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OSTEOGENI C DI FFERENTI ATI ON OF BONE MARROW STEM CELLS

AND MESENCHYMAL STEM CELLS USI NG A COVBI NATI ON OF
WOEROWBT2EBACTORS Fi el d of the Invention The i nvEeL/EP2909/050209

relates to nethods for osteogenic differentiation of

bone marrow stemcells (BMSC) and nmesenchymal stem

cells (MsC), to cells and cell popul ati ons obtai nabl e

by said nmethods and to uses thereof particularly i

I N
t hHOSTEQGENIE IFRERENSIAHIPN @b BN B MARRQW HEEM § AND
MESEREH¥RI AL S??M%Eﬁl@ﬁ!sﬂ% liScé h*t\‘?ldﬂl OF'@ROVPTI BACTORS

osteogenic differentiation or o I's that are
commtted towards osteogenic differentiation is a
Field ghthsilnyentigthue for the treatment of bone-rel ated
di seases, in particular when the treatnment requires
The iygaian ishatest loraathpdn for osisreenia difierendiation efdang narseptem cells

(BNISE) HRS RREBYIRMP LM 68l (§/IS(CNB@ c&l@%d%ﬁrﬂ)o\éﬁlﬁﬁons obtainable by
previously to“treat bone disorders (Gang al .

Sa'Qm%hCB@p?é‘ldtto epeshtheresf paieylary infheyfielg pf bm&ée@py
al t hough such relatively undifferentiated stemcells

Baﬁlﬁg”robﬁdttéwmvaﬁﬁ&d they are not conmtted to an
osteogenic |lineage and therefore a considerabl e

TraPEEBAtOP Bf SlerrSediis apabla It @ dsrigBimy (RltdoyeRBiffPéntiation or of cells
event ual | ﬁ%cont ribute to the fornmati on of the desired

thap e qomeuiiied tReidsvessteodenls gifgrantieiProfS duRRMiTRmaYenNyss for the

tre it SRdIne-rE e B 8184 paMic@Ar \Qhé?ﬁ!heﬁl%@frﬁ@wttré(ﬁﬁr%g%rdo%ctlon of
frequently unsatisfactory and nmay be even furt

newbaied in various circunstances, such as due to
| ucocorti coi aIcohoI buse or ca
BO@%H&r fow %tﬁl]’s%‘?j's @\Eﬂ IR Mmébﬁtsmeae @&%aﬁvphtzﬁen used
pre@@hbl@\t@dreaﬂb@ﬁbﬁq|u@td@rseesae@| ebhl.] 2008 EXgere®@piansSiboThedf5: 437-42).
i sol at ed ggB E gs |elded cells fhat iﬁread¥
Hoypwes) alayahstuss e Yf?'% UB ﬁ'&?ﬂ%@d S{¢M £51%) CAR PRJEANSPlanted, they

ardTeBmBMEQ eranMstectenie liebhdalamfthereféraa neRierbRe gfoportion of so-
ma and basic fi bropl ast wt h fact

trar?er e M?Wéﬁ%fv%@ yﬁcgptr@gigctﬁ trﬁ%? r@a{lq{bof the desired bone

tissBECI f| c conmbination of FGF and TGF growth factors for
obt ai ni ng ost eobl asts and does not suggest any

Moﬁébﬂ@ﬂﬁﬁ@@&aﬁthﬁbeguch Jiber xlieXobtdisabte fre@dbdner mbktbw e rother source
e_and reliabl e nethods, for rodu0| r}ggusef
|

t'ssé'§§eﬁpF%@‘é‘?ﬂ”VoF%sat'é@Pté’%laé‘é"t MYy SsF}é?fb g dlluced in various

cirqurstdricgpesuenldssduer to g iBlESHiand ubBGr aldubdl avRbE 0fBecd e of genetic
L%artl cularly desired where they achieve a greater
&9t ee of cell expansion

WO 2007/093431 disclosed a method that achieved an adequate extent of in vitro
expansion of isolated BMSC or MSC and yielded cells that already displayed osteoblastic
phenotype. In said method, human BMSC or MSC were cultured in the presence of serum
or plasma and basic fibroblast growth factor (FGF). WO 2007/093431 does not teach
using the specific combination of FGF and TGF growth factors for obtaining osteoblasts

and does not suggest any advantages thereof.

There exists a need for further simple and reliable methods for producing useful
osteoprogenitors, osteoblasts or osteoblastic phenotype cells from BMSC and MSC. Such
methods are particularly desired where they achieve a greater degree of cell expansion
and/or produce cells with additional advantageous properties, such as for example, cells

causing less tissue rejection in allogeneic subjects.
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and/ or produce cells with additional advantageous
properties, such as for exanple, cells causing |ess
WO e@sg7212) ection in allogeneic subjects. |t i SPEIEP2009/050209
obj ect of the invention to provide such nethods and
ost eobl ast phenotype cells obtainable thereby. Sunmary
of the Invention The invent oLSs realised that the
expansi on potential of adult”“stemcells, nore
It is pa cibfact af tfye '@flerﬂ@ﬁéo@@Wdﬁ/\ﬁ@@%fﬂe&@dﬁ§n(18m9b|%h@heno’fype cells
obtdRSERGHY Bl stemcells (MSC), can be considerably
augnent e upon osteogenic differentiation when said
cells are cultured in the presence of serum or plasng,
Summyanyof #ag Inyesliem factor (FGF) and transforning gr owth

factor beta ( TGFBA wher eby increased quantities
The swenforsyselisseribridhe @war@roncmt%lm @sﬁlduhﬁée\%f?‘?be”@éﬂ ﬂ?;ec'flca”y of

born&@bd  HeRulRld RSN Jae ?rfe'%bﬁc\/r@/ﬂwal "ﬁ@l?le'ce"sn (MBC), can be
aspect the invention provides a nethod for obtaining
CO’I%GE%@&)‘ 8YemPRIEH 4IPopaséngraist diffesentipdipe yfieastaip Kelifoerppeiltured in

the%bée%cfa%@%ﬁ%ﬁpl@%@ ﬂ@éﬂlé?sw g%\@tmf&ﬁbll GFdF'?"éﬁ@)traﬂEformmg growth
human rresency% St em cel ) In vitro or

facipr\pgta JGHER); W@bﬁ areaser r?g'agtélea @NB@UbPStWEOWQ'WF or osteoblast

phdHoERR dlIRERRCAT potalddBhs EAPhOBERSIeqdr oWt h factor (FGF)
or ‘a biologically active variant or derivative

Heh&EriROIn adpstt th@NSIePlioh NMoo\BdedWh néRed Gbr B@iaﬂllr(gT@Et%bpl%bemtors

a biologically active varjant or derivative ther
ostgpRlagi eéeﬁﬁow@itwaagot&%cﬂESfffom BYNPR PN M{TBW AR |C§'IIS (BMSC) or

hurh&@ GhdseRAchy@nd - stém MRS (ML) iRfvitkd 8RR /i, %6hﬁaﬂ13|h§ contacting said
tovvard ost eoEr ogeni tor or osteobl ast henot

BM3¢n e, M PlasEaef HiSAEM ofiPFoRES} rg\/@’ﬁ |fﬂ‘?tQEaWGF) or @

blof@)@w@ﬂ?ﬂa@ﬁﬁd vhRantobt akbfvdiide Qﬁél‘é@prﬁﬁﬁ'ﬁﬂah%ﬁmng growth factor beta
ost eobl asts or osteob] ast (g&enot Ee cells perse. It

(TGHRIar afinledied!lymstivipyriant ot diveigtihese net hods of the
i nventjon gener al | roduce cel | popul ati ons,
Th %Mﬁﬂeﬁ%m&’&o‘ﬁ’y s‘i?ﬁs‘ﬂ'ﬁ‘?ﬁef‘%(ﬂt ﬁo?@qs&?t'abfra‘&'% R Gr Maiprityppof treated

steﬁﬁb@l%ﬁoﬂﬂl%'e‘s@b rogeRitR O GsibSbIt phehegbéaiedtBe bl PBpect the
s. . Such cell popul ations nmay optionally include

el |
mefrlﬂdﬁr?éﬁhed@r/?nt[oprfég begrrlpuchipr ¢ tqlmngiﬁstgg[a@ggmtoﬁ% osteoblasts or

ostbHIgdtoheRotgstsIRPertes a nethod for obtaining a cell
popul ati on conpri sing osteoprogenitors, osteoblasts or

It sBEN ROWERS beHPRREUIAEE tHak tHeSmbHoas bk trninRvisen @ﬁangmeuy produce
M5C in vitro or. ex vivo, %%ISI ng contactin

celgRRRH I ONREE MBS r%'lt?StﬁP riign. &9- ufn m@@ﬂyogf Qsteoprogenltors

ostBoISIh NG i Vstepbret pNghotel @ik, Stictlesli vaduiatRnt heaeeptionraMd include
TG-B or a biologically active variant or derivative

f“”f‘ﬁ%?‘-’é'd?’pesi'he present nethods allow to generate high

ers. of osteogenic¢ cells fo ur
Accor ingly, in an aspecg(?he c|;nvent|on con {e Ia%ega

e?hod for obtaining a cell
population comprising osteoprogenitors, osteoblasts or osteoblast phenotype cells from
human BMSC or human MSC in vitro or ex vivo, comprising contacting said BMSC or
MSC with human plasma or serum, FGF or a biologically active variant or derivative

thereof, and TGFB or a biologically active variant or derivative thereof.

The present methods allow to generate high numbers of osteogenic cells for the purposes
of transplantation. This permits to further reduce the amount of tissue which needs to be
drawn from a subject to obtain the starting BMSC or MSC cells. This as well permits to

obtain adequate numbers of osteogenic cells from subjects with diminished counts of
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of transplantation. This permts to further reduce the

anount of tissue which needs to be drawn froma
wGempegR213 0 obtain the starting BMSC or MSC ceP¢BEPING/@50209

as well permts to obtain adequate nunbers of

osteogenic cells fromsubjects with di mnished counts

of BMSC or MSC cells. Also, the nethods allow for

shortening the tinme when the differentiated cells can
BM$E tar aMSpl sallsedAlsat dhea methpestallowhies $h§§f@hln'9n§1ei time when the

diffbRMSEd COR @be tlrefhsgfén%'gq%' ddtent, 2 L% |H?$§?&qﬁ?r95y.

the invention may conprise steps: reco ering ce
In érr EbSIRERL 1) Sl FRARGR oftnein RHFBR riRlcRfise QB! S ng
, (b) optionally, 1solating nono-nucleated
(a)dem@rlng @ﬁi'& fremca bicdogieat aaead of A f(ua)an pujeci rgmpgsing BMSC or
msegel I's of (a) or (b) to a nedium conprising human
plasma or serum FGF or a biologically active variant
(b)@pt'mly Vgt mm@wﬂeat%@e"ﬁ@m e cgliprasperiee i (@y:
(c)%%?nlﬁ%e}fé"‘fﬁ ?a'?tor ) tHef h%@ﬁjhvé‘orﬁﬂ%r%oﬁumﬁpBlangatd#rs'eFlﬁn FGF or a
[ -medium m xture as to al
bloﬁ)@h:@H;emj@e yarigrd|or geltl\@tlae mgam,qffaﬁdeT@ﬁ$ pa@ @1olqugally active variant or
derf\%ﬂpé/{Héged?oéhoaém@ﬁﬁﬁtthé@éll rﬁédlﬁmdmfofré r'@fch G4l tblérlb\ﬂgor adherence
herent cel diumas defined in (c), such
of edls tpa gubvtates $fasBt ai ni ng ost eopr ogeni t ors,

(d)Qéh@QP{; FohSidRErcAEhRABI 354 |flJr{ﬁ%r eQklrg a‘?fhe%n@%lalis in the medium as
opul ation conpri si E such. I'n an eibodi nent of any of

defiriee Im ooy BUGHeeT allowgiosebiginingsesteenrpaeniinge. 9steakigsisear astgoblast-
|IkeF(gﬁS A B p(@) ul@fiord ébrﬁpr%'lrffa Qghcal 'y active variant or

derivative any thereo concurrently, i.e.

In & BMbbARRALST dhy dffihd HhEREMRBROBNIBOLS MEC 3B r%\y HB&xposed to
above nethods, "'t he human plasma or serum may

FGEU?EW obahiB; b ftohéfl B!y Mative evar@ant g |d?r'\f?é'ye bef any thereof,

Co@uy@g@neé%,&nmbggyus) to the BMSC or MSC cells. In a
further embodi ment of any of the above nethods, no

In fﬁﬁﬂerrﬁiﬁ%alrﬁéﬂt%“ arﬁgﬁéfqﬁé aboveSHER 08S the,eh&nan E%%Hﬁ‘or serum may be
nents) is used in the culture of the

aut@l@gpgs totthe @M%é PEM§§SCG(”ﬁeorr”i BRY B¢ allegengicrihemplepels) ,tq,ﬁme BMSC

or MBctdagg.cul tured cells in humans as well as reduces the
ri sk of contam nation of patients w th pathogens.

In Adghitidraabodihehtes S @ﬂ"iﬁ@%ﬂ&@ﬁﬁet%ﬁ he ﬁ&ﬂH@mQ’#ta'ﬁﬂﬁeﬂ material

concern further features, such thout limt
(surh @spasi §RUM ﬁ%rgpowgss),ggqéged '86%6@1%@ oﬁ@grﬁl\(@pé)g MSC cells. This

de®bdses thBi Gk 81 REMGRAIC Rjceasionand @UItdrdd tdaes i MdBTahk &s well as
the provision of the present cells and cell

redHB‘EﬁﬂhﬁﬂsbHECOWW@'”?WE?RQ%“%”"P Wti“rP@FhOQGP?)rl singly
real i sed that the exgressn on of HLA-

ACHGHR) BT BT PR oC B h NS Gt o ee st Jgrures. such as
witE&lt limiteldrRiimedatisy fifed, MRsPIREEBMponent quantities, etc., which alone or

in combination further underlie the provision of the present cells and cell populations.

The inventors further surprisingly realised that the expression of HLA-DR major
histocompatibility complex in osteoblast phenotype cells obtained using the present
methods is significantly lower than HLA-DR expression observed when applying the
method of WO 2007/093431. Such lower HLA-DR expression can enhance the
immunoprivileged character of osteoblast phenotype cells as obtained herein, thereby
reducing the risk of rejection of such cells and allowing broader application thereof also in

allogeneic patients.
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met hods is significantly |ower than HLA- DR expression
observed when applying the nmethod of WO 2007/ 093431 .
weemb/oganer HLA- DR expressi on can enhance t he PCT/EP2009/050209
i mmunoprivil eged character of osteobl ast phenotype
cells as obtained herein, thereby reducing the risk of
rejection of such cells and all ow ng broader
application thereof also in allogeneic patients. The
The nigegiticonthubuglsal eviges dstReblast trbebpiiee  ¢silendisglpying novel and
v, t
e R oy oot R LR 32 PR Wehion provides
osteeRIPperiOrH NStEeplesisedri @sie@ola%slh@owa%tcg"s@rasomalb@blca%tpopulatlons
m c Q{%Pé%
Corgon‘prl élgﬁng @ht%m ?%éétﬁﬁégrlee%Zb({ﬁgcgab écthe methods of the
invetosi ned using the nethods of the i nventl on The
i nventors al so anal ysed the herein achieved
The dveploragispanatysed theharein achievedeagteadlastic wglis indefingl # new cell
typB SRRl eﬂﬁlaWohﬁirlQiﬂg%ﬂgﬁ‘ thétr}ﬁéy ofer d?—,\frtfc%far RapdidYy Rtherapy,
superlorlt In therapy, especially in
especkay ) tﬁ?ﬂedfqnéﬁlaﬂﬁé@raéwa%nce in an aspect t he
i nvention provides human osteoprogenitors, osteoblasts
Hegge, gt @b ssaest, ﬁ}@eﬁypptﬁg@ SEqvides @gn%msteggrqg@mtors osteoblasts or

ost@@&é@t%‘eﬁ@@p@ gggr 'a§ WAl SSUE. pdpliBiasd %r’nér% &dhh@ﬁaracterlsed in
sai d ( 1) conprise exgreSS|on of

thatsa8, Celised) CPUECaPPrasSn P @qa@osqmsa@m@% "5Pase and

a|k§|n%%rfds9ﬁétb¥ C%L%)Oﬂndr@%péaﬂ?aﬂy AL @r o#ﬂh@%vueweﬁkudr(eé/) tyBQ (2) do
expr ess | ess

notteﬁ@FQ?éI@%5 (THe CEHI%y ang £3) '?fﬁﬁaWaQ off &hﬁé:e!i%mr@few ess than

ZO%V&WhéTEéI% d?fdeé\%haﬁbﬁé dr@%ﬁaﬂl}h%@s Jcﬁ%ﬁ’ ﬁ%totf'@né:@éllgssu&luéshless than
| ess t han % of the cells or |ess than 7% of

10°éé1f the eallp Pé'&?§3 H?A-@'Rof fhegells gxnspssdalifh @ﬁa@ épéﬁﬁeéﬁlecﬁr oportion of

theldafis 88 hbSexpfesdMiLABR).ESS HLA-DR). As mentioned, the
i nvention al so contenplates cell popul ations

AsCﬁf&ﬁﬁbn%dngth"eh¢mﬁé$nh@r9%l§838<bﬂté’rhplafé%t %@h)l ééﬁulé’trons comprising the
ost eobl ast phenotype cells as defined here

oSt CeiOPIsbRASIRGtF ARG bgRselis as Qﬁﬂne@atare'&o% exemplary

cel%&ftﬁ:ﬂ%ﬁ'rﬁa;ﬁkor‘nﬁ@&t atdle¥at 109k eprBfe%tﬁ\y %b'léésﬁt’)o%e?rﬁire Qe'l!%rably at
| east 60% yet nore prefera

leagt %0% 0. |3 fpast 99‘% yahmloeev@rﬁf%w abnl@rsg?%wgatanl%%@O% and

evelPHore pierabl eltfP@a%tt 985%@5 Qﬁreggms%%Idswoprdg%h@&bbaébblast or
or osteobl ast phenotype cel s as_defined herein. Fo

ostgQhlag @“e”PW@ec%ff”F Fodalinad barayF Yopmmrle fhesselt ﬁaﬁulatlon may

corrftiée 1BS£ihah @@I%’ dr@rﬁ%b?)hléé‘s tHav 408y, eéveﬂnﬁ&eﬁir@ffe%rbﬁblbys than 30%,
| ess than 30 é rmerégreferabl | ess than 20% and
rAEOY

Vot gD orpIPrAl LIPS o PLegabD, lgss Tia8a0% o less than
7%7%53 hiemssd RAMesa A 2besrcell Rpes 2 eingitlne dsydPfodehl@! osteoblast

f han the osteoprogenitor, osteoblast or osteoblast

or ostieqiis) pRenaiyRescells ag definfshar@Pei n.

Related aspects concern therapeutic uses of osteoprogenitors, osteoblasts or osteoblast
phenotype cells, or of cell populations comprising such, as taught by the invention, in
bone-related disorders and corresponding pharmaceutical formulations comprising said

cells or cell populations.

These and other features of the invention are further explained here below and in the

appended claims, as well as illustrated by non-limiting examples.
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Rel at ed aspects concern therapeutic uses of
ost eoprogenitors, osteobl asts or osteobl ast phenotype
wa@edob®g7205 of cell popul ati ons conpri si ng suchPCEEP2009/050209
taught by the invention, in bone-rel ated di sorders and
correspondi ng pharmaceutical fornmulations conprising
said cells or cell popul ations. These and ot her
features of the invention aré further explained here
BrigtPeserintton of thaigisgended cl ainms, as wel | as
illustrated by non-limting exan‘pl es. Brief Description
F'%'FethéhPWQLhCé(stFS@Hr@Otl cemBarsapoRt wRicoRlest pnmtary culture yield in
meefamOéJdtaﬁﬁ.ﬂ ?fas?r?’at%%b @ﬁg/nwé;ﬁw }i‘!)rﬁtlalfn% sémsén% bRd both 10ng/m
|un1con inin an
FGE%@ﬂdﬂﬁlr\gQ“'pT (@m’ﬁ bot h 10ng/m FGF2 and 10 ng/m
TGFb-1 (n=4). Figure 2 shows conparison of osteobl ast
Figune gmw, @n@pquﬁoq@{jpﬂﬁg)@%mug%rw@g iy grediygp supplemented vs. not
supPHRRAREE Higd 1 M AL § R L (AT(B:?naH cu(trﬁ*)a QB} 4B&ohdary culture, (C)
culture, (B) secondary culture, bal. Figure 3
gloe#lows mi neral i zati on by cells cuI t ur ed in pr esence of
(A) FG-2 only or (B) FGF2 and TGFb-1 , assayed by
Fighge Biskows |”E'é€?f?'|'?a|t'@fd ¥ callsiuigredan grasenee of N%@F&t%@/ or (B) FGF2

and WBQSH%§§§§yYT%tr®I$IQEHnF€d §ighing. cul tured in TGb-1
[ FGF2 on PBMC stinulated by PHA. Detail ed Description

F.g@.fre uhigistrBtes MhirdRofipprsalle REEEH o1 celduIBIGH TBF L AFTF2 on PBMC
an", and "the" include both singular and plural

Sm?@?@ﬂéﬂﬁ?“ﬁnless the context clearly dictates
ot herwi se. By way of exanple, "a cell" refers to one

DetdileWee ctipion @R theCiplventidie terns "conpri sing”,
"conprises” and "conprised of" as used herein are

As 680 MgramiSthel iy uldrrieintidiang “an”," ait Ibiglemcluge both singular and plural
cont ai ni and

are inclusive or . .,
rolesFR- YRS e P Gt iR QRAIET GHARY OFGATele; iaxge! refers
to dredrenGre tidresiRdell. or nmet hod steps. The recitation of
nunmerical ranges by endpoints includes all nunbers and

Thé te’imtsi"%}ﬁpwwmmp%éd”ﬂdhdt ‘BerhpisEdqs; af8saehéremsartR§nonymous
" as used herein

dpoi nt he term " about
W“%@ﬁ'“ﬁ@ﬂ'eniff)ﬁ’&e?2°%T9?€£?éﬂj?é\pbl @ ”%ea%@ﬁe qelugive o open-ended
andas AdESxelude @addiEomal Haon-RciteNpemdkrsdiemichor nddtblod Steps.
like, is neant to enconpass variations of +/-10% or

Thé esstatiph efferﬁLﬁbénCaﬂ'larﬁjﬁwby lemgpoinEDInelugeeflir alrhyers/ ankPractions
+/. O 1% or | ess of

| ,
SUSHgE i et SPE o PGSO PR BRI S uch var | a fons

Th?a trteez apgr J Iagtnlgsgfdgpgrgw ?vhg? refetrrrl]neg cl)sadmoegggrabln va ue such as a

parameter, 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 to be understood that
the value to which the modifier "about" refers is itself also specifically, and preferably,

disclosed.

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 to

are incorporated by reference.
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the value to which the nodifier "about” refers is

itself also specifically, and preferably, disclosed.
wa\kdosdgnuwent s cited in the present specifi cat PONER2089/050209

hereby incorporated by reference in their entirety. In

particul ar, the teachings of all docunents herein

specifically referred to are i ncorporated by

reference. Unl ess otherw se defined, all terns used in

Unighs olheswisg defiecd. rifletatmansed icHigelpigg tlesc wpatian, dnrtding technical
ot I
andsgé gr?glbgég@ bsé\;oéﬁtgeo r@l Ay s?(ﬁ]?gfjﬁl?erqgttgﬁa{gg ode of ordlnary skill in
the\@ﬁ totwhicki thisi ipvanton bﬂ'obﬂﬁ ongs. 1. Methods of i nventl on
As detailed in the Summary section, in an aspect, the

1. B85S boRvdebat €s to a nmethod for obtaining
osteoprogenitors, osteoblasts or osteobl ast phenotype

As GRtdilgd iRthe\ElihnRsy Eélftloﬁbfrmaérf‘b%c?%é iRRREOALIABS to a method for
conpri sing osteoprogenitors, osteoblasts or osteobl ast
obtgwg}gops;,tggpr@gm@rs FOIPRLIARERIOT RSERODIASE MBRNQYRINCElS. | as Mﬁ*” as for

obt4inflg® @Ml B¥pWhtihs %Mﬁﬁﬁﬂghgétﬁb&ogém%@ e%bfe@bl'a@t@ o osteoblast
ost eoprogeni tors, osteoblasts or osteoblast phenotype

thfgt}{pg géndroa T‘W“@h@@?ﬁ)@§§°‘8éﬁ”§ collsi /@ Ml eX §iPr i but e

or are capable of devel oping to cells which can
As é'é?fi PeTsiy éha reCitation ISERORERISHICTST OPerRiasiaPeriarbiatt PhEn-yPe cells

gerfER4lfyl éhcohf;!)a@@béﬂs%l'ﬂéﬁ caf Iasntﬁsmteqslsoroéretclasabla\beabva&bmg to cells
result in cells and cell opulatlons whi ch

Wwhigh 5iapi GRiPHIq 1p- gl?o@ffﬁﬁqqna@fekpnsyn@tﬁ@a,Q{\}pmadpgtnx alneparticular, the

metRk Wf therinyesberbadt Posslst fdredii BdeIé\tldnBQK/Iﬂﬁt@Uéé @xperimentally
settings. Consequently, the recitatio

subséandigisidoble e rventopst @B pysely fobl’e%%rtr@oBP%?sforﬁﬁéﬂrbt' glerapeutic

setfifdd. SC@h@ﬂu@nﬂﬁ aRNSEEiEEN 28stabsldhBatdrs) @BEBPRAES oRNYsteoblast
such usef cells of the osteogenic |ineage resulting

phenodtpetagls ARAUbBE Constiup af MY 18P NCEBRRS ST RN |U§eft1h‘?”s of the

ost&8ddnid ineaYE rXfiAE YoROthBBEkthd &Y of @RVinbénof | ong bones,
sonme haversi an canal s, and spaces between trabecul ae

Bofd maAiwas Hfé%ft%ss@@é&%ylhg Resduliieca/BESoPRRG bekkAkbMe haversian
but without |limtation enconpasses red bone narrow,

cangli c#Nd SPRERMPEMPeRl (raBRfRe i9h eaepIPUS; Pl SRARDY pone. The term

parh@.ﬂérﬂy smeﬂ.trh&ﬁaﬁmt@n@n eAcAAPEsBOREH bBnE -martdiv, LAGCIS ROREINMG in all
ne), as_well as yellow bone marrow. As a whol e, bone

bOfi?ér'Pcﬁﬁ”Vé'feaa%fﬂo'Ieé icigdslecatiops A Wk@od He-r iny e, seangy bone), as
welhagpatpsirethargy.em cel I's, red and white blood cells
and their precursors, nmesenchymal stemcells (MsSC)
As %tvlﬂﬂj@|boﬁ|§|nt|ja€rroa\ﬂ|@ atbétmgmepttrs%@@ rcatﬁfpﬁselzoambr@ng bR rfdtopoietic stem
ce I NC | | 0 S , reti culo
Ce”édir%jgéw é@lﬁteaﬂ%o‘{cé?' Ssa 'Lei?f PFSPHHSQFSCHE%EB?WVV@HS ferg ¢glls (MSC),
strmﬁél\mngaﬁ@tﬂee%re@kgd}geand BYRRIpIBRCEIRNEIBLihG fiB@BIdstsh Htieulocytes,

man verse tjssues after systemc tr | ant ati on
adlpﬂcytes )e/mg cells Wrﬁch 1lorm a connective tISZ ue network ca eg lpstromaﬁ1

Bone marrow cells contribute to many diverse tissues after systemic transplantation in
both mice and humans. This capacity may reflect the activities of multiple stem cells
present in bone marrow, such as, e.g., haematopoietic stem cells, mesenchymal stem

cells and/or marrow multipotent stem cell.

The term “bone marrow stem cell” or “BMSC” as used herein thus refers to any adult stem
cell present in bone marrow, and particularly present in or (partly) isolated from a sample
of bone marrow. A sample of bone marrow (BMSC) may be obtained, e.g., from iliac crest,

femora, tibiae, spine, rib or other medullar spaces of a subject. The term BMSC also
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both m ce and humans. This capacity may reflect the

activities of nultiple stemcells present in bone
worop087213uch as, e.g., haenmatopoietic stem ceP¢BEP2009/050209

mesenchymal stemcells and/or marrow nulti potent stem

cell. The term "bone marrow stemcell" or "BMSC' as

used herein thus refers to apy adult stemcell present

in bone marrow, and particularly present in or
enqopnashss thes dregesy ofr gMSQ s&fpl Rrogenyb oh@inedr Pyvir Viro or ex vivo
pro Q |oﬁ FBMEEERE %n(?%le@% siBjepPt @i ned, e.g.

'l ac crest ennra biae, spine, rib or other
Thé“%éH’H l|§('3Ia Fkﬁer%nééi% %Cbartlah% E@rﬁﬂ&r@“ﬁgenotes separating that
alsoenconpasses t progeny of g., progeny
compprnginh&mogt leastener ether cerpeiany Obnao%mg%tsit@n fegm gt the former
corﬁ&ér%'np%dbelﬁg%@ﬂéénﬁheeté?ﬁ St esd usddRelell M relation to any cell

Isolatin reference to a particular conmponent
pomJéﬁ@ﬁ@éS%'éWﬂﬁi%thlah@thH@!' PeBWB ieTEdResi s farar Parieefsn anieal or human
_her conponent of a conposition fromwhich the forner
corrponent is being isolated. The term "isol ated" as
Thé‘?é?ﬁh B%ﬁ?béﬂl 'ré’felrsede‘?ubfaql? td 8n ﬂﬂéfp&:ﬁa‘l%e&’@ﬁéha@%l?rbs%'s%@mallsed and
I mplies that such popul ati on does not form part
proiferadienzcempgiend celh l)/mi‘?h Isothpabler selrenevel.drfi. cean proliferate without
dlﬁét%fnﬁétﬁ)ngﬁﬂ§wéWorttﬂe%JFoMRﬁ%rﬁ’éH S5Agi0& rik8 @kt ¥RkYone relatively
| ess speci alised and proliferation-conpetent cell,
mo\r,misgeplq:@e@é;lgggy@ ofhesterm -gnsp@passes stam cellgcapable of substantially
uniRfildl St ahswi 1. QOWheijé h frigd %FHdeﬁ% IS de st@ﬁ'ﬂcé’lﬁbﬁﬁt Riast P&t thereof
pro eny of which can give rise to at | east one
|@|Ix,éet9|rﬁopr@ gbg@calle%d)rcglqtlvelyp@ss Tsnsciaisgd phenotype, the
dlﬁgﬂ'é‘ﬁﬁmsﬁﬁéntfat RMUaR bﬁ)llfe@ﬁﬁ;ﬁl &pakitys lébﬁieafﬂB!h@F kdém ceII a8 well as
unlimted sel f-renewal, | wherein the gt; %/
stegy ealts ¢ei¢h @iprlay “'Inég%ﬁelfjéﬁflew@heleed‘fheéfﬂﬁ)é'i%ﬁqﬁa& the progeny or
park ethéu‘e%? fbh@u#{ﬁb‘-‘rpﬁﬁﬁhfﬂrétﬁ)‘ﬁd aﬁ&/oF edifdrbN@tivn| %S%emonstrably reduced
speci al i sed phenoty g fferentiation potenti al’,
corgpried fe the Ulolﬂfeérogfl N ”t%ﬁécﬂfte%a’@f’let@féj Rt ieifation e@ff‘nStem cell may
glvéﬁlsle toatfes\‘}@rlndan@ssth% @ah Citdrentidid aldngi sHl é'rymlokénlﬁ@aq;es to produce
elf-renewal, i.e., wherein the capacity of
'”Ciﬂaé'g?@'ﬁy r@'ﬁt'\ﬁ%)ftmf’??ersé’@ﬁ'ahﬁﬂd fagH$. h&YherRin | PydY a(iqsgﬁndants and/or
mc%%g/n@ry r@laﬁloég ‘?‘ﬁ‘érb%de@@llée% Qélmﬂ 'ﬂﬂ}?ﬁéél\fegddécﬁ‘ém cells as defined

npar ed her cell. By nmeans of exanple and
herﬁ@t ol BYRN tgtgrgcﬂpceategmlggﬂydgﬁferelﬁtﬁye(bpeﬂé kg-shully §peC|aI|sed cells, which

ma?%%gﬁﬁﬁ&ﬁ; that can differentiate al ong one or nore
i neages to produce increasingly relatively nore

ThEReRI: Qbulﬁﬁgnﬁ&llli §s UYRERELIR rSftede SERNEAINSrEseMi tH & obtained from
i ncreasi Eﬁ%r el atively nore specialised cells may

(such aprissl ) 30 gigapieMm @ thasfogta plegm onaitey] t}'fth or even to
produce term nal I%/ di fferentl ated cells, |i.
Preé‘ifé@'ﬁap@%a‘aéré’l""l 8 e”W‘FPEEh aﬁ‘é@f He tﬁo@@ W\V?Qﬂoi” havﬂwéhet Q?tﬁf‘t'a' of

gencrgiHd cedt Mt Rbbt thaDs ?me%&ie‘)‘ lih@ddRY SuétPas) eS$ £Bate64dnic cells
an(gr esent in Qr obtained trom (such as .isal at ed

pb%sﬁe%om%mtpﬁ@npggtpée ogte%@stg nd{pf estephlasts,and/or osr:[%ocytes etc.

Preferably, at least some bone marrow stem cells according to the invention may also
have the potential to generate further cells comprised in the cell populations resulting from
the methods of the invention, such as, e.g., cells of endothelial lineage, for example

endothelial progenitor cells and/or endothelial cells.

An exemplary, but non-limiting, type of BMSC having the potential of generating cells of at

least the osteogenic lineage are mesenchymal stem cells. The term “mesenchymal stem
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Preferabl e bone marrow stemcells according to the
i nvention have the potential of generating cells of at
wo e@shs2ne ost eogeni ¢ (bone) |ineage, such as,PET/gP2009/050209
osteogenic cells and/ or osteoprogenitors and/or
pre-ost eobl asts and/ or osteobl asts and/ or osteocytes,
etc. Preferably, at |east so bone marrow stemcells
according to the invention nay al so have the potenti al .
celf orgdlsy’ae uped hireain ceferssiccanmdubetheppdarmedasispd stem cell that is
| ft fid NG T e Ohydid¥ly of t
car ] Bt EE el N ST RS Ry of two or more
megenhygel |ﬂ1@ﬁg%6(aﬁ1§l e Oétﬁ@@ytm(bgme)prqt@éﬁropwc deartige), myocytic
O% ' Gelt Y&V ¢ ipogytic (fat
(m%%’l |enrfj{aﬁﬁ(t' el dyéHdo ? Ib?/g éﬁ“ﬁl ng tL) é%p(;%gj%%l a?lpo?y ‘¢ (fat) and
strojee@ania (m@fr@fvelstrgm@f lingadee MIC thy be tisdhzfedifion.i qaadgene marrow,
bIo@H euﬁﬁ%ﬁi?é]c k)/g%éﬁ@ %Jeltéls Rﬂé%ct §K|m(dgﬁﬁi§ﬁ%§$€%ally foetal and

tentce as used ere| nrefers to

adQ’r@%ﬁbﬁHﬂd@?“Qﬁé@f@ta@ﬁw adipgser figuei SlugepaMISe. gheir isolation, in vitro
ex&%gi%ﬁaéﬁdqelﬁﬁﬁa'nltlétl f%ﬁ&rﬁ‘)ﬂ@?&nbkh ”r?aeQ&SUSt 2 N%' 5348@%59 us

or nore nesenc I neages .g., oSsteocC

Pa( thhe‘; 816A%tidPBchati dof GatIbi 39§gé)s Raj-og1 5@3({5@56 pe}S Pat. No.
5 8@?'?%’”&%1\’ §@ cfés%nnt%bnl)'l thé LAY, ‘Hglléﬁétb& bg%ﬂ?'ﬁ?&ﬁdo"@escnbed in the art

ti SSUG | pocytic ) and strono rmr row

maytheo%t)ablm indhgy @resmnmwbeprowleétseqh M rmareecapablepeingenerating
cel@%ff%?ﬁé’ast%é’egteoém (l!)d Z'Iln &Red. placenta, foetal yolk

skin (derm’s) cifl cal |y foetal and adol escent
Thé'ﬁérﬁh Mﬁérdlwér%émp%gesatﬂb%@%nvo‘fm é‘!?‘”ﬁr% gbEFobthitel by in vitro
isolation, in vitro expansion, erentiation,
OF G YKo IERNRIARIL i WS E qhfgined ﬁom QEOP@tca| $&mplg 048B, a:B‘W' or human
suditPat. No. 5,81 1,094; US Pat. No. 5,736,396, US Pat.
5,837,539; or US Pat. No. 5,827,740. Any MSC

Po@ﬁﬁé)!’y' lBﬁfjV\,‘ltﬁoﬁthﬁfmﬁar’ubn apdidagobahedudy ARyt BRLNSS able to generate
describ in the art may be suitable in the present

furthar,ealp |C@WP”ﬁdo'O|”dfé@e”sRﬁ9H|aW® &Sé”@%ﬁ%‘l tae B"fetfgké’ﬁé}f Hﬁ 'mgentlon
cells of at |east the osteocyti cdgbone I i neage.
As tsBpyn NB@%I%@mQW§oﬂ}§a§@é§”ttrﬁ@thB?' é?ﬁ'}a'éfsel\@@ng éhﬁe BMSC cells

whigh %@Qb’th‘é@p@blﬂ&fi CLkﬂMJI‘é BoNdlﬁdrf% é?fhe%xtové g@os‘%@@\ﬂ%boﬁ i¥known in
MSC obt ai ned from a bi ol ogi cal n‘&w an ani mal or

therprhiaAt Me6; ean be isgledad frem |b§ane IR AN ther spwrcesathyoieleding those

(mérﬁﬁﬁ&le§@%llmlﬁh b abﬁ;é?eb@ abé&)strgteg&medc@t @.d. Urpial%ﬁé surface
I's conprised in the cel Po pul ati ons resulting f

Th?rﬁ@r‘?‘réﬁ”ﬁ‘@éltsb%'w {”ﬁléeq W\/%m‘thy@ﬁ hegis. YIRARPSaNk invRRiors SpeCU|ate that in

theeﬁf@%tﬁﬁethb@eMBCeﬁﬁWat'Té‘ésﬁ%rt@lf cAHMiRIté So DBlRfihd B osteoblasts or
those BMSC cells which under the specified culture

osteeplastirhenlyrRIsRlisdromBMSSubst rate surface. It is known
in the art that MSC can be isol ated from bone narraow o
Th‘i‘rSFOF%t'ﬂ@l” %%’G%&e) p'1§§e“§é'ﬂ\éeé‘lt'9rr‘1@'Sph%%‘?"@m%tﬁ%@u@ﬁ@ﬁﬁ)for obtaining

ost@@érbéer%ﬂ&ksc hoseblaREN6F BsthOblastSpHimblypl ey oAt ﬂum@ngnesenchymal
astl c surface. Therefore, without being |imt

Steﬁ‘nﬂ}e Iyt hei @iro ophex prveseqPrising Rersrdingid Mte C?'F?a‘(‘”th human

pla‘srﬂa or serum, FGF or a biologically active variant or derivative thereof, and TGFB or a

biologically active variant or derivative thereof.

MSC may be comprised in a biological sample, e.g., in a sample comprising BMSC, or
may be at least partly isolated there from as known in the art. Moreover, MSC may be at
least partly isolated from bone marrow or from any suitable sources comprising MSC other
than bone marrow, e.g., blood, umbilical cord, placenta, foetal yolk sac, skin (dermis),

specifically foetal and adolescent skin, periosteum and adipose tissue.
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the present nmethod, MSC may at |east partly contribute

to obtaining of osteoblasts or osteobl ast phenotype
wa@edobssf2zioom BMSC. Therefore, in an aspect, theP@QI/EBR®NY/050209

i nvention also contenplates a nmethod for obtaining

ost eoprogeni tors, osteoblasts or osteobl ast phenotype

cells from human nesenchynmal ,stemcells (MSC) in vitro

or ex Vvivo conprising cont act ng said MSC cells with
BM®Gneails intardrip enncosmegsranyerd gl subtippest thgieohisugh ge mitpeut limitation,
raféalg's%ﬁtrer‘}l{wuﬁg?Eélréah'sVﬁoF RSLH deRNbed FELIRE ofal. 2000 (PNAS 97(7):

Yy active variant or erivative
3218a§); Eﬁd%gmﬂat@@d (5 celipiasdeseribgr bypgndel eéag 1997 fNai Med 3(12):
13§7a aSsé[gQ edr Er'e @rs%\@)kc%g%ﬂml)éﬁba? gﬁtglrll ?c%t'{w/gﬁég%y Heir Iow denS|ty
(e. gmyun@é densiyagradinnt t ¢gntifygationgd npr-eaheyenke natre oemd)rIOW-level of
| " _
ex;{;é%rﬁ&ﬁfos‘féﬁg‘eﬁk rﬁarﬁgﬂéoggﬁe&ﬁggp bg Ll%ﬂggé?gl %P@ J &m"nwest 95(2):

one nmarrow,
88F-6e sl SPERK Oéhdormyk\ren pragerser Splis yybeah ﬁ@n:@lenvafebé?'w of both the

ha@ﬂé’toé&@ﬂlceé%eﬁﬁr] ﬁé@nﬁbto&ﬁétkﬂﬁ%g é’éq&jes%gb@(PWKE?ug? Iet al. 2001 (Cell

t1ssue I's 1 ntend conpass an
10% 36D y3désanchBp@inici etalcF0Q4s (Wf\%d@ﬂ 317 8i-bemnd othgss.dl y
self-renew ng cells" RS-1 or RS-2 as described in
It igcie| hegyndefstegd thgg.'(yep p:tmg)rg;jgwigy offg)gggngafrow semeell populations, the
pre@é’tﬁ’c%@édtleﬂ sh6l§8)no@%|e| s%eﬁsasdlﬁlﬁlfé'd' Reshdyr FBrRABLkic@hr BMSC types.
7-45); osteogeni c precursor
Rath@P)m @ p@smﬁ reﬁthafdeonmprt mare BMSEeer!i typesl &g amdpscribgd above,
mag%ﬁirlbﬁte( Befhaps WP AR kil 3 BBiafMg 68BEFbh AR, Q)@Qevoblasts or
hon- adherent nature and | ow | evel of expression of
03t9@@'%®ﬁn@tympﬂ§r 8r foaabteiaisg cplh eEPWItians FgMefisign sualg g the other
hant, #ié B bé‘\ﬁﬁ@érsto%é(t@t th@éﬂesgmt Hsthad %75%/ aﬁ&?%mp%&'a‘%ér’ué{ﬁar BMSC

precursor cel can generate célls of both
Pomiértient ©PoiMI G- @t !ﬁr@ét I?f’ﬁﬂy ialeas foqse oker 5M3@1@%Jé§'08§
descrl bed by Krause et al. 2001 (Cell 105: 369-377)
he HIMDéhVHPcperaraliy der@GRMOUt%'F"NA@ extarpalZp; anmasaer @amarahady The
terrﬁZ\t E,@rvﬁ/o l}lpldaﬁy Fé?e@% BslRisSdraRdls Pé}ﬁéved%dﬁﬁ%ntdﬁﬁnal or human body
| exi ty of” bone marrow stem cell popul ations, the

a”‘bl"‘@é@ﬁ*ﬂe‘# r‘i\r/éﬁﬁ‘?ﬁa@ﬁtegh@!]ﬁ'ée iR bedy. s%@-n g quitiier rSely TGRerm “in

VIt@raéT@ie% HeRdih sRdidbe %N@steﬁé@@@mcﬁ@%h&? vivé’h the present
nmet hod, one or nore BMSC cell types, e.g., as

In éiﬁéﬁbd)chﬁgntaﬁm omSéCCéPé‘bbﬂaméHQronP@bhﬁdb‘ﬁcai SarfbIE fof b 80bject.
extent, to obtaining osteoprogenitors, osteoblasts or

Th@%rﬁp%‘uﬁﬁﬂct RizendyReeimektets t@anthimbt aldié PartkBlatly to non-human
popul ations conprising such. On the other hand, it

i S
maf'%“%% apd dwmanoyaarismt NoRdUBleesinahBiiirsds may At pclude prenatal

fonﬂg'@f AMinfald Aubh Gd] 8., RMEry ePBH0atUSES., HEMSh subfBts nidy also include
| east partly isolated from other BMSC popul ations. The

foeft@??n b‘it RY Preerence eefmrySs- HUARINSYbisGisAre Qref‘%ffedext er nal
ani.mal, or human bopdy. The term "ex vivo" éﬁécal le}/
Th‘? é‘fr& Dielgaieqlszamude opr é@mpée rEnBRRA N e ISPl (RS dp @ sample
stM@Glﬁohﬂéjwlo%ﬁzanﬁilﬁ&@e@d‘r&ﬁ aR ORRAGA, Qﬁgéwitl%uﬂﬁ)rto@ﬂf culture, etc.
% a culture vessel. The term"in
A blologlcal sample of an animal or human subject refers to a sample removed from an
animal or human subject and comprising cells thereof. The biological sample of an animal
or human subject may comprise one or more tissue types and cells of one or more tissue
types. Methods of obtaining biological samples of an animal or human subject are well

known in the art, e.g., tissue biopsy or drawing blood.
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vitro" as used herein should be understood to include
"ex vivo". In an enbodi nent, BMSC or MSC are obtained

wo e@on0sr2d ol ogi cal sanpl e of a subject. The t ePET/EP2009/050209
"subject"” as used herein refers to an animal, nore
particularly to non-human manmmal s and human organi sm
Non- human ani mal subj ects rmy al so i nclude prenatal

forns of animals, such as, e.qg., os or foetuses.

A ua@%rbl@qgﬁaé@ﬁ@pieagf @B@bje@mﬂmm'é% 6&43.%@5 M3fu thegof. Such sample
nef bj r r . .
mag be t?ﬂél??lnﬁle t{i% %(g:ffga sanﬁ?m &4l ft%?rjf iﬁae cgesspJgrfggFar, %6hae, spine,
rib t@éroéheni rgedidipaspgcesedfer §ulpJ@ctaA@aﬂivpr @seﬂg_t biolpgigat pampla comprising
MR 94a99(5é3%rlv%‘31u e&E: fr@mgblootjrmeﬁ‘leal%cgémblﬁ nth\%@fé’l Ik _sac, skin

tissue or cell culture ogi cal sanple 3 a
(deﬂﬁlshawﬁtﬂfwﬁ'mt@u@ﬁ(b@ﬁoheéqfﬁéﬂ sskip Reriosigpime areadiness tlssue of a
Sug%&m an ani mal or hurran subj ect and conprising cells

9 ereof. The biological sanple of an aninmal or hunan
In %%%m@?ﬂy BIAGR! brSseNBaP be B¥idindd ﬁ§Mea B%ﬁ?hf'sy &Mbct, which may

one or nore tissue types. .
hd@@?QﬂﬂﬁﬁﬁﬁbmﬂﬂﬁﬁﬁﬁapfQSﬁ@Wé§3é$Oﬁﬁoﬂﬁﬁﬁﬁpn@Wp%Qﬁﬁﬁpmamedﬁom

sa|§'{3m§’§5r pee well known in the art, e.g., tissue biopsy
or draw ng bl ood. A useful biological sanple of a

In %&%%@Wédtsgﬁlsg\@%QC MR BetRRb frorvs Quﬁjﬁﬂw\/@o 88t risk for

be t |callty obt ai ned from bone marrow, e.
or hasg @ti’oﬁ?'é%i@ edfdispriey, and whaean é"r)ﬂ'%léa"t'WkEﬂYOtPer@F'h@@m adm'”'Strat'O”

of 6@9&5@3% oBHAESTaR ohen G 88k oI NEEm UaRSf BISC or MSC accordlng
bi ol ogi cal sanpl e corrprl sing MSC may be derived, e.g.
to the gipthasissbdhe igwntioncal cord, placenta, foetal yol k
sac, skin (derms), specifi cal |y foetal and adol escent
Th%Fﬁrﬂ‘ bﬁ@?'lr‘%l%t@&ﬂ*ﬁor%?r a,ug%@elteilrggqj@rsdp agy $Ypsj tone; disease, the

tre@MeRTBPRhIBE May BiRE RomMBE JWiniSeatRRt i darBgbhieThaage cells, e.g.,
heal t hy subject, which may help to ensure

the
OStERRIRIFHIREY. |Q%PGQ5¥3%%t°éoQﬁt%f§)ﬂ%St d&heag&ye@bqeﬂgttopﬁeﬁa@t%@avmg the

disGi@let. Sn QRIS SEEDRsBRIH By Do ohiEGieribey, 309t figrd d b
ISerr‘ood|norr‘1’{;eé£1t i\/B ® 8 rraﬁ!f@be gbt ai r?gd fro?n gﬁsuet;:rease one

foraten §r grcessyR t?Qﬂe ERSORPASN aPY) Gl EeREP G NE DAY, SRRy OrafH@ICt'O” of

ost@@&la@c@@r bAEScyRA $rbseht & thi b@ﬁ@eJécFeafsé@EbﬁéjmaQé ﬁlté §L‘itij&ﬂ thinning
ost eobl ast's or osteobl ast phenotype cells obtained

of t?qn@m:%mrenm@scboaﬁ SWS@"Q@&S'@GW'%@ ¢'6 t he net hods of t he
i nvention. The term "bone-rel ated di sorder" ed
By H’@yepfﬂe?‘%T‘%'Ps bt”o”%tn&/“'lt%}'ﬁé apn%&i%teal%ﬁ%"s W'H%h Ca” benefit from

adrhin®AL BN bf 8dtedhlafty oF@Mte@@l@@ﬂ‘ ﬂ)ﬂenf)fy@)@ dell® o thE HreSéritatvePfion may

of osteogenic i neg%& cel g{ ost eopr ogeni tors,
inclyde &gp| aistystentic gisp §§Fh Eﬁéﬁﬁ(t erofc%qtqa@ogqgsaorsq%?@@pla €.9.;
prifiay! pesthitdofasar, deférmle | Borfidid-ifedEed, , arSUSSEoREST GRINS- BRYnultisite

be characteri sed, by decreased bone fornation or
OStgQRESEQSS, @NY HRe Qfé@étrurﬁ |eo91 NRURiaR BB dRig¥ed union fractures or

corprabiibh.t ¥omditidndNedquRitgObone fusion (e.g., spinal fusions and rebuilding),
maxillo-facial fractures, bone reconstruction, e.g., after traumatic injury or cancer surgery,
cranio-facial bone reconstruction, osteogenesis imperfecta, osteolytic bone cancer,
Paget's Disease, endocrinological disorders, hypophsophatemia, hypocalcemia, renal
osteodystrophy, osteomalacia, adynamic bone disease, rheumatoid arthritis,
hyperparathyroidism, primary hyperparathyroidism, secondary hyperparathyroidism,

periodontal disease, Gorham-Stout disease and McCune-Albright syndrome.
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ost eobl asts or osteocytes present in the bone,

decreased bone nmass in a subject, thinning of bone,
waeeopngizised bone strength or elasticity, etc.PGyEREY9/050209

of exanple, but not limtation, bone-related disorders

whi ch can benefit fromadm ni strati on of osteoblasts

or osteobl ast phenotype cellﬁrof the present invention

may i nclude |ocal or system c disorders, such as, any

In thg peesent methedp.dBMSLsordiSe sre opriactad withdumaprilasmna or serum, FGF

or Q%&IH@BQ@%@EW%SW J)feijerﬁ/%ﬁ\t/é GRSt BHYCRSEB BPY biologically active
seconda mono- or nultisite osteonecrosis, any t 3

varigit Ol‘rdﬁft\/ah\@ theregf., non-uni on, nal - uni on, del ayed uni on
fractures or conpression, condi ti ons requiring bone

The tpgmoﬁor(t@ct@g aggs%herp@gpg@@ inginodpasther ﬁ@)er directly or indirectly,

ondT8f trofs TrRgb@lled, F @frbsbnRts BPMRatbRASNGHH UhbtRR: tHeréby facilitating
after traumatic in ury or cancer surgery

interpefions-therei katwermel Yirsebn sa BrRwth dactoroat éd@‘éﬂ@@@'b’ active variant or

der'i\ﬂﬂ% fh%?écﬁ‘ ar%sﬁlﬁﬁéﬂblbgmg%?§emcfﬁéy bgé&ﬁéctéd RitB @3%SC by means
endocri nol ogi cal di sorders hat em a,
of thoip reisiser the media n Wby SUCSHH, CLOgedona aci 2
adynam c bone di sease, rheumatoid arthritis, o
A sigiissh perean taRREtcRtasn thalr hyrmey m@ﬁﬁ@@afiawymoar@i gpmplex biological
cor?f)&s‘ﬂfbﬂ@rWhllaﬁﬁﬁéyp%rﬁéﬁ@ér@d@blsmbré)%d\ﬂﬁj%&&% tSH&RIEor hormones.

ham St out di'sease and McCune ndrone. I n

Hepgge iipis dientedriitan s reciRboreth Nesetos: eGgo"WEja [l anitheir respective

biol¥drERIY RLtRE Wﬁrlé}’fts 5?5&%tlfé§:ar9for(ﬁn&é'd% qa4iGaH toy i.&CEkdRnously to or
variant or derivative thereo or a

in yippleagntigt fhe RiRIMa @ SeA¥Pant or deri vat | ve thereof. The
tern1"contactin€ as _used herein nmeans bringi

In 8 dyeberepmbedingat BIISEcen YISer maydes eci wd'mt%?%?@ TGFB -

corlRE# Wit Dne &P FRPE 8BiGord, éﬁ%b@rﬁdlﬁﬁysad@eﬁrgr@/v\tﬂtf&%rs other than FGF
thereby facilitating interactions there betwee

andryT5iGBy| The termy gt fagtporasoiisad H1eseiBgieless |ty adiiplggically active

subé@ddc@ﬂﬁhlaf |n¢l@édc\é§tdr(ylﬁerbh§‘rf %WthaﬂlﬁeﬁHﬂﬁ%nP%%%l é’r‘d/or migration
serum be contacted w BMSC by neans of the

of VAGMUFS B WRPS FROGEEYA PGl dpalgPIaaI BV g gaical and functional

ché?‘kb'e& Uit Qﬁio nfdfh, | ditREr BBRS ‘éF‘WﬁEﬁ’rnﬁﬂu%tt&ﬁb}t/ BHer BUt‘S@i&hces A growth
serum are conpl ex bi ol ogical” conpositio

fac&]ﬁm@y twgalbl(ﬁpbpy dindine ag 2 ligaped tgraor\%:%otpra@t93f gurface or mtracellular
recEYlopkire&sht cél%ﬁ@%tﬁ%we"ﬂ@rﬂ%egrdﬁth ksttdrDhEdtORth fBRE heRf may be

recited growh factors FG- and TGFB or their .
parfigprded PW@'WQS*PH@ PRy P?m%%'”Q/@”Qlﬁrr maretRoIRerHds eRaMS ves
are fprow ded in addition to, i.e., exog]enousl y to or
In 2 prefgppd eRhedinent e Ot ggﬁwr%rorseérgrﬁw frclors Ypedhéy the present

meﬂf@éq érﬁ'@i‘é‘ltrefegé\@@ 18k hiTBMto®s usddhedélfiphitRllatip efiédmpasses the
GFB - contacted with one or nore additional,

FGE)@é‘QeTrﬁﬁJ% NP WA FREP eS| 3506 HPUOTA R OF Figfe RsBehgrgwth factors)

is rﬂ]ﬁ@ %rzmm faBloMAsAisRWtRrdiRah& fermaBumas Grdvah fadlor Rffés %o a growth
iologically active substance which influences

facisy SUPRRUAY dif SEF® A6 . NS PR DgHEn SR Vagor. For example,
whéRdhed Jrb@hatth@r is a proteinaceous entity, the constituent peptide(s) or

polypeptide(s) thereof may have primary amino acid sequence identical to a naturally
occurring human growth factor. The use of human growth factors in the present method is
preferred, as such growth factors are expected to elicit a desirable effect on human

cellular function.

The term “naturally occurring” is used to describe an object or entity that can be found in

nature as distinct from being artificially produced by man. For example, a polypeptide
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of various cell types, and nmay effect devel opnental,
nor phol ogi cal and functional changes in an organi sm
we@edob®eg72e3 one or when nodul ated by ot her substBCER2009050209
grow h factor nmay typically act by binding, as a
ligand, to a receptor (e.g., surface or intracellul ar
receptor) present in cells responsive to the growth
factor. A growh factor herei'n may be particularly a
sequienc@ipreseabins ar Mrganjsne.onpich siandoeoiselatad figmea source in nature and
hiRRIN4R G | iBSally! fiah &t tis nZall
e Pt b Py o i 8L FEh 35 v R0 S p ks p a1 Beouring
Whest rriermripg elve eapartistler eandity, t@9a i§r ewphlyperiider oaprofeing the term
enéb?ﬁp%'sﬁeéjglf Fdrﬁ\glaﬂﬁlv%rlgﬁ‘tﬁ%@ééﬁﬁﬁcﬁ BSCLF(#I: nafife -%(%:Bdue to a normal
factors, as wel he optional one or
varfa!npn hetwegnsneties ard @ldy)dua§ ﬁwmwga*eammnmf@tr@g to Asprotemaceous
We o b hSEmi 0 gfofhieT h
o O s LRLTANC LRy perCanBRsgt ofoRHE Bpfh naving
dlﬁgl@@g@& nribe RUMANY paeRde ¢féh€elb¢onsrr@enfe©@nﬂﬁ¢(é owcéyr@ptlmS) due to
gel%le\@w%% %‘Bétv&e%ln%e?&@é gh@mﬁlleﬁl@g{% XSOnt ?Ween individuals.

constituent pept or pol ypepti er eof may

Thda¥éh pFEGIE‘a'éé’ RBY %réﬁ'&c@ﬁ%ﬁ@é’é‘éeaﬁ)ﬂgﬁ‘(g i93heBed of the fibroblast

nat ur al occurring human growth flactor. The use

gromn]ﬁaﬁ:t@r &) faraidt of growih faskorpr lasaticuiast iedF G used ™ the present
mefHoak ®dyas crdSes HEM SR #‘sz-@férfarFSGﬂ%em%?‘eO&%fe‘?é’olyt Ris FGF-2.

elicit a desirable effect on human cel l'ul'ar functi on.

AClW&leF&f 48t gFlﬁ\FtH 'fél‘ﬁtér)(FGPWJ)ri éIQQ cor‘nﬁmH@%o% RephiMBindMg growth
or ent IQJ—y hat can e found i'n nature as
el

faCBPlrs1t (HﬁQF-ﬂP cheibsp- QNCP”F?“@I &8l gropitlo K d Ob Cidnbetiolxemplary

huB¥RFRIFST irdiuaes YRgRUL fiRsaRHEeRGE- 1%&/‘#@"&%&}/%%% 888is8fkence as
whi ch can be isolated froma source In ure

and
anpgiated URGR Wriprogewisspiot ERPH ey PWW&W @%Peﬁ?oﬂﬁlclmlbﬁr P05230. A
skllﬁéaepérmeﬁﬁt eﬁfpﬁ"emét@ tRAHIehYeREas b 4 B%cu%? F‘gFe‘f §%d BY include

ﬁartlcu ar entlgy g@g toag pept i de or
parfﬁﬁ’Wh'@ Rre presessedraverydenm awses FGh-11 *Q’f%pla'iyd"%ﬁ BAEd has been

alsb h)%%&ﬂfedvmie‘ﬂé/@%u\faybrbtr@t Wes (Ridhce Thge SﬂP-SaSPQﬁdmI'arper et al.
vari ati on between s$e0| es and 1 ndi vi dual s.

1985 &igahemisifyedd: #@97%et1Gdg to a protei naceous gr owth

factor, the term"npaturally occurring" encona%nz
Bagje BQﬁoﬁraﬁh@f)WFfsfaﬁté’(/isr@SQJIPQ'T"@P@'Md‘@@WF RS FRE -Prfi yBFGF, HBGH-2,

pro‘é%%ﬁlrr\(?@r ﬂépérnﬁblﬁdlﬁ?%vbthq@&br PERbEREESHBBF-2). Exemplary human
eneti c divergence between

ol ypept i
FGEp?edmcélsdeéndwmwham'tavwF%F\Za.ham JHiMREY WirBIRO acid sequence as

anﬁd?é’tb&' HR} UniddesivRERRot Fetesstth HERBeh 08038, CACSIRAS58Son can
and all nenbers of the fibrobl ast 8rovvth factor

app(rg@&t)e thah$aig seauegcB R AT # REWFr NGT-pantineal |elude wartrahich are

pro@é@ééd'd'\‘/vat rﬁ’rn?’ac-t@r'ét F@P-@hgﬁémﬁ@w Rﬁn@ﬁ“?@?@ F\é@ﬁbgrﬁgrsé described
refe

an i's
intqri g by Mg Siih RREHEMECE e 2535 o %r%@wﬁo‘%ﬁ@y {687 (FEBS
Letkppy ggpahepar i n- bi ndi ng growt h factor 1 (HBGF-1 ,

aFGF, beta-endothelial cell growh factor, or

Flbﬁm’}t Redvith B¥RRT BOF-BH R BIsE Gomndrile kHEes asV\ﬂhFI'h@%?oto -oncogene
limtation, FG--1 having primary am no_acid seque

proigin, or HBGF- '3. Exemplary human FGF-3 includes, without limitation, FGF 3 having

primary amino acid sequence as annotated under Uniprot/Swissprot accession number

P11487. A skilled person can appreciate that said sequence is of a precursor FGF-3 and

may include parts which are processed away from mature FGF-3. Exemplary human FGF-

3 has been also described inter alia by Brooks et al. 1989 (Oncogene 4: 429-436).
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annot at ed under Uni prot/ Sw sspr ot

(http://ww. expasy.org/) accession nunber P05230. A
wa@kioblogtiper son can appreci ate that sai d sequePCEEPR0D050209

a precursor FGF-1 and may include parts which are

processed away frommature FG--1 . Exenplary human

FG--1 has been al so described inter alia by Jaye et

al . 1986 (Science 233: 541-545) and Harper et al. 1986
The BirsehéfFsbety’ o5 TGHEY Bsq1sed) hergin singompayseB |2y tangralwinambers of
thef ﬁ%ﬂférﬁlﬁgoﬁﬁh q‘é’éwpﬂétﬁ (‘T@?ﬁg fﬁﬁ’nlyéJ li"’owtﬁclf'a\:ct'%rs Eh? articular, the

stat ropli n, parin rom h ctor

TGRBpsedun éher pr@m@m@yod@@meamsm ffam 4, TREBwiesd TGFB-3,

moWd ﬁrléféﬂéblifitrg +@ggon, FGF-2 having primary amno acid
sequence” as annot at ed under Uni prot/ Swi sspr ot

Traﬂ@fbﬁﬁﬁﬁb‘{{?owmr@@&)r E&[goﬁé aldd N £ITREBSOGE RBF-beta-1. Exemplary

apprecia hat said sequence is of a precursor FG--2

huraar TEB-1 imeludee VwH\OtJé"fWﬁt@ﬁ HPEBIr rvingsrrimarnaayning aeifl sequence

as %ﬁﬁ&é%dﬁ%’eg Un@?@ﬁ@bl%ﬁop%@sﬁﬁu%%@@ﬁ?@ﬁ P’Z‘lsf(i‘ﬂed pgrson can
described inter alia by Abrahamet al. 6 (E

aprsgigteghatasaid seAusRess @ta I@BCU@%VGEﬁE%‘OL@?Y '@we pa"tS Wh'Ch are

pro@:gsqsegdfhwag R bindtie SrQMEN. B Yiary AR 31GEB-12h88 been also

common nown as | NT-2 proto- oncogene rotel n, or
degqpitued @fefB@éWID&(XﬂCh@hﬁ|n1§@:U\@tWﬁé”l1 d€-5hi t hout
limtation, FGF-3 having primary am no acid sequenc

TraasfogRingt oW fapige peterd Sraleq eves pe J@F&%eﬁ@b'@ﬁtom@%wed T-cell

supprésktB factd @kTé# %@Qro%ﬁrbr@\ﬁﬂ |ﬁ'r99ifcﬁcbél§'@rgfnh@F cétdingn. Exemplary
sequence i s of recursor FGF-3 may | ncl ude parts

hU’W\” ¢ ﬁ;Fgr%'rﬁW@éés‘%' uabmwatqoﬁoﬁ@ﬁﬁt%wlwweaw%%aawequence

as BHH&QteEq:ﬁdel?’ Uﬁﬁﬁotb&ﬁﬁ’ BsbS 9o L8 Si6h 'n*ﬂﬁﬂ)e? '?i6€?81@| A &kfl¥d person can
Brooks et al 9 (Oncogene 4: Z The terns

apprep@eﬁg@tas-al(bﬁequp@zys s Qf@@'éfsﬁre-l’-@i:ﬁ mpuinsbilepayts which are
pro@@éjseﬂl bwﬂ?'mﬁsmgfuré h%t@@nsé@nﬁﬁlé}g A%k hrdag0hadebddn also

(TGFB) famly of gro gartlcul ar, the
despgped Wi@@/’?ﬁyt\’}ﬁ%bbp?t@ééﬁt%ﬁ@wﬁgdﬁ%ré be chosen from
TGFB- 1 TGFB- 2 and B- nore preferably it

Trapgiopning grqwiracisr ﬁ?tﬁg3 @r%ﬁﬁ kgt e Ghérd- Elxeinlpleﬁb’ @@man TGFB-3
mci&ﬂ@s\l\ﬂ'\m?fﬁ)uﬂ_ﬁﬁﬁatﬂona'T@F%Tﬁ@ﬁ@ &lmarﬁéﬁﬂﬂ% ati é@dﬂ@ﬁbe as annotated

B-1 includes, without |limtation, TG-B-1 having
U”‘Eﬁr Lf?dt?@”%‘ﬁﬁﬁ@%é@&%@@{ fember B40600h 4t illed ReFeREY can appreciate that

sai¥BbRIcE G ISHEal rs&%ﬁ@@iﬁd%ﬁﬁbiﬁ Elul® padvinich a%bﬂob@%ed away

person can appreciate that_sai nce is of

fro’Br"@@:tH'ies-B@ B-SrBxamelaty HmAn Tl‘éf%@eh% g Al doCHeg inter alia by ten

DquH acfsored (ANAY dsr 977 418 19) @nd BBtk ot HX €988 g;fl\b'sdiun’ﬁVBn? 3743).
GFB-1 has been al so described inter alia Der ynck

Th@bre%bnt ﬂag%d (n%ﬂ} éﬁFlo§lﬁ>lo§ @a1|y53)ct|vér Oé’r%ﬁ@bm&ﬂ/aﬁ\%%%ffbny one or
factor beta-2 i's a known as

mogt PoBll 5 HEnEsRRAlVG SFPWHh d@gtprss UbE‘ﬁéB%tBPd b dtsinvergopsppiologically

actgxg‘cvéna%@ br dHrO¥EVRsi0R ey rb@th faBRl ¥eridNdat |84st GBb@tHE Bame degree
e ar
of obtaﬂlTi)ng o%/teoblasts or osteoblast phenotype cells from BMSC as the respective

growth factor, when other conditions are substantially the same.

Where a growth factor exerts its effects by binding to its cognate receptor, biologically
active variants or derivatives of the said growth factor may display affinity and/or
specificity for binding to that cognate receptor, which is at least about as high as the
affinity and/or specificity of the growth factor for binding thereto. For example, the said
biologically active variants or derivatives may have affinity and/or specificity for binding to

the cognate receptor which is at least 80%, e.g., at least 85%, preferably at least 90%,
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human TGFB-2 includes, without limtation, TG-B-2

having primary am no aci d sequence as annot ated under
wheiopng2iBwi ssprot accessi on nunber P61812. A BKI/EP®09/050209

person can appreciate that said sequence is of a

precursor TGFB-2 and may include parts which are

processed away from mature T1 B-2. Exenpl ary human

TGFB-2 has been al so described inter alia by Wbb et .
e.galat 1epgBE0% DAUEVEN 190% argmyre of thmaffiibnansiorgrevifipityf ofdeerespective

QA 8- BhaRgBq HGH B B
ok o S0 flgu0 gl Bt Bl A le TR Fray oo
reagiwy ﬁgtegmqngd @g@@ﬁl@ REIS@M H@pgﬂr@@{ltrgmye}ellular assays which are known
peldy prot/ Swi ssprot accession nunber P10600. A skilled

person can appreciate that said sequence is of a
WHFE Y §&TV|t}Tgf:% ?'J‘Ivéﬁ@rdmw fécﬁ&rl é&#b@%écﬁly\’mé&*ﬂjr fh an established

processed rommature TG-B Exefrpl ary human
asSpEFBI3 2RdR V&ﬁfé’éﬁ callder 2peaY fSUSB @S M@xaraplieamﬁysttrewem pfaitogenic
actﬁ’ﬁt%ﬁ’{ Celllg%re()l Né@g%gﬂy éc?ullé \é?ér% o"f"&l@rl\%ﬁ/%‘%{‘th%t sad growth factor

present et hod

maérdnﬂpdﬁy Qﬂt'bjll%@l %J&hl%fsw Whé:hvlareﬁ Insebalbaut @eriges thesaivity of the
rthW 48F. Pbr é%rn’?pl@rth@'s@d%olbﬁ@alfy%@&tvbNé‘ntQ 'E)P\%h/atlves may show

factors. In e I'nventi on bi ol oalca

actiyily which is atileast 80%: eder pl/leest8a% oprefarablyebIRast PE%: 6rg., at least

90RCH SMR 13D% GaREre P HE adilB) SARB riBEERE %%wtﬂ Bi@bmi ng
ost eobl asts or osteobl ast ‘phenotype cells from BVSC as

A (/Jé‘r@anﬁeéfpﬁﬁélé/y@ptiﬂé%rhnf %Fn‘éramdl‘@é‘d’he%@Whlc%qg@bbétgﬁ‘t%lly identical
are subst an the sane. Wiere a growh factor
(-eexiaraely pyisnedr waeltysidgytiqsiinigi thg 2minpt acid sgaugnser dcibpt Ralypeptide.

Hefdir! ngﬁﬁtia}{}]( afdnkivs Ye,efér'satBt@t I@éstd@i% V@drit¥gs anIeaTsh‘QO% identical,
said growth Tactor may disp affinity and/o

preé,qf@*elwat deasy 956 idantierlng-o. o'e@fHaQ9°/e deprdical- ﬁ@@é@%‘@r differences may
resWRFBR ihSerfidn da@éﬁbnﬁ@&@ﬁorﬁ%dﬁé%b@ﬁuﬁ&iﬁof%fnfa'o? oYe 8o cids.

specificity of the growmh factor for binding thereto.

Se&@nc@’ﬁééﬂl‘t)ﬁ’befﬁb%nsﬁ}odpa¥6ﬁpﬁgb§%'ahYbé‘%ﬂe\/rﬁm&@rtiya&gtﬁnéﬂﬂ/ aligning
derivatives may have affinity and/ or specificity f

(orgmatpliggmest PEB’V%B@F?A"I‘ SCHERERE @rthﬁkﬂl'eﬁmﬁ%" thet 'Inéédg‘t'segd% sum of

iEs&bres flss| #FSperBRYHolih@b@IRE! 9apat h&ﬂ% Yrtedbly @nducted b
bel gasffes 90°S/a%grrgeeve}r{ ciOIO% or rm%éggoa Y ffﬁnet}y gnd/ pood Y

Corgrg,lgerlefqdcmgjerafant{aﬁ@sr % péaarithpes. gvusi ﬁs f g:@p'('jr uging the algorlthm of

Ne@dleﬂbngna w&d@,@ﬁ 108G @pM@rB.oms m@%g) W@és?ﬁteru%mgfthé Borithm of
bi ndi n e read det er m ned a skilled person

Smifs jang Vﬁfﬁewm 69%0&\4@'|Btﬁléﬂ7a§%5ay%9mh@%ﬁveé!ﬁ@ek%m {herGCG™ v.

11.3©. pa\éh%eefrérh@\c@&?ys‘/lﬁe\’arﬁlﬁo Acii 968 0e e thef RfpRbtid arescoring,
readi | %trreasure in an established ass
r

on gne hgndyrthe aumbes pf %%twsc@ J@qalggmepbgt \g%ghﬂ&épolypeptldes contain

theBAR LETIRN bciaf reBidu@ 4MAl ©namb i othdryhdrd, Ged |nuﬁ1%leF Bf bsmons in the
bi ol ogical 'y active varjants or derivatives of

aligngeat @F YRiR V‘SéW@rquWpEﬁ%spWﬁV Bctheiiseguences iba tWO polypeptides

difféshabsr séiieRbe bba giveh PBSitiorRRAHE afignnhérd hvh@ﬁ tlﬁé"ﬁolypeptldes contain
activity of the growmh factor. For exanp e said

diffgiest B@Ir@aqq‘i/reé@t-’?%@t Pat pesiias (ém'%?‘i'@a‘ﬁs\%’é'oﬁh)@r WheRone of the

polypeptides contains an amino acid residue at that position while the other one does not
or vice versa (amino acid insertion or deletion). Sequence identity is calculated as the
proportion (percentage) of positions in the alignment at which the polypeptides contain the
same amino acid residue versus the total number of positions in the alignment. Further
suitable algorithms for performing sequence alignments and determination of sequence

identity include those based on the Basic Local Alignment Search Tool (BLAST) originally
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activity which is at least 80% e.g., at |east 85%

preferably at least 90% e.g., at |east 90% or even
wdao@mgniaore of the activity of the respecti VECERP2AD$1050209

factor. A "variant" of a polypeptide has an am no acid

sequence which is substantially identical (i.e.,

| argely but not wholly identj 5caI) to the am no acid

sequence of the polypeptide. Herein, "substantially

degarbed | kyalttsehet @tsalt 3999 (Jellot BmoR1aieHid-tQl SUQ"D aseﬁgit "Blast 2
seq%%n/%ééjeaﬂ%érﬁ El%e%r B?l'f)ét g vh GRAItMIRFar 988Y (EBlis Microbiol Lett
|dent|ca equence differences may
174: 8§@+&50f rom i nsertl on (addl tion), deletion and/or
substituti on of one of nore am no acids. Sequence
At leggiriomeyof g differencesbeiwbgtstardae apidisepuenses of aivadantigpd of the
resBQ&tlvE‘%JollybbeﬁildéJ\mtﬁ‘Q/hfcﬂﬁﬁé WRliarlid SnuERsHiaf)f |d%}’1\cha@rc,%§ﬁh\Fblve amino

Sequences Is the alignnment that nmaxim ses the sum of

aCIﬁéubsté@tmnésPreé@@blangt béﬁta%@ ¢.0r. gt frash 0%e dnajaPscieeably at least
95%a¥ gbel d@r’/?t)\efh@bela}’d GlﬁQt%HEééegarpBe %W%@H's%%gltutlons Proferably, the
i nplenment ati ons of algorithns, such Gap’ ng
saigl jpaning goid| %Uhﬁ’ﬁ'téﬂioﬂﬁé”é@l}’ bepenseTHatingn s Bﬁ tqrgv 030(‘§e%‘lVeE§l@ISt'tUt'0n
as %ed Arfége ﬁ%ote@rthaggﬁé fdn‘ilno a‘éﬁf F&lotuiée & 8e&d tr&%&écd by another,
and Wat er man Biol 147: 195-197), as
blo@g@iauyagm@ar aming agid, re@ﬁ@e Itrw-)lng,exampleq_of @ngqgﬁta@éubstltutlons
mcfuﬁ@'meaﬁﬁﬁhtruﬁér) of & %J&loﬁﬁ'ﬁnﬁ@%ﬁrﬂ&&&éﬁsu&mﬁ isoleucine, valine,
pol ypepti des and scorin on one hand, the nber of
leugipg iof Mefonine fohén@ﬁ‘?rgﬁ ﬁtsuﬁﬁt'tmn&f Oﬂﬁ 8 ) F%ﬁ!@ﬁ@tfprd@@ther such
as QUG drdlRing ARy WEINY B&thvEer Gl aRH, a%rﬁch%ci‘ag & between
hand, the nunber of positions in the alignment at
glumlwamchesnamglrp%laylgéfm ik$es differ in their sequence.
The two gol ype tides differ in their sequence at a

Theivpdantpe H’Q'YRﬂﬁ’ idey astised hepimsife SRReifcaliydnghéiesmobireaiides having

a cBRMh delredi dfsahipmty @@a@p@%éﬁhﬂ@ﬂ%@%@é’ol@%u&ﬁ‘@érleﬁﬁ’ssbéd B at least
am no acid substitution), or when one of

90%aTimiRs pe i9d dsefemblyantigast ¥ 1ambintak & @- ?b‘§iﬂﬂl%°/aﬁ'”’d'ﬁét93% similar,

moROBiictdrly Which& d498 spliBee. g? n@é"fd QRSilaR BveRmdrk ‘E)?ef&%b@/aat least 96%
(amno acid insertion or deletion Sequence i dentit

y
simjilar, @a9-call lapE P’z stnplar, p\feéﬁ&f? |péfﬁer(a b’r@é?@%@@ﬁ/ gimilar, e.g., at least
99RQHhildrons in the alignment at which the polypeptides
contain the sane am no acid resi due versus the total

Setﬁ\&é?‘k@rswﬁflarl@ﬁ%bﬁﬂe‘éﬂstwbrbdlﬁﬁpﬁﬂjés@mBé deFé#hHé%rb)SHbﬁrﬁQ'yeahgnmg

qu%orlt ms for performng sequence alignments ‘and
(segabay i thaemine afid seqraree of HemolPePridesiandscomts @nasdpnd, the

nuBer IR ofashCin A Blignidrnd BIRREH $RASHbepB®ds &oBlka‘f@me same or similar

origi nal | ydescri bed by Al tschul et  al. 1990 (J
(i. eB,cgpseﬂq;weW@gbgt@yted}S@mWoa@gq rﬁé'du%laﬁgto@th%’ﬂlféﬁé‘@@ »the number of

posMicHRin Hérah%ﬁl%@ﬁﬂ Q%lmthgﬁhé'?@ly&apﬁﬂ% vaeel@Be @I%Qm&ﬁoﬁp@aquence

M cr obi ol ett 174: - | east sone of
Theyityvp ep@yRapdid %tQMW'S?h@'ﬁﬁrm'%éh%'b|38q'é%'t‘f9eﬁtcésg'5?” gposition in the

angﬁa{énawheanﬂe qa‘olyptagnde%m.h WRnRBh¥Reavedeminb tdtiddsidues at that

the variant is substantially identical, can involve
posiians 8" Whey oae 9§ thet FER'YRﬂﬁ’EdeW%F%F%IBP?m'%R agid 43idyssal, that position

whife the otBbr bR286ePR%0 orNiLVdIEE ([ AhiRBl AtiPinsb@as or deletion). Sequence
similarity is calculated as the proportion (percentage) of positions in the alignment at
which the polypeptides contain the same or similar amino acid residue versus the total

number of positions in the alignment.
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95% e.g., 100% of the said differences can be am no

acid substitutions. Preferably, the said am no acid
wGeamshs2ut i ons may be conservative. The term PCT/EP2009/050209

"conservative substitution” as used herein denotes

that one am no acid residue has been repl aced by

another, biologically simlay, am no acid residue.

Non-limting exanples of conservative substitutions
A viarightuaiewthhiector et ibeuadmmised obaee hy Mogh Rexside (s er nolyaentide(s), at
IeaEte ed&fewhléﬁj?oha @érlérﬁoalsedé(ﬁh&?’aﬁ&% b rbSITHIE cMstituent peptide or

I oni ne for anot or the substitution of one

pO'bl@ﬁFélﬂeloéﬁllecﬂJ@Nthd@Ctgrnot her, such as between arginine

and |ysine, between glutam c and aspartic acids or

A “Henivpdien @I%P@Yﬁ%d%mﬁya@p@ﬁrygﬂw byaghenpipal glteradion phene or mode
amln%aédl(ﬂg&du%g a?i@}oYFé Hﬁlbﬁ'%f oflé opﬁgﬁi e AJi&le8.at @& dr more amino acid
specli f i1 cal I ncl u es pol ypeptides having a certain
resuz@ugs e & - Of béll igiyicasylatipnt oOf%Phiorpj'@F'%eBW'@i@n FrGetyagtign} ysulphation,
|Ip|§é‘lﬁ)h ‘é\ﬁ{gl'a%ﬁ Setg&rydﬁ%llg‘tle§§ﬁ'§atn @@’%’ 8l ml!a?sr thaﬁ 43)% preferably less
fera [east 91% siml ar, Y | eas 2%
thagu?ﬁ% &9-» Igg@/&hgn @Vamorwr@erﬁb@ﬂ%&s&bw@% ﬁ@aéqssgn% 10% or less
thaﬁ'Sﬁ/l |@% leSs fhan 495 %08 79, | o?‘ﬁ% cﬁ‘é@rﬂné@&@s We?&@rfv%?vé’p&?pephde may
| east 96% simlar, e.g. least 97%simlar, yet
be ﬁ@rdér']@t@ﬁéfékﬂefﬂv%twelFé@t@tnagg%ssﬁlrﬁwtfh?ac’foé ey, bexgorpriged of one or
mo%%/ép?ﬂd s) BF polﬁ%ﬂiﬁ%‘@? a% sl GHd drivHRGH N‘@fﬁe W8 atised on at least one
pol ypepti des can be determ ned by optimally aligning
amMnOALIRIESIFES- t he ani no aci d sequences of the
pol ypepti des and scoréwg on one hand, the nunber of
In & pegierrechemppdifgat, g growgnfacar A '%'H'OQWQ”Yp@CFtVBé’Bf'?VGég derivative
thef ity bd RRBoSBIBNGOS.e S bRidudéd 69 ahost &@Qﬁ@h\’tﬁ%'u ﬁltﬁ’e expression of
substltutedP am no acid resi due and, on the o
a regamebinam @uglgieraid Tolgsyls: Wh&ﬁ‘shqsnb%ﬁ‘e'”ﬁp‘i’%ﬁé'ﬁ? ta‘? host organism

(e.yhbshelid8udngs mhmapﬁ.ta@lsrs EOtRBr 8 §fpfint drein, | Serkdh8iharcescens,
sequence. The two pol ypeptides otherwi se differ in

Ba@lﬂ& pubiidgj arsk sugh as donveranpiait icsrevivea Aed lidhimRasteris; cultured

pIaHh@éllstshu%h Rl WP Rk Qﬁ§bl@%§f%llma|%w:¥ﬁé 'td'i%cé’tm”l RRIls; animal
acid residues at that position, or when one of

Celbowbeaétma@@aa%@ad ieseshcellsi ﬁb”’t&'@l ¢ellp 38 oF RIS ?Lf%i‘t as plants or

anifRR) tdrodh Whédseort Reredt, hsd Q/H%hd&ﬁ’r?prﬁgé PEedllehe \WRESENg the said
(amno acid insertion or deletion). Sequence

polypegtidar ]I'h«; usg (@‘aqegqum@@tlyagxqrﬁ@sqgr @ﬁ%’lﬂi ffagtors or biologically active

vardp®y %?rﬁeﬁgﬁ)ve@fth&%%f tdvpdrs thé‘ ﬂs@eo@{rémﬂén &t Y Sdenic agents.
the pol ypepti des contain simla

Re%’ﬂ@”@@sﬂr%@t'ﬁ?@PETQFthhQSO*P%” ﬁ’ﬁfﬁﬂ'@?d Bfergia |bv|3r52ﬁ'§drﬁhet al. 1993

(Prbf’éﬁw NI NP 4A ’V:ﬁﬂ(?ntR&E n'i‘arftaﬁrto%h MRyt é;—@rrgrsbseanmomy
one or nore pepti or pol ypepti de( | east

S).,
CO’BWQF%”Y\EH?'@’?'Q €% W@P.Sagma FolgeicaliBgustiRgy 8&31’3’4%’“3 Peprotech,
etchespect ive constituent peptide or polypeptide of the
growh factor. A "derivative" of a polypeptide may be

Théi%rrﬂnVBFa‘sﬁﬁdlstaé ReaRtAbIddREAL PI8EMATs @NBIPHLIEREER from a sample
no acid residues and/'or addition of one or npre

ofvmgl%pp@g Rlevided opsontrated With Ao agtigaggulant, (e.g., heparin, citrate, oxalate

or EDTA). Subsequently, cellular components of the blood sample are separated from the
liquid component (plasma) by an appropriate technique, typically by centrifugation. The
term “plasma” therefore refers to a composition which does not form part of a human or

animal body.

The term “serum” is as conventionally defined. Serum can be usually obtained from a

sample of whole blood by first allowing clotting to take place in the sample and
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resi dues, e.g., by glycosylation, phosphorylation,

acyl ation, acetylation, sulphation, |ipidation,
wa@bdoglos2ion, etc. Typically, |ess than 50% e.PCT/EP®8%050209

than 40% preferably Iess than 30% e.g., less than

20% nore preferably less than 15% e.g., |less than

10% or less than 5% e.g., less than 4% 3% 2% or 1%

of amino acids in a derivatiVve pol ypeptide my be so
subgepuenilyissearating ther so/toringe ciot ené calidxrqgmnynenis of thechlopd sample

frorggweil g(gjrl)(? ?ﬂn?&?ﬁ@ gs%hfrgf;gy 2] %@gﬁla\?ﬁ@chﬁl%é)%ﬂéally by centrifugation.
Clogiingi eeat hestegilitatechby pednart eatelystneigo %@aswqeés iof gewder Afernatively,

sergfhe%fﬁr BéEGPﬁmQC*Pdﬁ'?gtasn{ah@y %‘P(Wirg; fhaCIREoRJuldht and fibrin. The term
bi ol ogi ca active variant or derivative thereof may

‘sepum r@@@ﬁb’ﬁf&&ﬁﬁo aj coamposfipd dut@udess BOtiesT ReFigeind $rmnan or animal
boar%}gr ough the expression of a reconbi nant nucleic acid

| ecul e, which has been introduced into the host
Thé’fs%%'f@o%ﬁ&érﬁa 9r serdRCIAMIRuSIA ety Withd Rthdd d?‘tﬁ@br‘e@@nt&nventlon
col | himurium Serratia nmarcescens, Bacil

Theyuean alpe be@@a@prlgtgb/rﬁtg@dff@rla@kaﬁq)(eeg sfor sheryi tgnea@erma e.g., up
to 5’6&}?'15‘2 %éﬂisora't% te%bFéﬂlﬁr@dab%b@'ﬂﬁe k)laétlv%bfﬁi?ez% BdHt&of plasma or

alia Arabidopsis thaliana and N cotiana tobaCcum
serg@, byt belew gaibiens fampesalure. dys trrpRaipfuEhwWilligualfyskesabout 4°C to 5°C;

or f%?'o'n@er Phed By fdeLetdrHi@usQhIgaR beffeh WhBUATORE 3R Sb&t -80°C).

ani mal s) or "an ancestor thereof, and which conprises a
Thé RBIEEAL 28RS QAisBAINt Bsh Eé'h@aiplﬂlalé‘t%@d' SeinoleinUs8& aff particularly to
reconbi nantly expressed growth factors or biologically
remeve; e \aeneigirentorVaiei (i inresent heethe eawkys pleemgi ok serum
aut@fogBlﬁ@bemeS(%IIQ%u@ureGaﬁ RO BRIsEn @OBBEDY, IRRRYTHRY MHcessary to heat
production of TGFB-1 has been described inter alia by
inagihigieiinelplasmanpr. sefgy3Vhpreoiheintasmgn?r iy fs aft:least padiy)allogeneic to

theREAGERIBAN Gt 4y BavaRtdgRbSs &S tafinaetive®MRHidéma or serum.
commercially available (e.g., from Sigma, Biological

Opll&dath fh'eeﬁasrﬁ@%r%é%rﬁrl:ﬁay BRBI K¢ &tehiliseRt Bridr- to [§16ralyr dR use, using

| asny' conventionally defined. Plasma is
COQY@U%FPW%md%@%l?'ﬁ@'ﬁa'ff'ﬂt@% areé%[ﬁ?w &itg o e o4y or smaller.
provi ded or contacted with an anticoagul ant, (e.g
In ﬁ%ﬁmoﬁ'm%ttmﬁt@es%ﬁﬂ%‘%‘j HiayE%Wle hSUI?é‘efdﬁ%ﬂ@ 19, Serum which is

auteRgbld & hGRBRBMSESooMSO8omb&ed tﬁéﬁmtlﬁ? P tSRPEJLAGIBGbus” with

fromthe |iquid corrponent {“a asma% by an appropriate
refereth i RESMEy i iYMydenpiese et e giasmeror saigmtigrghtained from the

samPLAGER astahe BRISY 6 MSEab Be lcBnBce8WPthé 508 pildhbrdeRm.
not formpart of a human or aninmal body. The term

In aB&h&iMembsdidfent oMemetdaaby éiﬁ;ﬁlbm@maaeglugﬂnga& b@rum which is
usual |y obtai ned froma sa whol e

st
hog]qlngUﬁgorC p&@gqnﬁg {yhymgn Byjs& ar M$G qug]t%cé%rr@re\%th i.e., obtained

fro@ A W HRsfis @iolad) eRah 8libjBéts ofifer StanftRé BBeti@im *Ah the BMSC or
cel lul ar conmponents of the blood sanple fromthe

MS|q %{GIO@ dfifhonent (serum by an appropriate technique,
al | centrjfugatio
In yFi?ur‘t:h gmggdlment the ethod ‘may employ a mixture of autologous and

homologous (allogeneic) plasma or sera as defined above.

As noted, in an aspect, the present methods may commonly comprise steps:
(a) recovering cells from a biological sample of a human subject comprising BMSC or
MSC;

(b) optionally, isolating mono-nucleated cells from the cells recovered in (a);
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Clotting can be facilitated by an inert catalyst,

e.g., glass beads or powder. Alternatively, serum can
wheooelsrined from plasma by renoving the anti cPEmEPZNY/050209

and fibrin. The term "serunt hence refers to a

conposi tion which does not formpart of a human or

ani mal body. The isolated plasma or serum can be used

directly in the nethod of the present invention. They
(c) eddinglcsts bl(aapp(Igricametiymseasnriisirfooiuman elasmeeor (serun., FGF or a
blofo?fcaﬁ}h%tﬂ/@r\/aFléﬁT%r BENa‘ﬁgé thefed: anou'PGF'@ 0 Q‘Bﬁoqﬁca%%%ﬁ}és\/anant or

t enper at ure above respective freezi ol nts
derpfatiys ﬁ@@fmn%@rlwﬁﬂg Ehﬁ cejlem@dwmnbixé*ﬁ@ sushypsrtatallpw for adherence
ofeﬂ%%1£§ﬂﬂ§&ﬁ$§ﬂ%c usual Iy be about 4C to 5C, or

or longer tinmes by freeze storage, usually at between
(d) apmaying moedaﬂr@nhmd@r agdbcher v ring sidheeant gelissiehe medium as
&a
defﬁlggquﬁné Jr gl#(ﬁﬁag‘fgﬁélledr\rl\g@g%tbﬁﬁ{ ﬁ?r% %;gr‘rrgﬁémo eo%%}%b%%fs or osteoblast
“kepﬁQ#%eQﬂta qeémedlab@rpqzw@smge&wa or serum aut ol ogous to
the cells cultured in the presence thereof, it may be
Stepnihe craysks perfermesatsing aenventional mrihqsisasyeh as eser density gradient
cei@g&idnhe plasma or serumis at least partly
al ' ogeneic to the cultured cells, it may be
Thé‘@éﬁ‘@u@?@rﬁ%‘#&% ?r@mhgl@bs'(ﬁ)a%ff '(N)akecﬁlhu@ed)llra%@ pPéseﬁ@é Wfa medium,
tionally, | asma or serum may al so sterilised
corprmp@ly @dlquogg{lg@ulwe u’g@jlumsﬂ,@lc@tym;@]tmw will comprise a basal

memuﬁf RPrh0lasH §§|kn$\}vr|1 ifthe arprl\ﬁ‘ér@/r@%me%ﬁah‘oF?ﬂil@tloﬂsz(ﬁvé?lfable e.g.,
2mm or snal In an enbodi nent resent neth

fro@?aiéheerf‘mﬂﬁanuﬁm ROrUYY %Q"egmn«ﬁmﬁcrpn oRuIIteRgsas Corisbad,

Caﬁf@rrﬂir%‘ﬂ lgﬂ\/@gad)rto Vﬁ@r@Qﬂé %ﬁﬁseﬂertehwerlﬁd%dlﬁg bl Bot Bhild to Eagle's
aut ol ogous" with reference to &Ipasma or serum denot es

Minimg Egsential Meaiurs (MEMuRPIbgcest Meaified Frgist Mediymn®MEM), alpha
modiBl emmrﬁ&naE%e%W@CWduh@QarpﬂamMPnB@é?aﬁ qgleéﬂ’hl‘hh E%&?nt.al (BME),

said 5 asma or serum |In another enbodi nent,

BGq1 rd N#H?eré%?“égﬁ (ilavk '%p&%ﬁﬁ/'qgiﬂeéé?tl!%qmﬁd\ﬁed'@“ (IMDM), or X-

Vivo 1o Qe ot m@ﬁluma dlﬂgﬁrb%@e) b%llaHﬁ%ngmrdﬁen'\@Q}ambrex (New
contacted therew t obt ai ned from one or nore

JerepoRRAORiFaliPnS FOplsE cambialens, Wateo teoraRARtisas of fenbove basal

meWi £8 g%h@ra%w%vm |n'\f§5:aﬂra‘?1dqp|tsa/\'nmﬁfjthe|s'R|II%ffoHét|rhﬁfe art to modify or
enbodinent,” the net hod u@y Id a m xture of
of &1©

mOQH'?Eﬂ erftsastraiions 16 madizy8 @g%*p@le@)ergﬁ as Recessaneiop the cells
culssegef i ned above. As noted, in an aspect, the present
met hods may commonly conpri se steps: (a) recovering

suét! bssal reeia BouRdibRa! coREm! thPpédientURBELsSHR] 868 mammal cell
conprising BVMSC or MSC, (b) optionally, isolatin

devainrmenticyidah 86 KRS Per oin Bh@eaes PEillpdtabion @ed ﬂ%gif‘g?uon these

mg(é?j)en@éjﬁﬂa?%c‘l—lﬁje'|ﬁor@5n|6%¥dté§: f)@r)tlcﬁlgr SalERGhtHRISPRB! K SMBICa, CI, P
human pl asma or_ ser urE

and possibly Cu, Fe, Se and Zn), phyS|oIog|caI buffers (e.g., HEPES, bicarbonate),

nucleotides, nucleosides and/or nucleic acid bases, ribose, deoxyribose, amino acids,

vitamins, antioxidants (e.g., glutathione) and sources of carbon (e.g. glucose, sodium

pyruvate, sodium acetate), etc.

For use in culture, basal media can be supplied with one or more further components. For
example, additional supplements can be used to supply the cells with the necessary trace
elements and substances for optimal growth and expansion. Such supplements include
insulin, transferrin, selenium salts, and combinations thereof. These components can be

included in a salt solution such as, but not limited to, Hanks' Balanced Salt Solution
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bi ol ogically active variant or derivative thereof, and
TGFB or a biologically active variant or derivative

wo bmpeg213 and cul turing the cell-nmedi um m xt ur BCT/BP2HNY/050209
as to allow for adherence of cells to a substrate
surface; (d) renoving non-adherent matter and further
culturing adherent cells in {he nmedi um as defined in
(c), such as to allow for obtai ni ng osteoprogenitors,

(HESS$ e Glarla's t SalioBolotiere dhrthst Iahk@(idzmlt Isspplemeatsovéy be added, e.g., f-

mePc%BkHe%n%P Whigh aa\%&/r@at Al dig> ﬁ@ao&béonﬁx epﬁngee[cio%r e amino

usi'ng conven s suc
acigs atiyepe suppiementeddateors. gTh.equ’remm@um“p@mﬁ mowr tmbe less stable

- o) . | [ , - BS .of . .
BR3P Sol P g O S D SRS ol amimycon
corfigginclal Isych tase tymaﬁllunmiwturlescofrrperhisiﬁinaarbhsueptnwbiumand/or other

CO%@éJﬁ@%ng%n ﬂ?ava&ﬁgbkp n'ﬂ{‘aedartb %&ﬂ%ﬁe !%‘gf’c'nﬂlr Bentamlcm

ble@uly¢ior ehygcdrmem i sanamyoCC; m)nonfypmm mpieahengen,acid, naI|d|X|c acid,

b I |t . :
o ol P S bl BB, ldomyon
tet@s@neltﬂbswmmocma\/p, Dul becco's Modified Eagle's

Medi um (DMEM), al pha nodified M ninmum Essential Medi um
Lip(dal gridalifvENgrieBacal alke dieurncBseenpplamenBrEl) culBE medfa. Buch lipids
amﬁ&%ﬁ'e@h%lwee t‘t@%ﬂ%'nolt \é@ ) Mrﬁwdfektﬂq %IQ&Q&)P fholeic acid

ser um’tree nedi
corjedated tﬁaalbgmadémole@\mld abdl olefia aeid Icaviugateddn munmmmwgated

Imcﬁ%@‘ﬁ’cﬂ] el\'n%aé Loleft agﬁ?&jdnfl(# &?@1 'cgrﬂg eﬂ@&jéoélbﬁ?rﬂfﬁbél'aﬁ:téc%énconjugated

0Sitions
an@e@mmwtdaq/td@ibwmlm amphg otets. Attliniin cpis sinikaly hetused gkfatty-acid free
forrﬂplaﬁ&i‘? in the art to nodify or nodul ate concentrations

0 I'a and/ or nmedi a suppl enents as necessary for the

In &ﬁﬂ)&ﬁrg&h’tgt IlrU'n‘?éjn plg'é‘rﬁlé‘ opsérﬁl’n rﬁgnfra? cgﬁwggggve?ﬂsmg&?gta% Broportlon

I ngre Ients necessary
(volume: pf plaema wowaryse velemeByf medinm) between uainpub@ Benanchabout 30%,

pre'ﬂé?éblg' e Oaﬁ)ouf he/seanldngf)&ﬁ £5Y,S T'myplle@&lﬂufjr%thodﬁlama?/< perform

anic salts (in particular salts containin
satigfactandy, with relﬂlvahydom@g@pbusy)f OlasmBeor ssrina ey . zzmt)out 5 or 10 volume %

or 9@8\{?6019 gb&ﬂH BUbEEs S, ﬁt 9-or A0BHEPY Igh%%bgg@%ﬁ% to decrease the

nuc nucl eosi and/ or nuc el c acl
volumbﬁelﬁsma@kyerum@et n%aﬂsﬁ@ bg ebinedvn peger tnsculture the BIVISC

anti oxi dants (e.g. @(%I ut at hi one) and sources of carbon
FGFeand T§ihk ¢se, comﬂlrs imygaif, arasia o dlonperdiediprs syfficient to induce

diffERntistRA df@!\@’é %stegﬂﬁé’tg o%%@bl%é’trbhl%ﬁotﬁ_p?EJe"seq}yﬁ%élllS} FGF or a

one Or nore conponents
biolpgigatly @shye y@ﬁmteﬁemegvaiuﬁ therae eent be sinplpigd timehe empdia at a

cotiehfatidhEofBRERSFA.Y ahli 366 ng/ml, preferably between 0.5 and 20ng/ml, e.g., at
about 19, 18, 17, 16, 15, 14,13, 12, 11, 10, 9, 8, 7 or 6 ng/ml, or at about 5 ng/ml or less,
e.g., at about 4, 3, 2, 1 or 0.5ng/ml. Typically, TGFB or a biologically active variant or
derivative thereof can be included in the media at a concentration of between 0.1 and 100
ng/ml, preferably between 0.25 and 20 ng/ml, e.g., at about 19, 18, 17, 16, 15, 14, 13, 12,
11,10, 9, 8, 7 or 6 ng/ml, or at about 5 ng/ml or less, e.g., at about 4, 3, 2, 1 or 0.5 ng/ml.
Said values are intended to refer to concentrations of the respective growth factors or a
biologically active variants or derivatives thereof, as exogenously supplemented to the

media.
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el ements and substances for optiml growth and
expansi on. Such suppl enents include insulin,

wo e@n®8rI3 i n, sel eniumsalts, and conbi nati onsPCTEP®0$/050209
These conponents can be included in a salt solution
such as, but not limted to, Hanks' Bal anced Salt
Solution(HBSS), Earle's Salt Sol ution. Furt her

anti oxi dant su gl enents may te added, e.g.,
In memamla@nh&ﬁdﬁg oI e may e mﬁawowbmoat%ﬂtede\am human plasma or

serﬁﬁntF%Fn aﬁH‘f@F@Qﬂrd&olo@QéT@ ﬁé‘ﬂv?%a‘ﬂ%hgs H"'\lﬁ;\%rj\}%ﬁves thereof, i.e., said

uppl enmented | ater, e; ut am ne, Ich 1s known
corﬂ@on@@ts wggldsb%mcwdﬂﬂeﬁ allnmgdﬂa e ivdrich enBMISGoniBGhethe progeny
thefddr tah@for U ﬁéhv% ttl'?brérﬂdn?' & 'cﬁlt@rBEi'/urQ'Eheaﬁrfebé%%ﬁétrf}d Typically,
conpounds, suc ically, mxtures of penic
saig rRlasma épt iiymi and metgrfa@tpfﬁefnadohﬁp(ﬁuﬁl@d alk enlpsitarftiady identical
resBé‘éth%n&érﬁr‘aﬁ ﬁﬁjs il (RERYh&ih Gh&Y fR B! th® BMSC or MSC during
gent am ci n, eomycin, Rygronycin, kanamycin,
therfetdeci n, mycophenolic acid, naI|d|X|c aci d,
neonyci n, nystatin, parononycin, nyxin uronycin,

In a1 erahefiEent. theyealls ioh (et (M), maybe a@ﬁd %h@wturlpg s$tAp (i between
5x170e%H Mx 19 E’él@n“i:m"‘ngre|fe!r§’ﬂ)l§}i b%f‘\'/\?ere'neffxsi 0‘3 Qﬁ‘d @i(ﬁp c,kéﬁs/h’ﬁleqn&% typically

| ement cel] culture nedia. Such lipids and
at%ﬁw Pel0s cellsencl ude, but are not I|n1ted to
cyclodextrln chol esterol, linoleic acid conjugated to

In &piered emperiments thecrtugmvessPlenay REIVieden? mipatie guifase to enable

celﬁb@h’é?bﬁ‘ce Hﬂcé}mtwaérﬁgodlﬂneﬁtl ¢ sBRb& may be a glass surface. In yet
I i nol ei c-ol el c-arachi donic acid conjugated to al bum n,

angihe embrdigentn fnFuitae éeryabrl cedag u@tat%anrtsow%@ Faterial conducive

to SIHRRGhc81ah8 'gPowthloPEdlisNe @amﬂaﬁﬁléﬂlq@rlbbﬁlrm?oﬂ&ﬂig gér
fatty-acid free fornulations n enmbodi ments, hunman

In &hBSdReRts, %&rsuﬁﬁb{mﬁé ehl%w%@rf@ra*t@@rq fdrrbb%ﬁ’[ q dﬁ%C@ %a?é nfore typically
proportion (volunme of plasma or serum/ vol une of

betean abPUbEt 3Rk A %ﬂyéuf'“o(!)e dypicatd afootitt SD%, befper eamgying the non-
adieENeeatterRPstbp igp and about 15% The present nethods
may perform satlsfactorl ly with relatively | ow anounts

Ty;%alll?' &@T@el@rcaﬁew%un@e& |n stﬂ%@%%%n@r(d)l%kké@'t%@h(%@F a period of
about 1 out or about

bel ow, e. 7q .
betygery ﬁ“bo% ang @Wh‘fgmt %Wels'?‘é%\'g efwReN ke 1 éf”dpﬂbé’é'h'&5 §eys, and

mo&?b#@’l’@rbbl?tfom&ﬁﬁﬁ 19014b@ay@bb%\é?f\@@e| theOdell§ mdyobé BlikHEE | |n steps (c)
TG-B are conprised in said nmedia

a”‘i:(SJHé%ﬁ”rtag‘?ttb?féj@'htﬁ‘ﬁlrép%fﬂ{e”% rga¢6T 8PN O /PP Pbﬁb%\‘t 80% or

moRVBEabMit®09sbaRbleast sveRlfupas ool ast phenotype cel I's.
Typically, FGF or a biologically active variant or

In Seémbadimént, FIBWaR steR M) Bt matHoddes) tdmprize d@ﬁ&ttiﬂgdﬁe 8o-obtained

concent rat i on of between 0.1 and 100 ng/m, preferably

cellsor gebRoRYI&ioAnd 20ng/ M, e.g., at about 19, 18, 17,

In %&ﬁ%ﬁ@n gf?"ﬁ%%or“%@'w stgp 86) 81512(%1@93 rcg(?s gwga/y?be’ Qggrﬁa%ted one or
moks Higé, ﬁi/plcéWQin@QJr o tlFH@EE’m@tfe preferalpahdealThy p@@s_tdg\é&lumber refers
to tﬁg@p@%tgf 8{ tlre%s:]%\éﬁ% :cé PoRY! ? pnﬂ@%%@ﬁ?@%&&%@&%@&%ltbre vessel and
undergone a subculture, i.e., a passage. For example, passaging may usually include
detachment of cells using a bivalent ion chelator (e.g., EDTA or EGTA) and/or trypsin or
suitable protease; re-suspending the detached cells; and re-plating the cells in same or a

new culture vessel at a desired cell density.

In a preferred embodiment, subsequent to step (d) as above the method further includes

step (e) passaging, in particular once, and further culturing the cells or cell population from
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ng/m, preferably between 0.25 and 20 ng/m, e.g., at
about 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7
w®@eoo8/08m4i3 , or at about 5 ng/m or |ess, e.g.PCHEP2009/050209
about 4, 3, 2, 1 or 0.5 ng/mM. Said values are
intended to refer to concentrations of the respective
grom h factors or a biol oglc Ily active variants or
derivatives thereof, as exogenousl y suppl enented to
step (@) ifrélfi medinmaas dafibedimishtroll@NBEseeh ssc(evdle prils or cell population
t uply contacted with human plasma or serum FG-
mag%g d‘?% or biologically active variants or

In l‘ﬂ%rda‘é%gjlt’@%tebr@f %’é cel|s @re pré@?éﬂ)lypsﬂ%‘a%!ﬂﬁﬁthﬁpt’,‘ulﬂjrlhg at between

5X15)r @Qé r@ﬂ Oéwéﬁ”éiﬁn aﬁ@f&ﬁ@blb bebvaensoxd8F ane Bx1(Heselis/emormore typically

at &Gt S YeRA.hn the present nmethod. Typically, said
plasma or serum and growth factors nmay be supplied at

Ty;ﬁéﬁ?@t%'pﬁgia\gld thbﬁsaérerc%ﬁ@r%etlrﬁ ¥l%p‘(9ﬂ6faé‘géﬁ$d 6‘ﬂ§et\h/é‘en about 3

(fresh) la used for culturi

andj@b@tﬁgﬂ?t ﬁ@/Snﬁﬁwﬁﬂu bebkeamaleab SCRTHEAROUt (RIRE| PR 61’0“( é»plcally for
adet o(w@)zve@ﬁﬁrh’& d;ﬁgv &Y fof b'étts\eb’c‘tdig ek;ﬁbr%?o%lﬁbf&r@ ce"—NE

bet ween 5x1 O 5x1 06 cells/cm 2, preferably

Th@%ﬂ&ﬁ@%e’i’éﬁﬁbdo%eﬂfb@s5&1tr@5Wﬁ/@hﬂlo‘?{ 9Féld2osféBbl%gEbﬁRJ@abé%oblasts or
at about 5x1 04 cells/cm?2. In preferred odi ment ,

ostepliagt Ahenpiure 68lise O ﬁﬁ@}l'?ﬁO@\%C@@pﬂé‘f‘g SUph. i W@U?"f ghasacteristics,
sudhtasBRdRHRuBEhigh %Qbﬁrfs%lﬂ%te érﬂj I@WL@DR%%%ESLH%”WNCH R&lls and cell

surface may be gl ass surface. I n yet ano
PORMRI9AF ﬁ%%u'tetj ﬁ%f REPRYVARCHC RalhemPeriaiMRiPRiRtian iapatient bone tissue.
appropriate material conducive to adherence and growth
Acgrdipgly) i aspegts thgdpyangen reptes|taiuman erieqrspgedlfers: opigoblasts or

osteHhesti Wﬁb@pe‘?&lllé Sor'TBMI B6p bt RWesh A Ristigt S, fo@faw@%@br directly

1 and days, nore typically between about 2 and
obigiags, Usifges PR o i eRtion %@@CB@%@@Vﬁe%wH@sﬂ%éuch cells

or BANpasisicpBtioNBsd & tHetaSt 8Ry/6ior (REPHCiRddtiMg HoRB-réi8tedSdisorders
can be cultured in steps (c) and (d) taken together

(¢ opS ASipa ElssuNere Wb ReBROBSHGD): okl abbuthe tisechlpych cells or cel

poplBatRht YioP et avesih daut dil aanddiebRdht i» ®aYFeat@Rdt BPRne-related
preferably for about 12-14 days. OQtherw se, the cells

disgrgorhe cultured in steps (c) and (d) taken toget her
until their confluence reaches about 60% or npre,

In gytibersesresh theriavendpn 488ias @o%%\arwe@tlc%rcwmeﬁ Gagprising

hurh 89 %BsteoBroeniedip 08488 Nasts fop|dsabrRat §h@rﬂ)t)(pﬂa) cdlRe oméblh ‘b@pulatlons
rise coIIectlng t he so-obtained cells or

CO’BByﬂftﬂgaf Hnobtpallig A EPCYRRIAIN PR RY Methas RhithgPrepe 'T‘ﬁ’j‘t'on and

suitabR fecadthinRetatet st sRYofBBnERSHAYEd One or nore tines,
typically one or two tinmes, nore preferably once. The

In HRSSFRE tAYNMRMtibebROSelates to a method for preventing and/or treating bone
disease in subjects in need of such treatment, comprising: (i) performing a method of the
present invention to obtain human osteoprogenitors, osteoblasts or osteoblast phenotype
cells, or cell populations comprising such, as described above, and (ii) administering the
so-obtained cells or cell populations to said subject, e.g., at a site of bone lesion, such as

for example surgery or fracture.
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to the nunber of tinmes that a cell popul ation has been
renmoved froma culture vessel and undergone a
wepmes2ur e, i.e., a passage. For exanpl e, pasBELEPZH09/050209
may usual ly include detachnment of cells using a
bi val ent ion chelator (e.g., EDTA or EGIA) and/or
trypsin or suitable prot ease, re-suspendi ng the
detached cells; and re-platifng the cells in sanme or a
2. Gelly and| gell pepulatipns|of Hie invendionr ed cel | density. In a
preferred enbodi ment, subsequent to step (d) as above
Fuithes ststyld dhe osteerdasticrrellutrsyltisg djom b rp%tg@éﬁﬁlwedutﬂ define a new
ostQé’pFeré:rH o?‘ros(?é@tﬁast%ﬁdosftéﬁb'id%? h%%t%;ﬁé 'cB@ 1 oid%e VB $ha9" underlie the
popul at1on fromstep ( e um as define
adyantagepus POPEGRE @QS@M%UBQFEWG('@POW@%@YI s or cell
ul ation may be collected. In the passagi ng step
In IQ@'FCUW"h@ Fepsrechihe ipyerTtiep ahP\jdgs iraen pgieoRrageniers, osteoblasts or
ost@é’él&é{rdh@go@%eQ@ﬁs"‘%@"\‘lvéxa]s &l %@Iaﬁéﬂs Qﬁnﬁr@ Agsélﬁfﬁgcharacterlsed in

Fre erab 2/ tween 5x1 02 and 5x1
that pgidc g¢llsy ("at coatsise espress®ncef |CQ9@mé3D*@5p|Q%ﬁ yCD%t@FMGG and

a|k9|ﬁr%8@%sagatta@@ (ARG PR %psw.éalny dp o t%b%n(aﬂﬂ/erfl%né?y type, (2) do
peri od bet ween about and” about 12 day usua

nott@@ﬁ@ér@%@@ &w9a96@1(3)198%@9§ 258naf el ;rmfe@ab&/less than

20%Qf tHRPQUNE 2R 8vdeRkre Jr@fe?atﬂ)?fe‘s@%awﬂ)v/t gedef c@Fs express HLA-DR.
sati sfactory expansion of the cells. The above

WHRdiRId 88l redheds b@fpdshﬁe'fﬂwﬁrﬂdrﬁﬁ'ﬂjléf' rﬁér@er this means that a skilled
ost eo rogenltors ost eobl asts or osteob |aSt phenot

pe
persgn | Wil (&”CWQBu'tht PER8N o Rpravidenge stich, diglinch sdnger ¢- Sr antibody-

det@@t@bl@%%teﬁ@&@y reYdRR ta&ﬁsbﬁbnearpblymérﬁe Jwaqhegesmnﬁjr%t marker
rate and HLA- DR expr essi on, whi ch |1's and cel

Wh%ﬁ@!%f‘g (S’H§ tr}?f aPryapiatey ’WQﬁSUfﬂ"‘Eﬁ%y‘F%’b‘?qr%d & SP'F?&'%B%”JEQ'% Where

thel ARatHAL BifdwRNidr NyuRAtila8 REERnidns D ehe Aﬁ&rﬂérd'pf&hwe ddlls may on
aspects the invention relates to hum

aves3gRepnesglen signal, thalsis siificantyy differsst ﬁé'ﬁltﬁgtcoﬁtl"@n@ﬂy gt without

nm@aﬂlolnsat |@éstqe3 fol@ﬂ@h%ﬁhé@ﬁ@crp&é%l béhé}ﬂte@ onﬁewlga@b €at least
al ne usi

-fQ'ﬁv%d%%ﬁ f%/i@' delsast Wef@'da@giﬁést %Psf%lqt Togst ?Qrf%l@rcqi Igast Fg-fold, at

leaSt50CR|d higiR W a8léPRighéor use in therapy and/or for use
in treating bone-related disorders (e.g., as listed

Th&lexpeR868 df hé Rbsves REILLFd Rt nfkbrs 8sn BE! detébf’ted Asthheny suitable
use of such cells or cel|l populations for the

ImgpAlecied pehniguea knwt dartstark such s {PRIMPerErpChmistry or affinity

addPRRnl Vaded slosardpis. FAOSAELIgA et 38 BYCIny $dible biochemical
invention relates to a pharnaceuti cal conposi tion

as2YrifrangYRE aAstinBin(Cabt @6&’-5’@&1" RopRYy syblepisichrifye gf measuring the

qu&ﬁiﬁ@blh@shaﬂk@ﬁlﬁmﬁmee geINGrthe®l bRE! denMQREh@EIRNST quantitative RT-
conpri si ng such, obtainable or directly obtained by

PCRe o dReEN ¢ a5 108 PATKeTVISIRY Binthisa AigCiose A5 ekroyn Yand can be

obtahel Mok it QBtaBhsed stich @s WenBARR (HBTIVAAV.nbB.nBA.NASREEL |
the invention also relates to a nethod for preventing

In aRehtr dnitRRindrd, $NASsteoprogenitor, osteoblast or osteoblast phenotype cells

show evidence of ability to mineralize the external surroundings, or synthesize calcium-

containing extracellular matrix, when exposed to osteogenic medium (Jaiswal et al. 1997.
J Cell Biochem 64: 295-312). Calcium accumulation 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 (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.
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di sease in subjects in need of such treatnent,
conprising: (i) performng a nethod of the present

WO pwensizen t o obtai n human ost eoprogenitors, PCT/EP2009/050209
ost eobl asts or osteobl ast phenotype cells, or cell
popul ati ons conprising such, as described above, and
(ii) adm nistering the so-obfained cells or cel

popul ations to said subject,”e.g., at a site of bone

In pra¥heinembediments shisk osirenrpyenitonrefteaplast of ragtaochlest phenotype cells
. | 7 .
suBAr209 G LiroRORLIAAR, By LAE of MRNERPAEYPAtS neiter o
celigeaf lpdtbocHicl lnwede (Q)g@l@fiipﬁ@thS)rﬁéwh@@dregxﬂucd@@ﬁgq t7-9.. chondrocytes).
ThOSb&RH fotdlf%rrerﬂéhgrﬁ)mv\?a%s %@Q%@Wﬁﬁeé@%@méwg € testdl Gé?ng standard
erlie the advant ageous ropertles observed up

dlﬁg@@tlatronblaﬁ@cwgwé@rabtjonﬂestgéﬂshed:m e art (e-&nses ;E’e,itqngﬁh@t al 1999.

i .0 vy ce 0 t
S P oo yiD O pEoRE 9 A Bucd RS Sypically
stajsoyith atlireh ébwng élptdga@ucrwIatl@ha@@@m@édyplﬁalb/h%tam with alcian

blus &r %,aﬁ'gr# ih D) éhbé}mm/ %%Ikﬁgqfrgﬁﬂs ar@g&p(g%ﬂﬂ%)én chondrogenlc

CDle66 and a 'l ne 10sp at ase
dlffgrpe@batfqndaay pisgly mFar et insh dhan ¢<r legteipan pp, of Ieps H@n 35%,

or I’éﬁé tr%%l%%%r Qhancm%’of@%l%’ste@r%llé%)o |oeﬁ§) ?ﬁb &P genic or
e cells, preferably less than e s and
Ch%@&geﬁt&r@ﬁ%ﬁ@ﬁépawhﬁnIa§§|§dttﬁéh‘13 @%inetterﬁé cells
express HLA-DR. Werein a cell is said to be positive
In a dyrther paradiag iy saidoRBEProgRNisoragiasblasiar asteakiast ggenotype cells
ma?%fs%‘%!%p%s%losf‘egeé’lblHngm in Waﬁ%ﬁ%? BxMrinfHtdIRnEs n8fn &io 85% of the
di stinct signal, e.g., antibodydetectable of detection

celis\exppsede %ﬁn@ﬁ&?@@‘# bbﬁA§§I)ymsr ase chain reaction,

for that marker when carryi ng out the appropriate
In arfg81er embedimeningaid egtepproggnifabpeieeliastr | asteqast ehenriype cells

maveéléw%xaﬂelsg%nte%.algp@mlh t(abpqua§8§a?rﬁmt séthi-dUABtitative RT-PCR

mar ker ositive ce on averag %enerate a
GX@F'Q}?@F th@m@tls ¢>§or§$3@ﬁqua5dﬁmq¢etﬁt$ f%‘?'ér‘i’@‘ \SPé)m t he

control, e.qg., but without limtation, | eas
The thﬁBIOGteiQP@%F"tQFﬁ arplaqhastss P@?ﬁiPOtﬁﬁ é’ihﬁﬂ‘étdp%(je|k§oﬁ‘ﬁ ¢haracterised

her%eédo%e @r ;pruleﬁlbné %@ﬁbn@ng@h&\ cﬁ’épléyﬁﬁﬁferlér f:l@elrgcteﬁ’étlcs such as in

| east - d, | east , | east -f ol
parfigidat hzatt feép@ns'cm rpigagnd slows dﬂLé\ ﬁ%Rgﬁweworbvwhlchu @f?"ér and cell
popUTRioRY BFES el rﬂor(HroéH'Wacﬂ@Gyﬁlepﬁehncsiﬁﬁﬁérftétfbnﬁﬁbbﬁ‘érﬁ bBR&tissue.
be detected using any suitabl e i munol ogi cal techni que

AckR@ngly| i AdiRcRI the |%ho@$elhf§mi6%ﬁﬁn06di€é'ﬁr§§érﬂto%r osteoblasts or
af fini t adsorption, Western bl ot analysis

ostephlag ph@ﬂetype &elipps &ﬁ?r%tﬁ”ﬁﬁ%lh@r%f"%ﬁeﬁf eal pﬁ%@%@”ﬁfcompr's'”g

sudNFMBseaf tthatapy ah&oB for Userin AleBling 86nd2belRBY dﬁs‘ékde@@l(@g as listed
techni que of neasuring uantity of the marker

eISﬁ\pgme nétr!js spep%ffqaﬂgrll)na%p/vgﬂ asdgfhe H?Faﬁft $L{0theU% opeell populations for

theGhalifadtareiof 8 RS Mer td theSREMRIREEofHRha-rbIRfe IS,
listed in this disclosure are known and can be

In Qtfhﬂlhé}eéispfe'bﬂnfh@umdnﬂoﬁj&élaﬂa@sﬁsa @k aceuted) Byiposition comprising
http://ww. ncbi.nl mnih. )b

human osteoprogenitors, osteoblasts or osteo last phenotype cells as characterised here

above, or cell populations comprising such, and suitable for administration at a site of

bone lesion.

In an aspect, the invention also relates to a method for preventing and/or treating bone
disease in subjects in need of such treatment, comprising administering said human

osteoprogenitors, osteoblasts or osteoblast phenotype cells as characterised here above,
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In a further enbodi ment, said osteoprogenitor,

ost eobl ast or osteobl ast phenotype cells show evi dence
w@booalos12izy to mneralize the external surrounBCTIBB2009050209

synt hesi ze cal ci untont ai ni ng extracel lular matri x,

when exposed to osteogeni c nmedi um (Jai swal et al.

1997. J Cell Biochem 64: 295 312). Calcium

accunul ation inside cells and deposition into matrix
or gallropiulagorserrprristensusht foiddd sybjiertassar atla fsite oblkeneplesiopysuch as
forgﬁér%b'ls Uggrewowg washi ng and re-cul turing, and

then det ning any radioactivity present inside the

cell or deposited into the extracellular matrix (U S.
3. Aspectsglating tozcelly @nrd popiations HE&einveptien| t ure substrate

for mneralization using a Ca2+ assay kit (Sigm Kit
Th%é@'?’)""”%ﬂe%'pﬁl@sé?'ﬁ‘l?édolthet?‘l’ﬁ)@V%ﬁéﬁfﬁ‘# &5d| furthgropsnacts that involve

ostBSMBgLATBR, ’os%%'b%sfésére@ﬁéw'dh@ﬁ@ty&@fcgﬂgobﬁ’&boé’tﬁlatlons comprising
ost eobl ast phenot g pe cells substantially do not

SUGHi f dereidined eort ingblearly dpriheds d&ﬁﬁf'%def‘rér%ﬂ?” 1 above; or

ostb HéktoRe] B&I%bl%tsc&l | sstefblRE Rmbtype keReag®y (&9 populations
i pocytes) or chondrocytic |ineage Fe g.,

CO"@IPfdﬁ'fd}%@i?t asharggierisgdde ae@iop AVeer ent i ati on t owar ds
these cell |ineages may be tested using standard
As grplpigperibe sellsa el aoRYIAPNs ShHetiniion stayhe; istedy cp intg the bone

of @r hurhsn Osubjez® et Phbt SROSE s@ﬁ’ éi\i/ orlﬁgc&ures%@d%&tl&g”of the present
, and assayllpug met hods go when i nduced
|

OStS%*P'%%ytPeQOQ%/ﬂﬁ Aheld 11k rreateRn ool 609 TN Ayl bone-related

disbidBtsd s@GCaiMol akdrle tHddeMeied @eleteViRithigkpacifidafibm Wi th
al cian blue or safranin O . Substantially I acking

In d?f@rﬁ@&ﬁﬂnbb{t tHeVsutebbladt @&%ﬁﬁéﬁb@bbt@lﬁ@ﬂ%ﬁggmsg‘ or MSC of a subject
fferentjation may t%/tg taﬁ%/\ nmean that | ess than

'”t(bYVhICQst e idifigreniigigd ppteptdasts P 88optroquced dice-¢ ﬁ‘é\tﬁ'o%"é‘/% Ce”s) In

an@her 8port, NaRicA OVapfod Reailadtd edranel her el dus h@V\thél @5 HLA-DR
of adi pogenic or, chondrogenic differentiati on whe

ex%ﬁ?ﬁ'q’rb y fthe Pf?éef”eg‘ﬂlécmev teehlastic| gells may, be, optained from BMSC or

MSTTREGNEEH mopdi Hlinkmt 8HE&E théOthat A8 %maﬁhSEUB}éct into which the
ost eobl ast phenotype cells nay al so expres

diffgrentizfed | SiePASENE ith tk?a?rtt"oéH?eéjr ('&(pépqgﬁéﬁ'@sc‘?”éhg'é yet another

emf)bélmeat ke 3&%&&3%&@@ﬂa&%e@tﬂéﬁé&ﬁ@m%@%r%@@f 8Gon-human
FACS) In a further enbodi nent, said
a”'B@{ eBi?F%@%'Mu pe-humar cBBMEE #id datedisedsio ShéHBRppaubject (i.e.,
xerfoRehie cBly). al so express bone sialoprotein (BSP) (in a
particul ar sem -quantitative RT-PCR experinent the

As ¢6ldds thexdutarsbirtic WemKoft the IMVERticH @al ¥ abnWiteBHID and RBministered
hurman ost eo ro enjtors, osteobl asts or osteobl ast

as BrRIAGCGHicatem SUONZhar act eri sed here above, or

opul ati ons r|s|n such, displa uper
sulh Brerdiassiie! CmPaTion a8 srpaisE, Ao, G epieRpsip ool as
desroﬁb@d Eh@deni , 0V phibnddBu ey %ﬁ:ﬁe@ﬁblevbb(icrprén@ e&drﬁerabdﬁ@@pkeservatlve

ul ons are syited faor prophylacti rapeutic
steP AT AOLORGATS i it dieteBenBol REGHE 1ot skilEd JF e & sucn
maml@%cm)utdwse InBH%)IId and KROWd @9t Interfii@®aith the act|V|ty of the cells. The

oredp 1 eNirS oL s G <R 2B aePeR GBIThe FBftPRe BRistaton

Forlc@mpiplS,i th@ 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
principles in medicinal formulation, the reader is referred to Cell Therapy: Stem Cell

Transplantation, Gene Therapy, and Cellular Immunotherapy, by G. Morstyn & W.
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such, for use in therapy and/or for use in treating
bone-rel ated disorders (e.g., as listed el sewhere in

wo biog/ospexi fication), as well as to the use of PEGIIEP2009/050209
cells or cell populations for the manufacture of a
medi canment for the treatnment of bone-rel ated
di sorders. In a further aspegt, the invention rel ates
to a pharmaceutical conposition conprising human

Sherglaadsiso gamhrigos Unbersitydirass, §986' sl Rerhatageiefhiest ¢ple Therapy,
E. BEBLIE Jaﬁst%PafFﬁ%W bﬁ@ﬁéh.‘ﬂ% %eroddy. cell popul ations

conprising such sul tab of adnministration at a
Sué’d Pﬁarﬁ'fac@lﬂf&%l &cﬁﬁ%&r}rong rr‘néy‘ccﬁ"@a[?t‘?ﬁ}rthetf REMbOYEN bRk 1% viability
ates to a for preventing and/or treating
of theweliiemis Eor AR elbe SOMRORItiens BRY SRfRsar @ auiHbIE buffer system
(e. c‘jO?Mépﬁbf@:goraf%%JHa% S%ﬂ‘ ty§t@h1§‘ & Hgi‘ﬂé‘vé)éﬁ?t%me‘)&?%&%ﬂ%ually near
bl asts or osteo hénotype cells as
netdirehpHo 884 MaYCEomTES aHBoENbaliel ansHspispeaT afiseconditions for the cells
to E%@Qﬁt‘ §érﬂ&|csé't?(§bs tF%r %%rq feu%@é’dle sBiullon &t th%sé'ﬁlﬁpc%fes may be

one | esion, such for exanpl e sur ger fracture.
phasphalgpufiesed ﬁ“ﬁﬁ('ﬁ@si godigm ehleride spbpiena I”@ﬁés tyedtipg or Lactated

Rldg@?’@ﬂﬁé&len nge kﬁ&/{/ﬂ %Wh@garg%bptth@eorhsbé?ﬁ&ﬁmtﬁ dohfprise a carrier
bove stated and further as I nvol ve
proctﬁ'i! eoPr RN whish roat ieeBReR Vdﬁb”t%f’fetbﬁpa@t phenot ype
cell's and popul ati ons conp r|S|n? such, as obtained or .
The phamaasy icabyorArRAsHOAS MpYOMPHER TUrives eRTP@Ients wasHi én thgrepair of

bor%s\%@%so&%ndéf@é@ Fd?%x@%@ea%B@n %m}%:f{e‘ﬁ%br'nﬁy?"incﬁfb%rmmbfa?hmltatlon
pOpU ations conpri sing such

bor@ﬁ]ﬁioeﬁl’é'l%ef‘gt@d prqﬁelg%cwd@wyzpatﬂefvé:alcw é%b}@ﬁ@?afﬁ%d)aﬂtqﬁ,s (HA/TCP),

gel§fd, %o@tla@t%l éde%H)-I@&ﬂcO@?cdﬂf: aUalehj/éWr%HFc'é%TH 'Eﬁb(o&‘ﬁ pon L-lysine,
i ntroduced into bone” of a human subject at th

ang collagsn- Sefr wl%rthﬁr%&@iaét'c calls By e enkired wéh demmerallsed

boer ﬁﬁﬁ&t(DBﬁ/F) epbinas Fn%trtc@s ROMGKé &etb%ﬁfdéls.té Bstbbgenid @)@hmﬁung in it
bone fractures and bone-rel ated di sorders, such as

OwR dlghgx%‘rﬁ’lelé ashesieo-indyetivg- SirgianraetBods UsiRp sautologous bone marrow

| R#fH hdghbiemBii }ﬁ?él@&ﬂ Fesult t4 lin Orth
Ce% sg &‘% élg ob talaﬁlg fro bgghg]sgsgrbﬁ/%%ﬁtcﬁygt?ﬁbjggg Clin Orthop

313 r$rb‘3)vvh| ch the differentiated osteoblasts are to be

i ntroduced (i.e., autologous cells). In another
Th %pqhaérﬁac%'p@hcmpo%@na@am WEher fpglien of Meecoadminigigeed with a

corhﬂeﬁmaﬁtalrpwobvet&et?actsx@u&s& 8hoR¥ heBhHIeRae rcﬁ&h' §ucht51-,eBMP 2,
ost eobl astic cells may be obtai ned from BMSC or MSC o

BM5né ob PMist eorrﬁJ”rYéﬂh%rbﬂiP‘é@t@C@f Hetheg h@f&ntﬁhécwymg Compone”ts

InCﬁlHQJIrﬁﬁéaﬁl@é&er (Sf'%alcrﬂj% 8 M&bﬁﬂb'sﬁﬁeﬂ% Qﬁ%@ﬁ@tﬁr@&f&e%@eneratlon
I ntrod d (i | ogeneic cells

s). In
(WQnQ)Q/ﬂ@?’ érﬂﬁé’&ﬁ'ﬁ%’mtce”tqﬁ%oaé%tt%‘o%rhg?|9@”Eré§tpéednﬁ'§/ ab‘é?mer matrix or

ma®hlaftd BebvideomdiRld fdsulBegBheratidho Foh WxBmMpR:ith&|material can be a
pref erably non- human mammal and i ntroduced to a human

gragH@f égrtan‘(lq. ¥a b'?@‘?%@@'h?‘ichc%? gglytlne collagen, osteonectin, fibrinogen, or

osteocalcin. Porous matrices can be synthesized according to standard techniques (e.g.,
Mikos et al., Biomaterials 14:323, 1993; Mikos et al., Polymer 35:1068, 1994; Cook et al.,
J. Biomed. Mater. Res. 35:513, 1997).

Alternatively or in addition, the BMSC or MSC cells or the resulting osteoblastic cells or
cell populations of the invention may be stably or transiently transformed with a nucleic
acid of interest prior to introduction into the bone lesion, e.g., a surgery or fracture site, of
the subject. Nucleic acid sequences of interest include, but are not limited to those

encoding gene products that enhance the growth, differentiation and/or mineralization of
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As noted, the osteoblastic cells of the invention may
be formulated into and adm ni stered as pharnmaceutica
W@ e0vposi2td ons. Such pharmaceutical conpositi oNBCTIER2009/050209
conprise, in addition to the osteoblastic cells as
descri bed herein, a pharmaceutically acceptable
exci pient, carrier, buffer, P eservative, stabiliser,
anti-oxidant or other material well known to those
ostephlastedrerexanwlaran exquessiorasystenalier BMEH . dapebaniroddsedeinto the
BV OISWFQFL% Q%tabl@to‘?rﬁa%g%nv"f%shlohhf%r A Fﬁfr:pt)éfe o trtegﬁ’ng non-healing
cel | reci se nature o e carr
fragrares ror QBte@POHOS@eMéW@d@ af transformatien of BMI&H o MSB@tnldcﬂﬁ osteoblasts
are oW RNS RS i ndpgBAST i on may be in the formof a

parenteral 'y acceptabl e aqueous solution, which is

HeRdd, Om@nln(/érﬁ%naﬁlgo h@%oﬁ%‘a&é’e@l ?ne@r%ds' épbpcgiu@nbyfé}@%harmaceutical
st abi | g gener al Pr|n0| les in I Cl ha

Corﬂmwmnat brﬁdmlwegr@adéﬁal si §f rthe eipvendionowitk| pneTtpsr @gle additional

cormb&HBntedd abth@nspl antation, Gene Therapy, and Cellular
I mmunot herapy, by G Mrstyn & W Sheri dan eds.

In @F[Pﬂhbﬂ%p&ﬁ' i f’rrﬁ\ﬁe)‘ltlgrf erél%tesl%ggn ginshJdatant %%pﬁl%in@ a surgical
Stem Cel | eragq , J. Lister & P

instrymerthfar| admipisigaroeé 2 zemeogmwtpﬁwértﬁaﬁemqecéﬁswn and further

corﬁ&"ﬁﬂﬁbsihb' SobIRYC CORt & &IlfdbPhE%nsCQﬁHQ NRehfort b% ‘é%H@;@maceutlcal
the viability of the cel herein. For exanple, th

COrBRRAHIS; qaMpiisingwidcesitp o sl RORyAtIoRD IVEherRiR the argfygegmnt is adapted

for(&jngmstr@tnﬁsghﬁ{ee pﬂérn%%@ﬁ’cﬁﬁtc%n%glftlgﬁ SYHRE e prone lesion. For
achi eve desirable pH nore usually near neutral pH,

exagprle nwu'éﬁ?ﬂﬁ;ﬁwg@ab'uﬁwree@nmss he capaple 0§ injesting @disivist gmposition

corﬁ&r\lﬁ’f\é BB fh‘érpré&%t Fh%rhtﬁ)nteﬁ Y St ooR8 IRIdnC Stress.
exanpl e, suitable solution for these purposes nay

ThdBstBBSS§ERoEs, l%blfe%@Fa@Q &@%ie@@laétpﬁh%hotyﬁg%l%r@éh 96bLﬂ§t|ons can be

solution, Ringer's Injection or Lactated Rin
adrpszéquqj gha nggmghg\% pqarmlttsﬁgergrtp grqthart rﬁ@fatett%gle mtended tissue site

an&qgé’&%hﬁﬁé)%r%}éeﬁ@%r ke fithciehdill CdefRcAt &irda. Rdlgnmstratlon of the
bum n, ylncreasethe viability of th

CO"&%‘PS'@” "M‘ﬂe dﬁﬁ%ﬁ‘q"ré}f‘ebﬁq caiscrlepsialpk |35?1is r@%‘ﬁldr de@r example,

ost&é@éniégle EABENEASted SRl wncbraahb@ WiP&1 dur@Eal BRBE IR rislsremodel
and defects. For exanple, such conmponents may inclu

tisset Prolnserti Frisphl iBn2 REpRihefisy E%‘ﬁ@féﬁé?h @Spe tiei rﬁ@'aceme”t In- other
C|rc,huYr$fé??&)é§pﬂ¢vb§|%t§dr§e9r&/0\9vm”h@th%§préﬂ|hﬁed)aéﬁd Gh&Scomposition can be
(HAY , gelatine, poly-lactic acid, poly-lactic,
adr@mﬁquqj é)yalejegtlom95|(@g®ﬁq)rcre@@pcpf taﬁlvpgggrﬁl column) using a guidable
endRbdpd-- | ysine, and col | agen. For exanple, the
ost eobI astic cells my be conbined with dem neralised

In %n%n{!ﬁbfm%t(t@g%h%a@b@tﬁfal ngAIT bePardtien MK eddfile above may be

nposi te osteofﬁenlc (bone formng in it ow right) as
ad’Wé‘I‘ﬂterﬁg I3 {ABL P GAMPOSEPR; 'I”a?mt?P@t"ﬂ‘%f& tigicallp or pharmaceutical

corapbsitl RIE3HSpr SUBAI EVbE Blhmistblcl Skt & BAE a site of
yllbgel ded goodqrggsul ts (Connolly et ngl 1992 8! [ W

lesiept hop 313: 8-18). The phar maceutical conposition can

further include or be co-adm nistered with a
In another embodiment, the osteoblastic cells or cell populations may be transferred to

and/or cultured on suitable substrate to provide for implants. The substrate on which the
cells can be applied and cultured can be a metal, such as titanium, cobalt/chromium alloy
or stainless steel, a bioactive surface such as a calcium phosphate, polymer surfaces
such as polyethylene, and the like. Although less preferred, siliceous material such as

glass ceramics, can also be used as a substrate. Most preferred are metals, such as
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conpl enmentary bi oactive factor such as a bone

nor phogenetic protein, such as BMP-2, BMP-7 or BMP-4,
w@eooang720 her growm h factor. Qther potential PCT/EP2009/050209

acconpanyi ng conponents i nclude inorganic sources of

cal cium or phosphate suitable for assisting bone

regeneration (WO 00/07639). 7f desired, cell

preparati on can be adm nistefed on a carrier matrix or
titapiire Bhd CalcigMoplpBPiies. MYE D Wl ghicelsiven plageheleds heiran ipgppensable
corfGHER 8 tnk UELJIBAE Bl MO LA ARG, OF 2

i opol ymer “such as gel ati ne |"agen, ost eonecti n,
ForféQFﬁH@Q:%ps thf hARS 5B lted) or BRI GHSHATRS HifeRMtS H nb@ulture dishes,
synt hesi zed according to stan ard t echni ques :
canvibrotsansferggd ontg; Hyieg- 8'1"7?9@5@”&8@@3%9@@3 in\vpides t@tcaa'ﬁe them to
muﬁﬂyyﬁ?ﬁf/orsé)n%‘;?@@ th g%ren% Sltoc?is by ‘Fncugém’gﬁeﬂ‘\e Mty %rupport in a

Al'ternative tion,

QNSRBI 6 brenthe i @@@sﬁangC%tC@ameé@tnﬁi@rr@élqn@ a three-

dinfnsRal sd?i‘apé{Jp%BHoB% ®fy Hb‘?egjnn%‘l’ﬁ@ts'a%nsﬁﬁ%rtb\@ltﬁtaaﬁ’ddi'd Qlspension
transiently transformed a nucl el c aci

containisgesid lls oFha GAreaateiliB4APeHS ORtainadra this weylcesibsrimplanted in

a hﬁnﬁm’suﬁ e%“@ﬂl%ﬁ Ym&regﬁétﬁgts%ﬁor%' 4 218 bd P@cﬁl‘t'}f’é(?&t/ lmmersmg them

Nucl e|c aci d sequences of Interest i1nclude, but
in gisuid guiuremedigm, Reedo dgtgdinaly igwantet-oduct s t hat
enhance the growt h, differentiation and/or .
Theihae-dimensianghselidoxireen Ingses to P@rb'@k’m?ﬁmé'e sqras to enable it to be

m&é‘rﬁé@%ﬁb%n‘?%sqteéﬁnf 8 oP Y%wtékﬁ’é‘ sh&od E‘L'i(,rhoéjéﬂéed?llhd'groa sphere, a
MSC in a stable or transient fashion

I0|ateh er @m%’b@fear@ﬁram shanen @ i Mmadeiials guiteblecion thes b'Qﬁompat'Ue three-
dm%?n‘é%ﬁ@l%dﬂ@'S%B?Mtdb?lﬂﬁllaquérﬂ@ﬂ%ﬁrMb%‘ oPEaIaWFCé?Bor‘\ﬁg and in

and ost eobl asts are known to those skilled in the
parfigylar pagenite, specifiiGae it therform £ ceiat SaRisR g0raNs pRIaFIc§fbased on
aluﬁfr%d%ri QGC&% do@hﬁéd@@rﬁubhé\@ha%"%‘aﬁirt h%y@bﬂatﬁgmﬁﬁtaﬁi% coral

the cell's of the invention wth one or noré additional

Sk%@i%oﬁ@ﬁ'tr@d a8y abyirethermal g exelianger eaalivgt calciyg carbonate to be
trandiBEd PRy hoddk@spatis, 3 dkd %BQ@IWHII&!&GH’EH 'gf%‘s@gce@amlcs bioactive

surgical 1nstrunment for administration of
glagphgsagiasisyah as Bipakasse \brolasRe: | esi on and furt her

conprising the osteqblastic cells or cell pul ations
Th%ﬁb@\f?eaWWEsn@rldoW“b%(i'mﬁ”ﬁrﬁd? ﬁw@aﬁtsvea@rte@o%g*@ follqyying non-limiting
exdrAsBs.i sing said cells or cell populations, wherein the

arrangenment is adapted for adm nistration of the

har raceuti cal conposition at the site of bone | esion.

EX&W’"&%&H{JI e, a suitable surgical instrunent nay be

capable of injecting a |liquid conposition conprising
Expé&liméntal pidvedpresent invention at the site of bone

| esion. The osteoprogenitors, osteoblasts or
eno pe. cells or cell popul ations can be

t eobl a t
Ce QU'LU": I'agm PSRN0 ¢ hat permts themto graft or

203 950 1 e BRSO ! BRI Bt paters

suffsding Milost berid diseadiestdnérom healthy volunteers. BM was mixed with phosphate-

buffered saline (PBS, 2viv) and layered on density gradient Ficoll solution. After
centrifugation, 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 DMEM medium
supplemented with allogeneic plasma at 15% (autologous plasma may be used with

substantially the same results), FGF2 at 10ng/ml and TGFb-1 at 10ng/ml. The cells were
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conposition will depend on the nmuscul oskel etal site
bei ng repaired. For exanple, osteogenesis can be
wo 20plos2et ed i n concordance with a surgical prPCEEP2089/050209
to renodel tissue or insert a split, or a prosthetic
devi ce such as a hip replacenent. In other
ci rcunstances, invasive surgery will not be required,
and the conp05|t|on can be adm ni stered by injection

platpd ale110° qeds/172qrad flasks ange maintained an ac 3T Gnhymigifiedgatmosphere
corgﬁ gngg")? Cﬁﬂjo$ﬁé’9ﬁ|8 \;\/Qreaélloﬁgqu'aﬂgm fc%'hledays prior an initial medium
pna ceut 1 cal reparatlon as d I ne bove may e
chwm hwe pthee gartipl rae¢lumrﬁh@ﬂg¢s half dolgmerhenggdmre figne at days 7 and
11 e@@@%&@%%achfe &t 68Y |1§ lf%fn%pt!}ﬁ%{ﬁg?gﬁ& sSI@hor?ﬂfmo? hiih 9D37°C. The

onprising such can’ be ad system cal
cel[sdr_qr@ apuntedancplatedsattlyi Qfcelle/d 7 2am? fpnangikariveaek of culture
enbodi ment, the osteoblastic cells or cell popul ations
phgﬁywp@aﬁ£@p§ferred to and/or cultured on suitable
substrate to provide for inplants. The substrate on

IntraBbIRIbr e &flduFabmap@raiild §r§’a|§i‘2& eﬁ%ﬁéﬂéﬁ%n‘?@ﬂmﬁ% @ay 14 and
netal, such as titanium cobalt/chrom um al

21)spwflow eytomatrye For gelbsustaceimarkersy p@j@ewgr@dnc@@t%g WH'I‘ dheufallowing

corl?uhg%‘iéwaﬁ&noc%bmﬁf bolidsf ap@scHAs:hcpso peimeshydsme, Cl§ﬂ§é CD63,
li ke. Althou | ess Erefer red, siliceous nate

al
CDéﬂlcﬁDé% dHAréS G RsCDE8nCRPY.CHES. 10 C Hh-4 for 15 min and then

waShHRS itRtERS Méﬁire Rfe‘?rfgeﬁérﬂﬂfuéé@ Jrat I%Lsﬁ)spéﬁ’d“éﬁi WDBW"F’BE“ For the
d cal ci um phosphates, even though cal ci um phosp

intrage i ”ﬁﬁquﬁ&@%éﬁ@ﬁﬁé %BﬂFﬁ?ﬂ@@ﬁ'ﬁat&“ *t'tw&asswgtar”étt%e Specific anti

ALP Q%nﬁ:@@%ﬁrrﬂbr%dmﬁél BRtiHYR Otiss egeon%bop&ﬁ@%th&%nufacturer protocol
e, cells that havé groll erated, or that are

(Arl?é$)n el verertben washad with RBP bgfose H?'@ﬁé%‘suﬁf’&ﬁd%'” 0.3ml PBS.
transferred onto three-dinensional solid supports in

ALPldedy to cause themto nultiply and/ or continue the
differentiation process by incubating the solid

AlkgkHePsHdsphatage bhﬂl#rhéilcrﬁd:h%tyaﬁés megsuted 8§ atdiechemieiNbk&Hy, based on
i f necessar can be transferred onto

they OB o BNBR AP UBPE Ty ppsPhace. hempRPropaipRtpsgiated by

ALBait Fumg%x%w awdtdaanabé Idatébtédsws Qeéﬁ)%b%bmﬁétéﬂbﬂm&ﬁh dThe ALP
S e 1

;9 orts obtained in this %&P
e”Zé/H}?t'B@CFWI%f %& 'i'%'s qieImnesebage] val WSP%F%G’n%{? rd curve
bamwdrmeg @laltf ait@mblealmm@ t@hbmsbsb)éadnmye Thé mmptdwmy i8 reported
uid culture ium prior to bein
i GRS ST S B BTG RS ohssi sl BV et at 37°C.
to be bioconpatible so as to enable it to be inplanted
Mirghalatish®@gsayl t can be of any suitabl e shape such as a

cylinder, a sphere, a plate, or a part of arbitrary
Indabt&meof deflulbheireedliebiicl sotential alak exsteyseti iy didgorgaigehicemedium

Lid ort cticular nenti an .
n g e St a0 bar s BHETE CUsRt WeppFleg i wel H8s in the
preaémgom rblasm§ pepmpléineatel ywithn0.t huM fdekaimetha@meak) oskaMedsoorbic acid
ancpojr ?nq\ﬁ g%eerlo Bﬁos%%gt%q A%r 2 weeks of culture, cells were fixed in 3.7%

formaldehyde/PBS and stained by alizarin red. A mineralization score was given to each

culture as follow: 0= no mineralization, 1= ongoing mineralization and 2 = complete

mineralization.
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alum na, on zirconia, on tricalciumphosphate, and/or
hydr oxyapatite, imtation coral skel eton obtained by
whyaposhes mal exchange enabl i ng cal ci um car bonBC BEPIHODES0209
transforned into hydroxyapatite, or el se
apatite-wol |l astonite glass ceram cs, bioactive glass
ceram cs such as Bioglass(T gl asses. The above
aspects and enbodi nents are Turther supported by the
T cehbratiferation@saay i i ti ng exanpl es. EXAMPLES Experi nent al
rocedures Cell culture and plasma preparation 20 to

2 Oé@ﬁﬁ 20P0hefsaesientiasic slremhizem 6WiiBNY AUBRECHig siprégmented or not
wutﬁ F Mg l'mlaf‘FG‘FBGIStwéPé dlféFHoS with D66 | b@@ 1f rc%f@/R‘P”fﬁ)m individual B

|seases or from hea g vol unt eers. Mwas m xed wth

(PEeRb Fayehempalubrine &P 'T'!ﬁ al(Pem)cepiaion @‘n@“gé’?'éﬁ@duiﬁﬁ* as positive
corfiRnst £ %el&r@'gl'lf@l%iloﬁ IGRl deils ek E@tiredNhiRLwell microtiter plate for 7 days

centri ation, nononucl ear cells were harvested from

anq peispe et Aiddhyamidingdente tegi d8h joh teRsultyre, NeEpd |t eneasure T cell
proﬁ%?é{%hf ICReIR %é %sﬂe@rtmahttﬁxc@%gr@%dom% Wﬁg Ice cold 5%

after centrif gatl on of | ood dral ned
trlcﬁlpy)am‘ﬂfegmd The k:é'_l"ﬂajlyv\é@@ W@§dk§iﬁ@'n@éa Sohit'BWEM‘Wﬁﬁn%WN NaOH

an® UH’% ?%HI)@Q)OV\”THQ s@ﬂ)érﬁ%ﬂﬁk %ame%%'d(aarﬁf m&@d"v&ﬂ"f\%cﬁltﬂ&%shqwd to

pl asma may used wth substantially the sane
bea@@qusqrzab@axoaﬂtemong/m and TGFb-1 at 10ng/m . The

cells wereplated at 1x108 cells/175cm 2 fl asks and
Ref@tt ai ned in a 37C hum di fi ed at nosphere contai ni ng

5% CO2. The cells were allowed to attach for 1 days

prior an initial nmediumchange. Two ot her parti al
%@@Mﬁ%&#&l—ﬂ\l@fmmnged) are done at days

7 and 11. Cells et ached at day 14 us .
Wy er AR tsTatesht T BT e Sop.Gorihagpr 34ed to1a%aloggneic plasma
coMEihing Geatnire dARGhpvAtreHigate e @%@@Iduﬁér& withca® TQFB-1 failed to

anot her week of cul ture. Phenot%c ana

9ive 3N rRPERriea A of &Pl 19 ke apan R'éq‘?dmé}eée B3}y & fold more

celRt hdtédted & Heﬂﬁjnp@bﬂtbﬁlll'@BMhllﬁGBIl%nal'ﬁpr(1fﬂe@;Ws than in flasks
% tqéFy For cell surface nmarkers; cells were
contRRing L& D-

Q/\Plpﬁet(ﬂﬁe 0fQ§1I70W°nt§”%MFUI@¥\\f@BeYT{ﬁ§HCI onal
atI-CD4 ‘I{r_: CD105, CD73, CDl166, CD63,

-:‘ﬂ I.IL‘ VS LTS _v_.!‘ ' ’2 CD28 CD80 CD86 and
w th PBS befo
Th%&%erem gt &3&&%@% o fame R Rater in Grosim galoming allogeneic
plabme dnﬂtﬁ@bupﬂl@ﬁerﬁf@d loe st \ﬁlﬁﬁlhb aigﬂnlﬁit@&b 1aNafS assessed (Figure 2).
ermeabi i sati o used and the specif.ic
ThOTUERE pRen Rorsuel et BRmEguye fee BOahTAt of Paflsgpiured in
plaémafshﬁplmﬁuﬂ‘ea@hthrmﬁpﬂ 04 Regdly §ugwaibr &) the GRIId &f ME %ultlhedjl without
TGggérboqh in prlma B%‘I Bfg)osreecoggelqrg% %)% asl”llfljsdfgb%ﬁj??) Oéx) cultures (Table 1).

Table 1: Culture vyields of cells cultured with FGF2 and FGF2/TGFb-1

ant | bo

15% plasma FGF2 15% plasma FGF2/TGFb-1

% vs # Primary Secondary | Global Primary Secondary Global

cells culture culture yield yield culture culture yield yield
plated yield (P1) (P2) yield (P1) (P2)
Mean 51.3 625.3 297.4 54.4 1553.7 914.8

SD 44.5 322.7 283.1 71.3 798.1 1343.8
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ALP assay Al kaline phosphatase enzymatic activity was

nmeasur ed by

whyapo8Rss s of pNPP (p-Nitrophenyl
PNPP i s dephosphoryl ated by ALP,

a bi ochem cal

assay based

on the

phosphat e) . PANEP2009/050209
it turns yell ow and

can be detected by a spectrophotoneter at 410nm The

ALP enzymatic activity of th

cells is determ ned on

day 2 1 with respect to a standard curve based on

Mopavet, itiaiexpanion etesaficai culiuked Wite TRBSpas meintained over a longer

P
tlmi‘b%h&ﬂ ttn ré_é'})%cf:tlbnceﬁﬂ:uew&%ﬂy in'the 5 ﬁ%{&ﬁgr‘l’??:yéz%gésﬁoﬁnﬁo Tablef2 Cells

CulblePonlm th rGhtsteped tMpﬁélf%wtezﬁler @npr@gmelv Hdeasspars while cells
Sc@rﬁlﬁﬁéstsdprgwferate up to 7

culﬁj‘?écﬁ

oste

W qe Hraehad igald

ogeni C n‘Eél um

P Bes %‘Hﬁe SF

int tur

e.

passsag@@grtbméarfs eﬁIn@nc@qre@edmpzolWa@rmf@w@wqmttr@e%@@éﬂ|)

plates in t

he

resence of plasnma supplenented with 0.1

TaWd@H@H@f‘V@%‘@ & of oelssutinved 9819 ie ard GBAA CBbrit%)
__UTYE;TD?_DhprHagéF AFtE

were-fixed

ali Fdrin r¢

3 f ormal
d. A fiferali

ILI I‘-‘EFEE&E

cul P@re as

f ol 13421303 no

m n84.a49.4ati d

m ne:r3a| I zat

[ 0n1@31d428— c

DmOh aue.goyner s

plUIFjIEIdlI
cellae/ frin

ol "l‘?‘?%sgngl

20006
A

BELARY

A A2 I | l LA T

not ith 10

Saarm 52[_%;\9\”“

na/

LAY

A)
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r. Results

Plasma and TG/ FG2Z2 W first tested

the effect of TGFb-1 as sole growth factor added to
5% al | ogenei c plasma containing medium As is shown
Ce 1, the primary culture with only TGFB-1

led to

F'%’xﬁ’éﬁ’f&@ﬂy

Setleenat REre

ri ate

nSYRe

nt of

oS gotpied |

eI | Seéiitgmslugplemented

w.trhabmescslezi ahd TORBECWHE sRORE & hahgf &k tufised wathdutT&Hb-1 for most
markers l1.%Sotrt1 r(]:glptypes exprels(sed CD90, CD105, CD73, CD63 CD166 and ALP but no
expression of CD45, CD14 or CD19 was observed (Table 3). Expression ALP in
FGF2/TGFb-1 culture conditions was reduced as compared to FGF2 sole conditions
(42.2% vs. 73.6% respectively).

Moreover, cells incubated with TGFb-1 expressed high levels of HLA-ABC (HLA-I) but low
levels of HLA-DR in comparison with cells cultured without this factor. Furthermore, all the
co-stimulatory molecules tested (CD80, CD86, CD28, CD40L and CTLA-4) were
expressed at negligible levels in TGFb-1 treated cells (Table 3).

Table 3: Phenotypic markers of osteoblasts cultured in medium supplemented or not

supplemented with 10 ng/ml TGFb-1 (percentage of cells deemed positive by FACS).
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contai ning TGFb-1 alone (p = 0.0317, two-tailed Mann
Wiitney test). Plasma and FGF vs. plasma and TGF/ FGF2
wabmopsnhi f erati on rate of osteobl asts from 15PQEEPENY/ES0209

i n medi um cont ai ni ng all ogenei c plasma and FG-2

suppl enmented or not wwth 10 ng/m TGFb-1 was assessed
(Figure 2). The follow ng experinments showed that the
nmean yield of expansion of cells cultured in plasnma

suppl enented with TGFb-1 is largely superior to the

(1 07x) secdpdiasmed G and ql nh:.15°/15|a$ma/EGi 2/TGFb'i

cul tureg (Nabl e M&an Tahl e 1SD Cul tjure yi el Msarof gel | sSD
AR t ured Wit h FGES7and | FGEP7.955b-| 19Br ¢ovet2,18 he 24,82
erRp®mnsi gn3date 090,68l 1§ culdiogr ed (wi2tth | TGHB,M wag 5,71
oBdMt ai ned oyer @,330nger tee perli od Wt hoasspegt ta,95
cetd s cul tior ¢d igv,dche absenme of [T@G as s$wsg | n [ Tablg1
@pideel Iy cul furesh sl y (W tI5ohG- 4t opped tey gur ol I[f er atss
absxr approximately 4 passages WHi [ c¢el Ias gpul t yr edzs 56
the pregence|[of both FGEZ and TGHb-1I ¢onfinue T

phP 1 Terjaig Up 19> pagsagess INi[SEransi qiggS 10 anq oo
tPff ease i1y prolhfsgratrion qlg;over o0 [T meg,(857. 1 ) 14
ORI 2 T aTLuE VI UST pds Tel|TS, CYTTURRY Wt ol
dlitu FG=47 TGD- 1 (70 LET I PITETTiolypg FIT Oy CyL OITELT Y

1212 AN A T AR T2 Tt O
2 Har tog}t frat E3‘4‘.“ eeHrs C'%"IZ?UI’ e ‘vz'gt frott #ﬁb ¢ o]
B;i‘zt rraicet-s- 80315703!! *,?g:], ex;re‘&s\d cidé. cpro5 -7
€825 e obies2dBd AP bltPPno dxd edsiofSat cius, 037
A o lcig waszﬁgsem%d—feam ble 3)1.1 Ei\(prgsqéi onlALPY%]
Qm/ TCHL-% ¢ult |11188 condit i'®8s wds Ared”geal 085 cd n‘_pa[(_)éd

¢H-Ma2 sl elconBilfi ons (48:68% v, 4316% 5.00 4.74
respectively). Moreover, cells incubated with TGFb-1
expressed high levels of HLA-ABC (HLA-1) but |ow

ALP epeymatigfadilvi: DR i n conpari son with cells cul tured

Wi thout this factor. Furthernore, all the
The ALBtenzdinatie pgtivitn [0k thel esdls tweast 2asepEOsiDy, a COREMelTi@ssay and show

L 1 ; HQl v
o PR T TR e SRR, Sy Pk el 1R cutred
witheut kiaiss gioivtiy Sacieb (Eaiies 4dul Thesedrasultsrestiongly siapislateravitnethe ALP

: with 10 ng/m TG-b-1 (percentage
ex@%% ﬁngégggéﬁeﬂgﬁgggf tive by FACS).ALP enzymatic

I Wi BYa etidi P t.] b Wk et
raEL6 Byt AT SHAMER AR R840 M XAgL 105088 (S o co
culgigd inréar 2mndy GFPCTbHaaidagsagswer ALP activity with

reSPREY, S EGE CUUTE Wt Ot B DEgRT e Boror
(Table°4). These results stronlg y°corre ate wth the

ALFTRARRT Seality'] CAmrRT U ["MIFTAYALP  activity | Cellular MIF
(mU/mg) expression (mU/mg) expression
(%) (%)
Mean | 1129.02 71.78 85.85 | 281.00 55.63 19.94
SD 1196.69 18.68 47.59 |320.08 22.43 9.50

Mineralization:

Even with relatively lower ALP expression, cells cultured with FGF2/TGFb-1 were shown
to display the same biological activity (mineralization) as the cells cultured with FGF2 only.

This was determined by mineralization.
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Table 4: ALP activity, ALP expression and nean

intensity of fluorescence (MF) for cells cultured in
wo-aie2/08mads FG-F2/ TG-b- 1 at passage 2 M ner al i zat PONEPH0®050209

with relatively | ower ALP expression, cells cultured

with FGF2/ TGFb-1 were shown to display the sane

bi ol ogi cal activity (m neral ﬁzzatl on) as the cells

cultured with FGF2 only. This was determ ned by
Mineiraligation ofzaeile aulMredinairesesce oh FEF2dA) D@F@&/T@Féd (Bn was identical

(ov?nr RSONCE AL Q’E%uﬁfﬁ%ei Qﬁlngr?fzz?e,/dTG'_FE?% (ﬁzegc}’ﬁﬁal:fel'ﬂ%' Fn%%n of the

over 65% of surface mn
mirgiraHzptign score plecale gltued imeGh? heral avedarnsd the éc@e@ff cells cultured
; It I /%5) overl apped the score
" ngﬁic/‘g §1cﬂl8t%2rdéjgoférl%é&2u7ﬂT%fF% 1( 1.83), out of a
maxi rrum of 2. T cell proliferation To determ ne
ne formng cells cultured in presence of
TG-b- 1 |nduce a proliferative response by allogeneic T

To C(@tq;rmnq)é\fheﬁ}%rtgqnebfogawgn@q{@n%qug%{ &Y Prasiense (qf> b-1 induce a

proW%Feﬁlv@ lﬂéédéh@é’ b%’bﬁd&;e'n@%r're@eﬁlb n&er%%@b@o@%&@ﬂ&lé&é@b&% (PBMC)
(2,000-2 shown in Tab

we;q @Uﬂ@dM'tm@?ﬂ$@@Umbﬁf%@d@€9 f@ﬂ'%%’”&é?@o%za QQQ{m') As shown

in TdHIS %nérFlgi‘Jré Qgﬁ@?QﬁdF%Sp&%aﬁc&fos?&%s@ &lbithof indBee 8Rdilogeneic
were al so le to indu to 90% i nhi bition

f
resppRse pfslP&MIQ)r{legf S|¢$.]Aa|§q wﬁgqa aﬁlgﬁ aplg\to. ingiyeg aipsto 90% inhibition of

prohfémt?éhto‘PPHAeéctlEﬁflétéd pBMvest eobl asts on T cells
proliferation (value are presented as percentages of

Tatﬁw Bﬁmo@r&*écfsebﬁéét@@&astgﬁcﬂ B8IsORSIifbfatieh Q@eﬂué @re presented as

hod to rapidly and significantly expand

perpﬁ'hta%w FU‘WB&M@ IB"IQB‘GF%'P”NBC deri ved bone-forning

cel[l's, the potency of TG-B N b$§€ assessed on those
celll grovvth and characteristitTs rprisingly, culture

condi 'gﬂ CY\B+5£ t ab $0+PHA+
expa ﬁ? d d'%éem gﬁlg{%{%ﬁ) %{’bivh"g ! B%r('%OOOO/mI)
whi{l e the clonbi nati gn ha S q d()%MnS' gl Ica

expansi on d differlentiation efflect }exoan3| on of up

t01|12 f ol d |of 18g¢r unl|FG- adione). Moreovgy, the 18

phcnntypir status ofl the cells cultured in presence of

oTGHb reemai ned 1pmmchanged fg4r stronml angh haemat ppoi etg ¢

alt hou])gh t hi s 1b@d ng effesst on the cel s biol oql cal 8

nar I/nre fa \I ALP expressiopn—was—sliahtlv—di-mih-shed
e O presStoehR—Was e Y SAea

aCtl V| li es I nl C COLI ngl y HLII_\\ DR I\'JI COOI UII I II l he
4ATGHb dondi tj ong0 was |presei® at very | o# undet ect abl 67
Fevet—on—t+ Hs—tnmaddirtyon,—n—themxed
9 ynrph(Qcyt e redl@ion |that @ells culturedlin presence 18f

TGO 71 the prasma/ FGF conditions are 1 mmumopri vi teged
CoAfelusions

In order to develop a method to rapidly and significantly expand immunoprivileged BMSC
or MSC derived bone-forming cells, the potency of TGFB has been assessed on those cell

growth and characteristics.

Surprisingly, culture condition with TGFb and plasma alone was not able to expand and
differentiate MSC into bone forming cells while the combination with FGF2 has a very
significant expansion and differentiation effect (expansion of up to 12 fold of serum/FGF
alone). Moreover, the phenotypic status of the cells cultured in presence of TGFb
remained unchanged for stromal and haematopoietic markers, only ALP expression was

slightly diminished although this had no effect on the cells biological activities.
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they do not induce an all ogeneic reaction and
therefore would not lead to an i nmune rejection in
wa@2me/08R21al | ogenei ¢ transpl antation. Finally wWeCThBEP®09/050209
shown that cells growing in presence of TGFb keep
their biological functions. W can conclude that the
use of nedi um suppl enent ed \(/;3 th TGFb is superior to
medi um condi tions w thout TGFb to expand BMSC or MSC
Intgrastinotyst ARt xpresdions ini theoutClRY t egriditigneemas present at very
\Amfﬁféfgo‘{a%?eslevél%nft% g@ﬁé c&l’é?‘l’ﬁpgo%ﬁl%on |HQh@F’1%@ ARSI REHaction that
experinental procedures are performed
cel@tﬂyﬁwdﬂn aquyanQﬁb 9ithe p@ﬁmﬁéﬁﬁFeﬁonmthmg age fpopunoprivileged as
theg"’lﬁ)t Rbt |98l5k%;gt§ %?%{%cfre%ﬁ%& an(fﬁ:er&fz)% wola: r'w)’at Ié&fj/té’ran immune
rejemy:bJrsgaseg]f\aiI@g;n@@ifm}sgllgn@tlp@ﬁjmally w;mlmav(gzrshown that ceIIs growing in
preSEARCEST AR teir tﬁol{&gfcaﬁgnétf%som ai ni ng

ost eoprogenitors, sts or osteobl ast phenotype

Wec@dnl &)ncfﬁﬁe %eﬁ%é u@@%@&hﬂ%u‘ﬁﬁf@fﬁ{e’nﬁédq@ltrﬁﬁéhb id §lﬂi§‘rlor to medium

human_bone nmarrow stem cel 0%)
Corﬁi}mﬁ witbguhERbrie exas %Spsor('\ﬂgé)mtp r@stﬁ kaétl%ﬁe@xwﬂhout altering
Cew%ﬁggowgggpr|3|ng contacting said BMSC or MBC with
human “pl asma or serum fibroblast growh factor (FGF)

In \erth@r le%ﬂgé CRk! bR tde¥Brinear é)@i@z?m%ﬁta‘ﬁ%%dé@hl‘e‘éeare erformed in a
her eof nd transform ng growh factor beta

Su%t%’lt'é“}b@rﬁ%pr §imilat maaneratsingm FEF faelpr ofher \P@”téﬁ%ﬁ?e@fg FGF-1 or
FGP- 3 ) THRy/drel s T@FC%rcﬂirrlﬂhérothﬁhaF@Ft;-ﬂ (%WTGFngoﬁtr@F% 13), giving
recoverlng from a biol ogi cal” sanpl e
Comﬂmﬁhb§@%ﬂ%ém @%ﬁﬁ@@%lng BVMSC or MSC; (b) optlonally,
i sol ati ng nmono-nucl eated cells fromthe cells
recovered in (a); (c) adding cells of (a) or (b) to a
nmedi um conpri si ng human plasma or serum FGF or a
bi ol ogically active variant or derivative thereof, and
TG-B or a biologically active variant or derivative
t hereof, and culturing the cell-nmedi um m xture, such
as to allow for adherence of cells to a substrate
surface; (d) renoving non-adherent matter and further
cul turing adherent cells in the nediumas defined in
(c), such as to allow for obtaining osteoprogenitors,
ost eobl asts or osteoblastlike cells, or a cel
popul ati on conprising such. 3. The nethod according to
claim2, wherein the cells are cultured in steps (c)
and (d) taken together for a period of between about 7
and about 18 days. 4. The nethod according to any of
claims 2 or 3 further conprising collecting the cells
or
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cell population obtained in step (d). 5. The nethod
according to any of clains 2 or 3 further including
W@ t@p/0§R)3 passagi ng and further culturing the BPel/EB2009/050209
cell population fromstep (d) in the medium as defined
in (c). 6. The nmethod according to claimb5, wherein
the cells are cultured in st P (e) for a period of
bet ween about 3 and about 12 days. 7. The nethod
cLAfMErding to any of clainms 1 to 6, wherein the FG- is
FG--1 , FGF-2 or FGF-3. 8. The nethod according to any
1. Rfmé?h@df@oiata‘irﬁn ost\é@@rb?éﬁ]to@“%sf@%@sissor-'&%%bﬂast pﬂ—&;’:o%/p% cells, or
. Hurman osfeoprogenitors, osteoblasts
a C@%P@@Hﬁ%@t CWW“C@PW@“ MUFIRN; kaseAnaiEow sfem Ce”S (BMSC) or
adanrﬂH'll‘néH ﬂn@ﬁbrﬁ:ﬂ%é! ﬁérﬂ%eﬁé’(}h—sCPIPW#J@@XQ//\BYC&“SH% &acting said

any of clal ms Human ost eopr ogeni t or s,
BN@Q S6VaSt Withrhusaans plasaa opHRaReTy fbroblast growth tackas| (FGF) or a

bioRGRYUINAHCAL GaARNt & RErGHGE  th6fR8I, a4t tlaf §8rrhiAg t frelvtrs M&or beta

osteoproqenltors ost eobl asts or osteobl ast phenotype
(TE) o5 a(b'qos'C@U@F'Y%@r@ﬁb@r&%i\/éwedher@%O CD105, CDr3,

CD63, CD166, al kaline phosphatase (ALP), nore
2. Hisomethpd areyding to elpim hecammisingisiens: ki dney type, (2) do
a)BEoVRKRG @8fs frbHhoa b%%cal@@ e 8Nd Hudlarl &8Fedthampkany BMSC or
( )t he cel ?s express HLA ﬁﬂ Human ost eopr ogeni tp(J;Ir s‘gJ

3t eobl asts or osteobl ast phenotype cells, or a cell

(b) V\E%Haﬂy |Qcﬂatﬁ*@rﬂ%rﬁc§hlﬁk9ea%@59@(fﬁ)% fhengd Fécfél/@rbmnl@z)
erein said osteoprogenltors OStEOb asts or

(c) gdflegisels of (MendRNBe PErig ¢QRRTIFG R Pleemaxgsseasn.diF or a

blo%lc‘éﬁ’} sarahglisnt Pedbivatide thefds, &ﬁi '|'(§FI9E)r Q%ﬁdloglcally actlve variant or
ulati ons as defined in an claimse 9 to 11°fo

derfv,ag\éq Megedd: #sherieriag &ie @EF”S’B?%E’F‘ mixtiire. TH1eh @8 tp ligw f%re@qherence

of(gyngw AtlstasaRicdl ng to claim 12, wherein the cel l's
cell popul ations are to be adm nistered t

(d)éP'InQL'Sf@ﬁ é‘lOB aéjt]%reéﬁfnatt%a”%f%ﬁ‘ﬁf FeltEingi adhprend ﬁﬁ'@s'lntth% nedium as

deffrRANA (&) BEcH Q@tcﬁﬂd\/\ﬁfoﬁ’bbféﬁhrﬁg Qﬁgéﬁr@%}érﬁ‘t@% 23tedBhikReSt dsfeoblast-
claine 9 to 11 and suitable for adm nistration

“keoqe)('§a‘?r@ @@IH°§U|@P°%@WDFWU§91 ons at a site of bone
Lesion. ar r angenent conﬁfel sing a surgical

rr‘%melﬁPé*n@quﬁqm%H?rP'ﬁI”é@r #e ‘ée”écﬁ’fﬁﬁmt”%ﬁ” &ters (c) and (d)

tak&h tyetier RYREHErRaI0P PetM@dn bHbGtTRINCAHRE 1§ g, t he
pharmaceuti cal conposition as defined in claim 14,

4 mem@tﬁbdtd@@o@rrrgae%muanrﬁs adapt RAh&CEonaHRING! dolls@hiaRe cells or

r|?har maceut i cal conposition at the site of bone
cel\ wu@qo obtained in step (d).

5. The method according to any of claims 2 or 3 further including step (e) passaging and

further culturing the cells or cell population from step (d) in the medium as defined in (c).

6. The method according to claim 5, wherein the cells are cultured in step (e) for a period

of between about 3 and about 12 days.

7. The method according to any of claims 1 to 6, wherein the FGF is FGF-1, FGF-2 or
FGF-3.

8. The method according to any of claims 1 to 7, wherein the TGFB is TGFB-1, TGFB-2 or
TGFB-3.

9. Human osteoprogenitors, osteoblasts or osteoblast phenotype cells, or an isolated cell

population comprising such, obtainable by the method of any of claims 1 to 8.
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10. Human osteoprogenitors, osteoblasts or osteoblast phenotype cells, or a cell

population comprising such, characterised in that said osteoprogenitors, osteoblasts or
osteoblast phenotype cells (1) comprise expression of CD90, CD105, CD73, CD63,
CD166, alkaline phosphatase (ALP), more specifically ALP of the bone-liver-kidney type,
(2) do not express CD45, CD14, CD19, and (3) less than 15% of the cells express HLA-
DR.

11. Human osteoprogenitors, osteoblasts or osteoblast phenotype cells, or a cell
population comprising such according to claim 10, wherein said osteoprogenitors,
osteoblasts or osteoblast phenotype cells further comprise expression of osteocalcin
(OCN).

12. The cells or cell populations as defined in any of claims 9 to 11 for treating a bone-

related disorder.

13. The cells or cell populations according to claim 12, wherein the cells or cell

populations are to be administered to an allogeneic subject.

14. A pharmaceutical composition comprising the cells or cell populations as defined in
any of claims 9 to 11 and suitable for administration of said cells or cell populations at a

site of bone lesion.

15. An arrangement comprising a surgical instrument for administration of a composition
at a site of bone lesion and further comprising the pharmaceutical composition as defined
in claim 14, wherein the arrangement is adapted for administration of the pharmaceutical

composition at the site of bone lesion.



