h.
respectively, against 80%, 90% and 95% for bone forming cells (Fig 4). This may be due to
the better distribution and diffusion of injected cells in the paw.

" Results: Effect on adjuvant-induced inflammation

in the adjuvant-induced inflammation, despite a more severe inflammation of the paw/ankles

15 (i.e., a 40-50% increase in diameter versus baseling at 4h to 6h), bone forming celis tend to
show a potent ahﬁ-inﬂammatory effects {peak effect of 75-90%) similar to dexamethasone
inhibition {Fig. 5}, which is maintained at 24h.



CARRA 0.7% PBS WO 2009/080749PCT/EP2008/068007 18 Under isoflurane sedation, the
circumference of ankles and paws was measured using a digital caliper before the injection at TO and
at T1, T4, T6 and T24; respectively before CARRA administration, and 1h, 4h, 6h and 24 hours after
the injection. Model of Adjuvant-induced ankle/ inflammation 5Inflammation was induced by
injection of a solution containing 0,5% complete Freund adjuvant (ADJ; Sigma, SW|tzerIand) in PBS
into the hind paw of 8 weeks old SWISS mice; each animal receiving a single injection in each hind
paw (Table 5). Adjuvant-injected animals received immediately after injection or PBS only, or a
solution of Dexamethasone (DEX) at a concentration of 1 mg/kg, or 1"106 human bone-forming cells
(OB) (de }; m bone 10marrow mesenchymal stromal cells as described in Example 1 A). Table 5:
experimental protocol Groups (n=4) Left hind paw Right hind paw #1 ADJ 75pg ADJ 75pg + DEX

(1mg/kg) #2 ADJ 75pg
1. isolated bong-forming celis for use in treating the inflammatory component of inflammatory

rheumatic diseases (IRD) wherein the bone-forming cells display the following characteristics:

i} the cells comprise expression of alkaline phosphatase (ALP), more specifically ALP of the
bone-liver-kidney type and/or ostencalein (OCNY};

ii) the cells show evidence of ability iv mineralize the sxdemal surroundings, or synthesize
calcium-containing extracellular matrix; and

i) the cells substantially do not differentiaie iowards any one of, and preferably towards
neither of cells of adipocytic hneage or chondrocytic %meage ‘

' 2. Isolated bone-forming cells for use according to claim 1 wherein the bone-forming celis a)
are capable of undergoing osteogenic differentiation, or b) are commitied iowards ostecgenic
differentiation, or c) have at least partly progressed along ostecgenic differentiation.

3. Isolated bone-forming cells for use according {0 any of claims 1 or 2 wherein the bone-
forming cells are of human origin and the medicament is to be employed for autologous or
allogeneic administration to human subjects.

4, isoiated bone-forming cells for use according to claim 3 wherein said administration is
systemic, fopical, intre-articular or perl-arlicular,

5. Isolated bone-forming celis for use according fo any of claims 1 to 4 wherein the IRD is
chosen from osteoarthritis (OA), psoriatic arthropathy, gout, pseudogout and arthritis of
various origins comprising rheumatoid arthritis (RA), enteropathic arthritis, reactive arthritis
and Reiter syndrome, osteonecrosis, pauciarticular juvenile rheumatoid arthritis, Still disease,
Behcet disease, sysiemic iupus erythematosus, septic arihritis and spondyloarthropathies
comprising ankylosing spondylitis, enteropathic spondylifis and undifferentiated
spondyioarthropathy. '

8. Isclated bone-forming cells for use according to any of claims 1 to 4 wherein the IRD is
other than osteoarthritis (OA), rheumatoid arthritis (RA) and osteonecrosis.



ADJ 75pg + OB 106 #2 ADJ 75pg PBS Under isoflurane sedation, the circumference of ankles and
paws was measured using a digital caliper before the injection at TO and at Ti, T4, T6 and T24,
respectively before ADJ 15administration, and 1 h, 4h, 6h and 24 hours after the injection. Results:
Effects on Carrageenan-induced Inflammation Carrageenan injection induces an immediate
inflammatory reaction measurable by the increaséin (paw or ankle) diameters on the injected animals.
The diameter increase, over baseline, is approximately 20% after 1 hour, 25% after 4 hours and 17%
at 24h (Fig. 3). 20In the ankle, Dexamethasone (1mg/kg) induces a potent inhibition of the
inflammation and the swelling of the paw/ankle injected with Carrageenan (Fig. 3). The inhibition of
inflammation WO 20091080749PCT1EP20081068007 19 induced by dexamethasone is 100% at 1h

and 4h but sigsisita espRREMAECaERT RRAIMARY 198 ar24RimBY1CaBPRISRLL INEANKS,

administrat] forming cells induces a,moderate, but important, inhibition of the inflammation
at 1h and%ﬁ%ﬁ%#%%g’i@é@%?@ %%%‘r?ﬁ’ %%eg'r%rgﬁ ictively, but this inhibition seems long lasting
with an inlgiqgg‘)r%e@tgggtq}geq at 4(%:’/0 at 24h.. nterest{%a%}/, in tr{gre ca}erraéeena%-ér:duced inflammation, a
synergistic’ and po en8 EHeUor the comBinangnof g"fo‘} n?d’v BRLRG SPAETESSHE is
observed {ERNBRITHaNGARASNN FARRSISE SRBRI6%PB(SDY%, 80 % and 75% at respectively 1, 4 and 24h.
The anti-irfl t ne-forming.cells are stronger, and also_long lasting,.in the 10 paw.
Dexametrr?e_i?bne is%ea?/{i%g %ggg%g%%%gé% %%% #%%Bﬁ??r? B 1% F%ﬁ%dganﬂeﬁg%%%?ﬁlgﬁ?ﬁagainst
80%, 9095 BREFEERABI B0 ABIERITRIC AN EPY RN ANd, Budgerisdre et Briansoien and
diffusion cfemyettietoc etisarzith espantrdRiisy the Bffsctratoadfovgrrend ot iRDInflammation



In the adjuvant-induced inflammation, despite a more severe inflammation of the paw/ankles 15 (i.e., a
40-50% increase in diameter versus baseline at 4h to 6h), bone forming cells tend to show a potent
anti-inflammatory effects (peak effect of 75-90%) similar to dexamethasone inhibition (Fig. 5), which is
maintained at 24h. CLAIMS 1. Isolated bone-forming cells for use in treating the inflammatory
component of inflammatory rheumatic diseases (1D) wherein the bone-forming cells display the
following characteristics: i) the cells comprise expression of alkaline phosphatase (ALP), more

specifically. 06! e Bpgs MerdidRNDEANAN AlRgeRich g@gméd@aﬁlasgq%uﬁ phgvidence of

ability to mineralize the external surroundings, or synthesize calcium-containing extracellufar matrix;
and iii) the g@lé@@ﬂ%ﬂ%ﬂI)?‘Haﬂ?ﬁﬁmﬁ%fré&mr&e&m?%éjﬁﬁaéﬁa PR 4G R8s neither of
cells of adipoagtiolimeagelsr didag tbeyiiklinengearactaddated bone-forming cells for use according to
claim 1 wherein the bone-forming cells a) are capable of undergoing osteogenic differentiation, or b)
are committed towards osteogenic differentiation, or c) have at least partly progressed along
osteogenic Uit il EARIRPHEa SHRIRRT BB RE SEAINA PR IPSR A EC o T8eaF A At 1 or 2
wherein theHsomendoiveingdestare afdicmatearigim &04kHe medicament is to be employed for
autologous or allogeneic administration to human subjects. 4. Isolated bone-forming cells for use
according to claim 3 wherein said administration is systemic, topical, intra-articular or perl-articular. 5.
Isolated bole-fHnfiRts c&lleortisensec iy 4Ry BINEralize iEl% AX[HBRbI SUReUTHNS cRbsen from
osteoarthritigr{Bésgizp salimia-aditeopatyigreatiupsensitgoatidind arthritis of various origins comprising
rheumatoid arthritis (RA), enteropathic arthritis, reactive arthritis and Reiter syndrome, osteonecrosis,

pauciarticular juvenile rheumatoid arthritis, Still disease, Behcet disease, systemic lupus ,
erythematolbi¥1septicsrpAREalidie Soh lferstrbn NRET BRYRNGIRS ARRyIBRIRIGRp RIS,
enteropathicetthendititits anddipotiffis eintiagecbsponditagtihiopathy. 6. Isolated bone-forming cells for
use according to any of claims 1 to 4 wherein the IRD is other than osteoarthritis (OA), rheumatoid
arthritis (RA) and osteonecrosis. 21 7. Isolated bone-forming cells according to any of claims 1 to 6

wherein the! RO B8 rHpfiEs B ale iRRmAR OSSR BB rRonssiBRl)e sellsAxwd seraeraiing cells
according toraleygofrejaioisebdortc whigkeunthediD eomyprises acoinftaeunatearasd sinesganiccomprise

bone lesiongirchARIATAGENS | sampn oA sanansig botedoinglinagan agent choser
from disease-mo t|fr%‘/t|ng’ant(?}heumatic rugs [@I\I/IaﬁR% ang% cocg%cc')# s, for simu taneous, _
sequential or separate use in treating the inflammatory component of IRD.

12. The use according to any one of claims 10 or 11 wherein the bone-forming cells are

of human origin and the medicament is to be employed for autologous or allogeneic

administration to human subjects.

13. The use according to claim 12 wherein said administration is systemic, topical, intra-

articular or peri-articular.

14. The use according to any one of claims 10 fo 13 wherein the IRD is chosen from
osteoarthritis (OA), psoriatic arthropathy, gout, pseudogout, and arthritis of various
grigins comprising rheumatoid arthritis (RA), enteropath'ic arthritis, reactive arthritis and
Reiter syndrome, osteonecrosis, pauciarticular juvenile rheumatoid ar{hritis, Still disease,
Behget disease, systemic lupus erythematosus, seplic arthritis  and
spondyloarthropathies comprising ankylosing spondyiitis, enteropathic spondyilitis and
undifferentiated spondyioalrthropathy.

15. The use according to any one of claims 10 to 13 wherein the IRD is other than

osteoarthritis (OA), rheumatoid arthritis (RA) and osteonecrosis.



22 10. Use of isolated bone-forming cells in the manufacture of a medicament for treating the
inflammatory component of inflammatory rheumatic diseases (IRD) wherein the bone-forming cells
display the following characteristics: i) the cells comprise expression of alkaline phosphotase (ALP),
more specifically ALP of the bone-liver-kidney type and/or osteocalcin (OCN); ii) the cells show
evidence of ability to mineralize the external surrodAdings, or synthesize calcium-containing
extracellular matrix; and Hi) the cells substantially do not differentiate towards any one of, and
preferably towards neither of cells of adipocytic lineage or chondrocytic lineage. 11. The use according
to claim 10 wherein the bone-forming cells a) are capable of undergoing osteogenic differentiation, or
b) are comrfitel oG ASHSILERCHRRE eh Al ! 5?%)1 ﬁé(\’}éeé?@g%? b%‘ﬁl?%@@?%%?@ﬂ“ &dng
osteogenic idiffeneraiatiamdliiEhesitsgsdccording to any one of claims 10 or 11 wherein the
bone-forming cells are of human origin and the medicament is to be employed for autologous or
allogeneic administration to human subjects. 13. The use according to claim 12 wherein said
administratibh 56y SR AECATING IO AT AR MBI hiRciPalede i B SRDa 66BIRNIREX G RNy one of
claims 10 tinfigmvheieiathbdded nstalvoseisérbon@tigoafihritis (OA), psoriatic arthropathy, gout,
pseudogout, and arthritis of various origins comprising rheumatoid arthritis (RA), enteropathic arthritis,
reactive arthritis and Reiter syndrome, osteonecrosis, pauciarticular juvenile rheumatoid arthritis, Still
disease, Beftel HisHit e sfsRIATPAHHECEHABRRTYS0sCeBptis g o SormEsortiAcr thdpathies
comprising mekyfesing spendyliisreatefopataitngthadylitis:aachyncifferentiatedizpongdaaithropathy.
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y claims™10 to 15 wherein the IRD

inflammation and bone lesion(s). 17. The use according to any one of

comprises AFFFTARMARRBH ar aleearsicclisnpAse WasEaiBsibR(S9eB isTfie beeasmini¥aredaceutical
compositiosicottprsiaghoagutartaigpcedisamtdie manufacture of a medicament for treating the
inflammatory component of IRD; wherein the composition further comprise an agent chosen from
disease-modifying antirheumatic drugs (DMARD) and glucocorticoids; and wherein the agent is to be
administered simultaneously, sequentially or separately.



