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A METHOD FOR OSTEOCGENI C DI FFERENTI ATI ON OF BONE MARROW
STEM CELLS (BMSC) AND USES THEREOF Field of the
wo nwendisen | n an aspect, the invention rel at eSPCDEP07/001360
vitro or ex vivo nethods for osteogenic, and
preferably at least in part al so endothelial,
differentiation of bone marrow stemcells (BMSC), and
to applications of so differentiated cells. In a
further aspect, the invention relates to particul ar
types and popul ations of cells displaying
characteristics akin to but new over previously
A METEPR 05 @Y ROSERHD PEYEIRENBFAT TR (PFo SO%D MIRBRAYS STHH GEEL.At BYSC) AND
USES FEERAOFs, the invention provides uses, in particular in
the field of therapy, preferably bone t herapy, of the

cells and cell popul ati ons obt ai nabl e
Fuel@%ﬂ’he Ig%ﬁ%ifho and of the cell types and cell

In aﬁ’g c@ttll\éjlmerﬁi%ﬁ %I%?g"ﬁ# }nywtpcg&'cerx' Jﬁ%@tﬁf}ﬁ%ﬁr OQQGé%{ iOURA preferably

I nvention easl genel C
at Iemgt rrbpart elsasysidatnetali dlﬁewagat@@rﬁfrmneat\@rdow tesh iceity @MSC) and to

applYMa%hsS@fV% Qlﬁgl%hﬁélgg REMA. In 'a;mﬁﬁére&tpéct( W W drfticRtreRles toI particular

I'n that study, functiona

PREAT o UPRANODE ST r?@ii%r‘i’tﬁh’iﬁi‘mg eharaceristigy aking@ Bitnew over previously

dlscﬁ)@&ﬁ biteUprederdiRrd B%1 baeoMadtoNn Qélaié@VésF&Eﬁ &h8 @i@ntion prowdes uses,
i ndicating that the transplanted cells differentiated

in pRTCYEB.F BRIET IRy BISTRTaRY SonehegtRygelibe SEREE Fsiagh, cells and

cell tpb@lﬂl@tﬁﬂn@%tﬂélhéme Wegaths nétheey, tape dfithe deattysdt and cell populations
m osteonecrosis of the huneral head

Spe‘ﬁ"llJ—‘I@L Fﬁscfﬂb%({ YPF'™ 1997. J Bone Joint Surg Am

79:1726-1730). Therefore, transplantation of stem
Backgidunddapladinyeofioninder goi ng osteogenic differentiation

or of cells that are commtted towards osteogenic
The dedsitilite of aliadeoeic hape m@er@wpwmﬁpiant@ioav@smnﬁmtreﬂeé in children with

sevér%1 é&gé‘ﬁespsf mﬁféﬁ@ct%?i—l@]‘vﬁfi %’a’?ems Nat M2 (8j: Cs“é)bairfi)"mqnat study,

atnment ‘requires ucti on O new one

funciopal eassomsderivad gm@&ﬂcwgaﬂ celisy engrafiesh anst ccerérmtﬁchtpe@e Tormation of

newV\@érf‘sg By i if@icatingf ihat e t@HaAMEd aRnPluifepddtidted B bone-producing
ticul ar aut ol ogous cells, suitable for

°StePP'aﬁ§ pﬂ\%{ﬂ‘Pa‘Pli'So?P“&sm%f Ve FFEB%P'%?“OBdY?é 31%q repagied in a patient suffering
fromdbstebitarSsis Bhitthee hunﬁraﬂfr@aen@-leat@m barae Teu7r QN\BSIE@YJ]bmt Surg Am

010Gt o 0ednerash, BaRaBYtaInh of MRS s, pahie P peSting osteogenic
diffecaptisticche oiabf eelfsr mpomte mmofttetdhtawbrcaneslé@getneﬂdﬁéemlabhI may be a
pronis §§g aétnﬂeeﬁgp tha rfefa%rhe?n? :’1{ Bclip%grte%&t X I%F%r‘%sn%é? ?)grit gtfélar(@gerﬁ t]he treatment
requires ptodu@@D(f nEwporlemat ol 28: 707-15) that in vitro

cul turing of
Hence, there exists a great need for efficient techniques which provide sufficient quantities of

cells, in particular autologous cells, suitable for transplantation as a remedy for bone-related

disorders.

While undifferentiated bone marrow stem cells may be transplanted, these cells are not yet
committed to an osteogenic lineage and therefore a considerable proportion of the
transplanted stem cells may not eventually contribute to formation of bone tissue. In addition,
it has been demonstrated (Banfi et al. 2000. Exp Hematol 28: 707-15) that in vitro culturing of

bone marrow stem cells decreases their proliferation potential as well as their capability to
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bone marrow stemcells decreases their proliferation

potential as well as their capability toundergo
walpdof7esaat i ati on when treated with growt h factPCHEP1I0RE001360

FGF-2. For exanple, in that study, bone formng

efficiency of in vitro cultured bone marrow stemcells

was decreased 36 tines already at first passage,

conpared to freshly isolated bone marrow. Hence, in

vitro expansi on of bone marrow stemcells may decrease

their efficiency as a sourcezof bonef orm ng

t t t at
oo AR BT PP e <L e ARV gES IheEREC dick emgle: n tha
studynbcnetfbamogl Iefﬂrtrelnng obhin \}lutmajltmie“dr neghamove slehscells wdsedecreased 36
tlmeeraef %ﬁ%%’h g[st a?gag?zl %§ 8%; ﬁ efsﬁ |§’C§Iatg¥ %%g% r‘]g %:w 2I-)Ience in vitro
expwm‘oqfebmte mkeew ssterheelie May dmrmelthtmateﬁfpensy as @ ¢dusess of bone-

fomﬁ’,kdsggt%gb@% ggqq ?én@?l‘énf%ﬁ% fi brobl ast-1ike norphol ogy),

e Conpetent to Undergo OSteogenIC
Marﬁiﬁ t &l QEE('J&IHHQIB@ N3¥ §A5p.- meﬁgwe&lrﬁdrﬁtr%g QH&elﬂ' \Fr’tro culturing of

ture conditions. However, differentiation of

bone rﬁ’r%ﬂQW Stare| gelfs jimithe Rsprenge SdtroRipss arewihl tastos tVIP? \2| (F$3F-2), in
comblniali JJn dRpeRds @ sehfn PEEY) édn%n@ﬁtst k@ep@ﬂﬁé Q@ITS' |ﬂta¢5 |mmature state

nal s upon transplantati ce,

'eS%é%P@%@ﬁPh%éseca B‘Preb'aﬁt"&t%a'éﬁ’{?w)d?'P?'Eﬂ‘érﬁ%"%\?reoﬁOmpetent to
undér@ovoété&genm ewrafendetmb lire viddoo pAdidri mctflb%si@cﬁgdﬂi&:y c6itdré | conditions.

Howbier, STRsentgion o uchgstnatire el Inth b e aiRaRC B9 asteqBles Byin vivo stil

depsitdnare eel ﬁrobusueataﬁdhmbbroﬁ@?e %lghﬁalaniondmplshfaﬁbre laénce, although
ost e
sucf S ROBERL s ARATT X PelebSwl SR a2l B b A feseiggble proporton
ther&frmbyasiilly notKadcamei astextblasts. in(\voCélido, Bihaadiieary &8al. (Bone 34: 402-11,
[
200 ]Eﬁ*ng\gzgi?qat 5981%% P@ﬁ%‘?‘%ﬁ%ﬁ F%atg%égg wgh ka?rée)%% ﬁ%{(tdemonstrate any
osteogematpé\en@tv;se e alkabing phbsphatase r%pmylosh@ud dn da¢ti biaviehaystrophic
[
morb‘ﬁtﬁogg{] gﬁ{ﬂé‘?l gﬁé\aﬁﬁ eﬂ—a%l (9?@%8% tgggﬂ?&g?@a%@%rﬂemonstrates that
FGFa%"@IWmS@WGKU‘z@fﬁP@OUat@D al . (Transpl antation 70:
1780-1787, 2000), the use of honol ogous or autolo ous
In agdifiem pé%qaéat@”égtm?e%q'ﬁf%@ﬁé% himan 4 TBPY § hoy#d RyRigshe use of non-

huni@arwnrﬁarémoﬁbﬁtm €6dH 8s lseruhPESMBENePR RSg.ARESeXP ey cilfure media.

Hongheh, 3 FBED KRRV AL al o ptieniata 1 l7PaEd. Fag). the use o

homefdgoas eﬂéutelbgan;smﬁﬂaroéerb@’@tlmimlﬁ%&t &mabﬂity Sf taumdlarf Bdne marrow
t hejr aci t or m hane. 03

stent £l ip SRR E0/bles Sod SBndOF irn AR 107 5Bhe DUV Hegepfpznetsov

et alaspggeat thst tha ude anCses prerexujsie éoreffiodmht ekpansie@fef Bone marrow stem

Ce"sg%].%f ﬁ,g?gg%cﬁ}i_ qgfa%tbi ﬁgs. The cel |l popul ation

Al 'ne 2003 only showed
Tak&gg%?%ﬁ @'(gy%'técc%ﬁ&sgv h%oir;és)g pﬂ&%&éoahurﬁﬁg bYRS nidMdW aspirates in

nte or use 1 n
donqaregegn@r%,qpp@me@fedcgm iFiGAg®. under specific conditions. The cell population so-

obtained by Takagi et al. 2003 only showed chondrogenic differentiation potential and was

thus contemplated by the authors for use in the regeneration of cartilage.

Kobayashi et al. 2005 (J Bone Joint Surg Br 87: 1426-3) describes particular conditions for

isolation and maintenance of human BMSC in autologous donor serum, concluding that these
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Kobayashi et al. 2005 (J Bone Joint Surg Br 87:

1426-3) describes particular conditions for isolation
w@na7/ed4at enance of human BMSC i n aut ol ogous dPEIDEP2007/001360
serum concluding that theseconditions may provide for

sufficient ex vivo expansion of human BMSC, whil e
preserving their nulti-differentiation potential.
FGF-2 is enpl oyed by Kobayashi et al. 2005 in
secondary culture to pronote further BMSC expansion

wi thout differentiation. Thege authors do not disclose

ondi ti ons uld cause their cel]ls to
condiEAer ey SEBHPb SRR & Yo SRPaATaSk MRRNGRe Wle presening
theicalitiYifferéritiatdn potent2) FEGK-2 ivas plogsd bPKOlﬁ‘ay&ihl e45042055 in secondary

o3 B BASE T RGIER TG e e co o

discle&® cooditidres which svauwitd eauseetheiaicallsc tonpiogress dowlards rosteoprogenitors or

|l proliferation and did not cause
osteoQIaLtng@gl Sﬁg %Hst he cells towards osteogenic fate. In

Lin gtré??esdér)(g ngél'aﬁiePrfoe 7”35(!)4“3'*? ES% @%Mﬁp%% ggpaﬂsk}nv@%lﬁtl potential

ansp ant ce
humgs tBIMBC 8 tautolgaesh stoppe sersim Asldiige 1pf F&3-3 aandeEGF to the cells under

certﬁﬁ %@ﬁﬁlﬂlcﬂsldﬁ’d hdtenRBhYe églle;ﬁol%liahorﬁar%em 'ﬂ%@ é&u"s@ Brogression of the cells

bone- f ormcdg activity. However, in vit
towaifls peeeafnicdeieon of bone marrow stem ceI I s into

In on%??g}eog&laﬁsé orﬁa\é&h\ég o(r:1l9J lf({ﬁg{alpg Iltd/&qﬁ.@cﬁ) ggseugagéo gf%#gr]ﬁd:ells which
alrefid®ysho@edh dstedbiftic pRetbtye kinte s@dh alls afe @ssehnaugltrhesOTm ones with a
rum.Jd nvol ves

tro. .. the. f { |
demppefatess Hos-R e Vb HRRYRE o G4 REBTAION SR tagow stem
cells Into esteebladte imicbies adultanmy anbsieddeoit meditme(Jaisival et al. 1997. J Cell

Bioc g%ﬁ%eggggg?@l an lhrr%ye %ﬂ' 'EP %egregged:d 8i(r§l]ifetrg%nag SL&'{ Biis in vitro.

6 pro
Moresitee dpe o of dsfosmenmsne}iubh awblyes additareafflirtlericomponents to the cells,

i BFRPHUREE Rl 8 bf QAR AW cicgige! | 10

I cular urmn one marrow stem ce invitro

Hen\’:\é” {rerd RixI3tiaNhBgy hh HRe €XRABS 120 QinfP afdt Yeli@blet Rthod to produce

I I's, ensuring autol ogous conditions and m ni m si ng
OStQPWé’gﬁfﬂJbeePS@Pb'@éﬁﬁﬂéﬁéﬁt’E’athe{?@dp? gelts e bimgn geult ﬁém cells, in

partie@lat Bumdh 86 AlafrBweXdrd (8IS @Lditrd Whtl@ﬁ\aﬂ'ftémfngﬂugh expanS|on capacity
ost eoprqﬂ%enl tor r ost eogtlastl c cel havij n S e

Cl
of iR PLR, AL SUITBONE ORI afih TREVRGH % uEbs Ghomponents

involvee irdguiturigdef thetelzel | popul ati ons conprising such
cells. Summary of the Invention The present invention

The@dalse xR héml mbthecaraol odtémrogenidd emnestedbladtie ¢alls draving specn‘" c

e L 5 ) BLGREpBEAE 6d Bopa0 compin

suc{ &I8C) , advant ageously of human origin, can be readily
expanded ex vivo and directed

Summary of the Invention
The present invention addresses the above and other problems of the prior art.

In particular, the inventors realised that adult stem cells, in particular bone marrow stem cells
(BMSC), advantageously of human origin, can be readily expanded ex vivo and directed
towards useful osteoprogenitor or osteoblast phenotypes, and useful cell populations

comprising such and other phenotypes, using herein disclosed culture conditions.
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towar ds useful osteoprogenitor or osteobl ast
phenot ypes, and useful cell popul ations conpri sing

WG nii/ogaas ot her phenot ypes, using herein di scl pGEEP2007/001360
cul ture conditions. Accordingly, in an aspect, the
invention relates to a nethod for obtaining
ost eoprogenitors, osteobl asts or osteobl ast phenotype
cells fromhuman bone marrow stemcells in vitro or ex
Vi vo, conprising contacting the bone marrow stemcells
with human plasma or serumagd a growth factor or a

bi ol ngically a ve variant or deriyv er.eo
Accpiahe bt &0 oirdif b TiRioT g §retfld 1F RIS opteAPBgentors
ostedblabiroe I@Bie@blaslaprﬁanbfybaraémsaﬂrorﬁ haotandoone enagrow stem cells in vitro or ex
wvoog{;m%rlsllr}é;g%orﬂt cg)r(é) gnf etgoS Sétnen rlroa Y F{eﬁhé‘%%ﬁh% M?T?an plasma or serum and a
grombrfm@m:eatulq}qglcatlyantl\eespeemt drlderwmwameqif t he

i nvention can be enployed for obtainin
Thedrventnss obganvadothst metiods bf @gti@ve@tiorbgareéig‘e@gtiatp [Pesibstpptial fraction,
e.g. Cﬁ Ha%ﬂﬁ of 2%posbB LRIt B&lsBBRard the %@(éopl%gémyr oF 'o%sglagtr}ﬁ{enotypes

ods of the invention genera roduce cel
Congegienty.i iBra aenfst tha methess Al ghe davention §and)§t %B'P&%q for obtaining
osteBpragS bt | BEbRE. M bYiRebIs&! dhenotyisdiddik pepspul at i ons
conprising a substantial portion, e.g., a mgjority, of

NeveHRdlesse ltIcan bENptatictet hias thal rethb@abf 868 Ghviehtién g@idrauy produce cell

e Y

poptilatoriss@fprisiad arsabttentiasbomsn af.g.t hmajmlt)e@psmgmeill‘s.drrhednventors also

R34 005 boBIFRAYBE G i o e, e o soes,

least rson&pyf wWhinth earargogment meamlse‘ubcdaraeﬂetlsta:scm‘l the osteoprogenitor or
d i '

oste%ggaw ﬁ-ﬁen‘&@gge%}ﬂ é}eggratob%r@leti gﬁp Mﬂs E\r Sgenﬁé |I’é lrit?(eg P&ﬁtgﬂ of bone

therppyodron examse inanczrabadingnt & eellapopalaien resutting fiony thet methods of the

inveﬁ%rﬁﬁwggafsQ c@m?ﬁé&@r%oﬁ%ﬁal%ﬁs%r@n@gt liéi?trcggeﬂ%l'gl ation

conprising osteoprogenitors, osteo S or osteobl ast

Accsﬂaﬁw YPSn GEpdct, ﬁqeqmelm&we@e@@o BEHEPYH 3&%&9%% Edll population
tro or ex viyvo, r|S|ng contacti ng

t he
Con\ﬁﬁﬁlﬁg)\ﬁsgepelfﬂ%@qu% %t?q!l)"ﬁﬁ'rﬁh opiealast U?enQQ’PE rﬁeﬂﬁ (ﬁr‘)ﬁ’ human bone
marfwoyte ded€ irovitr® br ax ive) &ﬁrhﬁi@inb)boﬁtébtmgethﬁafohamﬁarm stem cells with

derivative thereof nt al. evi dence
PR R 56 BT ES i GEHAT ST % DRSBTS Yt g, derivative
theredf. t he bone marrow stemcells betvveen 40,000 to

710,000 tines over three weeks, nore particularly
As ghoentby experidenytal e\&mmhe hthgmediegt efethe invertiansiap pravide for expansion
of tr?'ef Bﬁrﬁé maﬂ'%w' Qer¥|' cee fvgéreéoa{o @(f()t}1 ?ﬁ?&d"gmgg%tverl mﬁeéj\%/geks, more

ran serun1nar es eéxpansion of hunman

partisolady twmntmn@dm 6gt:l|\ ngbmgre@t@@xp@msm is sROOBING iMeieweof prior art

teaéhrhgb%ﬁ %rb\f%é?ﬂséﬂuhp%riéa fy Gfg”-ﬁlﬁ&ﬁéé efepﬁs.oﬂ 5 Hfman bone

t he pur transplantati on.
marfey @e@w@&mt@gwg@\r ¢t ale20Rh tence. Hee piesentdnventien allomes for generation

of a'AigH ﬂ%b%?@pl:éls\’mﬂ {hB paRRASs b AR pBhEANON. fIHRIMAR 2R tHBES Gy decreases
in order
the size of the bone marrow sample which needs to be drawn from a subject in order to

provide for the stem cells. In addition, the invention allows for shortening the time when the

differentiated cells can be transplanted into a patient, thus resulting in faster therapy.



15

20

25

30

provide for the stemcells. In addition, the invention

allows for shortening the tine when the differentiated
w@ed7®9an be transplanted into a patient, thuBCT/EP2007/001360

resulting in faster therapy.ln a preferred enbodi nent,

the nethod uses fibroblast growh factor and, in

particular, FGb, i.e., FG-2. It is surprising, in

view of the prior art teaching that FG--2 causes a

nore i mmat ure phenotype of bone marrow stemcells

(Martin et al. 1997, Kalajzig et al. 2003), that the

orrbl atl an t h_human MR_or._serum
I 2 EigarL EEodrieNu B arer Dbt SR aB3han i PRl e For-
b, i.et #1@Fc2| It & swpadiv@iin vidve op trengrioy @ircteablzsing thiad AGH-R causds a more
. i tQr 0 bl @t 0
|mm§g¥$§8érﬁgﬁge§f%toﬁe n%?@gleﬁ%rﬁ%‘eﬁ%@ﬁdar&’%@@ 1.3, K KBE&'EL &Y ©2003), that
the uae@d&@%@ adoqnbla@tmuwnﬂefrfusmn plaﬁmgmresmamsc@npcmdts stimulates
diffePettigh t‘)( ERUNRE sterlYc QMR A9 # 'Bfu@ﬁ&yﬁ%‘ %ractenstncs of
ave been known 1n prior art to provide for oOpposit
OSte@Pmém'@fwwogeéﬁ os eplapblpgliphendtyRmcatisr e stri ki ngly,
prior art taught that in vitro differentiation

Henp%ttae FeeseabMmethos pravides &% unerrasishadvantageays effect - high expansion
and GR¥oBIaBI PerioBypRAN t:@ms.um ASmEIRE ARRIhNASR s enagAnbA rior art to

hate and bet a- er ol phosphat e, . The ese
proviey n BPORG AFBee o1 wee%s&gr (o Ve Bt ¢ S e S art taught
that n@t Wt&fdﬁﬁerém‘atlobt mitd)| dxleahtdseO requesi oetedgerist mebubast Sontaining

com BN OB RLOT IR r B 26H) A RGBS it P gy erolphosphate
The cﬂmseeameehtlon esrdrisingly showb dsd sattacaresonehtseare oot ngeded for obtaining
ti carr f SH 0 ne upgn
oneB AL BNIEE! b8 Bh B e e "TORT LT, pyroer o
comnemehmsj inug esediumemaip ba sxwardagesesiy memﬁashd i resltingInolgesishances of

erro ﬁréoﬁ?anjﬁ él%n”@%a?ﬁgafér%?‘%&&! d p?ﬂ&'étﬁhg&?ﬁéné&%téﬂ%ﬁ' ude

unah eria suc

In f&rﬂ’@%@%ﬁ%)ﬁ dibddiRey] tHY fhetlodo 08 méﬁ%lﬁrﬁéno?eéérﬁn which is

he net hod particul arly advantageous

autolpgigus {0 Hgneener Marraystera cglls apg/ordeqsenisingudenany pakngnan animal

matérl%il eseich @8 sefurh BEMPEREtItd)all tHeebditireadXdte RXiréle SleRP8dIRIThis makes
i sk, of contam nation wt at hogens. Addj ti onal

h
the ’EP@P@PPEGUEH%S YRHRASOUB fOrtYse "r‘rﬁﬁ'ﬁ‘éat Y & Dot etiecreasing the risk

of réjeétionr ef thes oftainedi tEIBUtNA/bIMbY addopsbsingneb @tk @i donfEaination with
thgassages conmponent quantities, etc., which alone or
PathdEenS, vhi nation further delinit the method from prior

Addgéré)ad l%%qer%hdgr%&o%agmg of {h%vrjngth&ﬂd&fne o?tl)ér Ur%s Cee E;lgwnhmft limitation,

1ons O eous cterl S
incubatipertinasi p@ssagesb@nmppn@tngpamnreatem)nwhlm elma\went@nsbmatlon further

dellrﬁn?fﬂe' r$1 ﬁhoh t?lgtn Eﬁ&@&?%ﬂ@%ﬁbérﬁ ev\gr%(/gfahld?st{eﬁs 8hd cell populations of

ost eob ast ot ype cel
dvantgagions cloatactedsiics,i mabpfesuugmcvf@y nHhenadenslantatfont he
i nvention show exenpl ary advantqﬁ)ges over the prior

The dpventors reglipgd that opleaptoganitars (Pstaeblaste ¢n etehlast pherrjype cells, as
well tddecaPpEpistiohs, sht@iNable using the methods of the invention show exemplary

advantages over the prior art. Firstly, at least during the ex vivo culturing, the said cells show
a fast proliferation rate, with an estimated doubling time of approximately 2 days. Hence,
sufficient numbers of the cells can be generated within comparably short time, which
advantageously limits the patient treatment periods. Secondly, the cells show a relatively fast
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a fast proliferation rate, with an esti mated doubling

time of approximately 2 days. Hence, sufficient
wmeoobeyE3Df the cells can be generated within PCT/EP2007/001360

conparably short time, which advantageously [imts the

patient treatnent periods. Secondly, the cells show a

relatively fastrate of substrate m neralization, which

all ows for enhanced bone-formati on upon

transplantation of the cells into patients. Third, the

ceIIs display little or subs%antially no propensity

or. differentjati.o tovva her frese ch I .
atep R SUSRYBIE ORISR0l P olhs 'R0; UEYFEL gnefomation upon
transplantdtiarc i ¢ cdlsi mto:aatlemhla'ﬁmﬂgerwsélys tisptiay littleeor substantially no

prop{e%rgiﬁzﬁr %ﬂ‘{eg%mtlta rigoﬁvc??ﬁ&]sg E{I;\e Irqnaeggrpq1 g&laghlggngﬁyg)%sf ﬁle;ga%ic%rlag towards
adiponytes1bi chongdragyiedeEhis can edvantqgeogsniimbtisg foopatambdfdissge other than
bong(/vhgﬁhfe &I"gg le ﬁgg@%@@ge cells, as well as for cell

1 oNns an ures conprising such, which are

Acc&mr@ﬂyn?rploﬂye‘PrasgbétQCfdeyan ti%htrkﬁgvﬂéé e Gslﬂeao ﬁ&% g%teoblasts or

I"hvent | on SO T1T0r erapeutlc uses thereo
osteohlaplyplrenodipgt c@ysda%d\feaeqssfo&mgll oPHlainsnant gultures comprising such,

whidPSeNBRAHADIE Y dfr@ét%tﬁénh@@%sﬁ@rfﬁ’é InfetiiisSeiRe invenflon, and also for
further devel opnent of the invention, the inventors

thergpautic s U3ps ﬁh‘%ﬂ%‘f aln DoRe- r@%ﬁef’sd'éﬂr&e@elaf‘d PEYASAPIURS; pharmaceutical

formfitidhg esmerdirigydues. out the nethods of the invention, in
order to define new osteogenic cell types and new cell

In aHOﬂhér&iévéleméﬂﬂ'ﬁpfrthsilﬁ\@nmrc tthe mhaiitomaana%é@ﬁn petatl itteutells and cell

pop{ip BT, Patpnt | B PRCR T e TRRREE obfod JRRRE. inyas iy cefine new
osteapesric _cc:e!httmeplandesew welk meWatucarisI cdnypising peputret intaysoffer particular
supfe:rﬁo i oihélh%}g%)g %%egci%@él)grgé%ueng?n ﬁaflﬁatléﬁﬁgez%gg C%ﬁ%)%geml)J ¥he invention
alsoi qontempilaes puahiediecelidgneaso p@mgamns eomprigingelshags welt as uses thereof,

esp&ﬁgﬁqpbgﬁgthg}&g?_otype cells (herein, "OOP-1 cells")

acteri se n t hat they co-express (1) at |east one

Acc@r% irflan d3PéctCtheCi Qesrﬁlen r&ﬁc‘le@ dh&gdmiers BI%@t or osteoblast
tngfg/bl h SBBEH h g |st@é hers PRk

nmore specificall he bone- I i ver-Ki
pherﬂ%;b(@ c%lp (gréquqna'éggPﬂytfg@s ¥ cggfpﬁtgn%eéirlﬁ]trpﬁﬂthqyr@p@m?s&éﬂ at least one
ostebala&{anaadéd ch@élafh ﬁbml AR4IiBE ehdshHdte WILPY, e a;t.)edlf%aﬂi} ALP of the

ten]ce ture osteopro enltor nHr er .ﬂﬁse
bon PRiKEPBYS b5, MORTIBOEE i PPt rPERte, > TNF) Bnd bone
sialdphdteinq BB PHA 28) atdesst Zgéggii%gém/ ﬂ’:jméihrelc;'bﬁ)éb'brogbn(f@i tharker chosen
er. . a .
fronp e 68 L mea i athle 26 R BRSRibdulHQP Rellses Zanpetino et al

2002itJ CelbBibchdEnk; 89: r56f6ﬁ)1ahé|Cm|6§f @ndeg (1)eimzoptefamet £mbiodienent, the said

oo%ﬁ'oégeg% feﬁi{% atﬁ?{ﬁ%ﬁd?@w&r b%?&Feth\ﬁbMK% the said OOP-1

cellsPhhfPexpresy atdsast Ave mamker8shosen f@m ABRS 1N Rird 8567, BSP,at least ALP
and'FﬂW}D Vaqtleiaéfr/iﬂif%n&”eei& oF & |%§F@thﬁ‘9£‘r‘id P‘sﬁeg'%%egeﬁ%ﬁ preferred

express at east ree o
embpdgdint, the said OOP 1 cells may express at least all three of ALP, BSP and P1NP.
Under (2): in a preferred embodiment, the said OOP-1 cells may express at least CD63; in
another preferred embodiment, the said OOP-1 cells may express at least CD166; in a further

preferred embodiment, the said OOP-1 cells may express at least CD63 and CD166.
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Under (2): in a preferred enbodi nent, the said OOP-1

cells may express at | east CD63; in another preferred
werodirent, the said OOP-1 cells nmay express BECT/ERAE1/001360

CD166; in a further preferred enbodi nent, the said

OOP-1 cells may express at |east CD63 and CD166. To the

i nventors' best know edge the prior art only observed

CD63 and/ or CD166 in stemcells / immture

ost eoprogeni tors when ALP, P1NP and BSP were negati ve.

Such CD63 and/or CD 166 positive ceIIs of prior art

haowed, nuyl nd coul eren
o BRI st Ronatas PRePree Aoy bt bRpg Ardior o166 in stem
cellé—lemnmaturélesteomgemutoamwhpn el I NDf and BSPaskreonegadive. Such CD63

LP,~ PLNP BSP ; ;
and gt G, TPBeRRlivE 2ol o BBt PP RENEE FE doff, igerentiate to
chorhdwwhesi adipo B 4s well dsystesblastndiencertbe conmomjtant presence of at least
one %?g\.ﬁcﬁ?ﬁlg%r ﬁ%lPl \?n W@563 %’5/8:0(\.'555 6 H%Fk% tﬂg\A’st‘égéJoPéerﬁ@g 8'&: Rsteoblast

ays at a eous propert
phem;yn'ﬂ gﬁlsmfdhe ﬁrmeatwrofﬂqaaﬂecellh) g anmervermevlczlaeﬂy gndisclesed cell type.

Mor@tﬂ% zHg%Wéll%ddéfﬁéaéfsnét Ié’é’s@@ 8ok Yl MRSedSs properﬁles such as high

rocyte an erentiation, Wwhi
proliiatiqrc uqatg,r |hphu§émqpllzag0@ rate, ﬁn%o?y@staﬁgallgpglgﬁqn& propenS|ty towards

chofdBéyRi%t and doBytRf afffeRMtSIBROAIHIEN tare tiMRticRIRIM useful e.g., in bone
ost eoprogeni tor  or osteobl ast phenotype cel (w:’-l

thergeaytic LoRiPd negative for osteocalcin (OCN). It has been

In 2B AR P iRl G ST ST s Voo PR PhEPRYPe cels (OOP-1
cellglsemegatve fEICHEtexqalats GODON). di I If)éeeskrtdvm ihehe anethatr ©CN becomes
character of these cells. In a further aspect .
expfeqeh preftreplath i eBeG odisphigefs Hibte!dhe SRl of BoN expression

signiiet dublessthapinedwtrgger aféhdse cgler ei n, "OO0P-2 cel | s")
characterised in that they co-express, i.e., are
In pdsithéry @spest,, tr(el)in@mtwreayovimee osteopwsigenitar, mstdoblast or osteoblast

pheﬁ&gﬁee?efsr ?ﬁ@r@hk%g?’ezt he P*&ﬂ&éﬁ%né&{f& ’théYth@ co-express, i.e., are

I cal ALP one-l1ver

posmvcom nh@féﬁnasﬁ PRRogteahipgt gnarks ehagan fmp@ayn%@oemme ALP), more
spe@f&llpg\rﬂp o°f'tl"?é BQr'ieQﬁ\%erd(@ysP))peWprtoB%%)antt PammeRAhBEI Sropeptide

rogeni tor mark nder
(P1INP - Ped 1250e BRI (B h 3 ) teBepialaRRIsse stk progenior
marRér d)B@fStUrﬂePU b h & prdfbesd Qﬂhﬁédilthbﬁld trﬁa’fbéldlmscellé ARy express at
express. a vvo mar k
asE AbGeit TG PREE e beOA I Boe S 00Rs¢ CPISEeY AKpesl loast two
markerd MRosemt fr(brﬁ?;@GJP MRPasritl BSP, @y., at |daebALP Rh&IP1IR] aBBRst ALP and
BSFl Qi g ggq?g P1§E elIl %&%Efurtg:gF&%Fe éé?tgoﬁﬁrln_g ‘Eggﬁ sglﬁld&OP 2 cells
mayFékNl%ss’éblebhtealhthmemfar.B B&Pand @Iy, ost eoprogenitor or

ost eobl ast phenotype cells expressi ng CD34 have never
To thefryestorst knovdedgs:; obledprogenitor heosiechdant @herfotyteaerlls expressing CD34

havé %Qvé}adelféfe %%Qﬁ'dggfrﬁ’)gd OnSy P dpREndeSet C‘é’ﬁ@@ls%/p@ﬂg%onsndered one of

ow nmesen em cells. Accor
the @gm@ftb@n@ nmrr@g/em@%anchymal stem cells. Accordlngly the concomitant presence

of at least one of ALP, P1NP or BSP with CD34 marks the osteoprogenitor or osteoblast
phenotype cells of the invention (OOP-2 cells) as a new, previously undisclosed cell type.
Moreover, this new cell type displays at least some of advantageous properties such as high
proliferation rate, high mineralization rate and substantially absent propensity towards
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of at |least one of ALP, P 1NP or BSP with CD34 marks
t he osteoprogenitor or osteoblast phenotype cells of
wo b@7iossaent i on (OOP-2 cells) as a new, previ ouBdHEP2007/001360

undi scl osed cell type. Mreover, this new cell type

di spl ays at | east sone of advantageous properties such

as high proliferation rate, high mneralization rate

and substantially absent propensity towardschondrocyte
and adi pocytic differentiation, which are particularly
useful, e.g., in bone therapgutic context. In a

oroBl B 4t SRR B S RSB Bl i n bone

therbpsutiosbmextal cin (OCN). |t has been known in the art
that OCN becones expressed preferentially in mature
In agwefeobt @sttedindetctbe saldeositansogenitaf orGEkeabigst pbsnaype cells (OOP-2

cells?'agg'ng{;/ tfgreoét é&lé@&%ﬁ qpﬁgsa&ee%rlfr%(/vn |EQﬁ§ aﬁ%%tSOCN becomes

ors a SO CO Iate overl aps between
exprebense pceécsrentuadimdn ovaldesp oelgebipster Hencaasthecaﬂsaeqe OEIQCN expression

sign‘fﬁgﬂ%@&s hB&ird ﬂ\é@éﬁté%thé@@rce@(anw e, in sone

nents, I's may further co-express

The%tor& PIERS &ﬁﬁerﬁﬂ’@@dd)\)’éﬂ%§ betwéén @PBBO\F&EH@&HB@G’ osteoprogenltor or

further express at | east one one or

ostepplgst caildYRESIEEhe RveRtant: |F8F1§69m&?'ﬁe'"|51‘?0‘@n?%99"8?%t8 t?'e OOP-1 cells
maySf0RRETIBSSXBesE ©D34p Msthért drittRlint&riF the OOIP-2 B6lsaragy Rirther express at

TR S e P "

p di sc sse above e r
s it e i UBT v aRior Ssel SR BUP Spryrisa the above
osteboprgeniBD %y ostwoblapt wﬁemoabb;ceﬂst of tesinvésivh, e.gg.comprising the OOP-1
and of"%iQP go(éil tg&% aégé%sﬁ% %‘eag\yea Y e?egndlﬁ'gséelll é)%é%la %r?/mayaéomprlse at
least 1@k, praferabinaltleds ZOUL, ntqnep@tervam ahleasirSOm&Q %té¢a5_t 60%, yet more
pref&ﬁég@%t 14t 96%f g, 919 I@é@%@%ﬁ‘%ﬂa %}yerﬁ r& Shalferlﬂ LéJt ‘?’éésPQO% e.g., at

onprise less era | ess

Ieasé\p)é% hrtee HQ@Pdr abqilyr |(@,%—2t qf;ﬁilntygg% Inyg[efeﬁﬁdeembodlments the cell

pop@éﬁfrﬁhé@&&nﬁrﬁs@qeésﬁﬁﬂn g@‘% ﬁ@ﬂaré’&%'elss fHan 084, %fvSrﬁ ﬁ@ré’ preferably less
l ess than 10% | ess t han

thary &84, YR IPPE eIk 'PSSt Vﬁ@@oc{ﬁt et stihvmAre; e %@SWWO% 9.,
lessaR&H %, @R than®34 bor lekP&fan 49 oRcdIN 9HEY 6tREk tABH @d 4BVE OOP-1 and/or
OOIJ’E E | d cell population nmay al so conpri se endot hel i al

Y6PS-progenitors thereof. Preferably, such
In a qursf%'frgg gm%ogﬁ'r?qlni{‘;’tgg rsta\xjgo&gégpé%qiﬁré aﬁwﬁeﬁ(t ?cf) ?ﬁ?rlse en<§) Ve‘g:ra]l cells or
prodéhitdre Bheradf. Paefexably( wUE) entiEhelmh delSDdr3Fogémitoss maytdxpress at least

one ee!TBOQI IQEQHW&[%% ?‘e%a{jalle{ﬂpe%t BPvc%n%.ll%ﬁ 2hd 1528 WV?S’VEGF and CD133.

express nventors
In anfteunler sreuoq!lmgnt theesqniemm@aloiellsemﬁlwd@emm%w%l | S
or progenitors thereof in a cell population alongside
Advardagasnyslygthei invendorsrhays treafised dhat jhe Rersgpee of such endothelial cells or

progenitors thereof in a cell population alongside osteoprogenitors or osteoblast phenotype
cells of the invention may improve the engraftment of the said osteogenic lineage cells in
patients, presumably, but without limitation, by instigating the formation of vessels supporting
and oxygenating the implanted cells and tissues and/or by releasing growth factors, such as,
e.g., VEGF.
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cells of the invention may inprove the engraftnent of
the said osteogenic lineage cells in patients,
w@e@soysbl y, but without limtation, by instige€T/RBRIDTIEN1360
formati on of vessels supporting and oxygenating the
i mpl anted cells and tissues and/or by releasing growth
factors, such as, e.g., VEG-.In related aspects, the
i nvention provides pharmaceutical formul ations
conprising the above defined cells and cell
popul ations, and therapeuticguses thereof. These and
ther featyres of.the inve on arefurthr expl ai.ned
in reled speridty o i P idoudieiRsaaes koS fpof (BrBHOSS the above
defindd ¢&dit bad eell fopurationd, iant thengperiia npdstbereBf. i ef
Description of the Figures Figure 1 shows results of
Thesanjandt otber Ghates of Ithe dpuehtidn are furthearegplamed dnete rgpldvo and in the

o v t_ M ost eonecrosi s
applySEoRig b5 L s R e by R A oo 0 Vs
score; B: WOVAC score. "B"-baseline, "3n'-3 nonths,
Brief Descdptiommeththe Fdawneed | i nehi storical controls (control
bi ops gure 2 shows mneralization by the cells /
Flgtﬂspﬁ%@vv%f%sutﬁ of Hiectiny ohei . PapeialPT SEPPBERS A¢G9F]iRth tythe present

invehiiéh lnna%ﬁﬁeﬁrgﬁvntﬁsoéﬂéc?@aﬁb%fg%fﬂhe téheorlsl ReHd gbhd‘ mﬁerrw.th @lamonds). A:
I NC ul ar n
VAS, Skt IV QMRG oot e BEBRTNE. IThgt Mo ife bk & months, dashed lne-

histéHcaedomrsie.(cdronbippsyf). exanple, "a cell" refers to one
or nore than one cell. The terns "conprising",

Figure @xghioivs ma‘heralizdatibm: byrthel celisl/ pdpubasions efthé ewentionar e
synonynous with "including", "includes" or

Detgnﬁ%@éé?lg gn’oftl’%m/@hpér: and are inclusive or

open- end and not exclude additional, non-recited
As U@éabﬁér%m h& TRIRLRr FormBtNoeh Bt SRS “th@h%cﬁlﬁ:‘é' b&hi Shoudr and plural

nunmer i cal ranges by endpoints includes all numbers and
refefanigcuniesssthe (poBigeeeaiv dstates ipthervisagBy way ofuexamals, teneell” refers to
oneloBRiotEMaRBAPRENt S. The term "about" as used herein

when referring to a neasurabl e value such as a

Thew@rﬁ@rveérapnsuay ‘ampmes and @BPRFigdd sRuaatdedherdin@rd §iPonymous with
51 enc Qmpass varldat Qnsl of +/-20% a g q
'“C'F%'Qg i %‘Feér 85|°\9”‘ﬂ”"3900/ gitaings and At ROl A apgniPnded ggg do not
exclade hc&ﬁtﬂqnaewemrmee manefees, @mentd erkfietbod btess, and stil |
nore preferably +/-0.1%or |less fromthe specified
Theveditation ofrsnfegicalsandgesiarendpoiotssncudesatmuotersadred fragtions subsumed

with@\ﬁbgetggﬁg]é. Qﬁ%ﬁ ad hiRCle08e L d ?Xﬁ&t' on. All docunents

resent speciftication are hereby

The t&HP7aR8 tatag‘éjs?d/ hél%fne\ﬁi%?f:r%fénnng} {Beel FneS&UrbbIE W ¥iue sBch as a parameter,

parti Cu t eachi ng docunents herein
an ag?gé@t 1] t@mppsal dumatien, ea@dtta,e gﬁee is meant to encompass variations of +/-20% or

less, preferably +/-10% or less, more preferably +/-5% or less, even more preferably +/-1% or
less, and still more preferably +/-0.1% or less from the specified value, insofar such variations

are appropriate to perform in the disclosed invention.

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.



10

15

20

25

30

i ncorporated by reference. Unl ess ot herw se defi ned,
all ternms used in disclosing the invention, including

wo ewindmal and scientific ternms, have the neanP@ER®07/001360
commonl y understood by one of ordinary skill in the
art to which this invention belongs. 1. Mthods of
invention As detailed in the Summary section, in an
aspect, the invention relates to a nmethod for
obt ai ni ng osteoprogenitors, osteoblasts or osteobl ast
phenotype cells, as well as fgpr obtaining cel

opuyl ati on ri,s 0oSt.eo enitors osteo
Uni 3R e tsf e P B oSt SRR the e i, Tt @gpnical and
sciestifentend, lhave thevméarningas eommbnip understpod by vge obotdanary sigl in the art
ar o emcells with human plasma or serum

bone
to Whﬁg ﬂ?:\s !j‘rVSW% t*e cr\% or a biologically active variant

or derivative thereof. Bone marrow is the soft tissue

1. Methodpef ingentiodul | ar cavities of |ong bones, sone

haver si an canal s, and spaces between trabeculae of
As defpited| Inothe %\rm@BWnWt'B@nlé anmm@epachpis ipyentiemdelatgsrteyp method for

obtéﬁ.@g SQ&Y&G@érﬁ%Bé' béﬁe&bl&hé BOsHtSIHREt ph&btypaitieid) a'sSNefll%err obtalnlng
bones inearly life and in restricted |

cell pﬁplﬁﬂlﬂnﬁ ﬁe@arlsEl@g asteoprﬁgqrht@rss B%tﬁ@?)aﬁé ﬁé?stgﬁkaasrt@henotype ceIIs from
hurmiahi BBAE i rhatre@ BRAT BEIR Mivith bhéx Pie detfipridihgontiicangl tieebdre marrow

stor, IR Tyt PR BF Seni s b e RpRE B bioicaly,Agivg variant or
deritzive thepedfow i s a conpl ex tissue conprised of

hemat opoi etic stemcells, red and white blood cells
Bonandartdvelsrthprseﬁmssm spcuw'mgrrué'qmatl caa/itemotfdxbdgsbc(rwsgome haversian

cana°1£ r?rmal nC !%%tr\{\gé%ﬂlt J}%E?Iagro?%é'rﬁ ?ragﬁjo ggs%ﬂé'pﬂ% types of bone

cel ast’s |cu
maregeh precspneentionally detinigeisived: gld.f\witich & fQOfﬂﬂmﬂCQ'i henesiig eaey life and in

restpﬁém&gﬂo‘f'agl A S&Ithﬁw g‘%sm t&o%r@gst o a‘r\@llé ErlrﬁQirH/ Ebr@é}r?ed with the

dlverse c transp Ianta
prquﬁtlebp blﬁp@@e%ﬁlaﬁmmlesrsh@dd@ﬁam W?'Chwym”rpéﬁ??e@t'mﬁ'l'ié fat cells

and @6hhattild gsu8f multiple stemcells present in bone
marrow, such as, e.g., haenmatopoietic stemcells,

As TRB&E %@&ﬁarﬁime.mac@rmeﬂméb@ E:orﬁBHe@V@Sf nuﬂnbto@ekﬁ@gteﬁi&m red and

Krause et al 369-
whit Blgpi col8 RO RECUO% HBsE b SIET o5l AL Sipat il and their
precuifdors, Cnial @W@bﬁc@lfs nsludihg fibtdbldshs remeitriepOobaibbetaNtnd cells
for i ihg fidtdbldshe rb ch
N n-haenato oi etic &S «Jhis,is confirmed by
whidhJfimA Ergehey (s bRkt HiEgrtfindre 2 oM LOTaS miho
Bon%r}r? QV &Qetconﬁm Borjngr%g’ vgrglz- ltlgsﬁgdaﬁt%?g$59$+%5t};agwsﬁlgntap§n in both

micerand dmmenanﬁm aamanty oy rleﬂecartm heﬁvnt@sanfphtdtlpledstematcells present in

boné n4§ﬁ3vﬁ 55%cﬁ' §SC l F%rﬂ&to@é@!mﬁ%{eﬂ{‘ fcglfso %&%H&MI FP&¥n orfells and/or

nmesenc
marrow multlpotent stem cell For example Krause et al. (Cell 105: 369-377, 2001) showed

that a single bone marrow derived stem cell can generate cells of both the haematopoietic
and non-haematopoietic lineages. This is confirmed by Dominici et al. (PNAS 101(32): 11761-
6, 2004) who showed that hematopoietic cells and osteoblasts can be derived from a
common marrow progenitor after bone marrow transplantation. In another example, US Pat.
5,486,359 discloses the isolation from bone marrow of mesenchymal stem cells, capable of
generating cells of mesenchymal lineages, e.g.,, of bone, cartilage, muscle, tendon,

connective tissue, fat or marrow stroma. Further, Horwitz et al. (Nat Med 5(3): 309-13, 1999)
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generating cells of nmesenchymal |ineages, e.g., of
bone, cartilage, nuscle, tendon, connective tissue,

WO ad0709348Rr r ow stroma. Further, Horwitz et al.p{™Mar20vVeah1360
5(3): 309-13, 1999)showed that all ogeneic bone narrow
transplantation is effective in children with severe
osteogenesis inperfecta. In that study, functional
mar r ow- deri ved nesenchymal cells engrafted and
contributed to the formati on of new dense bone. As
shown by Horwitz et al. (PNAS§ 99(13): 8932-7, 2002),
th rcent age  of afte ostebasts

shoyetf 15 IRACRIE ony SORP LB EREIET b tihus 40 hlorgp vith severe
osteogér)esmesmm'faptaal Insttieath stetly,s funotiastl | mamoreerved Ibtesenchymal cells
w.cel | t S| .

engrﬁa?g %\?vd chp rlghteghe % ﬂ)grﬂgﬁ)%noggne&gggﬁsé %ogﬁé%gﬁstthoaﬂrb? Horwitz et al.
(PNASHA(H3)i 6632- %é@@)nﬁeemrhgnme st grafted|dsteoblastst Waright significantly
: r b P

|mpr109 E{a afsﬁest?ﬁ'{gﬁgﬁtam %ftonh/ ﬂg%ove %oér%gm n%érﬂgelal'agtﬂ{ [ Sdtifent bone
marmnpdlsh leeding 40 the penclasions thah kesk| manpw metlﬁ@tlmttban thgse in the
adhér@ntgﬁ&ﬁf éﬂoﬁoﬁ/ﬁé esmegerkh?gé’lsétgrﬂcélé‘ilé Grd I%H‘ug)wt {d Fé%fﬂgecan be potent

ne marrow s m cel as used .
tranppiardable pReaeniters &af Lstapblasis- 4 yiew @ft@ma@ew hanesmafrow gnay contain

sevet?QIn@/pgéirorf Qtém Rfls Ratht iheUbRshtial RS @SRkt BelRr of ar 6ét¥acyt|c (bone)
i sol'ated froma sanple of bone marrow. A sanple of

linegg8ne marrow (BMSC) nmay be obtained, e.g., fromiliac

f enor a, t|b ot h nedul | ar
ThedEra iong et sieub bol o B SEr Aed he i Biie Rty adutt stem
cell presentriogeny nedfrroRlVEad pertgularly)p[egemtyn @b {arthyg dsdigted from a sample of
bone\élg%ll%évoh gmgfbaboofetg n%p$% WSBM%fCQ t I\%ng lbqtb% eod fiofnor% iliac crest,
femdrar dabnaedeploe esb amyotbed imedhtar, spabe@mcasedbject The term BMSC also

enc&‘ﬁ;p%sggé lh% ODE e%g(yf b'l\/iﬁye? dabﬁ)rge%“%éb‘?alﬁéd 9} e &{/’tg% érjreé(ﬁ\{i&djpropagation

of BM&Q Ohtyp@%frorﬁlﬁcﬂ@nwl%t’fmlmq may be capabl e of
extensive, or perhaps indefinite, proliferation in
Thevtievn "siem cghder ussdcherpid dennies pBncel dhal if ©Resedoto appropriate

con selsrbabaﬁewf@g/ﬁi@ynééftosd!%sﬁoﬁé M GRéferdBRYiwodrahdte tdiferent cell

henot pic features and rol'iferatiyve capacity of
typeﬁhgu%@ ﬁg-}m cell rnayd?e eqragl erﬂyg qr\sngabggaap?q)mdef inite; proliferation in

wvoa\aar@wa apeifiededitibny) alsogh Vo] Wisteih GhéTProgeSPEfciuah b@éﬂn cell may
mce

retal s RS EH oS I GroiTarEig GPer i RokgT cdpr ole may, i

expodedno émopﬁwmbrﬁiltldnbﬁg&éemectel Mol §petatingd,dlecIndre differentiated,
becone the oth revi oysl y. undergoin

cellEE ot GPEieaRa . 6iFg fisdhes BothePirgid SHEeliAlRNEREohRR dor example,

the steen cell Miffezentiatasdto bécaned Itheliothesiaefl witrehubpreviously undergoing cell

d|V|s%nI lq‘?ﬁP[hte' gthéroﬁelp hr% ?éoegf‘teﬁeMe n%ré %L’Hdsa&ls%gﬁll tcﬁ\:}iﬁgﬁ and/or

ers
dlffemﬂtlaihnrmfrﬂ@&jstﬁmmﬁlan or gani sm at the foet al stage or

after birth. . _ _
The term “adult stem cell” as used herein refers to a stem cell present in or obtained from an

organism at the foetal stage or after birth.

Preferable bone marrow stem cells according to the invention have the potential of generating
cells of at least the osteogenic (bone) lineage, such as, e.g., osteogenic cells and/or
osteoprogenitors and/or pre-osteoblasts and/or osteoblasts and/or osteocytes, etc.
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Preferabl e bone marrow stemcells according to the
i nvention have the potential of generating cells of at
wo easooube ost eogeni c (bone) |ineage, such as,PEr/gpP2007/001360
osteogenic cells and/ or osteoprogenitors and/or
pre-ost eobl asts and/ or osteobl asts and/ or osteocytes,
etc. Preferably, at |east sonme bone marrow stemcells
according to the invention nay al so have the potenti al
to generate further cells conprised in the cell
popul ations resulting fromtpe rret hods of the

Preflefnaﬁs( tlea?toﬁ%%g%% rgagﬁ@ g ce! ll% ac&) dOtoqge II’B/SP |on may also have

the po@hiial terydoelaed fLalheceéllsscorﬁpTlsedemrpH\acgll pbpulations resultlng from the
metis” olfltrrwn Fn'vgrgtl nt X Q; eBg#\./,Ec%HP%Y' ngoth fl Rr?éa%@t To?lexgrl;%le endothelial
genera ng ce at "Teas eogeni-c’ i neag
promnEOrmeﬂseammdoﬁleéahce@.l s. The ter m "mesenchynmal stem
cell" or "MsSC' (also known as "marrow stromal cells")
An exemplasd thi mendimitisge typetd BMS@daving the pelgatiahaf @enereting cells of at

leasB{ne'Bs lenif: hﬁ(%ade%rg ARRBhGyRTal SIBREIAL. I THS (6% Fenchymal stem cell”

nesenc neages, typrcally of two or nore

or “MSCen@spminown ,«?éagggrro% syomaph Selipt i sqthha@jn refers to an adult,

mesbAORHEQREY | ferh GRI tthatas Q:\apat‘%/ Qf Yyehérafif €81ls€df. mesenchymal lineages,
t endaonocyti c (tendon), fibroblastic (connectlv

typigafly Rfefwo 98 rﬁe@ytme,semramal diN§2aess otrByetteocytiar(PRg) chondrocytic
(carﬁhgﬁé}n&hyddyﬂ@a@msc%ﬁcthb@mbSQbﬂdcﬁ‘d, ffibfoBlas@c O(conhedii@e tissue),

acingc ) 14 S aiiont Picia) Pt OGP vamIBatREom. ©9-

bons hanpwpblbomsinmllmaamidanjamge fadta ok sakluskim (deBals ), tshegifically foetal

and hagglggéee ) nSk'ch‘e 8% eﬁﬁ'%ﬁo%g tﬁg&g ﬁurﬁ%\‘g Mafgf A}@%lrg%jéatlon in vitro

expagSidRaand ukﬂereﬁtiﬂibnlhambednﬁd@ambedl\io e.§.,, USoP@9Blp. £)886399; US Pat.
No. 5@3, 1 ,?g%;glgs ?g?%\ﬁgégryfasgﬁ S Eg g?ﬁ%? §§<9 orWPQﬁQo 5,827,740. Any
MSG@ dezaribein tha anr@daiwlatﬁa;byk@eysnuﬁtm%descrlbeq Inéheuaeseaw be suitable in
the E%}é?@t ig?éhatlitoﬁr ALY SR Wé@%r@r(:gpé?tﬁ@%plg@n@rgtugge B&IsAf élgleast the

| it 1 east the osteocytic (bone) |ineage, such
osteggyticdbene) lipaaoeo geah as: €dl-| ASte09aNis Celbs? r%@%’fﬁfqgﬁf‘kﬁom and/or pre-
osteBRIES anBloP O E SNt BAF 0PSRN te85dte0DI ast s and/ or
osteocytes, etc. Potentially, but without Iimtation,

Potertiallye BEL witlie llrhdmldﬁil, ghleagd %hdoﬁls&brh@ht 8lsg ®Reedbd & generate further
urther ce r e, cel

cells SRRTRPeh Y ol B R RS S 7B thes iR, e iweraion, such s,
e.g. Eedlfs ,of eaddteliaf In&tﬁ@@t feeldxainplel erelathelial fpogemitanpdlie and/or endothelial
”endothelial progenitor cells and/or endothelial cells.

" The term MSC al so enconpasses the progeny of MSC

The Sor k¢ S5 BiodR Bl difhe oddhy K NS, Mg PlrlibdPoxaineg by n viro or
ex vy peapagalionedf MFC Rbieineddigh) 2 biologiss! S;emn}mm an anygal or human subject.

exanpl es, the present nmethod of entails selectin _

As shawa én thessagsiass therr esent medhrdees rentadls isalgcling hose C cells which,

uporﬁ"céﬁﬂ&ur@rWWHU%ﬁ%s%agbpg‘értlmf atd 8TgréthXabloPloP @l Kidlbhi¥ally active

act i
variant or denvatlve thereof, adhere to a substrate surface, e.g., the surface of the culture

vessel. It is known in the art that MSC can be isolated from bone marrow (or other sources)
by selecting those (mononuclear) cells which can adhere to a substrate surface, e.g., plastic

surface (indeed, MSC are sometimes referred to as plastic-adherent cells or colony forming
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variant or derivative thereof, adhere to a substrate
surface, e.g., the surface of the culture vessel. It

WO 200kn08481 i n the art that MSC can be isol at ed PCDEPIOTIEN1360
marrow (or other sources) by selecting those
(rmononucl ear) cells which can adhere to a substrate
surface, e.g., plastic surface (indeed, MSC are
sonmetines referred to as plastic-adherent cells or
colony formngunit fibroblasts). Therefore, wthout
being limted to any hypot hegi S, the present inventors

res

unit B R) R Blors. aviroty BEEE s T Y hodpfneR uft oS8R inventors

spe@gite dbdtaint the hreeszny peetios, IMSCE rroam BiVB@st [Fértly ebotributei to @btaining of
oste%ﬁ{%ﬁt%t TPEtQSblg{th%SR&éb ‘?l@tfbﬁﬂa@ééo contenpl ates a

S or osteobl ast

Theféq’cﬁ'go Y Bf a%SJaét trfe @@sgﬁ{”ﬁperﬂsﬁ eé"scoh)fwémﬁltaﬁe@ %‘éﬁétﬁoc{ Ebr obtaining

or ex vi rrsing contactin
ostelpblaats qmloaeﬁ’ala@trp@eptyne aelts fsprg NEMER me&@ﬂ@hymal/s@mmgﬂs v vitro or ex

vivoC QS sttohtachin éPihQ'M’@d: Wf’tb hafaR s & serdrlafd §?Whﬁfactor.

conprising BMSC, or nmay be at [east partly iso

msé nearyqfer@an\@fse&nom.dl itdl 8amble; e Mg a\RMmpldVESmBRYhPBMBE, or may
| east partly isolated from bone marrow or from sources

be td ﬁ?ﬁ‘IF@Fth'SWB@ddPWQFrOWh%ﬁWkamn@F} sty Meregyer, ¥S&omay be at least
partlz’ﬂiblétb@ HonCHdré, mplr&w @ﬂtram dourdes|copliking MSC sthenNthan bone marrow,

g'PP%S?%B'H%EEﬁ%i“L al | ga tgla{éollgggc aqw Z$ Cené,dspecq‘lcally foetal and

adolead‘mﬂsmmenoﬁbﬁﬁanu aNﬁﬁGs@nment in or at least partly

i solated fromthe biol ogical sanple may be contacted
In a\/\pr’eferrledrmmbqniirasmaBMS(S er M8Gpcesantginoont &t leasit martloisokated from the
.ol i cal r ' [ 0
blolé)élc?allqggﬂtn‘ﬁ%r+%¥ 8& bXt%ct%? Wlﬁ\nﬁur?q%noﬁglgrﬁ{ %E] Ssgm (Q:ﬁ& glg{r%Wh factor or a
biolcﬁg'mallyg @piliveg\raui@nhoratjﬁjlvamﬂhewgf ofithBaRwios pProgegatien ingrpnditions which
allof) ;Jrfﬁgr smrasﬁ@abubh hg bfBifIgELd? WSd‘WRN%tB,?@Fenﬂétﬁﬂ\ar ations

from bone marrow conpri se a subpopul ati on of

It is Q@rme? kmsw& tha@pRepaFatibhs oPKBLI fréhh Bbe FrRFOM dompHiad %rmpopmauon of
cyclical renewal when re-plated at | ow density and

celis, MBIty 1B, ¥l PRIFRISRntaRldl: SdeTon Brieal saReveal hepgre-plated at low

dendityi dhdSate Peulrstrd 8Nmote ARtUrS M83 iretheB@mer UL, his subpopulation of
sel f-renew, ave at

colS B BN PG ST PRI Rang e 3 Toaab b porgpongnts identiied
as RBASaRT RY-2 (B 8, aR(FNAS i9T¢Or Bt :aeedo@xy ihedrporategieby reference

nerd Sbateiore, wirwe Briag MRS 1, aff bbtssi. I pleSeiivaryors specuite
thattirn éheppresat tmetiedd) (RE cEWS aseddssrilzesd be€oiterbat chl. kgpocohqa)egt legst in part
contﬁtpute%? Q)ta{mx %} ogl%gﬁrtogémtop rc;st %8'3%{5 (pru%s?%cg)qq’%sg?%@h&%wcells from

eopr og n Itors teo )
BMSpﬁmemﬁs;q@e Iea@irigstwrcvtm*n Bwsnlerrrm;zste mfymp@amaug'et MB6udietentially, but

withi)ﬁ\tlﬁrgtgﬁgr? ‘i'ﬁeeln%ntgr‘%rs%eﬁﬁé@rtﬁatl@:cellg%g e’l?c! beY atﬁlg% &enerate further

Imtation e I nventors spec
cellsoeamprisaf dh theagell poprlationseresdting framdbe etiiadseaf tesuirvention, such as,

e.g. CRIMBIdf 2RbothBidl Nzl ForRIBMbRL érﬂ%&ehﬁsd#béédwr E&IRMBAINR endothelial
Cellsrret hods of the invention, such

Accordingly, in an embodiment, the present invention also contemplates a method for

obtaining osteoprogenitors, osteoblasts or osteoblast phenotype cells, or for obtaining cell
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e.g., cells of endothelial |ineage, for exanple

endot hel i al progenitor cells and/or endothelial cells.
wa\ewanei4agl y, in an enbodi ment, the present i NRENEPINT/001360

al so contenpl ates a nethod for obtaining

ost eoprogeni tors, osteoblasts or osteobl ast phenotype

cells, or for obtaining cell popul ations conprising

such, from human rapidly self-renewing cells (RS) in

vitro or ex vivo, conprising contacting the RS with

hurran pl asma or serumand a ggow h factor. It is

o I{ her known tlgatf bo e _marro %Ft ains a pr g#sor.t .
popylgfions ComPRE sHEP drR ome irel SelF oo tellp{RShpditep or ex vivo,
compeabihg camtactingdims RBivéth ramaBhBddnedrseturh and b gpoite faator.
precursors, but have remarkable plasticity in terns of
It isr Bgkdae kaowmdghdtelbarteopairewi condainsnvel preagrsor cell population termed “side
1- | i lowsh d
popliAff 1984 TRAULLUR ot REHREITRRASIA S bBinaiabdito p¥BlrsbRS but nave
rematkeblef piasticityvin teoms qﬁéeweratmti@mat@oemiy dsyyell ke giog;hematopoietic
ent i t t D .
t.ss&é“?ﬁ%&ﬁ & all ﬁ‘égﬂaglﬁﬁ (levge?f?gl zﬁgaﬁ? |8bcf}f35rgfedar§sr§%$e_}we herein).
Thef?é@feaw'th%lééﬁmg Aimieg to ayrhviepthgsie. th% pEstsenl invetters speculate that in the

presept BRINOAISRICEHN 8s dEHBed b?ﬁo‘éd&f etOS ! ! rﬁa; aﬂqesmﬁ B8R contribute
cells from BMSC, possibly |eading through

to qbiRIBIP HeOPEIDeRS. FRlEThESINSE OeRbiAR iPRERglyPey Gells from BMSC,

posdibl h@é’dlndj ltmobgﬁ la(hnlntérh\@dial’é/ enineure rﬁﬂﬁf‘e\"'MS(B P&éhtl@? but without
Urt er. cel

le_LO enera
Ilmntagqppﬁhes @gentﬂrst qp@cglg 8 t?lﬁbﬁh cgﬁ utl’el g 5 to fgswrtaheefurther cells
comniﬁi:ehbdsthe)fcell bepulamoastremmngSftwﬂn tr&sme?ogsh of thel ihgentibn, such as, e.g.,
endot he

cellsp&rd e@&ﬁ %Fll{)aﬁlllll& a]gles ogﬁﬁée)na@(ra gﬁgﬁﬁﬁ;@ﬁ)rgpe%t@f F%I's and/or endothelial cells.
Acc@f%ﬁﬁg[ IntgAeFV ’e[ﬁ ?dl%n?%?ﬂb%@%“t m%{h@uoﬂ rﬁgc? Q;tonfemb?ﬁéé % method for

al'sg’ton €s a ne
obtacuumgaoptneggegwt@r% ostaoblasts| @rso%eqhias@meo@maspelbh@n(ﬁwrycpmammg cell

popGigti én% cSHhprisfig &mha'fr%hpguﬁlgh|S|d%°EH;%:Lﬁ%tlo‘ﬂn§ellgo(@P’r) ﬁ'\ﬁt% or ex vivo,

such, from human_si de popul atio in vit
CO'”"QF'S'EQ( coNtading gl Mdthhymap mlasea o @etqﬁ%a ar Q"‘ﬁh Fﬂﬁﬁi
sma or serumand a growh factor. is further

It 'SlJH'éf\m KnRYP tBRIrRONSeNABY COMPFIPesed papwaﬁaﬁn g pLpPaSNic precursor cells
whldhsér@QII%IIyCld@rﬁtﬁ!iéél lb?Qhelﬁ v aervshy ¢86.galupoh iehsity ér}édlent centrifugation),

nonia B ehl s, ANk P Bhe PreRa el Sl Bigen RSt aIS Argnd et a. 1995, J

Clinl Fmﬁtgxé’réggsgﬁe&gﬁ(rz&ss1-wn us astzn%aagigeorﬁaralw Dy( ksTo@nes herein).
al . . I n . Ves

HowBer, 33 mgh el i BPUER o sl ntBRC IRt Lo Sbchidsts Jlfex also become

adherenstosobstedte surface. Thetafoes] withouti b‘eir@lennteldab any byysotltkssis, the present

invefith GRlSmal (Ko BIABNORERBE ARATERRpd Qe 3L LBLSibed by Long

et ahy996 heayi st Ieaﬁeinmaastsecrrttribuwempbhamlngoefcmtmmogdmaw& psteoblasts or

tebbl HeR B B ogeni c precursors as descri bed
oseBB%s@f% SQbeP@E Rﬁ% @?&eat | east in part contribute to
Acc@r@fn@

lyn n‘i‘ganofemgﬁéhﬁ%f OBE NbreS&rt m@eﬂtu@ﬁbélﬁtc%nt@hplates a method for
ost eobl ast phenotype cells from BVSC.
obtaining osteoprogenltors osteoblasts or osteoblast phenotype cells, or for obtaining a cell

population comprising such, from human osteogenic precursors (OP) in vitro or ex vivo,

comprising contacting the OP with human plasma or serum and a growth factor.
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Accordingly, in an enbodi nent, the present invention

al so contenpl ates a nethod for obtaining
wWo@sdoeom4egeni t ors, osteobl asts or osteobl ast phenBP3PE001360

cells, or for obtaining a cell population conprising

such, from human osteogenic precursors (OP) in vitro

or ex vivo, conprising contacting the OP with human

pl asma or serumand a growth factor.It is further

known that bone marrow conprises a popul ati on of

prinitive precursor cells whjsch can generate cells of

Itis FLM%-S nr}ﬁ?et;%bg%g%rrec}g\? gor%%%fg g?eg?v e{l%]so OI elttévlf(:?orecursor cells which
can @amratnemellsebf taith th20@émakidastid 8dd BA)-hadriat6doiél)c lineages (Krause et al.
2001 hr&rzlle]; (gérs €E3r]9t g\%?fﬁ\l'pe%)ﬁ%l?lgétg%eééqﬂ tlz‘?ﬂﬁ]??ﬂg% *W?é’% ?):?hﬁ efore, without
bemg&mhted to soy hypathesis, ithee presentinemtass spgoutdte ntmsn therprpsant method,
suctf g{fntnrtn\/P ;btrf Sl’}i'sgbrrg (@i e%'t'bl:égsstgtm p;ﬁa?t; gc?'grr tﬂﬁ% %B{aﬁlrzjgmog%g:oprogemtors
ostepblgsts bpry dstepblash rhenolph eafisi fierar Gat possiblyrgeading through an
interffRlaih& of Rbre IRQ{U%]MS@ |%terﬂHﬁy WLt Bddut lirftoAl teNnvdnts speculate

I nventors specu ate that such pri mtive pr‘GCUI‘SOI‘S
that ugfh Primaitiye PEROVESSI® migh Flsochenpib {0 pRRIPISINGT CslmsPmpdssd in the

cell %)&adlehi%n@ %éultuﬁ@ Iﬂ‘éhﬂhé Qrﬁb‘ihdo%sdﬂ ke IHGerftlbﬁ n@dch &s ”@bh@é’lfs &tfendothelial
he i nvention, such endot hel i al

"”quen@éSéamFP%P”%%Qﬂﬁl' %rogﬁ'?d@( %%'lslaé‘P/%PB%H?'lab?e”éel l's

1t s 7 Bl g RB{RHEre AVED 107 STBRIEX o e PRV S ool pobulions, the
prespﬁtpluivarﬁtloﬁngloutdlaotpb@seert asniireiteldi onorshotlIntbra qlartinglas BMSC types.
e 8 b8 5 3 R 5, AREBg avove, may
conttiydes ,pechaps, tcadlifteesmtr ektedt, atmO\obtalrmm/ astevprodentters, osteoblasts or
ostegg%ga&%nggﬁg cfe 1€ roqr}[) rﬁg icglﬁ o&% obt{&%gnsmﬂ such y%n the other

[ eopro tors, oste r 0S
hang; gt ISSto lzﬁ undgretbec tht e pedsknipopiod mansise @mnlmsa rp@rtlcular BMSC

poptﬁﬁ% e GN N Ridasl pJ}fN‘Qola{etd floPn BtﬂepﬁMgﬁqﬁbﬁfaﬁ&gs t hat

présent nmethod may also enploy a particular BMSC

Acc&@iﬂH't@?H'\}e%&ese?nt @spedtSfe oBfalr{u@‘&tosﬁ@fp?dQénlt&Q' SStEsbidsiPM osteoblast
opul ations. Accordin present

C
phenglynecgells {rﬁ@ r&b‘?%ﬂ ?ﬁf}?gnarr%ﬁeabﬁ“gg%w ‘f”69 e e’bg’t’%omeafé'ﬂ% in vitro”

as uSéd REERA kAGéndi BMeidEPEr 63@drhal td, rawmél WiROmaR fb@dy”fHITHeQWm 'in vitro"
ex Vj,vo.. ermy.in vt

st cells |s in vitro,or,
as 3ef Bl wople Pl fbndliat <fue’ The Bk it hplaly refers
to tissuie8®Ir cells Mmdtfﬂ:dry an Tdrimaledrnadnian bodyr mwd aﬁlrﬂtﬁﬁéﬂ or propagated
nderstpod to include "ex vivo". The

ho
OUtS{d&tﬁ? B%cfy elgvd“afvgﬁf‘éé{m‘? refers to tissues or cells
In ar( Srq%’cﬁ% b Bmwa%%b@eﬁorﬁgmnog&%ﬁarﬁﬂg P?!wnltngh 68"

opaga Ped ot 6]

The Y&ﬁf %IIQI acfbl n‘glgbg a@l\@gd ﬂé?euPFé#% hed sfa'Fn(br@ Bbtained from a

uman subj ect
bl0|09mab$@{;§¢%eﬁ g-s ol as or@?msr@amﬂheas @sawg@ao'heweam sylieety eell culture,

tissUeOsanpié et e HRIGHIOff LafrpRMbRarP bR bE ALmaRWUERCt Rfds to a sample
froman organi sm such as an ani nmal or hunman subject,
remeved| fr(qurula@lmal or human subject and comprising cells thereof. The biological

sample of an animal or human subject may comprise one or more tissue types and may
comprise 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.



10

15

20

25

30

ti ssue sanple, etc. A biological sanple of an ani nal

or human subject refers to a sanple renoved from an
w@amomeb34er human subject and conprising cells pOEER®DI/001360

The bi ol ogi cal sanple of an animal or human subj ect

may conprise one or nore tissue types and may conpri se

cells of one or nore tissue types. Methods of

obt ai ni ng bi ol ogi cal sanples of an aninmal or hunan

subject are well known in the art, e.g., tissue biopsy

or drawi ng bl ood. A useful bigl ogical sanple of a human

A w00 BRI 5 £ 20T GHPIF ST G EB0R P g SRS thereof.

Sucle .sgmplef mamnbel typicalty elsthined dronr dond inkEr@ey, espj frem iliad cast, femora,

ot her duI r._spa f subj ect. f .
woia By Tt SR PR, el SR S AREL HaE) iogica sample
comarigksmagsdnehyteali sted, celis, gand rhay bre dekiwﬂ e.qnfromni blabd camblijical cord,
C £ ificall
plac?%tgt @Fttagx%k g%%%l(m Fh %agpecﬁ’gélfs/ f&gtgléélﬂ%sgdgle%egr‘l‘t sfldn Bénjlaéteum, or
adippsestiasee of agulgedj ect . The term "subject” as used her ei n
refers to a eukaryotic or?anl sm in particular an
The geTrmigbiget” v vaed berghvietans (g ekaryatisraaniam, indlagtigalar an animal or

humBh SRnRIm. fAifE LbjedRiiRdlde preHRll Bfms Bf ShimalsOSIHSRS e.g., foetuses.
Humen subjects may i nclude foetuses, and not enbryos.

Human S&H@P‘ﬁéﬁ‘ayéﬁ?]%q ises, BNS@%‘P’B”(XB? -ai ned froma human
supj ect who is ri sk for r a bone-rel at.ed
In g GOt e BASCE Caer fgrLa Auen SUSPTIQHt s ghgisk for or has o

bon@«f&lﬁ;téiﬂ atgerdengrne?ﬁ@@érit asleRtoty hogt @eﬁﬂeashawmmmwﬂﬁg gsteoblasts or
s . obt.ai ne ect accor.din

ostefspBRaPhe s b e ot MR arec Bty S UBleE droBfiiR © Wmethods
of thierimanition) cailn ee lusefert foekrahtén@ ttle doneleslated didoedes i the said subject, e.g.,

by dg%mﬂ?ééne f%{ngatloB\CCm%? p%oRgﬁgn{itgr mation or increasing

one” densi rm "bone-rel at ed

Acccghlﬁglgdﬂ{e t %%ﬁg ré]&(—:-&' d%Jr%rer ﬁ Js%d A¥eih yr@?erffto %9? etépe of bone

t reat ment benefit
diseasfyithg gp{atmqn(t_) of @hichsneaw gersfit fqonhg'@g@drﬁlgqstrgtloreofgosteogen|c lineage

cellsoébe QRIBPRIYehiRSrS, @SR—:%B%QQ'cﬁ‘%&t%o@lbst%{eﬁ&pb@ééllsﬁg %%ij’lé%avmg the
I's to a“subject having the disorder. In particular,

disorgtrpSear sSuehydipRrigrsamay ke ichargotessed, ey by decreased bone

formaﬁ&r %as(%embe boRE Wegé@rbrprbm@e@aséee nogiBer, rﬂémrtpt¢rorunct.on of
ecr eased unbe vl abi | ction o

ostegYein bl GUBSA ORISR edbeiAasesl Do i  sublect, thinning of

boné] @eipameiseddi® sireagthion eRistidityj @6t , t hi nni ng of bone,
conprom sed bone strength or elasticity, etc. By way

By why ef aeraieple, bibuit nmt lirhitatioh abboerreldteth ediserliext edhidh seandbersefit from

aam el 87 3EP8iohE ot SHRCHE Moo, B8 ot B BRE RS fagon may
incluaaylo¢ah oF lsdsiedn@ca'sorderssywmem anglitgpe deosteopuiadis as pstengenia, e.g.,
prlmE%/p epo% mé’r?otpg r géﬁ & %od%ﬁﬁqﬂmga’an ugecgngérk MRfoho- or multisite

t'menopausal,’ senife, corticold-in
ostegwﬁgﬁar%ny tm@f frg¢tum|etg shaneunion, mal-union, delayed union fractures or

compression, conditions requiring bone 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
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ost eonecrosi s, any type of fracture, e.g., non-union,

mal - uni on, del ayed uni on fractures or conpression,
w@endioed4seons requiri ng bone fusion (e.g., spinaPCT/EBR100TIBN1360

and rebuilding), maxillo facial fractures, bone

reconstruction, e.g., after traumatic injury or cancer

surgery, cranio facial bone reconstruction,

ost eogenesi s inperfecta, osteolytic bone cancer,

Paget's Di sease, endocrinol ogical disorders,

hypophsophaten1a hypocalcen}ﬁ r enal osteodystrophy
hyp%[P?rﬁﬁ"y{q @smhﬁsggrﬁjgpapmwr%ra rg/Fﬂl sans1e perlooeonm':f c? Isease, Gorham-Stout
disepse amd Mb@ pras-pibrightlsyndriodiesm  secondary

hyper par at hyr oi di sm peri odontal disease, Gorham Stout
As dickerhskon dhéin@ined Af lthe gresesty mdemtion. is Aor obtziningl osteoprogenitors,
osteBBBYS or B&soagétgbﬂgn&g s PR BopdIEHRR EbABridiftg L, from BMSC.

tainin ors, eobl asts o

As n%?g &Q%‘Y’Nrg%tﬁ%&ﬁext ttféerHethB&’@Hﬂ tﬁé in@@ﬁtldhomérrbélia'ﬁgn %k’t‘éeprogemtors

used herein in the context of
osteqblepls 5 ogteoblpgt Rhevelpe 6¢lls gamerally engommprash cells WhICh can contribute to,

or aFéSEé‘d%\BfeO&foé'véleblﬁg t®SLIROLHIAS ESn BEntAslte RN kRS torRBRMOSNRRBe material
gener al | é%enco ass cells which can contribute

or bpae 'B?tr"érlé i ih BB 1Upderstagd\iBRtothishasrest ekthesinygrition R:’aYideS methods
resdli[h@tlrﬁ t8lstdtaeil pbblﬂatfdh%lmﬁdho Bs @ﬁpd@ﬁ%td’l‘?%ﬁlﬁétéﬂtmﬁd tﬂﬂﬁ@ inventors,

der st ood spect
are PRIUHET S5 BT JORRGAR PR PR BBty b reciation
osteppmgbatdr@rtstedbla@ﬁ orast@bpmf ¥ phertypel gells ub%tl@bé IfoahﬁdJe!dyas wishing
i nvent or are use Qr restarin 0 r ion

to ehobpias ehu et uEHf 4T o ine shlecyfik e A a0t Fodthe fbtnods of
the iog¢reiopr ogeni t ors, osteobl asts or osteobl ast phenotype

cells should be construed as wi shing to enconpass any
The quiedenti distlasure elrovidesf suffinient guidegeniocparfop dhe medhnd ofi the invention,
suct ngq LiGe TRLARDS oéelﬂd&?ylbﬁ&%”&dn@?nplgig& hBFe?r?‘Sﬁﬁ ?enerally referred to

di scl osure provi es sufficient dance to orm t

by theehee fﬁ‘C't@m iByveaansoff V%UQW'OQSW’EQSh%[r%Wéd &?”Q:@[ cell pOpulatlonS
hav@Bé’erP@ﬂ)thm@@anEl@ﬁédoﬁb?s&pé‘ér?MIyateedj tlﬂﬁrp‘ﬁbﬂotwgal%g@srs%énymethods

referred to the above recitation

disclpged in; tE%F?‘%W"%%VH@P”d%@? indhe @g INgve&hePéﬁ Ibyﬂdfﬁlﬂr qtidghee and not
limitB@ee ah Qf%ﬂao@ﬂig@hﬂkﬁd ostaolsi4ét! dr%itd@@fa@pBh&%p@ﬂféﬂllma)ﬁelﬁbompass any

eno asse ds dlsclos
oo iR B BRS L iness SRR n A P st B gy aply
at lehst o at Igadtdisves eatdeabt fiadr or atriebstt flve rtha@iateristics, from the following list:

(@) e ey B AR PP §ps D @i RREPERERS (aLP) (more
spedificathy g Pvdfittehbane-livehkideeyatypé Je &3 positives fohasteadatnin &pedfic for mature

oste?glgstgg?(d)q{eﬁg ﬁeit\%eri/ i 6%@1 gb%@ togratglertrT@géet) pﬁag{l foh%te&r?e%ﬁg\ (positive
in obtebblests rand| precursers); (tﬁbsutellv@ameher ©CEpEenCD18 7Apch @i BBbstantially

cubcglg’gl sR?S’ég{; V@osﬁt&%ﬁ&] t?ﬁé Laﬁlgg Q&ﬁ@& % B} f&%gntl nd/or bone

peci lver -
sualqp@ﬁlm (e ppgitivey forr @dteal%te@blegtp%@pif £ @a‘rl@ﬁrs nsmcn ras BMP receptors PTH

rece%&ﬁ’@om @§lﬁ§aoe de)abm@/nﬁi t¥indigieesR dxt081 30FodndMY8, or synthesize
ositive for osteonectin (positive
calcnum contalnlng extracellular matrix, when exposed to osteogenic medium (Jaiswal et al.

1997. J Cell Biochem 64: 295-312).
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in osteoblasts and precursors); (f) a cell dianeter
between 6 to 70mm and substantially cuboi dal shape;
w@ g)o7pexBti ve for type | coll agen (procol | agen)CEBPZ007/001360
for vinentin and/ or bone sialoprotein; (h) positive
for other osteoblast-specific markers, such as BWP
receptors, PTH receptors; (i) evidence of ability to
m neralize the external surroundings, or synthesize
cal cium contai ning extracellular matrix, when exposed
to osteogeni c nmedi um (Jai swajg et al. 1997 J Cell
Bi ochem 64, ,,295-31 2 sion ove .
The e exSBBPY 116 ABY e PEl- GOl o PaE B, £ Hs PRECHR, g any suitable

mmsumlb@béletechmmumllmgwoain ttieec hemi, gsLeshk a9 wWimniumotdytocaenjstry or  affinity

ads%ﬁtiq ?\aesﬁm‘ﬁ%?ﬁ%‘){/sgslc & 'EI_SZEEYSAEUCZEr 'bgl W ’saga%?egt%éh%%cal assay of

enzygue acthite (dg.o nddPg,adr l:a[saraysudable tﬁ::ymauaof measyringdhe guantity of the

mark??rmlﬁ'ﬂgh? Pt’ rNcpt%‘l ﬁﬂylots gl?{?g? a‘;ﬁﬂhﬁ&?m SH%U%W?%S#&BP&C Sequence

datas fari mqnt!farst Ilstafd iy dhisr digeleswre taLe | KnQWRTarFe!CRan eec obtained from public
datagsgéée% égaé@nééﬂk '@%Téﬂﬁﬁ %c&drﬁﬁl%n' iRsil C§||§jél$§ h@ﬁdﬁt%n into matrix

known and can be obtai ned, from public databases
prot@ln% rrags becnerswed Gyl evliwing dBunGrat inashinasansb re-epituingn@nd then

dete‘?fﬁf?uﬁ‘%' édyoradlbﬁétﬂ felsbrit |ﬁ£l@é ma&:m%@&ma&a rtl(19€,de)'@’dr‘acellular matrix
cultarin +, VVaS|n nd re- Cuturln

(U.X Rk %%t%%ﬁ m%agorahsy a?%?éfl”@a%ﬁtmﬁ fypspated @hf"”i'er'ié'lza%mt Hging a Ca™
assaéeﬂlﬂ(s%i'bnmpmﬂ)ﬁﬂals%@crtb‘é@ irethelex6@ples] ar matrix (U.S.

at . 5,972,703), or by assaying culture substrate
Whdr€ih andenas ahubztgibbcmsngsz%ftg aapﬁtﬂrlaraﬁé?rw ki m(eShgﬁ‘ﬂt Kiskllled person

. #587 r as describe Wherein a_ce
wil i°8”%!%ﬁed % PEEepsEiY i v %“BPt 8‘%%? h taMAKRE apen Cﬁﬁr%'“g out the
appropdate rhbaduremaki Whedle pbe soethod lalloworiard gakantitdtige prssessmuant of the
t j I : t 1

sl Bodl B ) B0kt A I et Ao 3UE iy Ul s
gendreteddhyagrntrohceliseleas sl BMSE calls hefase rapplying, thp degtied, ef the present
mveﬁt%r{]%r B?ﬁ nWSREF r?oﬁeé émfi(l:elltsf‘%t | & 1&dst hqaatatae% |S1@-fold, at least

an suc gener at ed contr ol

20-fold, a;leaSb§0 ket Le@rsﬂ i@émfraéle@ﬁb‘ﬁqriowévwé met hod of the
present i nventi on or b her non- ost eogen

As @@fqlrﬁd B@A%C pr%ﬁen imef a Iqaé]y aartlétlsql%ggtfromtl’poplelogtgfal sample are

contb@t@éhutﬂ@mﬁﬁhcblasma J)r%‘ﬁtﬁm%@dfa%rdwth&bctbearsé bidfbgfcalldaive variant or

ast 50-f expl ai ne
derifgtive Feclo RAPY 1o OMa0) SO IGEBIE B9 BTy L AF SR renotype
cellsare contacted with human plasma or serum and a growh
factor or a biologically active variant or derivative
A skilled gEirson rapprediatest ¢had bbhanan qadseeprangenenuor ssre complex  biological

comggg t‘?o%lgl C‘Tﬁ %agtc%hepQEJa ao%% QN%P% §Po%vtﬁ efLJa&s %ﬁt%ﬁmleé (:t‘)‘l.j hormones.

preci
Thememml ttne tarml @gn@aﬂedwlﬂp@smnqﬂasmmrmrumwr‘@oermrpw’él factor or a

biolSYEIP TaclRY Gaftin?Yr TidriRSVRT Serdor! BIREStH2E thPSHRNGdwth factor or a
biologically active variant or derivative thereof is provided in addition to, i.e., exogenously to
or in supplement to, the plasma or serum. Hence, BMSC are contacted, besides the growth
factors that may be comprised in the plasma or serum, with a growth factor or a biologically
active variant or derivative thereof provided in addition to, i.e., exogenously to or in

supplement to, the plasma or serum.
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Therefore, the term"contacted wth human plasma or
serumand a growmh factor or a biologically active
wo a007@yd43or derivative thereof denotes that thecEEPD0T7/001360

grow h factor or a biologically active variant or

derivative thereof is provided in addition to, i.e.,

exogenously to or in supplenent to, the plasm or

serum Hence, BMSC are contacted, besides the growth

factors that may be conprised in the plasnma or serum

with a growth factor or a bi@l ogical l'y active vari ant

or. deriyative r
The 3ais s 3rsote 2 oRioali it et oF 6y it ey be one thatis
not resennin the pﬁ@snda or sentrh. fnaecbcase, BMSC ateogintadtéd/witit bi(ve, the said)
grovﬁﬁiascg)ﬁ or arp <ﬂ i I%IP/ gig:'(\{n\ge \Z)a?lgéteo?um |r\]/Q gwe(?ﬁgf g&é@gﬁh'm Evould not be
contactad #dheydwevetdontacied. véth, the baseaiad peynoalbhe. f et said gnowth factor ora

I C t h
bloI%&Hlﬂg%t@ \Ja}{lar?t &r d‘éﬁ@@@e t@ég%?fgﬁ?)g%% ¥§ OHXG(‘hét |§Er%ggnt% ttilfe plasma
or seyonmt bmsueu case, tBMS’pfé afsl centastesywithe greater eﬁ@unnmeoeeﬁrmratlon ofa(ie.,
the % V‘Q/rBw{haf%Et% oPh b?o %&ll@@cﬁ@é LtiaRE b H@nv‘éWé fNatedPthan if they were
er’i atlvet | so be one that I's present in
Cont?PFédM‘tbé’iﬁap'éﬁim%@‘rmmlqlpf@uch case, BMSC are contact ed
Wi th a greater anount or concentratl on of a (i.e

Thestsrna) Igdiactera @sorsedr nerel; issgite A piplagiadly @%er ﬁa?ﬁtance which
mﬂu@ﬁce@qrrbm@fbt.&e grdVah, ed:fferbhtaamohfsmhear anefoe nﬁg}aﬁ@c@faxénmé Eell types,

an G5 egt OpdrIPEIEIEL TR0 BHIGT ATy PPORes, iy SRS either

alonettr iheh mhdduenee by pthet slﬁtﬁﬁt&ltcle@m gamamfator may typlcally act by binding,
rentiati Ogé sur var

as ajrgﬁpg,tt?, Ségcep}ﬁr ﬁaf”\é?? Xl n?taaec\e@q %r ﬁgeﬂ?%‘r:) present in cel'ls responsrve to
the rgmsvmhofao@r cal geowdh f fantot | keneih mlamtgae$>artr¢ular1ym gaotemapeous entity

Comg-g-ﬁ‘aeé "fa Qﬁgre%’ﬁgwg?mer@g%at ed by other substances. A

ypicalTy act by binding, as a
By nhé RN exérﬂpl@ an8 (ﬁ%{)ﬁrﬂﬁati@ﬁ #He termt; F&Wtﬁ f&%tor Qﬁé&‘&%‘sgé’é Ak members

recepto resent 1n cells responsive to

of thebrahiast arayyto adtorr(EF b arsiby bore mgphe@erpcaprqterm? S —

dean%r@Jgf&?S&@P@Dﬁ}i)'f&M B)F‘Pf@%fbﬁhlﬁ? gfRNEn RictdTBER (T(()Etheta) family, nerve
i d N
arovi fbdiat INSSF) (v BienhigRoml R E B! ErRBnaRge e fguiin related

grovme HReErS(| O ) fbhﬁy fth@ hepatasyte grovth Inao‘(caqt-l@F (Farkaty) hémmdpysreuc growth

S TR S——

vasc@lem\evhhotf\aizl growkrefaatot (VEGR)L family, @mcbyortrdaﬁisv end) thevikb.
factor (NGF) famly, the epidermal growh factor (EGF)
In af @efeirgd dnitdimean] the grelviit tdtagrioat inefmbet of thel iBFpblast growth factor

(FGE)afgrn I% In tal} &?%ﬂrb\%ﬁwe&é%@ ¥.\5 9 (I‘}‘_Gé@.g?r f &E“E@F f‘aﬁm/ ischosen from the

groupl caatnellsthg deaqndrcedn@hd@c F&F, EGFe‘eBhd g'ﬁﬁva hetfn@@tlmly int2 (FGF-3), hst
R I

FGIé ?Fgﬁ\}ll:%%w ﬁf?(bﬁattlhﬁc Céé gr%?\)t‘r# f%%fog?g@# I?g étnﬁeog% QrYéM&ed growth

factqrrﬁF@F;ﬁ%éﬂleracwtlemr Gt 9)en@agyefv&¢wa&q%$ is a

menber of the fibrobl ast grovvth fact
In a preferred embodiment, the fibroblast growth factor |s ba5|c FGF, also denoted FGF-b,

FGF-2, BFGF, HBGH-2, prostatropin, or heparin-binding growth factor 2 precursor (HBGF-2).
The inventors have realised that FGF-b is particularly effective in the method of the present

invention.
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(FGF) famly. In a further enbodi nent, the said nenber

of the FG-F famly is chosen fromthe group consisting
w@bkooaoodsr and basic FGF, FG--1 and FG-- 2, PCT/EP2007/001360

respectively, int2 (FG-3), hst (FG-4), FG--5, hst2

(FGF-6), keratinocyte growh factor (FG--7),

andr ogen-i nduced growth factor (FG--8);

glia-activating factor (FG--9) and any of FG-1 0 to

23. In a preferred enbodi nent, the fibroblast growth

factor is basic FG-, also depoted FG--b, FG--2, BFGF,

o B PP oS RS P LA g e oy

groviFadtor] propiiet ierogemoliyly &b froeé Ipmemlaﬂlytdﬂesemietd‘lmdn@f sdrb® or plasma,
EGF-2 or a

W'tthhJﬁ% %rl?%g%l\'{??&é{’é%t%% n\}g? F’ggﬁ%% OJ g%ep‘fe\;‘éf’l ‘ve thereof is

In atf%e?%n%q ﬁ{nﬁ’é’m,%mégt&é ’Cﬁeragt\éh A6 PR WS LB} %%8 variant or
ot ent y present 1n hunan serum or plasnma; W't

denwhwe theBib@nd oae compeecadsiitional growthfectbrsctir thaveF GF-2. Preferably, the

saididﬁ\é%Ph{aggaddiﬁbn%I %ﬂdwmﬁﬁtoﬁﬁﬁp%tmd’e é@‘ﬁc are contacted

or a biol ogli cally active variant or

In aﬂ@t’hbl" @ﬁbbﬁ&n{eh?rtﬁ@ grGVMAH Fa88r B a MRERbESH the WAk BEMAbEEnic protein
factors other th an FGF-2. Preferably, the said one or

(BMRpfamilyd i ifether ephofimentaoe sl @Emie of e BB femaiy isi #ny chosen

fronﬂn@tgrtﬁfp AbiIgEHgGEMPLhBMIL D WMP-agkeLs, iBMr 3psIFe1 0, MP-6, BMP-

bon hogeni c proteln(BI\/P) fanily. In a
7, BMurq ﬁ%qg'@ﬁb?ﬁl ment, the sal d rrenber of the BWP famly

In a%ﬁ}ﬁgg m‘éﬁ]‘gﬁfngrf%\rw‘%r%&g% %r?n %Stl!gr’%%t %erlvg :rozvxft,h factor (PDGF)
famiBiVit: 8 fuadher 8hBedithent, theesmdanieoﬂeneﬁ’the PDIGF fgn'(ﬂyxmd‘lari)amosen from the
grouk)&%ggﬁgﬁ lngﬁroﬁiﬁﬁ-gpmﬁhgfoéﬁéo ) nen[ao%lﬁf €< PRiGF-D, PDGF-AB

and PEBber of the PDGF famly is any chosen fromthe group
consi sting of neuropilin-2, PDG, PDG- A, PDG-- B,
In apE@EFbadimebGheyropthGRcHB i rdmPMBET of theatiarsfesodiaraiewth factor beta

TGIEt%fa)%F?\\M hnf Aef@er b%b@dlmaeﬁp%e Qéldtrjr?@mﬁéraé]’stﬁgﬁ'@mta family is any
wth factor beta (TGFbe

Chos@ﬁb@@?‘n‘@ﬁt%‘m%é’%ﬁﬁt@%ﬁﬁﬂ' Qﬁ*a‘ﬂhély GF@%@'?& TT(%\:nWt? 3; JGF-beta-4,
GDRINGrekBARTerédtRbbT RRtd NP UEDE2NSDFL, bR, 6F-68)eiF-1, GDF-8, GDF-

0, Gégumﬁab%dfﬁ S (R Sl i VB (ehrgbotegh-hin). INHBS (o
beta@khain), BNFBO (mGBh_'r beta @fhaﬁh) (NPIBE Anhikiibela & ch&ial-MIS, (Muellerian-
mhlbétﬁlgHﬁﬁt}tog ﬂdBfértE?rp (ﬁana %’gzogGél\EB%{bSﬁnﬁll Ir R]IIQI &lb?gltﬁtﬁli@gi(g]hal cell line-
derilzeitreeufotophicifgctor), NHIBEN (reattutin)nPSRN gpdrsedhiri)n) , M S

(Muel l erianinhibiting factor), and further of nenbers
In amEmGDNiImest Iticagrowh factoc isualmeqbeDbIRhE gleival grawthl factor (NGF) family. In

a fub@%l\%ﬁﬁd&ﬁﬁgmnﬁ'{% oLig %Pé}ht?erfﬁctﬁg rl\)GF WN lg%lflréh%'ééﬁ])fmm the group
consisting og BDNF {t))raln derived neurotrophic factor), NGF (beta-nerve growth factor), NT3
(neurotrophin-3) and NTS.

In an embodiment, the growth factor is a member of the epidermal growth factor (EGF) family.
In a further embodiment, the said member of the EGF family is any chosen from the group
consisting of amphiregulin, betacellulin, EGF, epiregulin, HB-EGF (heparin-binding EGF-like
growth factor), NRG1 (neuregulin-1) isoform GGF2, NRG1 isoform SMDF, NRG1-alpha,
NRG1-beta, TGFalpha, Tomoregulin-1 and TMEFF2.
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In an enbodi nent, the gromh factor is a nenber of the

nerve growh factor (NG) famly. In a further
wenodizrent , the said nmenber of the NGF fam | yP@ HER2UY7/001360

chosen fromthe group consisting of BDNF

(brain-derived neurotrophic factor), NG (beta-nerve

grom h factor), NTI3 (neurotrophin-3) and NT5. In an

enbodi ment, the growth factor is a nenber of the

epi dermal grow h factor (EGF) famly. In a further

enbodi rrent, the said nenber gf the EGF famly is any

in afs aegiman e estn TaSof Bos membepial leRMeitin &Rt Sowtn fgtor (6P

famiyGin biflaehey reovidodinfieat t the )saidNiREhbémefuthe §BF ifamily) isi 8gfahosen from the

arou ey ot st a5 B KPR HeRSRiar TA) R TR n st (nsuin-
like BhENSUSOWISLE arct relaxins a nmenber of the insulin rel ated

gromh factor (1G) famly. In a further enbodi nment,
In an lenbodincentethis @rowth faeter isG-nfearbier pf the vasgulaherdathdlipbgnowth factor

(VEép?fa I9UIH §Q|Ptﬁé§<§d19&jlrﬂgnt' ﬂr%lga'ldqmehggnlgf thé |Finﬁhtlgf§§ny chosen
fromtml@upqusﬂstmrﬁinE@Faka@ Bn %@ &Mé@ﬁﬂ- t he gromh

factor is a nmenber of the vascul ar endot heli al

In ap popbadineaptdbe grawih Ractor i @ ofusPeariicoict in GuiurBRt emg%ment the said
gluch&drflcdiee Mo gy @Iﬁos’éh&ro\ﬁE@E& §|®ﬁb|dbn$|§t|r@néf ddxamethabsmNHyB®cortisone,

preq%ﬁggﬁ C?ﬂfgray {i}ﬁso {)rﬁ%{ Epﬁfzgwqpef érmqnq%e cort%ogggaeDﬂuocmolone
cortigbni; ®etantetierbae. | n a further enbodi nent, the said
gl ucocorticoid is any chosen fromthe group consisting
In agirefdesdembbdisent thengrawticfactor ssetkin tpa! pcksestahethed is a human growth
fact&?ktb%s@é g]@nsmeot?ﬁn IQJrﬁgfgr%%efac{o r%fgi;é Q)oé 8“)%% factor substantially
corticos erohe uoci no corti sone,
the $rmenaea nakioalky octurring puméae graadh fam&mampuehwhgedm prowth factor

is af ﬁ%{e‘?ﬁacgi@éﬂ ehﬂé Eﬂ% %r?s%iﬁf% t %Eétib%?s) ng% %E{Eg (Ef?ry@r

&of h
tor ereln, eterm Ctomay ave

primagsf @n@omldasegu@wehd@m@aldp asrwétyﬁucharrm ftun@nﬁemthafgctar The use

of hU%taHrg?'Hvﬁﬁ ReH §d ﬂﬂa MEBR HEMBE hs TRGERED, dO5udX I factors are
where the growth factor is a proteinaceous entity, the

eXp%?%tpleﬂ'Géﬁ epEbi Qﬁ?&‘s?“ eRIuBEIUPBERS | de(s) thereof may
The, Gt A O R Touds RSP QPotion an siest o pALY (B g be found in

natui‘élrwndlstf rdtfiont &@tr@r Srtlféiallyhﬁrdduee‘cﬁlby e .nBer IeSampIe a polypeptide
ect e

seallinet PresENt o G PhLh oBf Sedbdaia fof A SSER in Rature and which
has thet beém aitentiahdlly modified bpgtian & the dabdratode $ nataeallgroccurring. When

. f d_j
refegllgé etgt ?5?1?@%# % 1t); hef’.‘%.r ?‘.’a% p;gol y&e?f)i/’&p# grlﬁ)gegrg%gg t&n en?_ompasses all
forrrsxandp%afl,ana tpetepfmrptchcm;cgetqumture proes@éue to a narmal variation between

individJ 3R] iFgme dé%@ qht{é%r}eg?rlr{gst‘alaaﬁr%fé r‘fa'bggnsagrgwrfﬁgt& e term * ‘naturally

nat UI‘ e an
occurring” encompasses growth factors having differences in the primary sequence of their

constituent peptide(s) or polypeptide(s) due to normal allelic variation between individuals.

The present method may employ a biologically active variant or derivative of a growth factor.
In the method of the invention, “biologically active” variants or derivatives of a growth factor

achieve at least about the same degree of obtaining osteoblasts or osteoblast phenotype
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has not been intentionally nodified by man in the
| aboratory, is naturally occurring. Wien referring to
wa@2@andisseul ar entity, e.g., to a polypeptide OPCI/EP2007/001360

protein, the termenconpasses all forns and variants

t hereof which occur in nature, e.g., due to a nornal

vari ation between individuals. For exanple, when
referring to a proteinaceous growh factor, the term
"naturally occurring"” enconpasses growh factors

having differences in the prjmary sequence of their

constj eptid ) _or. polypeptide(s e 1o nor
col TR BN B 15 RORETES WY PR Bt Do SnE e oty the
sameet hod may enploy a biologically active variant or
derivative of a growh factor. In the nmethod of the
thrﬂ\aegno\jvtbrfactbrbémrtggﬁscgﬁfebty badinding' tovitsrdognate regeptor, biologically active
van%hg lo¥ %hVégl%leof ot gg'owﬁ'ﬁa%{or% bﬁ"églaztaﬁll Séndgﬁoéaﬁecn" city for

eqgr ee obt I ni ng oste ste
bmdmgetmtfyap@@ematg rﬁeqnwrsmfw ehieas gbewtt as bighr awithe affinity and/or

specflﬁﬁgl% ’thé"@r%WtrQHE:ﬁfr fSPE‘l%ﬂhb Qhetetd! ?orslé)t%ﬁﬁ@@tthélslabﬂ $|Bl%g|cally active

. \Were a grovvt factor exerts its fects
var'amtﬁer Pryivetvestraax bajieaATiny e sPecififity |f<efgtf %dewg P taetcpg%ate receptor
whlc‘ﬁ% beRLSt 80%,de4.i yﬂbaét%wfpréf@@bwt a8t 90% he. ga@t Riast1®0%, or even

1005h5mabsl ot el 30" ety Pl e rasates SRR akShopinding o
that @8cdpb. Thd laBd)\Ieypa’iBlﬁilétéfs sptei Hmdmg magfbet feadifyr @stérmined by a skilled
fact.or_.fo. bi n%i F t her ei' exan% the said

PerSBI POt Y ’?)(?r Ry gs3pyp v H‘{’?r% ARG SE ves may have

Whe?f%gl n étl?lt)(l\ﬂd 24 ﬁ Verd 8:%%{ {‘ea?c{r)ég%@g rQédWQ 'n{b%tsurl%cejgﬁs %E%Bﬁgh%d assay,

e.g.,mrehantabbrycedwlaf essly (909 asg fag. e)(araplel er@gsurem%\t ofrmitagenic activity in
9 ; t t

oot ORS00 Ll o5 AL S pRNKO o ROELd L l 08 iio

activithién sunbhasspys; aishes st Igasttahgutmsrmg;mgs ﬂagyacb‘etyrcém grywth factor. For

exarqﬁlbetrh@]sgﬁq) cgw%/l@a”? Ikdi \}ee\%nlﬁl%%? ReMaiiRes r'nQ\//é}'\cM Qctf%ty which is at least

I'l ul"ar "assays are known perse ere

80%a@tg AAtigpshB5%:; @ietﬂéabhgafdﬂ% Pk E.s- %é??sbgo%e‘%?"le? 100% or more of

the M@@%f&ﬁe +é§péauv€§mhh'fa%&ﬁd assay, €.g., an in vitro or
cel l'ul ar assay (such as, for exanple, neasurenent of

A “vBRidr o6 mlﬁ@ptuae his bi aﬁﬁﬂd acﬁdJlsécweaece whicahs)gnmddt.yuy identical (i.e.,

rivatives af e said
eroflg bl Lirdia h 14 e add rabed®, & Fienporpepye. Herein
"substantisigdderaiballtefars tdSI laglbaﬁ?\SSPmeleaﬁn“al \eLg yatoéast Be%gdenichl, preferably

factag,. . For. exanpl | ] ctlve
at 'Wfigglﬁ édégg'cage?i%a??%t g erq ow ac get g WhT CR- i e, {esult from
inseftivagadd@H, delegjon aad/ot s&stntuﬁ@%f queeft e‘loaebblynr@tacicbast

90% e.g., at least 90% or even 100%or nore of the _
Sequerndevidlentitiobetivaen twa pelypeptideg camibh detarmined by aligainigdhe 'amino acid

seq®incas gﬁwegﬁpgbéﬁgdé@gna%ﬁnmn edhéreoqqr%@%m\@m ef pb§1tlons in the

subst enti cal . argely but not wholly
alignregnttat which the ppiieentiges sortaindhe éé'@érﬁf‘@”‘bﬁc'ﬂ Kesidue and, on the other

hancﬂ)Qhé( Pl%ﬁ\tbbfjgf %&@(ro% Mn theS HiRmhRAE bedvhikh 'tl@i:—?ﬂ@d gé\gped’h@éﬁﬂﬁfer in their
to at_| east dentical, e.g., at |east

Seqq%ﬂtTQ%‘\NO Qﬁl)@e@ idas c;;ffer in their Sequence at a given position in the alignment
when the polypeptides contain different amino acid residues at that position (amino acid

substitution), or when one of the polypeptides contains an amino acid residue at that position

while the other one does not or vice versa (amino acid insertion/addition or deletion).
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at |l east 95%identical, e.g., |least 99% i dentical.
Sequence differences may result frominsertion

w@ ambdiovisen) , del etion and/ or substitution of oPer/mP2007/001360
nore am no aci ds. Sequence identity between two
pol ypepti des can be determ ned by aligning the am no
aci d sequences of the pol ypeptides and scoring, on one
hand, the nunber of positions in the alignnent at
whi ch the pol ypeptides contain the sanme am no acid
resi due and, on the other hapd, the nunber of

osi tions .in ich .the two.. . .
seqfjgits Bt Pds Sak e 2= I BREPRR SeRiGHESS) ohE5y (g in the alignment o
whlthihynﬁMpede&sdcdrﬁah the sahnel amiseaoid) essidile Qergiisy @i total number of

g t J n the al i gnnment when the pol ypeptides
post %'?’?t 3' 19P?18Pent am no acid residues at that position

At Ie(agpg&'ﬂe %? % (ﬁHQ@J\éets%e]t\QQQn thgrarxmg Qaﬁ gf}%\cteg%f a \hazraant and of the

resppotmet pqtmemrdel \&ltrt welcbmee\ranen@s @otestamlatly identidat ¢an énvolye amino acid
subétig.moﬂg Ff‘}gfefjaﬂlyn%?retah% c(a E EPIBaQrQOG}'eln%ré %ﬂs)fergﬁglé‘? ﬂ%@g 95%, e.g.,

I's calculate e proportion (perc
100%fof th@gq;qmi gifferenges ¢an kg argwﬁpm‘,td substitptiong. Pregerably, the sald amino acid

subdtiRltbRERhALIBE EMBERLINVE NMheS &R QBhEGVAREISURBILEN® as used herein
versus the total nunmber of positions in the alignnent.

dengtes fhahgpe apine asid epidugihas E?%h’@@@%‘é%é’é‘ﬂh?rhg'omcﬁﬂy similar amino
acnda@bldué auBHEIRIBRg @ﬁarﬁplt‘@"of @Nseﬁ)’éﬂv@%uﬁéﬂmtlb% ﬁ@ﬁ}db\tﬁ‘e substitution of
RE( e@alde Wi th ahthe varl |ssbstant|al Y cthi ¢
one jhydsopn Fa"B%ﬁ]a?'H\fS?' %eaﬁ‘r‘f"ﬂc?salé %“Céfifoé’? 3G, ¢y or Methionine for
anotﬁéuefoeltr&&)ht}bstlﬁlhoﬂ! efsihe POI% residye, fomandtigers 5uhOdé betaeen arginine and
0, 0, i

Iysm%r E?tgv:e%ﬁ a'B'nge Satsg%?/o C‘Jﬁ?gta' bg oege(é: {jttang ané gsparagine, and the
like.Pref erably, the said am no acid substitutions may be

conservative. The term "conservative substitution" as
A vanseidgrbethdactomaybe somprigedmi enaai moregusiptide(esorcaotyphplide(s), at least

one BP\%H ch %DA gé?%qt %dé?{ﬂg& IQﬁfwe &f'tﬁ’é %Fé’&i% %ﬂor%tifﬂelnﬁé%{?i% gp polypeptide

resi trng exanples of conser
OfthQLgﬁ@/vththFtWons i ncl ude the substitution of one
hydr ophobi ¢ am no aci d residue, such as isol eucine,
A’ d\?HY?FtWS of aRoiyperiste ey heofkrivatisesy bys RiRmiE?!, aligratiopeof one or mode

amlrﬁi«ltb§8|réélbué%narﬂf/or0ékﬁilm fooﬁeeéf ?Hb@e fnﬂfet@@?ithﬁfe oSHeR: 8%ino acid

bet ween ar gi ni ne, an ut am

oSGt 61 &7 ALCHRINHRIRRPY G Y Ao JGE U % g e, idation,

alkylé?@h e Tlypikeally, Aesy amarSM%,gé Q\Md%sftﬂéﬁ w%gmefd@aalyzwglpnmaewb% eg.,
(0) t e Tl t e

less Jiar e ToBoroieRERUasS had 18%. BE 1RSI TR b 1% e B e.0. less

thanr496 p&%1 2%eor cl&h sf arninerdcidsep i dbeivative polyppptitel mMay bé sbhierivatised. A

deri\%réi?ix\'t\})g?t:;gécté&{gjﬁ @ngueﬂ Yoqt h%grbeoéorﬁpr%%hy&e gr]ié %? réﬁ% geeptlde(s) or

&m Cal onhe of
polypentide(saait tbastariechf adicmdawbe deftViatisasiorodt lease ong aminoeacid residue.
noi eties at one or nore am no acid residues, e.g., by
In anpptheroxnyagiment, thpmg@hdag}pra@segnn t@yﬂea@mt(method may be a non-human

aninff GFOMRFAQS, afd bRRRILANa dohMufhi R8mmal growth factor, or a biologically
active variant or derivative thereof. As used herein, the terms “non-human animal growth
factor” and “non-human mammal growth factor” refer to a growth factor substantially the same
as, respectively, a naturally occurring non-human animal or non-human mammal growth

factor. For example, where the growth factor is a proteinaceous entity, the constituent
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al kyl ation, etc. Typically, less than 50% e.g., |less

than 40% preferably less than 30% e.g., less than
wQ@osy/ovase preferably [ ess than 15% e.g., | esBCt/BPaW07/001360

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

of amno acids in a derivative polypeptide my be so

derivatised. A derivative proteinaceous growh factor

may be conprised of one or nore peptide(s) or

pol ypepti de(s), at |east one of which may be

derivatised on at | east one gmno acid residue. In

oo GRE0 5o AR T R Sy S o aomca o o
naturallytoacyrring donp}aunn'en ahindl pr aomburman memmmad ignadth gaatent A skilled person
wil \GStana Wl pBh B Agh Bk BE o FuBh! AlaRl HSLAVALIOKE may be
applgpabletim trfeamreaent neatiiod; atbeit e adessementent tharohurharf awimel growth factors,
sincé?rﬁ lfatt%roar@ og'fﬁ?ev‘ga%é g&‘?%y%ﬂ@&tdeﬁé llbfﬁgﬁn‘éulﬁﬁ%n "ﬁ%rr]an animal or

respectivel Y, nat ur occurrln% uman ani ma
non@pmonnammahgmmct@fsmmbe asedrf they elieik theptlesirediritest, e.g., an

eﬁeét@ﬁnn%‘?%’\émgafnﬁﬁ eas)lhﬁnén@m&tﬁw&eous entity, the
constituent peptide(s) or pol ypeptide(s) thereof may

In ah&‘éférrlémémﬁdﬁlrﬁéﬂtn%eagﬂod«trﬁwr&ea b@ftfidailactiv® @ariant or derivative
nat ur al l@{% occurring non-hunman ani nal

thergl iselleCOPBREM: f-SctRIPIUCRASRY B Bept pcgg%?{“vﬁfquggrfggr@‘tpéﬁ?a'on of a
recoiﬂbaianﬂﬁﬂcléiu el radledme, ich bas beumuntrammalmtg rtievhst organism or an

el G RbrSplT2Ho PEERBREE € RutiaE LSS e Bgapiie. The em
"rechrabinantyuckeionasd tocliet beused Berei'n rbfes waarBuaeic geid mdlecule (e.g., a

DN%%FC%&?%MNC& g%hpﬁg cf psb]gm %Z(%Jes%rtugﬂe\? recombinant

DNAeleciendlogyhe desired effect, e. g., an effect simlar to
an (anal ogous) human growth factor. In a preferred '
The engso @f mepembinardlyg exuessedagrawth dectarshioo| kiglpgisdllyy acliyei variants or

derl\)’af't‘l(/é?‘meré?f n‘#ag t?]oﬁérjtl&ﬁaﬁ)h&f\/%maﬁééug ?BPE;HrH&QtIf tHe: §rowth,_factor is a

pr oduced St organi smt Airough t he expression of
humgn I’%@@hﬁ?ﬁﬁht't ey |b@Irﬁ°r§Crﬁad'WtfPr@%P@ froha decamhinant squrce than by

|soldt|Bﬁ FRORUGRShH BIbIBgitAenAeRAI, MbRRNES BoRtioRBf GHBWESHBbrs form human or
hereof, and which uence encodi ng

C rises. a se t he
a”'”&?él”?ft‘if@' ﬂ?é(p‘i’]t%fbtheTfﬁérg%éﬁﬁ‘?mfsé'@BrPglpﬁH}?Ee'HEagé'ﬂté §E‘F"b|r isk can be
morénalff@@twlb@ congrollste6r Bbmﬂbt@d rRiriag Sre(}id?ntﬁna’ﬂﬂ(év)\(ﬁte@s@_ﬁ,l articularly if this

ecyle (e.qg., a r c nol ecu] e ich.is
el el eIl SRS 1 b e esinel hparusd o the presence of
pathbg@ﬂﬂb@étﬁi]%cﬂhﬂtagmmbmyﬂskfbe busf.&rthmfr drnamenéﬂ ifi &1et deyl expression
syst%rgg ﬁlg%ngfrgr\é\ﬁhmng%%bgrgs tb%gtreg% o frfg )yg céé ﬁan\{ cglls1 or insect cells,
sincadehngag@agmts passibiyxprapeng jn $uchtculturgs wqmlld bfeaesajn(elygo Aarm human

Ce||shé+mﬂ]aggovwh factor, it nay be nore readily prepared
froma reconbi nant source than by isolation from human

Sunt%’dl@leQQr’eg? 8k 2k e '\ég{g ﬁﬁ’ve'cﬁ)pé a\{ubﬁ%soélagﬁle"gri?j viral vectors;

uman ent al
hosty prgrnigins F@Fﬁs AP seActariaofe. GpaI.Eh @Qén S¢ Uﬁ@é]’ff'gﬂu@u Shrratias grarcescens,

BactW@J‘SLnﬁlhs), yeast (e.g., S. cerevisiae and Pichia pastoris), cultured plant cells (e.g., from
Arabidopsis thaliana and Nicotiana tobaccum) and animal cells (e.g., mammalian cells and
insect cells), and multi-cellular organisms, such as plants or animals; and procedures for
isolation of the expressed recombinantly produced proteins, such as growth factors or
biologically active variants or derivatives thereof, are known in the art. Reference is made to



10

15

20

25

30

nore effectively controlled or elimnated during

reconbi nant expression, particularly if this enploys
W@ edol7/0exapr essi on systens that can be routi nel yPCT/EP2007/001360

i nspected for the presence of pathogenic agents.

Advant ageously, such risk can be further dimnished if

the cell expression systens are distant from hunmans,

e.g., bacteria cells, yeast cells, plant cells or

i nsect cells, since pathogenic agents possibly present

in such cultures would be legs likely to harm human
well- nsyvastg)r(tgﬂo nggr}sc&d?ugl te?@,lnﬁgchgrlagrs oglﬂgf‘ |\_/a|1 rog to ?nual 2nd Ed”
(Salbsbk @t gl 986k ArdrualrCelisClitucd €R.ilaFreshmpy, e, 1881)i thesserles Methods
in Eg)%y&r@(?ogty cgcﬁgrg§%rrés%z{végﬁ%ﬁ'&%§%?g§ctﬁ§§89 ll/l!arlﬁﬁ'naﬁéiféblllé (§)M Miller &
M. EuCtaloseeld@ 4987)c &l ureenf Erofocol$ o Motecalsr digisdys andh HhiogtnRrotocols in
Mol@Dfr bi68Ly, 208 ELORS AU huARY) %Imaédscelg&:’ § 3985), Recombinant DNA

I nsect ce ti-cel .
Metbedpdodys Hs(R. s‘O/@lhe@s Ppladﬂltﬂ§ Bresani 988).s incamaraied dwdiafergnce herein.

Rect)%m'aﬁpbr%(/\hrp Racrs e a%p&ﬁ\%ﬁgrq rc@ﬁlﬁfépélél@né\}aﬁaﬂé Q8¥carbm Sigma,

proternsS, such as growth actors or biologically
3'0'9@%'\9@“\?5@%@ Syptemsy PorietegB<ete-her eof , are known in

e BSOS el S B Bl L hBFRSFrom o st o
who‘éiﬁlbadi : wrﬁﬂd |sEﬂOV|dé£@ﬁbbmé&e@tW|ta|9an,7arfti989§ularAn$uml asCedgarin, citrate
, : seri es .
(enBeHTICE A o 25Tl OF AEckab s 5T GBRD Ly gher araving
the Vﬁcﬁ eamplﬁaofo d#bvmbbamg@dxttseq(lehtlyj\tellwa b@npdheh‘ts d® the blood sample
Cu I .

are gPegralsg Tamy R symreten el y & ek ey EShalp, picaty by
cenfefudatidr-. Thlla'lteuhmémamha ‘dherafore redels .to a]g@&fpo&tl(l@%y:h does not form part
of as%&%gtgig@%al B)J)\Jf\ Met hodol ogy Il (R Wi ed., Acadenic

corporated by reference hereln

TheR@W@hﬂﬁr\F adlc Bméﬁtléﬁﬁﬁl%{aﬁnéy 8eRin® CarFBETIRUMNY obtained from a sample

commerclally aval l ., fromSigm, Biological
of whelrhiqodesy fr&tﬁ"syfﬁlgeﬁ'@“'n‘él’ésr@l‘%cﬂ’?cee't”cﬂbe S%@et%}drﬁ“bseq“e”t'y
separati fﬂé sd forMsd CRI\RBtdeAnaY l:d/m&ﬁ%hﬁecﬁ th§’|bﬂ)%HPsa|n$ple from the liquid
usual |y obtained froma sa of ~whol e
compeneytd§eTHEY bYrAncRRreRI et e ﬁueaﬁypa??ﬂ'v @aégutr'gtfﬁat'O%L@ﬂﬁ'“g can be
facuﬁétfb%?%ﬁdﬂe?%uﬁt . é e lg@atss bsadl %H_’I[pdwdei’ aA@/amfagﬁﬁmﬂy serum can be
citrate dextrose at e P shor
pre%ﬂ’?‘iﬁ’sﬁpaﬁrwﬁ sFH%'JaB @?a‘%@ﬁ g 'Pe@gn? ofyeR Cﬁ’éta'" the inert
catafB}!;bS@Cfudlitbﬂeyclotfneb Iaﬂdﬁfurtit;enpmtlfdats gef vmmedMSny)cde)sgnpdi go become
at e rom,the | j OJIRO p
posiE ST e tec AT uE L apf, TR BEL b PeIREP) csiochbts atier
cenffifigyatien, rttho$|mshfui‘hgtslaaarefum Alteerfativaly, tserum c@mrpegbtairmd from plasma
oy iR 8 B tacl ARCHAT b T2, BHAE i, BN R 5 compositon

whigredpesenotiforralpiast ob btramaadr gnigral Rodyanpl e of whol e bl ood

by first allowng clotting to take place in the sanple
Thegipglated iasfipe it $67um can be used directly in the method of the present invention.

They can also be appropriately stored for a later use in the method of the present invention.
Typically, plasma or serum can be stored for shorter time periods, e.g., up to about 1-2
weeks, at a temperature above the respective freezing points of plasma or serum, but below
ambient temperature. Usually, this temperature will be about 15°C or less, preferably about
10°C or less, more preferably about 5°C or less, e.g., about 5°C, 4°C, 3°C, 2°C or about 1°C,
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separating the so forned clot and cellul ar conponents

of the blood sanple fromthe |iquid conponent (serum
wyooanomppr opri ate techni que, typically by PCT/EP2007/001360

centrifugation. Clotting can be facilitated by an

inert catalyst, e.g., glass beads or powder.

Advant ageousl y, serum can be prepared using

serum separating tubes (SST) known in the art, which

contain the inert catalyst to facilitate clotting and

further include a gel with d@ﬁsity desi gned to becone

mosg%zéf%réﬁl&sﬁdoggfa§é§_%gﬁéﬁﬁtsjﬁgg rern grr%{ i ? nt and ﬁgpufnh%ag tbe stored at
belogi nipdin fryspegtive f@eaing opointd) tier,nby i fresizg, stseagam/ksamsbd in the art,

adv?r&%@eoﬂg qﬁ:ﬁé@@upés r?brﬁreg%? ﬁ)@r% &gpl%gﬁa %Ftsbﬁl%"gyrll %Qt%b%mj 70°C or

erm seru
lesswhigc labduted SHbtest or mbputr-806T omlebs) riiuch demperiatvegs lhile;dyf!dvantageously

prev-gﬂ?ad}?éﬁﬁﬁ@g% thﬁ%ﬂﬁ Ela%fﬁra%p defliln btﬁe}éﬁﬁ %régemﬁd } .L%Iity thereof.

ent i nvention can a
Freezgptorpge e by @péﬁ@@lsqegvveaofl the élrneu@@odrfOt whichdbé¢plgs or serum

nee@ he b@rﬁéreeet bb@?ﬁ%{)tdeoaart&){&l;ﬁéd tlle PIGHRHER sfb"rag%efsur@bﬁlﬂﬂi e.g., for
be stored for shorter tine periods, e.g., up to about

longer hapadry dayg orfog 'Qﬂiiﬁirt%i‘m? € V‘!?@b?re the res pect i ve

free2|n8 poi nt's E Ha or serum but %1og i ent

Priof dapierader. Utk uaf| ! §°'aie RIagEAE % HMe O3F EataB‘@&‘t"ated- Heat
inacﬁ‘ﬁaﬁi}?ﬁﬁs gfﬁﬁm gﬁé efteﬁélblbly? adrioie the Compleness, V(\)/lg:@’é&he present method

refera about or less, e.q., abo 5

eSS ST RO nietsodh o BRsasls St Petbe Bfeskpteser it may be
unnédesearp b heatl nyactlpbtasthm pasmaer iserwarVbereshe pldmator setumvis at least
partfg( a‘ﬁo%enelc g‘gﬁ: ! J:u\ft% c%ﬁ% '|tnrg%)F ?é Q%\%\’r)gl:%eg%setgﬁgéat lrnggtlzvgte the plasma or
serl.lneﬂ'piat atauh\ea@onﬁ @rpldaﬂxeewelvss még@imfthplpmm arsesan @hbGEhfor 30 to

GOmk?rg O%Q:O essl% %fea|d9srﬁvx|n Qfter %BHtthe @%$§%§‘ s%'i'urﬁqg%lowed to

uch Fatures nmay advant ageous
graqyua@w@ﬂ@l @nymbleawtmpejﬁtume‘\ skijee drgpsans Wil be ay@rr@mf any common

modflag %n@ﬁ@ﬁﬁfeﬁieﬂ& e SBRkIkdcehlier eof . Freeze storage

can be used Irrespective of the time period for which

Optlbﬁkﬁlypih@%n% orséﬂrth’rmrﬁ‘%ﬁ‘é*sé Be RErifdd Sibr t@%rd&éyorbfée Usual means
arficularly suitabl | onger storage i, s require
of s nbsatlmf g1y '%Yﬂﬁ\@r’ & feqtrgtl cgtgpé)nsrorfr%qreﬁgﬁ@e\?ltq H%(ﬁ size smaller
thanllﬂamv\@eéférabl?r r0sller 0thah C0.5gR, elg.,Usaller hgam ¥ 5in€d0.40pum, 0.35um,
as serumc i nac vat e
0 3B E3K P 2B TS PRBADY D 2B Al M PdORBRAnTlgE 0.10um or
smattepl enent . Where the present net hod errpl oys plasma or

serum aut ol ogous to the cells cultured in the presence
In an bebedifnent, thenprgsdrd metimecenglaysyhuntarhgasma nasdrumattectt is@utologous

to hggwrgﬁ l'?f;\/lg{: ity M@Per\»ﬁtnt Rfie R%W rahitcl cftl%“ YWith! RrelndeSlasma or

| ogenelic to e cultu t may be
seruadvmﬁgfé@utgetpdﬁsn@a@r fenets okieied ﬁ@mha§ﬁmecﬁub§emﬁwre BMSC to

be ctsﬁ@&ea DA they &id grésmémr%@#dwy ﬁh@‘b?és\éﬁtsmbé}%’r@%tabé‘ eeaﬁ E@d that the use

asma or serum at

g,
of aWiO{OEO%?t glagpafr aern péﬁvﬂctﬂs W?WHQQ% C;ﬂnﬁ'fﬁ'ﬁ'&s for °§§?{”U'Pﬁ psteoblasts
and ¥sle@BREt pKEnotype cells from BMSC. In addition, when the obtained osteoblasts or

osteoblast phenotype cells are to be administered to the same human subject from which the
BMSC were obtained, the use of autologous plasma or serum may ensure optimal
acceptance of the cells by the subject and/or avoid accidental transmission of infectious

agents from, e.g., other sera.
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gradual ly cool to anbient tenperature. A skilled
person will be aware of any common nodifications and

wo epaiosreeENt s of the above procedure. Optional PgT/EPINE7/001360
pl asma or serum may al so be sterilised prior to
storage or use. Usual neans of sterilisation may
involve, e.g., filtration through one or nore filters
with pore size smaller than 1mm preferably small er
than 0.5mm e.g., smaller than 0.45mm 0.40nm 0. 35mm
0.30mm or 0.25mm nore prefegably 0.2nm or srral ler,

q.. 0. |
in iois FEBRIERe UpS dEEE ek I OB AT PRSELTB Which i
"horB&bgousMU Ielimars BRISCotangamtesd therelwithpire. Eibtﬁéined)fnbmcdnecbr more (pooled)

s uRE Dk G R Y VB e M P B m T
In aqgrttr%rqat%&d{rgﬂ t?g mé&hsd ?nlé Je O)fag' nﬁxtﬁremmolg%&g and homologous

contac e Said or seru
plasmavasecr as defined ebaMel sed that t he use of autol ogous

pl asma or serum provi des advantageous conditions for
Thegdpinai‘efintastiogt 2o usess berelinmeans bingingstogpthen ctithpredigeatly ©r indirectly,

one fof RIBrEMBfeculks c%ﬂfﬂiohéﬂ@ or W‘é?é’r‘lafsnﬁth%bﬁieﬂ QF’er@@} F‘a‘ém{aﬁﬁé thteractions

or osteobl ast phenotype cells are to be admni stered
there hetwiens Ryricalvinmarostibjastar of adtelogicalik active vt Qiedesivative thereof,

and ®Bfah @ﬁ#ématcfi%eﬂﬁﬁ nﬁ’éy @Jé&itmﬁlthﬂSﬂﬁbﬁhew ofthéBiyclusion in the

ensure o acce e of the cells by the subject
me%dﬂ\‘}?'d&&ﬁ E'&]!V‘a%@af% t“éﬁ’ ‘transmi ssion of infectious

. g. th N
i RSB e G il BB ARBIAELP SRR IR Y 2 roporon
(voldr’n@ pbsergmuUs/olunte biumediuB)Baween D edd BO%, pwiférably ibetveen 1% and

20%0 ogé %?%elfahglrge?\pee %rg?}de1 ({/9 Qlcﬁ%)s I%W%bs%'bén%qo% e.g., at about

oth he subject from |cht
5%, &%, %Yo, % on10%r Tlhmmvemtbromavenwprlslhely medlised thabpuman plasma or

serddl £YeiRivBly 5 Lafhdoht, & Oét BUS5 DR RARS Y. %%fWeen 1% and
bo h

or sera as ined a e term "contactin

5%, pebvrened’eiand ﬁﬁ"arbé}twﬁehr% agd b%gerthesreered % and 5@’9 rr@dtqewufﬂc'ent for

obta%nd %@iebﬁfoblebﬁtor@r‘@st%blég% %r f@t&%ﬁsﬁ%eﬁ&?ﬁ@%m $roff BMSC. This
materials wth anot erebéplfamllta

a"OW%toeﬁdé(éf‘PS?@JleH@C@aéét”\‘rﬁa\éQﬂqu’Q a8I® ¢ SeUGHBaeerala b obtained

fronP4 déndti (Blg0iorih Ip¥tidftlih ¥aseVadudidgoRt pithiaVaHdewin) in order to culture
hereof and human plasma or serum nmay be contacted

the Wtsﬁ BMSC by means of their inclusion in the msdl a, in

A S gt P ClRpisaly BEVF el BN REGPLTAY P8 Included in he
medpa’ atp@ concentrtionl suficientt, is eoonbinatiorolvitimbuman pdimandr serum included in
the s é"%%p 0, rso(é/os ﬂbs \A/c;élgﬁrchxgﬁ go?éB@Shs\é\ﬁcg rhd%c/g gﬁ?re%pa/ﬁog(yof BMSC
into anstbob@%ts er. gsteotaastapb@uotype cells, thereby obtalnlng the latter. Typically, the
growth factor, e.g., FGF-2, or a biologically active variant or derivative thereof can be included
in the media at a concentration of between 0.01 and 100ng/ml, preferably between 0.1 and
50ng/ml, e.g., between 0.5 and 30ng/ml, more preferably between 1 and 20ng/ml, such as
between 1 and 10ng/ml, e.g., preferably less than Sng/ml, e.g., 1, 2, 3, 4, or 5ng/ml. Where a
growth factor would be glucocorticoid, e.g., dexamethasone, such concentration may
preferably be between 10 to 10> mMol. It will be understood that the above concentrations

refer to that growth factor or a biologically active variant or derivative thereof, which is
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5% 6% 7% 8% 9% or 10% The inventors have
surprisingly realised that human plasma or serumin a
wo edoabdqsel y | ow amount, e.g., at about 5 vol unBCBEP1007/001360
bel ow, e.g. between 1% and 5% between 2% and 5%
bet ween 3% and 5% or between 4% and 5% may be
sufficient for obtaining osteoprogenitors, osteoblasts
or osteobl ast phenotype cells fromBMSC. This all ows
t o advant ageously decrease the vol une of plasma or
serum t hat needs to be obtaifged froma donor (e.g.,

in_case of .autologoys pl.as or,_seru
pro e chabh . o F R Sy B T PSR AR T g, 87 erum (see
elsebhetedgtteaddeyifieationyye vari ant or derivative thereof may
be included in the nmedia at a concentration
In asurbfeir@ideembodimemioﬁﬁFﬁ%\to'rmbwoghallwaetwepraaisn’aooderwtimnthereof is

incln.;\o%g!éég%gah&n{rgﬁo rﬂ'?%{ QO%mPgﬁ' F yﬁ)v@pq &n 10nqjml yet more

ro or 1 ons entiation
prefemsl(\zlcbvmrdh@rsiml &<t At d 20'35t461§k5h9/§t| Treanernjgre hyrathesise that such

lowér%ﬁ?%o%hﬁ‘étmnngayl Beparaldi Iy r&éﬂé&ﬁ rla¥nietiRE dHERMiRion.

factor, . G2, or a oglca Yy active vari ant

In aﬁrencb%aim@t 'tH@ abmr (aﬂfceﬁw.ohgm qéfédﬁfitﬁenotahsoﬁzeﬂura.oatof the said
a concentratlon of bet ween . and 10

rovih GRARE] § DisAREbN Ve HAT BT veghg o Begausignaie. to the

sumadbAcaligib N of th@tg"r@/vtnrfgétsrr@td pioldgicuBedttile aa@br%ﬂ géridlative thereof as
s, bet ween and rably | ess

conhee Exwasnaa g schm apd %’p%v"deﬁﬁrgewaﬁ TR
In ag%ﬁedrn%? acfszrtggrqt %‘r‘féuacqg])v% (c):ﬂcéeﬁn ratl onlr'strh VASS re er t?é A rbclentr%uon of the said

growibtfasemorld b®ldgically abtiveMariant or ervbtl\teethaméastpm@ahqmlataddltnon to
t i f r

that gpgg&g%\éﬂbb%?égﬁr{yﬁj}%% or\r/ gérrﬁﬁ Pﬂ%%rgt%écrj&\f}?v‘f ttﬁe gi?g\ktﬂ factor to-be-

addedh isr rasmallynotaesend (ratidgtagtable) drl thet plasma or s¢arugn the total and added

con&hHESHIThY %%Wﬂacfopwﬁl%qg%ﬁéﬂtlaﬁﬁ thd S| @asma or

serum (see el sewhere 1 n the specitfication). In a

In af é%sa.ﬁféﬂt @Mszﬂhﬂ? B, coﬁtg:uoaslg Eoallb® mgln%bb YlaBfial O ®erum and a

variant or derivative thereof is included

rowdh FRSEATOF &1 ARBIPUMEF e EHanH G2t VB nsreselBr § timgupriod suficient to

.ndut:élafffelé}n@fum of BMSGnth@ o@fe@bﬁzfg@ﬁlldr‘s I@r&ibldstwer osgbThst phenotype
I nvent.or

colls by RBIAInG e ot e S Ceitinugal RYBREL ey meap gt the said

compaméntgzaﬂeamdlwqanebmh*reeda frowhietc e BNMSQ, tHe pfagjeanthedaddf @nd/or or cells
nbodi nen h&l_gabo%e co({wﬁent rati oBs
o)

1l n an . refer
deriye {RISTRORT 1 gt TS e 2 ADe<RsTody YRFRY: Llrgp plasma or
seruoT aad Bhelgogvtis fadtyr acei meloglaallyamtlvervadmtl Qradiér'weti\tehmemf may be

sup;girggsélﬁs@g Hény |der¢t| % 'é&ﬁ/es c%@f%ﬁ%né rr‘;"téll &Ir Q@r I‘n@ﬁia used for

o1 Yoroa' B |cal Ive varl a
cultutiegitheaBMBE dmlegwsaaistlmanemdout ed by the plasma or

serum and as provided in addition thereto. In another '
Henggriiurisatint=0 daye wayisl eoreasherchior taeitigmespaiptywhest isplated BMEC are first

pIat&ﬁHQl?é‘br%@éﬂc:@rbf afgrdviAR homhéhedd MU dreseh @h oPpladma ( prlmary culture).
bi ol ogi cally active variant or derivative thereof

In ePbeYim@RE, the a1ddé ekdtutedtime period may be at least 5 days, preferably at least
10 days, more preferably at least 15 days and even more preferably at least 18 days, e.g., at
least 20 days. For example, the time period may be between 5 and 30 days, preferably
between 10 and 30 days, more preferably between 15 and 25 days, and even more
preferably about 20 days, e.g., 20, 21, 22 or so days. For example, in a preferred
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that already contributed by the plasma or serum

Under standably, if the growh factor to-beadded is
woeoonrabi4glt not present (not detectable) in the PCEHEPBOTO01360

serum the total and added concentration of the growth

factor will be (substantially) the sanme. In an

enbodi nent, BMSC may be continuously contacted with

human pl asma or serumand a growh factor or a

bi ol ogi cally active variant or derivative thereof, for

a tinme period sufficient to j9nduce differentiation of

el JhS 108 SSROST b st 1 A SRSl e85 RS, 15 o 1

dayd, @afticliany pieferablg bpowdidt dayt dd' annﬂnyzr pregenredfemtbddingers athel time penod

o GBS 10 2 " a0 20,10, A i,

prefer’ablyeabbum1 dgays. cul tured during the said tine period.
Typi cal ly, human plasma or serum and the growth factor
In figthen elyibotiowintsalthey abeve time \reripdmayoinveles iopetar ieore maseagdes of the

cellsmas)ﬁcll?ei sSuppl i£d; 3t #@Séa%es%%' la}‘na Seitdy p W&ﬁ@emdmé% 2 or 3

¢oncenttati®ons in a res i'a use cul turing
pasgages BRBC mare prgfarakly §a@rd2 tPafgageer od. 1 PEW@Qe The passage number

referVtB'tﬁé‘hhMberton nc&wﬁatw BbIdpSRItE S PAS Bed P rdrtsveliififin BRUMre vessel
when 1 solated BMSC are first plated in the Bresence of

and 4ngergoRha ﬁHP%H@ b 2RESA9%S 8P %ﬁ’ume&%tﬁad priskpg person, cells
grovirtlid Lt,fuﬂﬁlre lafe Wﬁi&ﬂ L‘égedt BeabBEe r@&@%@b@ed la”@nven degree of

ast r ef er abl
configpis. b sagiplr el 31, prepeiiots MenUyEs aey ain o rgaved when
thelmmfleér&:bhs/ 66% dranse, 9., d’@%mr o, 80%torl rearet orZQD",da)ymore or even

100‘gxa§[ge cs [ing}( QBI \?p %alélge\ﬁggﬁargfg a‘; ﬁdl%g%%agv%tgweoﬁg 8'5 toa‘flg such as 1/4 to
1/2. Thisfretiaétpyredses Weepropdrtiam df &fis skich, areimtrogweed mtorthze same volume of

medﬁgni éﬁérggalrsg%@gq%g{ %e%g iaﬂeaér%Serﬁ i COIOISIQS tﬁe maﬁ%e%’aﬁg‘%ed e.g., after a

prefeerredenbo
givepewimber whdayseinbetitwese re. gzaamiww dagns 203 dgys, el®, batgeen 8 and 15

dayel%on%S?l%fer%‘cg)( %@N\ﬁeenp t qgl Qfegte'i@bp/ 135)% 01' 8ays For

her rre
exarnrgly they n@y\,b@g?asi@egirmwcgzth@ awagq;nlgnberm celﬁgperggglong 1s 20 or more,

or 588r mére, 8 1600 ordAdR,; sdPsirh&el arly preferably about 2 1
days. I'n further enbodi nents, the above time period

In a”ﬁé’nlédﬂé’robﬁéferr‘éaeerﬁlﬁod'méﬁ Mé%aﬂﬁstoﬂafl tHLﬁo?@brhtéctm@UtﬁB cells with a
assa refer

arowi facer, aspsrly T 2 and sRa0 Bt of Deuhh ko Pielrby cbetpn 12 and

16 d:byf@rtha p{iﬁ&?ﬁge@d EV!SC nekdﬁn@SSé@ﬁssta-ﬁb& W%@g@e ﬂlﬂ&qtl@rcollected In
ef e 0 e at .a ce on

anolfEi Pisteisd SRRAIET: Bhes Baear e o SefiScig TR AN Hinge aromts

factarybspeictally EGFi2, end hanzassage .or plaswial is, freferatile betveeed dbput 18 and

abo&a%légé ) egr\}ézggsssgﬁe oFﬁa é'm?a\(;rg\gﬂltddg n?ag t%/eeé&fﬁ%?% &Y&%r%%lyl Between 8

and dijnl’aysj gatjeoremefeabamﬁt\eeen 12 amwl 1Gdaysee.pr, mhpre@ably at day 14.

monol ayers, they may be passaged when
The inventors observed that contacting BMSC with a growth factor, esp. with FGF-2, and

human serum or plasma for about 12-16 days may be preferable, as at the end of this period
the cells show phenotype closest to osteoblasts. Thereafter, the cells appear to undergo at
least partial dedifferentiation, as evidenced by changing morphology, lower ALP and higher
levels of differentiation factors. Nevertheless, the above period may be advantageously

extended to about 18 to 24 days in order to obtain more resulting osteogenic lineage cells,
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their confluence is 60% or nore, e.g., 70% or nore,

80% or nore, or 90% or nore, or even 100% The cells
woroo7ie348lypi cal |y passaged at a ratio between pET/EPBOT/@01360

2/ 3, such as 1/4 to 1/2. This ratio expresses the

proportion of cells which are introduced into the sane

vol unme of nedium after passaging. If cells are present

in colonies, they nay be passaged, e.g., after a given

nunber of days in culture, e.g., at between 4 and 20

days e.g., between 8 and 15jdays, nore preferably

2...13

wuthaléty%y& g%gth%épglq‘a%/eﬁg?}loHa% tl'beec%é g%o‘]“y&hgm%%ert %Igrqga%én of these

penedsemag enpossibie, qfotemlalll)slnpelmng durthey passafespo theninventomsr hypothesise

wat 305 bl pfiepie o e renthesB, FEP it Bpsg g, unwanted

dediffereptiaticact thegeetl el heeetfd)rs thetahoee gjtedwhbrtérdmeoperiods are preferred.
especially FG--2, and hunan serumor plasna is, _

in ap eatbedintsny ank enegiuen cagabimal SLBPor&ng thet grewiby ¢ffibraplastsaineng!l culture

mayBB?(asgﬁ%q tﬁ??r&%npwyecﬁy% gﬁs M %ﬁ IsY:pport tﬂhe growth of

anot erred di ment
fibroblgsty includ® it aremohdimiteg tPhM"EmEC Rssential M?@WHMEM) Dulbecco's

Modff@etgagae semeeﬁmldmem%rp%a n%mkehmmmﬁ@egg@tr%n Mleéﬁﬁm?(alpha MEM),
prerera bou

Bas@r{\éeqj%s%?@@m@?{ (@ME &G%Fy%uvtf'aretéwm Héarb)eﬁ%r"?ﬁeﬂ‘e which are
comﬁfeeé@ryaéwtayam@(e@emv&ogem (afis8ay, CalifthiaTA SarBEBArET sUthde medium

T A N T Y T,

medgrnGthfmldaagtamb) aa&pablwftdm H-?Gﬁro'genancbdimhf&n (dletvudersey). Such liquid

cuItLF R @eg?a%co&tal? mgéedé%nr%? Sac%SRéry c;%rl %gmgﬁg vﬁ{a E) rﬁﬁnf’jl whlcfh are known
per cé.05@ Hxamplep tese ihgisdisnts Tinaudeainbrganictdatts ¢|elda$t|cataqnem K, Mg, Ca,

and g)gssgglgce X agni%ﬂg aﬁg%m%lrma% \ﬂgrq]\'infs ?ﬁc? %urgﬁggpcadgﬁn &%% glucose),

etc. [Typicdlly, 6208 6f = semiri e@mrmehta@cgar KetalNgslE Serval ¢$ES), mag need to be
add@&’fbvﬁe%%B g%eﬁﬁyln%d&q)ﬁ%b%g?%sé&fwﬁx&f ?&Faéé) HRRNEr, a defined

S In order to taln nore resu

serugstre gedium wq*féag gsedifthe frictorpintF &S yetfesg@ms‘%nfmr@%last growth were
|den¥’ﬁ‘egi SAEpRNIdedtin ¢ sowtthmeaRi. %dvéktbﬁ@ﬂﬁﬂ fdehtertﬁésent method, this

prol ongati on of these periods nay possi bl e,

Ser“ﬂb‘t’%ﬂ?‘?”&m pay Ry &W???g‘tthﬁ% the rhuﬁ"§§ é’éij"@? Or e M{HBWhighsBMSC are

contfawt@@tmﬁuﬁa AdRith&USd Uil nipoaest Qraeaw&ﬁth@fm@d.ghom@ media may
act or

. FGF-2, mgh use furthe nvvan
forrGE PRy 7 PACTOR ComoRass, o Fisrevh abidsice DUt R Jisg to. sodium

bicafbohetd, Hnabibts dndfoe areifiyoctic adomppreditsr sue. aé np@mcﬂlln, streptomycin
y nmedi um capabl e of supporting the

n
a”défﬁm 'ﬁcg%'?c'q e@ ffoblasts in cell culture may be used in

In aid&%fs%%? %fvﬂ)todﬂ?eﬁwlim%ws&%é e}w‘ Q Hy%tgé Wit S &h&tmkﬁ@%n%t obtam?d from a

brob nel
nonhiimian exhinal, lm/lpﬁrtwulﬁf Rosdwmiaal mdialinif (sENprogBokdrecegesblasts or

| %d\@ﬁé&ﬂb&%\(ﬁ% t o t
OStegggét h%q?%giausm (al pha- I\/E% I%é;éf Ir;%Eééi‘murrsft éEgge% ?‘Ié‘méms“b’ed
the @_m@ce #Barmtact-bepveqnt thee BMSU rpdircemprasnts abtringch&om non-human
animdlK @nsW¥Bé WptiRfaf acceptance of the cells by the subject and avoids accidental
transmission of infectious agents thereto. The latter concern becomes increasingly important

due to the appearance of prion diseases, e.g., BSE, which can be transmitted from animals to

humans.
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commercially available (e.g., Invitrogen, Carl sbad,
California). A particularly suitable nediumfor use in
wo b@7p9sE3ent net hod nay be al pha- MVEM | MDM X- RETBPDO7/001360
X-Vivo 20 serum free nedium (clinical grade),
avai |l abl e fromInvitrogen or Canbrex (New Jersey).
Such liquid culture nedia contain ingredients
necessary for mammal cell devel opnent, which are known
per se. For exanple, these ingredients include
inorganic salts (in particulﬁr Na, K, My, Ca, and
possi bly Cu, Fe cids, vitam ns
In agaalpgléggrapocgrgpg ﬁﬁ%g) @'e n@f da wuér{ ehy Wﬂmézgm 9nenq derived from

a ndn-Bifvarofaninas.eF arnexanima meadia useg to dattrel arcatiffefsatiaten BMSC in the

b8 Lo B ey BERLE P B, v

aboetefadditidn SEregn FESdo metmculmre medih iseconwachpidcetihéhe art ttosestain cell
- by JS

o RS ] g TR o BB 90U

mayt he |pcle®eerany &S od othehnirondwimam aimposerom fmypcmpnts The inventors

reali%%@%z%teﬁ%mébta@ée ngyﬁmﬁa& Fwik aR sér%ny%rﬂbérrény\ﬂbﬁlha non-human

) .are cont act ed at no turther serum
animahin{hism oaerpies aaftyantageotsh eonditiona fer PhiginsdPatepkigsts and osteoblast

pheﬁ&wmb%mtﬁégw@ or nmore conpounds of interest,
i ncluding, but not limted to, sodium bi carbonate,

In aRBthPieRbbinne/ the rﬁéﬂlurﬁyﬁ%hlﬁw B R cElturdICdoedSnot contain any

M EINONTE T LA e
dlscamypdsglbmfﬁrmﬁ&ltoaldﬂﬂib duttare. ¥ thmnstbwms anbstedblast phenotype cells

obta&p{ﬁdeﬁ cul ar@ug?} 3& gsr%g}mli)tﬁréeﬁf ?%;Itéueo ?egl :tgl%srgélaids introducing
patHogenit Bﬁﬁﬁbrgamsrhetdoﬁeadn]em stered to a hurmn subj ect,

t he absence of contact between the BMSC and conponents
In ao eretiodieert.r tbennmestiurh wioas nahcanddis cemganesds wpichrage commonly used in
the &% ¢& BE@E@ﬁsth%etn%edlﬁgtjehﬁatigﬁ ME:? a%uQJ(?ﬁgCBC&HQOI@ é’ dﬁexamethasone),

accl denta nsm ssi on o ecti agents t er et o.
ascorhie acigt2-pirospbate @nd/op belerabwerairnosalategl y i nportant due

to the appearance of prion diseases, e.g., BSE, which
Hengayntakiagtiptaragepentelde rahone ArefRued fealurasnianaxemplagy embodiments, the

metReH fdrQﬂbkéﬁ{mg?%@le’@@&ﬁltorﬁl\ﬁ@o@fa&sﬂ&t oé?éHHla’%@bﬁQnmﬂdWcéllﬁ)/or a cell
serum conponent deri ved non-

Pop gl EmMPREIRG asusBe (e ORLTALY JUBRGT APrpRsia atr, cBlVEepes. ©.g.
endbtReltdn eell@fcﬁ%ﬁj@bnméhﬁ@/tm eRQlvoCOMbAsdS thE ¥teper UM

(a) é%'%%)rﬂ}egﬂtcsi ?rgmga 81,9@@ cgEnsgg'nlpl 8tﬁ @P@aﬁeaﬁ)éeqkt) corﬁpnsmg BMSC,
prefémmym‘qﬂnaneoﬁbbnbhmrmw to sustain cell culture growh.

(b) I?_letonsll’lye '%ﬂ?t'”ﬁgﬁ‘ﬁ%h clgé{ea L%: ﬁsn 3{381 dFH Eglrsg%%!)\?etrgd %“) Ier.]g., using
suutatxlmdmnagra@mntméntlsfegatmnmwtb’@nmﬁtrmds,The i nvent ors

(c) e{d%ﬁ\l 'c!c-‘;ﬁsdmI ?ér}g ny%%fbr §H1'%8tumcéaﬂlip9@n§q1um%rblé"§?r¥a or serum and

m conp
a growth factor or a blologlcally active variant or derivative thereof, and culturing the cell-

medium mixture, such as to allow for adherence of cells to a substrate surface, e.g., glass or
plastic surface, e.g., of a culture vessel;

(d) removing non-adherent matter and further culturing adherent cells in the medium as
defined in (c), such as to allow for obtaining osteoprogenitors, osteoblasts or osteoblast-like

cells, or a cell population comprising such.



10

15

20

25

animal, this generates advantageous conditions for
obt ai ni ng ost eobl asts and ost eobl ast phenotype cells

wo c@movdagr BMSC. | n anot her enbodi ment, the nmedPCIEP007/001360
whi ch BMSC are cul tured, does not contain any
antibiotic or antinmycotic conponents. Absence of these
conponents allows to nore readily discern possible
contamination of the culture. |If the osteoblasts or
ost eobl ast phenotype cells obtained fromthe BMSC are
to be adm ni stered to a humagy subject, this avoids

I 4 e 60 Bt A B B g 8ot o oo
populatiposteained in(d); prederablg abetnieyn d2 @add 16 days eay. tatday 14.

i nduce osteogenic differentiation, such as, a
In agbtheo poeferrediechbodingent, thexmetbothasaneymprssc padsiaging the cells or cell
oonlh & B1BIBRSLAIN Rl 224 6 LI RIS EouRRE et or con
popelrtarpbedwgereatmd daysntésand 2de et hod for obtai ni ng

ost eoprogeni tors, osteoblasts or osteobl ast phenotype
In ags¢feged gmbadimept, tl]gao@upgﬁ Y@ﬁelmrpgpﬁ@rgﬁ@ﬁn@éﬁaace to enable cell

adn&@hb@nﬁl ér}btrféﬂrérmdd.rﬁ@mpmeshmcetrhsy bee4 lglds¥Pastace. G yet another
endot hel 1 al |'s or progenitors) In vitro or ex Vvivo

embogimant <8 Stﬂrﬂ%cesm@pee cpated Wilk ARAPPIRPrigte Materigl genducive to growth of

the eéngl@gl fRkrigeARPlI#miaih ¢ cBvagen. subj ect conpri sing BMSC,
pref erably a sanmple of bone marrow, (b) optionally,

Thel &ﬁhaﬁ;‘od@mg‘or\rﬂt-hnt&éreﬁteedo celgagticlilaproohipenertt! Henotes separating that
ui.t abl e densi

comgPRaN aHE™ cbrlp a0 T PO o EHBRETRL gt the former

compehérg lsalben@gi)sotated pleate risdidting BMGC irvolesreeihanating BMSC from at least

onec&l%)rr% ;F&eﬂvgf‘% @Aﬁ?&ﬁloﬂrcoﬁrﬂﬁbor 8. W %ﬁng él@gb%lso involves

or a ogl C I've varil an erlva
incredsingetoé propadioowf BMSqu a ¢enpositioneeldtiventarotien eempengots, lsparticular

to om?-}r Al éd?’ﬁ cﬁgnﬁ%r SMSarQE 168l dompiti nsfm%ﬁ:heche fBMSC are being

rface, or plastic surface,

isolated.tRir & amD liso a(tlay Brl\éﬁ%\frowarﬂmoga@ﬁﬁéamﬁte ” detiotesr sepagating BMSC
fronf &h&wmp%bﬁw.hrbgn@dlaeeamare&lnb@neln& bhPe RBRpIEM as

defined'in (c), such as to allow for obtaining

Theqmwag&msm@a hefRsit RQABlaB6H © aNy R8 bephbtamtaldd Klies that such cell
or acellﬁé)gpulatl nc ri 'ng such.In a

p°pb'?té9'b‘i’qeéd‘°&f?6'8d’ia £n apia’ g “further conprise

In a%%rlwbe tp%q% it %|c§ chefl(alegr\rﬂ@ ﬁ!alep acﬁ%ll igorgcgggrmgaétg)e%eetn 1 and 1x10°
cellgimyn’14.g. | etaeat Heand)5efdraetisimenthbeiweent 1 abtiel smDheelis/mm?, e.g.,

bet\/(e(%w ﬁ Wrglea%xﬁ)@é ? Eﬁg}nﬂgz tfggfe?: ‘g‘;}l et\% d'? j 4pé??iujj>§'lt0'5 %Qlls()lfnm e.g.,

abou
betvmncmﬂOuraed (0 seltsr‘mmél or tpmwaeeratsxtﬂ% et HxdER Oaﬂﬁdlmm or between

5x16@Y%a 1R1@Liehm?, e.g., about 1x10%, 2x10°, 3x10%, 4x10°, 5x10%, 6x10%, 7x10%,

8x10%, 9x10*, or 1x10° cells/mm?.

In preferred embodiments, the said removing non-adherent matter in (d) is carried out after
between 1 to 8 days, e.g., 2 to 6 days, preferably between 1 and 4 days, more preferably at
about 4 days, e.g., at 4 days, and even more preferably at day 1, 2 or 3, yet more preferably
at day 1 or 2.
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In a preferred enbodi nent, the culture vessel may
provide for a plastic surface to enable cell

w@ahenese. | n anot her enbodi ment, the surfacerdEEPO7/@01360
gl ass surface. In yet another enbodi nent, the surface
may be coated with an appropriate material conducive
to growh of the cells, e.g., Matrigel (R), lamnin or
collagen. The term"isolating” with reference to a
particul ar conponent denotes separating that conponent
fromat |east one other conpgnent of a conposition

Furth g b I T TR (O B L UL AGOBRIE 5 &) may be

perfbramitfomeeweéme and 80dayse letg. dbr aboub M s23 days, moreppreteratdy about 18

o 28155, L PP leet SEB YT B 8, 051,20 5 or 4

daygzonponents, in particular to other cellular
conponents, conpared to a conposition fromwhich the
FurtBiBSC rreterriedi ergoadiinents.ethe Faid furttemstituringse adhiengnt BIGISCin (d) may

mvofv(—:-%ﬂeaorbrlnell o@\'aﬁ %nesé'ﬁpl fopgmﬁgggge%eﬁqrétcieﬁ@ bf)f P& 2, more

her conponen , artic ar cel ar co onent’s,
pref@?bIthpéséﬁBP ePrefﬁﬁ@bIYel mayiiBive & @assage @ abodie & 8 days, e.g., at

abomﬁtﬂb@@)ﬂ@@a%@ eagf‘)’atQQldayP‘?&Md a8 gl)so inplies that such
cell population does not form part of an animal or

In a e@@ﬂgoggﬁpigr@u f@a Haytﬂegaﬁ afi&iﬂs{‘aft)flméat)l oglfecr) g(bétandardlse
8] n a e n an X
the GgbyiRy effur% 48" aboubld Mot ot S s e Rl
2 ) 1
PreBaol- oIS Bay B 117 Rar3ong, tervtan ) dtrer.aliHEg %ﬁat between 1

and ando%aells%n%eal ¢.sAnhetdeer.1910° det wet ceRY/mBR, st defivebn0Bc10° and
e 0 D ee s/

11§ é eﬁreé&%f;&%e‘f‘@?%(%’éf ‘hda&ﬂo ’é%lls?rﬁ L S%Qtzsmw 6x10°,

7x1 Qfx&)(l&D” %t@.b4x10§xa>04>,, 34(9((1134x1(8xqrc54<1046561@’mm 7m0mpre$(a.bly between

8x1(53??8d%§1ro“%%1|s/m Zlég; go&eﬂxw &Gl /pma N preferred

nment s renmovi ng non-adherent matter in

In ar( g)nbb&nféﬁf 'iﬂeeéiallg lr'ﬁayaJet r%[plélgé ‘é?@ Borlﬂuteﬁcegoﬂa)@ast 9%9 or atdeast 10%,
preferab bet ween and 4

e.g. pq»tég%s‘t é%é%),argﬁ( e P tr@no%/s or @ognore él@aruBQ%fg nodﬁareetpgrh 50%, and
preféfabI bRfvileAradabgoat day 1, 2 or 3, yet nore preferably
at day 1 or 2.Further, in preferred enbodi nents, the

In a8 @hiboliidnt ethe &tdpt cbfrpa@gag)rﬁg madliees fbatarint 8f the delld wirAya bigalent ion

ol 5 TSk LA A0 R o g G, e
stepwftpanmgﬁhgomelﬁeeatnéa}tmbet Ufetee cdifs wititl a bivatkay son ehegptor (B&y., EDTA or
e and st A ot 0 PR foRb o anima
sources argl inay (hgb)efmaycarm\ﬁm lvsé( ainrérocucm@pahomp agedis.e. g., 2

or 3 passages of the cells, preferably 1 or 2, nore
Further preferred embodiments of the process steps (a) to (d) are as described above.

As explained above, the methods of the invention, and preferred embodiments thereof, yield
osteoprogenitors, osteoblasts or osteoblast phenotype cells, as well as cell populations
comprising such, which show superior characteristics, such as, e.g., fast proliferation, rapid
mineralization, and substantially absent potential to differentiate towards adipocytes or
chondrocytes. The inventors have also realised that these cells and cell populations perform
superiorly when implanted in patient bone tissue. Given such surprising characteristics of
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preferably 1 passage. Preferably, it may involve a
passage at about 10 - 18 days, e.g., at about 12 to 16
wa2003/09830., at 14 days, following step (c). |PCHEP2007/001360

preferred enbodi nent, such passage nmay be at a
constant tinme in order to standardi se the culturing
procedure, e.g., at about 14 days, e.g., at 14 days of
culture. Preferably, the cells may be, after
passagi ng, re-plated for further culturing in (d) at
betmeen 1 and 1x1 06 cells/mp 2, e.g., at between 1x1

d 1x1 en_1 1 03 nd
colsg a0 Sl R eR S T PR By b " Po Pl BB Mhese Bells anc
populaidns/armﬂ\ iteelfgp valbahlé cbnttib@®n t6xte @8, Mérebve3 asSurihe@szplamed in

ST P T N T
provigel rlesv typd; ofeostpogenibcalls, Bx £0idenced| by/mewland unexpected combinations of

marlgei'{??giij id@ggtg?llst Eﬁw‘éﬁ3 Lag ¥II P oﬂé agr%gulgﬁy %.t%& %rfgﬁ/g %rapy

or a e.g., ast
9% f
venf bt e ot Mmﬁa%ﬂmgf agpbrang o e

invealipfio & redkAN QSFﬂ@psqgéﬁ'tQj’ﬁ pateshigstagon reteaklest phenstymeneells, a cell

pop@étldnh% 6§ﬂa|n%dv‘bc§rﬂpr%e9' MBInBNbf 'déféoﬁlégisabpros(e%blgst’ RéHdype cells.
and/or treatnent with trypsin. In a preferre

Howswoav#éme 9-¢ fhstugtigps @fceﬂ%\'ég%?@P?f@seﬁn'@F’lf&E\@OP‘l"@’a‘i%’@ﬁY comprise a
mindprégoptichedflceismvihibh ardmot dkRBprogenitard) &stloblastsr @steobiBStbhenotype
or EGTA) and not with trypsin. This is advantageous,
cellssi nce trypsin may be deri ved from ani mal sources and
eref re carr e ri.sk of .introduci ath ni
Aol o s bR Lt et BB B SRR eoblasts
or osteeplast phertotypedielar ebtaimable sar dibetly adbtaised Asingxtpe amatadds of the
inveﬁtpr%?mvgzdetsgr?be@atblaws of the invention, and preferred

ereof yi el d ost eoprogenitors,

In %tﬁﬂpéo@rﬁﬁﬁt otrheoﬂ\}éﬂpérﬁsﬁroﬂbgéq %ry 813 V\%Iﬁféldl Sell aﬁoﬂéﬁét,ona%ompnsmg

ations conprising suc show superi o
ostepprageion: jostaoblestssercestaeblast Rhenotypg celfss srid mwﬂat'@ﬁ obtainable or

directi}RibthifEd\RiRY thé@hétABds GAe FYBATGNAS @échb&bgwe For example, such
potential to differentiate towards adi pocyt

cell meBEWé§mWﬁ%aﬁ IBIE B0 & I eagt QyorRegler %béﬁatt'ﬁ%i‘ 70%, e.g., at
least ’/E% 9m6r%| drsfeaerbq/ Sabast BOwY, b@t | 8595, €08k hwrérpﬁdv@ﬁbly @E legst 90%, e.q.,

SR YD P Bt BAPLT st Pt 9B ot gl 0094 oF Ssteoprogenicrs

osteplslpsts ai oﬂ@@bl@ﬁbﬁeﬁwybemellkhe nmet hods of the invention,
these cells and populations are in itself a valuable
In a@oeferred etmbodintent, tthe call popldtiopownay coraprifeuoneher more cell types other
ohqr.a
thanetﬁé; sgl)c(irb:s??olgéb[#en?or% %Ate%ql%gs 8?{3#&%%5@?5“? &{/'rge {%‘glﬁt F:grde)@(nple the
pOPLrbattwnnl@ camprisg fess tbén 68cegeréss tha #8%, @fﬁwlyﬂme elcarb§0% e.g.,

less ﬂ%W Ryl Mﬁ&%ﬁ@ IEQTRAD %%%rﬂ%sgfthm ere ofés% h\%lﬁe/'% less than

as ‘new cel ations par I CU
5% gu|lqa§dthﬁor2%o¢fecqllhtypa§);pthqqeﬁh@@ the tsajg loptepRrogpmioEs | @ﬁt@@lasts or

osteBad pﬁghétyﬁédcgngr son that when BMSC are treated
according to the

The actual phenotype of the remaining cells in the cell mixture may be of importance, since
rapid proliferation and differentiation of osteoblasts might be at least in part dependent upon
endogenous production of substances effecting osteoblasts, e.g., growth factors and/or

differentiating factors, by the remaining cells in the mixture. In this respect, it may be
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i nvention to obtain osteoprogenitors, osteoblasts or

ost eobl ast phenotype cells, a cell population is
w@bdoaissash conpri sed mai nly of osteobl asts or oetEEP108F001360

phenotype cells. However, due to, e.g., fluctuations

in cellular responses, the cell popul ati on may

conprise a mnor proportion of cells which are not

ost eoprogeni tors, osteoblasts or osteobl ast phenotype

cells. Accordingly, in a related aspect, the invention

provi des human osteoprogenitggs ost eobl asts or

di
inte B34 R, R RS RLT RS P hB RVBR PR g 1 part dependent
upon esmplebetdembﬂnm bdt\neaﬂbm‘daﬁodmng misteoblaetsmndeﬂheroaells present within

oIa el | t] ,
the BER bl lonrie el o RPBEA BT LEATE kS sRmppyany members
of acmimipigx ”5'@'@3“!9@[Eutnatunmati@bhaﬂ\mdblnebme el @oo;bqram mtwggh human

osteﬁéﬂp@%@%ﬁ%ﬁe@é@ﬁ%ﬁ% ﬁli%lhc%g% ﬁ¥§Pé%rﬁ&rrerg]%ugg%&E‘n}og%paé%p(ﬁltﬁliotin et al.
2004.cGglt Poysigl Bioghem #4(4169:2825-85H94n pdd;qiqn g 9re§en¢eegfs@ndothelial cells
may | ng@ n& tg |n sifif folrR&Rns %5\/835@@0‘? CQ;'; ﬁgrf;ers AMich \ﬁﬂl wh&ﬁé'&heﬁr@e@ly formed

even nore preferab % | east
bon@@%”@l‘ qu@ﬁesgpt |nég§prsg@y@ fagnd a%ﬁéuomwa!ﬂ"g @%@t'n Hmpresent cell

mixtQfe Ah Ib%aé{doﬂ%%m(e %befﬂay qse&rﬂsoafsspe@ﬁbaﬁakar%t §e %s.t.ve for the
osteo% | ast phenotype cells. In a preferred enbod

markar QLA S A, SR RPUB 1080 Dive Uit MAKEG CBAPY and in'partioular

and tpreefabBl REitivd 86t Athieagtadr) O, aaBr&da@Nbt GVE, VEGF and CD133; and
(g_}s?ileobl ast.s otr @%}gobl ast phenotype cells. For

optinally3isa Posifiee 8613 tion rray corrprl se | ess than 50%

cofigligh Ko ab, Pt ATy e 8L BostlinDg s endoteil

celld han pidifEnitarsg.In IaeiMl‘tdnaamB%mieeSstrtehaJellS%mmatioaassmay comprise

f p
OSteéE't%gg'%tréir)%eﬁ {))élgétgog'fe%& %L?ts {srb%?négﬁeo%" dpheendo hel'a' cells or
progesitérs. The actual phenotype of the remai ni ng ceIIs |n

the cell m xture nay be of inportance, since rapid

In apgtier Fsepett iherinventioniefates Enuren esteaTodsitesbpsieeblasis ghesteoblast

pherQﬁyp%t cbiRA3btainabRabl dIERRNEKtEINe PRhE IO GRIUVE of the invention as
producti on of substances effecting osteobl asts,

e.
deS@&bsmbOf/%cfpb H5e A ADGEPYIARYIET ke RATNTACHTE G 8 MsglicBiient for the

treafn®ibiboMg-reRtdddiddiddrbe m xture. In this respect, it
may bei nteresting that bone devel opnment and

In aireramtﬁidmérg ithe Kinoswitioho rdisteat td emastsoldledaddi @epaatitentcomprising

osteBBEa AR SlohlfR RopHERNrd TFEEURS SRR 1 PRidiagign obteinable or
directiycbtemad oomgrihet methads lof:thean‘l/qntlenndstdbed:rlbab abelé,Sor use in therapy
and/V\’pto?th megcturg'%?%tr@%{lca%mp% ﬁweq ea?mgrﬂry%gﬁ(etfeel erted disorders.

er ac Irve conmuni 1 on nb

In aﬁ%%@?{{ Fét@ rB@%rﬂ@Fs” o@%ﬁﬁl@s@%r%%o%%@(‘bg&{ot %' ée?ls ac%galnable by or

has been previ ous
dlreqtmpbtp@pﬂ nbyetmethods of the present nnventlon or an lsolated cell population

comprising osteoprogenitors, osteoblast or osteoblast phenotype cells, said population
obtainable or directly obtained using the methods of the invention as described above, may

be administered at a site of bone lesion, e.g., surgery or fracture.

In another aspect, the invention provides a method for preventing and/or treating bone

disease, comprising administration of osteoprogenitors, osteoblasts or osteoblast phenotype
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2004. Cell Physiol Biochem 14(4-6): 325-32). In
addition, the presence of endothelial cells may give
WO b@e/nv3a3in situ formati ons of vessels or capi PABEP®8S7/001360

which will irrigate the newy forned bone tissue. The
present inventors have found that such remaining cells

in the present cell mxture may be endothelial-1ike

and may, in terms of specific markers, be positive for
the marker CD133 and/or CD34, and potentially negative
for the marker CD45; and in ﬁﬁrticular and preferably,

cenEfiaioels 8y S ey ERingY ¥ BPEeen AbrBiREent Ay or 6 an soitec

cell popaatibrnednyprising estéoprodemitosy eéteomleﬁ cﬂrﬁmbbmslmphemdtme cells, said
t
oo TR0 8, SR SRR LA AL Bl s cosroes

aboym pa b atbject inmagedcafrspch geatohtopr ogeni t or s, osteobl asts
or osteobl ast phenotype cells and endothelial cells or
In aprasgesii therisvention eglaesh & a argieert for prayentingeand/ortreatingtbese disease,
com%ﬂs.n rmn ost eoprogeni tors, osteoblasts or osteobl ast
type cells obtainable or directly obtained usi

(a) qbirining BbiRiegies sarmeleicarPFsing BMSS ties arsubieat iapeee of sush h treatment;

(b) Hl§t§|n|n@ &S RAYenRBE! B5tebBbsts d@éﬂﬂ)\‘a@?bHérﬁ)tﬂfe 8ells, or obtaining an
medi canent for the treatnent of bone-rel ated

isolaied spllieerylatiph campEsing @pteebipst qriestechipehrhenntype calis drofpthe BMSC

in v:?)thol' splivd aecf@hd; tcﬂﬁ@t{hbaé ?ﬂﬁ? maimrdns?rﬁw t t
€0 enitors eobl asts or os as n e
(©) PRNNSISAIG STEET BHoTHaIan 8 BPORA BLeHEoa Al e cols
or tHésdanpcdlilpppoatitrocsmfsirigrich fvigBtsubBetas descri bed above,
for use in therapy and/or for the manufacture of a
In ameefecadrenibodiiotent, hiee stepdb)maay invblvb omshads| aittiesl present invention using
I S e S t r |tor Qs :
a8 1Tk bR B ToR il o) 08, PR Ry oL RH Atk anima
comgonerts,| ggotﬁeawrnecd)nwnaetshw_sh condifien prays beitreferrednhérein, as “pure
auto%s%oﬁg EMIt%%ngfC&;témlmgggF HstYbIRTBY bsteBHast %henotype cells of the
eoprogeni tors, ost ast or osteoblast phenot
inveptdrl.s, sai d popul ation obtainable or directly obtained
usi ng the net hods of the invention as descri bed above,
In adythes apertnithe Jpwantigh reladss: & & PBRACERGab pompogltion comprising

ostedpFogehitors rosferoﬁlébtércﬁ osieBblaBQiHéﬂbtyaé? Bﬁlétobtdu'ﬂiblé BNdichtIPBbtamed by
es a neth prevent | %8 and/ or_tre
0

methp@eabie PEARER BVAN QA eGSO O
oste@ptogenitaps edbtésblast ob Sdstsubl A6 phemsty s telBhIsasit population obtainable or

oo BB AR S R PR RS 5F bl HEC g s

admiredttatipo ptid aite ofrbooerlm;mm ng osteoprogenitors,
ost eobl ast or osteobl ast phenotype cells, said

2 Cgﬁa?#ﬁﬁédgg%ugﬁggfltﬂgm\,?m%rn directly obtai ned usi ng the
' _ _ as descri bed above, to a
As SPRIRGTN e 8GRMaRf seRHEN fikRASRRYbf the cells and cell populations resulting

from the methods of the invention allowed the inventors to define new osteoprogenitor,

pop Ia?on comprising

osteoblast or osteoblast phenotype cell types, as well as specific cell populations comprising

such, which underlie the advantageous properties observed upon use in bone therapy.

In particular, in an aspect the invention provides osteoprogenitors, osteoblasts or osteoblast
phenotype cells (herein, "OOP-1 cells"), preferably of human origin, characterised in that they
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In an aspect, the invention relates to a nmethod for
preventing and/or treating bone di sease, conprising:
wa@ 200708431 ni ng a bi ol ogi cal sanpl e conpri si ng BVSEPfonwN1360
a subject in need of such treatnment; (b) obtaining
ost eoprogeni tors, osteoblasts or osteobl ast phenotype
cells, or obtaining an isolated cell population
conpri si ng osteobl ast or osteobl ast phenotype cells,
fromthe BMSC in vitro or ex vivo according to methods
of the inventi on; and (c) adﬁi ni steri ng the
so-ob d oSt eo ost ts o
co-<38ie8 i) 4L P aphaIR A KebITotiep Phikga TOR ARUERIPhgSRlIAase: (BhP). more
spedifiozpy IASPI’@ tlsercbhd b/et-kﬂnsyubﬁpepprocbllagen wpef‘eemﬂub-termmal propeptide

PITRH, EP I cHAPBRTE: EPALTAR oBbue HedlinOf axflg GpF / immature

ostesprogenitonntrken cBogendfopr @P6Y ade CHi166.0f non hurran ani mal
conmponents, e.g., serum conponent s. Such condition nmay
Henbe inefxemplaty hebedimeats (apie éu)atheodbepnuedendon @isteoblast of osteoblast

pheﬁ&)?pfgs 'c?ﬁ-1%fb%ll§%6%9€9#e§§t %‘E |é%fs¥ %ﬁ_b' a c@%@n?&)yéEQeast PINP and

e I nvent er aspect

CD63n(c gt legat PP and LRGS, éﬁ)pﬁﬁéﬁ?%ébﬁt'?@éﬁ’ 366%1- (e, o’ﬁ least ALP, BSP

and Qﬁm@f tfﬁbneamﬂwp@@@eéndebéa (@ﬁétﬂ@&&t&iPSP@NPOISP%H@& (h) at
ype ce directly obtained

leashBLR0d G160 Ao RTNPANGH R 116, Copt IeashHSrPCENES. () at least
ALPI' At 85 ©8)166 pEPE1 REEOALR.0OBBP | HidNOD 968, §A1) 2964kt tFAINP, BSP and

OB 2 Fat Ak P Al e aue Eobagroptos. (o)

leastPUKPASDOS ahb €D 166 (1) ia0 feaasBESPSCDE D @dd TINGS, (rpatleast ALP, PINP,

oo snfPbToe,t Soptm ALFoRS oL o vefid oh sheesl ETAPnagP. coes

and OD 168 corQuatdeast Aeet P ONP, BSR, M3 adkiy1esf t he cell s and
cell populations resulting fromthe nethods of the
In a prefertadommabdioeet] (Yhéhe estenprogeniton, dsiedbiest nerwosteoblast phenotype

OOgs‘f)e(%‘HE oﬂeﬂér{ a.ﬁar ?{Hgﬁ}m&ﬁ\t a opﬂeeﬁg \%SEmBQ&H\%%p@ to (u), are

as specific cell populations
nega;ttyﬁmﬁ@wgalgmdﬁwmm ch underlie the advant ageous
properties observed upon use in bone therapy

In q)gpqthqfuprgferrqdn eg}poglgﬁé\&t(wt)héhq W@qp;ogﬁmmro\ﬂs@@glast or osteoblast

pher@*&o@m@ﬁb&l@rlﬁ pafEuRP Bb asfirfedah afg bEOBlaBBYe BMBOAINEAR (a) to (v),
1 cells"), preferably of human

aré B‘ﬁ'tarerﬁ Cg[ﬁ%‘{‘acterlsed in that theyco-express (1) at

t one_ ost eobl ast r chos n fromal kali
In GBRo PR AP CF el RRGRpoRTlcT o ichRBst or osteoblast
phetimype- (OGN} &élidniaypatticplar ap defr@d ingey of thp@bive embodiments (a) to (v),
propepti de (PLNP) and bone si al oprotein

are ?%ﬁyeh?@#& at | east one stemcell i mmat ur e

In & Sfbﬁl‘?é?r Bge%Hédo rﬂ%ﬁhr‘?é’nt C&?,S% E@%r%@@u%to?n%s%lggt or osteoblast
phenotype (OOP-1) cells, in particular as defined in any of the above embodiments (a) to (x),
are also positive for any one, two or all three of CD90, CD73 and CD105.

In a further preferred embodiment (z), the osteoprogenitor, osteoblast or osteoblast
phenotype (OOP-1) cells, in particular as defined in any of the above embodiments (a) to (y),
are negative for any one, two or all three of CD45, CD19 and CD14.
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Hence, in exenplary enbodinents (a) to (u), the
ost eoprogenitor, osteobl ast or osteobl ast phenotype
W@ A0P0I3u3cel | s co-express: (a) at | east ALP anPCTZEBR)7/001360

(b) at |least PINP and CD63, (c) at |east BSP and CD63,
(d) at |east ALP, PINP and CD63, (e) at |east ALP, BSP
and CD63, (f) at |east PINP, BSP and CD63, (g) at

| east ALP, P1NP, BSP and CD63, (h) at |east ALP and
CD166, (i) at |east PINP and CD166, G at |east BSP

and CD166, (k) at |east ALP,33 P 1INP and CD166, (1) at

t ALP, BSP and,CDl16 at .| east PINP, B
In q:%i%%e ;erﬁ err F@Sg?lm’gnb?étﬁg_;& éc?g& &1é§te ?%5{3 & osteoblast
phehatgss (ORR1) 6306 3inguadicOiat 66 defined intany efithe dBbiMPemBMidieatsda) to (z),

CD166 | east BSP, CD63 and CD166, (r) at |east
a’e%‘?ﬂﬁ?"%?filg)mg%es and CD166, (s) at |east ALP, BSP, CD63

In %Q?rth%?l? gfesl: A E %Boé;ﬁ%ﬁlfb (gégghe %%gespp%ﬁé%ggog%ﬁagt d*' osteoblast
phemtyfeet@@d-1¢ mb@dnmr@attlcmey as definaskincar ofgibaiabere embodiments (a) to
(ab)OSH P Hideiice O aglﬁqueprlaﬁé'ﬁhzrénﬁé]%&% [ Q%n@i)ngg eyl s§/nthb§‘ize calcium-

partlcu ar as I ne In any bove nbo I'ments
contaiing: extraggliulag maatre yeenexppegd &@W@. Redi mM)Ja'swﬂ g al. 1997. J

Cell/Bi6dhBRY 64°085.8 5 £ Fh& BRBN B Mindrilzatibd Sfté‘-r51t \ﬁ&m ﬁ?{%@hﬁe@ by the total
ost eobl ast or osteobl ast phenotype ( OOP

propgation; of JﬂearAhagmuﬁﬁmﬁ%aurf@f:eaﬁwaﬁra'tzatéows%%ﬁ%a?w'ﬂemtge art) may
be &t @afsf 0%V refe?é' 0845t 1489, hrivhre pilefetably At I%aét_tﬂd%’l &ven more preferably
preferre eopro [ , .
at Ie3st 530k 20C Mgt Pé%f?f@gtm %(ié asbhgzo?%é?eas( n*)‘;[52/?e|"’1‘ {east 0%, at least
80%)asitt ieattl 86%asatdieastneoi br ]z?nyeaﬁt 3% @beven emﬁ%di Medviagtageously,
. (a) to are, negativ, 0 4. | n t her
mind e eI e PR EEL et above vl
can 06 taelaibVeatsdnlyafter Stte dvveeks inpdeterenijcenddioR- 1) cells, in

particul ar as defined in any of the above enbodi nents
Inteealinglyo the)doublire timsoofpthei alhove dsbeopmegenidons, osigoblests adrl osteoblast

pheﬁcﬁ%?eeceqlg o) que(r\TPér;glnatﬂg n%rgﬁzatl&p m%dqu’f Hgg 'bF %@Rﬂ;e%ﬁﬁegnd 3 days,

e osteoprogenitor, oste

e.g. o@noebbldam i® Iscroppiderablgragter than the, dqublingime @ﬁplafﬁs'%?é osteoblasts

in the6d b1RAiohS, v(im% Rfablxes-2lgye embodi ments (a) to (y),
are negative for any one, two or all three of CD45,

In aCEiliSrupnér Q@ﬂe‘}rehnerﬂbcﬁd*hbﬁle@'adr)rtﬂé Qfs[é%@rc?@’ﬂml FEtabbla&bgr, osteoblast
or

nitor, osteo t e
eheiir et GO 1 Pelicta! o5 dein feaba” 08 Bave saogients () to
(ac)aﬁl}bsfa‘ntléll’yajo%lb@t\/cﬁfffewfﬁtmb towvards 4@) orieDof( and pesferablggdawarde neither of

n a urt

ot SR o L Bt B BB eREL i Bhgiolies) o
abséri0ePefl d)ffeeaitibtion itowards t these amell alinedgés mealy ibe tasyedofusinpestandard
diﬁe?ebn%\éﬁonem ggingecrc])hgitic()r@ egt%blished in the art (e.g., see Pittenger et al. 1999.
Science 284: 143-7), and assaying methods (e.g., when induced, adipocytes typically stain
with oil red O showing lipid accumulation; chondrocytes typically stain with alcian blue or

safranin O).

Substantially lacking propensity towards adipogenic or chondrogenic differentiation may
typically mean that less than 50% of the tested cells, e.g., tested OOP-1 cells, preferably less
than 40%, e.g., less than 30%, more preferably less than 20%, even more preferably less
than 10%, and still more preferably less than 5%, e.g., less than 4%, less than 3%, less than
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(ab), show evidence of ability to mneralize the

external surroundi ngs, or synthesize cal ci untontai ni ng
we@zdoragxrBl ul ar matri x, when exposed to 0St eogePCT/EP2007/001360

medi um (Jai swal et al. 1997. J Cell Bi ochem 64:

295-312). The anmpunt of mneralization after 1 week

(nmeasured by the total proportion of Red Alizarin

stained surface in mneralization nedium as known in

the art) may be at |east 40% preferably at |east 45%

nore preferably at | east 500/99 even nore preferably at

0 09

20, RS AR B P B 58 Wt 893 f UpoRddpencroenic
diffe&ﬁﬁlatucatwlhemmphezﬂ)%tbe reﬁpebtef&SeSt95% or even 100%

Advant ageously, mneralization by these cells is nuch
In afuthee aspedehiheliyveotierspiovides BiBMRrogenitos osteeblabloy @stegblasisphenotype
cells ﬁ@gre}ﬂ'\e "@?B" f&ﬁlg")oﬁ]'le?érﬁl){ ﬁl‘; hu§1 r@n"‘@ﬁ%ﬂ’éctbf%éasiﬁ ?r%g?rfé'\}//(éo express

nterestin t he

(1) addaasbprogeeohlant @arl@gtcéeﬁﬁrafsqr@ aﬂfﬁ"r@srff@@@m%me hErTTYBespecifically
ALPC&'ﬂké b@rﬁe ﬁ\)&%kﬂdﬂé@e@bé O;S}obdllabé}etyﬁb Heérﬁ.thé}Hu% pFEp8 (P1NP) and

bet ween 9 about aP/ Thi s
bong §ioBrRsTIO G S Wity @b iherhermmiapoieti aa%mhﬁbpfpeﬁ% oparier CD34
Hengﬁgafelxggl? aggtﬁlgggql%setatsés(@ |tq> I(lfﬁ S'i’en%? gﬁrlgg%ﬁtpb $s eotg)lastS or osteoblast
Sotsed (OEPL2) (canp coieh@re@ﬁt(et)mt OGRNIALPr andoED8ap(e)sst least PINP and

| as n c Iar as
Cvsae IR Rt R (ChE UL b ek PoB S [P [ G e, B
and O34t efmat |a1astty°1ds@ BSP andfGR34e ot (ghtat leastvslcR] $ 1Ry BSReandfGD34.
and preferably towards neither of cells of adipocytic
In d prefagel embgdimeatiphdhe esjecprogehitard psiegblast] omestgeblast phenotype
cho e agﬁg 0. f i g
(OO!D gz\kg?ecl’g’ P‘ eseag%rl ?é?j%n-égg 'Cs &C@e %bé)g{e eé mérﬂg @)to (g), are
neg@ttvari@ms@malpmdp&m ation i nduc:| ng conditi ons
established in the art (e.g., see Pittenger et al
In a ggdhersprefersed Zgapodinaent 7§i'). " H1ed %@?B@Eﬁ@}t%toﬁi?ﬁg'a% Q. osteoblast
pheMﬁRe (Id@h»tgfgeusaﬂlpea@maeﬁs e @ by Sttt abwetéanwdkmérﬁsﬂ (@) to (g'),
ow n accurul ati on; chondrocytes typically
are E‘?%‘l"ﬁf%(?% 3a| ci an bl ue or safranin O . Substantially

o ERh0 ARUSREL g , ) DSRPeaPlr ISR B Spoove
phedtydeh@© QR-2} esliscialdasticular gs defiresitie dnyOathé abevd embodiments (a') to (i'),

ref er, ss than 40% e.g., less than 30% nore
are g?sztfvgrf‘gb#%%e’gss than 20% even nore preferably | ess

In ér}anhé'roé?efé}flﬂi %Hﬂ hmek?ha 305%/0@0?&& eni rb%&o%%ét or osteoblast

['ess
phemcnme (ORR2) ee)l@nmlr@gwutah an definegyin @oy) pijthg w@wesergh@d@ents (a ) to ('),

are 4db peam 6r My SHRORY S fNhree & EDSH a7 REAPBDEEN

applied to the réspective test. In a further aspect

In & NBirth&lY @Rdré Ay Rarn%ﬂdﬁ%toft'} egHar %@%Bbﬁo@énltd?Sto%%b@ﬁ d?! osteoblast
ost eobl ast phenot ype cel

QOOP-
Phepptges(QeT ) 68l i aHcuEr g° Hef(ft,eﬁam aot ithe @60‘4%’??99{'2‘?%%? ) to (k).
are RGP TR 3Ry one, two or all three of CD45, CD19 and CD14.

In a further preferred embodiment (m'), the osteoprogenitor, osteoblast or osteoblast
phenotype (OOP-2) cells, in particular as defined in any of the above embodiments (a') to (I'),

are negative for CD133.
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(1) at |east one osteoblast marker chosen from
al kal i ne phosphatase (ALP), nore specifically ALP of

wo bev7ioesast | i ver - ki dney type, procol | agen type BCT/EP2007/001360
am no-term nal propeptide (P1NP) and bone sialoprotein
(BSP) with (2) the hematopoietic / endotheli al
progeni tor marker CD34. Hence, in exenplary
enbodi nents (al) to (gl), the osteoprogenitor,
ost eobl ast or osteobl ast phenotype (OOP-2) cells
co-express: (al) at least AL and CD34 (bl) at |east

PINP and 4, BSP. a
i 3 dUth pbrsreronis it 7 s ShiSSplegeich oSiegbptt, gy osteotlas
pherﬁB}X&k, Q@Pﬂ ) atlld, dapartibulaNes dBSedaincangl84he @boyegémbadiments (a') to

(m"), ?T]%S n’ce (oﬁ%@'ﬁyttﬁﬁ\ané} Igze%éxtelr{%(l)r rPJu%{j‘?\géloq slyntheS|ze calcium-

e osteoprogeni
contemtr@o@masellqiﬂmmttly p\ehe(noapozyd ct@lostgogwc peediunt (Jaigwah st al. 1997).

The %ﬁfduﬂ{sgf hﬂe%?%@%oﬁgeoq,%%q&% W@ﬁéto‘%ﬂo;{g‘?ﬂ&g&hed Alizarin

re negative cal cin
staurmdeswfacgdmem@mhﬁﬁmn (Medium, t #fe kpawredprtbgeatt)tay be at least 40%,

pref@r%B?QQ'l 48%, %rs%fééblypmgﬁ%@% (eQQE’n?are %?éfé:%bly'eﬁ least 55%,

icular as defined in"any o above

and m.S) Preéerelfy Pt leasteb Qo sSuch 8. @td?asté’é"é af lgagf 7f0L{<r tqﬁéqast 0%, at least

85%0ra‘f:3fe%Etlr W/to %W@P@atg‘ﬁ%k;’f) (r eden 1@(15")? @?‘dﬁ/@ BHSERN hflﬂ'll'erahzatlon by these
osteo S or osteo a eno e S

cellsy R (BRter Tandar SRstcel BV atere fhs shie deval e b setieved only

afte 3itb)4 WeeKsiid bstedgenidmetiuimnve for CD166 In a further

preferred enbodi nent (kl1l), the osteoprogenitor,
Interestireyhb| tas tdonblirgs timebbfathe aivea obsiguprdgedRer) ostebblastsior osteoblast

pher?og%ei ?Cetf)\!s {o{ th)%sin\gefm Ergled hla ?poﬁle%lliz\%goé %r%dgﬁi}\r/lg% gg%?&v;)e%ﬁﬂt éc'nd 3 days,
e.g.,adtdout A deys. oT hiCBADNsiGE2BlyHfastelGba0 the daubbng ume bEclassical osteoblasts

in thBE«%E&{g‘it%ﬂ W&Qn‘s%‘é@@l ast&‘{ﬁﬁet he osteoprogenitor,

ISt or 0St €0 notype (OOP-2) cells, in

In af’é’tfll; fuﬁHE@Ere?é’ré?deghﬁgcﬂﬁeﬂt ?J')y 1o o‘é@%pr% QrYlﬁ)r e@@%lé@%rsosteoblast

, are negatlve or any
phemqﬁme(Oé?P ébzﬁﬂs irpadicelatagdsfined jmany Cfftﬁ'FQ mqvepﬂ"éfoémeéﬂs (@) to (m),

substARMN H@H&t cﬁﬁ@kéntlaié"'f%v@&is@\grd%%'mdng rpref@ﬁab@qmvéﬁg nBither of cells of
ost egbl ast phenoty

I
ad'pa@ft'Fﬂf@%aqer{e&wfdtPPCYtﬁ%) %BBQ'EJr%%SB”‘??@ﬁR% 9¢ gl‘?”(#%‘%{‘esl?l)
WheleiB aeealad it HG pe RIS B aupr Bl taarer ste B oS ket g skited person
will osichalel thet pr@bemat ypevuﬁé)id@ 29 acm’sﬁrﬁ:’; sigrnapaigl @utibadyatetectable or
i ned..in any,

detegﬁow%vlbéeeﬁ% é gfse cn@t}lop (Po rMmer e]ner}a {ﬁ%ctl %nxﬁcgrrthg l)narker when
carngng oatihe apgrepriaie mﬁastlmnketowbmdljmsomm contrgls. Where the method

r ' - t i
stofif A48 By o ENBE RS B RPN forage genrse
signafi thatrisbigrificantiy differant fromiibe korftrab ssqur e WitpowtHignitatiom at least 1.5-fold
highBF RBR LRSI gBRGtafddi R Aohtiol cells, e.g., at least 2-fold, at least 4-fold, at least
10-fold, at least 20-fold, at least 30-fold, at least 40-fold, at least 50-fold higher or even

higher.

The expression of cell-specific markers can be detected using any suitable immunological
technique known in the art, such as flow cytometry, immuno-cytochemistry or affinity
adsorption, Western blot analysis, ELISA, etc., or by any suitable technique of measuring the
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stained surface in mneralization nedium as known in
the art) may be at |east 40% preferably at | east 45%
woooe/omuef er ably at | east 50% even nore pref ep@bkp20at/001360

| east 55% and nost preferably at |east 60% such as,

at least 65% at least 70% at |east 80% at |east

85% at |east 90% or at |east 95% or even 100%

Advant ageously, mneralization by these cells is much
faster than by classical BMSC, where the above |evels

can be achieved only after 34;to0 4 weeks in osteogenic

avaff§ b it GROA B et B sellebnfiall qREaBIgE Rr-per

etc.cel | s of the invention in the mneralization medi um
may be between 1 and 3 days, e.g., about 2 days. This
In embodimeits] eha ldbpvé asstempradeattors hestdohlasts my ostenblast phenotype cells,

wheﬁlsgiﬁstb @@%@5@&% a\%ﬁl%e llﬂ.[FI stcﬂﬁlecagrb%'tér ?‘ﬂe% bé/?]&(?@ Ih%mbodlments,

rther prefe
the é«thoncbm cglig1ill t:¢réa|03ate|@p$to§@mnlﬂ dtLP ®et dorg el eellular protein,

pref%%%l?%m §€4dﬂmsapﬂb%rm@?ot% cénsllar Enotén‘i‘ rP&Etdréfé’llaB{y Afeast 450mU

| ne In an){ above di ment

ALPSRets Smshiotah ceNHiaf prefsin, giok f%ﬂ%ﬁﬁ% ﬁ%@@ut@tv!m §0§w§«' éhk@aetﬂOOmU at

|easa@do@0efaen@é%k )Gobﬁhmbﬂ%t ri&isﬁ her oPALR Eddrs1rRd tatdl BORMri grotein. For
or chondrocytic lin

examplBg e AT AT Frhe Dainabn ARO ZnadpPOTY aski g B getuiar protein
e.g.) plgeawteénéesé @hd aspa:hlu @uimlen gﬂ@okffd, 1500hf), IBedisent $60 asd 1500mU or
SKI e n w CO u the presence or
wetvpen 0f acfiTRBM berans By Cof oy 238 st e, Ry Btween 400
and @e0@Ut peprt n]ig)&malkmlemjlhyprb&vereage abcain SO0} a'atorrut ﬁebmmeeacm 600muU,
i, eact.i or t ar.r
auof}330B4L 54 A el oDt ol BRGG Y ehd e, e
abowoALP attivity Vifesr lee plesentan bodbialamawwtrf ame guantel d>taen characteristics (a)

to (35 B8AERUooQL_the marker, positive cells may on
rage generate a Si gnal that is significantly

In eﬂb&flﬁ\@ﬁ@t ogtécgi%ggéﬁﬁo&ogétéé’dlaﬁ@o &Hst hd Wﬂ)te cells of the invention,

lrmtation fer t han such
wheg epidtabe &1 b”]j RoOsHive.orill prduge the, p@ocoll%gem tgresi aguﬁooqeﬂnlngltpropeptlde

(P1I‘J‘IFS«’}elﬁtthéfCul@:'l'elfj me@la |h|‘¥ﬁéfollé@mbcﬂn%un%t of! (?Qﬁf’ @@X;ﬁr@ésﬂa&i iAlng per mi of

f ast 40-fold | ea O-f
mediimy Rey 18‘1 Ceé'% t l'ﬁaéh&““g Tﬂ@feéﬁtﬁ)f ak @a%o éf mogg predesably rat deast 1,0,
everlokepreferatly Beledet B2 bad mist ﬂ@félﬁtyly atlichat! 8, e.g., at Ieast 1 6 at least

7 T S B Pk OB S o b e

0,5 aﬂﬁﬁ,spbétwg?n Oéssaed B, 5bbem~feanal (yahdSB 5E::lra]tSA4en etz and 0[5 {bﬁtween 1,5
t e 0 r e | e

and 3 DR 6 b 5 oRliReR ST ot BieRR 2N o Boptedf 2 ano

3,5, betsveen 2:8 ande3,BRBr Beeept3) anch3,6ndgdiabeuttiss, abbet Bboabout 1,7, about

1,8, Qﬁ{nﬁ"ipé 8:9%8&9 Tpé’%é@%ﬁtﬁ@ﬁ gro%'hct%%tﬁ%b?ﬁtes@%ﬁ%%@ﬁahon with

one poRLE Qxeera@aw@te@sms(ebtoup) aw%lnfetlu \ég@wbodl ment s,

In other embodiments, osteoprogenitors, osteoblasts or osteoblast phenotype cells of the
invention, when said to be BSP positive, may contain a moderate to high quantity of bone
sialoprotein. When measured by quantitative methods (e.g., quantitative RT-PCR), the signal
generated in osteoprogenitors, osteoblasts or osteoblast phenotype cells of the invention may
be at least 2-fold higher than that generated by control cells (e.g., any other non-osteogenic
cells), and may be, preferably, at least 4-fold, at least 10-fold, and more preferably at least
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the ALP positive cells will contain at |east 300nJ ALP

per 1ng total cellular protein, preferably at | east
wWaEOOmob3ABP per 1ng total cellular protein, nmorECT/EP2007/001360

preferably at |east 450nJ ALP per 1ng total cellular

protein, e.g., at |east 500mMJ), at |east 6001, at

| east 7001, at | east 800MJ, at |east 900U or at

| east 1U of ALP per 1ng total cellular protein. For

exanple, the ALP activity may be between 400 and

15001J per 1ng total cellulag protein, e.g., between

0 d | het wee and, 150 e
20435 £ st RN, SRS B398 "L BT o B EREL, FR0 above bore
sialopedtéio|ppodustiat miap be gnesemtin doentingtipe aJithpnb@lr wesee oth@0 clardcteristics

otal cellular protein, e.g., about
a)@g’%"%ﬁ'ﬁe"l{%ﬁém about 600MJ, about 650MU. about
C

GenZ%%he %*Bg_ﬁée r é’.@g\j/neél%é ggﬁr \;r??@?y apt,?gnéﬂg Ierg{e'ﬁt&l LH4 Vays of and
feageoﬁliprﬁa@'r detegtiontin gelts are amjtaéledp Hék'"@%aﬁ%\ct eristics (a)

r&@ as defined above. I n enbodi nents
In ao§{ brasgedii thsr §1veptiqne 6preERasses csldtRapylatiens SRERDEIYPhe above

osteQSJO &nifdf dds%b{aﬁV@ﬂBdté&blas‘l\’ﬁﬁéhoWed:e‘IQ &g, E&Nﬁlsﬂ@&hé IO®R-1 and/or
produce t he

rocol | agen type am no-term
0oR 2 sounetass phayey Hratocanly: aubh (LD PRBUALE ey rromphee at least 10%
preférablmvwe@gt W UNbre péfelaBANR 1é=5t 60! egS @t Idast 603 p@t mvke preferably

o BT 5] 895G ey el My 2651 £ Bt s, o
everpatdéat 8By atdeadt 0%, aflledstD86h oroatiegst 9% ohtheyO@P-1| aragir OOP-2 cell

tvoe ,5, e.g., at least 1,6, at least 1,7, at least 1,8 or
YPe3t | east 2. For exanple, P 1INP may be between 0,4 and

For St ol o208y 3yob SR Rfbr B e o,
OORxf ¢etls may benshitude atl legstitd, &, a5 least 1 Qkedr 3t leashRB%306at least 30%, or
at IeQ&lt I'(‘)r 21 18adB@o3 oﬁat RSt B8N o?aﬁe?éft‘ 0%, ér ath@ééﬁ’@@% og agleast 90%

or between 3,0 and 3, 5; ., about 1,5,
or at1|965t %ﬁ/@@f exervm%owbllelOQP %.mﬁytsui?stanmﬂya@a@fttutz remamrr@ cells of
the sHRP¥&tiBANP production may be present in conbination
with one or nore other characteristics (a) to (h) as

In pedricdeshbddmiénts | the @& @bp@ﬁfﬂﬁdﬂnﬁ}i‘ abn‘apn@sbe@ ﬂfa@ngfﬂl% tsrefrably less
not e cel

osteobl asts or os 0
than S0 B O BRESI B ot 1B 0 B DPts Gterafly 1458 e 20% and sl
moréTpeégralble lelse thangt0%uagt esy thah 19enessstham 6% atledsrthaVB%of cell types
otheﬁﬁ%ﬁ&s gb%@é o%'tjeaoyéﬁeﬁﬁ%r%:r&%%b Ga%?sf’]or(()ogstt%gbarsgéem 'tt); %tc'e}fse esp. OOP-
1 andbr ©61-2selstypes.ost eobl ast phenot ype cel | s of the

invention may be at |east 2-fold higher than that
In agpreéareededmbodicent, rtbe said Icell (Repylatiommayoeeraprise endothelial cells or

prog@ﬁﬁbr?%?&gen' c cells), and may be, preferably, at
'east 4-fold, at |least 10-fold, and nore preferably at

preférgg@: Q%Bféﬂthheﬁ'él cehast r%@eﬁ.sakéimagtexbrags%bt iB8stfpkde 8", alieast two,

o aireat Fren ohiy \G@'eﬁfaé‘é‘éﬂitor DS ASE psa abaBg ot ein”

t her char eristj
Accoqglngly, in embodiments Ea ) to (g’ ) ﬂ?"'le said endothelial cells express: (a") at least VWF,

(b") at least VEGF, (c") at least CD133, (d") at least VWF and VEGF, (e") at least vVWF and
CD133, (f") at least VEGF and CD133, or (g") at least VWF, VEGF and CD133.
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(a) to (h) as defined above. Generally, the above

recited CD and other markers are known in the art and
wowgs/ogfs3and reagents for their detection in cedl/EPADB001360

avai lable to a skilled one. In a further aspect, the

i nventi on enconpasses cell popul ations conprising the

above osteoprogenitor, osteoblast or osteobl ast

phenotype cells, e.g., conprising the OOP-1 and/or

OOP-2 cell types as above. Preferably, such cel

population may conprise at hgast 10% preferably at

o 5E S 8160 AP S99 3 b g o 07 s

aboxbeaasﬂmB@%resamDMen nore pr efer ably at |east 90%
e.g., at least 95% or even at |east 96% at |east
Acc@diglyatin| emsemb@¥itent, athel eelktpopOiiof ¢dmpriesk- (A) ansteoprogenitors,

ostegﬁgstg &e&teéﬁf&?%heﬁgtgg?)&@[ﬁ) eQEII} gfeeob astgﬁdﬁogtbéﬁ -2 cells as

teopr ogenit or ‘o
defirgg] dboye, @@P ftlrtrwelcb@pnmﬁ (Bbﬁ@dqtlneuakaceﬂs of pragenivs a%qleﬁaed above
| east 10% or at least 20% or at |east 30% or at
In an gmbedineot, t@osé@oge@@gellgg%er@ and th@gg@otgqu;ag cejls uggder (B) together

conégt@tﬁétat 1680 5094, @é b?%%&t &80 Eﬁéfe?dblyj ﬁaéést%% ‘ér .24t 168280%, more

5% or even 10 subst ant i al o
preferghly it Pa%@Wmmmge e el Pt RS SBH, and Mt pitpratiyat least 96%

e.g. Pateét brY, afeast 9894t at tdact 9Bk ortaieH 18DY%08T deBY forming the said cell
i se | ess than 50% preferably | ess than 40% even

r
poP%ﬁ[‘% preferably | ess than 30% yet more preferably

0,
Of trgszfé é) [ac or%) B %@/)gqné %quwgﬂgr@c) Bre (Frgglglcgﬁ%lltﬁthat Ief]fast 30%, eqg.,
at leaet 60% ypere mefeeablyt atalnattvd%a eoy catdes s BP0 gedieven sore preferably at
obl a r t I o LL S 0s8 - 0
|easg§](§j°//%b§ a3} RaWlosio a{‘??é%s?‘éé{ohél%‘e%‘t 4P, f:lglas;t 9895 f%ﬁg%? at Idast 99%,
in priefegreg &ixdmpless| bedogen aQ%camd 19850, @etvmen%"/temjb@i’v%l ¢rajetween 95% and
ogycel I's or progenitors thereof. Preferably, such
‘endot hel i al cells or progenitors may express at | east

tadl B
ConQ&FJenﬁ'yr %ﬁ gﬂ? zf\c thﬁt%t(:tlc{Adé?e Q'Tdoﬁ{egﬁl%?:% ggcléér A):!(S:rgﬁéram cor¥fitute less

thas 506 PREIES 405 116 PIRETRD 1478 (5 20t 9GP A1 £0%, an oven

mor«% Be&raBly {Ris@?tlfan {®%,)e.gt 1s8ah ?”)é/\ﬁests(thaﬂ 4%} dsS@sdn EGEss than 2%,
eas eas '

or el leghiencl i AT Siprines etk 1508 e BEipebibpd and 10

or b@Ree®Nn % gnd)5%t | east VW, VEGF and CD1 33.1n a further

enbodi nrent (h"), the said endothelial cells, esp. of
It steatibloel iappretiatedathpt tiee hgrejn dsclabed eell ftypeshard ealpipegdations can be

adva&?ﬁog@y Ca?rr v%d er'LPérng tn? %ﬁe?&{t’ 8&'&%@ h’od% I'(B'fe thceellnl/entlon Such methods

on co eopr ogeni
may be optionally supplemented by further separation or |solat|on of particular cell types (e.g.,

using FACS based on the marker profile), and optionally combination of such cell types to

form desired populations.

Nevertheless, it is to be understood that the invention defines the cell types and populations
by their structural and functional characteristics, i.e., per se, and is not limited to any way of
preparation thereof. By means of example and not limitation, osteoprogenitors, osteoblasts or
osteoblast phenotype cells as defined above, might be obtained using other conditions of
differentiating cells into osteogenic lineage, and selecting, e.g., by FACS, cells having the
particular marker profiles as defined herein. Similarly, the endothelial cells might also be
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ost eobl asts or osteobl ast phenotype cells, especially
the OOP-1 and/or OOP-2 cells as defined above, and

wo oovhexssconpri ses (B) endothelial cells or pregERP100T/601360
as defined above. In an enbodi nent, the osteogenic
cells under (A) and the endothelial cells under (B)
together constitute at |east 50% e.g., at |east 60%
preferably at least 70% e.g., at |least 80% nore
preferably at |east 90% even nore preferably at | east
959@ and nost preferably at Jseast 96% e.g., at | east

gentig oty GPAPRG: P THePeBs FOpbUT TN RS Chueploned by

selettianadficells witththe detiesayeaiker prefiles under (A) prefer ably
constitute at |east 50% e.g., at |east 60% nore

In funthef aspebisythatindeatiat algQ élates tp partituldreaptlai@ihasing padtienlar marker

re preferably at | east 90% e.g., at |east 95% at

east 96% at |east 97% at |east 98% or even at

For %?ﬁﬁéle gtﬂg (J) \)e'ﬂtuﬂ{ @;@/&g Fdja QIR PO fistion NG qgg A |ﬁ%tv9&4’ 70% and

et ween % a bet ween 95% and
100‘@0ﬁ5®é®'@é‘ﬁtqe9Ne%‘f8Q°/hla§d (WQ%’) mMara Preferablyt heiwesidd? faedndal 00%, even

morS%IréféraBWQ?ertwéeB) QBBO/oegﬁd 3bb%, 69NUp oUedwéds 0% N ‘ﬁ%% or between

. éss than 4 nmore p referabl | ess t han é
90 /‘ea’gd 98%9% b?‘?ﬂ‘@ﬁn’f@% ane @8y @Fe (roY'185 F?Pé'l“é‘? 2p¢- PP 'y also CD45
negitheNCHP¢negatle, Ch EEGeddiad) CII90 postive LAATDYHpokieits t han

3% | ess than 2% or even less than 1% in preferred

The @ampoe furthee rerstes td%ﬁlﬂﬁhobO?/q(“Pb)ﬂ %eﬂvﬁ%ta@deal@% a@rPOP 1, and

rurtng WAE L LAY b 0By lerelis BB BTkl el e preferaby

betvkmnaﬁﬂ)a/aanmgeﬁ%sé\xeranorevmdfeaablwBetwgem 5% ahd eﬂé%tofe&@‘mﬁ positive

Ce“sngf%«%%% H‘?jpgsﬂ%aw’%ﬁ"‘@ﬁ@°§ﬁ ?r};BZr Separ a%(’l on or

ona ["enen

The n?&lng&ﬁ ‘ﬂﬂth@F r@é\éi h$ HB ?tfcf?ml:g ‘PHFE§'3(h%v9|ﬁ t[\#?éeﬂtgreg ASPOP 1, and

on the , and
furthep bPTein PEWEEN DU E0% g o betugen 60K e 196, preferably between

OVPQWH@@%OB% BRVEST BEdeswe 106% ' ﬁoﬁeoprQPeréwi%éﬁJe‘éﬂObdw%d 100%,

he invention defines the cel gt{oes and popul ati ons
everwnqrﬁeqrﬁfesq%e?tlw@an gré mﬂwépp"én CPAgy él?ﬁ@l"r’ Sellg gre also CD63

positiveand/GED 88, padfiidei S not linmted to any way of
preparation thereof. By neans of exanple and not

Thelihv@ntied ﬂmher &S&té@pﬁ paswationr 4 ("PCH &9 Hasisy thefeatures as POP 2, and

bl def b h
furt B TR SehBRS SOV it B neNeph G074 AL o0 Halprably between
70%ceahd 300%] o. gqstie&amnB@%lamﬂeﬁgE@, moe grefepatily bgtween20% lapd 100%,
ever 17% e ferafhy BRERA, 0% AP TopFLorL TR Mol A &P Bive anaror
BSPapasiive eglisrare atseC 63 ;zqsp]vy iang/or D366 pesitieogeni c

factors, or from hematopoietic cells, followed by
The gnseaiéan forihesfrelatasite populationHe("0EE 5 Havingrtke featiires ps any of POP 1 or

POP 3, and wherein between 1% and 20%, preferably between 1% and 10%, more
preferably between 1% and 5% of cells are VWF positive and/or VEGF positive and/or CD133

profil

positive.

The invention also relates to a population 6 ("POP 6"): wherein between about 50% and
about 98%, preferably between about 70% and about 98% and even more preferably
between about 80% and about 98%, e.g., between about 90% and about 98% of cells are
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In further aspects, the invention also relates to

particul ar popul ati ons having particul ar marker
w@e@iioprslt For exanple, the invention rel at es POI/EPIET/001360

popul ation ("POP 1") wherein between 70% and 100%

preferably between 80% and 100% nore preferably

bet ween 90% and 100% even nore preferably between,

95% and 100% e.g., up to between 90% and 100% or

bet ween 90% and 98% or between 95% and 98% are CD105

positive and, preferably, aI@o CD45 negative, CD19

D14 Ve, 0
ALP Ry BhereRabeHERnE POl P P AP V6o P oraRih briuerR gbout 40%

and 2bGutRaR, 2nd eveavnomg piréferabietiatwesn aiouPﬁP/oJandamdun‘Qﬁ% heg., between

in. b % and , 100 bet o
oo s D538, SN 00y B G5 U BE BBt o, o
evernbete/epm ebmltalﬁ%/arhl:ew%e!ﬁ celBre A 66 pO3itiod; v@@lé)ﬁ between about 30%

and B30t ééf é% /acbl)?égtﬁ%:oﬁoab/é\htp 4@9_'%1ntdi Aouf 98 ozgncf %\{'\%D%Qpre preferably

PoOSI It ositrve e 1 nventi on
betweehzabest 50%paplihbout 8% ¢.yPORMVEeN Hnul 16§% hed fabautu9ash, between

abo&slog}%ndl?B@nget\%g Lt B t?’g‘grﬁ{df’%&%t%’% %&%@H‘éb&@%"(ﬁ% and 98% of

Y0 an erer ab t ween
cellslqygox;D@’i gositivee wWheean ggb/gegncpbpgt)@/(ﬁ"/q-@rp abewf &/mmrgferably between

aboaei)@/ea%e 0950 &/l rﬂ&@%{ﬂref?z\/ﬁy Bame.p%%@rml%dbﬁm%ns are CD133
95% and 100% of ositive cells are al so

positives jwhepein Bstyesr ovbE-37nent japaut 19ie. piefrsakly mt‘”(‘?ﬁ“t Fhaut 1% and
10%r %lvélﬁ eﬁorb %r@i@?ﬁﬂlyabétﬁléeﬁ dbobOPyAand Ay ioh@elisharel YBGE! BSsitive; and

rther wherein bet 50% a
whegin, betwgh B (0 BRAPORIL U4 oo B P ABED GBS Todd g%, even
moréQE&YeraBlyg)etwdwtamafIS%%daTm, §%betmrer gpoetf &% adply10% of cells are
W el neen 90% and 100% even nore preferably between,
VWSS Rd 100% of ALP positive and/or P1INP positive

In re@% ggpeggpg%()ﬁvér{tlﬁg reqsge%.?o e ab%b% ggn 3(}(9?%%# Eéll eFFO ulatlons for use

I'nvVen
in thecapyomd/ert fop mhes mahpiaptuse pf lmamedigamen foe dheutreatmest aﬁjvone-related
disofferdOP 1 or POP 3, and wherein between 1% and 20%

preferably between 1% and 10% nore preferably between

In art %sBE9, ﬁ_’le/oé?fovg %‘ef §eané?IchW: cell BpbilaNéh2d( @k ARtHI stered at a site of

positive and positive. The invention also
boner@rs'aﬂe%gtéuraermsupamr%n 6 ("POP 6"): wherein between

about 50% and about 98% preferably between about 70%
In aggther BeRRCLoBe:, QKRN '80e9f°Yf6$ ap?‘éf“é’PaB[ )Pr%’éﬂ%%ﬁ”‘élsbﬁﬁeat'“g bone

dise&$¥)/ ccomgrisihp HimPRHatioh of. the RBbVEEsTInab @uils S0%1 Pagulabiénst to a subject
reALP positive; wherein between about

. %.0f .cells
n nefg‘?fﬁﬂ%!" té%’ﬂ?%8% preferably between about 40% and
In ari%%ﬁle %@gg)lo%vr%%t e R{eﬁo%rfgp Pévgﬁt n\é\ea%%/o§Q%lé{ing5 gg/ﬂe disease,

comprising:
(a) obtaining the above defined cells or cell populations, and
(b) administering the so-obtained cells or cell populations to the subject.

In a preferred embodiment, the step (a) may involve methods of the present invention using
autologous human plasma or serum, and more preferably devoid of non-human animal
components, e.g., serum components. Such condition may be referred herein as “pure
autologous” conditions of obtaining the osteoblasts or osteoblast phenotype cells of the

invention.
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about 60% and about 98% between about 70% and 98%
bet ween about 80% and 98% or even between about 90%
wana78unf cells are CDL66 positive; wherei n bet/RE®N7/001360
about 30% and about 98% preferably between about 40%
and about 98% and even nore preferably between about
50% and about 98% e.g., between about 60% and about
98% between about 70% and 98% between about 80% and
98% or even between about 90% and 98% of cells are
CD63 positive wher ei n bet wegn about 0.5% and about

0% pref tvvee about 1% and .10 eve -
in apdbertasget i HNETot B REt: 6 5 RO By ek po BB EMN fpgising cels
and pels pdpulatipns\he defined bbves @nd abitable or 88mimisttatidooatta si@%f bone lesion.
preferably between about 1% and 10% even nore

s A s g o e
Thei) npés‘g)te@t‘saggt\é t BEBED ?@r}ﬁf&kt ogtébglagts 1P HateSMSE pRBR&Ype cells and

er a bet ween abou Yo and % e.g., between
poptdgums c@%palﬁ@g BYoh.0ds eltpingd &F @bwlﬁbtﬁo%y pethods | deserhesk ig pection 1

abm‘?&aS %%@II a§ rl’@ obt%\'SS Péﬁ]fbri edstdBfastsOort Bﬁe&ﬂé&( ebh@ﬁ(f)tyﬂ%e@ells and cell

I's or ations for use in era\P
popv'affontswemaﬂm 308 P ¥ 28 dﬁ%‘d‘PE%f?esr‘?P“?’b? APRE- t r eat rent
one-rel ated dj sor an aspect, the ab

In 2 dueRaaPEeLI e THEMAR TG0 A PGS BEIIOR Sy glgdnstrument

for Qdmlals&aﬂicsn of abesmpdsainoat, a esitg. of erreg&ts}onoand lfla'tﬁeurcampnsmg the
n anot rer

ct, the.in ent n i des
praistasgiftel ol cohBiehd i cel af (B ifeBRiRRol bl ¥ ¥ention as
defimadinabovs wla&remrthe)farrah@eraértbwsaa@h;ﬁem@d admirilszratwn otlhe pharmaceutlcal

comgggﬁgnaglj ltﬂgssn%%f Bond s'?&t F'oP eQ?rﬁ&e O£ sﬁft‘é:tﬁe ﬂrgﬁc%m@ttruméﬁl may be

ven lon rellates to a
CaP@'@vfsmtecm@ alfmideontpasition kgmbusieg mllg@éghg pr@m inventipg: at the site of
boné sioRPt @i ning the above defined cells or cell
popul ati ons, and (b) admi nistering the so-obtained

Acc&%ln%;stoofhec§ﬂ)évep9§Bé|c%t 11RO el oﬁ'%ll%ﬂﬂu%%s lop tRe mventnon may be
referred enbodi nent, the step % i nvol ve nmeth

'“troéf-'chr]'@toptf‘é%ﬂ? of AwmanSHPigst fﬁdh%\a Pfo'ij&f’s’y RUFrBFIuLSH é{gw&uct'm of

osteBblast8 lté! BonediB ths &S iR tHY ®éRmaRt of bRy RhstuRt aR@BoRet@dted disorders.
ani mal conponents, e.g., serum conponents. Such

As Y] ipréferablypihehsstesdiaaty ad diedisedifraa BWSC ef it sutfgnirgd which the
condj t.ions, pf. obt al ni, t he teobl obI
AeEHBASE, BIPRBRIST A OF YO H B L8R T C KL PHal ot e Bag o¢ from an
orgdnisen binthe saimerorrdiffeat e spedes ap ftier s:ﬂ:gmﬁheadub;a@rrpmslbelamw organism
havnngrgJ Iesnssge Clguj 'fe?ably the subject is mammalian, most preferably the subject is

human.

The BMSC cells or the 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 osteoblasts. For example, an expression system for BMP-4, can be
introduced into the BMSC in a stable or transient fashion for the purpose of treating non-
healing fractures or osteoporosis. Methods of transformation of BMSC and osteoblasts are
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and cell popul ations as defined above, and suitable

for adm nistration at a site of bone |esion. 3.
wo-ovhex3aspects relating to cells and popul at PONEPN7/001360

the invention The present aspects relate to

ost eoprogeni tors, osteoblasts or osteobl ast phenotype

cells and popul ations conprising such, as obtained or

obt ai nabl e by net hods described in section 1 above; as

wel |l as to osteoprogenitors, osteoblasts or osteobl ast

phenotype cells, and cell ponMIations conprising such,
knmgrg &2’(@?3@%@ u?whlg?ﬂe 8% gxf: sec{hgg 0(5 mirr?g ?ln%ﬂ%}g%%ﬁ% Fnrt]o a bone at the
site oDl lssiong eqy. sswrggrg af frachgrer ument f or admi ni strati on of

a conposition at a site of bone |l esion and further
Theamlipor sélhgoputatioph af thecieventionlmayobe avioducad alongpi # agmixture with

r pu f e "

fut? BofBonEuE 56 o FEPHodE o Hond wihle ANCAALAL, S5ph, gompositons
inclugiési buit sare andtolimised tth ebgrivamaipagenetd PEUeipss Nydroxyapatite/tricalcium
phoépﬂ\%telS bérﬁcl@é (hﬂﬂ%d eaélgﬂw LFOW Ia@ﬁ@%ﬁ e%)olﬁ‘la%ﬁé tg%bl?c acid, hyaluronic

n ectln

I NS e Ca
acidj |°ﬁg¢5@"c@ﬁbdsﬁyﬁ'ﬂ%naﬁ%rﬁﬁ’ﬂ@%q”ndp%eﬂxﬁg‘p@f qwbtﬁs&éﬁf?fe“t'ated from

adlpr‘é/%%ﬂnanéﬁs hBE bei édintihed WRE [bé?ﬁlh@ﬂéhzeﬁCBQﬁ@“M&ni QDBM? or other
above aspects, the cells or cell ul ations of th

e
matiiGes 4 raks tﬁ%}?‘”ﬁ‘@"?'ﬁ’t PRRACES Pﬂ'ﬁ%fc{”ﬁ 9B HePVyt Nighthapyell as osteo-
induStiNg. @l}hlla’itméth@d§uilﬁg alitofdgo0 € byn® mdricAC tdllsewith allogeneic DBM have

ol B EBUIELISI Sl S S GRADR Byl P S

Whegulbtfsalr gcgr(rjcseijlr or%u%?/é%d relferf\e/suEJl yar J?t? 0%%%{:' an Sﬁs{ in®dmixture with
furthebr tobmpemdntsa ttheel ccmap@autlwlndstgs m-@yma@u,ucm roothposition)Hoae vantain further

comglé@(?‘t{?%saljl otrjRae via%ﬁ'tyato? uﬁ:ﬁ mbl’gm e%r g?ﬂ’eéﬁpogéni{o X ngség%lasts or

rentc speci es ‘as JQC ]
ostepblagirhenpiype pglm thergimdn b@h@ular §§u@"s Pr e¢lepaitiajionshean be supplied

in th%qgﬂn?ﬁarhﬁar%micblat{bmﬂagﬁgn moﬁfpﬁélﬂelax |§&&|§H§Hlﬁ&ﬁt prébared under

human he cells”or cell popul ations
suffigienthh aterilgveanditions friyhuseans agipinjstrgtion rf:é}ﬁ§eélﬁ[q| yerinciples in medicinal

forndulzaBs ftRé P&@ewstrefeﬁe& wbsn ¢haﬁbp S?ém 'O“eﬁlafrﬁ%bld%fdtueﬁ Génhe Therapy,
i ntroduction into the bone

and Celidar mmwiotheranys by e ’V%%}"éétw %F‘d!déf‘ %d%&%“ éﬁ}&\@és'ty Press,
199@farhd1ﬂ-%@épdldﬁ|@| sdm CeltTrurgpy®. i Bal,ed Leter @Fe Law, Churchill

R D IR S L 0o IS0 s 5808 B, s o e

compositicex afipbe, adapteelxmrmrdﬁmsyﬂmemef d)évn@l\/BséH fdrammmlstratlon For
duced into ar tr

exarpgghﬁ\ compositipi, "bﬂ}{r‘boé'%oé'SSf Wltgﬁ{ E\Hgfe R 8¥15t%’8 aP SH sﬂ)Ie pH, e.g., near
neutfal gt (ereesprarsphete o parbosate . bulfet $ystisn)oéind meay soopae sufficient salt to

enSLﬁ'E |£“@%0%@%09§ c?r%ebfltoﬁtz:gzce Slk&a(?l 85@“6[#%()?3 eo%+tg§téss“10tlc stress.

, as ar I nt'r u0|n
For 'emrnpla $ritablesgolutine feyi these'oﬁumgm ney be phoephpte-beftared sgline (PBS)

as kRbwh e W€ Further, the composition may comprise a carrier protein, e.g., albumin,
which may increase the viability of the cells. Preferably, to ensure exclusion of non-human
animal material, the albumin may be of human origin (e.g., isolated from human material or

produced recombinantly). Suitable concentrations of albumin are generally known.

The cells or cell populations can be administered in a manner that permits them to graft or

migrate to the intended tissue site and reconstitute or regenerate the functionally deficient
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The cells or cell popul ations of the invention may be

i ntroduced alone or in adm xture with further
w@oopoysst s useful in the repair of bone woundeBCEEP2007/001360

defects. Such conpositions include, but are not

limted to bone norphogenetic proteins,

hydr oxyapatite/trical ci um phosphate particles

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

gl ycolic acid, hyaluronic acid, chitosan,

poI y L-1ysine, and col | agen. 4gFor exan‘pl e ost eobl ast s

eretlate f rom adi pose . .

aredt ARBHEG R ot REPaPPOE B EERA T (e BRI gFelsiglesite being
repa’mﬂr |Foesexbmptealcstetolgenmmasmee fannitme@emccon(:dxdamce with a surgical
procggtrjﬁrg; rglglohé\ tlﬁgu gé{}i'?ugéeﬁtgé‘%;)n{,g? gﬁclﬁsléhegl% ﬁga'ﬁ(grg?%sv%% Hégeplacement. In
othewi mrhuralsﬂaog@mm\(as@smunm will glotibe tpooided, eandl the composition can be

adnﬁnﬁ??@glb&yrgg#ﬁloﬁlor f&rgl%?air 9 tihQ y&%ﬂﬁé’l%ﬁﬂwﬁw u§i’n& @guid‘%%%ndoscope.

Ions O e |nven

If deSfdLdueded! Efé%a%"tuoh nc&fl ”ﬂj?ﬂ?éﬂ %dMo‘eh o uBé h€6 admlnlstered with a

conponents e composition arnaceutlca

COMpIEHSHEATY |bdﬂﬁ’}3t'\f?a§?°€ct5rﬁu&h rosf arqonerm@r@ protaimssHohrR BMP-2 or

BMA-B€ o¥ i a0 bthby gﬂfwtﬁuﬂéetoﬁebih%r gotdhtial @@é&wngJagnwn%o%ents include
ost eobl ast s _or osteobl ast enoti%ue cells there

I'n
inorganiG seyres Of AU Or ShesPhatq Uiy f%'it‘”fséﬁgn%Qﬁ”%éege“efat'on (WO
00/07689)| |f&!ésﬂréd tcBIe pfeparatioh can plaidiGistetddCca a eaniep Fiatrixost material to

provgc[’ﬁ“iﬁ{pﬁv'gﬁg,sg&%'Ee§r%}1$r§ S, i eRapG BESRALES AREEa granutar ceramic,
or aabiopoljraer amdhoas gBlatin,geollager, gstéamettiy, dibrinogeme di osteatalcin. Porous

mat%%?aénuc%@t #eo?srya g'lzgnt aclotr)drll r fgt Efxﬁadrdt Pec%gu%s ggrap |kos et al.,
BlomMSﬂh@Qaprgfhy\m@s biabt ?nly&ek/\BSSﬁéﬁil tho4, Sibok et al., J. Biomed.

rsity Press, 1996; and Henmat opoietic
Matgaﬁ’ggéﬁ%ﬁ py, E. D Ball, J. Lister & P. Law,

In afTuMsddirhdnt Lthé/ 'c@lgﬂéb%?atlog%odefﬁgca%@e gft&eaﬁﬂr’léﬂér@ﬁ in a form of
exci pi ent and ‘any acconpanying el enent

"qU'ééﬁ'W@@ﬁ‘r"@qun wi || be adapted in accordance vvlth the
devi ce used for adm nistration, For exanple

In apothefoembedime Rt {rec erils ar Se!l poviRtions| & tB%f'\‘VéPt'O:W@?léﬁ?tt@“Sfe"ed to

and/s)wbm@béoeorpkb.taetegubsmalto proVide 3br ipblah®. The si¥@aR @i ®hioh the cells

can &1 S0 R Tdo L R e o e pelefioEigp aloy or

stairtedsl st@eﬂpal |bBiabWéSsurﬁace sucrpaeuemtduumg phsspbiaies pslyines Surfdoes such as

yt i on
poly e ng e RS AinS B esPrelefiy AERRHDRRAR g oBSs ceramics,
can [alsotfeeusedt dwea cobgiade. tMam pnefgrred eqer metalsa sgetr as gtanium, and calcium
ool e g Lo G LGB componen o
substratd. JHe snbsifatexmay hgnamua@r n@ﬂl poraueri al , the al bumin
may be of human ori (e.qg., isolated from human

For ﬁasﬁr@qlqe aqell%WablpqygLRf@I er@@@oﬁrdhﬁtaqqp |b9|)19 dif{lererdipied in culture dishes, can

be tr‘éﬂé\‘@ﬁ@& bAbItRrRE-dtherRidHaMdlid UBp&RNR bAldr Yo J.‘él@;%herﬂ— Rﬁmultlply and/or
I s or cell populations can be adm ni stered

contﬁyﬁﬁ@ dlffﬁrgfltlr.ﬁ@p mrqc@s§ Hémopgat@gétpq s@lid support in a |IQUId nutrlent medium

of the invention, if necessary. Cells can be transferred onto a three-dimensional solid support,
e.g. by impregnating said support with a liquid suspension containing said cells. The
impregnated supports obtained in this way can be implanted in a human subject. Such
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mgrate to the intended tissue site and reconstitute

or regenerate the functionally deficientarea.
w@\bw79BEsr at i on of the conposition will dependP@NEP1967/001360

nmuscul oskel etal site being repaired. For exanpl e,

ost eogenesi s can be facilitated in concordance with a

surgi cal procedure renodel tissue or insert a split,

or a prosthetic device such as a hip replacenent. In

ot her circunstances, invasive surgery will not be

required, and the conpositi oy can be adm ni stered by

impriﬁgéw%éé gggq?%ra p & sgﬁ%é%%gred}@el@\égerrﬁtjeb{hefrhféoelcﬂqtﬁic) culture medium,
prioptodemgdinalynimpamtddur t her i ncl ude or be co-adm ni stered

with a conpl ementary bioactive factor such as a bone
The Murephbwsiwatﬁaﬂd sipportmuost besbi@imrtible sBie-td enalle #ty be implanted
in a ALASH WEAYEDf dngtab@shse;e BRI BindGC QAN Dliate, o a part of

mponen nor gani C sour Ces Cl um
arbltpamsqmaee 8 uthe abafenalérs%gblesior rge trigrompetieln ctheperdimepsignal solid

sup&g{ %Zaﬁ%gl)ar (fntu&"?%éﬁ 8. m&sd br ﬁl&ﬁﬁrééf'ﬂo‘ﬁﬁtec %Hd k?r? pamcular aragonite,
diinistered on a carrier matrix or materi al
speqifsl inelhe figimoolcaprali skelatory BgfH® FaReMi, bases OB alpine, on Figsonia, on

tricalBRing " 'pﬁ&sp@n@fé bﬁn@’ogr ﬁfﬁ%bﬂ[ap&tﬂé anhrfatidd SorBll OJk@IeYSFET obtained by
such elatin, colla osteonectin, fibrino

hydr@ﬁle%%'aqxé?%ﬂgelfé‘ﬁe'ﬁ "F?é\‘t"l"f‘ Cadopas tp ke éﬁ‘"i‘ﬂ?fﬁ&‘?dz'ét?%‘ydroxyapat'te or
elseaGSASWOIthstoits L AasdatsrahRN bicidie GRsY.cerdvhik®Suei a8l Bioglass(TM)
Bi omaterials 14: 323, 1993; Mkos et al., Polymer
glasses 1068, 1994; Cook et al., J. Biomed. Mater. Res.
35:51 3, 1997). In an embodi nent the cell preparation
EXAMPIES | ne above may be administered in a form of
l'iquid conposition. In another enbodinent, the cells

Exaﬁ’{pl&?lﬂnetﬂggl{b%‘ﬂ‘ég ifth ﬂl\{i’@C'irﬂE%‘%iéo@i‘aé@y be

ansferred to and or cultured on suitable substrate

30 ntucbf F%ﬁé/ nferofvas rérﬂme%rﬁ'&n ii&e %résU Bf4 hathsn @Gb;@&lemh {ddemI of blood is

s can be ap g ied and cultured can be a netal, such
rem%‘sedtff%?ﬂ‘ielﬁ@’(“e&' iect-/ chroni um al | oy or stainless steel,

a bjoactive, surface such as ca m phos,
Placii § spacor B aes Boefl S5 sl e e aRa Tl Hiogessuppiied wit
the &tt-teigglant Rgriprietentr feded ai Qoonemus 1Bmtreaat| ZJ°CStd>Cr|en'®$e the cellular

comilp s, B SPe S saverel ohett IBFNRER, Bt 565 4t Bl tleared by
centrifugaiiraate3000enpen tSivonidfittecsd thmughpmﬁéﬁhmt gerilsatiot filtem, divided into

ahq&ﬁdéﬁpﬁﬁéﬁgﬁ%S c@mponent of the substrate. The
rate ray e por ous or non-porous. For exanpl e,

Mon%q":ufc%a{ela%ellg & BEQerdLiBkChe Bine RroR’ Srligé ing lélgoll gradient

rentiated in culture dishes. can be transterr _ '
centgfugatiana inerartitutas nising irigoll Sanpe Phig pﬁﬁ@ﬁt%\amd’wraé@ak and centrifugation

at 1%% (4B6N B6mifkk oy and/or continue the

er entl ation process by incubating the solid

TheSéémetWéreIr@c@erédqwaé,h@@tuﬁ IFBY afB Hepbtitld hheultuRyY 884KsORith medium
necessar Cells can transferred

i f b
containingeMPMFin (al"gracgeéﬁe&xrg%ﬁﬁdp? ium (Cambrext) 28‘% autologous plasma
isolated above and 1ng/ml FGF-b (Peprotech), at 10x10° cells per 175cm? culture flask

(Corning) . At 4 days of culture, the totality of the medium is changed, thereby removing the
non-adherent matter. At days 7 and 11, half of the medium is changed. At day 12, 13 or 14,
the cells are washed with PBS, detached using EDTA and passaged for further culture in the
same medium, at 1x10° cells per 175cm? culture flask. At between day 21 and 24 of cuiture,
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e.g. by inpregnating said support with a liquid
suspensi on containing said cells. The inpregnated
WG ppoI4s1 obt ai ned in this way can be i npl ant eRCT/BPB07/001360
human subj ect. Suchi npregnated supports can al so be
re-cultured by imrersing themin a liquid culture
medium prior to being finally inplanted. The
t hr ee- di nensi onal solid support mnust be bi oconpatible
so as to enable it to be inplanted in a human. It can
be of any sui tabl e shape sucdy as a cylinder, a sphere,
or .a part _of arbitrary sha O the.
the FelRefeahavisify 551 by PPniid, Pbofipabt rpespidnaton, the cells are re-
susgended ird steeiesiPB® abntadiingd 5% upnaart albpamt iAcpdrion pethiel aetls is used for
b | arbonate, and in particul ar
pheno%éoé%gﬁqgggés%é%'??exg lgyf)l n the formof coral skel et on,

porous cerani cs based on alum na, on zirconia,
Exampie &: c Phengthpicpichakactesisation nglmsaeqmwﬁ ard ¢$teolalastalrke cells

°bt£'%ﬁ’¥ ﬁ{ﬁee,lngfrg;a &tg,éh&ﬁgmy hydr ot her mal exchange

ena ng cal cium carbonate to be transfornmed into

AftePYHELSYARRakUrE $h the rCeﬁ'T‘ﬁ@ra%p Unit! Bie WO 8 haRebRd %braRs injection to the
ceram cs, bioactive ceram cs such

. patiggt @Qp égrsc(hpmct@zag%rés’.’% )Ej@\mggr@rgﬁﬁqeg fqr t tie NRieftion- { e remaining

cellstirk luss@fk pRérotMSSharadtériagéreobl asts 30 m of bone
marrow i s removed fromiliac crest of a human subject

1. Semdquditative mieakirement of BohaBlakprdtein oy IRTGPSRNME subj ect .
Plasma is prepared fromthe blood as usual in the art.
1 to\br1€® egiecird iyzad liy 2 RINAGktractippl buffér (RLh buffee, RNeasy kit Qiagen) and

stor%{;%t} -ﬁ&g_?gr%)gg)fc ?see%aﬁ'btgl I’iﬁA%e Q)th Fe@lqgo?n ?1%, nl%sgag%snl%dirﬁa the RNeasy kit

0 renove the'ce
frompQiagee. Ope rigcolvtotat RNAaws ieverse itieaseribedt uB@Crandpm hexamers and
. f t t 1 , . .
reve trgr}sggbtgﬁé eﬁ\qﬁ?‘rs? %H%’id rcr:?nglg\t tér‘rdlﬂrt.? SI% %Igg%c{eg% r%@épsg transcription
polyq\p(ﬁ]sg@ljaanfp@ct@n|(3Td}%R)&pﬁ§1g5@I@p@@plmtlde omer pairs for bone sialoprotein

(BSPPRNECheREeficd | Sor! ep-éaﬁ\ovnﬁeeOhfP@m th&d R %re analyzed by
mar r ow sanpl e using Ficoll gradient centrifugation, in

elecggql'tqre,sm wra g% ﬁ%arqq:ge”aqda\qﬂ@hmqj@r @W@Hgtﬁq ative measurement of

Bon?@é’l@ﬁéﬂeﬁﬂb (BSH (02Rd Bkpregadn, Owabk b4PRssipm {¥Abfdterate expression,
Om n at 200C. The cells were recovered, washed in PB

+++ar{39rd@i96%515t°é‘d in culture flasks with medi um contai ni ng

Res%%%&%r%&g rqsg%pz tgn%%%e?s%lo&\ (g %?g Carr(té@( age P range from

+to ¢Peprotech), at 10x1 06 cells per 175cn2 culture flask
(Corning) . At 4 days of culture, the totality of the

rredl umis changed ther eby renovi ng the non- adher ent
de = P ide (RMNR) 0 cltured media

changed At day 12 13 or 14
At day 21, 2 ml of the cultured media is stored at -20°C for the dosage of PINP. P1NP level is

measured by electrochemiluminescence immunoassay (Roche, Elecsys, 1010/2010 modular

analytics).
Result: PANP = 21-90 (range) ng/ml of cultured media (n=6)

Alkaline phosphatase activity (APA) measurement

5 10°-10° cells are used for the measurements of alkaline phosphatase activity.
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30

the cells are washed with PBS, detached using EDTA and

passaged for further culture in the sanme nedi um at
wazm70848el | s per 175cn? culture flask. At bet eERPIAY001360

2 1 and 24 of culture,the cells are harvested as

above. For the purposes of transplantation, the cells

are resuspended in sterile PBS containing 5% human

al bumn. A portion of the cells is used for phenotypic

characterisation (exanple 2). Exanple 2 : Phenotypic

characterisation of osteoblagts and osteoblast-like

The gzg gn@?v?%sg‘ Bem(zjl b%( toﬁ gré%e%]r? E%@ ljh\le.etﬂléd tvxf%fetre ftf'ar clentrlfugatlon
the superdadinte stecdseddfor theeddtermaretioo of blzalifeephpaphatase actiity end protein

Contgharacterlzatlon 20 x 106 cells are prepared for the
ﬂﬁ ection. The remaining cells are used for phenotypic

Rea@%ﬂg a/%}ee;FrJeé ?%Q fol%)WS%ngé%H%p{)f Bi %&‘fé@ ﬁf,ﬁﬁl JUFSE. eqh}gzhe 8 .8. Stock

solution €D BBFS- @(gmaé‘ildr@h) isudilfited 10RDM ib watesrand Rdgustad tieipH 9,8 with HCI.
Prepgrﬁ%ﬂnaf r@?& é)ﬁté?)r IREn 24 M é%%&%inle n;m @C@gﬁg{g m{(mgd@\IA(M 8266

the | ysates usi
Slgm&éwl@)agwuthme Prrgpafﬁthrbt af RNRPWaSUhSéf@@F se10 mM  of the 4-

h daflint 38R BXA r r >
mtro@)rmolbpt a%gﬁé At B8R H xstﬁ%&gér']fg @Dﬁgﬂspr%gﬁ{a ﬁdrlch) solution in the

reacliohpleid®d to reverse transcription pol ynerase chal n
reaction usi ng ol igonucl eotide prinmer pairs

APAf‘iﬁa'Yé?@ﬁéhes{:(T?"éﬂ'ng‘iaé'ﬂ“(BSP) and a housekeepi ng gene,
p- mt/r&bhaﬁylpmbsp%te +H0°ER pprishhehs! apiosphateyzed by

o€ SRR vl et AL AR ER e Wb\t B! Transter

ina @Bﬁﬁ)ophﬁgmtreXpbeeasiBﬁﬁ aftenvieminuteseadiag an405-mm, incubate another 2

minlg% Srﬁc? Feeafie%elrnegﬁclj o re-lé-lc-@g_aftm %notéw %in%teosnbalcﬁ%§ {h§§ﬂean of the

rot el n expre
deltass(dlﬁere@nala)/@rwg@bemraww éxpoges-the deltasof ama@@edmlr‘[ ot al
procol | agen typel am no-term nal propeptide (PINP) in
Calcglgtionir bl rethe @mmunti gl epzyme o pfodg¢e pRe reiglomerecdf pediraphenol per

mmdté é&é?f Gsht B mo?aqggsérﬁﬁor{ Hep- F‘%é&%opé 1@4§d\||?nmaaﬂ=é\|g 18,45 umolaire

| evel I's neasured by el ectroch
=0 @Wﬁnﬁ&@sﬁmm%@w AP 45 Or TUE@) 29@@?%&9?%40 01845 x 20.

anal ﬁtl cS Resul t: PINP = 21-90 (range) ng/m of
Quagfity ef,Peletedi a (n=6) Al kaline phosphat ase activity

d.f
Coolpsib BRI & FOTPairdkat [lgvEnR0 P lie 3 Goprars Marek .15444) « 50
ml edfdnblsgmf, e MSthsFW; 86%2+ A0 af 1f IPBSmagenis@and fiterdSolation containing
After ¢ [i

vovife Sbh 7 it Bereh ATaisn o s b BRe BRI o 1 mt
Sanﬁfé‘é’ éﬂatpYep%'ng B¢ %HSWQZ 200 ul supernatant + 800 pl H,0 or 500 pl supernatant +
500 pl H,O. Add 2 ml of the Coomassie solution and vortex. After 5 min, measure OD at 595
nm. Express the protein in mg / ml.

For each sample the APA level is reported to the total concentration of protein (mU /mg

protein).

Result: Alkaline phosphatase (n=10). APA : 693 £ 126 mU/mg protein (mean + SEM); Range:
274-1472 mU/mg protein



15

20

content. Reagents were prepared as foll ows.
Preparation of Diethanolamne buffer: 1 M pH 9.8.
wEk@ekoral uti on (D 8885- Sigma-Aldrich) is dil peBEEPDO7/001360
fold in water and adjusted to pH 9,8 with HCl.
Preparation of reaction solution: 1M diethanol am ne pH
9,8 and 0,5 MM MyCl 2 (M 8266 Si gma- Al drich) sol ution.
Preparation of pNPP substrate: 10 mM of the 4-
ni trophenyl phosphat e di sodi um salt hexahydrate (N
4645, Sigma-Aldrich) solutiog in the reaction
. sol ut.ion. APA catal yzes the follow ng reaction:
Minetalizafion, 63080 nhosphat e + H20 p-ni t rophenol + phosphat e

ncybate, the substrate solution_ at 37C 20 of :
A i o (St gl Sl i Bsced 1t 487 aflayp e capaciy of
minerpigatiomphot onetric tube at 37C, after 2 m nutes

readi ng at 405 nm incubate another 2 m nutes and read
At dagai the medla bbkbts platads chpngéd tr MENoOt 198 FCSni $ugésl. ascorbic acid +10°

8 t p T i al )
MBS Rotort DN X0 oboloBfo R REVEN, BIANARLLS B5120036F: FCS i
Vitragghc fserbip gcid1Sigma A44403inBeramediasen Sjgrea tly4 1% dugucasprhosphate

Sigria B[g¥ER) e of p-nitrophenol per minute. Coefficient of
nol ar absorption of p-nitrophenol = 18450, mmvl aire =

VisuhBzafion BRiirrdRatforOby0d AftzarinkorationadiRlag 261 fixlBebells MHbrmaldehyde
o (WL, or mynl) = elta/,ﬁt5 1020 / O,(H.g45x20._

4% &fﬁ% irip§e with pPgy iBryRate wish mizarinded g 61 FPrscoiratintt ed

. faoll .10 bl f ie (Merck 1.15444) +
o A R S

hEm)%eni ze d filter. Solution % %ai ni ng bovi ne

Spedifi 1&Sof S abdve nteds renl\enttém ot lows: 10 to 50 ni
de BSA( 1 ng/m) + H2Oo 1 m . Sanples are prepared
as follows: 200 m_supernatant + 800 ml H2Cor 500 mni

patients y¥arrpiat MNC +M50Q (HrrveROlarsdd PC9H  ofAPhe (QE&fTrg 88 Pe | Mineralization
so]wbi on xasfd | vdmt gxrimaAf | @rondrymi njecteregi@Uime QD at| nB8A5 | (% of total
nm Exprigss t ifudr|ehi@k N | tuurd @y /| (xThe) Fficinpach sanpl e |surface)
the APA lleyell is rieported fpsthe total congentrlation
of | protein (nU /rrgl(ggrotei n). Result:| Al kalijne
phpsphatlase (n=10)|. APA|: 693 [126 nll/ng protein

Nl (nPan SEAf; |Rehgd17.274]10872 mifhyg [640 [+ [43 [>65%

N°2 Priopel niMlgBer dkg zatjhipn capacCity|A day7i4 ofj+khesg?2 >65%

cHture onala - vwalll nNnlatle 1 ¢ chadad dv_of

ar th 1
N3 hidlcapadity |5 mildbral i Btion]  [P7* (P 6%

r+3

In further experiments, mineralization capacity as high as 75% or more at 1 week was even

observed (see Figure 2).

Profiling of markers

Marker expression was followed as above and/or by antibody staining and flow cytometry of
the cells. These experiments yielded the following picture of marker expression in the

harvested cells.

The total population was >95% (or even >99%) CD45-, CD19-, CD14-, CD90+, CD73+,
CD105+. 90-95% of all cells could be characterised as osteoprogenitor or osteoblast
phenotype. Of these 100% was ALP+, 50-100% was CD166+ and 65-100% was CD63+.
These cells were also PINP and BSP positive. 35% to 65% of these cells were CD34+. (In
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At day 2 1 the nedia of this plate is changed to MEM

+15% FCS + 50ng/ m ascorbic acid +10 8 M dexanet hason
wo-1@0mvia3gl ycer ophosphat e (EVMEM Bi oWi tt aker BEARERBEF)01360

FCS In Vitrogen; Ascorbic acid Sigma A-4403;

Dexanet hason Si gma D-4902; b-glycerophosphate Sigma

G 9891 ) Visualization of mneralization by a Alizarin

coloration at day 28: fix the cells in fornal dehyde 4%

in PBS, rinse with PBS, incubate with Alizarin red 2%

pH 4.1 for coI oration. Mnerglization is evaluated as

e QERSFRHANE, Bl Sbbp L5 e BT S5 B cos anc 0.
98Y%pabé®ntalisl)n further experinments, mneralization

capacity as high as 75%or nore at 1 week was even
In adiisien,vthe {otatepdplgtior c@htairedoéndothedjalotelisaek progentark dhereof in an

estifi 8k %ﬁ%ﬁtﬂy o J/ooéf t&?P&n?Soﬁh?é’e A8 dé(f’f#)wﬁié‘ébgf?\%yfor VWF (Von

Willehtpret Fﬁﬁﬂ't)s2§f5@%dw etV@F‘th@\ﬂﬁﬁj"@M@[Qjﬁ@@ﬁ* P 50% cells co-
expr%§ (f%%ﬁ%@ b t\h%lhawﬂeﬁ\tegéj &eﬂél\ﬁ reTBESEQt @B total population, this

popul at1 on was >95% (or even >9
repregsted 1 c@%901é®m$'tlvmt§51 4@;0\/6 F/opﬁﬁ't"éﬁ Pelﬁanpsabeew 8% VWF
posifife &dndnact eri sed as osteoprogenitor or osteobl ast

phenotype. O these 100% was ALP+, 50-100% was CD166+

FurtA&m&Rer SH8fngafionb® k. inVdhesre te@dfing thepresedtsell BpbE agatso detailed
tlv(ﬁ 35% to 65% of these cells were CD34+.

e'se("ﬁﬁ‘teH%%rl' '3POP0Bul ation, this corresponded to 80-98%
ALP+ cells, 40-98% CD166+ cells and 60- 98% CD63+

Exaoplé 3:. 'yrahspladt:hitibhmﬂxhd bellst aftexampdo k@patients.ont ai ned
endothelial cells or progenitors thereof in an

In ogs texampled acpatinel with sfags-2 ogteofiecrasinabf thel femorabiheatiewas treated by

oste&glggl% nﬁ)@aigaﬁég\%f& ﬂpé)\ql-'llzé \é%roftlerzo%g\': a(;é/&@mév !ol gbﬁ%%d previously

wer e Gt oand 25-55% wer
desquihed oy QB%JE el 2ls2Q08dkppert Qein BphiTdsr ady AEER; J Rlone ﬂﬁ'éb%urg Am 87

SupﬁleH(% ygre CD34+. (In total population, this
represented 1 - 4 % CD133 positive ceIIs 1 - 4% VEGF

At bBSSlink] the faBbhtshaang ah%bre%vsu&%rw%u%aw MEAS LS 3B thm (out of a
Furt her mar k

totalpied 1OAE 2B @%9“@[@%‘&%%& VAL S 4 L6dief adotePscore of 96) ang

of L&dquewiecdtel 1i(buttdhialotdi soteosfidd. Exanpl e 3:
Transpl antation of the cells of exanple 2 to patients.
The Ipatiemtereatsaintpy esteablpstimplantation dembagmtst a snakerbonpsvesnent in joint

sym8{orr¥sh§ftécre§T8£@|6 HSS’tﬂs"% \M§ %Egrg fQN to 0 at 3 and 6 months (Figure 1A),
WOMAC fell to 0 at 3 months and at 6 months (Figure 1B) and the Lequesne index

decreased from 11 at baseline to 0 at 3 and at 6 months.

In another example, a patient with stage 2 osteonecrosis of the femoral head was treated by
osteoblasts implantation into the hip necrotic zone, according to the same method. At
baseline, the patient had a visual analogue pain score of 6 mm and a functional score of

Lesquesne at 3.

The patient treated by osteoblast implantation demonstrated a marked improvement in joint
symptoms after 3 and 6 months: the VAS score fell to 0 at 3 and 6 months and the Lequesne
index fell to 0 at 3 months and at 6 months. In addition, the other hip, which was not



ost eobl asts inplantation into the hip necrotic zone,
according to a nethod previously described by Gangji
wW@200a409342005 (Expert Opin Biol Ther 5(4): 437-BCI/EB2007/001360
Bone Joint Surg Am 87 Suppl 1:106-12) At baseline, the
patient had a pain score (visual anal ogue score - VAS)
of 38 mMm (out of a total score of 100), and hip
functional scores of WOMAC at 43 (out of a total score
of 96) and of Lesquesne at 11 (out of a total score of
24). The patient treated by gsteobl ast inplantation
. demgnstrated a marked i nprQvenent in joint,_synmptons .
mpGFER By GHEOHSneNa o] 1 RE SoisPRoTRt "PasY ey, dotal e
replécemmnt.ns (Fi gure 1A), WOMAC fell to O at 3 nonths and
at 6 nonths (Figure 1B) and the Lequesne index
decreased from 11 at baseline to O at 3 and at 6
nont hs. I n another exanple, a patient with stage 2
ost eonecrosis of the fenoral head was treated by
ost eobl asts inplantation into the hip necrotic zone,
according to the sane nethod. At baseline, the patient
had a vi sual anal ogue pain score of 6 nmmand a
functional score of Lesquesne at 3. The patient
treated by osteoblast inplantation denonstrated a
mar ked i nprovenent in joint synptons after 3 and 6
nont hs: the VAS score fell to O at 3 and 6 nonths and
the Lequesne index fell to O at 3 nonths and at 6
nonths. I n addition, the other hip, which was
noti npl ant ed by osteobl asts, evolved to fina
ost eonecrosis stage, requiring total hip
repl acenent. CLAIM5 1. A nethod for obtaining
ost eoprogeni tors, osteoblasts or osteobl ast phenotype
cells, or for obtaining a cell population conprising
said cells, fromhuman bone marrow stemcells in vitro
or ex vivo, conprising contacting the bone marrow stem
cells with human serum or plasma and a basic
fibroblast growh factor (FG-b, FG--2) or a
bi ol ogi cally active variant or derivative thereof. 2.
The nmethod according to claim1l, wherein the hunman
pl asma or serumis autologous to the bone marrow stem
cells. 3. The nethod according to any of clains 1 or
2, wherein the bone marrow stemcells are not
contacted with any material, such as serum conponent,
obt ai ned from a non-human animal. 4. The net hod
according to any of clains 1 to 3, wherein the bone
marrow stemcells are obtained froma bi ol ogi ca
sanpl e of a human subj ect, preferably a sanple of bone
mar r ow of
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the subject. 5. The nethod according to claim 4,

wherein the human subject is at risk for or has a
whoenened4at ed di sorder. 6. The met hod accor di ngp¢ DER2Y7/001360

of claims 1 to 5, conprising the steps: (a) recovering

cells froma biological sanple of a human subj ect

conprising BMSC, preferably a sanple of bone marrow,

(b) optionally, isolating nono-nucleated cells from

the cells recovered in (a), e.g., using suitable

density gradi ent centrifugatéson or other nethods; (c)

adding cells of (a) or, preferably, (b) to a nmedium
CLAIMSpri si ng human plasma or serumand FG--2 or a

bi ol ogically active variant or derivative thereof, and
1. Aguéthod fangbtdining e$tbomeg|¢nj|hrsrrioxtegblestsm@hteaglastopf@hbtaw cells, or for

f r

obtauﬁrﬁ&é‘ggfﬁﬁ‘u‘gagltoﬁ é:o@ %lﬁ%gﬁd et B3 lﬂfrﬁaa Crﬁt?f{r%rarggr\r/oevg gtg[n cells in vitro
or ek ¢jvor eproRising Wc@daé?eeh@nmmﬁtr@w Séﬁﬁ@l cellf wite human serThgr plasma
andaéjrb‘;‘arsi‘?:nﬁb@lﬁ!a;l.tsgr‘oﬁ/tﬁ RectdeHAHL 2B GHES) Bed biBloglehy SERE variant or

as to allow fof obtal ning ost eoprogenltors
derividive d1sre@ft s or osteobl ast-like cells, or a cell

opul ation conprising such. 7. The nethod accordin
2. The ietiog acRigoe PR { ey haBi s bimigh PREMaE PEdBy s alibioaus to the
bon® aambatstém celkt ai ned in (d) at between 12 and 16 days

in culture, preferably at about day 14.8. The nethod
3. The ﬁ@ﬂd:idl’aj:cbrﬂlrvgltaiaﬁy 6f claiowspr ors?, Whetedr) theamagnargpw stem cells are not

pul.ation o d ) d

contaggt;g V\{Itﬁ aé% Inﬁﬂ?r g? SHF%?%?%FBW(:O&%F}JH%& c?rig V\gg B %léart%}\ hu]h§an animal.
4, Tﬂ%Héfﬁc%cpgcéo?ﬁné’?os?%gSﬂclgﬂls f t& 5 \%ﬁé elngfglggu@toﬂ%'r%}rmgtfg cells are
obtainred feoan d@w@glqal sarhplaoka hgmen éw!abttypr&ferdﬁbaﬁamage af bene marrow of
the%ﬂb cdpe nethod according to any of claims 1 to 8,

érel n FG--2 or a biologically active variant or
5. TH@He\n?Jd é/&oﬁd}%n%ca‘la.m iviHereifl @t Riman &m{,:g&m 5tk I8r or has a bone-

| ower than 10ng/m, preferably |ower than 5ng/n, even

relatgg [disofieE er abl y at 1 2, 3, 4 or 5ng/m . 10. Human

ost egpr.ogeni.tors, qbl or oste phenot ype

6. TRO 0RO FECHnELS P S g | SRR B REPFS! g Soom

(a) a&doaem@bbeusbyrotrhe bbto@taﬂl (sfam@ney obfa dumianssubjéad &mpkising BMSC,
¢ sol| a edé:%ll,ip ul ation as defined in claiml10,

pre grgﬁlgﬁssqn?p 3& Pedy % preferably at |east 90% and

(b) omtiomally, e$adataigl yoat-nLiceated IB8YS diomhtheapells recovered in (a), e.g., using

| sunta%?&% ﬁa%ﬁtggﬁa%ﬁw%éntmﬁé%t%g% %ﬁterc' mihqas! eobl ast phenot ype

popul’ati on as defined in
(c) aadingakeli bidieihver, pEfeyablyi(b) mrrned@rrh@:nnm@mgtwﬁwn plasma or serum and

FGF-2 or a biologically active variant or derivative thereof, and culturing the cell-medium
mixture, such as to allow for adherence of cells to a substrate surface, e.g., glass or plastic
surface, e.g., of a culture vessel,

(d) removing non-adherent matter and further culturing adherent cells in the medium as
defined in (c), such as to allow for obtaining osteoprogenitors, osteoblasts or osteoblast-like

cells, or a cell population comprising such.

7. The method according to claim 6, comprising (e) collecting the celis or cell population
obtained in (d) at between 12 and 16 days in culture, preferably at about day 14.
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20% preferably less than 10% and nore preferably
| ess than 5% of endothelial-like cells. 13. Human

W@ stgopegeni t ors, osteobl asts or osteobl ast pPERBPPE001360
cells, characterised in that they co-express (1) at
| east one osteobl ast marker chosen from al kal i ne
phosphat ase (ALP), nore specifically ALP of the
bone-1iver-kidney type, procollagen type 1
am no-term nal propeptide (P1NP) and bone si al oprotein
(BSP) with (2) at |east one g em cell I mmat ur e

5. The S IRCIGP BT o PR e B 1 iion
(d) ametmteynpe anell 1I65da5ys dmmdturtg preferablyi anda 3 14Waahe?|dmltmr39 the passaged
cellsch}':c’eH 88% ?\Pe e}ngrcoges tl%hg'laf Cell% 8%0%8%& ¥rhat be enc% Lr‘?’d 24 days in
cultyreirefievablyf @irab@D3Hy 21. t he cel |l s are positive for any
one, two or all three of CDO0, CD73 and CD105; - the '
9. Toelmethed @cerrdingito eany oif clgips ohito 8t whersin AGF-2 kr @ebigipgically active
variddtbe: de%ﬂleatﬂgregp%"’mcrudé@%t %eédn%eﬁféﬁoﬂq i ¥8nf@ng/ml, preferably
CD133. 15. The ost e@p ?enltors ost eobl asts or
lowes hasoIoA8k eyseReEyRsRieEdM & 1adcdridir®goid: any of cl a| s
13 or 14, wherein any one, or both of the foll ow
10. gﬁmag) osteopmgeelécprﬁ SOt lqﬁtsn@; gteoblastpbenqtyps gslis. or a isolated cell

popSBidrRabAEHriBIG sueH, oBiidbRSHZiBe GtitddbTamp B @hifrisMOto 9.
extracellular matrix, when exposed to osteogenic

11. Tieglistiated-cell fpeplmetlldfnSaﬁHﬁsé@n} ¢laid l}O , domposingl bf lEaste30t4, preferably at
{
oas) 30 e “tieppeirroy B Tl ol OF himaR Seyon Gehideofovists o

ostebblastrphesdtgpgreaigeni t ors, ost eobl asts or osteobl ast
phenotype cells, characterised in that they co-express
12. Thy isstatéceeelt papwatios tasatsifined imamyk efr claimss¥horf # brgomprising less than

20% pierbBf QI HRRY e typérefg@g@ éﬁggg@swbxa&kﬁ.aphe cells.

13. ﬁﬂhgt‘? oEt%Bﬁﬂo?é‘rlntthr QBRBbLILSE of BQM&laﬁ%ehg?ﬁ% §él%| BRdra¢t8iided in that

hemat opoi eti c

theypﬁ"o@‘@fﬁsﬁdﬂ) ﬁd?@ééron@Bstfob'f?t markgr W@%BPB’@M“{‘%P“B?P“N%G (ALP),
mor@%p%@hbéﬂ&}t Al E3¥Ofhi PBorfeallve B kiBRE0 hypeN Préddlisded Bpdb1 amino-terminal

oS B e g e i o b G e hE BRI e

oste®plogenitdl enapes ichosea ffoo COBB3ahd CDi1BE. cel | s are positive
for CD166; - the cells are positive for any one, two
14. Dhe akteoprogendtood, oSie@blasElif I stauthlaSDpBéENotypet dedls aetdrdingrte claim 13,

whegeﬁg %‘bﬁ frﬁgrteﬁ&yall (ﬂ‘letge z%wﬁ'nr pllyvtel? & gel%ﬂ%gi%@%ﬁ osteocalcin
(OCNm-em)ceilgane pogitye fosCodl-dbe st_ell@rar@swwl fasanypinen o greall three of
CDg%ebbS/:s %ﬁg@l:ﬁl'oﬁg- tiwﬁ g@l@’? gf \Np!atﬁ)e'?&r i Pvﬁo or"!‘ﬁfn%b%f &t4s, cpD19

ng app e cells can
and ﬁﬁDﬂéraﬂhez:e”we negativerien CR13: oundi ngs or synthesize
caIC|un}contaln|nq extracel lular matrix, when exposed
15. _Be @t@@gmn@or PreBsiBPRlasts (O osteoplast sheratypst pells) §°°86’"Pﬂ3f° any of
clairfid 13 6F eNtWhatéin bAYBRE or 8o PBR PllowiddEpply: - the cells can mineralize the
external surroundings, or synthesize calcium-containing extracellular matrix, when exposed to
osteogenic medium; - the cells substantially do not differentiate towards any one of, and

preferably towards neither of cells of adipocytic lineage or chondrocytic lineage.



10

15

20

25

preferably towards neither of cells of adipocytic
I i neage or chondrocyte |ineage. 19. A cell popul ation

W@ o0Upo9EBNg 0St eoprogenitors, osteobl asts or oetEEPI08F001360
phenotype cells according to any of clainms 13 to 15
and/ or osteoprogenitors, osteoblasts or osteobl ast
phenotype cells according to any of clains 16 to 18,
preferably conprising at |east 70% nore preferably at
| east 80% even nore preferably at | east 90% and
still nore preferably at | eagt 95% of

16. Iglét eo%étgggrglgﬁteﬁ r§[ 83%8@8%'?%?}03 ﬁéla% tW% nges tg%lfé/ grparaé/tgrlsed in that
theyastepprssdenattieass one ssteoblasisharker creser fbinaakalipb @hosphptase (ALP),

mor% :%p:eagcgaglgﬁ& N ttng %g?é I%r Elhﬁé %6 p&@coﬁ?%enzﬁ/ge-w amino-terminal

ation as ned 1n cI
propeptiqer (R1NR) amdl bohe|siaidproteln BSit) mtrog%)nmeoh@naﬂamlem/ epdothelial

pro# néW:‘?a r&'dppepul ation as defined in claim20, wherein
e en oth ?lal cells or progenitors express at | east

17. ‘?H@ost@%ptl g\'@:ﬁforto‘ﬁ‘bstegﬁlaéﬂ C%hér’%fy%@ rceft a&&ﬂdM%'tb Q:Mrﬁnﬂi whereln any

factor prefera
one 7961 or Al b FfUNSARPY oA B RCHTe R6OEOR R HS(EPEaleR) 5 (GPN) - the
celIs%r@'d’c‘S‘éﬂn?@fdP CObB; - aRNEYIE Bk PoditReSot 0DN66; Q% e BEIRT £E BREive for any

than 5% qr | e % t he end t hel | ce
one ptP’VSdErﬁ"tt"(‘fP% of FPQPQO%DZ% a“#ﬁi“@éi 1 ’é‘eé’§' HEE; '??é’&t'Y%#oéﬁS}y gpe, two or
all thré@bNEDA%) CU191ahdtCD A - tha cdlllb arecriddativaofot CBU 8BNS as
defined in any of clainms 10, 11, 12 or 19 to 22, for
18. E[Be dsledpl‘tgeamys @éteotilssts @i dshembiast bBeraﬁypdaeééllseabcbrdimgwjo any of

clalras Fé Fall 'FBwh]epen? %g %r gﬁgt’hlogr(h I?ﬁovg\ﬁ& %%Eéjl%%%g?ﬁineralize the

inany T & e
extetdwsmrmumﬁmlgs Lmsyntheazmeajcluramntalrﬁrw eMdaeeluaeama’t@theﬁ eaposed to
[ S . C i
oste V\ﬁ % Inﬁéd 9\1 l(%ll%?ugs%ﬁ%aélg%?)nﬁ& affézi'%:ﬂt%té Q%\ﬁsér%@gﬁdbfg of, and
prefergbly Sowayds nﬂdnec ef ¢ellp opadipadytitiinegge Qechqmétpcvw inepgef
clains 10, 11, 12 or 19 to 22 are adm nistered at a

19. Ajcel PepUIBinReCcAMPSising OstepProgepikais restanblastspr estarbinst phenetype cells
acccﬁ@il‘\?rtbszlirﬂ/goit BRirse BStoass %HY&%téd;br@éﬁlt&fs 6£t§bt5T§st§Cbr065teoblast
, or the cell po on a def i ned g
phemtmetﬁgllg_gcco:Hng f&ara/rof fg‘ r€%1§§) ?@PV&BF‘@”?'BQ at least 70% more
pref@éﬁﬂy@t S&a6880%eveh ridre pﬁéfgtébl;@ltllé‘aso 00%S ahdtdidnerel greferably at least
/PO tion a one ion.  27. AN ,
o5 f dhsfronBive nash Saterts, 3 dinoBBil Prerfofinofis; ageording to any of
clairﬁsim o $3 aad/oosst@dpregendoppssteotiastsabr estedast phermtype cells according

a fyrther conprising the pharmaceutical
toa g%? Fgﬁogé defi ned |n clai m 26, wherein the

2 Eﬁé?‘#réﬁiéﬁﬂa@gﬁ S R R D TR

progenitors thereof.

21. The cell population as defined in claim 20, wherein the endothelial cells or progenitors
express at least one, at least two, or all three, of von Willebrand factor (VWWF), VEGF and
CD133, and preferably are CD34 positive.

22. The cell population as defined in any of claims 20 or 21, comprising less than 10%,

preferably less than 5% or less than 2% the endothelial cells or progenitors thereof.
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23. The cells as defined in any of claims 10 or 13 to 18, or the cell populations as defined in

any of claims 10, 11, 12 or 19 to 22, for use in therapy.

24. Use of the cells as defined in any of claims 10 or 13 to 18, or the cell populations as
defined in any of claims 10, 11, 12 or 19 to 22 for the manufacture of a medicament for the

treatment of a bone-related disorder.

25. Use according to claim 24, wherein the cells as defined in any of claims 10 or 13 to 18, or
the cell populations as defined in any of claims 10, 11, 12 or 19 to 22 are administered at a

site of bone lesion.

26. A pharmaceutical composition comprising the cells as defined in any of claims 10 or 13 to
18, or the cell population as defined in any of claims 10, 11, 12 or 19 to 22, and suitable for

administration of the said cells or isolated cell population at a site of bone lesion.

27. 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
26, wherein the arrangement is adapted for administration of the pharmaceutical composition

at the site of bone lesion.



