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HUVAN BONE- FORM NG CELLS | N THE TREATMENT OF
CONDI TI ONS AND BONE DI SEASES ASSOCI ATED W TH

wo bAdoNEDER Cl ENCY OR | MMUNOSUPPRESSI ON Fi el d oPCT/BB2009/055559
Invention The invention relates to therapeutic
applications of bone-formng cells in the treatnent of
condi ti ons and bone di seases associated with
i mrunodefi ci ency or i munosuppression. Background to
the Invention I nmmunodeficiency disorders represent a
di verse group of severe condiitions in which
conprom sed function of the inmune system causes

%@é‘o’??ﬁﬁ%?ﬁ%ﬁ'ﬁﬁ{s éci-'l[ s 0 13-,1E @%ﬁg‘?ﬂﬁﬂf& EYNHITONS AND BONE

DISEASESA S 806 ACTE D WWHT HUMMUNEDHFICIENGY! QR iiMUNOSURRRESSION
of I nmmunosuppressants (e.g., to prevent rejection of

Fie@f&%{lr@%ﬁ& organs) or as a side effect of treatnents

irec to ot her pathol ogi es, such as, e.g.,

TheC GRS LRS- toTlhglraﬁel&;’c?&' %ﬁcﬁloﬂg%@‘ bt)ﬁé-fd‘errgh&JIIs in the treatment of

treatnment nodal ities 1 n I munodeficienc i sorders.
Con%ﬁ%aﬁ%@é‘ﬁaﬁﬁﬁws agsaciptee Wit "(‘WE‘J@de@s‘dB'ﬂcé’sQE IAMyRoSUERiEsSoN.
of human | eukocyte antigen (HLA) class | and do not

Backgpoiifibtothé Ibleation! | but can be induced to express the
latter by stinmulation with interferon g (IFN g) (Le

ImnBlnadeficncal disc2G8Ls. reﬁmeh‘bﬁatjmbrsa1gr08900f_6)5evel'é doaditibeem which
confBREE ol oh e B in 5500 Fisa e ord PR RPMAAR S Btents o

varisusoggpartanistioinfegtiaistoe condidgsadm ni st rati on and/ or

stimul ati on, but not on non-stinmulated MSC. In
Imnpmedefitimcy f cagpeled f iesultfioimg @dm{nistratiorCah dimdaunasunpeesssnter (e.g., to

pre\treﬁﬁ ?%]é@l_k C%‘gﬁ%pl?d@o&%hé oraafs a @*%eeﬂteetbyﬂreraﬁgéﬂtéhﬁected to other

€n expr essi on aut oc
pathalegies, serh asf elgowhﬁfFJR@elad?Vel s. However, when | FNg
concentration in culture increases, HLA class 1|
Thesx pYigs gingad fos ferdivhireaienti edplifiedinfmeupeeTisignet q“%ﬂﬁd@"ﬁ
MSC are inhibited (Sta et al. 2006. Blood 10
Hu@@ry@eﬁenqﬁygﬁl étemapellsz@%c B’l(%?ﬁf Righ - Ie\m?f ij]an Ieukocyte antigen

(HLES tred| and @ofrro@emrégénamlowssbpm @h deo ingudealtb dxpRes the latter by
een snown

Sting‘l?al\{iB%’HBl'Ee%?ﬁ‘ bh@?‘éﬁ '-S oco%ﬁ%%aﬁg cﬁﬁ(@gu%at °

It h??%g%qﬂ recgﬂlg%ed tham%ocoug(}/ algg act4a56ar%|%23n %reess%rrltl g ce S. 'Phls Functlon was

observed in a narrow time window and only after IFNy administration and/or stimulation, but
not on non-stimulated MSC. In presence of specific antigen (from Candida albicans or tetanus
toxoid), MSC cells are able to up-regulate their HLA class Il antigen expression by autocrine
secretion of low IFNy levels. However, when IFNy concentration in culture increases, HLA
class Il expression is down-regulated and the APC function of MSC are inhibited (Stagg et al.
2006. Blood 107: 2570-7; Chan et al. 2006. Blood 107: 4817-24).

Osteoblasts from trabecular bone or from cell lines have been shown to be immunocompetent
and to stimulate allogeneic peripheral blood mononuclear cells (Skjodt et al. 1989.
Immunology 68: 416-20).
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Unl ess ot herwi se defined, all terns used in disclosing
the invention, including technical and scientific
WO e 3sdnave t he meani ng as comonl y under st 0oORCHEPIINB055559
of ordinary skill in the art to which this invention
bel ongs. As used herein, the singular forns "a", "an",
and "the" include both singular and plural referents
unl ess the context clearly dictates otherw se. By way
of exanple, "a cell" refers to one or nore than one
cell. The ternms "conprising"p "conprises" and
"conprised of as used herein are synonynous wth
Descriptibndf thg'Invéntionl udes” or "contai ning”, "contains",
and are inclusive or open-ended and do not excl ude
Unlesidetbérargl defined -alldeimsedsene moscksing | teerimestioor ingletingdechnical and
: [ [
s P RS Tev TR B o Cpr ARy AR e B FHRRR b the o
to vihighitthis dnvgetionddelangsl as the recited endpoints. The term
"about" as used herein when referring to a neasurable
As Wagd eic Hhasinguiparfaims: &, "an anfb e, inglude R gingular and plural

refefbHt LIRSS thert@ntekaﬁclbértsﬁd.ctb@sm.séoe;ﬁwa%péﬁaﬁnme “a cell’ refers to
variations of +/-10% or |ess, preferably +1-5% or

O”GI%éT?re HEPONBcEY-er abl y +/ 1% or less, and still rmre
rably +/-.0.1% or sof a%from he speci f h
evtﬁfmuﬁs COWH&%‘F%r CQU‘BHSQ?aF"P QOH}QQS%‘{] FHPTEPreer are ¥ ”Onymous wit

mcpﬂrnbor included” loe (Id)ln&mhrqsedontamehbnd)are |htlus';|$eab|]9opiw -ended and do not
t hat
e BT RE P2 eI et A E MR ana

Thepr'ég a‘%r‘?g r¥uméﬂc§ ?@ doy éﬂdbﬂlngwgsall%hﬁ]%grs'amdtﬁlggtlons subsumed

on-are ncor por a
wntmreithetrr@n@@ aswvetllhaeuthre I’@nllt&d@tdpolntsn parti cuI ar, the

teachings of all docunents herein specifi caI Iy
Thertgfrerabegt’ 1ag uaee hergitowprsy rgfesindolp & wpesusaie valup sughy asse parameter,

an érﬂ&?rﬂté)fe%p%% RUIBbAHNY thefld, Rededhad eﬁ’&i’r‘@pa@gwﬁﬂlaﬁﬁns of +/-10% or
el | potent antigen presenting cel

'esspr%?f%ﬁa?ﬁye*é 5)/ﬁr 881 PPEnPEBrap et °é’0°rd§$se@f‘€g$§61§|‘*°é‘? ipgegerably +/-

0. 1%C&ﬁ RES .of ANd fRNE tiiddgedifeafl Wiud, nnédﬂ& édcﬂatda'amnsoére appropriate to
di seases and condi ti ons associ at ed

PETiORIh BiE<HIXASER dYyeBon MﬁJWo%W&%Q%MWat g alHe 4 ¥bis8) the modifier

“abddterefdny BNsOIf Sls@bpaxificamnend pafersmetiscsei.ng cel |l s, such
as in particular boneformng cells obtainable in vitro

All dncudhehfsaitedin tat ipeaseht specifisatioatzeel hared g mcbypioedteds be raference in their
enti?e%l/.I A particular, the teachings of all documents herein specifically referred to are
incorporated by reference.

The present inventors surprisingly realised that bone-forming cells display potent antigen
presenting cell (APC) properties, in addition to expected osteoregenerative actions, and are
thus useful in the treatment of diseases and conditions associated with immunodeficiency or

immunosuppression.

Advantageously, the inventors also found that bone-forming cells, such as in particular bone-
forming cells obtainable in vitro by differentiation from isolated mesenchymal stem cells
(MSC) or bone marrow stromal cells (BMSC), can display distinctive immunological markers
(such as, e.g., HLA class Il antigen) and antigen presenting cell properties substantially
independently of activation or stimulation (such as, e.g., by interferon gamma). Said APC
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(MSC) or bone marrow stromal cells (BMSC), can display

di stinctive i nmunol ogi cal markers (such as, e.g., HLA
wa@b@seAa3Ph4 anti gen) and anti gen presenting cel | PCT/EP2009/055559

properties substantially independently of activation

or stinmulation (such as, e.g., by interferon ganm).

Sai d APCmar kers and properties are thus not

necessarily confined to a narrow time wi ndow fol |l ow ng

an activation or stinulation. Such conparatively

steady APC properties make beneformi ng cells an
maradmanérwgept@eagentare N thie hotemdoasdrilyofontined V& row time window

on i.n a

ol LR FaB Py ueleoR s h TP Gersh el PP ARG dfsnestep gpeke bone-
fornis@ cells anraeladntagecas dps@dars the dreatmoend of the aba&a&bsnaabsednd/\cdridutuons

i munodefi ci ency or i munosuppression; the use of
Herics oihaspetththrdnvieotion prgvided: | s for the manufacture of a

medi canment for the treatnment of a disease or condition

as doatad banexfarning el bd e ¢ Bertipgdr diseaRerayNep@itiers gssegiated with

- AmikhbatickAEy MifKHRAbsMPredddhor treating a disease or
condition associated wth | munodeficiency or

L N @S PP {sBRSd PPoreXomnifiy RERClor it ABRGFaSilireSsICA medlcament for the
treatrrent onprising adm nistering to said su
mglmge%ﬁmency or

pr Eﬂ"i’W%fEt Ptaf| (IS6AS] her af;?@%%aﬁ?ﬁ??%fqdeeﬁ“ v é

of ingRhasp@rdeeidn-form ng cells; - a pharmaceuti cal
conposition conprising isolat ed bone-f or mi ng cells for

tSe inettiade &dri pngventudgsm atiog nali disease assamldmbeobssoctuhted with
|nnunodef|c19n0ﬁ nnunosuggress 0

SRS IR b ParLPEERRERCA T 2 St F B woatment

deruomn;lsnsg pematstergotth astald(mlbpohe ptophylecncally brethstapeutieally effective
Ot t%‘?ﬁou%? Q@g‘t?@bgrﬁ%%nﬁgg‘@g@ tion fromwhich the former

onen ated". The term"i sol at ed"

as éj?)ﬁgrntb%éﬁl‘i | CB %%H @Bm ﬁsﬁge'%o?at@cf !a-lformlr]gI cells for use in

populations al so es that suc

popifating ores d’@eﬁ%ﬁ oHr raopéitien ofasgeciatpd rTEW'thor irpuRaseficiency  or
bod¥muBbduppfsibamoved or separated there from such

as, e.g., mintained and/or propagated in cell

TheC 'térinu F|§olat-|ab'3 RONE=férehdE G é%’ah@ulﬁﬁ)&oﬁhb@ﬁeﬁft adlaln)zSte*é,eseSﬁcaratlng that
ori nor e tﬁﬁefera Yy of manmal  ori

in
CO”?H?@Prl‘}dﬁr% %dﬁasﬁbﬂ?&n fnﬁ%ﬂ‘pﬂaﬂ%”buoﬁ 2 HYNRAFEIPN which the former
confpoRéstrigtieyebyf isblangin Tel tginf ‘isolated” as used herein in relation to cells or cell

populations also implies that such cells or cell populations do not form part of an animal or
human body, but are removed or separated there from, such as, e.g., maintained and/or
propagated in cell culture.

The bone-forming cells may preferably be of animal origin, more preferably of mammal origin

including non-human mammal origin and even more preferably of human origin.

The bone-forming cells may be usually obtained from or derived from a biological sample of a
subject (i.e., a sample removed from a subject and comprising cells thereof) such as

preferably a human or non-human mammal subject.

The bone-forming cells may be preferably employed for autologous administration (i.e.,
administered to the same subject from which the cells have been obtained or derived) or
allogeneic administration (i.e., administered to a subject other than, but of the same species
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The bone-formng cells may be usually obtained from or
derived froma biological sanple of a subject (i.e., a
wa200ph18s91€nmoved from a subj ect and conpri si ng BEI/EB2009/055559
thereof) such as preferably a human or non- human
manmal subj ect. The bone-formng cells may be
preferably enpl oyed for autol ogous adm nistration
(i.e., adm nistered to the sane subject fromwhich the
cell s have been obtained or derived) or allogeneic
adm nistration (i.e., admnigtered to a subject other
as, tHea;mmebmormhotchehesme haypesdepsagainéd or Jehjadt Alsbodssible may be

bee obt a or der
renB BB iosbo AT BB Pr R S (1o YSTE 1 o4, opfained or derived
fronb asebjécroffomgsmpaeldssard adrem;stanmatoea subfeet bfsa diffiérantrepdcios).
derived froma subject of one species are adm ni stered
Preferaldy kerbinelumatf benediofniing eelts asp drbeesinplofredtoe patblogous or allogeneic

adrflR5Eatidn *ﬁ&'"ﬁuﬂn?r?”&;bf %%'Esm' Hein g;e'el Sgidde8e t Br P&oriiBh O%Srouated with

or aut ol ogous or al ogenel ¢ adm nistration to hu
Imwwe‘@te@cmvmgmasmps@é@e or condition associ at ed VVI th
I mrunodef i ci ency or inmmunosuppression. The term
The' g hangripATHRE eqlis] 33 uged hpseig IRee allvnreffen o ¢alls Va?ﬂee?fscont”bu"'”g

to tﬁ@foﬁﬁéﬂoﬁ of BERDMEteREl £HANYr bbRbite, A Mﬁﬁ:ufaQIS/r(H@ﬁd)t@le@fated cells or
ne material and/or bone matri x, and particul ar

Ce”d%‘?ﬂﬁ‘!aé@”? Yl dgve Aty 8F Tl Proﬁffﬁé?%t O%P%?P'%él\f@re”t'at'on

pattpdyi |W|terut fllﬁhtbb(orprbl@éﬁﬁﬁrﬁlﬁ’g e PamistieNg@ftdmpass osteoprogenitors,
out

ostgfis Gtk Sies AR T 42 braeh oS ariidinls]beS as known in the art

A sRiod BRSAT TS dnBran? BhEBEaRRNRe RELECTIA ForBliboft-Rffring colis” as

inteaded hékemk Nel erthefess sionmiehos ofyentberagligarap and aichlimfatidnethe present
ded

vorIWAS: Qlis 5 G100 e Thk Tk DBrsighibs prdtscbatgnde

y nmeans o ance and

tﬁ‘é’&el‘ c'(yh%ﬂgé 8 r&&%np(;f%ﬁ%ﬁﬁe Pi%%gp{atggémﬁ(w’ Crﬁ!) eSSpgai‘fcally ALP of the

nmore or
bO”@H'MWd@Q@Nltmel cs: a) the cells conprise expression of

al kal i ne phosphatase (ALP), nore specifically ALP of
tf‘ﬁé’ekb%ﬁ%mp”%?m(‘?%f?@y(’ftWeoneb?r meee eepll ©f perpsliagss type 1 amino-

temamr@raﬁé&.aequpy SYEonRELITROR), Ast fbntﬂf (OPPRIdoBAEIA (OCN) and
bon@@% am ngt erm nal propepti de (P1INP), osteonectin

oPrQjeindBpbht i n (OP), osteocal cin (OCN) and bone

RS G R L e

calchymbhrﬁammg ediacellunarcoatiai @igigwezh rexpedddutaibsteagdanic medium; see
Jais(Nea1 % el.%@?. § )&%ﬂsﬁgcﬁe% %i:t 55%9%)" C%%imugbc {fation inside cells and
deposition into matrix proteins can be conventionally measured for example by culturing in
**Ca”*, washing and re-culturing, and then determining any radioactivity present inside the
cell or deposited into the extracellular matrix (US 5,972,703), or using an Alizarin red-based
mineralization assay (see, e.g., Gregory et al. 2004. Analytical Biochemistry 329: 77-84);

d) the cells substantially do not differentiate towards any one of, and preferably towards
neither of cells of adipocytic lineage (e.g., adipocytes) or chondrocytic lineage (e.g.,
chondrocytes). The absence of differentiation towards such cell lineages may be tested using
standard differentiation inducing conditions established in the art (e.g., see Pittenger et al.

1999. Science 284: 143-7), and assaying methods (e.g., when induced, adipocytes typically
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Jai swal et al. 1997. J Cell Biochem 64: 295-312).

Cal ci um accunul ation inside cells and deposition into
WOorRdopi1359p4 ot ei ns can be conventional | y measur eRICT/BP2009/055559

exanpl e by culturing in 45Ca2+, washing and

re-culturing, and then determ ning any radioactivity

present inside the cell or deposited into the

extracellular matrix (US 5,972,703), or using an

Ali zarin red-based mneralization assay (see, e.g.,

G egory et al. 2004. Analytieal Biochem stry 329:
stan?f?f\%&d') o) ke oel bﬁovﬂh@)stlﬁm acuyilation; n@h?ndrocytes typically stain

erentiate to refe : :

wit) el G0 e Ao iR B o P ik Pengoenic andror
cho&&ogmgﬂé‘ebenthaitioohmydyp]czylylnmednl thatdess than §0%, or less than 30%, or less

thar? lg%n glr I%%:TV fh?ﬁ% % c-mﬁe ?ek%’?e% %ﬁ% %J|g &‘RB\V %ﬂg ?55 ggqeth%\/@ cﬂgndrogenlc

dlﬁejerntfaeorewheraapmlnd Itmtijacneeswgcto/@rtelsttl ons established in the
art (e.g., see Pittenger et al. 1999. Science 284:
In an4®nUgdlm@mdhgéyga@rm@lrneqeﬁ@asey(@srgay alhkatactedhtiee dsted under a), c)
anddfliap@sytes typicallystain with oil red O showing lipid
accumrul ati on; chondrocytes typically stain with alcian
bl ue or safranin % Subst anti al | é I ack| n ropen3| ty

In an {RRRAGE Lt thE HERFOTRING/ SrS BIRRSIG &N (ke -afdT F@rﬂXP%?'Bﬂ of) HLA

clas¥ayaritigenscal | y nean that |ess than 50% or |ess than

30% or less than 5% or less than 1% of the tested

cell,s wou adi eni.c or chondrogen
n oerpelfefc s SRt Bl B RETER LS G SRR e @isSion o HLA
clagsn aat HeAlotechs hfemtigerise bone-form ng cell's may di spl ay

all characteristics listed under a), c) and d) above.

In z“hrt%?r ERBBAHRR N the bBfe-RANR fé%‘ilénsﬁgu&%!ge @Bﬁalﬁ‘tfb%inidré@%nting cell

e., conprise expres ion o fass
APéPhPro@@ﬁ'@S In an errbodl ment, the bone-forming cells are
positive for (i.e., conprise expression of) HLA class

In dnofhad eh\'bﬁdlﬁieﬂﬁﬁhé boddtohdRg Selld thag Jhb!ﬁv@\ﬂfen@@’@ﬂﬁﬁrﬂ’@rﬁﬂsuppresswe

the bone-formng cells show evi dence of
pro%ﬁﬁ"?sgen presenting cell (APQ) pr opertl es. |n another

NGB ¥ TR g PBSERDES (o T A coURBP I 35 Beard & nyme). i
medrs thet Poididd poesdnowill @opaiide b lpagseacaTpomeddncé ef g.distinct S|gnal ed.,
o i € YR L By 58 B0 4fhpon. o
congiogert! whea. garrying out the appropriate measurement, compared to swtable controls.
Where the method allows for quantitative assessment of the component, positive cells may
on average generate a signal that is significantly different from the control, e.g., but without
limitation, at least 1.5-fold higher than such signal generated by control cells, e.g., at least 2-
fold, at least 4-fold, at least 10-fold, at least 20-fold, at least 30-fold, at least 40-fold, at least
50-fold higher or even higher.

The expression of the above cell-specific markers can be detected using any suitable
immunological technique known in the art, such as immuno-cytochemistry or affinity
adsorption, Western blot analysis, FACS, ELISA, etc., or by any suitable biochemical assay of
enzyme activity (e.g., for ALP), or by any suitable technique of measuring the quantity of the
marker mRNA, e.g., Northern blot, semi-quantitative or quantitative RT-PCR, etc. Sequence
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ant i body-detectabl e or detection by reverse

transcription polynerase chain reaction, for that
wa@eovpasemM when carrying out the appropriate PCT/EP2009/055559

measur enent, conpared to suitable controls. Were the

met hod allows for quantitative assessnent of the

conponent, positive cells may on average generate a

signal that is significantly different fromthe

control, e.g., but without limtation, at |east

1.5-fold higher than such signal generated by control
datg €drl rﬁarkérs?isteéjam th'eladiéclc%uref Qiedknoatn |aeaSt:ar4-tfeO|o?talirgatd from public

east 10- a eagst 20-fold,. at |east 30-fold, at

ot B3 <0 A= eant (1B 2RmEes BrirnBEKer or oven n gher
Isolgtteégc@f\ (frr%‘zﬁ o@ellgfortclaﬁ‘ pgﬁlﬂ%’ n%% usc’eoﬁgt?w%grl?veﬂ'ﬁ& b%acgbtalned or
derikem)m]ammsmtheleanar]nes dmcbwrasn thmanh(\j\llthpublﬁhimmstcvrw mtable method to

obtﬁfdgﬁb?&rnﬂﬁs%t%%gﬁ M‘Sﬁet ﬁé BLFILIW H@Raélgscs' fi: poF ft\@’osteoblasts and

bi ochem cal assa
ost@bﬁaﬁh@og@laﬁlqnst yag éaegzn dlsqypseALp) WG r2009/083431s and almoé/es culturing

|soI5t%8rEUn%Uﬁ1a%w”§M'Jégs B@IS@‘)@W h15¥er9:f1¥r§lglest€ﬁlr K&ls (MSC) in the
MRNA, Nort hern bl o sem -quantitative or

PregRngA Of %%fgm\ﬁé pmmp@nd b@ﬁ'@ f'b%mbﬁéwﬁh‘fﬁﬁtof GrCRTAk Kearpther example,

bonkif§iity bdledtldsts, G‘rﬁé“ré lhagidhigr2HEA kWM @@ﬁ‘lvé @Qte@lﬁasts can be directly
obt ai ned from public databases such

isolgigg 359 /cr R HeB raery Al ROt fescriags] By §BJ°%?¥@' f 118 (¥ grndocrinol

105€ €991%)01n czaelybt Pl adxampre, fodteddasici |meta§@ deNy @hdy ®@ bBBtdined by
nmanner

d d
d'ﬁ%rﬁ%t'aﬁpq VeSS R5tspST e aRy SeshtbestHy  iTeeh oy hociehee 264
14397:)tamumatswa(aen‘ajr 9Ty sos b e phdfaably, ”Z‘j ﬂm@egﬂctelo;flﬁmz 10 ddbisve HLA
na ost eobl as

|
C'asﬁdg‘lﬂsﬁk"? 8%?86'%%\%/ g%@éﬁg‘gﬁq%%%é% "% WD 2007/ 093431 and
i i | .
| B 8 U SRR AN TR o o
obtgjfiakde pudirestly pbtained turdiffdsentiatiort fromdBVas tor ¢MIwt Adviaategeeusly, such
difidEHatidn mak/rbof@ﬂ%@ %mcﬁﬁ@'mé %Msf@ BEMSR! 1 F@F-95h eﬁ‘aF?"e@éHEA class i

nor e artlcu { | ass | ositlve osteob
positip opleoblpsiseng pstesbipsi rapulgiiense Thess ealls Chsplayvtaoatpetblyagtable APC

pro;pé?f‘@s RcrHestsd &ﬁgn&ywﬁlﬂiu@gﬂeﬁbl a@tlvat%ﬂ%—bt&ré Endocri nol

391-6). In a yet further exanple, osteogenic

The| tbﬂ\@&@%lﬁh@béf%lelﬁw defeRlN abrivesh é:)ytadal \brﬁ@mmmé& b Bﬁe&@%nd/or non-

spe§|8@$%%%g§%£n g.g%!ucl)'lrg?g%saﬁ% oz;l?ﬁr?l )? qugg\%g Erg%btsg[qtg %&sggs,es or conditions

ass()tsaltaﬂ ajith mmafuﬁfefﬁbibwcyl at iﬂm%ﬁ@ﬁ%m& dibrdetd* réfeit to a diverse group of

condps T ARPeRGEL AT P T THREr or Ped o HiRUS gRpertunist

mfecﬂxmls_awem dooeeguent mevgre caduts feaurrergesr abrodief diseake, resulting from
imnhu%rbgéfﬂlengyy Que to one or more defects in the immune system. Immunodeficiency
disorders encompass, without limitation, “immunodeficiency syndromes” wherein all features
are the result of the immune defect, and “syndromes with immunodeficiency”, wherein some,

even prominent features cannot be explained by the immune defect.

The group of immunodeficiency disorders also encompasses diseases and conditions
associated with immunosuppression, where the latter term refers to artificial, usually
controlled diminution or prevention of a subject's immune response. Immunosuppression in

subjects may be caused by immunosuppressants (“immunosuppressant” refers to any
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obt ai nable or directly obtained by differentiation
from BMSC or MSC. Advant ageously, such differentiation
WOorenp9assps i se exposi ng the BMSC or MSC to FG-- BECT/BP2009/055559
achi eve HLA class Il positive osteoblasts and
ost eobl ast popul ati ons. These cells display conparably
stabl e APC properties which can be obtai ned w t hout
external activation factors. The term
"i mmunodefi ci ency” generally denotes a state when a
subject's specific and/or non specific i Mmune system
confpd)[]ﬁdl iooagérﬁ tHEA iR g @'a‘bhryd roe@upgbmisodsr plsertt an Dingesig@simmune
condi tions associ t{? nlégu odef | ol egc% q
reSRGSy ReTS A EnlPVER Pdmunersev MY &I5HENR ga@%p&nse organ.
exaoiplesaridintiuocosupphessarts érdusiedwiphautrdimithtionb gyawsspioric he asedphenolate
mof%{ﬁs%%gﬁ]kgh ! I'—%% aﬂd \égﬁibgsqgro?jg)?%l: |It H%&%tc&fr as %fs'cﬁet &ifidPof a therapy of
uen severeé acute; recurrént Or chronic
othefiindiceions (eggmlde eftect ofmancanchemdbEiapyency due to one or
nore defects in the i nmune system | munodefi ci ency
By dneaisdef sexenptemsad s notwilimitation, | dipgasgs | aifl conditions associated with
.mmunearé&r&%w 'o?'uﬁﬂﬁ%oé)bBFUsguﬁﬁscon\’M'r‘i@é ehmnéﬂ I.mrfnﬁﬁéd&.&én@r Girus (HIV)

the result of he | mmune defect, and " ndronmes wt
mfept,lﬁlpu 964 eqaqqy,r@cﬁ dgpmunﬁ,h defisigney o%drompe ,{A mrwgqagammaglobullnemla

herﬁa@@b@l& %n(?@@@@éh BE |RXB R NRE I?Mpﬁ&ﬁa'tﬁfﬁ”ﬁ@n@ﬁfa%l}v abl&t®n, bone
mar% i munodefi ci enc%/%tdl sorders al so encorrpasses

"%é’é@%&anﬁ@”c@ﬁaﬂﬁﬁw ©0gclvaraecKigRenia (lymphopenia) of any origin,

IupUMW@éSI @ﬁbheWber ©ptohj% | atbdser h&rsmcméuersmemmat.c fever,
artifi.cial IIeddtmnutlon

trypap%gpgﬁ?siso@cg olaa%éja%J ﬁ[ﬁﬁﬁ\/é gwgeéapy agents, corticosteroids,
antiFTINFU Ndrags) p ratistioon mmmuh;moasmvaaylrdge saahsed liyter alia tacrolimus,

cyc@%@%%ﬁ&&ﬁ%a nt S%{opb%ﬁﬂa{’{g i gﬁ%gp Fn{eg{?ﬁc%]% %né immunoglobulins
sucBapWC@smmmlmmt an undesired i mmune response, such
as, e.g., prevent the inmune systems rejection of a

In en aemmpdcined toe gliseasescaampreniiishs| asssniotsdppitb sisamunsdeficiency or
mrﬂd?n% PessithiMHLishi ﬁlﬁo%té%ne 9?/&!1&%89 rrﬂ)of% lesion component (such

enol ate no FK506
as, @@r tqste@ﬁﬂ@ﬁléi @%90%@&03'& Oﬁmpeﬁ@eﬁ@n%féa%i'%m@e ge¢regs, hype fracture

(or AidrbYRIcaRYs)Ohorfd Mroé@ddn‘a%dn@%%te()ﬁls@ .’A&b%g&fufs@c¥heCB‘one-form|ng

cancer chermt her apy) means of exanpl e and
cells i & g i iBYEntian s%adbéy”%rﬁt?a@’orﬂ% t?rbn%lc%\sg'é%?séﬁeay\/\/P"tnﬁ“orat'”g the

imnURBHETREALY ShESIMYISRIhgIDBRBLAQRHBRICESSI On conpri se: human
I mmunodeficiency virus (H'V) infection and acquired

HericBNiH Rénbdaimehitseth € javaiytiehr st rovIdaS) |
hypogammagl obul i neni a, hemat ol ogi ¢ cancers such as
} e ukaated domaitd mhinge bty ui;@tnatfedﬁogle boae d®easb bratdnditipn associated

bonﬁw%n{uﬂ%éﬂc%ﬂ?fgraﬂhw ogupﬁess%ﬂn tr an_sp! antation,

opeéni any origin,
- the use of isolated bone-forming cells for the manufacture of a medicament for the
treatment of a bone disease or condition associated with immunodeficiency or

immunosuppression;

- a method for preventing and/or treating a bone disease or condition associated with
immunodeficiency or immunosuppression in a subject in need of such treatment,
comprising administering to said subject a prophylactically or therapeutically effective

amount of isolated bone-forming cells;
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| upus eryt hemat osus, cachexi a, opioids abuse,

mast ocytosi s, rheunmatic fever, trypanosom asi s,
wa@bmohsdoiabuse; and treatnents w th: chenot her BEFEP2009/055559

agents, corticosteroids, anti-TNF drugs, radiation,

I mmunosuppr essi ve drugs such as inter alia tacrolinus,

cycl ospori ne, nethotrexate, nycophenol at e,

azat hi oprine, interferons, and i mmunogl obulins such

anti-CD 20 and anti-CD3. In an enbodi nent, the

di seases or conditions assockated with

i mmunodefi ci en i Munosuppr essi on .al so, ncl ude.

B AT of DB be: on COMBRUARIRE bR ing cens

e. dor, usesinemating i e alideass ec cawiiton assv@atpe mith,imbwnedeficiency or

frq%hﬁhggppggg%nnecrosis, bone fracture (or

m cro rac ures bone scl erosis, and bone osteol ysis).

Pref%wt ﬁtgﬁé)ry%loxe-férﬁ% gglﬁ fn%é/ct@gerﬁah%(ﬁjdg Baslogo%sy or allogeneic

tion can syner S | sease _ _
admipigtration atoi hgfnamesubmnb@\mg @ bors diggdses tor nagnditipmgassociated with

anfPuBSeffc%‘ﬁ@;ﬂélt FidfnbSibprd®Re, 1 n enbodi ments the

i nvention also provides: - isolated bone-fornming cells

Thel Bblatédi€odrR-biRAd 'c@% BarPBEQHiSeBRE B subRREl fdrOeating dlseases or
associated wi th imunodeficiency or inmunosu £$ress

conditipps, gssgciaied; wigh amuWﬁEC|$r&ynphglnE@fqo§u9%? mcludlng bone

disgmBesIbaednditieond bssvocbsdi wigeimhufoaefididrey lof @anhiomdtupgession, as defined
bone di sease or condition associated with

abOVﬁ'rmnodeflC|ency or |nnunosuppre33|on a nethod for

On BN AP HeoKed LERLIRE R DR WSRO E AN HA AR teateo
withi anpa) |9il£b]1reatbry| aytcmmdormf tcsamtnnrstrai@hnmﬁlterrtabvqjy |n$ayrtga admlnistered
: t 18 Leal Ly, or )
in ct% gbgtbéu\tﬁllmc ?brqeioﬁglg ﬂn?rgéﬁppps’%%g%réetg@ |l1 an9 order) a pro
inflaajmn@tOfyowtolnrge cléxarrsales af prtameU@utoncavtO&iommlttdeowithout limitation

IFN?qqﬁﬂiﬁ_ﬂ§|%§?“é gd bone-formng cells for use in

reating '@ bone di'sease or condition associated with

Thel MQQ%EL&P'&”E%&@N %@%B@rt@%ﬁlrﬁﬂ rﬁ&@f&éﬁﬂib}& warm-blooded

human
anirggls oY Jors Rfefe@abllyog@te@raie%cﬁmﬁrﬁ\@nrra@rreomeiemlwm@mmals specifically

|nc|§dmdg]%%%n*§aé’dd7%ﬁth9%ﬁ ALPRARE tREt RARILELDINETHREL & Gfbatment,
I mrunodefi ci ency or inmrunosuppressi on.

observation or experiment. The term “mammal’ includes any animal classified as such,
including, but not limited to, humans, domestic and farm animals, zoo animals, sport animals,
pet animals, companion animals and experimental animals, such as, for example, mice, rats,
hamsters, rabbits, dogs, cats, guinea pigs, cattle, cows, sheep, horses, pigs and primates,
e.g., monkeys and apes. Particularly preferred are human subjects, including both genders

and all age categories thereof.

The present treatments are particularly to be given to subjects in need thereof, which phrase
includes subjects that would benefit from treatment of a given condition, such as a disease or
condition associated with immunodeficiency or immunosuppression, including bone diseases
or conditions associated with immunodeficiency or immunosuppression. Such subjects may
include, without limitation, those that have been diagnosed with said condition, those prone to
develop said condition and/or those in whom said condition is to be prevented.
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The isol ated bone-formng cells can be admi nistered to

subj ects, for treating diseases or conditions
waswoasated with i nmunodefi ci ency or i nmunosuppCEEBRI0091055559

i ncl udi ng bone di seases or conditions associated with

i mmunodefi ci ency or i mmunosuppression, as defined

above. Optionally, to stinulate the APC properties of

the bone-formng cells, the cells may be treated with

a pro-inflamatory cytokine prior to adm nistration,

or alternatively, may be adnpnistered in conjunction

oeglesd afiaft o nrEupeBY R e o Y Heideut Pegiet qpan areacy

devEdopep ldsordel, pudh- as fthanmadmyr vf ant a@icade Seveloped] disaasehoutcondition

asst)é: ge&%'thor}nkﬁh&jeﬁgwaﬁpr |rln{1ﬂln ulpgllmg'iZn |nlclu%1ﬁ1>g %ht?one disease or

ref
conditibmabsociatast wltrprremgmcaieﬂqemrcmlmhwdsdapmsml 8s wgkias prophylactic

or p'F&feﬁta{H&@Fn%eCI %I g&ﬁ% %u/u’?%aﬁﬁrﬁistogﬁﬁeﬁ%’&ﬂe&% ‘?ne%%h@ésa&'uﬁ/cudence of

I NC mns an non
an wmqecéafﬂtcnm swalv @s e ereventethe ishareesoif coplgantiapnd progression of a

dise2R8 &F ¥aldifh LsoSXRE Wltm?rﬂhuna_&lﬁlcfeﬁémr m%m%updr&%‘dﬁd Beneficial or

any animal classified as such, including,
desjre¢elinigg! tegulthnimaing!udeonthent limifatien. fal Yiation qreNg or ;ges symptoms or

onedBi RS, bigteReEdl rﬁé?kéi@' Simifshmanm| @fﬁbﬁentCm@éﬁs@n s@dlbhlgadj Si.e., no
and ex eri nental ani rrals such as, for exa Ie m ce,

WOI’?%HI@ ﬁﬁsf’fsl‘@ea?eab(ﬂﬁl?ys or os(l)cagng (pét(gseaégl peg ea\?l%@? amelioration or

pamaabrt bfthe GRBSse §!§ll%e@nd tln@nusésrregtng@tedm g0 medreproloBgiflg survival as
S an Parglcular erred are human

conigt Y b Se R R A h &eﬁe'éaﬂ e8hd al | age

t h
Thes @it SalopEarosly ooty el Enbl S@%ﬁ%f 4. 88 ‘aMeUnE et Agtivg spmpound or
phawWacdmth;ﬂtme&t ihatinbitbés os ubjags irs atdubjecintel ahsbenkeéd idisofdenras being
souéﬁte%/”%mres%farcﬂeg' Vgtgrlr?a(?ﬂﬂ' %@dqcalsblfé?ora%r otﬂblsec‘ﬂﬁlglaﬂr The term

tion associ at
"theraneutciv pfiedive ageunt’ ae lusell heyebboreéerd |t<setae@9urairof active compound or

phaﬁﬁ%uﬁééf’g e HRR Slidk itk IBQlCéI'UFH{éQQﬁH @%S(fﬁ%é iPh subj?]ct that is being

| MUNOSUPPr essi on.  Suc i nc
souphtnbyt AtrEgAArCheRowieringEan, Hﬁ%c%@@ﬁtoﬂpégmééhﬁ'wm Hkigh Cﬂay include

mteF %ﬂ bﬁévfé‘ﬂon ohgresyRiRes BPth@Q)\(s@aQé’ oP @isgrd"ép Béﬁhé ti@Bted. Methods are
/or those in whomsaid condition is

k”OWFé?/@ﬁtaétcfoﬁ‘l’?éerﬂw?"ﬂ%thefqpéaﬁoa"36?”0' QVP%MEH%'%"V eéfﬁ%tt’!ﬁﬂ%%,s

Theg BT Moy GO oa HEO ey Apyp ol Seives FEAYE SOV dpd veated),
allogéraegma gies. OtellsOtkstved ofrbrﬁmbj@bas ecthed than thausgest it6i lendygated, but
belonglngmﬂ‘tI eogaurﬁ rsgesc?elzs ot xen%%L:ngl né; c?ellg%grelve%l o%%&bjggt(s) belonging to
species other than the subject to be treated) bone-forming cells and cell populations as
defined herein.

Envisaged are in particular treatments of human subjects using human autologous or

allogeneic bone-forming cells or cell populations as defined herein.

Suitably, the herein defined bone-forming cells and cell populations may be formulated into

and administered as pharmaceutical compositions.

Pharmaceutical compositions will typically comprise the bone-forming cells or cell populations

as the active ingredient, and one or more pharmaceutically acceptable carrier/excipient. As
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condi ti on associated with i mmunodeficiency or
I mmunosuppressi on, as well as prophylactic or

w@e@vastoat i ve neasures, wherein the aimis to PCEERWDI/055559
or |l essen the chances of incidence of an undesired
affliction, such as to prevent the chances of
contraction and progression of a disease or condition
associ ated with i mmunodefi ci ency or i munosuppression.
Beneficial or desired clinical results may include,
without [imtation, alleviatijoon of one or nore

used YHEpdiI0 MBafier"osre eRdipisvt” éndlideb 0ghy ahd rairdodieats, diluents, buffers (such

o 40 AU S0P A Sy S s
dispirs@ased@a; oghielss, filers, amelaltm:g agenn (emchpa$ | é.at iIEDTA0Dr ghuathione),
amlqb %?o%e{sﬁgl‘?ta% dpfyglﬁe)l &elnSTE%%E@% Ct eﬁ@erg ﬁjgrléa%@ wetting

ong ng $OF Vi surv
agenfs BUuJIsrf@melswen@newseaolnmts flayaurings, mrbvpatnq@iwltalckerxeeﬂ lagents for

ach%(/{['lgcat deffot or@fﬂ&#n&;atlﬁ %F\tﬁuﬁ&l gg %Qéer\?ghﬁ@'qgls%ﬁh'ggé antioxidants,

oun ar maceut | cal
tonigiy egndrolling aggndhj ahsprotipe d@lﬁweg agenta dsthe dike. Ee wrsi ofpuch media

andSEA 0P Ypharmt R ERF Beve é(ﬁ%%ﬁbé%afs'\@é'll’ kel BRAh ﬁQhe PCSREN materials

or  other clinician. The term "therapeuti cal
shogldthetonyexic arf shouloiot destere with the ackvyf &het(‘@”%m anount
of active conFound or pharnaceut| cal @gent t hat

Thegpregise daufR Ohing GieE A eejFlplﬁ@tjprc?tng maieliglowld depgnd on the route of

adniniBiratioh. E(h&ixamﬁleb&iert@nﬁ)@smdiﬁ may ba it edefhthie parenterally acceptable
vet eri nari octor, or oth

o PR Rt v Een T2 601 515 SHOBP Thdoaibontl ety For
genelwt pdhgEesia roedicha dordreratior) thg réadeaisedferidattb @iyl Thempy: Stem Cell

ch’*&%@%ﬁ%}kﬁ&% Pirobf et Sy BhBnoRRAY Bt ¢ ahiedpd . sheraan
edse iGzantyidgertoivergiy Bre(ss, €996; aml HemeopoietmStemoelt Trerapy, E. D. Ball, J.

Lust%n”e?befé tcgnup&"l Lb\ﬁﬁ%?@?e) 2@(%dhogenei c (i.e., _ceI s

efi ved fFom su er than the subj ect to be

Sucrhrpﬁ%hﬁgceum?atl cgﬁb%@nlggn%;gcérﬁﬁraﬁ?m%r \S,@rﬁgér?eﬁ suring the viability of

xeno%enl c rived from'su
the |gelisghefeing Fﬁfoe@ﬁ@&ﬁ & emmesitippamay ﬁ@“@rbﬁﬂ %@t'tap byyéfer system (e.g.,

pho%{)@cﬁé 8f LaleRfe fRked ﬁ%te@ﬂl thSachiade @RS FabRaOBIL“ AbIPOSUARS near neutral
defined herein. Envisaged are in particular treatnents

pH, cﬁ”dﬁﬂﬁh‘?P’%ﬁFéHfﬁ§'e[]%$aﬂth° izl '%@@PB@%‘E@"‘@PS 41ty epllsite prevent
osnhfﬂ@%trés%r Fbﬂ’kg(aﬁ@ié SuigtbleCiltioR dstuhatlel fRRSosaS nfd ok HBbsphate-buffered

|$£5 Béj l%I t he herein delfl ned bone-form n i
Sa'“&%K BS)asediwaq %'Sﬁlfp'é\‘f'?rbr%”%ﬁ BECYRSY PRt ataled Pﬁlggr%\ﬁ&ec ion, as
kno@@lNnh thé taetl Edrtiae, friracomE®itionoady compasti & icar®r protein, e.g., albumin,
which may increase the viability of the cells.

The pharmaceutical compositions may comprise further components useful in the repair of
bone wounds and defects. For example, such components may include without limitation
bone morphogenetic proteins, bone matrix (e.g., bone matrix produced in vitro by cells of the
invention or by other methods), hydroxyapatite/tricalcium phosphate particles (HA/TCP),
gelatine, poly-lactic acid, poly-lactic glycolic acid, hyaluronic acid, chitosan, poly-L-lysine, and
collagen. For example, the osteoblastic cells may be combined with demineralised bone

matrix (DBM) or other matrices to make the composite osteogenic (bone forming in it own
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Phar maceuti cal conpositions will typically conprise

the bone-formng cells or cell populations as the
wa@edwassihgr edi ent, and one or nore phar naceut PCEEP2009/055559

acceptabl e carrier/excipient. Asused herein, "carrier”

or "excipient" includes any and all solvents,

di luents, buffers (such as, e.g., neutral buffered

sal i ne or phosphate buffered saline), solubilisers,

col | oi ds, dispersion nedia, vehicles, fillers,

chel ating agents (such as, eig., EDTA or gl utathione),
righ@maBowali g dstaesind@sive.e Symlargln)e@'hdme)u&n.raotcﬁdg@ﬁs bone marrow cells

witiRpE e Re g P aPoo st by %”?aﬁéé}?.@ﬁ? 8 313: 8-16).
The rp?wgﬁﬁéc%ﬁ{l | . &!H%pcoléﬁgﬁ ?an afgﬁl%r H‘c dea%p ! ?cﬂnﬂ%%%d with a

unga preserva
Commdtars@mptl\@rfatvtob(st@amw bqnenmarpmqgeomrmtelhl $ush as BMP-2, BMP-7
t td [
or %gg'lof%’r saﬁg%&oqr%thgﬁk%eqﬂgﬁ aar%?r(grg%an? nlg %%ﬁln o-ﬁgﬁts include

inorgame tseHes of salgiim ok mbesprhate tsmab@r for asgistinonhere r%qegeratlon (WO
00/6#834). Jb%ur@@fbetl %p%reﬂieﬁ céﬁ‘%'a%ﬂﬁéteﬂeeto%fé @érﬁewnélﬂuxtoiﬂ‘%natenal to

activity of the cel preci se nature of
provigg F“Fé'iav%irt'sék% T?ﬂe@ﬁrtat'@? F@f REIM PRt B inateni! can a@;@eeﬁamé@f ceramic,

or é B%pél?Mbﬁsﬁh @éjgélﬁt'lrfet rcélidg@ﬁ oé’?@cﬁne@?ﬁa%hﬁogetnhgr osteocalcm Porous
nMposi ti on Jéél}e in f or m of par ent er al

mat%%se;?@abp% ek §ds%‘F“19fq'Qﬂw tomﬁﬁ‘&@?fi’steﬁﬁ}??oﬁgeéni? 9ee'\"5<ﬁa et al,

Biofagrislyi 14al3ps, mf’ u\/ﬁmsoalag! u?plya}"aﬂfsst@blel 1994 dﬁ@ﬁ et al., J. Biomed.
e er es in nedicinal formulation, the

Matg%!;lﬁ:é ngr 2§%rred to CeI | Ther apy Stem Cel |

Th%‘ﬁﬁ%ﬁ%%@%%p%?mpg @{@%y |£CIWe §c§? gﬁFnérH%tgred in combination

withCampb piceligartnatoer sytotynePr\eh;sh c419 @BharmedtheleRRE @paregtscof the bone-

fomih%?%l%? }-len @etﬁ@ﬂ'x/entlr:on Qﬁ%g@\"d@ﬁgﬂqph%h‘%&ﬁ'cgf J:c))mé):o@‘(von comprising

I'Vi ngstone, ar naceut
bonedenpiirgd célisrand raagrocrm‘mmnaiorﬁ/mytdh@e f@rcﬂvpjuhtmepss esaguantialgor separate

uset hiﬁ \reafhg | deée%est h&no"%&rﬁlut%ﬂ?" %%ﬁcwﬁ%{] ; %ﬁ%ﬁun&&lﬁlmency or

03|t|ons nmprise a Sul t I system
Imn(l@ogjpprqawgphan@ucmg c 1B atieeaness epr sy@f‘é‘ﬁ?n& o associated  with

mnﬂﬁﬁb&)&%n@;‘?%k rrﬁr‘?ﬁhﬁos@ﬁreﬁ&é@ b eIdsY oMERLinMeHHh &ty @%klnes include

rise sufficient salt to ensure Isodsnpotic
W'”@éh‘d‘i"tﬁ“@'ﬁﬂz of NE®dLd8! Iks!7s B-BF event osmotic stress.
For exanp suitabl e solution for these purposes
Altegratiyely 9p H‘a@@tﬁ’lﬁ‘f therrsasenh Celisemayppsplablyqy |t'i§’ﬁ‘§'6ﬂ'l'yo'i‘?rt§8’rmed with a

nuck® adid @ﬂntel%s}ﬂg%r t§ itfld86Hon Qs tH sUbRet. Nlﬁé@lﬂd’kﬂ@équ‘énces of interest
known in the art. Further,

tlon th
'”C'%W|¥? dl‘?t rﬂ’ﬁ&ﬁe%ﬂﬁP?%eee%COé’éﬂgr Pete BP&P@?ﬁhatee@“ance the growth,
d.ffétbrlmamm anioi efiner@zaiidic beesi€otlidits. \Aorleikhmplg, afh ekPr@ssion system for

The ar maceu I.tions
BME, R Pe SRR LS dapr TS i ! B SEPPbEe Sfireating non-
healing fractures or osteoporosis. Methods of cell transformation are known to those skilled in
the art.

In a further aspect, the invention relates to an arrangement comprising a surgical instrument
for administration of a composition to a subject, such as for example systemically, topically or
at a site of bone lesion, and further comprising the cells or cell populations of the invention, or
a pharmaceutical composition comprising said cells or cell populations, wherein the
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bone wounds and defects. For exanple, such conponents

may include without limtation bone norphogenetic
w@e@basies4 bone matrix (e.g., bone matrix prodRCEEP1009/055559

vitro by cells of the invention or by other nethods),

hydr oxyapatite/trical ci um phosphate particles

(HA/ TCP), gelatine, poly-lactic acid, poly-lactic

glycolic acid, hyaluronic acid, chitosan,

poly-L-1ysine, and collagen. For exanple, the

osteobl astic cells may be combined with dem neralised
arrdngementeis rddaptéﬁ)ﬁblbadbmlnleﬂrdﬁbh dgiatihd piesmboeunaklecdm@sition for example

v R 4T Aot VTGS OB BRs  SUn g nstrument
maya b chpafoel of ilgmzengrarllqow acmhdosition tchmalisiog eelsi of tBBrdsaukinvention,

d, r 1995. din
Suc%’?ﬁgﬁg‘?%gg ?p%%ﬁt&“ﬂ tQh a%&rtliéé%eul%’ls@gl composition can
&JIIE I?)? eI'I p&&h‘ﬁ alp%eca% éﬂal%'dsiﬁ %rrﬁ%ﬁ@r ttri;ét ermits them to graft or
onp enentary |oact I've tactor such as a
migrase frh digeintended dsviensitesanshreganstiivte or r@eperptq)thea‘wt@naltyrdef|C|ent
areé‘n%r(gxlﬁﬁf' oI HMERIsT RS BE -adflidi§tbreBOdteNtiterb AGSQMRRBK N Bsion. For

nponents i nclude i1'norgani c sources of calcium or
exam@!ﬁs praceensais cap e fachitatediaiconeqidanss w@th@e@w@* REqcgeureygemodel

tiss@O/ P 7R3 -a Ishiitdesi & estosth&lc] dBViGP LAk | 2N aC A hﬁ)lacement In other
adm nistered on a carrier matri x or nateri al

CITCHNEIANERS: | MR PedUtgess ! rijeher ok, fit tB%a?ﬁiFQ—PS'“PHeca” be

adnimeiterddaby agpctloa & gr@nubrarepaierdnthe, vedicbral RoRpI Yu¥RIg a guidable
OIsuch as gel atine, collagen, osteonectin, fibrinogen,
eNA8rC%Et eocal cin. Porous matrices can be synthesized

In aac grﬁ)gﬂ qglé hg p%%?ﬁ%‘%épcaigégore% etsog(ags;(ﬂegpedMatlé;)gllgé);ﬁ%/ 6% administered
in BErM0&G8jquitdeanpdsgiok. &t embodiménts, Bieorad.or MitbanaceRil composition

confb?iéﬁé%uor;ga%l@e dmrq’ is l:la%réﬂr%ﬁ]vméallf Ef{)plgéﬂggpgt' J é N5 15

e or e CO-a ere conblna

In aWhtthQr %@Moo‘?r%@nt' P I(%[@'?Tt & Ié) Eﬁflgf?(#ﬂsr?ﬁay U@fr&f&f&@a t§ rén@lrc'lpé’ultured on

roperties ormng ce
suitpile sbgiie tcnﬁroangdorplﬂwar@es? hg syhsiraia@eurhignthe cells can be applied

andCQIMARRI ddnokk QCH%’(E\F %U&ga@i’i%ufnprd&ﬂlgcrﬁghhﬁn ahsl & stainless steel, a
pro-inflammtory cytokine for sinultaneous, sequenti al

b'oﬂ'v%éw'é?ﬁﬁﬁécmé%aqu %a@qqﬁaat& RUBSUARR BRI asi Ralvgthylene, and

the 86 Pthadghdedd prbfelraLunrdeid rﬁﬁlal%ﬂﬁ%u@lﬁ ab GHEE 0SHMISEES 8o be used
i ncl udi n%/l bone di seases or copditjons associated wt

th
as & RGeS BIFESTeS aTF MRIRIDSTHSPrasSLANHN. FREFRIWY RhpSphates, even

thomocaildlfdw amm)hareys ayttapkihdigsensalsle do@puvidni olthe kubtiadd. TAA substrate
IL-1 b, IL-17, 1L-18. Alternatively or
ma¥ lﬁe %TSF? ?rd}?n R¥%Spresent cells may be stably or

Forteg(grﬂ&%%gllg ¥ha‘i F]g\%sgrghfgi%ged\,’%lltﬂapare being differentiated in culture dishes, can

be transferred onto three-dimensional solid supports in order to cause them to multiply and/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 solid 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
impregnated supports can also be re-cultured by immersing them in a liquid culture medium,

prior to being finally implanted.
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nucleic acid of interest prior to introduction to the

subj ect. Nucleic acid sequences of interest include,
whoedvas®wi«ot |imted to those encodi ng gene prBCUEPR09/055559

t hat enhance the growth, differentiation and/or

m neral i zati on of osteobl asts. For exanple, an

expression systemfor BMP-2, can be introduced in a

stable or transient fashion for the purpose of

treating non healing fractures or osteoporosis.

Met hods of cell transformatign are knovvn to those

skilled in t he vent n
es Bfegiietoriah ol s ppattafidsrbnt wiRE R, i abfl8 Babit o be
implangtdrin agatah ot cardeg ofi w&eaﬁammsrtdpeaudmma)sylmdem atsphexe, a plate, or
a pg’rlt‘%lf?Fb‘itrar?gﬁgbef %%‘gﬁee ea)éé;‘rg(%ln |t§¥l§tf§m %J)(%’m&aﬂl%ctﬁjee}ﬁlmensmnal
solid resippett, | Barmularetnlenmpgaratheonedefoft ¢:aécnmmv®nbor@te amd & particular
araggc!?fﬂre %HIFé|§/ql1 17O FRRSdrldofdh SEQQBB' é&rglgs sabhics c?Iséd QE] alumina, on

i ons, wherein earrangenent 1s a
zircpiya, %Wﬁplsmrmoﬁmﬁt@fanﬂm hmlfaxm@@atImtatlorbmwc%elptoorpbtamed by

hydfd?ﬁer%%%hgng%/éﬁ%m&éﬁléﬂm ch@Bh&R!td ¥e 95n§6rn4e@%t%'Hy@ro?{/apatlte or

bone I'esion.” For exanple, a suitable surgical

elsq ﬁQ@tftWH@St%tﬁ @ésscﬁffém'(é’ @foapweee'@ﬁme@?ﬂl'@ﬁqaw as Bioglass(TM)
glags@gposi tion conprising cells of the present invention,

such as systemcally, topically or at the site of bone
The aisdvenasplbe &l bsbedimests! arp Fotthert duppsrice By B following non-limiting

adm nistered in a manner that permts themto graft or
exa gsate to the intended tissue site and reconstitute
The eéawﬁgsn%%ﬁtgﬁ%ttqqg thalmg/ cr)]%la I% Sﬁ“ did gantr{gaél(ae% gﬁ{i)fclass [I-HLA,
naturatycer ioduoed ethay hbesintenestirg nmrammrpgtﬂatorysnrepxgmse& it cowdh modulate
T CQI? gﬁoﬁﬁ%rért@f\mﬁﬂ ﬁaN/ &éomgﬁrbgﬁgqgcro%th&h@e %gﬁéﬁll% % Therse bone-forming
cellp awstthaaqterlsaew bghsxpiession &evhisf n@gbrmtwrfehand banestuface markers

andorh%FMﬁgFaﬂ%%ﬁ ’caéaéb\ﬁz%é(@ﬂ@grtﬂﬁf Bor®idi A|o¢?§g| Bbenﬁaﬁ.qui red,

conposli can m ni stere Yy |nject|on

The?raré @h&actelflﬂe'a dyaR@iekprabsidér MeL bigty IaianoCﬂLA' ks Shdlecues at their
e endoscope. 1n an enbodi nent

SU”%P&%?%’C@’LEW %béle”%%?fl coptirayalont Melacyas. M_QF ‘P(H’@&I thyolv@ Clegg Il molecule

canR raginhidl Y QFRebrkt nuhstm@totyl ASIESLICORBAPAS, ifé: allkMIFNY , TNFa,
enbodi ments, the cells or pharmaceutical conposition

IL-18dnpri si ng such can be admi ni stered systenically,
topically or at a site of |lesion. In another

ThesprhBRNenErRINg t $RYs ce| SarAPIeC dP | dyBeduate ol Repjjfepdive response  of

stm{ulraaébsﬁebéledort QAnaadbIegosUbhd 8L PRicSHAGIADT s SERSh&tRES that both
rovide for | | ants.. The substrate on which the
autqllgg %aﬂ@egﬁﬁ cg@-formlng cell products will be particularly useful for the

treatment of immune-related diseases.

In addition, and surprisingly with respect to the immunosuppressive properties mentioned
above, these bone-forming cells can also play a role of antigen-presenting cells (APC), and
are therefore capable to stimulate proliferation of T cells and other inflammatory cells.

Moreover, a small randomized, reference-controlled, clinical trial was performed, which
convincingly demonstrated the beneficial effects of these bone-forming cells in a severe

condition associated with immunodeficiency or immunosuppression, namely in stage | or Il
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and cultured can be a netal, such as titanium

cobalt/chromumall oy or stainless steel, a bioactive
waebaswisuch as a cal ci um phosphate, pol yner BCI/EPZNEE055559

such as pol yethyl ene, and the |ike. Although |ess

preferred, siliceous material such as glass ceramcs,

can al so be used as a substrate. Mist preferred are

netal s, such as titanium and cal ci um phosphates, even

t hough cal ci um phosphate is not an indi spensable

conponent of the substrate. iEthe substrate nmay be
ostUPEOGSis @f thedempral Dekl adsotiated amjith eshraréd Insmbidlpraysion due to the
adn@ﬁi?ﬁﬁogrc&trﬁﬁb glparl éjtgggsggfa %&g%g#eégggggrgﬁ{ggﬁ ttransp?antatlon autoimmune
disddse g -sdverenmsthoaal solid supports in order to cause

themto nmultiply and/or continue the differentiation
Togetheceths dnfa isuggrsatthatgthe heells otil cﬂ)esmqytml*arlyi wseful [fo thedtreatment of

dlsé%§%§ b?@(‘ino‘%ﬂ%%@%&; &Pﬁnth Wﬁlﬂﬁbd%‘ﬁ@leh Kl grﬁi\ﬁ%%qpr%goln optionally

be trans erre onto ree-di
whesgipsueh diseasgs inyplve mrasgrivsiunefionr #osersontcomippheny, including bone

disdds841b L oPHRDR 0 akE %tﬁ'lrﬂhﬂgo&ﬁbl@n%r ifmun&&ippression.
| npregnat ed supports obtained in this way can be

| a human subj ect. Such inpregnated

B""sf@&a‘%%g%al the FIguig8 re-cul tured by | mrelfr5| nlgI themin
Flngpi fiee ibsiafld by ﬁ%ﬁﬁ(%ﬁiﬂvteﬁsn? &”@wgb@ﬁ% heeds to

Flglél'e ng%t?aq? N(‘:Ign %g%ﬁ Sg 3"‘2‘3??%&) |v§ Scw -f%rmlr&n‘ﬁelﬁsffgure QA shows
HLAPR staleing ofiths mhity. €jguee 2B abh@ys AP atama'rgtofdfe @llbi Ih reacty figure, upper

pan?ﬂ%g\lsac%tr&@?almg{; iigﬁl: g)aﬁéﬁls%%% FT‘-|LAOI5R op(éll_pls?a(?rﬂ”??éoshgétﬁ/ely, and

nensi ona or partic
the taver benataliewvsodn e@rley.um car bonat e, and in particular
ar agonl te, specifically in the formof coral skeleton,

Figysr Dillestetasam T evabdiondn GRRaVaAREOBJreaied RasANE; on

o SRR B SR SF R i

FioRpa B e@@%asé?vlé’v% At B a”%%ﬁ”ﬁ%—traﬁtsﬁgavents
Bi
Fiol Frp ograbats ShulodimoRL D R MR o <

are further supported by the followi ng non-limting
Examepl es. The exanpl es denonstrate that bone-form ng

cells, displaying class-1 and class Il-HLA, naturally
Phesptypiccanaégs. rapunebieogical ek stifang markersoelelhal oglle were analyzed by

flowP EARRELY. 8SorRSfointing QEldWBRAML &l Red with the following labelled monocional
antibodies: HLA-I, HLA-DR, CD80, CD86, CTLA-4, CD40L and CD28 for 15 min and then
washed with PBS before being centrifuged and resuspended in 0.3ml PBS.

Cell differentiation. HLA class Il positive osteoblasts as used in the examples were generated
from mesenchymal stem cells (MSC) in vitro using a conventional osteogenic culture medium
(including DMEM or o-MEM medium supplemented with 10% FCS or autologous or
allogeneic serum or plasma, dexamethasone (10°M), ascorbic acid (50 ug/ml), and B-

glycerophosphate (10 mM)) supplemented with FGF-2 (10 ng/ml).
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T cell proliferation while having high bone

reconstructive capabilities. These bone-formng cells
wa@emoabmnact eri sed by hi gh expression | evel s 0OPCT/EP2009/055559

mesenchymal and bone surface markers and high

m neralization capacity underlying their bone

bi ol ogi cal potential. They are characterized by the

expression of HLA class | and HLA class Il nol ecul es

at their surfaces and by an absence of costinul atory

nol ecul es. Mdreover, the HLAscl ass Il nol ecul e can be

Min%g%ﬂ%e},{/%tggdaﬁ%{/gir-f ;l oggt I Mﬁ%nélvge:frsﬁ}gigfwly%% B’ ce nga@‘;'e?esntiation in
ostdugmeic froedivmgCelsl fran ankure apaldoevéred dgvimubglinrawvigh tripesin or versene
D iLferativ f. st d T . ce .
one b 701 1525 B3P S0BRA LB PLA bt Bhoum (12500
cells/brat). blog hexdday|togwedivanid redldced e mbostesdenicrmerdjuraeThie cells are
cultgllfeng, 3 0W4|v~|feeP§ﬁg.rrﬁéoﬁ% ﬁsrrle%flayecoe%}:élry :fb-grdagg! AfleF & FeBRNGf culture,
of i mmine-relate i seases. In addition, and
cellg wegsrfixetl ig3-y adpintaldeby pe/CBStand statnadrmatizyingpd essi ve
properties nentioned above, these bone-forming cells
Medign al so play a role of antigen-presenting cells
)%APC%, and are therefore capable to stinulate
Dexgmsifiasgnediluddof T cells and other inflammatory cells.

eqver, smal | random zed, seference-controll ed,

Do (bP e 2 Hfoyletsaas FBFE L0 MRCIo a0 GV EM ol y
demppstrated the heneficial effects of these

Dexgdn@ Mo m Rgx et 10sM) 4 98LEMEM condi ti on associ at ed
wi t h i nmunodefi ci ency or i nmunosuppression, nanely in
stage | or Ilosteonecrosis of the fenoral head
@ssaginittrestiom {40 mhr oni ¢ | nmunosuppr essi on due to the
adm ni stration of high \Zr al doses (I)__f ?orti costeroi ds
for organ transpl antati6H'Maut oi nmiffE' f"Cease, or
aewegr e ast hma. Toget her31 mhe data guggest that the
cells will be particularly useful for the treatnent of
i eases or conditions @®oci ated WPth

#m@p@@f(h@@)@ncy or i nmagpqguppr essiign, optionally

%\%%r el n q?%% di seases | vollve a bogﬁ_—gﬂysfuncti on or
mefhp § component , THH'udi ng bdHeV'di seases or

Aebfbiddorns associ at ed vedohuli munodegbipgineincy or

i mrunosuppression. Brie scripti 08 of the Figures

FFolyeRrePnPsPhate st r at es min®F al i zati odOMHLA-11 positi ve

bone-formng cells. Figure 2 illustrates ALP
expression by HLA-1I positive bone-formng cells.

Proﬁer%%r?aszspe‘iy.sg(%{\ﬁoo human T cells/ml from individual A (PBMCa) were plated in 96-
well microtitre plate with irradiated human bone-forming cells from individual B (OBb) for 7
days in a total volume of 200ul and in presence or absence of PHA (or another stimulatory

agent).

Alternatively, 200,000 human T cells/ml from an individual A (PBMCa) were plated in 96-well
microtitre plate with irradiated human bone-forming cells from individual B (OBb) for 7 days in
a total volume of 200ul and in presence or absence of PBMCb from individual b (or of PBMCc

from an individual c).
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HLA- DR staining of the cells. Figure 2B shows ALP

staining of the cells. In each figure, upper panel
waebmwaswont rol staining, mddle panel shows HPCDRPIING/055559

ALP staining respectively, and the | ower panel shows

an overlay. Figure 3 illustrates VAS evolution in CTRL

vs. APC-OB-treated patients. Figure 4 illustrates

WOVAC(tm Index evolution in CTRL vs. APC-OB-treated

patients. Figure 5 illustrates bone | esion survival

analysis in CTRL vs. APC OB-t¢ eated patients. Figure 6

Radi oI 0ogi cal score ev tion.j % :
T S G B G piitiee ooty PROGO BRI Tae culira was tgeubatee
witH mm/mmmmmgmml foct3H ofshe tudltues pexicketo sneabureecallslpkdiferation. Cells
werWa%hgﬁ %%@ gzgh Pc)é c{oloo p&%g ya% %%\A xvrl]th EF?G,U gol{j %B/n}ﬂg%opo%ftéﬂ% zilmd (TCA).
Finalyt célisdvers: lyddidAby a %Lwommpnem OCENSPG@Olﬂ:Ta_nd-QH"/oCDﬂton -X100. The
{

sunBRBcR bl i an b AL DR RIAER 16 1) b Rl Bh e counter

differentiation. HLA class Il positive osteoblasts as
Exampde2i n t he exanpl es were generated from nesenchynal

stemcells (MSC) in vitro using a conventi onal
Cel ic culture medium (including DVEM or a- MEM

medi um su Iemet with 10% FCS or aut gl ogous or
FloW DASTRHE SR, D | ek OB o IRBHRY C1 SaNg, mesenchymal
mar&eisqCboe, Giad a(rﬁiOS[DiEﬂ rait high &vdisbHaghatopsietahssipbaimelecdld are weak

(ool pSHP B RFERL A FO0Gh el eBeStr Mol BBl i B 1 b

surprisingtyt esdggeiot feweli oimHLBedldss fir modecwlés. uHeweMee alkk dbe erostimulatory
molBib BB 08 Ko, PR B0k FERBRaF bR Pe o 1 ©°
Inteﬁ%ﬂﬁ@z ﬁsm' W“uf %%ng%g ang)dg(ﬁ&B‘ @QmatolTﬂe 836% f(S:H)fSC cells, we

mis replace ost eogeni c ne
obstﬂv@d thdt the @reeer@aqu iﬁl\éfd5ﬁgfml 2n thegcuhpreqmegiaagor 2Fh@ 48h induced an

inordE (ﬁ:neLAScléﬁ%g SRR J§ 1ﬁ %ﬁ)@) ftﬂ-}vSr{ odnér%éggﬁégg&néhngwa IL-

1B, ﬂi &f, hleds byd aihelzmmlmﬂanuniatmdny@km%xarret hasone dil ution:
Dex1l (5.10"M: 2 nl dexanet hasone stock (5.10 2M +
Tabl®8: rRheadghic DearRers 16f- Bdvie-foning dekix TulfBed O /pigsemce @8 Iy or not

(pel%'é/rlT:t'éAge of cells deemed positive by FACS)

without IFNy with IFNy

N Mean SD N Mean SD
ALP 17 67.9 16.6 8 75.2 13.1
CD105 17 92.8 3.9 8 89.9 4.9
CD90 12 95.7 4.0 8 94.8 1.9
CD73 13 94.7 3.4 8 96 2.8
CD45 17 2.8 3.3 8 14 2.1
CD14 12 3.2 3.9 8 2.1 1.7
CD19 13 4.8 4.8 8 2.3 2.3
HLA-class Il 16 68.3 18.9 8 92.3 72
HLA-class | 16 93.8 3.0 8 96.1 4.5
CD86 14 4.3 4.8 8 6.9 3.1
CD28 14 3.6 3.5 8 4.2 2.1
CD80 15 2.1 2.2 8 3.2 2.0
CD40L 14 2.3 2.1 8 1.0 1.9
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Ost eogeni ¢ medi um (40 m ) Volune Final cone. aMEM 3 1
m / FCS 6 mM 15% PenStrepd u (100x) 400 m 1x
woeooanediM (Dex2) 400 ml 10 8M Ascorbic aci d 2POr/RP2089055559

ng/ M b-gl ycerophosphate 2 mMl 10 nM Proliferation

assay. 200.000 human T cells/m fromindividual A

(PBMCa) were plated in 96- well mcrotitre plate with

i rradi ated human bone-form ng cells fromindividual B
(OBb) for 7 days in a total volunme of 200m and in
presence or absence of PHA (or another stinulatory

[CTizgent)] Alterndtivelry, 200,&90 humansT cdl | sbsl ffomss |

an 1 nadlviaual A (PBVCA) Were prated 1 n 9go- werll
Exdampe@titre plate with irradi ated human bone-form ng
cells fromindividual B (OBb) for 7 days in a total
Imni@bohigBulgfionrr00m and i n presence or absence of PBMCb
fromindividual b (or of PBMCc from an individual
Theron'élffem’m@ eelf;m)“plm‘iatign deddripesvabeveseagietbeadd 1D @s @Oty to regulate the
sﬁétg}n dl new é :é!)ricg%o% |38lgc3|?$ groY‘fgialnlgé%FT cml Seal réeral blood
moﬂbntuelbhisd pelts-PBMEani avinlogoab bshateno@gmtmtdhtmm wes Wstelul.
ice-cold PBS and twice with Ice-cold 5%
HLA-classh |l bboae derimingacélid wereAyolated madl/by expesded fmm patleptsegliffering of
: L utd-ony:
mnf}bﬁe%l%%d%o'n@%%%é%ﬁ"l’@? n%gteg%ft]e%ﬂgég%grﬁlvozgﬁ rg-i ‘glass I mCFrker by flow
cytofpetyy and weed [thain eglls| (,bq@@ @rm@gb@ellglﬁ]dgpzeﬂ?)l\éﬁ for T cell proliferation
aSSQ%t_a counter. Exanple 2 Cell phenotype Flow cytonetry
showed that this bone formng cell popul ation

No BXNePSNE GesPRRSO GhPRRIC MRbEEESipieDd0.wdsiddenan vHeRd)culture with

at high | evels, Haematopoietjc surf nol ecul e are
HLAE/aRS ﬁtﬁ%e QEREG) CEGS '%B‘@I@h@“‘("@@?ﬁs %@i‘b?onofh"‘e ¥eglogeneic — from
doneiKDI’- esrshtbnbi 'géblé ey G1h|sxlien’rcﬂnétr@tbdlﬂ81t lHLbMillasS UIr-yoins far@ling, cells were
nol ecul es

not é??ogF'ﬁ%‘gé’BsE’feHQﬂ é:legé_' y perlp eral bIood mononuclear c':_kfls ang therefore were

not able to elicit an allogeneic response.

Moreover, when stimulated by a mitogenic activator, such as PHA, PBMC were significantly
downregulated by bone-forming cells in either autologous — from donor a - or allogeneic —
from donor b- conditions. The level of immunosuppression was correlated with the initial level
of HLA class Il expression (Table 2).

Table 2: Inhibitory effects of osteoblasts on allogeneic T cells proliferation (value are
presented % increase or decrease — number of PBMC at start set at 100%).

Bone-forming cells

MSC HLA Il PBMCa PBMCa + OBb PBMCa + PHA PBMCa + PHA +
n° OBb
3 52.8% 100% 107% 700% 425% (61%)*
1 64.2% 100% 89% 912% 500% (55%)
2 85.1% 100% 100% 640% 240% (37%)
4 87.3% 100% 104% 479% 187% (39%)

* % of PBMC-PHA levels

These effects were not modified by pre-treatment with pro-inflammatory cytokines
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nol ecul es tested (CD80, CD86, CD28, CTLA-4) are absent

(Table 1). Interestingly, as shown by Le Blanc et al
wQoms/1§8xp Hematol 3 1. 890-6) for MSC cells, BEI/EP2009/055559

observed that the presence of IFNg (5ng/m) in the

culture nmediumfor 24 to 48h, induced an increase of

HLA class Il expression (Table 1). Simlar

observations were done with TNFa, IL- 1b, IL-17, 1L-18

and ot her pro-inflammatory cytokines. Table 1:

Phenot ypi ¢ markers of bone-fgrmng cells cultured in

presence of I FNg or not (percentage of cells deened
Exgnasedi ve by FACS)CTLA4 14 5.7 6.2 9.5 3.5 Exanple 3

| mTunom)duI ation The bone-form ng cell popul ation

den polihadfronertiggas checked for its ability to

regul ate the i nmune systemin in-vitro conditions. The
Thej aediiiion oba segond mopl af EBMG Hem @hothiecearior [epds topeinereassidgueliferation
of tﬁ@ﬁ@ﬂ@ﬂcﬁﬁi%@e&ﬁkhﬁsu@éﬁ@ng'd"roﬁa%fq!lFQQQHsrL@EIass I+ bone-forming cells

het er ol ogous conditions was tested. HLA-class 11+ bone
(Tablgr3)i Higt ekgen@tiqr isccorrsistash aszp Witftthg lexlérﬁ?ﬁ%‘?fd@lde'$ PoffkA class I1.

patients suffering of imrune-rel ated bone di seases.

The | evel of expression of their HLA class Il marker

Tabi 31 PrRWefalil® BRI oftddfe SiBfnd &k on GeddiS pldhfeidioh @fréFh RGecipient) in
pre%lcie%fqiﬁw/lerfrd:}#%))thgprdoﬂ— (C&hlu Ng@r@'dré@ern?éd ONindRSRY Sr d¥@rease —
nuntl? %E,&{A % r %}01%9 fromreciprent a -

farmng cells in eithe BmH'cgo‘Efg's from donor a -
MSg| drt}éﬁ' cPBMG3 om HBMER *b | PBWRaEi*QBENS (Pﬁé'tﬂaéf 2)|. PBMQ%* PHA +
nNdenonstrated that HIBAM@ asis 118BMethe for Mg cel|l £Bb+PBMCb
wer e not| recognilzed as "foreign" cells byBYERi pher al
6bl peAB%PONdHREI ear dél1%s and t #@fef or e| wA88%ot  abl €665
Sel | 64-2%an 30D ogenei288% esponse341Mbr eover 161fYen 2329%
8st | rAN%at ed.099 a |m t1dgfeni c jact 3a7&t or, SudhSEs PHA, PBRE.

7wee.4% gpi4docant | y 20zenr egul a4t by bpnasfass m ng cel7BS%

In elther autologous - fromdonor a - or allogeneic -
fromdonor b- conditions. The | evel of
Inter’ees\t/lre}@y #‘118 d§§|811 acl)g gV\@rTnn es)?s?f g)}tggn?s]%gqht ahsg IJZnIJILL\ibfi'Ié iL11 IL12 or
PBNM@Hiooi therbggimhing of $heafell sstwebbadst te annntabawgmndlferafron of the PBMC
sug&gétana aDII‘O@ 6ff/§5@'i)|f QEA!cYa%E %& B forming cells (Table 4). That observation is

also correlated with the expression levels of HLA class Il

Table 4: Proliferative effects of bone-forming cells on T cells proliferation (from a recipient) in
presence of IL2 (value are presented % increase or decrease — number of PBMC at start set
at 100%).

Bone-forming cells
MSC | HLAII PBMCa PBMCa +IL2 | PBMCa + OBb PBMCa + PBMCa + PHA +
n° + 1.2 PHA +1L2 OBb + IL2
11 |49.8% 100% 152% 272% 1138% 1492%
17 |166.2% | 100% 207% 348% 1346% 2029%
12 |79.1% 100% 141% 321% 1510% 2259%

These effects were not modified by pre-treatment with pro-inflammatory cytokines.
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presented % i ncrease or decrease - nunber of PBMC at
start set at 100%. * % of PBMC-PHA | evels These
webdoeas®iaer e not nodi fied by pre-treatment w PEI/EP2009/055559
pro-inflammatory cyt oki nesExanple 4 Antigen Presenting
Properties The addition of a second pool of PBMC from
anot her donor |eads to an increased proliferation of
the PBMC fromthe recipient suggesting a role of APC
of HLA-class 11+ bone-formng cells (Table 3). That
observation is correlated algo wth the expression
| evel s of HLA class Il. Table 3 : Proliferative
ExamipleSt s of bone-forming cells on T cells proliferation
(f rom a recipient) in presence of PBMC from anot her
2 velivg eramediepr esent ed % i ncrease or decrease -
nurrber of PBMC at start set at 100% . Interestingly,
Thet Ineel &fl agltuias maskers ghangi andgpessinehwnat ynapikaraledy neerobrang markers were
assbés%d dy'—f?twv éMnetP}ﬁa%le ﬁ*#ﬂe%ng%&@ fdrﬂ%é%c%ﬂél'wbﬁ‘% 73, 90)

he cell” culture, |eads to an increased
marﬂS?@lWQ‘%P@Pﬁy@ﬁpr@ﬁSthm %k?g?&és@riqﬂﬁ% Feép%Ct'M?'yAPC of
HLA-cl ass |11+ bone form ng cells (Table

CorAloR il B0 bOIPER PR e eI %H«Fép&@ﬁ?té’é‘s%ﬁ staining) and
the |IeﬁﬁéEd>fSex©fesls1bAo€lr@SI8LA tlassl Alhaeket (imifdrflizaticdy, Fgure 1) suggesting that

effects of b s.on T els proljferati
cell oG RPeiE; BHe) of gy Bsnck BPcriS> (i lzatipedl's Reh bone
recqn*rseaetrvb@dte%ualncrease or decrease - nunber of PBMC at

start set at 100% . These effects were not nodified by
ALPwes éxpeedsee by maist, lif not alt ¢catis (ia netistiocupatedtvati IR g).(Bgangole

5 Bone reconstructive properties The | evel of cellular
Exa:@:gg grs (bone and nmesenchynmal nmarkers) or nenbrane

ers were assessed by flow cytonetry (Table 1). The

) 20 senchymal (CD105, 73, 90) narkers
Hurpé')rpamlca%ssed with |levels at >65% and >95%

Desr,ée,ﬁmﬁg Smgj,gngpglré?,lt pbblggy,oyygt h bone bi ol og| cal function
done wth ALP production (ALP staining) and the

A sulnﬁN’%nd@Fn|2%2$P|re%$§rhc@[boﬂfrolte|aecllﬁheﬁl flaPRSs hérfdMEd Blherein eight patients
(mneralization, Figure Hml%%ggestl ng that cells
L

W'%&ﬁ?"@é%?%&'“ﬁi‘ @ﬁscha wigti figiency pr 'ﬁ%vtg@av@gew .e., stage |
or |Cadieddeeros’ oftHal fgMoRP AGad) AR §EAtHE bl \CerefdiceMbiedbion associated with

lesional implantation of either bone-forming cells presenting APC characteristics as obtained

above (APC-OB, patients #4 to 8) or a population of bone marrow-derived mesenchymal

stromal cells (control treatment, CTRL, patients #1 to 4).

In these patients, chronic immunosuppression was due to the administration of high oral

doses of corticosteroids for organ transplantation, autoimmune disease, or severe asthma.

Treatment efficacy was investigated using both clinical (hip pain and function, as measured
using visual analogue scale - VAS and WOMAC™ Index, respectively) and radiological (X-ray
and MRI evidence of progression to fractural stages Il or IV, according to the ARCO
Classification of Osteonecrosis) criteria and endpoints. Patients were systematically
evaluated and followed-up for 24 months.
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ALP was expressed by nost, if not all cells (in cells
i ncubated with IFNg) (Figure 2). Exanple 6 Human
wa@baioniizsal4 ef fi cacy data Design of the Study anPCPEP10691055559
Popul ations A snmall random zed, reference-controlled,
clinical trial was perforned, wherein eight patients
with a severe condition associated with
i mrunodefi ci ency or immunosuppression (i.e., stage |
or Il osteonecrosis of the fenoral head) were treated
by core deconpression associated with |esional
Stu ;gg tatl on of either bone-formng cells presenting
[Sracteristics as obtained above ( APC- OB,
4 to 8) or a popul ation of bone
1. d?ﬁﬁcéloﬁé(?m%ed mesenchymal stromal cells (control
1 1pppatment, CTRL, patients # 1 to 4). In these
patl ents, chronic i munosuppressi on was due to the
Ové’?‘é““a'ﬂe%ﬁe%@é |nod'b|r9\‘7va§blﬁgér\%d% tHHO&ES-o tr&é?éd b85S bRECIZAS 24 months
for organ transplantation, autoinmune di sease, or
as apg\paresl tadhenmRRL JTOBAt ment ef fi cacy was i nvest | gat ed
bot h cl i ni cal ; i p. pain and functi on,

In trﬁéég% %trggtpﬂ@rq}ipsﬂ@ n gﬁ@sg@r@é @ﬁ&}S@S%W@/@%dﬂecreased from 45.5
(& 2‘@%&%@@&% tb nde>q+ m)eapmeb imeptns) 128 ¢ NSyt @IxeEdrem, 163 1 Aat twelve

dence of progreSS|on to fractural st ages

morrthff 1§r8 IJE\/11 AcRIYMBEMGOrthS1ae 7ARCEd Lirhyeni f@ﬂrtm%'i‘fh%fo contrast, an
mcr%éeeﬂr}ﬁ@érpﬁélﬁ)sc%ét\ﬁ%'f@urﬁ)nﬂ tﬁé“éﬁ@imér%up g?btnﬁ ﬂ@g$ W LEbaseline to

ystemati cal eval uated and fol | owed-
60. @ﬁmqwé) aBd PP ééé%mt%gmeer@ndwtwéauy -y mpandies respedtively). n
Overall, a decrease in pain was observed in the APC OB
Over ttigw, e eprstits ftteaimen with ARL-@Britanslaies ia shiffssensds betvers the two

groGperat &R Ur dnthE e ARF16B .t E&ati§GeBOUP, Nean pain

scores, as assessed by VAS, decreased from45.5 ( 23)
12aiun@ﬁ§@|$me§o 16.3 ( 14) at three nonths, 17.8 ( 15)
at six nmonths, 15 ( 11) at twelve nonths, 16.8 ( 11)

Slmﬂérlyelrghé ARIT- oanﬁebfed PEh, Meln @vdna)\c@t |ntjwefemyrohmg + 25 at baseline
contrast an Increase I N nean paln Sc

to 1\K/§s +f2<§Q| ﬁﬂ%feﬁ meRthe RS @r%‘& gt six momieg 19- 5(§%)12th tﬂﬁ@%moﬁg‘s 18 (&
11) 10 eRftean(m&AngJand™d &8s 5at(twé|$t3/ @l RoAR. €RAvaREly, WOMAC™ Index

tvvent y-four nonths, r espect ively).
deteriorated in the CTRL groups over the same time period, from 39.8 (= 25) at baseline to

56.8 (= 22) and 57 (£ 26) at eighteen and twenty-four months, respectively.

Over time, the benefits of treatment with APC-OB translates in differences between the two
groups at twenty-four months of over 100% (see Figure 4).

1.3 Radiological Progression

At 24 months, survival analysis demonstrated that 75% of bone lesions in the CTRL group
had deteriorated to fracture against none in the APC-OB-treated group (Figure 5).

Moreover, as shown in Figure 6 illustrating mean radiological score evolution in the two
patient groups, in the CTRL group the mean radiological score deteriorated from 1.3 at
baseline to 2 at three months, 2.5 at six months, 2.8 at twelve months, and 3 at eighteen
months and twenty four months. In comparison, APC-OB-treated patients only showed a



Over time, the benefits of treatnent with APC- OB
translates in differences between the two groups at
wo wmatigsoiour nont hs of over 100% (see Fi gure 3pCT/EPRN9/055559
Functional Scores Simlarly, in the APC- OB-treated
group, nmean WOMAC(tm) Index fell from48 ( 25) at
baseline to 17.8 ( 23) at three nonths, 20.5 ( 24) at
six nmonths, 15.5 ( 12) at twelve nonths, 18 ( 11) at
ei ghteen nonths, and 18 ( 8) at twenty-four nonths.
Conversely, WOMAC(tm Index deteriorated in the CTRL
min@iidd iHeBeaB¥ @1 mehe ralioidyidal seorEer frooh, 1.6r atnba38lir® {o 25) 1& and 1.8 at
6) at ei ghteen and

el ey, ahd e B FRuBSdeshel S bver ¢ e, i he

Cogﬁgg%gts of treatment with APC-OB translates in
ences between the two groups at twenty-four

In cgnaﬁéqén %Lr Gt m%%(?e@ &?ﬁ&atlghgl{ﬁﬁh éfage:l' FII %@@o%&gé §61l the femoral
rogr essi on surviva
hea@éﬁ'ﬁiﬁ@'ﬂ@ aorigoitHnguCE R rBMNOS BpRSESSIat) Cﬁ@'\'ﬂw tfﬂ?émGFRLth bone-forming
cell§ E@é@ntn@qﬁﬁ@ﬁlﬁré&é@tleg shvdd rﬁ&rtk% ﬁnpﬂEG@érﬁbﬂt oNARRal Shd PBiological
-treated group (Figure 5). Moreover, as shown in

endppigisr 8 ePPRarediorthe P OR®&RHPr adi ol ogi cal score

evolution in the two patient groups, in the CTRL group

the nmean radiol ogi cal score deteriorated from 1.3 at

baseline to 2 at three nonths, 2.5 at six nonths, 2.8

at twelve nonths, and 3 at eighteen nonths and twenty

four nonths. In conparison, APC-OB-treated patients

only showed am ni mal increase in nmean radiol ogi ca

scores, from1l.5 at baseline to 1.5, 1.8 and 1.8 at

twel ve, eighteen, and twenty four nonths,

respectively. Conclusions In conclusion, our data

i ndicates that patients (with stage | or |

ost eonecrosis of the fenoral head related to

corticoi d-induced i munosuppressi on) receiving

treatment with bone-formng cells presenting APC

characteristics showed marked i nprovenent of clinica

and radi ol ogi cal endpoints, as conpared to the contro

group. CLAIMS 1. Isolated bone-formng cells for use in

treating diseases or conditions associated with

i mmunodefi ci ency or i nmmunosuppression. 2 . |solated

bone-form ng cells for use according to claiml1,

wherein the bone-formng cells
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conprise expression of HLA-Il. 3 . Isolated
bone-form ng cells for use according to any of clains
wd.2op/135914 wherei n t he boneform ng cel |l s di spl apCt/AR2009/055559
foll owi ng characteristics: a) the cells conprise
expression of al kaline phosphatase (ALP); b) the cells
conpri se expression of any one or nore of procoll agen
type 1 ami no-term nal propeptide (P1NP), osteonectin
(ON), osteopontin (OP), osteocalcin (OCN) and bone
sialoprotein (BSP); c) the cells show evidence of
CL@&H ity to mneralize the external surroundings, or
hesi ze cal ci um contai ni ng extracellular matrix; d)
1. |%&85e8‘360'n%-f8r%ﬂﬂ? [ -2 %’Ws%%ﬁ't? ti% Jiile/é\'sés %Pgo |{Ii'}in|sI asséciated with
Sol at ed "bone-T orm ng Cell's Toruse accordrng to any
imnafodéfigiemsy dr imuosuppingss®inn sai d boneform ng cells are
ost eoprogeni tors, osteobl asts, osteocytes or cell
2. 151BE8 bBhe ¥NRIRSIROINIE ddcBRRPC Paim 1, SHeRdif%he bone-forming cells
bone-formng cells for use according to any of clains
comprigg expressiierfdilA-5ai d boneforming cells are obtainable
by differentiation fromnesenchymal stemcells (MSC)

3. |S¥1atb@BenERIiMY li§ EFRlse GRLorEing BYRERY -of Blaimd $@r 2t @erein the bone-
; bone-I%%r,n] ng c‘ehl S, forr] use according to any of clains
orming gells displgydhetofiowny ShHBHEYHi ng cel | s show evi dence

of antigen-presentin roperties, 7 sol at ed
o) G B P Lo PLPReICE PRRUTRIASA LS any of cl ai ms
0 e ULMFE AHIEAIR P 5L o RSBl IR i i
propaptidé odNE), opstadriastie €N, adieiopdrsinr 0P )o nostepchigimaOCN) and bone

ial St BicRCA . Isolated bone-fornming cells for use
s a@cgrdﬂbﬁﬁto any of clainms 1 to 7 wherein the di sease

c) tRE cBRNEHdW BNddrze PABRE Hf AiMbraliTeR LIHAHRHLLRHISSC Br synthesize
virus (H'V) infection and acquired i mmune defi ciency

calciyrprgerateing Axinaellulpymatignmagl obul i nemi a, hemat ol ogi ¢
cancers such as | eukaem a and | ynphoma, total bone
d) t%?@'BW@BT'%?’@FﬁSSBBHEHHﬁT] B Adnspl ant ati on, organ
transpl antation, |ynphocytopenia (Iynphopenia) of any
4. |solatgd bond-fopumgercid foensé @stsding & hex biglaiopi Dicd% veleusie said bone-

formnlrﬁg’ tcgl?sy gr%scl)s%oprrcl)b%%m)arts,l 8st£§o aesrts, &s'fé’o%?tgg %(r) rcr:lef’f‘%psés %? Qhe osteogenic

lineage.

5. Isolated bone-forming cells for use according to any of claims 1 to 4, wherein said bone-
forming cells are obtainable by differentiation from mesenchymal stem cells (MSC) or bone
marrow stromal cells (BMSC).

6. Isolated bone-forming cells for use according to any of claims 1 to 5, wherein said bone-
forming cells show evidence of antigen-presenting properties.

7. Isolated bone-forming cells for use according to any of claims 1 to 6 wherein the bone-
forming cells are of human origin and the medicament is to be employed for autologous or

allogeneic administration to human subjects.
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al cohol abuse; and treatnents wi th: chenotherapy

agents, corticosteroids, anti-TNF drugs, radiation,
WO ovns®uppr essi ve drugs such as inter alia tareDEPINE)S5559

cycl osporine, nethotrexate, mycophenol ate,

azat hi oprine, interferons, and inmunogl obulins such

anti-CD 20 and anti- CD3. 9 . Isolated bone-formng

cells for use according to any of clains 1 to 8

wherein the di sease further conprises bone-dysfunction

or bone-1|esion conponent. 1023 | sol ated bone-form ng

cells for use according to claim9 wherein said
8. bsolstedy $boerioting crelibofoe- lussi accarding cnamit ofickaims 1 to 7 wherein the
dlse%%geogp&)ng%lo@ is %ﬁgse%nﬁgrlﬁoﬁ Man Cl’%ﬁn%ﬂgfé}c%h )lerlll?s HIV) infection and

one necrosi’s, bon f
acqmre:dr ommamemefac)encbonmoksojh@r @#dbS), ambglammag@@Umnym dhematologic
h o [ r

can%érs éa‘cﬁr% ﬂaﬁégﬂ sgg%gﬁﬂmr oaf tB?iII ;b?ﬁ% rlnoﬁrjr&/g abI tlon bone marrow
tranrselant@mmlqrmtje@spla@éajlgenb/m@howﬁowe\@a@mr@ogg@a) ﬁf any origin, lupus
erythE R8st cHbrRKaS 8610@5 a6 ok RB0&S, Srﬁ&urﬁét%%%érttﬂlpanosomla&s and

| mrunodef i ci ency | nrunosuppr essi on. 12,
alcghrhpbrsee and (tfﬁf’t”@@?ﬁ)\ﬁm tGhemotsranysweatse 6?@?%@3"9'63 cdrdir hiF drugs,

rad@aﬂon Wﬂﬁ@é&pb@@sl\t&ﬁlﬁ%§ &idﬂﬂd&gntéﬁéllaﬁa@r@lmé §ﬁ:l@ﬁ)6ﬁrﬂ§$de‘i’ﬁbtrexate
ar maceut i cal %SI tion for

Y REBIA AN R S0 P e 219 LR SGIORAIES S FHBCD 20 and ani

cbpro-inflammatory cytokine is IFNg , TNFa, IL-1 b,
IL-17 or IL-18.

9. Isolated bone-forming cells for use according to any of claims 1 to 8 wherein the disease

further comprises bone-dysfunction or bone-lesion component.

10. Isolated bone-forming cells for use according to claim 9 wherein said bone-dysfunction or
bone-lesion component is osteoporosis, osteonecrosis, osteopenia, bone fragility, bone

necrosis, bone fracture (or microfractures), bone sclerosis, and bone osteolysis.

11. A pharmaceutical composition comprising bone-forming cells and a pro-inflammatory
cytokine, for simultaneous, sequential or separate use in treating diseases or conditions

associated with immunodeficiency or immunosuppression.

12. The pharmaceutical composition for use according to claim 11, wherein the bone-forming
cells comprise expression of HLA-II.

13. The pharmaceutical composition for use according to any of claims 11 or 12, wherein the

pro-inflammatory cytokine is IFNy, TNFa, IL-1P, IL-17 or IL-18.



