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WD 2007/ 093431PCT/ EP2007/ 001360 1 A METHOD FOR
OSTEOGENI C DI FFERENTI ATI ON OF BONE MARROW STEM CELLS
(BMSC) AND USES THERECF Field of the Invention In an
washegbes4ihe invention relates to in vitro or-

. methods for osteogenic, and preferably 5 at fﬁ‘gi%ﬂ;iﬁ%/omsso
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 particular types and popul ati ons -
of cells displaying characteristics akin to but new
over previously disdosed osteoprogenitors and

& MEBEDe B0k LSTIOCINAC IIFBERATASION! GF BOKE MARR@INETEM) CELLS (BMSC) AND
USESpTiEFFEYRRs uses, in particular in the field of therapy,

preferably bone t herapy, of the above nethods, cells

F:e@lﬂ‘tﬂ?ﬁﬂe‘nt:gﬁpm ati ons obtai nabl e usi ng the methods,

he cell types and cell popul ations

In a%%%ﬁécft'tﬁ@'id#nt%%l%iegq IMc? rne)i wﬁ%ﬁﬁ%@lcﬁ:ﬁr\‘g $sQec;r£ﬁ|c and preferably

I nvention Th easi bi one
at leash s pRA s prslethedial a@”ﬁmwroat@obqnﬁ reRTavdslem omlis HBMSC) and to

app‘ﬁ@a\t BRE 0P &4 QB RNE SIS deﬁ@e?ﬁ faeﬁhﬁer(éﬂ%éw e |ﬁ\tlenﬁ!)r%| re\&gg to particular
functi onal -

i J(\)/ewgé% ?f09 13 In that study,

yp%?r? yole & PF sl g chargctenish alflrt\ d@ bathgew over previously

disasadt osteopederitord h@d bstetmadtarin @élgtﬁﬂwlsﬂ&i% Q?efmﬂ&ntlon prowdes uses,
[ e trans ted.ce erenti

 ppRAUERR BB it LR AT BB Bu Gl BEhE Mhodiyeets and

cell tpopwistinnenchiginaine wamgaths anetbpts; aed df iha cpltypesitand cell populations

Spe§ﬁgailyaégbgb&qgé;bplst eonecrosis of the huneral head
(Hem gou et al. 1997. J Bone Joint Surg Am

730 Th f t | t at f st
Back grqvg% aéraeoqn&eavorﬁﬁﬁe‘ﬁgil nng‘QfSoSQn?c' 20
t f
e b3 2B Bl B o BB e Bt s cpprn v
Seveie@ﬂt@egérmsuﬁlh@etfe@at(h-iernwtzcat ab o900 r Satailed] 5(8)SEHS €, In that study,
func@&faﬁ h%o@ordém% n{elggnéh%%F gal'gten ?Eﬁgb raﬁﬁ G?Fﬁ?gl%ga :I(g) ﬂ‘l Otfonnation of

new bone ere exis great nee

new darisg | e, fnckigating bat tsi i ﬁnﬁw&tﬁmddéelgumﬁer@n@ﬁed to bone-producing
osteqtblééﬁi IAUt@Sgcﬁifs %ﬁb'n%rrdﬂré?ﬁbfehfé%@ﬁva@ﬂfs@ |réiﬂ)?t@§ it bhfent suffering -
fromS tcc;ab eoforf g}gaf@g Eﬁ-atc'i&ﬂ ¥

b%%% EEI%5Ped 28dYBP 3 ?m@oﬂn?fl ?'fé %7nt~l 8BY JobhSurg Am
79:1726-1180) sThearefosd, [teangplyintbiiort vasiem éﬁl&aiépaﬁlb%‘ii@:nﬁ@gbi&g osteogemc
e 86 clg AT S 81,001,090, L LSSy b0 o
promisingnaysingie fa dhestreaimeal of bonaryelated diseases ialpagticalanihérbtht éreatment -

requpr& $r85IRbh 8 ndY phiRne tissue. In addition, it has been
denonstrated (Sanfi et al. 2000. Exp Hematol 28:

Hen&@%eﬂééxét@ atgrédl n\ébB 'fd? efitidnb fdcRBiq@ds mapﬁgvﬂggufﬁ&’eﬁtq%?htmes of
ecreases th rollferatlon otenti al
oel[s lg ptaﬁgmar 83&9@3?% ?%)lst itable 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 ceils decreases their proliferation potential as well as their capability to
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undergo differentiation when treated with growth

factors |ike FG--2. For exanple, in that study, bone
wmzav/agpsEf ficiency of in vitro cultured bone pafr&PWo7/001360
stemcells was decreased 36 tines already at first
passage, conpared to freshly isolated bone marrow

Hence, in vitro expansion of bone marrow stemcells

may decrease their efficiency as a source of bone-
5form ng osteobl asts upon transplantation. Martin et

al . (Endocri nol ogy 138: 4456- 24462 1997) dermnstrat es

oo B R 18 S0l Bl FRRA S b, e

stuflys Eene Yormiing e:fﬁa:idmoyaif umwtrmnﬂlturé:b&ﬁrel maedw sear cos (vdé@ﬁi)acreased 36

tlm%f estg%gﬁit rst Saesgﬁ%eé &%rrﬁglsegstgnfge EE} é‘ ;‘@troﬁ‘]a r{\(aarrow Hence, in vilro
expaipiph of Ggys | ma&ltOlﬂ)ei;tP-mt ¢edls grayl decsgase dbﬂpeﬁf eintcyt @s al®urce of bone-

fording 86@6niIast e8GeRaGspiinfdigh entiation in vitro under
specific osteogenic culture conditions.. However,

Madinfétem e(Hrid@érEr@lbg?ﬁﬁsgﬂhSB-mt uQW)Cc@nh&strﬁta@ that m wtro culturing of
obl asts i

t
oo BOBPBT SRorIar i 8 FRRTSRrT PELacd P BB e 2 (FGF-2). in
comtma’atsplvaﬂhtfaetabmlf ddeurc €7 C8) tdnepegbnts Lkeeps ¢hhd seligiiglah idMature state
(iesggaﬂ%mfp (Es‘pﬂgttagg gﬁ@#’ﬁrogfa%{ll%% g@#rblﬁotéé/g% talll%ltvt %trcgl’lljs %rgr%)mpetent to
undgegoe obleegRNic |drffev¢r\t=etlowfs witroChrded hepegifie tostdoge fiBondtuss conditions.

Hoﬁ%r‘ Idrerdmi a%QrQﬂ? sﬁﬁ%a{tm@tcewmqbw&o%ﬁé)&é&ﬁé&s in vivo still

ell's treated with FG-2 do not denonstr.at
dep&&@fe%fgéhﬁ E‘r%ﬁ@ﬁd?tf)ib% aewsp%at%algnﬁ'é wﬁaé@nw'%@-on Hence, although
sucﬁwnﬁﬁﬁgmb}e qapgble Bf baebgdhiy GiffeheatidtoR h ¢itBDh %ﬁél@é’dﬁble proportion

ierBepeS B el e HEblRbe s PRSI NER, oh's(Bone 34 402-11,

2006)3$?®&g&hn:t¢rud1ahfbene naraivi stem célls taaéthdthGfpﬁeﬂafoaﬁérﬁﬂlstrate any
osté?)}cg]; gp%%h 08, #% ah'(?aﬁne ph&{'ﬁ sé Q&é%?¥ or"l?)hén:)nc{1 %c? Igg\aefndystrophic

human an
morgbgledyn Sirnitarly eKgjaizicrtg). (V eell lBeoqbaM&& d168:a6, a2009b¢eVematrates that

FGfaﬁnrﬁlm&%s@M%McﬁkﬁééWatﬁh al. (Transplantation 70:
1780- 1787 000), the use of honol ogous or autol ogous

In additian ;ﬁ@a@at@h&ﬁﬁ'ﬂ\aterﬁldﬂdﬂ lus?&sndnha? aRidpytshoats enuﬁ&ﬁe use of non-
rrow stemce S to or m col oni.es
R OB Sy Ao SPH A RRRE 45 St B 0e Spldfe media
Howaver, saghest byHatznetsey abal. (framp@ntatiopr7ér ¢TR0-$787¢ 2000), the use of
f.1cl Q. t an
hon@fopb&i@?%ut@ggac th}:} Je{ggﬁgw&%rﬁgylﬁg tﬁggg}g}?%lf bamirbggne marrow
ster gglis de éxrrmestienigs an# expand 6) virpangde éfummqmnn wiyneHence, Kuznetsov
et al‘TE&E g@&‘f tﬁ§tﬁhé akesf FGE‘S %}Qfegﬁlgfélfm §fﬁ8@ﬁ%9ﬁ§& éﬁ"bbhe marrow stem

under specific conditions. The cell population

Ce"ss%'démtaﬁhe@qswf%fmwr& al . 2003 onl y showed
reicfe) 3 B 2008 LGBl ChRSHY, A o3 Bkt FrBR@one marew aspirates in

dongrespeure rsapplemented odtht FEBQe undafBpecific conditions. The cell population so-

oo 4 OBERIRD U AT S Y 2 8, o s
thus;ﬂf’@@@ﬁﬁt@@x the Prthats fer usgiin ff@rre@ﬂneaatlpo of gastilege.i al .

ed by Kaobayashi et al. 2005 in
KobaigEl a2 ORI (4 HioBe binp SURURE T Ea) denoBkmseRptiwarignditons for

isolatibit Aralinafitdnbetesithiuaian@MST iesifol8gBuRAoRoR i concluding that these
di scl ose conditi ons which would cause their cells to

progress towards osteoprogenitors or 5osteobl ast
phenot ype cells.
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Lin et al. 2005 (Transplant Proc 37: 4504-5) reported

pr ol onged expansi on of nulti-potential human BMSC i n
serum Addition of FG-2 and EG- to

gﬁ)% $%$ s donor _ ti o £ _
MEPE under certain conditions did not i nfAGTEREY7/001360
cell proliferation and did not cause progression of

‘the cells towards osteogenic fate. 10l n order to

provi de for maxi mum bone formation, it would be

desired to transplant cells which already show an

ost eobl asti ¢ phenotype, since such cells are

essentially the only ones with a denonstrated

cddaitiend ﬁfampﬁﬁnc%?fdr\éluﬁwent"@v\&\é@fexpérﬁ:owdflrl"ﬁzman ?MSC while preserving
ce nto

il o PRt dR A1 PG REUGUAI b oG socondary

cuftdai tewarbmete fattherl BRIBC dxp@abibn BiithotnedifférantiAOh- Bledp @Mttbrs do not
d:é%éelc%ﬁgtmm% \gﬁ' &h %%ﬁﬂcﬂsgleth%f % gttg oor e%a%su&&«a}%q%lés?e&ppogenitors or

CBKW@@FM@@U@M@&@@@n of further conponents to the cells,
whi ch_may_increase the risk of contam nation of the.

y ( [ o
L"a:%q 3. qPt{Tireesplppindec 3¢ hETld- xprarsd prolenagdi expensonagf tmulti-potential

hufr@h BMSE P lagtofitdus &lohabdfuiEAR@EbR th PG%—%U&?! EGF to the cells under
eobl asti c

oo ROTYRES Bl AT Gari 268 EFAnab RS progression of e el

tovypads ostetdganiclfatenn bone marrow stemcells, in vitro

whi | e mai nt ai ni ng hi gh expansi on capacity 200f the
In erdi 9 pravideuor mgxiauno boyoiosnationdi wodd Se aesiren toitrahsgilarg cells which
alr&eﬁﬁ SHHNQ os@ngl‘égf@&r{é%ﬁ el dh ls\ﬂ@f?cii@ aFéJ{eé#H J]I? el ontly ones with a

cells. ere also exis ‘nee

' de'ag‘ﬁsé@]iﬂdo@%ﬁrf?f@i"“%raCF)‘QWeHB‘r"%bﬁ| 8 g diffeteatisting of foop frarrow stem:

celldSifb WstdIbRIRCHO6IVSS t@fiing irf ostebdbrid@eGioRt B%iswal etan?QQT J Cell

nmpr.1 si ng such

B'OE’E\?W f@ggﬂﬁ&ﬂc g{ﬂlyt O E%%h%ggwc%@f%@@epﬁ such cells in vitro.

Moteoventhease afldstesgatic MBﬁumhﬂmﬁ/eaﬁddzﬁémﬁffurﬂﬂéB b,brﬂﬂ&eﬁfs to the cells,
e |n entors realised

WhItCPﬁ]aP &Pﬁratsg El‘{e ns!knof %? rt‘érlmcl:'aléli a%n (I)f ﬂt1 hfﬁll e o marrow stem
II , I
Hefi@! ifork BRG] g%\éa%ag@og& | ¥r of SR [iblle F8HoR %0 produce

rea |I¥ expand ex Vvivo an
]

OSIRR WERT Gt Basky orssteoblaplissthephpr esllsdiom hyrmanaduitgtem cells, in

partilar hpeph lbahé mroﬁﬂét@rﬁ%lls$ i giré Whhb ﬂﬁxﬁﬁé?hnh@ high expansion capacity

henot y usi erein . di sclosed cultu
of 8 i) Beind' Fibeps donlord ot e U gyTlrgptappmponents
mvol@dl:ratteurm@bﬂtheopllsl atl on conpri sing:

There also emsts need in the art for osteoprogenltor or ostecblastic cells havmg specific
useful charactensttcs e.g., in the context of bone therapy, and for cell populations cornpnsmg

such cells.

Summary of the invention -

The present mventlon addresses the ahove and other problems of the prior art.

In particular, the mventors realised that adult stem cells, in part:cular 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 phenotypés, using herein disclosed culture conditions.



(a) human osteoprogenitors, osteoblasts or osteobl ast
phenotype cells characterised in that: they
co-express (1) al kaline phosphatase (ALP) of the
bone-Iiver-kidney type, procollagen type 1

am no-term nal propeptide (¥LNP) and bone
sialoprotein (BSP) with (2) at |east one stemcell /

e; [ 3 and
R e R i S S R U S
andanagado as@eob@ger@a%,% ostélbibbts an dstBdblst Aiflotype cells EHadacterised in
endot helial cells or progenitors thereof which are-

th'b34 positive and further express at |east one,. at
I east twdheyoco-exblest (1) elisline fphesphatitiel (ALY rofi itk Hoaether-kidney type,

%n o6 Ty ol e R (B89 o binchRiiin @) witn
) BY @@% o8 [siemaeell] /castatue gsteqprogajips marker chosen from CD63 and

ost@nps eagni tors, osteoblasts or osteobl ast phenotype
cells as eflned

endot hel’i ‘afY EFEIHOE‘,‘ f%fJFégyerﬁD? gr@ﬁﬁ@%&?ga ¥ {3k P4 §019 and

und&xi4(dmd constitute |ecs than 20% of all cells

def bpgr%oa&@%? betl 3) B@g%ltés .ﬁo? mcﬁ%reoaﬂa@p%aﬁfétam %Pﬁéreexpress

ovide ul"ati.on co

atleqaat)onnmmnstm,@pﬂ Berenefliver gvmeb@@ BEPRAWE), ¥EG é?@wast
saidPREARY VR psflidien CcBﬁ\Fl%ﬁge&ﬂ Red dotk, td’ﬂéfbrabl at least 90% 8% more

Pref%r%ﬁlg)a( rﬁeﬁggsq& 1%{,{@'5;151? %%%%hos hat %éﬁsi% gs)(efglast pnenotype cells as
defirati uhdert (ef, raimm aherpin apeg@idoitietia( Eél!é.W praJBdltdim thereof as defi ned under (b)

-con&kugtl %ﬁ; giBaﬁpglls\MeﬁiJ%d(Jg er J}%Btgﬁgat opoi-etic / - they

enltor mar
are p03|t|ve for CDOO, CD73 CD105 and negative for

19 014, thelial.cells
In arseb?r@D eflofhers horabies anisetes égﬁ%%ugﬁg" BRIy
f ur (deuman pstessogenitdrs asteoldasts oratstdoblag tphénatype oells ahdracterised in
wadhree, of von Wllebrand factor (vW), VEGF and
CD133, said isolated cell-popul ation conprisin
east 509GBIBRENESI() alkineasentatss (WY & iy beneusikiney type,
a}g b@@ahg&% @%ar@%@ﬂwﬁpb@p@ﬁ@é g:riab)l dhd3Honé a?tsﬁr%tgﬁ%?sp) with
0 0S I e as or_osteobl as
phe%t PP gfengg:%g H&Pérmafk&)r E:5)34n€{’d\/vher ein the
endot hel + aﬂey(mé pssitive fqirr(m}encml?or €D10%eardafegative derfdDaB,dCD19 and
undeg 49% constitute less than 20% of all cells
deflned under a) and (b). In a third aspect, there

o @D cnretriokcels aoeniissh it whichare B34 Pastive: g farther express'
at f5F oneS Bt 1badt BRE bedMMhree QJPvdﬁWiﬂetfrﬂnﬁtfittcﬁ%mtVEG? Aed @:1'35

s led £ om0 T e o e SR ol o GTR BF o sy
ieastchita) iand eedni raore pieférkisy staleabt 08%) ef laiman s:sﬂequ&_,(émﬁﬁ losteoblasts or

ost%%yé @Eﬁ#ﬂ)eaéellsaassdé r?edQ.{gch ?élhh aIJlG%ﬁljlean thg Q:P thial togis or pro%emtors

arrangenen
' me@?@l defjed ufié‘t—rr(ta}@niﬂttft@ lesseitizn W‘Vsﬂfraé[@lbﬁefaﬁd an er (a) and {b).
conposition at a site of bone lesion and further
conpri sing the pharmaceuti cal .conposition_as defined
In 2¥VE ashRer disre ﬂ%@roé(ﬂeﬁrfﬁ%ﬁéﬁtpof’%‘a%‘aﬁ? dafinesl abo"e "for use in
thexgy. ni stration of the pharmaceutical conposition at
the site of bone | esion. ‘

In a fourth aspect, there is provided the use of the cell poputation as defined above for
the manufacture of a medicament for the treatment of a bone-related disorder.



4 Disclosed is a nethod for obtaining

ost eoprogenitors, osteobl asts or osteobl ast phenotype
cells from human bone nman-ow stemcells in vitro or
ex vivo, conprising contacting the bone marrow stem
cells with human plasma or serumand a growth factor
or a biologically active varignt or derivative
thereof. The inventors observed that nethods of the
invention can differentiate a substantial fraction,
e.g., amjority, of exposed stemcells toward the

0 p nitor.or b t - .
OB ERRBRAT e b GRh b eBLRPA AR BBston e e oo
pepyHEtion e@d defmedoditcare nantigsuiisile dyradgemstiatios of thetsaibdells bsisolated
i St cells per se. Neverthel ess,
Ct:'lq'tpoggl%ﬁggtgap%t? E’E ?gr?ée%&? Hat the nethods of the
i nvention generally produce cell popul ations

| | . r . .
nGOTRE ERER BpEpIARRD ohiing@ia EOn ATty 4 uigical nstrumen for
adminigipatiosi efga compsitiemet al sigoelt bene, lesiog. andafuhgroednayising the
Pﬁfﬁ%ﬂﬁ% g 7 R P sl e A gb e i Bupted for
aqnjpistation @& fhe rhppeaceulital rerprasitiop gbthersitoyaf kanedesion.

augnent the useful characteristics of the

ost eoprogeni tor or osteobl ast phenotype cells present
in such populations, in particular in the context of
bone therapy. For exanple, in an enbodi nent a cel
popul ation resulting fromthe nethods of the

i nvention may al so conprise endothelial cells or
endot helial progenitors. Al So disclosed is a nethod
for obtaining a cell population conprising

ost eoprogenitors, osteoblasts or osteobl ast phenotype
cells fromhuman bone Marrow stemcells in vitro or
ex vivo, conprising contacting the bone man-ow stem
cells with human plasma or serumand a growth factor
or a biologically active variant or derivative
thereof. As shown by experinental evidence, the

met hod of the invention may provide for expansi on of
t he bone marrow stem cells between 40,000 to 710, 000
times over three weeks, nore particularly twenty one
days. - Such hi gh degree of expansion is surprising in
view of prior art teaching that the use of human
serum mar kedl y di mi ni shes expansi on of human bone
marrow stemcells (Kuznetsov et al. 2000):. Hence, the
present invention allows for generation of a high
nunber of cells for the purposes of transplantation.
Thi s advant ageously decreases the size of the bone
mar r ow sanpl e which needs to be drawn from a subj ect
in order to provide for the stemcells. In addition,
the invention allows for shortening the tinme when the
differentiated cells can be transplanted into a
patient thus resulting in faster therapy. WO

2007/ 093431PCT/ EP2007/ 001360 5 In a preferred

enbodi nent, the nethod uses fibroblast growh factor
and, in particular, FGFb, i.e., FG-2. It is
surprising, in view of the prior art teaching that
FGF-2 causes a nore i mmature phenotype of bone marrow
stemcells (Martin et al. 1997, Kalajzic et al.

2003), that the use of FGF-2 in conbination with
human pl asma or serum corri ponents stinul ates
5differentiation of bone marrow stemcells to attain
t he phenotypic characteristics of osteoprogenitors,
ost eobl asts or osteobl ast phenotype cells. Hence, the
present method provi des for unexpected advant ageous
effect - high expansi on and osteobl ast phenotype - by
conbi ni ng el enents whi ch have been known in prior art
to



provi de for opposite effects when used separately.
Even nore strikingly, the prior art taught 10 that
invitro differentiation i.nto osteoblasts requires
ost eogeni ¢ medi um cont ai ni ng conmponents-such as
dexanet hasone, ascorbic acid phosphate and

bet a- gl ycer ol phosphate. The present invention
surprisingly shows that such conmponents. are not
needed for obtaining osteoprogenitors, osteoblasts or
ost ebbl ast phenotype cells. Hence, the nunber of
conponents in-a nedi ummy be advant ageously
decreased, resulting in |ess ¢hances of 15error or
cont am nation, or carryover of such conponents upon

Digchred) lsaviathb for obtaiding bdiespregeafterBr ed enbodi ment s,
I 1 BURe WarfdW 4t8m cells in viti
ogt'3§bz%9?§ m&t#%ﬁs%gﬁ%ﬁﬁlgg B TRor® hur® bl R ¢ orp cg s in vitro or ex

OQOUS nHFFOM/Ste
vivatcompasing eonsaniing e BRNPARTEN FHEM WIEh lg{métnsge]%qgnaagr serum and a

:%%‘\)Errfﬂb Prﬁ%%?& Ty 12 Jeh%nﬁru bf g¥rRativ s, marrow st em
cel Thi s &Lesyt hé nmet hod particularly
TﬁélI MdHiGH 8B4t vddakatisethbls hfuna Imvérhen aay differegtiate b)ﬁubstant:al fraction,

o GaRIIan PPy e S S0 A Py BE b prenotypes.

Cmgeﬁum&hﬁgﬂ@hodédﬁtﬁel|mllomt®fbyéxﬂdomﬁmmmmhg; of

def h
et e e e

N eﬂ{?«%} S%F" Bs %PP"B%F@?HQJR? &gﬁ]ﬁgér ?fofﬁé’ a@{aﬁgﬁ C?%ﬂerally produce cell
qunlamﬂsu cemiprisng peigopiogpniers. calppagher e¥eqbigsh pangtype Aalls, usually

o p EIa@o%@%ﬁPﬁﬁ%eggébﬁé}ﬁl%%&ﬁn' 84, eajoftygof sush cells, The inventors also

uperiori one transplantat The inve o
reiiond HELEHIL ReRuIbgon® SP-B0R APUNE ML JoB GuPl g rbar ool fypes, at

leé’s?ts%?@ GSivhieh Q:Lé‘ﬁt ¥Q@Bz|§|ﬂ| th§ ,us@ﬁal whirbctassticelof the osteoprogenitor or - |
ul ati ons, obtainable u 0]

ool OO SRR S VERVAGES. BUSF e i gpriext of bone

theétbgy. Foi &xairple, irdén krdstimgar 2 bgll pdpelaton mwltmg:iucbm tivei meghods of the

mvgﬁﬁog&%ygpésf e%m-g,g%% %Wd&h{:l%?éeli? Ploér{df@%l%ﬁ h@?z*tf%f’se d\glyg h

suff ells can be
AgERGR el iR thoﬁ?@%fm%*”‘“@%%e?&oﬁ“‘r Mol o,
CORBIEHS @F@@nmeplt@rﬁnpﬁ@ol?’%s ﬁépﬁ%ﬂh‘f‘aﬁf P@ﬁ?% 99% ffogyauman bone
maﬁgﬁg{g}h Yelistih Pitr6 QJlrles( VRlBORerprisil abhtueting tiealdne rﬁalaqrfo&t gerdells with
substrate mneralizatio r .enha
U BIARGR RSO 58 ORI SR ke RSP MRS RS PR grvaie
thepati ents. Third, the cells display little or '
substantially no propensity for differentiation

- As bl @&@bmé"fmﬂmmb nittedo¥ fhpeigvention p‘aVﬁDrCU'lsﬂlééfpr expansion
rds adip v
of %y& ong g&ggwsﬁ(%ﬁ(n s%’e AN ReYibeao Ogtﬁ]{hfnseg Spgerotthﬁ:e weeks, more

par‘bdmmrly beamty wieedaysh éucle hlgg dfég:@gg ﬁgfgﬁg@htseﬁ!*fpnsmﬁé” view of prior art
tea!:l'ﬂibeﬂ% ggét g!ses A VA 88rufrOnafkeHI URMABAREYE e@fshsion of human bone
marrow stem cells (Kuznetsov et a! 2000} Hence, the present invention allows for generation
of a high number of cells for the purposes of transplantation. This advantageously decreases
the size of the bone marrow sarnpié which needs to be drawn from a subject in order to
provide for the stem cells. Iri addition, the invention allows for shortening the fime when the

differentiated cells can be transplanted into a patient, thus resulting in faster therapy.
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-ost eobl ast phenotype cells, as well as for cell-
popul ations and cultures corhprising such, which are
obt ai nabl e or directly obtained using the nmethods of
WRRY7RYAAL i on, and al so for therapeutic uses PhEFBQF7/001360
in bone-rel ated disorders -and cor respondi ng
phar maceuti cal fornulations conprising such. 1In a
further devel opnent of the invention, the inventors
anal ysed in detail the -cells and cell popul ations
obt ai ned carrying out the nmethods of the invention,
in order to define new osteogenic cell types and new
In Q@Fdfermpethﬂidrrﬁm tenpthad ngesSlibedbjast bl@t/\rtmﬁytof)éxfuﬂ fin particular FGF-

I‘lOI‘lt i n.thera S bone
o, PELFERIA Al oatBrel Relh g™ e Bl RO BRRR Batkrihe 2G%s o more
imablee genbynpbhbes: sacdw piem cab I(Merypesial peRuKalejziores al. 2003), that
theceg% oi‘ %'Cﬂ:gz S %m %ﬁtl&\‘?lmlnthaﬁurHér?%latsnﬁrﬁogeraﬁrs&ﬁﬁﬁoﬂe%% stimula’tes"

one thera e invention provi

dlﬁer@n%pﬁogtemoverm%@we@iamaeﬁﬂ%rto c%tﬁé’oﬁleaﬂhe“?ﬂ‘%d%h?ﬁéteﬂst‘cs of

ost(é@drb@emtber 8dtdboblad - chideBldsBphenstyps ager.i sed i n that
t hey- co-express (1) at |east one osteobl ast marker

| He6de0 SeNpilesaimnadthad brwidel G(Srplh'raixaéceec( AlBhtageBuiseeffect - high expansion
cifl aII ALP f th bon r-ki dne

and P oirs or Y- B chi R RLe AR ik Y, de¥R Rpoypn prior ar to

~ progidel fcbmwosteaéﬁemsommmus(elé&épame{lh Eve)y mare bwigisglyothe prior art taught

thaf U "L;(‘E(BG grﬁl i)e'rrﬁ'gfﬁ)%u fiffo Oéétg&ﬂéﬁw %hﬁlﬂefs '&%5 rcc hﬁéﬁur]'n containing

nmeans of exa as recog n

-cor@nmemédsychu@dQ@m@eesozana@ptm%mePh%phatzm bena Merolphosphate
' Theﬁbr@&ﬂﬁ Mvefifbn é@ir@@gl@%m@@ﬂ&@ucwﬂﬁﬁﬁon@ﬂ% ‘aré Roteheeded for obtaining

preferred enb ment, the said 0O0P-1 ce

ostoptiacaioae FIERBETRLET PHCANAT HEIOTGHER craleq Herbe, the mumber of

- con@yshests e at rﬁedtlzrh&néy’rllbd %&t&gmblysdeﬁ&y&seﬁx pegsthgah less chances of

erreg S SRt 6 O3 Bt LS Rl o
In ﬁﬁ%éreﬁ%*rerP Id'\/grnggﬁgrggggo gilg,n T% ugéér Lttﬂﬁén ?}raestr%r Bregeérgm which is

| s may express at
autelpqous e dlee @pneqmprr@ggberg@llq:gmﬂor dpRgarot (rpjude gy gpon-human animal

- matBfidtfsuches @ﬁbﬁ@b rtxenté)hﬁ 52 huROE-bbn 6 %dn%w@é’m cells. This makes

ex ress at ; 1.n anqt eferr
the |F??é‘rﬂ“’a’ 'Y ﬁ@" %“—066 lfpr1”58é” Fgmw%eezyr 895 by defiggipg the risk
of r@.‘j@ﬂ:ﬁﬁx of nhea obtairidae telpr afidor &g anhedingetht, ridkhef saitamination with
at ge cells may express at |east CD63 and CD166. 7
pathp ?ﬁm i nventors' best know edge the prior art only

Addfﬁgﬁﬁ g\@ rr%b%é&@ 0 Léﬁég&&‘d&fﬂ@g\%?ga&rés e%ﬂB@t limitation,

ost eoprogeni tors when INP-an
mcuhetgwma@, PENSEBECORTPATRII GHartites, & pHYeh 7l0re erdn pampjpation further

dellrﬁiﬁ 'tHH mefioll iHRPPREH artbhd uﬁ&irﬁ*@%é ﬁﬂﬂs,l@@lé{” gells and cell populations of
fferentiate to chon tes % e? tes as well as
%mragreadﬂeﬁee ©.g- 1 ip 2AR SRRtalonf  at

| Th%@'gnf%% Vot 85{"%‘88?88%‘?%{0 % rOS%#’”b'S%‘? S RiBPSneyme, cets, as

well sl el ptbpuld'llen$ nevtgaihada L(S@'@Ptht weihbdy ohsheainmetion show exemplary

' advﬂaﬁ\% %93 tKe Bﬁgﬂ Eﬁ?lFﬁ)r@fF)g 2F Rk L‘t JuY: ng thewm\/&f turid 'lf‘Rq-J Jé?&’\ée[[s show

ys at” | east of advant ag
a faﬁr@@@‘?ftat'@s r@e.cwﬂaen rﬁsgmatﬂdoqﬂ@lrbérsatime rof IQ@P@X‘W%Y] 2 days. Hence,
suffilbieR@hb&atdfoMer &8 adid bs URSiepdibd %hth% 8BRS REbly short time, which
ropensity. towards chondrocytic g
adV%BﬁgﬁB‘é%N rgityihe PEFEH et TEH F’W'ﬁ’déh goadlathe icelln shewa refatively fast
useful, e.g., in bone therapeutic context. 1In a :
preferred enbodinent, t he sai d osteoprogenitor or
ost eobl ast phenotype cells (00P-1 cells) are negative
for osteocalcin (OCN). It has been known in the art
that OCN becones expressed preferentially in mature
osteobl asts. Hence, the absence of OCN expression
signifies the | ess mature character of these cells.
The invention al so provi des osteoprogenitor,
ost eobl ast or osteoblast phenotype cells (herein,



5 expressed preferentially in mature osteobl asts.
Hence, the absence of OCN expression signifies the

| ess mature character of these cells. The inventors
al so contenpl ate overl aps between the above descri bed

.0st eoprogeni tor .or osteoblast cell types of the
i nvention. For exanple, in sonme enbodi nents, the -

O0P-1 cells may further co-express CD34. In other .

enbodi nents, the 00P-2.cells may further express at
10l east one, e.g., one or -both, of C063 and CD166. As -

nmentioned, the invention al so enconpasses cell
popul ations conprising the abgve osteoprogeni tor or

ost eobl ast phenotype cells of the %nve tion % o
calonpt | RS hENGTHLAIoRn AMHEN oBleYs 98] PEpEeb bori-fommation  upon
tdhSidhees o@%vseusﬁiﬂt mtsaﬂwrd;ethé cﬂ&pﬁibﬂw Gifilen@rysubstantially no

conprise at |east 10 [E -er ab Ieasé@:e%oo/ %e’ r towards
PPy 219 esanindans vt OEeigesegiy gk FER Bl pES,  Polier tovards
adifodfe8 fof ERdHdNcRtes ) ‘ﬁﬁ@bar? 88¢angepusly it Itfmis:tmﬂ@%of siseghe other than -

even no ref rabl | east 90% e.qg., at least 95%
bofe w t@ﬁfﬁiargﬁn@pgp '@}6% 2 cell types. In preferred

enbodi th | [ |
R S R e S
" ogleattast ahénphype ssils, e weld #s fyléﬁ'?'InﬁﬂPé'aEQf‘éf%’}da’é{“}dfﬁtse%“msmg such,
- whi Qﬁgrezgo{gﬂ%?%ﬁlt Bég%ct!Wb%uﬁHdelgsﬁ{gathé )‘ne'tr%‘é@ of e ind@6on, and also for

| ess than 5% or éass than 2% of
theisbpiticy pes Beresf i hBpaRateh ETEBPANT aErPBRONs a0 ppaceutical

fofrbidtiohy BSsprishl s@cir ef erred enbodi ment, the said cell
poput1 tion may al so conprise endothelial cells or ’

In@ﬂﬂﬁé?'de@éléprﬁéﬁ? e e mPéer)ﬁrta@Erwentsmmalendnhhﬁltadahe celis and cell
el b i opf e TeRpss ot Bl EaRba e o % veine new
osWlibhkrad bgnti;pésa@:&w InefwWak) pdﬁﬁféﬁomebn@me@ suthy thatf may bier pamcuiar

S8 55801 L Al o BBy, o e
: alsoe:ahiematdat&srmt:h néwe cplf ped cpepndaﬁoga evnsistie st iagwell &b kiges thereof,

aTel=Te thereof in a cell population al ongside
esg%"t[&@gprogéﬁ%%% S or osteobl ast phenotype - cells of '

Thé iRehtireldd ;|§rBV|ﬂ@é/oétW@6ﬂlt¢rhastecrt§lﬁsmblt oubvblast L :ﬁe sai d
osteogenic |1n resuna

PORIRELEI (e O TR LPPBtRg CRLNPEPREETEY (Fa foast one

osteO5 5 | arkaHpesdr ﬁ'gm alkaimrmwospnagm aamg mcne spegificaliit ALP of the

o0 s s SR % LRIBASHAE Hrblisd 318)5and bone

s:abpm!talrdeSPQ hﬁh l(m)cﬁdeast a:hefstﬁmm:"dl lfrf]"é;g!t"élt @ﬁ@ﬂf@,@qliﬁoﬁ iherker chosen
frort%wég g)ﬁ egl% ofcegéabﬁlea%g {Q@gth&PW&fﬁBb%@P%dsee Zannettino et al.
2003. J Cell B|ochem 89: 56-66) and CD166. Under (1): in a preferred embodiment, the said
OOP-1 celis may express at least ALP; in further preferred embodiments, the said OOP—1
 cells may éxpress at feast two markers chosen from ALP, PANP and BSP, e.g., at least ALP
and P1NP, at least ALP and BSP or at least PINP and BSP; in a yet further preferred
embodimeant, the said OOP-1 ceﬁs may express at least all three of ALP, BSP and PINP.
Under (2): in a preferred embodlment the said OOP-1 cells may express at least CD63 in
another preferred embodiment, the said OOP-1 ceiis may express at least CD166; in a further

preferred embodiment, the said OOP-1 celis may express at least CD83 and CD166.



These and other features of the invention are further
expl ai ned here bel ow and in the appended clains, as
well as illustrated by non-limting exanples. Brief
Description of the Figures Figure 1 shows results of
injection of a cell popul ation prepared according to
the present invention in a patient with osteonecrosis
of the fenoral head (solid |ine with dianonds). A
VAS score; B: WOVAC score. "B'-baseline, "3e-3

nont hs, "6nf-6 nonths, dashed |ine-historical.
controls (control biopsy). Figure 2 shows

m neralization by the ceIIs] pppulatlons of the

u‘%Z’%n'h‘lé?(}‘g?rﬁ%?ﬁg”g‘f"ﬁgﬁsﬁ Pyl Lo 0 Qaewédqﬁﬁgﬁéﬁcﬂﬁ D166 in stem

tetlis I/ irdevatund bstsopgigbnarorsawtjerpm.i? a‘PWFeéed &Fswenal rtegstrvthuch CD63

a%%rbtreqﬁ 1%!3 ao%rsiuy? dcle% ?¥ ?ior?%’fqglfqo\()oeﬁernulﬁ}’) %Qﬁ%/ ngd oould differentiate to

cd:aehdfrocyfetse atippoytes' amw@kasgqstegbtasts dtanpe. ﬂlg@goncgm@nt presence of atleast
an %ﬁmgﬂv S&ﬂu;%r Béfﬁu\ﬁ&%d%qnﬂiopcﬂﬁ& éﬁn@wm&pmgmtpr or osteoblast

I.ncl contalnlng contal'n

 phaetymeccallnsr g irvenliondSER- b ARl anAdeNe Preyous andisRibsed cell type.
M @@hew r&emt);&%gp@}s BBERR k6me e# SUBAGe®s prEERRE such as high

steps. The reC|tat|o

PRI S8, RGBTSR FStaT TE 81 RO PR et Asrsasly towards
- chbridrdoitid féaﬁB SchpeSsic affareltibtions Wiish mec ipheiduendpsifal 8.g., in bone

- The term' q{gout" as used herein when referring to a . o
' trf?é%??ﬂ'i‘ EXal ue such as a paranmeter, an anount, .a '

oL Bl S S Mg e B8Rk ol 00P-

cellt) aBegativecios psteoraicip (@EN): dtiag been Boewn inl be st thatddCN becomes

t S

oAPERaE A, [l ekBhses MhchL ) A% 1 pON crprssion
S'U’Fl@ﬂ?ﬁh@'%%l@ﬁ“%ﬁh@@ﬁ@h@‘”ﬁséc%l propriate to performin ‘

t he di sclosed : invention. Al docunents cited in the o :

Thet iBeeiien alse eravidesostsRPiRaeniton asteoBinst ¢ CsteaBEgt ed by
pHeRb§Be RemRs l(ﬁbr&:h?l"om Icéi:st')yﬁhdrmmedi iig tthatr thley h:G—express i.e., are
cunents  her.ei ca
 polieRrdd e Jast ahe RABHIET TG EE M POF Sl ggnatase (ALP), more
- spéﬁﬁ@ilﬁ%ﬂ&fﬁ@bﬁlﬁ@-@&?ﬁ@m@ P@daiﬁ%sstynﬁ hemivodeminal propeptide -
_ (Pﬁ'lﬁ% Qg&j’boﬂ% %@SHE%IHJ g@%’)'s\gfhg LZ? Ct#w@%ieﬂ%t& Rt '?Ve%ﬂ{)thgﬂf progenitor -
| *mm&% defofoin & Piafemed g@@gm@pt, hrosaid QQPd2 gellsymay express at .
leczKhl b fh RurlHae pl%"férrécper\‘\fi’cbcszﬂi‘erItsJ1 'ﬂﬁa é&ﬂd’ @Uip' @Belﬁ%%ﬁresslat feast two

i nvention

of
matf/e‘ié‘ﬁ P%%en fRmALEs FANT, a"f' #épr ﬁ@eﬁf oGt ’%"e‘f é@%é’"ﬂ% 8 least ALP and

Boweirke kabiop NP AL BIRY |rp§§/@@.mh©gﬁn&feh@ﬂ SmboEIRAD HR%R OOP-2 celis
as for obtaining

ma@%ﬁﬁgg%%iﬁfﬁ'g&gé%gfﬂfp b#ﬁ@ @Eﬁgﬁpr ogenitors,

stlg\pe%Las,t o ﬁ?}% gﬁ ?%é% tﬁnlﬂpsp%tt%or%?ag{: Sllén%tgpé 08915 express:ng CD34

haveoveped béforg mmmcnbﬁgi ahbthh aheensa Iof GR3$tie fypicallyl considerbd one of
the I?éﬂ??r%s |B]t: tgﬁg’?né#oﬁ ﬁ{egéﬂcﬂ?}ga! @te@H: s I Eairly, B chheomitant presence

active var
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 fype.
Moreover, this new cell type displays at least some of advantageous properties such as high
profiferation rate, high mineralization rate and substantially absent propensity fowards
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10derivative thereof. Bone marrow is the soft tissue
occupyi ng nedul l ar cavities of |ong bones, sone -
haver si an canal s, and spaces between trabecul ae of
vanoeldosss or spongy bone. Two types of bone mrmvEywo7/001360
are conventional ly distinguished: red, which is found.
inall bones in early life and in restricted

| ocations in adulthood (e.g., in the spongy bone) and

is primarily concerned with the 15 production of

bl ood cells (haematopoi esis); and yellow, which ‘
conprises primarily fat cell sgand connective tissue.

Rkt BRBSALGHOMAicR, SATRLEX bhABUEAS DABLL %58, i bone
th@@b&@CéﬁﬁEﬂhelr precursors, nmesenchynal sten1ce||s

(M5C), stromal cells and their precursors, and a
In @r walsed eawprigent dhe @Rid PstaopragBnites o5 05@@@'&@@*@09&/@% cells (OOP-2

ceﬂéé'da@ﬁb!éﬁﬁe f@"lﬂ.té&ﬁ:bicﬁl &M}' Rhmg %Qﬂ: fn&eh ﬂ\eﬁk'é{ﬁhat OCN becomes
tirssue n Bone marrow cel
eXpigRTS Br&?eée'ftﬁ”)f'rﬁh qﬁvreeq%%obﬂqsgfs Joces ther a%ﬁﬁ’ﬁﬁ%ﬁf (pCN expression

,sugnrﬁamﬂwllmtmtummhemctubbhthes@eeuand humans. Thi s

capacity may reflect the activities of nultiple stem
Thedintegtapy else montemplade e venlaps cwiwaancthe asbove dgscribed osteoprogenitor or

| 'oséaa@?%tc%gg{pgg Iof it BORSh! Sor él%@ﬁ pm,% é,.tnsga &8{7113 the OOP-1 cells

OM/nuIt potent ste o
mafuthes caexpiess CRB4- lnetber gwhodments %ng%ﬁmnaﬂ@ﬂher express at

leabt\dHe, 89S bREbELJIONE ODRBIAW otelssved stem cel |- can
generate cells of both the haenatop0|et|c and

| Asnmentl’ma@d!mﬂﬁpmvaftioﬁ bis® aRQ6MpasEal ScellSp mlﬁtlbﬁér%dwﬁﬁsmg the above

NA 32 2004
ostER o, Siaamah sor At S 200 oo e 0O
andjer QGOPHY edll fypwﬁaccmdmbona%mmmmjgemeﬂ qropatbti@r mapemprise at
1ea£rt91ro"§/° éfs%rég’? @Qg{ﬂdo)o r?noré? e@%?!?!g%{ l]grg%%fggldﬁ %%Ieaggsoo/f yet more

oses
prefﬁé%témewyaﬁl?@%’«t &, aldppsd 808q pap leven MoBd grefeally ehigast 90%, e.g., at

lea&iebion &fthgeégpﬁihhﬂ@lor'@@e-@ggél wBedl: In B!fef&%@eem?od!ments the cell
Ert||a e, nUSCle t end on, ConneCt|Ve tissue

g o
PR EPBPYRE 1eRiER 8P%, PisTarply 1eas thap 40N £VaVLIOR(Fasferably less

‘ thaﬁ@g%lQei k&8 Prefeldbly206 ﬂﬁﬁ%@ﬂﬁ&ﬁﬂ' étﬁﬂﬁ&@ﬁr@@ﬂa%ﬁpleﬂslthan 10%, e.g.,

["drén Wt
00Pﬁb@ﬂﬂﬁ@$a. In that study, functional marrow derived
mesenchymal cells engrafted and contributed to-the
In ¥ pieffer Gnbefimaaly Herrsld e repulatons mevslseycarmriae tepdetbelial cells or

pro@émtor@ﬁhﬁ@oﬁ%éf&bblys%% EndAQ03) ce!ltsrlf' &ng%ﬁ&tsq'ﬂgy Qiprescf at least

ost eobl asts was n ni fican

oneglh et ERE M7 S oA S M. OIrve IV hraRbiaetoy AT IRGH and CD135.
In ade@rttes efipb@idibhtcthadiary @itiothend €eifBdah @koCBldxglass loadi ng
to the conclusion that bone marrow cells other than

Advahiegeously, thkenaahhes dave peem'slécatﬁaome priaegree e Seoie bydmhelial cells or

pro%nﬁ&b Qﬁ‘érea‘ il ecetlll.%g)gﬁl?! r‘(i) %ISC’B§§& %te%ltgp%éﬁ?togoc}rnosii/eog{/e/sto?henotype

ranspl ant abl e pro

les® &%Wg elggtiha%l 4]/0 %‘?ﬂa%% ‘fhana%l/e ge réfrtgpvt\é(§t8({l§%3§ Q‘IF?EJOVB Obls-’ 1 and/or.

- celly pethgbppatiorhmay imareveVinerepoebmeal ¢f tbesaidapsteagesis lipkage cells in -

pataé‘ﬂt@ fBré‘s%Ha&yV\thhwtthB@t IPRE=884, 153indtigaBRNRE Arfals bSeSels supporting

osteoggtlc ne? 10! i néage.

t
and oxygenatmg it lmplan ed cells and tissues and/or by releasing growth factors ‘such as,

e.g., VEGF.



The term bone marrow stemcell” or "BMSC' as used
herein thus refers to any adult stern cell present in
bone marrow, and particularly present in or (partly)

i solated froma sanple of bone marrow. A sanple of
bone marrow (BVMSC) may be obtained, e.g., fromiliac
crest, fenora, tibiae, spine, rib or other nedullar
spaces of a subject. The term BMSC al so i's.
enconpasses the progeny of BMSC, e.g., progeny
obtained by in vitro or ex vivo propagati on of BMSC
obtai ned froma sanple of a subject. The term "stem
cell" as used herein denotes gny cell that, if :
exposed to a Proprlate conditions, is ca able of
TgeJivegtion @lge 58"'9?5 PRafEaceisal fSWE:IJ'?i’Pé? EPTRBIISNG i abpve
deRieR cgffsf 4 rc%ﬁ ofifhtlonk YaRSherapiutic assstiesrevrcel | -may be
capabl e o ensive, -or perhaps indefinite,

TRESR! hAP biel %turas RQnY iiv@ntiord areuficteer eypbndd bere below and in the

d f
e AT A 2 g RO SR IR o T o5t ur s

and the proliferative capacity of the nother cell, or
Be;lesaegtawnomﬁfthnmgwst 0 appropriate conditions, gi ve
rise to nore specialized, i.e. nore differenti at ed

" Figerd { Shows restibsof ictipe of i gl pEPUlgfiopPrenaed apeerding fo the present
g R a daﬁ ot f fc%ﬁéfﬁx@t:r‘oﬁfs%@,thecﬁfﬂorémgéﬁ (ot n@mmmd&monds) A:
|

stemc erentlatestop t he of her cel
'Vﬁvﬁtsﬁﬁfﬁt BpM@M&@ﬁ‘-‘y’rﬁ!ﬂn@éP@ﬁ Ty é’@l |§’F é Mgy f’aShed line-

- h,gﬁﬁcap&d?ﬁ{,;sqsdr,lﬁoj Siopdypduced after one or more rounds

of -cell division and/or differentiation of the stem
Figlte 2 shbe niidrazaashby theteelts /gepiistioas ofthe thveaticei n
refers to a stemcell present in or obtained from an

' D%FMS%}'% hiot DEeHOGLAlsiont @ge or after birth.

BoRe rrarrow stemcells according .to the

A ﬂé’?%n]ﬁérgiﬂ BavenLier RYRMaF abanofangenr aldue g&ﬁ%hrlg%iaﬁfand plural -_
east the os enlc bone I|nea? ¥
referapts, unbess by eontexiciady SRRIPOPIREE0 ) JGENT SR Era a rofers to
oR'R B Babb@sésy. and/ or osteobl asts and/ or osteocytes,

etc. V\D 2007/ 093431PCT/ EP2007/ 001360 12 Preferably,
Trﬁtterl-r@aﬁdm;fr@ b@d}ﬂpﬂﬁﬁ"f@ﬂ“eﬁmﬂse@bﬂ' 8s asecidreddim gret syneryenous with

I N
SR eSS P OB o A R corct
-extledaddditiogalf mapmetites menherdselerhenther met PR, such as,

e:g., cells of endothelial 1ineage,: for exanp
The mebisativolcf atimericsd Eamoes by eednodisineidss aéﬁ&%’Pﬁ'@ﬁnam‘actwns subsumed

wi ﬁ'tﬁa‘érar@ SIS BE YecitbibndpRitd. i M ting, type of BMSC
aV| ng the potential of generating cells of  at

The term "about" as used herein when referring to a measurable value siich as a parameter
an amount, a temporal duration, and the like, 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 appropnate to perform in the d_:sclosed invention.

All documents cited in the present specification are hereby incorporated by reference in their

entifety, In particular, the teachings of all documents herein specifically referred to are

incorporated by reference.
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| east the osteogenic |lineage are nesenchymal stem
cells. The term"nesenchymal stemcell"” or "MSC'
(al so known as "marrow stromal cells") as used herein
woeer®3430 an adul t, mesoder m derived stem cel PCI/RBR007/001360
i s capabl e of generating cells of rnesenchynal
| ineages, typically of two or nore nmesenchynal
| i neages, e.g., osteocytic (bone), chondrocytic 10
(cartilage), nmyocytic (nuscle), tendonocytic
(tendon), fibroblastic (connective tissue),
adi pocytic (fat) and stronogemic (nmarrow stroma)
| j Y.
Un[g#ygtggr%ﬁs&l\@?%nggl alpéphg %lal?&a%g%%&&% ? g'lvenm:ﬁ'{: %c‘m{r{gqychmcal and
scighifintefierhave the mpening s &Dﬂnwmkye!n@rsfaﬁ@l baeoﬁe efs@rdmary skill in the art
toﬁﬂ%ﬂhnd%ﬂ%hﬂﬁ?ﬁéﬁﬂd%nd adi pose tissue. Human MSC, their
I'solation, in vitro expansion, -and differentiation,
have been described in, e.g., US Pat. No. 5,486, 359;
L of inveRfioy 5,811, 094 us Pat . No 5, 736, 396; us

539: or US P

s Rt B, StwEpeianam eliesed g TRIHALfoig® to 8 etnod for
' obtaieisg piteeptogenitbtse ostetblasty obestseliiash bh@otylpetclaﬁﬁ 6 @& @t for obtaining

celi &%}%&Qﬁdn@%u‘@ ?i{%ggl%oﬁrléﬁPmWO e@bi&éggmxﬁe&ﬁas{ Bheno)type cells, from

eratin east the osteocyfic
humameeneemarser: ISteas cells 4. Virg 8F 66 ¥ivpi GMPEFING coR@CiHg the bone marrow
steiATLROPAPBANAT QESma R seILnPAROS HRWH B8t odd BibRigically active variant or
osteobl asts and/ or osteocytes, etc. 20Potentially,
der’&ﬁqveﬁ?rﬁgut linmtation, at |east some MSC night also

oo ot RS oL bR RN AREREL 58 ek tome raversion
canilsy emt spates detteeastrabecyag of ehheeliofs erapontebore. Two types of bone

thgl r t.@r.; b ey
maljgdﬁ\g %?@ogﬁ dﬁﬁﬂglrg/agf?llrﬁge Pg&l r@& M"fu:h]_ﬁ fg&?ﬁh}%&?‘% !rﬁearfy life and in
restggled haﬁag@égn @qlﬂl;thgqa@ @g}yln&he RESOIY @or@e) an@ FsoRyismRfily concerned with the
pro@R4igh BEHIOBY cbiy MHabhRidHoiesBy 8 palid®, WHEPABAbHQR Bfmarily fat cells
C obtai.ned froma biol ogical sanple of an animal or
a"drﬁ‘j’ﬁﬁ?i:t'g%b?s@%t As shovvn in the exanpl es, the pr esent
As %B’hﬁlet one ga%foﬁfgzlssa S sr'ﬁsg% F%@%Eeg :\Q/PE %ﬁ?%ﬁtéc stem celts red and
whltgrbdnqdrceﬂsamdjhelopr@ut;pcﬂ owgiserdhymalatem eais\MSGrstrooral cells and their |
v ! t b r .
o8 ) 8B R R B oR U S8 g, o oo
whighfopha caprectivmlissyBoetank sallef sgiogi@ed from bone mar row
I‘éor ot her_ sources) 30@¥ sel ecting those Eq{rr&nonucl ear
Bong dnareow RIS FORUMRUISHRPRM GVerse dBiFs iy S5lemied a”%"’?j“a‘ on in both

mic a8 8 thumassl e eafddcity @ed, rexT the ectmﬁetof ﬁﬁﬂtlrjeeﬁteﬁf &lis present in
for

I dh t |
sons 3 A3 by SarC R RSB AR sl ool anci
maridwemettipptent stérh velit Fdredxagple, rausd et al. {sl ‘rﬁ]ﬁp@ﬁ&éﬁ 52001) showed

thattahﬁngg FHE! 'indrn}ﬂgjypé‘érﬂfeﬁ PO Gl @%r? gért@éte cBI[é Bteb&iﬁ Qﬁ@ Rlematopoietic

. | east part cont
and ep-hrenagreetigieases. d8isds efﬁnflaﬁ%@bﬁ?%t@m'cbﬁféﬁdt’w@ 101(32): 11761~

6, 2ol] Svhbr apwWBYShat hematopsicsé Qels ahd oﬂﬁzo%ﬁl@,céan bBederived from a
resent invention_al Eo cont enpl at ?s a. net hod for

ATRTYY PERIBYTRE L RPRE BRTRY a8 aé'g‘it'oﬁh@rﬂﬂom’fé egrplg, US Pat
5 48‘6K333|91 distiosBs mlemehwmbmsﬁoam netdwsofi mesentiiyenad Isteeix cells, capable of

senlfotBy, A PSR Ak oot SRR CogSE, toncon
congedivelisge dal org‘aalpdne stremg. Furihar, wmmt@: wqwegﬁ@g 309-13, 1999)

BMSC, or may be at |east partly isolated therefrom as
known in the art. Mreover, MSC may be at | east
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partly isolated frombone marrow or from sources
conprising MSC ot her than bone marrow, 10e.g., bl ood,

unmbi lical cord, placenta, foetal yolk sac, skin

WA eeid0e331 specifically foetal and adol escent BKTAP2007/001360
peri osteum and adi pose tissue. In a preferred

enbodi nent, BMSC or MSC present in or at |east partly

i solated fromthe biol ogical sanple may be contacted

with human plasma or serumand a growth factor or a

bi ol ogi cally active variant or derivative thereof,

W t hout prior propagation iniconditions which 15all ow

shé\ﬁé’d ark langgemichb A nfierd i irﬁrgsp%fnta%yﬁqs %ﬁeé@g WG with se.vere

differentiation. It is further known

osiepRaneriat Ienpeede- NCRT SidYoriEngiighalo Watrew;silerw gnesenchymal  cells
engrahgD pid abntesutadf toCk lfemviibe bf AE® deh®d boned @l dhbh 8dya40mtz et al.

eRER sl 4523, 3007 e BBt bBPE Tl eleablel Waschptsaniicanty

imprivexdsaiitee tbey Itr’aus;dantéﬂunsofsmﬂapmﬂshmymm sttmcedlib Splastic-adherent bone
f I i | s have. a .
T T I N e .
adwwttr@pu@tlomlwhem\msemwl sergeals 2@ Umughhivorsideatadbe potent
trarbéblarned‘bf‘er Sr%ﬁgml'&?‘sr 81‘ BQteobTM 9h Qhickv oiMhkNRYLe, tl%n@gl'narrow may contain

limted to any esis, the present Inventors
sevgb dvpest & ?tﬁ@t C‘?"ﬁ "t"H’e ther B%t@ﬂffa' ﬁ%t%ﬁ%f atereeligepf| e gesteocytic (bone)
linedgscri bed by Colter et al. 2000 may at |east in part
contribute to obtaining of osteoprogenitors,
Thotimedbbrsmarowr stest eell| e SBMSICR motugpe hereln Bué radensBYRGY adult stem

- ceﬂ%és%nﬂn}(%l&%%&é [&ﬁt ! aﬁ"é&l&u%ﬂ{ p%gﬁtqﬁg" @{ ﬁfy? so{Q{cﬁ from a sample of

boﬂeH@BEFWehtsémles‘pfemneatf@"t)‘hre(ﬁwl@ dedyl ke whigitedakgo, f[mn iliac crest,
fem%FH ehb‘iéé Gpmar &b eorf HthbN Sfedtfd §pa‘é9§m)f IS §ijé<fﬂ ‘rh@ & IBMSC also

u atlons resulting fromthe methods of

enqo dhe pregrny i 8M 5 §-9- HePPY Qbtaingdditn éqtméqr ex vivo propagation

of E!MSteamezneﬁ ﬁbm@@mﬂl@oﬁﬁﬂmjéml ial progenitor cells
and/ or endothelial cells. W) '
The2 60M/ 834 3EPCES ERRO0M¢rein 1 36 thidsd apppsl ahéttplifsexposed to appropriate

conﬁﬂfﬂg tss%gblé%@ivhfgr l‘ﬂs@ tglgf%és{ QrPé %h%glse? rablg C% g rr%tre lgerent cell

ex VI Vvo 1Sin
typash §UF!Savﬁthﬂ cal) ray bst %ﬁﬁﬁ'edi’f @,@r@we,acrropeahegqsomeﬁmte proliferation in

vivd @t Gfider bpedife doHBIlIGR, alsB oYWitrb NHerdiR IR d?@ﬁé’n?‘é‘f such a stem cell may
ns a ecursor. cel | popul ation termed "side
et PHPTRS eapjos Pibe PLaUfariing epadhi At e rehatiset, or else may, i
expﬁm4ﬂ:V\Eﬂi]ﬁ@3er|ﬂﬂmnet gaOe Fﬂs@ciu rrﬁ@é Sspebildﬁzeﬁ aV€ mere differentiated,
tiLcit

rkab en
cosE AR apEeReRla i Yoo b e uPra BRETGoRE. Satigs, for exampic,
the sBoodell | difeererdibtes 199Fecogt tHeb dthd( t2l) W]IBGGt @Byiously undergoing cell
divigi 8 & AR Gl Pl &' ) r
ivi Iel ng:q e, ¢ &edbgeo gngg{) ypot%ﬁe;%ng Otrh%&g r%[u%s of }%!F leéton andfor
differ¢nfigrroridhesgiemeplt e that in the present mst hod SP
desc bed &oodell et al. 1997 may at
Theq%rgbladalistﬁgque 'lc%iz%dm%n t'egerats? gls;ﬁn'h aelloqresent ¥n or obtained from an
orgemsthreatihofpetal stagsor Aikd epthl ast s or ost eobl ast phenot ype -
cells from BMSC,
Preferable bone marrow stem cells according to the invention have the potential of generating
cells of at least the osteogenic (bone) lineage, su;:h as, e.g., osteogenic cells and/or

osteoprogenitors and/or pre-osteoblasts and/or osteoblasts and/or osteocytes, etc.
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10 possibly I eading through an internedi ate of nore

mature MSC. Potentially, but without limtation, the

i nventors speculate that SP cells mght also be able
whaogensssat e further cells conprised in the cerdT/EP2007/001360

popul ations resulting fromthe nethods of the

i nvention, such as, e.g., cells of endothelial

lineage, for exanple endothelial progenitor cells

and/ or endothelial cells. Accordingly, in an

enbodi nent, the present invention also contenplates a

nmet hod for 15 obt ai ni ng ost eopr ogenitors,
Pre%b%ngo %t eas C ec?rpe B%rtypeﬁ ﬁgkrg\gl;sé&g %QI%t é’&&dﬁ'%l tlcﬁl‘ﬁe %&elgt%lﬁ may also have
the mgtmna!snoouenpcq@ejlfmrran rceltsebd:rsprtsg@)m |ﬂme wlt popubationx reguitiog from the -
methQdPEE Bk TR, %ﬁﬁﬁ ?9 é&eceﬁg oMehbothst ﬂwe% Qstﬂpe)%[]mptle endothelial

serum anda a ro act or. is furt nown

progsiier Gels ﬁ@@@%@?ﬁﬂ*h%‘é‘s“eﬂs popul ation of ost eogem c

An ggfggﬁérﬁgé\ytgéhéﬁ@nhgl( g;lfqp&aofeqj\ﬁ%éthlagﬂé e;,gegaaiij{l Qﬁgeney rating cells of at
least €1e dstdageaitilinedge 410 nzenayhal stain ceds. e @it mesendrgmal stem cell”
or SU;SO(.?’X r & Ig?\ﬂr}_%sorlsg "‘9‘8%?"55‘ g%eilifsﬂ %&%%ggwteyoéaferg tg an adult,
meaodem-pm\aUauerbycaNdharleroaeath@pégar)eram/mﬂerof regseptiyimal lineages,
typi(,ca%% c? c'r nrqgﬁe:?/'n%ﬁ%ng%ﬁa? rlfﬁ@éé %OV@{e%ﬁyt:c gbone% chondrocytic

eob asts SO "becone

© (cartilggg)acEyocTher Gryscie), \mmwf'ﬁe{tww niipreblapts deectwe tissue),

adldauﬁrat (RS hisd stHiﬁodHnﬁﬁ@rﬂ{rroWn%ﬂia‘?mﬁeéﬂ%e ity bRatoldiBd from, e.g.,
St eo ur sor s
sont@eer, '80‘%13}1“&%‘?@ Sagtllageniay i el <ag. SB4dermis). gpeeifcally foetal

and Cibtes tdnit tsRing @eﬂdﬁtajlmlang afiposs ttiesysy. dyewmrt BISE, their isolation, in vitro

exp%ss}onr anc?l 3i eren{lati Rt Rg @e(s?tn O%Q%%%E‘lyr? G ehé?—"’aft Mg 5%%59 US Pat.

cCo ESent i NVEN
No. §l84 8, Oéﬁdﬂ%ﬁpl aloeé 736 A88; H!ﬁ:lpatoNOdb‘B%ﬂ a9 gr US Pat. No. 5,827,740. Any

Ms® Efeﬁ‘ﬁ%@ HapL taﬂra?nd 955 *Bb %ﬁ§r ﬁleﬂ{odcb%%&%lj% thePRERAY }SQ Suitable in

or obt al ni ng ell [ation conprisin

the gigepnt inYiPRuRRMIdES tS6Ty Mﬁc‘c amy wﬁbgeoiafsge('@mtma rFels pf at least the
osteBEytiR{boHeY AneaddC I dsS eRYY BRBEENE ba8 dndrr @Bew)rbﬁerh@mmor pre-

osteBy39F ol Tcestp ool o Es L& ¢ 15 Turther known

Potetnﬁglbfugﬁ)tr\ﬁtﬂsﬁ [ ﬁﬁmﬁgnﬁ{ Iegﬁ%o%emge?ln%%hto séoog B%!g%tgle%egate further

rsor ce can enera
cellmmtsequ beiasll maulﬁmﬂsrrasﬁtmgdm &te methperealgies invention, such as,
(81183 En&tnéhal 1. 1oFRkdmAf2ndQRaiBl ProgElitlr Rbfid afdor endothelial
9 ﬁégooﬁﬁpmsilo%%ﬁ) T7EIg FreReiR] frogPfilts Refl aiior endothelia
cellspeing linited to any hypothesis, the pr esent

‘ rs speculate t nth resent net o
 The SEREYMSE s e sesen e PooRa OaVeEe g arweﬁapgfamed by in vifo or

ex vivo ptapagatioa df MSibbbteined fomfa Welbgca sagelei df an animal or human subject.
ost eobl asts or osteobl ast phenotype cells from BMSC,

As shoasirbihg examglengthe prereghmatiol iof entaitsiseleding thase BASC cells which,

upor] "B &inlRiith ﬁ&ﬁ?ﬂbla@ ayor L \MnErHJHFomJtH A tdr WpickBRatly active -

I nventors specul ate t such prinitive precursors
varigpt ghderiyeliye | dhese E(;’er'?e"?%’ﬁ@atﬁ SR % the surface of the culture

vessePMRE ksswh intrtﬂé e tﬁ@t' ?S@%H'b@tlédﬁi&d fr@ﬁlbﬂdnbﬁlﬁhrf‘dwm biMer sources)
e | i on
oy SURBOHAPEAmoRBP VAL eI Ml A arech Fotu g ulfece, .g., plasti

surfape dipeeed, MSC eld sorasiihher refanaditb ebipsticabhaent cells or colony forming
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It is to be understood that, given the conplexity of

bone marrow stem cel |l popul ati ons, the present

i nvention should not be seen as limted to one or .
Wib2067/fauiti cul ar BMSC types. Rather, in the presemp2007/001360
‘method, one or nore BVMSC cell types, e.g., as

descri bed above, may contribute, perhaps to different
extent, to obtaining osteoprogenitors, osteoblasts: or

.15 osteobl ast phenotype cells, or to obtaining cel
popul ati ons conprising such. On the other hand, it is

to be understood that the pre§ent met hod may al so

umfﬁfﬂ"oﬂ%st@) BpFdrGy! hitn % Le%t E%CE’HJ% asiS, I%)eh gresent inventors

east partly S0l at 6
spesgiater téﬁahgl th@ Pﬂ&éerﬁrl@siém M§§e®@y at Fﬂ?Sbbafaleongibotﬁa to obtammg of

ost&%lé@@&ﬁ&%bta@,{ﬁheng%gegmeggCost eobl ast phenot ype
cells from hunman. bone narrow stemcells is in vitro

The?&foRX rrvla\fioaspjébtﬁ tﬁ@&)?@sehtl’lm\léﬁtibﬁ als@@oﬁémb@% Qﬁﬁeﬁhcﬂi fo? obtammg‘

note 0 e ani mal or human
oIS B RBlER PnoBe Ehls G duBah RERENEIRb SR 5l in viro or ox
vivaj adepsdingoebntatingn tHeld8C Witk huiman 'plasiiacor ke arXa Yiowh factor.
typically refers to tissues or cells renoved from an
MSgrinavabe eemprined in laduiglogical samplet algnendacaanmreoq:mgatse@ BMSC, or may

be 9We§étdp?arﬁﬂ§oig%ythef°‘efr9m ad fn é‘Fw thi! "t ?&)er Mgca}'ﬂay be at least

nbodi nent are obtal ne roma "biologi'‘ca
par@)’a’ﬁﬂPf@d @%bmﬁr QWIS HE, SONTER EOMBHSING MS(Q eljitcthbn bone marrow,

e.g.s dlab, ﬁgrgﬁ?c;aé&ﬁfﬂ?' MRacedt, lf@&étsygﬁdr' géécﬂ Sk &feﬁnfrsg ns]%ets,lﬁégﬂb Qoetal and
ado&sﬁez{ﬁFlgﬂﬁpeé'ﬁ%?ﬁurgsangﬁd%ﬁ??rg? Y8r hunan gubj ect, cell

A bj.al f
s A T

biolpgieasamplannambe conthded mitbuimeotplaamh cosgrumsaniga geiwt!s factor or a
b:oléd’@iiﬁ QéttveT\J&ﬁam & RBVERE REER FitRdut %otaﬂﬂog%atgﬂ il Wmns which

nprise one or nDre tiIss
allov 3% 5%9@@ %ﬂéi q’%JbB'PQ oiRM3; oniise Mt"@yb@f‘f@ryp@on vt hods

iR 89, B AR 200t Pt of

ceIISbwpr)are)mnmlfawdhgerﬁbcreﬂdfy \Mdlergo cyclical renewal when re-piated at low

dengtg%?/d %9@?5?&%5‘%545'5512:99%/ rggtgl?éqgsé% Aheu %rfg% lé:ulﬁ;é? r-@'a? gnﬁ:gﬁpulatlon of

uman sub ri ses
celiscig |t¢r@et1 hapishf seifseeﬁmga eellse an@\mawaw pi leat two cbtrpbmands identified

as FﬁS-@WRS 2"?@6{9%’ etealg PNARST 8R(7): |32ﬁ§ &£ Rvh; Hc&?ﬂaﬁled by reference

rib or other nedul I ar 'spaces
here%bT’?é‘fforeAWS{‘%rb%?rﬂfedbtpcﬁ”é@y%the%% £ @resgibinveders speculate

that EI‘EtB:e riﬁé&éﬁﬂl‘neﬂ‘foﬁﬂRSQielI@ as ae@brﬁaev bp@dﬂ&r bVAd200® @ay at least in part
enta, foetal” yolk

contiYe PR gE L5 asalior bslpRy S50t Apegpies! Prenoe colls rom
BMS@d qiossbleriea$kg rthropgh | aps intrmediote  afdinpes enétu:s;s MEBCIJchﬂlentlally but

withot hﬂnE Ion t-ﬁge?n\}e%{d?% sﬁé&ia?ecﬁ"aat l@? cglﬁﬁerglrgﬁp £I ﬁ,@ﬁ?&égeﬁerate further

a eu otrc organism In an-a
celisirarmrrisest igdhe seil Pepilatians SQﬂy]f'BQthQm ﬁelm&iboqﬁr@rtm aivention, such as,

 e.g.,fc@NdTEr &dofliABINSageS U6iNe@Pnpi eftiothd i A8hHgSitor HiEBLh lor endothellal

subj ects may include foetuses, and not e ryos

cells Sanot her enbodi ment, BMSC are obt ained froma human
one-rel ate

ect mho k for has. a

ACCOEHE%)F ”%eboﬁi?}é%netn g H(?éﬁ? o'r”ge 'QOegf%ﬁof'?E}ﬂ’*aﬁ?f‘ata method for
obtala!qustesvpmgemgar@s@%eﬂﬂlm or osteaidast phbastype bellspby e obtaining cell

cells obtained fromthe BVMSC of such subject

according to the nethods of the invention can be"

useful for treating the bone-rel ated disorder in the

said subject, e.g., by de novo bone formation or

i ncreasi ng bone density.
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15Accordingly, the term-"bone-rel ated di sorder” as
used herein refers to any type of bone di sease, the
treatment of which nay benefit fromthe
wawbniéstaiati on of osteogenic |ineage cells, ePgQr/EP2007/601360
~osteoprogenitors, osteoblasts or osteoblast phenot ype
cells to a subject having the disorder. In
particul'ar, such disorders nmay be characteri sed,
e.g., by decreased bone formation-or excessive bone
resorption, by decreased nunber, viability or
function of 20 osteobl asts orngo0steocytes present in :
e C
por e Bomp i) SnC R R a8k 3o SR Clets IR VAR or x viv,
corppigsingBypntgatinathe E&awith bumaruplasrog ovr senurp atd ergrowth factor.
bone-rel ated di sorders which can benefit from _
It ig fithar Sinowpi Hat Bere srase - se1tang @ precwsnl selit Pppidationyisamed “side

po;ﬁ%tioﬁ” @) THR B CaRLATE iddhlifidt ALOD BBV REMHRBOIRE Blec@Eors, but have
m C dlsorders such as, e of osteo orosi s

ren#k ngﬁtéqqyén gn@ of reggn%q}t'nﬁ&l mat%ggqtlﬁé_ﬁowg TG pon—hematopotetlc:

tisstie njdoedelC ef ti. c180d - INhﬂlM@;dB y3$ﬁ¢5}nda‘fr§wraf€an@y réference herein). -

Themg oFe %uttl;lgut%% E Gft%d? algye }f\&srx ptlﬁg Rrﬁﬁr act uiqgé ;?ec%rate that in the

preeerrtpmébcsi @ﬁ’ cell® aa |dtes¢rrh>sd rbeq:‘woqdeihgt atbo‘r%'ffrrm atriedse irgpart contribute

o lE’thﬁng éfuéétgéb?oﬁﬁQOﬂ'seQE{eloglbag)or Mb’lelsp ﬂgﬁ&{/pe cells, fror from BMSC,

ract ures one” reconstruction

' possiffyulepdies theavelrans mtggpeysateb ,ogﬁnnga ;rmatgqe M&jﬁ‘e Potentially, but without
--Iimifeﬁﬁﬁ ngé rﬁi@hﬂo@sp&:ﬁt&@ﬂ\%ﬂ &8 il ﬁng?rﬁ RSl afSté Eé:yérétﬁ further celis

bone ca cer ease, en crlno 0
corfi B SEe Coh pBaRasR HEr o o JEUBen o PahS daaon, such as, .g.,
cello sf @adytslisitipdyge, s eranpik @nddhelabyrogeritor &8 andlos&rthelial cells.

rheumatoid arthritis, hyperparathyroidism primry
Acdﬂﬁr@@?ih@gg&ﬁ@l@dﬂﬁe@?ﬂb@?pr@eamaﬁvqﬂion also contemplates a method for
[ 0 h
obté\%ﬁ& ?nto?&g@réj &@ob%%hgﬂ}@%%(oéﬁépg Sea@te é[e{flg g M obtaining cell

erlo I Sease

pow@@ﬂfecslmwi@qﬁuqyrf@ffbﬁﬁmamsswi%em%wam}@ (SPhé vitro or ex vivo,
conifibing Gomtbcting @hd 8 B SEIRthubiav @shbriseruh DandP§rdvii B8tor. :

ost eoprogeni tors, osteoblasts or osteobl ast- phenotype
it isciarther, kroivncthat bapepmbabw mnmpﬂsm;pa bs;i:mm;uoauﬁfmsta‘ogém precursor cells
whi@@%ﬁin?éﬁr\/é%tﬁggﬁ% ethgir 'Icﬁv &%}% Q)%ng%?r&)s gr%r?cﬁein centnfugatlon)
normﬂhe@bt aaftire-and lowtlesh b&&pryﬂsmnmfppéogmm magemeﬁahg ¢t al. 1995. J
Clin® ca a@? C?E!}§ (‘Q‘Tbﬁh'{t 3 Cg‘:fj?'ff 7&“ Jr&)rat%ﬁ 9¥ereference herein).

deve opi n can cont

Howager, i3S UPb Rl FTringosedn éi'ffrmrélﬁieaqowerrds (Rstreblagisy they also become

adhbnt © R6strHisl Surﬁatc@o'dhérbﬂt'e W‘lh&lt@éﬂ? ‘EFnst@é td é}ﬁf HyP¥®BBsi&, Qe present
ovi des. net hods resultlngpln cell's and

invegist PRG-I Rhin RS PESeRBEIPPretiegarc g{rsgrsaﬁrasaq%aﬂw by Long
et d. h‘fsgﬁrmanbblesst in Jfariacantritaed tol offtaining e tosteop@gbRiftes, osteoblasts or

ostgogfagﬁsr{eg&xg) %n@%ﬁPEM‘st settings. Consequently, the

eoprogenrtors, osteoblasts or

“Acc%trg;@bllﬁsgn BRBHAMLRE tﬁ@ldrése?\h(?ﬁUeQ}g&F ai‘s8”§r§ éoi'ﬁﬁiat%§ a method for-

to enconpass any such-use
Obt%'ﬁ%Bﬁé?ﬁfegqfiﬁﬁ@a@%*e?féé%? £ Agestiannpherotypet ¢rdslsorder eltaining a cell

popllBN@NEbAPrsing such, from human osteogenic precursors (OP) in vifro or ex vivo,

comprising contacting the OP with human plasma or serum and a growth factor..
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The present disclosure provides sufficient guidance

to performthe nethod of the invention, 15 such as

to arrive at cells and cell popul ations contenpl at ed
Wik087/093a0d generally referred to by the abovePCI/EP2007/001360
recitation. By nmeans of verification whether desired
cells or cell popul ations have been obtained, a

skilled person can apply, e.g., the phenotyplca
assessment nethods disclosed in the exanples or

further tests in the art. Nevertheless, by further

gui dance and not limtation, 1an osteoprogenitor,

It @@hﬁ&%@@h tl%'i b?ﬁé ﬁ%ﬁb@%ﬁmﬁhé’&% b!cﬂﬁua%?rlx bf mt.@é‘&gﬁnﬁ%eus which

ost eogeni c I heage

- cawqqerq{gg@lségf bqntgélgq hwt@mgt&qr@rqog-thlagmalgﬁge%ly\eages (Krause et al.

20MI PRk 5B ASD oIt eflhil. I%e?tpmm aea(sa{ 1|1¢@%f fi®erefore, without
I CS from e

belpg g:pltexJ( eag { dyp%)/t‘f\@%g,?%aa S m&rﬁa;tgrseﬁqa Lm(%atcl%)jhe pregent method,
sughointitinee pleodrsers kaby ae leﬂi@birpba't &Sﬁnbﬁtﬂé_ﬁb obtaigy of osteoprogenitors,
ost%gobzalcs;tsfl, i/og"a%;)%trgcbéégkp ig%‘o{ IBS (b“spe (f:i]OI VC I\éé&,dﬁg{si tl% p[_g%diné Ct?nrough an
intepyedialel A snasg mafwiy Mﬁ;(hsl?thla@r vk withoud Bditativn, the08@&ntors speculate
thagé&:'ﬁepnn(lﬁ)e ReQirtdr¥ ‘?m{;}‘}iral&?'ﬁ)g %?ECIB g@gérﬁﬁsf‘ghhé(r cellg%oﬂnﬁnsed in the

ost eobl asts and precursors) I amet
cellpopylationsgesuingdiom fhednetheds efithe HWF‘}}'OELMT' @&l e-gh aﬁ@ of endothelial

lineb§8, Rasdakipl@ntisthehal BRgenid degadr RROGRIpamE) and/ or
for vinentin and/ or bone sialoprotein; (h) -positive
It isf rbeotifzestast wab) lghah-15¢ eom?lemtyrmfr %ﬁné&narﬁc?m btgmls cdiMdpulations, the
t vidence of- abij Lt
el Bt EREERER oo B oo et B pes
Ratberl & tbmpeasnntanﬁhn@; agetar aueEe [BMSE ceibtypésk e owtrsesryiesietbove, may

- conFrfBu%?]teﬁé? | G rﬂ?ﬁérH?ﬂ %‘l@nﬁv‘@ dtaifhg &@o%%éenﬂor?elogteoblasts or

Bi oc 295-312
ostenbips) GWPGP}’EF"ZGGF?’%@TBE@eﬁgomﬁ@f“’éﬁ §PE’§§$'6@1 sg¢h. tPrethe other

handPRVE t£ Bé uin8dIS10b itigat TAé lppssBnC ABtHAE reBl B84 @EhpIY A BadibMar BMSC

p°*’5%b‘%’{‘a?§ew RS e e Relsp B e P pontieBrBt  on.
Xﬁiﬁ{get%'?hé) E%gerﬁré@ %cg,: tﬁg gsgé% enz@%g{ao%teﬁ:{dr c{ste%%lasg or osteoblast

Dheﬂ@ﬁvptﬂm frogy ht!ssierab@nesruartr% Istem efdihrlﬁ fudrcodr axedau iThe germ ‘int vitro™
as JsBE haHANE b Yertte bRASIABBEKSkerRENE anfind or hm{aﬁ B&W‘ TRL Y "in vitro™”

sem -quantitative or uantltatlve RT- PCR

- as @8&@8%5'&&'{%"? B’i‘d%ﬁP%F’s'“P'Pg? e Hie' t?hesteﬂi‘ §%’1 Gtirtgpically refers

to tiguRskdtoMls Asthoveardie afldrhaest funeim Budp! dre relaih@%aeo? propagated
IC|u accunul ati on i nsi de cel

OUtSé‘#otpﬁgﬁ%"S| MR drhacH@ Hﬁ’fsre X protei ns can be neasur ed
in af kBB B d Beiihes BR DLRRAMIEICH S Mtk fiE

efnlnln any ra I0aCtIVI

" d I
Thqu.ln% ma:oqi@a@g%mb;g 8‘17 %57 te;*%sgergg@g%@gﬁl tof%%m@?éo%tamed from a

bioldGRSL PR b TR APV B P humesespblect, cell culture,

tusst.(e&bé]f@e Kett. ﬁ%?dglca‘l)%aﬁﬁtedﬁséﬁ bRed brnhdrﬁ% W'r&‘érs to a sample

a cell is said sitive
rem o SRk 7, s hich, AEhEarmedisg; S8 dnigeels e bolosial
samplel &f @oaaimatier tnhmarprseb;eacmamfcompdsasbmmot mereg figduef Ppes and may

; ,
compd oI of ehe e B BRel Hohif BOREARRY Hdfogicar sppges of an
animgpd sekigpamsubisct arpevell knawin incthe agos b4 ttaﬁ@e @@Ipsxsomywmg blood.

generate a signal that is at least 2-fold higher than

such signal generated by control cells (e.g., by BMSC

cells before applying the method of the present

i nvention, or by any other non-osteogenic cells),

e.g., at least 4-fold, at l|least 10-fold, at I|east

20-fold, at |least 30-fold, at |east 40-fold or at

| east 50-fold higher. As expl ained, BMSC present- in

or at least partly isolated fromthe biologica

sanple are 20 contacted with human plasma or serum
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conposi tions, which nmay conprise one or nore growh
factors, cytokines or hornones. 25 Therefore, the
term"contacted with human plasma or, serum and a
Wi fokdskact or or a biologically active vari anpeBgpano /001360
- derivative thereof denotes that the said growth
factor or a biologically active variant or derivative
thereof is provided in addition to, i.e., exogenously
to or in supplenent to, the plasma or serum Hence,
BMSC are contacted, besides the growh factors that

may be conprised in the plas or serum wth a
y 30active variant or

A el biioolFel St o 2 dutach SARBRES GRne G STovEstem cells thereot
SuEX Sraple Usdyy bé Q/pﬂfally b&iHzdl fesTe Honk Gnartdve &0d. a&aﬁ iddic crest, femora,

‘ tlblaseers\mnr% {lg\l)!’ o%)er m g’ 4}%1?%%%;’%?%;1@0][3gn%t§?r g?ﬁ?ulot“;lologlcal sample

or or

'conutmsewatasemrwma ﬁefn ceily, el mag behderiveds enpt frpmeblend, umbilical cord,

plaééﬁf‘zh %e??ci %Ik%ﬁ!c %ﬁrn%rng? % cﬁ%eta%%cﬂe%c&g %ﬂcﬁeg%steum, or

factor
ad'mﬂsélfléﬂ-ledﬁlal%dbﬁ@ftl ve variant or derivative thereof
whi ch they woul d not be contacted if they were '
Thec*@ﬁf' RO vastlﬁe'{‘ INErsH] mdera t P eyEFTRHCArgRESM. TR Pagigpigr an animal or

hun@"rﬂdbghhrérﬁCAmmamub@cts'inﬁUdﬁ prehatal foymasit dniBal¥ aduchRE, €F., foetuses.
ne that is pr esent In

H”T?ﬂf%eﬁs ma’b'rnglg‘g? {%FH‘\Q?T ag‘ﬁé‘ﬂp%'ggféﬂs BMVBC are cont act ed
In a tthgr Qn%;o%ﬂéﬁv\?ﬁlgpuaq% 081ra|n(é8qg)§pé rhﬁrtnarqJ Qﬁjtﬁéct%v %} is St risk for or has a

e sal gro or or a ol og y ac
boneaelia@dtdlmdeme?hevwsw -nweetoge)hawerranllaeﬂ ﬂtl&‘t@ylrmmﬂenng osteoblasts or

' ostéb@l’é%ﬁﬁ{eﬁgtyﬁé Eé]!stdﬂ%lr@def%ﬁth‘é@l\ﬁ% BF'étﬂth %Uﬁect-g&&rhﬂb W the methods

growh factor” as used herein refers
of ”Eﬂ Bresiee £An pe dseiu Br Fatingdhe donprraiated ﬂ@OFdﬁf infbpeaid subject, e.g. ,
by derrmvb befieforrastion@r Makdasingivbhe semdityat i on, survi val
and/or mgration of various cell types, and may
Accerfifnglt thite teeinohoeeteibted nivopde! agiusad rerdn frefest tooamy type of bone

diseﬁg@ ntﬁg ?reg{r]mﬁip s, Eﬂlﬂ:ﬂ' m gﬁéﬁ‘ E] ?rroma{hg na%\%?ﬁst}@%ﬁ of oétesc/)genic lineage

er su an ces.
celi& P8l ccﬁtaoym@wt%sﬁ %tﬁ@@ﬁaﬁfg or agteabla?pt@ambtmeo:eds toe@stptuemt having the

'dlsofc%rgln paHichIac Ssueh disdride b Ry cﬁ@rﬁ&@ﬁé@:ﬁ eoé e%ﬁn&e&é}ased bone

s responsive to the growh factor.
fO”TfaglE'? & HEPSTYP hape H@S%Btfo(“r &y 8?¢r?a%dpP‘6P'%‘?’né(@@$9’s or function of

osteehlbstt;y)r bEtecdyRIsi ;ﬁes’éjm PtRe anéT%EreQ@oymﬂtmé& i BauBjget, thinning of
ans o [imtation, the term

von oA LS S BRGa A EeR IS mamber's of the

- By \frvbfrcﬁbé)@ﬁ{ Eegrtm{\'t Il;bt 191?%% (Fgﬂ:e) rea?éH ld}é x P WhICrh Gy benefit from

ogeni C pr ot el
admgv%ww @é@ﬁ@pbleﬁﬁxsrr) ostenfiasy phemcéypgf eer!lm cn‘gthg rroggent invention may

mcle@%éHi op%ﬁerﬁlzq:&%é}% $im stY gnﬁ@ip\éeofg{s@%ar(o %%grq{steopema e.g.,

he ep i der mal

ly,
ﬁ’m %tm?r}?éaﬁ'ﬁﬁléuﬁ?rwe»r EPHPUEIBYCRT. oWt FEFURDF PPGE) or mutisite

Lostef;ﬁéﬂrdusys, dnlp &yﬂ&@’aﬁﬂﬁlﬁa eegl, Qi&ih.mfcﬁ@h@l uri bm:aeléy%m dnfon fractures or

com BT B P, SRULRGBEG I AT i+ P PP g gpouicing), mailo-
facig| M@@Fppnar@ooﬁmc&m re.g.v afterulraumagicd gjutyedr edncgr sutyéry, cranio-

| ,_facnafl B‘&Iieolreccg \éﬁggt @é&%&og&nes% PEREREL] Sﬁé&ﬁi’c b%ﬂ? c&%%r lFial@St's Disease,

er re t he
end%éﬁ%@w%f disqeders, brftyev%trpl@q*w@h hchalpem;aeaerfaarrpastyodystrophy

ostebialdcib UbdyMamic B igreBie, rh@tﬂnﬁ@iddaﬁlﬁﬂg’eﬁyﬁéf‘patré}ﬁyrg%m primary
famly is chosen fromthe 25 group consisting ©
acidic and basic FG&G, FG--1 and FGF- 2, respectlvel Y,
int2 (FG-3), hst (FGF-4), FG=-5, hst2 (FGF-6),
keratinocyte growth factor (FG-7), androgen-induced
grow h factor (FG--8); glia-activating factor (FG--9)
and any of FGF-10 to 23.
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In a preferred enbodi nent, the fibroblast growth
~ factor is basic FG-, also denoted FGF-b, FG--2, BFGF,
HBGH- 2, prostatropin, or heparin-binding growth
WQeE3/093:3pr ecur sor (HBGH-2). 30The inventors pavy&p2007/001360
realised that FGF-b is particularly effective in the
nmet hod of the present invention. WO
2007/ 093431PCT/ EP2007/ 001360 20 In an enbodi nent,
FGF-2 or a biologically active variant or derivative-
thereof is the only growth factor, provided
exogenously to those potentiagkly present i n human

hyﬁ&{)ﬂ'gi 9?10{&?41'@‘:9%?\?}69% hh rﬁﬁalﬁ%@%s%?@t%@gon g%iazlﬁ?%mé]orham -Stout

d'SBWB@fﬁ#MCW%@W@@SWQTWFGF 2 or a biologically
active variant or 5derivative thereof and one or nore

As J8eilad abrye: fieometnon &t esPresent inventign fsdor pbtaining osteoprogenitors,
ostEbistas 8PbsteoblReptferotlpe ReIID br BAN Rp@Efbsi BRBlsigY SN from BMSC.
factors do not 1 nclude EGF. In anot her enbodi nent

Astubed bereintim tHeamhtzixt dfthe madae fof Ok itveatid) ﬂ'ﬁé ﬁﬁifdﬁbﬁ g@t@b;&ogenltors
enbo

oG B 00kl Bificline U or bl SangenBtls Phighpengontibute o,

or @'ﬁ@gpabjgﬁgdm@iquwgdp BNPwRich BRR<BhtrilBNE®10] thdBidRnSitjon of bone material
or BM% M&Dﬁ 14@3- b@'\@xd@rst i %(ﬂw J as;%\é) oﬁtf%nQVépfp P ]p?%wée% methods

enmbodi ment owt actor 1s a menp
“*Sﬁ'l“%’ﬁ oy csfls g ?‘%!'é%ﬂ’%'@gw sviiels tag expevingmially énhstqntlatad by the inventors,
aref usefun 6dr restBed IS@iétﬁorrhﬁtﬁ)rSﬂ' #HeBBaiiR seftihgd. NEorR %ﬂ:ently, the recitation

t h t
METHRTE RS O R

to dPOGRpAR aydsuPh Geefull&llk of & ﬁm@dhlﬁﬂiﬂéagetr’éwlﬂ{goﬁ’érﬁ the methods of

is a menber of the transformng growth factor
the rﬁzgﬁt‘i-'H(‘TGFbet a) famly. In a further enbodi nent, the

Thesﬂ"egedf%ﬁ'@%&urgf rbges. ﬁ%ﬁ’&ér&gﬁ;@ﬁhéeytf &@X b@ﬁ’%@%d of M8 invention,

roup consl st |

SUC‘T@% *‘% afriye it Céﬂtaﬁfﬁ Rppulalipns qoniepvRaiedinereiarand; demeiabin referred to

by thacibeve Ecgta@F-B% m@Fs ot veﬁ@Eat@ﬁ \gﬂé?he@ dellkdd Zelfscg?':ceﬁ 'populations
i nhi bi

hav?ﬁpﬁgko%ﬁ% bﬁ!l ﬁ% %erior{:f’%]m p Y, IeI’QHéEE %}ﬂn@?qq?gsnsessment methods

'dlsdosed in the examples or further tests in the art. Neverthe!ess by further guidance and not

hmltatlon ‘an osteoprogenitor, osteoblast or osteoblast phenoctype cell may encompass any
cell of the osteogenic cell lineage which will have at least one characteristic, and may display -
at Jeast two, at least three, at least four or at least five characteristics, from the following list:

(a) positive for CD90, CD73 and CD105 (b) positive for alkaline phosphatase (ALP) (more

specifically, ALP _of the bone-liver-kidney tybe);- (c) positive for osteocalcin (specific for matu_re'

osteoblasts); (d} density between 1.050 and 1.090 g/lem?®; (e) positive for osteonectin (positive
in osteoblasts and precursors); (f) a ceI'I diameter between 6 to 70pm and substantially

cuboidal shape; (g) positive for type | collagen (procoliagen) and/or for vimentin and/or bone

sialoprotein; (h) posttive for other osteoblast-specific markers, such as BMP receptors, PTH |
receptors; (i} evidence of ability to mineralize the external surroundings, or synthesize

calcium-containing extracellular matrix, when exposed to osteogenic medium (Jéiswal et al.

1997. J Cell Biochem 64: 295-312).
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20 beta B chain), INHBC (inhibin beta C chain), |NHBE
(inhibin beta E chain), MS (Miellerianinhibiting
factor), and further of nenbers of GDNF subfamly,
worbyeizpg GDONF (glial cell line-derived neur obpeRBsE7/001360
factor), NRTN (neurturin), PSPN (persephin). In an

enbodi nent, the growh factor is a nenber of the

nerve growh factor (NG-) famly. In a further

enbodi nent, the said nmenber of the NG famly is any
chosen fromthe group 25consi sting of BDNF

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

rovvthfac eurqQiro and NT5.
Th e BPSRR T 2o e RSP f‘%b‘?f%\ e o dolopiep HSInG any suitable
imrﬁtmod:@idaalte@hm:mhkfﬁcﬁm an hEGH), fsﬁmi lag . imirfuri- é}&ﬁdmbi@x[stry or affinity

adeﬁoﬁ%@gk\ﬁe{}}om% f} ana s:s %g% /& (e ?r%gﬁsﬁ S}% t?uﬁchen"}[cal assay of

endyseactvityyean forE@EP erph)y eg/utultable MEshREGEe of measuring the quant:ty of the

n Id
QPR ). 10T AT oL AN PR, t. S
datqrber) Marksihs, "Smem thist dischpeyea| 3R aknower st @g{ylttenomamd from public

data_ﬁ\dgggguch $OGEABAAO WA GELERALEA .QQ&@@QusZAnd !:Iébd%ﬁion into matrix
nt, the %rowﬁtfactor S.S..a menb

of
profeBy 4T EP oM aied BTG B “EP i eslRg| 938 Foodturing, and then
deténririteanertiodttivity preseheinsiaé theate depdsitehentd @ Samicéilar matrix

(U. %}ﬁ N‘(_)c n‘§§$ ‘POCI)r 8{?} %g avg‘ir}%u uét@%ngdb%&sjdgq?@mraslgﬂgf using a Ca®

, ass&NSL@lg(mmem#ﬁ&?),l drias ®poribieN3L e exdiBplés.and rel axin. 5In

an enbodi nent, the growth factor is a nenber of the
Wherglcupelis spidde el rogltive fasva pariicutar gnarkeyEiis) means thet a pkilled person
will Q:ofmélb&é?@ﬁe %mﬁbéﬁﬁ'ta d:ehiﬁctsgllgﬁalm%mﬁ‘ét ﬂ%rktepewh\éﬁofarrymg out the

i s an @_‘en fromth roup_consi sting

app(?@&#te PRegHIE! e dhel mateed Biows, fOénQL@?ﬂf@anreﬁ%essment of the
markére positust ¢ells arﬁyogeneeata sgbigeal aldttis @diedst 24oi@ hfghéi thah such signal

I | d LS cho
genggge%dt%wgrpbé%scgﬁls %ﬁ?@%&g&ué fore, faﬁ%gmﬁéhe me%'lora of the present
inven{iely, ot by engothe!, non-osteogenic cells), e.g., at least 4-fold, at least 10-foid, at least
20-fold, at least 30-fold, at least 40-fold or at least 50-fold higher.

As explained, BMSC present-in_or at least partly isolated from the biological sample are
contacted with human plasmaor serum and a growth factor or a 'biologically adtive variant or

derivative thereof, in order to obtain osteoﬁrogeni’fors, ostecblasts or osteoblast phenotype

cells.

A skilied person appreciates that heman plasma and serum are complex biological
compositions, which may comprise one "or more growih factors cytokinee or hormones.

Therefore, the term “contacted with human plasma or serum and a growth factor or a
bloioglcaliy active variant or derivative thereof” denotes that the sald growth factor or a
biologically active variant or derivative thereof is provided in addltlon fo, 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 piasma or serum.,
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10pr edni sol one, net hyl predni sol one, predni sone,

tri anmdnol one, corticosterone, fiuocinolone,

corti sone, betamethasone. In a preferred enbodi nent,
wiomeerosih factor used in the present nethod BGT/EP2007/001360

human growt h factor. As used herein, the term "human

gromh factor” refers to a gromh factor

substantially the same as a naturally occurring human

growt h factor. For exanple, where the growmh factor

15 is a proteinaceous entity, the constituent

peptide(s) or polypeptide(s)idhereof may have primary . )
Theagg 4 row gﬁt%? O] rﬂ)ﬁ)‘? &%ﬁ?gét%lvaﬁ#h t Br B@I’FVH{E@ thgreof may be one that is

occu
not an@mhn fth.fc ple$l'ga |on sem@ by sush eesendiMRSe afescoptastagrwitia (igs the said)

groﬁfl'\Cchtgrr &VM t!i]:falf)&i@:glﬂfa%tl?é CarRHPE Rt e tl'@réd? Iw'ith @vhlch they would not be

desirab fect "on cellular function.

'Con*ai?ﬁddfrféf?}’ yewcranactefyvith ©e plasgpath Sﬁré‘gb?’i)’bee TQﬁ SB'HJ gaRwth factor or a

blofeglcﬁmdcin)é Ydmaht &a&brhétlvfaahlé}doﬂ ay A6o BabHE thalss SHesdnit icthe plasma

o Sgaﬁg} ) ar t%\éﬁﬁ %y"ﬁ%)isen |%reéﬁp%$18'éﬁ%£ﬁ?nc\fﬂn{%ﬁh ofafie.

the Gaid) bs@wiﬂs tzaicmr@d af hudng;laalbwtlmevarianhat darigativedhsveoicthah ifshey were

* confilecRiiTnd BLERL GPELIVAERAI i ed by man in the

ratory, 1s naturally occurring. Wien referring to

ThePteRA ghuth 3hctERtdd ¥secehétein feferd QY YRRBIChALallve substance which
protein, the term enconpasses all forns and variants

mﬂqeﬁgqse@'phfq\ﬁp% arevlir diﬁ?{eﬁ%ﬁtlep,esur\évaé and/ard@g(quog of yatipys cell types,
and\rdy éffdcP BeadphReital, Abrphbidbicalcinalfenctibedt cRXyEBlie an wtgamsm either

atone oty oA i, By G “iniaivendh B i A Ly S5l By binaing,
as dlipandago ci rén‘:em@'r(etgs SILJrfa(teme lrptracﬁliﬂgr rempteewesat int dedis responsive to
the ?ﬂ%&ﬁt’ﬁ' *a t [Apgpc%/v!gcﬁ Iet(g?%)g ﬁ'{e cgl? {,\%gﬁ %:é'n giﬁé ?ﬁ) argpg [)r%ten:;lzhceous entlty_

compriging ppe mhr@moimp@mh@ysfﬂ bi ol ogi cal ly active
variant or derivative of growthfator In the

By meansqs essmplg&nd mebiipiiasian, “‘B Mo giovd a\?“’éc&tﬂcﬁ?‘é@asses the members
of théaﬁbrﬁiiéﬁ gﬂimdﬁdtdra(t:t‘svge&nﬂl& Borg! wbhodeart moteBOBOF) )éathily, platelet

der%%q %'8 qblp @’b%@%@rg@wﬂg faps %Wgﬁ%grg\gﬁu aaﬂn é?g (TGFbeta) family, nerve

groMﬁ(ﬁﬂGlgmfiP@ﬁm!EPz@Oém@@mB@r@zh fanidr| EGR) damiBVEES desulin related -

gro\ﬁtn ‘?acft&s( tf'a?ﬁ‘ﬁY QBQ%E‘a’tB@Eé Qfomﬂmfbr hdey faﬁﬂ? CHJTT'I&%IG’[IC growth

bst an Wher e

factaindrieGF Bectatgleldompd ncihel ca) SroCBgAED-C0GF), angiopoietin,

vaséupir @R @heliaPgrelvRDieR; t\&E(ﬁqtféMi%/ g@&é@ﬁbﬁm@ randehd Mat i ves

of the said growh factor isplay affinity and/or
In aSprefiriet rmbodingent, the growth factor is a member of the fibroblast growth factor

(FGF) family. In a further embodiment, the said member of the FGF family is chosen from the
group consisting of acidic and basic FGF, FGF-1 and FGF-2, respectively, int2 (FGF-3), hst
(?G_F—4), FGF-5, hst2 (FGF-8), keratinocyte growth factor (FGF-7), androgen-induced growth
factor (FGF-8); glia-activating factor (FGF-9) and any of FGF-10 to 23.

in a preferred embodiment, the fibroblast growth factor is basic 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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5 binding to that cognate receptor, which is 'at

| east about as high as the affinity and/or :

specificity of the growh factor for binding thereto.
w0 F0esysp! €. the said biologically active varp@ﬂkpm@ﬂoom@

erivatives may have affinity and/or specificity fo ,

bi nding to the cognate receptor which is at |east

80% e.g., at |least 85% preferably at |east 90%

e.g., at least 90% or even 100% or nore of the
~affinity and/or specificity of the respective growh

factor for binding to 10 that, receptor. The above

paraneters of the binding may be readily determn ned
In @ye@b@%mnfecf%e? 619 9‘§|°ﬁ§3'ifyna‘ifi"? G Qfefl’elffuﬁiafre thgeeql/ e the only

roWP\I aftoR fp?o%ﬂé@%&o@@{ou%@ to Wl:@é PotdiBalgPrésent ¥ Mimam SRR plasma,
or can be asured in an
W'“b‘ﬁ'i‘ %PMsc’%e"ﬂe 5@@3?}85’ t&e meé’?ijvd "E'Ye& B cel l ul aLassay
In aafiﬁ#ﬁ%r ?mbodflment,le %I@ng ? & gﬁt%%% r“'-;Glpélorl‘nat Igglgg cglly active variant or

In ce
derwatweamrsofcanddzee |ovatore/e@wnatmgwt§da@orgmma‘nﬁﬁﬁﬁ I?ragerabiy the

' saufbr%[gr re%gdr%&oWh o UEIn@ SR g ch s at

2ast  about rgh as the activity of the growth
In Jrﬁﬂ'{e?’ rembE@fmt#ﬂ( ane! fowthhBcerisda bhéiﬁl%i' dFahé YooRé trhéfﬁhogemc protem

riants or_derivatiyes show vV
(BMPéggxpliyg@%a fgrtléer e oq;r@%{gt §5a%d 1',51@ gfbti\é Bﬁ@’?@g{ t|s any chosen
fron%u%gr@;;gconsatmd SfBMP 20 BviFas, BMRA, ame% BMRAYBI/SDEE10, BYP-6, BMP-

he respective growth factor. A "variant”
£ Bﬁ& %?‘S’VEJIJ ‘ide has an am no acid sequence which is

in an léhﬁrﬁme'g?ltljié/ %HO]Q’?‘“‘EH%?L é(%erﬁber of ddl:?télg?éé/nvg&gtfoﬂ?liféactor tPDGF)

ént e am no acl uence :
fam;bsolhygétpthed embpiiment, the' saighseaer & thg PP rfﬁméms anyaheses from the -

groﬁwc&{su!nﬁ?%? n%@répinﬁlqmidn@i PIGEA, PRIGH-BaPbGRAS0 PDGF D, PDGF-AB

denti ca preferably at | east 95% i denti cal , e.g.
and|id@8t 99% i denti cal . Sequence differences may resul t

In %}L%g}]?(!? Sert ﬁongrggrﬁg% %rae%gllr]ﬁ t | o @e&gans%:gawgn%rgmnh factor beta

(TGFbeta) fmyiybmt avbethet wonbpdimept e d@g resmbeyef dlat GRbetadfamily is any

chopéf'\ ﬁhhgme”grswﬁcgﬁ%ﬂ% B HF_t2a- %e%?:}fe?éﬁg nu:}_ﬁeta-a TGF-beta-4,

scoring, on one

ORI ifspiphen Bacrg At S RO %Exﬁpgafﬂdggw -8, GDF-

9, GCDFUJP@'GDFUI@ Iﬁﬂﬂ‘%mﬂmmmﬂﬁdzﬁlrﬂ GﬁH@l&Qtnﬂ% bedd AtdhginQIRERB (mhlbm

o G BB A O3 BB s oot

inhibitirg favter)pand/ fuethér ofeserdbért @f GDNFt subfamilgciguiediog GLINFa(glial cell line-
derlg%%qeél cﬁrog t on hr}\léﬂ\? Eneurtgrnn M\@Jeerrlsetpﬂ%) ?g;%/ pepti-des

0 acl ues a

In af %ﬁib%ﬁﬂ[én{ Qﬁg @r’amfﬁi:fagtog %sé‘ nT%HbEP&" {HE )mer fgnwl?[ﬁ Eac@&?l\l@f:) family. In

es contalns an am no acid-resi

a furth@n erpb@scf rtnie@tn thehsaié rperabestaidhe B by i eny ghosanclom the group

conéfarr%a;f@a@mm@r@&aam}ea&%rutdt hig Gstitdr), NG (beliehild gr&m factor), NT3
0071.093431PCT/ EP2007/ 001360 23 Sequence i entity

(“e‘ir%trq;pé?l"c%?laé‘fj %as the proportion (percentage) of

t th [ Y .
in R BFpbifeE it St dr 0 Beheres o 8 2ol Boll SRE s Som) famiy
In arfuntize rerdfodjpusit, tthe seidi member dltheg RPEfamilAls dryashoseofrem the group
coné?%tmgrb? a%pfhfrsglﬁn%a?@heﬂ@%# hBir8giROHBECE BRAUGISRSNg EGF-iike

riant
growth factor), NRG1 {neuregulin-1) isoform GGF2, NRG1 isoform SMDF, NRG1-alpha,

NRG1-beta, TGFalpha, Temoregulin-1 and TMEFF2.
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5 respective polypeptide with which the variant is
substantially identical, can involve am no acid '
substitutions. Preferably, at |east 85% e.g., at

WoemsT 0900 nore preferably at | east 95% e.g.RCTVEEN7/601360
of the said differences can be amno acid :
substitutions. Preferably, the said am no acid
substituti ons may be conservative. The terrn ,
"conservative substitution” as used herein denotes .
that one am no acid residue has been repl aced by
anot her, biologically simlagt amno 10 acid

in £r?g}np&§memm drbfie {200 RXATRI-RR: Bf tEAASAR BibickGrowtn factor (IGF)

uti ons e substitution o

famiy dingpishercerapadimentc the seibmatmeer ¢iuion 1GE fargy ie ey sosen from the

gro\éabbﬁh%tm% 8Hﬁélmﬁ 1&9F 1 BB NBLIPAIKB @rdvith RPU RS IGE 08, IGRE, INSL3 (insulin-
bstitution of one polar residue for another, such

like, 'B’éi—%é%'ﬁ‘-%?@q’ W3- and | ysine, between gI ut ani ¢ and
in &7 BRbidite e b oS GPT e ety b s S5 ARG BlteRS gromtn factor

(VESHparhitye th afurtheeembodimest, freptsidmempersf the VEGF family is any chosen

roR Y BER! LBLE ol P ECRBOEEr Wi grB, vari ant as

ve o7 e 'respective constituent peptide

In é?'f e:ﬁ%dﬁ?@ﬂt Er@egr%/tﬁ fetod rsoﬂ'tdﬂjcf)@&ﬁ&f d. ih\a tRkdrVEhbodinent, the said

peptide may be derivati:sed bY cheni cal

' pol y
oMo PRI b ENSE TE (i oHRI RSB ] e Db e o iocortisone,

predichibrie) IméthylgraeniSslom® I BedMiade] fntdinoihe, @brtlﬂiﬁtftéroﬁé['l M@cinolone,
si dues, e.g., by glycosylatlon
°°'@5r?8§p9?§?’(}? 35°BR, acyl ation, acetylation, sulphation,

- In %Wegrgb e%biiiﬁ’!eh’y ltt?é %r%%b )%Et% % Ao gglfel Jar}.!:Serlt %%%én&g%o uman growth

'ess 't
facter. g\s usleé@srecméhe 120% htrmaregrpwﬁf f@ﬁtﬁblryferségsa grawth fagt% substantially

the %arﬂe as a%&r&w&c&% ﬁﬁmgﬁamrh@etoﬁ%r Exdinple, |\ﬁ\%$e trlRafowth factor
3% 2% or 1% of am no adds in derivati

'S %@f%@?ﬂeif’ﬂ% REy. Be §@‘SHEPPK/8?¥P"§§%? °A R?&PPQ%(Q)ethemOf may have

nrmﬁHr@b@t[ﬂWu@'ﬁdéWﬁéhtfcalCtb andmyilyttﬁ;cmﬁﬁ@ hhr&ﬁﬁi gﬂ)‘wﬂ@ fRtor. The use

i d
of f&gnq%ﬁ{;rg %se ra hreI ézgtésla time&) tgﬁ pi%i ) d, 8ﬁ Ué: q}]'%wflpl factors are

expadiedio disit d desirabie dfmtchellehrbwctmnt the growt h -
factor used in the present method be a non- human

TheatgImranatgiabneecurring’ dy Usethtp grsctibean é’PleW o fty Higingan be found in
natFB IR LisHi@ Wi frRfigObrtifiQklyapRdAERObE hdry At é)bé%ple a polypeptide
variant or. derivative thereo A}é %‘?d herei n,
seapRllcRsP oS h N AMARERRT ENCY CBRPR FRFDIOM 2hPU oo il nd which
hasitbekn gHtentbhalfyagbdified BY eant i the gamvmdsryf BQ’(E&EraIIy occurring. When

b 3
P PRGNS Tolt RURBRCEREREI B ha fegnoomeasses ai
forrmaanh argntwihbrebh whish. ocBor inedcdurp] eg., Woerte a hamgl savidtion between

indig@%@@ ggégg%%ggg%%%% Bﬁrgt%Ma%éngQ Igﬁ:%lﬁ ?é&d}e{ﬁg terttPnaturally
OCCHENg pRseMERTSEF gf%F'ééfftorﬁdyﬁVwa\P@“feﬁﬂCﬁﬁrryﬂ"grﬁrmargépqpence of their

conStRGHHE Péﬁndbéﬁ Bt ;i)cswepi.db 3 diRttdl harlay alRAE Wirldibgd b&Re R WalRituals.
ani mal or "non- hunan rramml growth factor. A skilled

Theﬁﬁé@ﬂﬂmmhloﬂ nﬁ?@mﬂb;ﬂﬁ dldicfcm“allyl@dﬁrvb hramEmt aﬂdéfl&iatmfb cl)f a growth factor.
in ot e B0 o Sl odice b8 Tader 2P 68T R, ofovtn factr

achisvamah leapi atedut g'reomrhe fdegresr of, obtamlng osteob[asts or osteoblast phenotype
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5 since the latter are of the sane origin as the BMSC
cells. In particular, non-human ani mal or non-human
manmal grow h factors nay be used if they elicit the
widenbiedsgf fect, e.g., an effect simlar to anpcrmero07/001360
(anal ogous) human growth factor. In a preferred
enbodi nent, the growh factor or a biologically
active variant or derivative thereof is r econbi nant,
i.e., produced by a host organi smthrough the
~expression of a 10 reconbi nant nucleic acid
nmol ecul e, whi ch has been intgpduced into the host

n ancestor t and_ whi ch.conmp
col TRRTARNE = RE BeP RO oL T o )L SRS SR Bl SHpstantaly the
samig.econbi nant nucl eic acid nol ecul e" as . used herein
refers to a nucleic add nolecule (e.g., a DNA or cDNA
Wharsl 2groiv) fagler ekertssitceffasts hyekindifg todtgmognate)retaptat, biologically active
vantaﬁtgec;rh@r! vHJel Sfl RE WER BRMkR %rtrﬁ&h B@F%gyaﬁ' inky 1AMe/cr SPecificity for

reco |nant y exp reSsed romﬁ ors or
binging [te gwaq:quatectqce@too a‘f’h"élht'% apjeage eP%& 35, Bight Fetheopffinity and/or

speﬁﬁ?{tybﬁ tR@igkdvih |f§étbﬁlfoﬂ@#ﬂlhb&ﬁ@@t¢3 FoFefanepi@ Nk @aidl tfnoib@@auy active -

verifp r AEEANSF PL AR P RGP BegoY el s Pate Eregte recestor
whittyisi 8 (daat 8099, é.90nt lant8t%hipefegblyadt lemat 80%ad.g., at least 90%, or even -
100%) E)lﬁjgr‘\c/:? :T%f thg()lﬂﬁ')t tk,%rr]ld%fr sgé:.'ﬁ%ﬁtﬂ 0? 9\%t I%E%%CB?(; g}og}rl#rg%log for binding to
tha’fofecgaom dge mbgveagerra:m_eters;@é ther Iplgckng; may be readilymstermined by a skilled
per&3rl (g Shtrb of BB 8l Qinich! argkwreger@er i ng

reconpi nant - expression, particularly if this enploys

WhéR!the BXRItE 864 giveh )g%v&!%adt&ia:bn baMeddfly Friidbu@8 i an established assay,
i nspected for the at ho

nce ,of enic a

o 5 G A B RaMIFT ST oRTCRs, o PR Bl o B G ipgepi sctviy in
cellichitdrBE bimddicay pbﬁfﬁsvamnsy@tmtaese oflihetsait gfomtmTactor may display
acti[\g@ﬂﬁgﬁ%} aesl's%% c\:n{k?nc%t ? ra{ %aétl%lrll)lgét as) gésetﬁlg lca:alctzlvltg%k metgrowth factor. For -
exappkes tHel spiddrielgginallyi astivacriaotslar dﬁ@@tlmm@bf ﬁ"@w galiyity which is at least

80%, 148! 3 1L Lt Q%%Wy 2Pe8t 9990k WISt oI 8rARLR 100% or more of

eXpressi on sys ., expression vectors, such as
theBﬁ&ﬁh?ﬂh%ﬁﬁpQ¢W§EWW@5€%¥@' host organi sns, such as
act e hi nmur Ser

A "aeCel Epabdbiite s 8% aling 194 FoRgReR b s SUEs R ivential (e,
largelgr et i riit aholiy ddeRitical} 2o piaes Baoiinos y6id Getitance dofpthardolypeplide. Herein,
“sul{sgabngglyd%nqg%@m:eg%sgg%ﬂeﬁe’tté%@l fdgﬁtﬁ:apﬁ_% N ?e%‘é @d]’/a :ciegticaarl], d)referably
at IgstigNeddentedl] §)g., A ARt lﬁerdeall Lﬂeauermegdlﬁerenees g result from
:nseﬁ%nﬁgm& YelddBh @ﬁb@r suﬂﬁgtu%r%‘f%lé bESofePdming @kiati on of

expressed reconbi nantly produced proteins, such

Seq@@m&r iQuktiy baeken Swebolybsitass eah by dekthined \b@ran?mh@ tHf amino acid
deri vatives ther

SeagIoR AL 1o PRSP0 PR A B PR gRr a0 £ of pisiions in the

alighvedit-gk mbiwh thepblype;ﬂsies iconthincthe) game agino 4didh restdwkeand, on the other

hang: nl ng—gs o}' Fpailsiy |o%t 9 ¥he'\/§%\jﬁ}eht gtn?rﬁg&j[he t&vgwr?ggtkdeg d:hffer in their

seq&%é) The h‘@ ;myneegdwecﬁrﬁerde theair Eaugnee|ab @ygiYercraséen dn the alignment
wheﬁrtﬁéﬁ%oiyggﬁﬁb% T&ﬁﬁb?rfl %ﬁﬁe}/@ﬁ?‘?ﬁtﬁo fa&ﬁ r%gr@ blafhap%be@on( (]ammo acid

subgtitigiogh OF ¥hph oD PE@G I Pé’fypﬁi’ttﬂ% §9”t§'ﬁﬁl aeﬁmrto W%feé@éP &t that position
whilt/bth€ Cathé ol @b8g)Yhot r dvided vérsk HamiMo AUI8 URGti®Tadaittion or deletion).
eds., 1987 & 1995); Reconbi nant DNA Met hodol ogy |1
(R mu ed., Academ c Press 1995), incorporated by
ref erence herein. Recombi nant grow h factors are al so
conmmonly commercially available (e.g., from Signa
Bi ol ogi cal Industries, R& Systens, Peprotech, etc.).
The term "plasma" is as conventionally defined.
‘Plasma is usually obtained froma sanple of 0 whole
bl ood, which is provided or contacted with an
anti coagul ant, such as heparin, citrate (e.g., sodium
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The term "serunt is as conventionally defined. Serum

can be usually obtained froma sanple of whol e bl ood

by first allowing clotting to take place in the
vaampl/esand subsequently separating the so for wed/Eph@t/oo1360
and cel lul ar conponents of the blood sanple fromthe .
i quid conponent (serunm) by an appropriate technique,
typically by centrifugation. Cotting can be 20
facilitated by an inert catalyst, e.g., glass beads

or- powder. Advantageously, serum can be prepared

usi ng serun}separating t ubes ,{ SST) knomn in the art,

Se@'hen%F lc%?lng% drﬂafjcul %%gse b f’? c:fcrc?fgaoé-! (%;’ll (agtcgwggsl oa é)ﬂglf IV in the al:gnment at
whighghg mewpe;ﬁldba@on@arpﬁm sanoa echirpe boig eesidire vhisgslititk total number of
o&ﬂﬂ@ﬂﬂ Bty 4 he clot and cellular conponents after

centrl ugation, thus sinplifying separation.

At r@bgtesroﬁ@t @fwsé mﬁeﬁe%aabsmeh%o%mb%@ Jerqgawésacﬁ%a%émyand of the
antlcoa ul ant and fi brin. e term

resbeRye, mg'% g%wf”éf’@f‘é' D% varanh yBFtEntEHY mnwl FGBdnvabye amino acid

sulfsﬁwmmaPtef@ﬁbl?, ahuem 86%, agh mleabmdm nidie préf@:laatyfaﬂ ieast 95%, e.g.,
e _use

dj
100 5P F 58 DRIPR B BE G Gl PRy PP pmino aci
substitotiens fey he benssrvative The téren henbodatok sdtetiptiosemt used herein
deﬂoﬂééq tiAB amTﬁb%&@I‘JSYdueMaQSBQ@n Férpla%gﬂi Hy”hr?cgﬂelb Slfﬁ)%%é@ﬂs:malar amino

for shorter tine perlo
aciduersidye. ben-imitisgnsxpmples of &BBﬁPéV&t“M% sv@b@@w inslude deey bugtitution of

onepﬁ}dﬂé&oﬁ‘ﬁ: dhiAS BBidOlesiRIBE, Uslch st isH8h@VY, 3B Mucine or methionine for
mperature w I | be about

ancEP 5, R BB ol ol T s ks #pelieon rginine and
- lysine, eleavet| glutadizudndbés pairticd 258, oreoefveenadi@dinireCandt&spardgine, and the

ike2C Or about 1C - WO 20071093431PCT/ EP2007/ 001360 26
~"host preferably about 5C or about 4C. Alternatively, .
A v R BB faSBF MA) Bé%ﬁgnﬁd% %ﬁe 8t mgl%l %pﬁ cﬁegg)' dr po Lol Peaptlde(s ), at least

respective ree
onexf WD@D&‘-} a ygfiaphas ra¢ tned @avmfé@%@agecﬁlwawn@@pndﬁ or polypeptide
of tfd @6 fadter age of plasma or serum can be about -70C -

or less, e.g., about -75C |ess or about -80C or |ess.
A “Suichtivet oD e rlype ptidaTayey adv dntvagraus) Mnen’ﬁcaﬁrmgﬁbn @&NYne or mode.

rum. t hereby L

o Bt U3, S PG B e D5 oy v i
resigupsdegr. rbwp/eeswaz@nophqsnbowlah@ paeylatim acatyluinng kulphaion, lipidation,

alkylki8s "Be. AypRAly Umsg%%gw 5 bf%SteQE@r% 44 ed??% } gr less than 30%, e.g.,

part|%ularly SUIta nger storag
lessghgp 20%.gporp @f\?j%ﬁab{yﬂ%?? taaw Wno%gs leg® thfaﬁﬂ Of’/oﬂrgle$8 thnraﬁ% e.g., less

tharﬂA‘i&? E%Ei(% or R 6 arhBo SR 398 dRFivalisé pol&ﬁﬁ:tn'dé %a’f}l t?éjso derivatised. A
SnMa_or _serum CE’Q‘ e heat i nacti vat :
d

de”Yﬁ%‘&%tW%‘f’F%ﬁﬁ’”? ey acieT AR QFtCC}%”ﬁ‘F@ of &"Pe%(f@f&t Reptide(s) or
polypeptidb@irenteasiiinercd wihivh rpanaseddrivaisicl od zeRpLaY®R 4Phias 58 residue.
or serum autol ogous to the cells cultured in the

In apgiberamiwdintest,dbé grawth fagforsed imtheauewny methddensy be a non-human

anirtdd §Fdwitl flcfort %\'ﬁiaﬁérﬁélﬂgrlﬁé n§:¢ W’)Hman %rﬁaitdgﬁwml @?P op(% biologically

serumis at st partly allogeneic to
activegygrignt pf deryativeethemeinfia geer fetel. fitatering apen-human ehisal growth

factd?’f w'ao@hu:agm Hmmlrﬁ ArowtR Btdrviatdr @a %mwﬁc{& sUBW SR the same

L ncu |ng ? P asma. or segun1at ks) for 30 to
as, respec lvely 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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15 60mn, "e.g., 30mn, with steady m xi ng, after

whi ch the plasma or serumis allowed to gradually

cool to anmbient tenperature. A skilled person will be
voasen@fs3any conmon nodi fi cations and requi r epeREP28%001360
t he above procedure. Optionally, the plasma or serum

may al so be sterilised prior to storage or use. Usua
nmeans of sterilisation may involve, e.g., filtration

t hrough one or nore filters with pore size smaller

20 than 1pm preferably smaller than 0.5pm e.g.,

smal | er than 0.45pm 0:.40pm ,0.35pm 0. 30pm or

peet:%rﬂrcﬁmgﬁgﬁegﬁ)%%gli%aﬁyg %Eﬁm?&?&%xﬁ% a&ﬁ sgequence identical to a
nattird)g dceeimg ndrieurpdresintl srefoh admanph DytEalysemn fadt@s Aakilled person

i g G5 Rt P 48 e R AP SO0 b
 applicalemin te pPSsesbmatinod.eribilts atlhster extentdhars namanr asmeigrowth factors,

sink$ ti%%t@r%?%o{ thQ ghﬁg%n?@rg% e BMREL oS 17, gr’tﬂzﬁp nbfl- hgﬁan animal or

contacte | asma or seru

nof-RYEAR m%nmdxmow@aﬂap@wmﬁh@ﬁ LELE lw@y@ﬂlmhmeoﬂwémseﬁect e.g., an

effétt 8iBr Blang R SAAYE PMirdBSgrawinandggeous condi tions for
obt ai ni ng ost eobl asts and ost eobl ast phenotype cells

Ink r;ﬂéﬂeﬁé&'@mbbﬁin@ddlthé @Foth\Mﬁﬂort tea (mlililciyld%aﬂﬁi a0l aldiads bis derivative

t eobl.ast , ph t 1 ni,st d .
el 5 S P A B Bt b AR B o ot o
recotrbmpntsticleicharidiswlestileawhioh bge bsepinfistnred ints dreuostragganism or an

an&8 Er%r&?térg%h.a? g@ﬁ@@%% hudhe &ebdin mé éatebg?%&&é. The termn

or avol d acci transm ssion O
r %@W@t Pyelpie agid gnolecylen @s used Rereinggfers toanucleic acid molecule (e.g., a
DNKQQW%@I@E@Y Jahap Q7éoq{bﬁ§&pof25eghlén%']&59@ fogether usmg recombinant
enbodi nent , the nmet hod may enpl oy hurman pl asma
DNéé?‘Eﬂ‘i‘P\ﬂﬂY ch i s "honol ogous" to human BMSC cont act ed

h b f ' (pooled)
o, Rl bty R0 RERG ol AR Pcer AN carli gerants o

derBMB@s aln&;easzna{ be garticularyl advanfagetuse Foeetzodileyginthe grdveth factor is a

hurﬁ%ﬂ n@%@fﬁ%t f‘ﬁp i rﬁb?ét }ééﬁlﬁre%&@ lfrggioéﬁec%%ma?hsource than by

' ogous nma or sera-‘as ned above
isolgiignnfiong buﬁa%plph)glcalargaﬁgg@dhnﬁ@p@rn ispatignsoftgrewihifagiors form human or

an.m]gra&tlaﬁéa m&) ERer r"sfkcéf'tbéngrhsbﬁﬂ'd? @&ihbyeni® 8 r@§ dRhQisk can be
eri-al s W t ano

cuy oppenent s
o et IR Bl R ieE s Gatomt e esasen partculary if this
emdlyysi céll leypressigt ayttbmb atibDicanrbea rhitinblp ghomictey fuetthy epresence of

paﬂyo [eh%l%er%s %cgu%}ét\é % g(ééuhc rr{% fC@w%%g%@’%g@g%@é@qﬁﬂgﬁ?" expression
sysiiemsl ans |dtshanrc fromhieunanseeiga battariavetlish yedse c8vBSGaat eells or insect cells,
. k:

sanc%LHaiHég@ﬂcé g%érlﬂsh St gﬂ} n;gFelg%& in %H%Plgg%ﬁ%% B% e Hé@ Mrm human
cellgarhymansyol ume of medi un) between 0.5% and 30%

preferably between 1% and 20% nore preferably

SufBhIP BIFSI9D HRICTE0-Ga FERTeSEOD HPHEEN SHY) A A0 aad yiral vectors
hosBrgahismis, 5&46h @8%0batisria8lg. 9% @b/, 1Q%ym'}5hﬁmnmh$ rﬂdbr@ﬁa marcescens,

Bac'i?l@y Sub%:lﬂé? re!agi (irel,% ’iy % eﬁ%%\){ﬁaedand f}@%qul Hg?cavsp cg?urg%g%pt qoetls {e.g., from

OwW “anou
Arabfdmﬂmth%ana audll‘éwﬁaea drbabeitme @nd B9 delB%e.daatavemali2dtells and
mse@p?elé%ang% %Blh.ga@ &ﬁgné‘r{% 0L, REIMRIERs Ab@a%ﬂ#alé(yﬁrﬁab/roggdures for

ficCient I Nng osteoprogenit
isolaigp e@fbﬂhaswreeﬁse@srﬁ%m"a%ﬁ Y pHegusey U@’O@@ISJ §u¢fr & BVBY, factors or
biolddidafly atthveWaridis 8 YSVLBERAHSLY!, dRCIRAR 8N tHaCrY HiBn@fis made to
pl asma or serumthat needs to be obtained froma
donor (e.g., froma patient in case of autol ogous
“plasma or serum) in order to culture
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20 the BMSC. A growth factor or a biologically active
variant or derivative thereof - may be included in the
nmedia at a concentration sufficient, in conbination
Wil Z0b7/d9a48an pl asma or serum i ncl uded in the, saffE/BRIAIA01360
.at one of the above indicated proportions, to induce
differentiation of BMSC i nto osteobl asts or
ost eobl ast phenotype cells, thereby obtaining the
|atter. Typically, the 25 growth factor, e.g., FG--2,
or a biologically active variant or derivative-
thereof can be included in the nedia at a

weﬁQéﬁ?@n{erbxﬁ}obgge] lﬁ’élu@ﬁ%"@&n “lgolgcl,ulé‘rn@lo;@@"g/ mbératory Manélal 2nd Ed.”

tween bet ween

5
. (Seamfuo@@f@ nﬂgBW@mr @P'EPH'EH*’? ('%e't ﬁ@éhﬂ% Sftel 1 9nghfseries Methods
in %ﬂol@éy ﬁ@rﬁl& Hregd)d Gkl 9‘1’dﬁsfer Veflors f@tr wmiamaldnycdiess M. Miller &

M. é’ r &/ﬁ]?’? fegéde (]?8_@0 UFHT%%E Pfge@‘eé!? ﬂoéqﬁU% rgéolﬁgy sind” Sfort Protocols in
MofedianBiohag0Be, ES.UGh RMonQeste! at alQrEdmyT 98B0 & ebem)aREgoniinant DNA

rations re
Recomiindsit graygh dadtorg axetalaxecwpr&mcommedreaiiymilabée (e g-, from Sigma,

Blo¥o:§ov | g& lé?tmi, ﬁ%g' Systeh, ?’QQfHeQ:ﬂ 3433 PCT/ EP2007/ 001360 28

1N a I t1 on tO . e., exogenously to or in
Thété'aﬁl"aaaﬂ&" i @s cbh@enﬂbx@eﬂ!%eﬂﬁeds Plzdiia (S 8suafy S@mtnsdi Gohra sample of

.Mepﬁtgc\{@%g\;% ?%g Cug %0 Ecademlc }'ésswﬁ éé OB%Q,% V&SC{] 8? q’e elpé%ce herein.

SO R ORI WL TE AT T A

(e.d.hesdami citratel didcldﬂmﬂataheﬁrdsan oaalteatri EDTA, apen ot stamtly after drawmg

theéﬁb&{s&ﬂﬂﬁp yoeglf)rg\rl\%r} ﬁ\l\g&beaﬁ_ﬁﬂwﬂé%mQ ?or%[p?otnsmg g?th& b!ood sample

areSreghmated fidre thenkicuid omrspmyepbtmaé @ytanaatppmhtett@mrque typ!cally by
cerlt F@?a%oﬁ Oﬂ{'\eetgg aﬁlégﬂa RYreffe Pé'fér%'t& chﬁmpﬁsﬁ?&ﬁe\t«ﬁ{:ﬁ 8&kd Rt form part

evi ng di erentl ation. In an enmbodi nent

of aiyaman @entenPpditi ons may refer to the total

T PO Sl 6o Sy 05036 A el B Sl o = samoe
of whéle NiebaIBy firsteallowing tioting U ake @t iat the nsandpld laed subsequently
cordphed 5" et A LRGeS 59 b3Sl o e e
corgEmen (aﬁm:naé)ymwmwlaimteadrdﬁwq éyp-qaﬂbbmc@nfrifugahon Cloﬁ-ng can be
facilitated by an inert catalyst, e.g., glass beads or powder. Advaniageously, serum can be
prepared USIhg serum-separating tubes (SST) known in the art, which' contain the inert
catalyst to facilitate clotting and ﬁfurther' include a gel with density designed to. become‘
positioned between the liquid component and the clot and cellular components after
centrifugation, thus simplifying separation. Alternatively, serum can be obtained from plasma
by removing the anticoagulant and fibrin. The term "serum” hence refers to a composition

which does not form part of a human or animat body.

The isolated plasma 6r serum 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 presént 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
amb:ent 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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I n anot her enbodi nent, the above concentrations nmay

refer to the concentration of the said growth factor

or a biologically active variant or derivative :
w8 S provided in addition to that alre P2007/601360
'con{tﬁﬁ%u?ed by the plasma or serum Under st a%g:gél?y, / _

if the growh factor to-beadded is normally not

present (not detectable) in the plasma or serum the

total and added 15concentration of the growth factor

will be (substantially) the sane. In an enbodi nent,

BMSC may be continuously conjacted with human plasnma

or serum and a(grovvth factor or a Di cilo call% active
mOogtRIERFRDNOROYE O G 4| aPaUt fdt LUEMAIYFY: o Op&FTBYcan be stored at
bel&MfffnblGir@ﬁ;Becﬁﬁb ifﬂﬁdﬁ]g dbuﬁfsenent bﬁtfi-éﬁﬁeOf)tloﬁb/SCAﬁnbmal in the art,

oSt eo enit sts or 0steabl ast enot oo
a0\ petus, REPE S (4 1RerS SHeH SR hedtm fi be o888 -70°C or
less, @ant atmuo%r’ty lesentr abbetd807yr leemrSuchdempdratutesi rday &dyantageously

E pre%n%gy S‘%ﬁnﬁ?&ﬁhé r.ls?r% %&j? L#/anm:r‘ qh@r'ebY I re\Q’g}v% tY'lQ%uaI;ty thereof.

ogen or or ce
Fregteestofage rean aneeumll ltraﬁn:@@nmﬁ the timeepssigd don vinen E)”@T m'a‘ﬂﬂa or serum

nee-Eth' (2bibded, %HﬂﬁﬁyﬁJ@ﬁﬁc&érlysﬁﬁt‘émeaf‘fbanrestg agwtub required, e.g., for
factor or bi ol 0%|Ca active variant or erivative

Iongqqg}a@(ﬁfewéi)ay%gr ouPpes el -2 NF5%-ant i al | y | denti cal

PP BT P4 HE ERRCCAUPPHEE (e UGt R [ Dfivated. Heat
maaﬁﬂmoe uséd/joi tbelartymaitiyGo demevevibe lcdmplemest ydmaie the priaeent method
employés plgs%g%r é’éé?&ﬂ a'u?o x%j%%rggo %%t@é&wiéof |ﬁtth@knégg%e'tﬂer[egie it may be

or none an unman se
unrpt:wmy t(s @eawaathef@l they pigpmal af sefdss WV herathe plegea ghegram is at least

gﬁéﬂe?c tTo'tﬁ@c%FéMlleQﬁb@éd\)aﬁ@@éo& tel R¥ S mactlvate the plasma or
pr ef er ab | east 10 f

| ¥ _nore preferably | 8ask o0,
-,Se"'EFB idedy dnag] YP“@V&P"??HY é’“"ﬁl”@ Eicypatipo dbe plagp 0183‘6“53@ or 30 to

60nfinJde g aIOn{ueaﬁlth %fhad@l)/rﬁmnﬁpéftaxﬂﬁ’ﬂh ehe tohesnia me spii @daliowed to

and 91 ef er abl 0 _be
aralfiiy dons AAPENT ASPERLET o SES BefiBont & giaroBr Sny common
modifiopionscand remsmmmtseormeeé@vabrqpeaweut 20 days e.g.,
20, 21, 22 or so days. For exanP a preferred
OptiatRB0 0T WIS URETIERP@0FI5® be SBolisey Pr@ﬁﬁb%ipf@éﬁtof ugehdfsual means

of sttérﬂgatlgﬁ rnH%dinF@Ve bﬁir&‘ﬁﬁﬂhﬂe% ARe 1P n@@é{ $ilterS viith, po?fé2 size smaller

or 16 ¢ art|cul ar | ef era
t*‘3'141 Pﬂ‘aﬁefe'iﬁ?’yaﬁ'ﬁﬁ‘#ér Br e‘f W Pel %% nﬂB%\ané t‘%&x‘t aq‘r‘%)”m 0.35um,

0.308N bPd.2%pM, bre)ré)@t'eiaﬁﬂlyICSZmd)r 2hatiay e, g..eO.gSymibB smBfer, 0.10um or
ai'O 21, 22, 23 or 24 days, particularly preferably
SMa&Bout 21 days. 5 In further enbodinents, the above.

In a¥1 eﬁft‘)oglﬁ‘[en ﬁné@gséﬂ?@tﬁ% &ﬁﬁoﬁrtheplm&%&thﬂgkn% autologous

nore passages,
We&lﬂﬁﬁycqntaow@uiherquoﬁb% tarm Saugglogpup’s wih gefgrengs dg, plasma or

serdR YendEEhal ﬁi@lp‘t’aslnaoér #rRATSHISRed fo@-the ?salﬁé§§5}&§ as-gi*@ BMSC to
assaege nunber. refers to .the nunber of tines

Fptnthe PR Pleg@ans SR F5G BEPSPRIJRYSIS, r‘@‘{?r r@ahsed that the use
of auessRls aREmdiegom @r@:cﬁs@tﬁduhmtugemuslcosdltlom fpasistaigig osteoblasts

be u der S | ‘
amdAS s(s%ﬁkqsh pla?'n Si? rom/%}\/l%aqs Iy %§ g %rg%vej%gmﬂe %Stah%gjb%teoblz.asts or
ostehaataet preactypel ceitsgare é&nbel e@nee:teaséd tathé Iserea Ggmafeubject from which the

BmEX gDl obﬂafnegekﬂes E€oPah ?&Bu@%lmlo?‘y@nﬁn ﬁqgs‘?yen@ﬁbé optimal

e pas;g ed when their confluence iIs % or nore
0]

accentgnee meEIWéhem%e@? angpreavall aggdenial transmissign of infectious

ageR4eRmM 8Q%00tHHige@el | s may be typically passaged at a
rati o between of 1/8 to 2/3, such as 1/4 to 1/2. This
rati o expresses the proportion of cells which are
i ntroduced into the sanme vol une of
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15 nedium after passaging. If cells are present in

col oni es, they may be passaged, e.g., after a given

nunber of days in culture, e.g., at between 4 and 20
Wib3p87/0%843. , between 8 and 15 days, nore pref ePGHER2007/001360

between 10 to 15 days, e.g., at 10, 11, 12, 13, or 14

days. For exanple, they nmay be passaged once the

aver age nunber of cells per colony is 20 or nore, or

50 or nore, or 100 or nore, 500 or nore. 20In a

particul ar preferred enbodi nent, where the total tine

of contacting the cells wth2a gromﬁh factor,

In %ﬁ@t &l @ b\Sdlﬁ'Er:rf 2thea%t%d”%:\(s§rﬁb‘l€}/ q{unmna%@m'asor serum which is

era Né ween 12 and 16 days, the primary _
"homoéqgeus B @“ﬁé@&/‘%@'ﬁé%‘ég?é@‘éf& ‘%u‘i’btﬂ'ﬁ?ﬁ’ E@ﬂdﬁnﬁeemow (pooled) -
hurf S &lﬁféc@éﬂothérnh@mme@ebje@trf@fnewﬁ@dtrermm BRI dbtaiMbter € t he
total tinme of contacting the BMSC with a growth

in 4 Acther emE@d)r@émtatHeymEGEd nayasmcbibyuamntixtaer efravtrlogalua e homologous
et ween about 18 and 25 about 24

p'aagfi]/g'ps%ﬁgsa gégfg’%? the primary culture may be
Thep ?e'rrﬁ'r ot ab?ctﬂg’e%rg ru@Qt]j ﬁﬁ%@s gm?gﬂ% %Z,e{ﬂ@b/ %lthé(reérre@ﬁv Br mdrrectiy

ween

' onq;cpre'mc@rp gmlgpu@(s Wpol@ntsﬂq grqtqqr@z[:_sm @r@ogﬁgéb‘ae@w Tegilifpting interactions

the%t@@érl FOpiBMPCa \WrdviAn @acgérQ%ﬁarblélaéi&Fﬂl? ac®&Pvarighil &t derivative thereof,

and huiman “ser u r. about
and g R OB B 2By b6 cataotfd BLBUSE means ot gt agsion in the
me&hanQﬁkhﬁhéhﬂ%@ph@ﬁOhyae cl osest to osteobl asts.
Thereafter, the cells appear to undergo at 30 | east
In @abddiraéntsieldinidre pleamaatn sanym asayebé desheted ibythe eadg aga proportion
(volgp'r]g]wgrglé%t ! / vcjlrgﬁ\@ ]pf élegluﬁﬁ @eMegn Br50), QN |3§%gf)referably between 1% and

atron tactors. erthel ess

/beﬁPF@cPfﬁfQSﬁbb’eb%‘er%{h?%g@tﬂjéq'@ Fél,@h@ﬁd?@aﬂqe@ &b 19%. £e.. at about

5% 26h 0PY S3% ng% I 8094 The RivahtdrsRe sipasthgiy P@lr@éﬁ BAGRM N plasma or

son i B IHo YD SRS aft OH § PRIt 9 PORoF O Rgween 1% anc
S%Qlﬁc‘lt\lvéen 2 tana Bgh Hetwédnes% pno btngadehosencf% bhe St may bedafficient for
obt?ﬂ%% ogsé o%?qsgﬁgrjtoersn,v g%t gtpéétﬁl | rY, Lte,[b\sf’)%é}e/ 'pﬁ%nc{t%et gvﬁ{s' from BMSC. This
allops ¢ angethgpoushetrcease the gpl@m@ kf plagrnapr sagdip that@peds to be obtained
fron?‘ﬁ%horcelﬁf Srdny BIARERt iH RAGNEi QLS hRERAtd %Eruﬁﬂ |r95rder to culture

e cel Therefore, the above cited shorter

the BMSCods are preferred In an enbodi ment, any nedrunr'

A oSBT o SHRRELLLMG AR LR oLl B Sel ol e e

medi® &ivd lcabdeptratidrnatffiaiert] insopbiatiort with burost plaeda or serum included in

the Egrﬁéﬁ?bédaqsétl\%ag Ng %M%ﬁ@tﬁe@ggo&s&ﬁ& flab b8 %@% P@Eggﬁ of BMSC
rntoMQMﬁS(SDNEMteomﬁﬁfﬁ?eﬂQUW icelts, Nhetelpbl pbERGWnthedptter. Typically, the
gro%‘i%d{cgp é% Rl M, bl(ﬁ@g’?@&llly M&%%ﬁ%@@éﬁ@lrvét%ﬁf can be included

Nutrient M Xt

I ke
in t%mgﬁraaﬁt@ cpyceriialian of QFWE%\QQH a:ﬂﬁil g)ocg/n‘& preferab[y between 0.1 and

- 50nk/m] &, Eo%éﬂveeﬁé‘ﬂ’$ shadgon§alli horenpraferabfy W&érﬁﬂ”aﬁﬂ&}@ngfml such as

oo LIRS I P TP o Ssol anpr+ QEonoin: Where a

growtadfagstor (wbilai loal glgnoadeitoid aedl., dbtandtnasoné,neidhr ogerengation may

.prefg%[e, B0 deNEY, 165 REYES mmtee it il B gmd&rlgrowr@atrr% §60v8 concentrations

contal n 1 ngredi ents' necessary for nmanmal
refer] dy ¢has parewth, fagier cif abéiolaginalin astive sariankEerf desigatige dhereof, which is

these ingredients include inorganic salts (in
particular Na, K, M, Ca, 15 and possibly Cu, Fe, and
Zn), amno acids, vitam ns, and sources of car bon
(e.g glucose), etc. Typically, 5-20% of a serum
conmponent, e.g., Fetal Calf Serum (FCS), may need to

- be added to the above nedia in order to support the
growt h of fibroblasts. However, a defined serumfree
medi um coul d be used if the factors in FCS necessary
for fibroblast growth were identified and provided in
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~ non-human animal, in particular non- -human mamel . | f
ost eoprogenitors, osteoblasts or osteobl ast phenotype
cells obtained fromBMSC are to be adnministered to a
woLBes4sR) ect, the absence of contact hetweenpdhgp2007/001360
‘BM5C and conponents obt ai ned from non- human ani nal s
‘ensures optiml acceptance of the cells by the
subj ect and avoi ds accidental 30 transm ssion of
infectious agents thereto. The latter concern becones
I ncreasingly inportant due to the appearance of prion
- di seases, e.g., BSE, V\,hl ch can be transmtted from
i ma 0 hurrans 2007/ O93431PCT/ EP20 7/ 001360 -
progged |nnad(§iﬁt!95rtp,l i g:fogg We?ft'" suRpiementdo, e plasma or serum (see
els@araptiRgspécifibationy. ser um'conponent derived from a
non- human ani mal. For exanple, nedia used to culture
In mmcbfeﬁéd embodimabie ,FENVBEr i an biblrgicpihe sdive vasthiodr dexvatingt thereof is

mcli(géllt | gt 2 J%R%eg\?rgfl d@%mﬂé}? B ?élﬁ‘lpglr@fe%%% %H@Plina\%”w%/mf yet more

preferablipwenthen sna/ml, EthmBripRab & ardngid Thetinventass syrathesise that such
lowSEt GF-2 Rofddntrtich r%&%% BartibaSpore @B B4 for H&ﬁgvﬁé)diﬁé’flehﬁgt%n

and differentiate BMSC i n the present nethod may not

In dnrgrhbodenaiythé GBodd coridartrativns nidyITafer &ihBRbtaS&ndBhtration of the said
he inventors real

' { {
arof B B2 Pl SE s e AR b e R e Mei A Se., o e
surmmnclamtrailnn ahthegjrowthHestogerebialbgisallychotive earaotier derivative thereof as

conﬂ‘ﬁnno { g%plgﬁa 81b§eé}b:waﬁg a E@%??%@ltﬁ)ﬂqh eObl ast

pe ce fromt anot

In aﬁafﬂeldérﬁ%ﬁ meﬁthﬁ:e%é’ Rbhdenihidrl RVEER kS ttfé%dnl:'éfﬁ@tion of the said

does not contain any antibiotic or anti COt
growdhREAeRt 3 bickgsicaliy @Gfa@ \f%é@tef’fc%ﬁw%w@rfh%feai ‘P‘b\%"’ldéd in addition to
thatrﬁuéady aﬂmtiuyedobysmrmmsn $drém CORderstamBdblyO 1T thd gidhéh factor to-be-

If the o st eobl ast henty
adofd 4 i ot es PR s EieRieT In R R S e P B and acaed
conteamtratidrucfaime grohgtrefat:tor willi e (avksitatdialyh theadoel ng
pat hogeni ¢ m croorganisns to the subject. 15 In an
In 2p pbadiment BMIFemap 8k eantihoessineentaded withhwoesmeasma or serum anda

growh iF5dRordr & m&g@]bﬁcﬁﬁ%nhﬁl dr BSm%He lth@re'of‘ Q&Céetlme eriod. sa.lfﬂcuent to

ostdg?genl c di ferentl ation, such gl ucocorti coi

mdue@ erefigfiorh £ yg:‘&]g)to oafgearpg?retogcpategb!ﬁﬁtéscm%alteé)blast phenotype
cell figkrely dm;an@ theciatten, mh@@ra.lﬁa'b@mnblamecontaﬂ@d'\ gwaynh@an that the said

comgﬁ;geg‘u nt rﬂnc: uca ?ﬁr\é glﬁ&‘{eﬁ%g{n][ IE? gﬂﬁ 31(—3 gms%(nyrmereofy and/or or cells
',dermmit theprfroge reire aulyred stweiod | tastssrdot:m@sieembl Bglicatihemobarpelasma or

seru?r? hccl; 'th(=10 E; o@?ﬁ %(II%O;ZQPQ %l g a%ﬂ‘g:g) r/ér%np Oy %Hﬁ\%hc@rﬂﬁereof may be.

urther conp
suprélﬁd oﬁt rﬁeqbﬁtantiailél ifentigal pﬁsegféiﬁe tagnggntakonsi i aﬂ 6‘resé)< nwd«m used for

cultxﬁﬁ?zﬁmé §Iﬂ§Ctdﬁﬂn§¥I’%&§nd trAd péReIOvering cells froma
bi ol ogi cal sanple of a human subject conprising BMSC,

Hen@é af(;msampl %0 aiaijﬁmhﬁ &rrebsord toahd Ome point whef hr)olated BMSC are first
eat ed cel |

[
plate 2 P ltlgen;?rg%%f\(f‘g Ipe% g;;';ﬂc%mtféI ﬂs)crrrnooglg 5?18 %ursnap] aerélg‘s(ﬂl pfegmae(pnmary culture).
in e;?ﬁ&h%%ﬁs%@%'gﬁ{g e)g;fcﬂ%nr 'tfnlrkgﬂér%n:ae QJ b%%ng r%&{ygdﬁreferably at least
10 dayslimae ewigebly iah @aﬁmwﬁyg lead ﬁaerbm@ewrafm atdeast 6udpys, e.g., at

Ieasf QGtQQKrs O or8exBirP|D Thé GHeypé'H%B' MBy Y& HeRitenOs A8 rSOV@é)}sV Breferably
hereof, and culturin he cel |- medium m xture, such

bet‘”§§”t1t9 ane ol FBYS: SaREr rr?f?éat?!!‘ hergen 12-880sgb<layat and even more

pref&rdbl asut ©00daysyl @gs W, 2, 3t iof BUBHRC &For eexgmplfinaa preferred

cul ture vessel:
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30(d) renoving non-adherent matter and further

culturing adherent cells in the nediumas defined in

(c), such as to allow for obtaining osteoprogenitors,
WorewmwbHst s or osteobl ast-like cells, or a celPlCT/EP2607/001360
popul ati on conpri sing such. WD - :
2007/ 093431PCT/ EP2007/ 001360 32 In a preferred

enbodi ment, the nethod may further conprise

collecting the cells or cell population obtained in

(d), preferably at between 12 and 16 days, e.g., at

day 14. I n anot her preferned enbodi ment, the

eyreld r _c
en{pEggu tﬁ@%u&g%oﬁ%éﬁg@%&gn 4B ri%j 1§ ﬁhg% 2, 13, 14, 15 or 16
day$ |padicvlpryyprefesably alkaut fl ¢ deys. éream@hesrpr@‘@md gnpefimentt ihedime period
mAChYRBRvRROH aR@YS d8/saR 248, 1) b, BHEhHEI K8,y 24 days, particularly
embodi ment, the cul ture vessel may provide for

p“ﬁ?@EWF%°§&?ﬁ§$% to enable cell adherence. In another

i ERSE RBBRUneE RO T, I B R0 AL Ry 6 € ReBGPessages of th

cely, tsactams appLoPr hadre moed ees@bes;mmﬂupnefmamp itgwout imadtve 1, 2 or 3

oS5 e ol | 08 Bl BB g e

refers rip ieemimbge gbtimes Q‘@,bar@ti ipAplatipat hag drepo nemovetrfom atculture vessel
and BASErgARS QlHaEKurE AP ONE M sald. A@ vﬁﬁ’%’%ﬁ&ér&t‘agd Bf/ QerWgé BQrson cells

the former conponent is bein so at
aromeo na FHlfge BWEGVP'ﬁ%'bﬂ passageh af H@YEWB@ fqaéhﬁdata pgrtdegree of

cm:me?c@t Fer emram@ne BélisQdre PresRAPLS htoh@lay&@ n{ﬂéj{ $aybBMRSaged when
SO al so i.nvo ncr
el e R a0 R 8, 1 3o bbfH. 8% Etatreeer 9956 ot pgre. o sven

10@6@@@“3 snayi bre {ypictllycpasaagetbattorativ retweeeldf Ufgato 2/3, such as 1/4 to
125 RS Yoo GATRE bEfLokfin By EMRARK 48 hbBABAL 3k LS volume of

elng or exa , ISO
megliverafigr B?ﬁag'ggc!élcel*siaafpIp@m@hombn@eﬁhﬁamm ge ms{agﬁedmm after a

glvéﬂ h@ﬁb ? i §ultdré‘ 8- ';at Eé&b\/@én Qeiar{d»'b@ﬁafsown%%n 8 and 15

s rrrp eterm 'l sol ated" as used herein
dayrsel"'ﬁ’t"? &fF ?Bb'grﬁfm@%?r] BB uPat®¥sn eds8 14l h 62 tBarr 4 days. For
exampméj thegl rhaypiep pdsyeotheahe AGraf® hEmRAISF colfs @A caBhyRI 20 or more,

Ry ot
In Q-)ﬁégéulﬁre&f}e?érg%ﬁemﬁocﬂmemb 1to?a“‘!|n%xép?orﬁ§ét kqltq%%eﬁs with a

t ween 5x105 cel
growihidfagien gspesially §Gma ang mﬂ@ﬂéﬁrwﬂ @@mieﬁ@m is] preferatindetween 12 and

16 8XA0PeGRin BMEC, nRBtME 88 phiskBdd, anAl mby W direct
53% s?crgirﬂ awo?ig?k?((ejtWeen '5x104 and 35%% 5 celni% Irectycollected n

ancffer wa‘%?ﬁ%&afaaodérﬁantwire@ Ee1E) e of EO@ECt'”QB%?'\@QlM“ a growth
factar E6peciaBy FOF-2, lb)ﬁil:l%ma;ﬁ»@eﬁmn oﬁplb@#h? A Kﬁﬁérab%ﬁéﬂh@én about 18 and
or referre
abop &P dayeq bod st B bR ey 1R B o TS pEerasy between &
andda‘(rdav%dfebrmpreafreferabWéIaM@n 12 argl B diyy.s5.9-emgst, pr@‘etablyt“at day 14.
preferably between 1 and 4 days, nore

Thep'P‘éﬁf"@?rakﬂbﬁr&?d Hizb gpniacing BMSE with a g O‘Mthcfa‘}tgf egpdwily EGF-2, and
hunfgﬁrs%nﬁrﬁ ef ﬁés’ﬂgé Jor aboGtage- 16 dayys Maybe preferdbR, @s BE &R Yhis period
the cells s%w phenotype closest to osteoblasts. Thereafter, the cells appear to undergo at
least partial dedifferentiation, as evidenced by changing morpholiogy, 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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WO 2007/ 093431PCT/ EP2007/ 001360 33 Further, in

preferred enbodi nents, the said further culturing of

adherent cells in (d) nmay be performed for between
winm7e8i8ays, e.g., for about 10 to 25 days, g@ﬁ: 2007/001360

preferably about 18 to 22 days, yet nore preferably

bet ween 18 and 24 days, e.g., 18, 19, 20, 21, 22, 23

or 24 days. 5Further in preferred enbodi nents, the

said further culturing of adherent cells in (d) may

i nvol ve one or nore than one, e.g., 2 or 3 passages

of the cells, preferably 1 ory2, nore preferably 1

assa Preferabl¥ nvo ve a passa%
wit %@t)gei@ubstarglabré% ergntg:mon 3{ thessills- Athoygh g %{a;g;glongatson of these .
pefodg. ma;abiej bbssiplg s potelidiig ik ﬁ‘ﬂhéleassages thdirdentors hypothesise
rred e suc ssage

e AP o7 o5, B, PG P B b2 F9b fase further, unwanted
dediférentiatioy ofthe celiuTeerefore the atiova et shbdertiys perndg are @tferred. '
- 14 days of culture. Preferably, the cells may be,

. in gt erebodiaeniagingedive- qsipable ¢f Seppofting tteegrowti ofuibraidastsnin cell culture

malDe BledRl IR eéerﬁrﬂﬁgthgv&(l@@?lg%JnﬂIMs tﬁat%iﬂ s@bport gée growth of

et ween 1x10

fibrabfgsts sinaiisies O} arenfigt linpitesk oy %wgﬂumeﬁmﬁalswwmaﬁ%ﬁl\ﬂ) Dulbecco's
Mo&"ﬂé@&a@@‘b |Miécmﬁ‘ﬂ(DfﬁEM) Ao SfdDRinirbu G3sentislidSdium (alpha-MEM),

< Medm oS BHEL: il 19, Kb s Gl g Bt which are

corm'ebﬂcellym%tlaele de.g., axh).d)ilﬁgei:xﬂi%bae,l Caifornig). A ﬂ)mna.rlarly suitable medium

or A0 PRt R BRAPRENS AL Photto, xyvo g som e
me‘l"é@s@“@%%@ﬂﬂn@"ﬁﬂﬁb'@ &mdn@mrorn@ame (Nhurﬂ%@% ouch liquid

_ cultﬂl% ARS8 chhai ||5&e/8heﬁ@‘11e€é&5%rf€ph%nﬁ%ﬁ wﬁ‘tfbvé%f);ngntsgr%’ch are known

In an enbod |nent t he ste passag |n% | NC
perisee EemexamAl. these’ inglepienty 'PHU%B B‘PKEJQP'érFP $ §R pagigular Na, K, Mg, Ca,

andCdft%bi@ty(Eu (Fe, @nd - Zn) Tenifd aEidd Aitairtd/ anrd Eétﬁ@éé@’&ar%nt(@ g. glucose),
TR 5 0 1 BB PSR Eh S AP mer e

added ya trenabove mestiee Iratrder {oesuppert EldTgkowth EGEbALIasd Hoatver, a defined
ser etf%etrﬁéﬁﬂﬁﬁ oula— Bb%séé %ﬁé’?ﬂof?%g*t? néée@%%étféryﬂ%%b%sp’s%mdh were

erlved anlna sour ces

 idengified gnd lﬁ@vrqeékn dre promitiy medivmy wﬁﬁ@@ww adtbatrsesent method, this

serdrhl E:brhﬁéneﬁf Aag by ecbresdad] Wff\bﬁﬁuﬁfantp%rrﬁr&%@nﬁﬁn @ﬁl@ﬂrﬁlch BMSC are
are descri bed above. 25As expl ai ned

conle Sudibalhit GHE STOPHT VSRS B0<Rcinp et clpe media may

furtr&mlrmdtairebhé drhﬁcﬁreocﬁamgduﬁhsd oD siitees ﬂ@:ﬁﬂln@obﬁt not iam[ted to sodium

bi F)s ol t eo astt[pheno (e ce I[] a -

B BT PRIT RO AR et 2R Rl SR Arovbeatilln i D7 promycn

and@hawmb@emmgmmns such as, e.g., fast proliferation,

rapi d mneralization, and substantially absent :
In agaretered smbogingiok.f RVERtaramet comastes wildliapp spmeanat obtained from a

nonﬂﬂ%ﬂr%ble%‘n pIHi%ul'aF‘\h%HIhQﬁén hﬁé(rﬁm@i 30 0kiBAbrbS &ﬁoFsh%gieoblasts or
hese cells and é% crgﬁglatl gerforn1303c£er|or

OSte\RHQﬁI e Gl %35(‘ arg Wfgerdntipigierpdstiganhuman subject,

the $ﬁ£@fc98¢fn@)rﬁmmmr®hl el BBISCf and\ebmponents obtained from non-human

aninta 5'9 Ze/ngt?r g’ 30})@% ggg‘e cgoélfs ﬁae cells by the subject and avoids accidental

. transmission of infectious age_nts 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..



10

15

20

25

.30

34 cells and cell popul ations obtained by the

nmet hods of the invention, these cells and popul ati ons

are in itself a valuable contribution to the art. .
woe@owen3t as further explained in the foll ow PGT/EP2007/001360

section and corroborated by the experinental data,

the nmet hods of the invention provide new types of

osteogenic cells, as evidenced by new and unexpected

conbi nati ons of markers on these cells, as well as

new cel |l popul ations particularly suited for bone

therapy. Hence, it will be appreciated by a skilled

erson_t hat tr to th
i BRI g AT 0BG o Bl BB 5Pl S elted S dorves rom
a m!mmhﬂraemimphéﬁwotwp@p@elrmwa asegielo] cylioreubad idifferendiate, BMSC in the
re%gﬂtarh gﬂﬁf S5l Bh 9' ruﬂ'r d?v\?ég Cla 5 n%h human animal. As noted
ast el ver,

osteo eno e C o, e.qg.
abeyey @dditian eng i rf W’Ia?“'tﬂ@sm%ﬁ% @sﬁomfﬁ@%@}q in the art to sustain cell
culRPP 'g}c%ftth MHEnbBYmEQARERS & &Ith%rﬁﬂ!xff&éﬁﬁ@é BMET @fthe %Hsént method

whi ch are not ﬂ%%t eo%[_lﬁlgenl tors, osteoblasts or
may Jab dpslude: aynERBt Y p eNphumeart, BPIERh Y™ FrmBROnedfsat’ag inventors
resfisqhibi whereBMISCesarki il cphiavied @dth lHmgaBrum component from a non-human
amg]gf etRPs et%ellnalrt]éa oréva&?agt?%gglcc?ﬁ@ﬁoor%r OS ?n?r]sqaﬁétegﬁgagta}/n%eosteoblaet
phmﬂme@sllxﬁomtheﬁm%ntl on as descrl bed above. 15l n an

enbodi nent, ‘the invention provides an isolated cell

In peRsbaraemendireeipihesMrgiugs inewpies FMSG Gre culigedottessna contain any
antﬁi‘ o’u@%Tr %ﬁﬁhﬁﬁﬁlc I@Bﬁtﬁ@ﬁéﬁ?@ ARkhss ofSAbdt Wr@hisoéllows to more readity

* cisgett Porhi SortAmiaatieiue e RO Di0e SStplfletl & Aribabis, phenotype cells

obteigkd fro@be BNSThaitssly mmﬁanEraittolaaaMarﬁﬁmeoe, this ,availls introducing
ea%gc mlg?é ahelfngrt F% C{ east 70% e.g., at |east -
%Qf p#? P éﬁ eéast 80% e.g 85% even

era <y
raRl I t I -
" ﬁéﬁb@%ﬁ%ﬁ 8t G350t g PO gy e

the gyt tgdndsisp Pé@@@ﬁ”t"b?’@fere@%t&ﬁ‘bﬁ%'t%% aidlusaeastienichéa.g., dexamethasone),

| asBhRNRIPORERNLE. arkforbeRE @i RFdiebspEeedi nent , the cel |

popul ati on nmay conprise one or nore cell types ot her
Heitideq makdrigein®aactoostt thepataye npréferrsd faxsdresbih asdemplary embodiments, the

mefﬁ%& ?H%b%ﬁm%@ﬂgééggn&%,ldssteo%%%tse&%g%o%ias Bﬁer'oéyge cells, or a cell
ponuwann 4@mpripingf suchbli(gnd eptiondinrfugoy, cemprising® Bthdresall types, eg.,
enoto%ﬁal%gf%’ or%?&g%n%rﬁj‘ AaRy af L c%!ﬂaﬁbeﬁr(é 9kpd.ess than

€ss than 7% |ess than 5% or Iess than 2%
(a) dF’OQYéT”I‘Q P?E?eémﬁ‘t I@eP‘OECIQ&ﬁ" tSAEkea PY aob't"@é'br%’&@ﬁ’? tcemgrising BMSC,

pre@méwiéoﬂfon@%m ast phenotype cells. The actual

' e cell mxture _
(&) RaforBly) Bfoftinge onh Buoeae l el 1pTatng, Siis (Erouerah alfy @ using
suitdibié ﬂemsetpgra'manomrmﬁfugstoe@ioloﬂtm sethogd)t be at | east in
© §3ia AELED: PR A05PAS0500 BERIHRS 198 s or s anc
a gfosth &actor andy bplogncalheaetwm\@narﬁgﬁrf@dvaﬂve theygot, lsad culturing the cell-

mea.@wgﬁwé &@.I dsStoidol/ & dBnSicHES of dells 1Y SuBESRESIfack te.g., glass or
2007/ 093431PCT/ EP2007/ 001360
plastlc surface e.g., of a culture vessel; :

(d) removing non-adherent matter and further cuituring 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.
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35 interesting that bone devel opnment and renodel | ing

is known to be at |east in part dependent upon

conpl ex interactions between bone-form ng osteobl asts
wW'sho9hdigs, cells present within the bone T/EP2007/001360

m croenvironnment, particularly endotheli al ceFFs,

whi ch may be inportant menbers of a conpl ex

i nteractive conmuni cati on network in bone. Cel

cooperation between human 5 osteoprogenitor cells

and endot helial cells has been previously

denonstrated (Guillotin et aH2 2004. Cell Physio

Bi ochem 14(4-6): 325-32). In‘addition, the presence
In @t Prefese HEnhogiment| the ogi May fyrier camprises peligeting the cells or cell
pop @AtBALIbRINSedah (WESERIrSHIPE: edddr B RSt emdy%gfb .M btlday 14.

irrigate the newy forned bone tissu he present
In aAvtBat preterfbdvembodiment, hiad nsatteda rnevrmompﬁge pabdagingntht heslls or cell

po;?%aetf’ogwrn%{,é et%émg]%ri(lt cx% d% %’ kg angnl% ge%olllgclztm tF% 595 cﬁléur?%beils or cell

- popmatioarbeGREB Zbanidiays 16BB4 24and potential ly negative

for the marker CD45; and in particular and
In p peefesresipampodiyorits the sulse vags Bay proyise forreplastigsugacestol enable cell
adﬁgreNééF In \éﬁ@ﬁe@@ﬁtb@@%%%t ROGuARtd g e aadiSR AL Meyet arother

Accordin in a further preferred

emBRYBEP iR suripfig ahe & GRBHAA WiHth FhaRRESPTEBRtedl conducive to growth of
theaRO9tehe] Matigaat)| Bndiin pr @gagéd.ors. In a further

enbodi nent, the cell population may conprise
Thé Sesd é(splam@ nivitho rrefera@et eob b agdricular ostenbhiagénotes separating that

corﬁ%ﬁ"éﬁ% fbf G€least @Héj to;t:ﬁéq %\E@ t‘»@ljlt &<l 'cﬁp@Bs:{?JnOESM' HRER the former

er aspec fon rela

' coromr@oblﬁ@g@mﬁmtgd PdglceolﬁolamgsBMSCmé@ﬁB@watmséiwﬁ(y;B'em at least

oné @ rle$ ca%ahélﬁmfea %m?bé:t‘?rﬁ ba(m.%ﬁr@ BRECUIidMlinh BMSC also involves

nmet hods of the invention as described above, for use
incregsipg deprprotiien HrBSy i ?\é"%‘?ﬁ}i"aé?’aﬁ“@ tg Pther FIAPRRIEHP particular
to bther EdNaiaz Qbmpeaiants)tcopipaliaine-d ebrapadior ifen dalcs thd BMBT are being

. iment, .the re S .t S ed cel
ol ol PRt e P DV SE s ot - Selsl Bl cabrating Biso
fromroties teobbrests, pheamitugy eelgddricompgrents, pbipelsatplen
obt ai nabl e or directly obtained using the nethods of
The teem‘inglated] anuges! hsein M wwéaiion kbaw, ceoff gerylation; alsa implesdhat such cell

po;ﬁﬂé%ﬁﬁoé@ﬁottf@ﬁ“n BRI AGNHS oPhurdadBstycament for the

treatment of bone-rel ated di sorders. 25l n an aspect,
in HB&ABRIIMERNiNeQesis DG eﬁw)my&eo;siateswc&@bhm Pbenekl neand 1x10°

b bl b db d 2
celfiri & by BRBAEN otk B Celpip. BehRaf o o B0 SShoimer, ..,
betpegul a’rd%amdc&bﬂp? mlimgmésmrefepamgwwem $x108stndobdtab telisimm?, e.g.,
bet&%%r?‘& (Ese;ndpm rlnﬁ'lel Sbeiak SQ‘RPUAn%t 5)865 c:ﬁllsgnm or between

ai na |rec tai ned usjng
5x0h@nil ivaht cels/ras’.dese r&bb@td%?l@ov%d Onadxt B e 42((1,19(1 Hxsd’e Isétp 7x10°,

gx1dt o1& beabs bakgnhesion, e.g., surgery or fracture.
301 n anot her aspect, the invention provides. a met hod

In preferrBd %bﬁbaﬂlmégtsaﬂds/ €Mid térﬁ@lirigﬁlgorbmmﬂit &%&s.em (d) is carried out after
bet\ggq:gi cP g gggs? C?Fn g%?oe%%%gsgt%regﬁrgﬁlgtbﬁgere%glegr%dt 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

atday 1 or 2.
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WD 2007/ 093431PCT1EP2007/ 001360 36 cel |l s obtai nabl e

by or directly obtained by nethods of the present

i nvention, or of an isolated cell population

Vo rerigi4sly ost eoprogenitors, osteobl ast or osteegldrasition1seo
phenotype cells, said popul ati on obtai nabl e or

directly obtained using the nethods of the invention

as descri bed above, to a subject in need of such
treatnent. 5In an aspect, the invention relates to a

met hod for preventing and/or treating bone disease,

conpri si ng: (a) obtaininga3g biological sanple

Fuﬁﬁ’é}% ré‘éi@ﬁe@ %?@ H?-zms tl'?'eugérf ?L}rihepcﬂ%ﬁlg% o{ ac%erent cells in (d} may be

aining
perfsmed rdbetweenrS aist Wotvase. -ap fmm@oytﬂ@ tg &b Idsys a;rrore preferably about 18
to 2DLAHLAINER JrorBlbheborbgen 18 ARYIAIHY ﬁcgm@glﬁd 99, 21, 22, 23 or 24

ost eoblast or ostedbl ast phenotype romthe
‘ﬂBNBC 10 in vitro or ex vivo according to nethods of
adm nj stering . the so-obtained

he .i nventi and
iy Eipeimsstss st SaHC BRI 56 PRBH ARG (@) may
mvcleda bse @r nidie tism one; ad. gb BO:pLB ﬂé&ts@@esi e @!!ﬁ%r&ﬁ%!ﬁ P or 2, more

e err i_nment e
pre?elpgblsf lfsgasggegerre {ﬁgﬁs yo ]1t I'{'I mvgl e g rﬁasis?ﬁ?e%tt %L&Hﬁ@ é Jays eg., at
abQMﬂ%kbgb@%Bh@gaﬁtb4®aﬁahﬂmmegs@nﬂmand nore preferably
devoi d of non-hunan animal 15 conponents, e.g.
In %Efﬁfﬁﬁﬁeécﬁ?ﬁ@ﬁ@ﬁ% Sugh PRSEASRANEY b 2hmgorstant dnerin edler fo standardise

the REIGING pRScedirel €gaut HAD 9l 5y<C aRdidk 19 BSysf aRi&i Ni ng
the osteobl asts or osteobl ast phenotype cells of the

Prefdﬂaviﬂy]&he)d’:el[s hiayaef Hﬂtérhﬁésa’ﬁr@? ed-platel €ori it ClIRMing & @} Sibetween 1

B T

1x1@%b¢ll§/rmb . airefatsbly between é@lwsyarmbﬁm%@dlfﬁfrylmzzélgnebdmﬁs103 6x10°,
7164, aHt? @h@se&ﬁo*" QXﬁﬁ%ﬁB‘* 49€o408:r§3<r1b‘5éer19/ P BLRMhbly between
£ 05 atlo r|S|)% os eopr.oge ors,
8’“83@'6’0& ‘t‘ené’lm%sﬁ@okﬂba‘éfﬂ ﬁe‘Fﬁ!ﬁFW@ ceI I s sai d
op fion  obt |nabI di rect btalned usin
in oA, et Ao BrPded Gbe ChnbBBDY ook, or 5 least 10%,
e.g.Saf Ibaéilim% end ad mhare $Hared0% or ab rBors ithah 85% P Re rhtﬁ_i‘é ItIGHm. 50%, and

| ations of the invention 25As
pﬁg%%bﬁgl %B%Sunnary section, further study of

n ahhﬁntfb%irﬁ&t,aiﬂg i bt RRBAIA] IndRTed ?réé‘:l'ntekpgf the cells with a bivalent ion

chelator (e.g., EDTA or EGTA) and/or treatment with trypsin, In a preferred embodiment, the
step of passaging includes treatment of the cells with a bivalent ion chelator {(e.g., EDTA or
EGTA) and not with trypsin. This is advantageous, since trypsnn may be derived from animal

sources and may therefore carry the risk of introducing pathogenic agents.
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 charactéristics, such as, e.g., fast proliferation, rapid
mineralization, and substantially absent potential to differentiate towards adipocytes or
cﬁondrocytes. The inventors have also realised that these cells and cell populations peﬁorm

superiorly when implanted in patient bone tissue. Given such surprising characteristics of
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fromthe nethods of the invention allowed the
inventors to define new osteoprogenitor, osteobl ast
or osteobl ast phenotype cell types, as well as
v esrhéfzcel | popul-ations conprising such, Mhbﬁ?nﬂamnm&uso
underlie the advantageous properties observed
use in bone therapy. In particular, in an aspect
the invention provi des osteoprogenitors, osteoblasts
or osteoblast,BOphenotype cells (herein, "OOP-1
cells™), preferably of human origin, characterised in
that they WO 2007/093431PCTLEP2007/001360 37

CO- expr ess ﬁé? at | east one osteoblast mar ker chosen

celer 8 aPk AoPHBIPRoSHRREASY (e myethtisr &f gedvention |these cells and

- pophlidiond atehia |il§é1ﬂ€-\daltmere-d>’dndﬂﬁyoﬁ WDBe A ARPddvagRR LXRE explained in

m no t L P1N
e s TP e Rar PR (e S Ekel tria. F amtgictfhe invention
provideraew hgpes of esiprgegEnidleorasnaideacedchosanaid omaxeEEed ambinations of

maﬁﬁgﬂs théééec{ei@ ’as'v»%llea)é‘?@w c%'fl%:logr‘?t ‘11'5 BSR’EL, 8'&7’[ Quéth fc‘r%he therapy.

Osteo rO en|t0r ost eo or " 0s
Herﬁl:leeﬁ %IM%%Q%%B;%J ?ﬁé%l%%&&%h%@ é‘taré tféaﬂ?éd éA?%cgrdmg to the
mv%@pn 2RdoRE 3°St?W°%“'tP@a£5teREP5ts P‘l‘l\IPStﬁﬁ'da@EB@r'o@@? eglls, a cell

popuBlish if\LdBtaidd3P caipridedb mairly Jof adstdoBRSls Bl WEleoBisSh aﬁbﬁl'notype cells.
east. ALP, P, BSP and CDG63,

at
HOFBRE R S ERIBNS 1 SOTLET [oshotsepiite cahadRistisn ey somprise
minat priopargon Bﬁéllawd;cﬁ?@ﬂeﬁﬁot dskeopaigehivas tostbOblAétE or Bdibbbian @henotype
cenebl66, (1) at least ALP, BSP and CD166, (m) at |east
1INP, BSP and CD166, (n) at |east” ALP, P1NP, BSP and

Accg@r%g" w(é’}elé'%&d E%ﬂ trﬁrﬁvew%rﬁgast@%&%& os@g&&e Jécﬁ‘@ Sdsteoblasts

or eSSt (PP§H°&¥P€| @%l@t Omﬁlpab P1NIPJirectis DbiainedCesins thy getands of the

invenBarbis AdsbiibedBIBové D63 and C0166, (t) at | east PINP,

BSP, CD63 and CD166, or (u) at |east ALP, P1 NP, BSP,
In @D68maodimEm] 6i6e iIrbkntian mre%eassr eth Gfﬂ]ﬁtdcﬂ megit F(Obhlatltbﬁ?ecompns:ng

oo O3 SADIRSE a8 Rl SRR v o

daregb'dx}:@almm@mr@et efs afdhg m)ventmneasmmbedeabbm For example, such

eell 9%%@&'@3{%0@ at least 60%2elgurat R8&t 6381, ?éfér%?lg at Ieast 70%, e.g., at
Wt

gbz % e osteopro nltor osteo
leash £ @oBPESe JeRst Baibre-9) 858 peen mﬁreprafarieraéw atrleast 90%, ..

. 95%ef éveacht idasBOy% Oht le8g FTID VAR 65D 08, R It fedsBDI% Qof (o\é)eoprogemtors

itive for CD34 In a further preferred

a
°Ste8ﬁ18%taf’ ?Ob PhenoYPESEIS pr ogenl t or, osteoblast or
In agﬁ‘%fglqg& %Bonﬂnplgﬁ]to?r}/eo !I( ;9(8361\1/%%% ey dco’m rl;l?% %?é;olrhore \;:f,f??ypes other
thangpg Sﬁ'égﬁtqop@germtors;mteoblastm 9t Getefobieshhrenptypé eeltse @or example, the

pop @ERAGh B mpri¥a tesh lﬂ%nof?d“ 0@%%@9 ltﬁaf:lré(}"/oﬁg ?%ssqr\an 30%, e.q.,
ost eobl ast 25Phenot
less ZhanF0rk. mate PrsTesa)y les fhas @dooeieesméaﬂ%ne 5 e%s)s tham 7%, less than

5% bK)ess than 2% of cell types other than the said osteoprogenitors, osteoblasts or

osteoblast phenotype cells.

The actual phenotype of the remaining celis 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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are also positive for any one, two or all three of

CD90, CD73 and CD105. In a further preferred ,

enbodi ment (z), the osteoprogenitor, osteoblast or
warecshbast phenotype (00P-1) cells, in particecaEram7iooizeo
defined in any of the above enbodi nents (a) to (y),

are negative for any one, two or all three of CD45.

CD19 and CD 14. WD 2007/093431PCT/ EP2007/ 001360 38

In a further preferred enbodi nent (ab), the

ost eoprogeni tor, osteoblast or osteobl ast phenotype
(00P-1) cells, in particular 3s defined in any of the

intﬁ%gﬁf‘% tﬁﬁb@b%%léprggﬁt datng n%ﬁlédellﬂﬁt S Fﬁ% f l:fegla Jt%aspglpa%’ dependent

erre

: Up@gﬁ@@p’p&gﬁﬁaﬁtmns beivasgdionstionringesteaditinsts and sther cells present within
.thepl&ﬁﬁoﬁqbéﬂ%n(f RRehY, fefddufrty 'eﬂdﬁﬁéﬂa’l Eéllls a\%h:@ﬁ rrgﬁfdeni%ohéht members

of the above enbodi nents (a
of & PaBlsdNisIchTR FEPRURiGAtiN fRaUPK I bprwae C‘@Utv@pa%ratron between human

ostBtfrogeid 8IS and len@ythbiRe Sbikehzdceh lpb?év%@l&ﬁieﬁioﬂ&rated (Guillotin et al.

20%3{9@ ly%}é} g{ﬁﬁﬁm 1'42:} S}A?igg-;%(?oseﬁlpgr%tg%}q%ﬁgw of endothelial cells -
ma? gBe3(bR fo inftite famations mfNemdseoraiapﬂiarhescwhmf Wit Iirnéaw\l&&:knewly formed
bol(m%h”ﬁqe Pl%sérﬂ Gr’nJemo% hiN 01%95& lti%'@ sﬁ(&x dBﬁ% riN agsceals in the %resent cell

. stal ned ace In mnerallzation
mibitye naa ?e ipagotheliabiikenand eyt indlevps pf epasifiabhgrkers, be@ssrtuve for the

maﬂéV‘CU’f@B %n@/b?t@@ﬁbédﬂ SHietRity he RftVR chYf?é"mEEﬁE?CDéIS and in particular
amgre er ab | east 55% and npst prefera Te

a%fefé%h %‘%“"eaff"' P36t gBwPn Mocaroal %%VFa%(/E@agmd CD133; and

- optdASfy Ado peaive fBTM34at | east 90% or at | east 95% or

even 100% Advantageously, mneralization by these

. Acooalifigy,iis arfurtier peeséread éd‘llamilrbgntcihaszsil pa:lautﬁNSG:‘nay\Mw{mse endothelial-
celll hST( 319'8%&1 tlof?sv e‘ns £ nt Eg’ %?JE)' ?éfeq oﬂ'!ey c% t eépu‘lo’ettlﬁn may comprise

ost eogeni ¢ me ber6sth
ostepprRAcniefst iosieoblastsher m[@ét@@pﬁ(ﬁ@% mell@r@d endothelial cells or

pro@srigRbl asts or osteobl ast phenotype cells of the
I.nvention in the mneralization nmediumnmay be between

In ahothetlashedyte, :n&rﬁon réidtesito &rd;ayﬁsteo'ﬁfrb@nlt&s osteoblasts or osteoblast

ons de abI ter ubI|n
prefiPR8S MBI SolenaBi SE ArBRly PREIET ing fheb HeToh ofinp dnvention as
desgiiftedt at®vg, thayse inriherapy irhdi/of fortthe rmapnéic&m @fl a medicament for the

treaBA0R O BERL re ﬁ;rg&sost eopr ogeni tor, osteobl ast or

ost eobl ast enot ype (00P-1) ceIIs in particular
as eabbai@dnt ﬁhé‘n%véﬂtiohh?elﬁggv% &b %giaf?dntc@ 1 (Qapaltagon comprising

e%@? subst a L?P é do not differentiate towa g
ostepR 98F't°r%m‘?ft‘iﬂ&’ B 9 PSfepRiae rRignoRee Rlls. spid Rappigligr obtainable or
direett}i gasgiyiéd asihd ﬂ@ageth()&s gf theathePO6y b€ 8schbed BOBRA! RF Yk 6 therapy

onlg R S R e R R B e gsorcrs
In ah&R ES& Hﬁé@&o@é garogtggblgéts Fot st e%[)lfugnpheﬂgtgéé cglls obtainable by or

conditions es
diregilyt pliniger bit ”Ef-ﬁhOdEQQD the et dTNsOIaBA a4 3s@yted acell population

com@ﬁéiﬁg’ | dbﬁedﬁﬁig@ﬁiﬂﬁs ( 8stgoblaé‘lh§rn o%i@:gbigﬁdph@wﬁiﬁgcégﬁgs said population

ca t ed
obteyeBled b B SRR P08 Yo @Eipgs APy SRiRThemAessibed above, may
be sdintriistiereblatie site ofdmhe dasiom, 8)., sOest@miattald.y | acki ng
propensity towards adipogeni c or chondrogenic
In “agpthee peprd,athe dnventign typridesl Bymetban ferhprievérdisg drloiaum tﬁﬁ%lg bone

disee, tcBﬁwpﬁ&’ﬁd ﬁﬂjmi?\%ltr!af?on & Sheo 'i'&g%hﬁ&s Oci%geé)éfa %l’;léﬁ dlspplast phenotype

~préferably [ess 30 than 40
nore preferably | ess than 2096 even more preferably

| ess
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than 10% and still nore preferably I ess than 5%

e.g., less than 4% less than 3% l|less than WO

2007/ 093431PCT/ EP2007/ 001360 39 2% or less than 1%
wor208¥®agd1ess than 0.1% woul d show signs of PCT/EP2007/001360

adi pogeni ¢ or chondrogenic differentiation when

applied to the respective test. In a further aspect

the invention provi des osteoprogenitor, osteoblast or

ost eobl ast phenotype cells (herein, "OOP-2 cells"),

preferably of human .origin,: characterised in that

they co-express 5 (1) ‘at Ie t one osteobl ast marker

cellg ﬁg%?r%bka;q %Jﬂgalyo&%@ﬁ é) Egh 'i%i%\% éagt LP%%S&,”Pwsrétlon or of an isolated

ceilm@mmtabﬂ@ampﬁymoﬂeaﬁbgmlm rdste@blapt opegedttest PRAndYR)e cells, said

po%’gaﬁg'{' 6’%%’“@?;%0&?&'%%3% PH{aBSP)usernrggmg(r%‘%théJ% of tﬁue rmv&g%cw as described |
abaverioe, subjectin oagd afrgucemi‘@etﬂmerrént s (a') to (g ) t he '

ost eoprogeni tor, ostecoblast or osteobl ast phenotype
In grogrmegl thedpyention relaiss de 8: methog foftPreventing e féfﬁ?“@)@ﬂ"“" disease,
cmﬁﬁt% at least P1 NP and 10 CD34, (c ) at | east BSP

east ALP,

(@) p%ta@tn%wg%g% sawaleéﬁgwm'(‘s %“fé#\' o aqubles: 'Rlﬁge%é’ﬁuﬁ’ﬁ geatment;
(b)min@bstéq)rbgaﬁtofseasteoﬂaas #lodtRyblid3SBhamdy@D34ls, bnobtaining an

|solgé? ecg[g Pg@flé:’t& n'{r[g%gltgp (oh e)Oblﬁeno to%?eo%%ggé%%?iyég clels from the BMSC
in vit@rdrieg wivaracesdide ta methomiﬂ 0bih§ iryentidneartbove enbodi ne nt s

(c) %@'P%ls{e%{wé%%%so &ftgngt? Q%gﬂr%ﬂ%ﬁfgmo 55@8tﬁ§el.t bpoﬁmst phenotype cells

preferre I ment

or tb@@@@gﬂb@@ma@'m corpisihiugs o Bie Séa'élﬁétobl ast phenot ype
ooP- 2) cel l [ articul ar as, defined |n an t he i
In aawgfpéreg r?Eé’&Pﬁ'?ﬁﬁ’f Sth%) atej) (pbmfaﬁ-lr)vo vgrnéetmlq i Veep%giznt mventlon using
aut§lBRis humam pRisinar drhesrupr, efner med: prestevatilyrelatoid 19f, ndriteuman animal
enitor, ost a r ohl as
CON(E{?BE{I% %él sl;eruml CO?TI O %FCU%JFCR Coggi%? l?I‘ll g IB% Q’g% 8& }ﬁ%?%n as pure
autetbgous” emtidithingesft ebtera!n); the c@steqb,laszeooapetepbisstt mhﬁeowr cefls of the
A 66. In a further preferred enbodiment (k'), the

osteoprogenltor ost eobl ast or osteobl ast phenotype

In égfgl%gr) an%@g‘ Sthelttﬁvé}ﬂ{bhl Rited tdSa A éﬂnﬁb%dutio@! %Bf{]p@&hdrh@omprising
above enbodi are itive for, .
oSt GHRPCALETS RGPS & elrbBsinehpiyEe CufpBralk g3 el Botainea by

methods of the present invention, or comprising an isolated cell population comprising

invi

osteoprogenitors, osteoblast or osteoblast phenotype cells, said population obtainable or
directly obtained using the methods of the invention as described above, and suitable for

administration at a site of bone lesion.

2. Cells and populations of the invention

As explained in the Summary section, further study of the cells and cell populations resulting
from the methods of the invention allowed the inventors to define new osteoprogenitor,
osteoblast or osteoblast phenotype cell types, as wéll as specific cell populations comprising

such, which L'mderirie the advantageous properties observed upon use in bone therapy.

In particular, in an asbect 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 a further preferred enbodinent (1'), the

" osteoprogenitor, osteoblast or osteobl ast 25phenot ype
(O0P-2) cells, in particular as defined in any of the

VER AW OEHHodi nents (a') to (k'), are negative POT/EREIN7/001360
one, two or all three of CD45, CD19 and CDl14. In a
further preferred enbodinent (m), the
ost eoprogeni tor, osteobl ast or osteobl ast phenotype
(O0P-2) cells, in particular as defined in any of the
above enbodi nents (a') to 02 are negative for CD133.
WO 2007/ 093431PCT/ EP2007/ 001380 40 1In a further

m t&f (1 d: 1Ieadicedl a5 L
co B8 {19tk 181270 BERIDEN: rharkdr ¥ho86 FOR ERAFHY drdphotase (ALP), more

SSRGS P (06 EABPIINE oY P GromPiRSeAIYS | SR PiERplspropeptide

(P‘I(I\Hf‘)) ah® fidhe) sua&i’p@dﬂbﬁv i BemC avitf (@blaltl le¥stt @ngl eemalchir & immature -

t |
octb e liELORre %%é’**ﬂw’tﬁ%&aﬂa@%ha?ﬂ X, when exposed
Heh, AP LEAGSA ol RS 28 S 18, tﬁélo%%&gﬁtgg §5t2gBaS: or osteoblast
phangtype dOSIP-br erlle rao-express: RédatAeasz avbiPnangt ﬁinﬁéd(tmmfim PINP and
cDb8) (B) m@@gjt 'B%@iér@ﬁc!‘!@ﬁ' Hf%t I@§st ‘g\g_gf\@mﬁ ah?r.(?:rb%rstl o) H¥eabfaLr, BSP
andeopE st posk PIRUSESrE 608 CBbR:(Ghat I8 ALFa PARPyBSR and CDBS, (1) at
leadtea st arkbH168) ¢) QDlééstﬂﬁNFezﬁr&me@ (i) eBvshstHER afICD 165 (k) at least

AL 5y dooggy ooy APELESP TGP G0 Zadet Fin. 5P and

cnm@ﬁz@m)taigmusuy PTNH’],@%’ BadCDAB6,Hy) dtesse ALOCEDBS ahd CD1686, (p) at

BNS h
Iea{[gﬁltﬂ{ | e ngrtg%‘ ACH daEL‘ s?@b?t §§ F@%’ﬁe& @Sﬁqﬁas‘?ALP PINP,
CD&% ped §EY1PC (sbal lamt ALrlFt &Sé’stqnﬁgl ayvd ChEsed dilet least B1NR BSP, CD63

andqtoidaeo.a(@?y e&%h@PPﬁW%é@@DSS%ﬁW‘G@StS or

ost eobl ast phenotype cells ‘of the inventionin the

In dNphefedéd é&ﬂ)b@rﬂweﬁe(@'lr)uﬂh%}ttebﬁrob@ilme&téom cﬁ éi;@éb%iast phenotype

bout IS con |derably faster
ofi8 twfioh hteinoss Al el O bicaialentthftnt fable ) are
negetredot ostersalcin{DEMN)i s about 6-7 days. In a still
further preferred enbodinent (o), the
In @sfudbgrr episiradoembedimenbl (wdt ther csisperobeniior. pstesiastper osteoblast

pheﬁ&?gg’e @OlﬁQb LSis, ihpaRRUfat Q&' bafnedsn 48f bMRd ab&eaéﬁﬂbd&fméd?se ) to (v),
ﬁﬁgg{nents (a'") to (n"), substantially do
mea?$w@F@' e tomards any one of, and preferably

?W%%ds n elerng?r g% H%?%lgk th?:jlﬁ ! Ie&:tlail' ng qgo%iés? gr osteoblast_

phendstm&j(lﬂmﬂ esdlis, iA@alfteciar as éeﬁnebl lin awm‘&h@lab@embodlments (a) to (v),

amF%ﬁ%&éﬁﬁCﬁ%ﬁ a particular marker, this nmeans that a
S ' ed person

In a further preferred embodiment (y), the osteoprogenitor, osteoblast 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 preferréd 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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wi |l conclude the presence or evidence of a distinct

signal, e.g., antibody-detectable or detection

possi bl e by reverse transcription polynerase chain
wieemot/iam1 for that marker when carrying out tBRer/EP2007/001360

appropriate neasurenent, conpared to suitable

controls. Were the nethod allows for quantitative

assessment of the nmarker, positive cells may on

average generate a 25 signal that is significantly

different fromthe control, e.g., but w thout

limtation, at |east 1.5- folg8h|gher t han such S|gna

o GRS, e Pl ot ote S eb B el oot

"phdnea@b (BOPEDIEls, &t phreiagsr abQicfinedin iy df 6asibob® embbdiments (a) to (2),

afegggft'vgg ?[ﬁ?lae_,p hi gher . The expression of -

¢ markers can be detected using any

In §uh.{qlﬂ f%qgn%dﬁﬁént 3@%@@' gé‘igod? or' nos'iéb%la@f tor osteoblast

OWCtOﬁ‘E tOC emstr or
phegphypai @@Paﬂs‘%ﬂ"fz)t md?ﬁmmtaérdf"f BEoIn awapfy%ﬁesaborﬁlesmodlments (a) to

(ab§ tsﬁ%go%gagglp C@Md:ﬂiﬂb@hi@fhar@xw@af @ﬁrrﬁ[ﬁﬂﬁi@&'&%yﬁtﬁ@size calcium-

EP2007/ 001360 41 quanti
conepige PRSI, WATR RERER R po Qb aEHET Vb F 6t o 1997. J
CelPBiothémin 64 I%LIMQ) Rﬁe%ﬁaunﬁcﬁf&mnéﬂ@hﬁﬁb@ diterenivesk (frlk@sured by the total

proftBt ot S AR RS e Dirafh TP ledih 98 ki in the ar) may

be &ideast FPO%osleferalEy aSIedﬂt@P/mmel ptqferﬁwl%t lebst 50%, even more preferably

at I@J@?g‘l/og?ﬁ}%@8 mﬁzﬁe&ﬁo p@%ﬁ%&?%b&l ¥§?hc :aF léS"/C%meg%lnTO% at least
80%r af dgagh|8p%at alf least 9QY0RD AALPagePS% ngy ?b@falmﬁ"él | lﬂda@ntageously

mlnﬁfaﬂieﬂioﬁa Iyrmés.% dMigiehad taskt tHaﬂQ@tdéb%Qm-BPﬁBB Whére WiBabove levels
t ot al pr ot ei | east - 500nJ, at :

Ca"lbéaa‘éfb’esﬁfbwa %fea‘*s\vee}‘em%te%&enlcc%%de%oow at Ieast

cel

A0 e oGS gteof b B ST g, BB A g potecvist
phed0pa nells 16 Geniverdion ]m’@etrmna‘alsza@bm rlediunpmey bé betwédn 1 and 3 days,

e.q. bggovaé ggﬁ% O?ﬁis ?&g%@gra%gg‘g%% ’mv\ggﬁnﬁ%%lbgr%h@% gf %%Q%steoblasts
in thegg cprAitians cwirfyisaAbopr &1 8pYe: and may be typically :

in 5y Ll AErG 0BT OTUIR G8D e FERIooEDI P GBR o osteoblas

pheﬁ&l@pﬁJ(OGBOﬂ)tceffé)Omd,art@blau‘as dafimdd inrargbaiithe GB6Vd embodiments (a) to

(ac)bgg%ﬁ)a& id Ittquu h&rdtﬁ%rl na ?Bor‘{;g\?vl %R/ gn% %?Erﬁgﬁ elfe %é}%torvrvaa)(ds neither of
cellg btadiicEtid 15eRes (9(.@) ad!moate(smr dendetytisdideagsoed., chondrocytes). The
abs@rmog éntlﬁf?&'t %&Hér‘aQ II I&%‘é?&%\? e ! Be Aot V\ﬁd using standard

ost eobl ast enot ype ce i on,
diffesgntigtion aqglgcnpg qqus‘yggs, pﬁt@@ltshﬁﬂ lip the GfuE-t ﬁ@e Pittenger et al. 1899,

ScidMe8 k! L), b YsdayiHy ﬁ‘:@thb@é g@ ]@akmh@rﬁ ARRBEA, AR peE’gtéﬂyp;cauy stain
in the culture nedia i anDunts of

w1th( & fge ?SSW’HIQe'é%‘é&C?W'ﬂﬁt‘°Bth?ﬂdf m Yig alcian blue or
safreshl®): at least O,4ng, preferably at Ieast 0,5, nore '

preferably al- least 1,0, 20 even nore preferably at
Subkteatilly 11agkism ¢rompssityp tavfasdsa ledipogenit easthohddgenic glifferaxtiation may
typu}__a@i?%eag! ’tlﬁit 1k tllmﬁ'?d% ilaf %18 ttgs'ted S%iﬁt eo &4%3@& @éP-ﬁ%ﬁg p?eferably less
tharhé@trel s - de% thad 3875 m%%w&f‘é"ﬁbb Igssaifan 208, e@e@ m prefegably less
tharp?% arfl, stlh’ﬁ{dﬁ@ Eféféra@y and tr?an%% beh WReS tHanuoaNEss3han 3%, less than

between 1,8 and 3, between 2,0 and 3,5, between 2,2

and 3,5, betvveen 2 5 and 3,5, betvveen 2,8 and 3,5 or

between 3,0 and 3,5; e.g., about 1,5, about 1,6,

about 1,7, about 251, 8, about 1,9 or about 2,0. The

above- PINP production may be present in combination

with ‘
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one or nore other characteristics (a) to (h) as .

defi ned above. I n other enbodinents,

ost eoprogeni tors, osteoblasts or osteobl ast phenotype
VW0 0s#31t he i nvention,- when said to be SSP p®STEPUH7/001360
may contain a noderate to high quantity of bone

si al oprotein. When neasured by quantitative nethods

(e.g., quantitative RT-PCR), the signal 30 generated

in osteoprogenitors, osteoblasts or osteobl ast

phenotype cells of the invention may be at | east

2-fold higher than that geneBﬁted by control cells

2% Br :ess maﬁx%ocsrfé%n RRDURRICLHSR S SR Sins &%@;daeampsp chondrogenic
preferably least 4-fold, at l[east 10-fold,

, d‘ﬁﬁﬁ?ﬁﬁatﬁﬂé‘fh@’f@BP'FdéP theggerectiirest.

07/ 0934 CT/ EP2007/ 001360 42 2Q-
In %g“f‘%'l acfpe '5'5%'1“021@%‘1%8 O5PORCIFUIRL tos%’b%cﬂ Y Or??eﬁﬁlé‘Ft phenotype
ceim(llwrab,dmm reflsS), atefgray ef mumarochight, icbaraoteyisdaidn thrad then lco-express

" (1)I P 8-@'8?:' %@Ieogﬂ%t%gﬂerg&%ggﬁ OW éﬁ@ﬁf‘@ﬁ%ﬁh@%@& g‘g_ﬁ) %érg%pemf ically

ove.
AL'? eﬁth?é@n@@/qﬁwr@vhme repcRiagsn &ne 1k$fUWﬂ—t$rmlmai erapeptider(§f 1NP) and

bod@asYa‘?opﬁ’Bteﬁ‘ﬂﬁsF’?ﬁﬂﬁ (E shef Emdtbisidticd %h@&ﬁéu@npaoae%} narkaf 8D34.
avai l'able to a skil'led one. In a further aspect, the

HendaY fNéePiplfip @mmamas eslth (@E Ak 3EtkORNBg&MOR dstobEst feosteoblast

on RS O BEIAE B s Bl e B3R, Bt P1ne anc

CDB4QRe'Patdest BSPes! GR34 {dy ot left SLEr BN and OEIB4c @)l at least ALP, BSP

andBH MOl RE R T4 BPRD A P A% £ blip3ho cpe
In é%ﬂ?férrép é?nb%@%e'ﬁpr(ﬁ) ptﬁgfd%[&B}déeﬂr&rantle%%t Jroo@te&é#t 'phenotype

east and even nore preferab | east
(OQeDB cellgy in B%@F“'%% dgfinegh/igranyt of @Ssﬁ‘bo%%ml?ﬂd'“l‘@&%{a) to (@), are
negthié fobdsté@akin @qor at | east 99% of the 00P-1 and/or
O0P-2 cell types. For exanple, of the total. fraction
In af fuethére mpsfageni drosadimatte@h| et cotopetetiol asticoblast or osteoblast

phe é}?&o d(@'g g‘%{!& l“f%&j ot gg%éfﬁ]ggya@%&%%%%g? F‘tbﬁd%%as%a (&) o (g

areBQ%VGdﬂFQBG%t | east 40% or at |east 50% or at |east
60% or at | east 70% or at | east 80% or at | east 90%

- In g fugpen esaferrestogmhodiang (1?30%8 Raleprroggnion ﬁﬁt?oblast or osteoblast B

pheacbtl;a;sd @erauzb Ealiscianstticulal s GefrRdNm By 6fthé ab&fe etrh&dﬁﬁérﬁls (a') to (i),
1.on #apr eferred. enbodi nents, the cell

are B%%mea(?r @R1%y comprise I'ess than 50% preferably

In e@ﬁhérh gnaf e:é’ e%%g n{gﬁ e(k?h ré)g‘%oéroé&?i%r,l thgotﬁg % or osteoblast
phenotype (OOP- 2) cells, in partlcular as defi ned in any of the above embod:ments (@Y to ('),
are also positive for any one, two or all three of CD90, CD73 and CD105.

In a further preferred embodiment ('), the osteoprogenitor, osteoblast or osfeoblast
phenotype (OOP-2) cells, in particular as defined in any of the above embodiments (a') to (k'),
are negati\{e for any 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 inany of the above embodiments (a') to (I"),

are negative for CD133.
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20 nore preferably less than 10% e.g., less than 7%

| ess than 5% or | ess than 2% of cell types other than

t he above osteoprogenitors, osteoblasts or osteobl ast
wiohRadpg cells, esp. OOP-1 and/or 00P-2 cel | pdiyPR%07/001360

In a preferred enbodlnent the said cell population

may conprise endot hel i al ceIIs or progenitors

t hereof. 25Preferably, such endothelial cells or

progenitors may express at |east one, e.g., at |east

two, or at least all three, of von WIlebrand factor

(VMF) VEGF and CD133. Accorgi ngly, in enbodinents

; (g"), the said. e qot eI|aI cell s express

In eaft.ythgq Arefgded \F\ﬂpbod naer)t Q‘t It %qute\g@@gem(qp )Osgapblpgag{ ostecblast
pheRblyp8 300Pd?)) cafi$, ih gasticul\bs alednedtiniany(df "the abovecasboditiénts (a') to

(m} 8&% eva\iﬁce\/cééll g{t tal r%%%%?vqgé\ﬁx{éma@&rmu’ndmgs (og s}ntﬁesme caicium-

conZng eLB2IMSTIERROBAEH e1368d 48 ostengenid tneﬂhle“r (Jaiswal et al, 1997’)
The %&g'lt %?Hﬁne{r%lzza rtg\‘f‘e %@&«é’eke(ﬂ%%éﬂ%& 'b?lthecﬁ%e!rl %é %ﬁBn O‘Pﬁ?ed Alizarin

I ments as above

,stas@gm@urfaceo\gtmu@ﬁrﬁ@ayon m‘medg_rm efh KaPWR IR the st d@@p){ be at least 40%,

prefapy) Al e9st mﬁbﬁée&ef(&&i)ﬁéﬂ B8R I0US re'vér‘? Hure preferably at least 55%,
ost eobl asts or os

not spec
and; est gserpbly,#l Jesst gé"lsi gﬁ t%g odgtf{pzﬁ%a'ogb @aStaqq)c{f‘" at least
85%, Ut I4ERE 90RGIT4t St 9@):, & redert hed)%aIAdo&:htbgedeiy, mineralization by these

KA A U B P o o
aften Adie4 weBks inagtebpenic gedeim.t ute at | east 50% e.g., at

| east 60% preferably at |least 70% e.g., at | east -
Integtinglvothe gubfieg diRteyofathe) akpye aterpreogelirpppdeoblasts or osteobiast

n pheﬁé@f)eeﬁégldf 1 inl@aiSh irPPYOmiASHEIiZARS mBERfahaAPbY batveé@a%hd 3 days,

| east 97% at | east 98% or_ at | eas
e.g. 99b;eut 8rdgaé§fe?ih'wo%ﬂadeeéi v festeihan Hig %H"é"@a‘l”&f? efé%'qsswa' osteoblasts

in tHeQP eprditdnis ORhich iSfabblii 67 @aysB) fraction, the osteogenic
cells under (A) preferably constitute at |east 50%
in & stifl further Ipesisteds 8ftbodioest (0 )efiler ableypragertitonsistetdidst or osteoblast

phofaifoe (FoP 258k, i gévt.chggaeaamew SvRE 18R ¥mBbaiy B ) to (),

[ east "9 east

: subgtﬁnna@agp ng’gd)gfergaptlaée,mag:{s Y Lee ogg%! prqﬁergplgfw@neﬁher of cells of

} VIREBbCHRYP o6y tib Mates e. 90 thomarbdie
adl&éﬁmgtn\%g%enﬁg%% and%?%% OCoanygqueér?fgl ;K/b 8of t hi scgt( I%/%)

Whéreiacd telinis sbid&o ®sqokitied fala melidutr unciesr, thB)m@rﬁftBﬁtaijékyﬂed person

h g. . 0%..
o SRS S oG8Rl REREe & B SublSR S0 et o
deteztiem possitde py eé\er@bﬂrqnsbmﬂ@ntmafmela}% chaingeactioastor thahmarker when
c:arr?(r){% oljftﬁ E)Er%ﬂnél??meag r%ﬂeh?%o%ﬁ%reh?&%%a@%%o%%[s %h@&é%ﬁb method

erred ex etween 1% a
allows by QvepiiEie m@wnle%hezoarbw pestiecrells ey Byagergenerate a -

mgn%htﬁlaﬂ is BRINABRY Gttt frbahe Editrol @I Bt GHitiSetl %@ﬁloﬁeat“east 1.5-fold
es and cel ul ati ons capgI be ad ant a

hlgfar ﬁlavéacfaﬁlgﬁ@.gﬁ@e aied By epie! SalS. 54 <ﬂ’1 ablea%th‘efoid at least

10-foldy anidagn 20-Klg; hat e h absform yt msopommaétl i;!ast 50-fold higher or even
hi suppl enented by further separation or isolation of
9%&rticular cell types (e.g., using FACS based on the

The I%%Qlonroqfc'ell ggemfﬂ:nr‘l‘#a&gs' %aﬁé )ﬁe@&@@'u@%@ é?'f} &Etaﬁé’cﬁhmunologlcat )
technlque known in the art, such as flow cytometry, immuno-cytochemistry or affi inity
adsorption, Western blot analysis, ELISA, etc., or by any suitable technique of measuring the
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25f orm desired popul-ations. Nevertheless, it is to be

understood that the invention defines the cell types

and popul ations by their structural and functional
wihawaetsest stics, le., per-se, and is not |in PedErPm07/601360

any way of preparation thereof. By nmeans of exanple

and not limtation, osteoprogenitors, osteoblasts or

ost eobl ast phenotype cells as defined above, m ght be

obt ai ned usi ng other conditions of 30differentiating

cells into osteogenic |ineage, and selecting, e.g.,

by FAGS, cells having the pagiicular marker profiles

g 0T NS BB Bl g e Rr-por

etcgener at ed by appl ying, e.g., angiogenic factors, or
from hemat gpoietic cells, followed by selection of
In E@PP@”Wtﬁhtﬁ%éb%P?téapfﬁa‘?ﬂkt@fS pﬂs@PP'Iaéts PnOFiEPRRE iphenotype cells,

wh@s a6 tSbe ADR pbsinad) WilDbe ALB @ogmeaése@etéramp@f ﬂsy EAES\tn embodiments,

thepglg'—l’Jnﬁ%téljtl\??r] ﬁ;g av' E%{)F%H I‘a@d ggw@beﬁlc%rq%frl ﬁ%?llzgﬂluiar protein,

prefetdd@Patlibyst mmemmmmmom%lmm proié!@%oqarméfenaalylay least 450muU

ALP%E% \t/%%l%ﬁgﬁﬂgr% éﬂf’,@‘éﬁg' g?ﬁét"%‘é)%%%%b%‘(%om at

leagt, IOmUpatt léaﬁe?%@éh 090%'3?% HbObAGP st méﬁo@b%lwfﬂﬂ protein. For

exa%% 1o APPta\éﬁ\ﬁﬁ} rﬂ%&é@@w&%mo@%d%@éu@él ﬁﬁg/fétmguuxar protein,
pref erabl negati ve ‘ ne&@t i Ve,
and 1500mU or

o o bgatEeD A ES0 TR0 (RpB R i
betivBME600 afd i 500M e bef ehatiatal édllulﬁﬂpﬁdale&i i2P8 rAay bé:’ﬁBlcany) between 400

an B e o ot S 068 Pt ot PP b S5finD. avout soomu.

abol0634m WpabeupTednel adiloyt Pedrwiden algﬂ%?»aﬁ?rdu 1o ¥ngef eallutap ipeotein. The

abo%ﬁf %ré’%:gv%alf?&; M%ﬁﬂ;segt's r@cﬁﬁ]}gm%@ gg%oﬁogo&bérivc\égracteﬁsﬁcs (a)

s are positive an/
to (W/@fnmbqyga tive. The inventi on furt her rel ates to
popul ati-on 3 ("POP 3") having the features as POP

In egibgdiments, PRERORNEIE RSt5eRIaRIE AT StiepbiastiphengiypPe el C Of the invention,
whdﬁﬁa\%ﬂﬁ%e@ﬁ%@;ﬁtﬁltﬂ/@p\%! ppodate thalprycohedamagse ¥ BRfireRerminal propeptide -

Pt RET o e 1% 5005 SRS Al SETNEI “5kfigel iy no por miof
med@nopen d 0°L 08 Gft 1B O ngosicfdrably ebldast Bbemates pre@Dagy at least 1,0, °
eve? %ro]% gYe?erQF!at Preagpl %%ﬁd@ﬁ’o%‘t He\‘&ably_ Q?Eeb&vfgté @nat Ieﬁgl 1.6, at least

es to population

1.7.ra4 lpegt b8 opat Ipeyd 2 FosggemRles %W%@\ay\t;%ﬁéﬁ@mn@eﬁ a@eﬁsw%between

0,5 aRd 30 B&wetn ®.8 ah@ta\@ eBtweBHo 1N End 8 8%betiesh aralhd/3.5 between 1,5

het ween 700/ % n 80% and 100% :
an ik et B S T PR B Zhane Sa. between 25 and
3,5, heafaand)d ¥ndabwe detween 30 amtl3, 50880 abolAll[5, posiuttl 8, @bout 1,7, about
/0 S|t|ve cells
1,8,%‘%@{6{ {:‘E)g%alg&([::ué ?ﬁs\j—é‘éan%\?eg€4 %f%éﬁdosw? Vl%e presentin con?blnatlon with
one or more other characteristics (a) to (h) as defi ned above.

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-foid 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 invention further relates to population 5 ("POP

5") having the features as any of POP 1 or 25 POP 3,

and wherein between 1% and 20% preferably between 1%

%~nor epr ef erably between 1% and 5% of _

v‘gjrqiei)0’\;/{8\/1’\)7@3|c}ositive and/ or VEGF positive and/or %g{/gzgzoommsao

positive. The invention also relates to a popul ation

6 ("POP 6"): wherein between about 50% and about 98%

preferably between about 70% and about 98% and even

nore preferably 30 between about 80% and about 98%

e.g., between about 90% and out 98% of cells are

WO 2007/ 093431PCT/ EP2007/ 001360 45 ALP POSi tive; :
20-{br @i leape PRl abdrast F09PEner &bdeast SYiPId Pigher alile, above bone
sialdplowaeproatididh ni)beaprdset utorifatidA v\ diPk®e other characteristics

refer bet ween about 50% and about 98% e.g.,
(a)gc’e{fe’&@%ﬁgﬁ%%ai%v@% and about 98% between about 70%

nd. 98% ' 80% an % _even,. he
ce 8, Totn eog ar rdiiie el e Ry YT B ways of anc
reag#rds tor thebaletnstion inlvels ar8Gyeitate talbcktle98dg. preferably

bet ween about 40% and about 98% and even nore
In arfaklarapipgclh dbs\dRYPraeR ANCHUNERAY % RAPUBYIGS sogprising the above
ostEPr MRBITorabAstbIR0 U a8tEolnid Bheiiie d28é WEE NcaRRsing ARYDOP-1 and/or

and 98% bet ween oyt 80% and 98% or even between, o
COBER ol 555 & F05W. HIE Aceli. Suah e BpBUIRIRY TEY SSTRfes 8 oot 10%.
prefeedbiyes nesabBth, Dotdprafechthbatuéast 604, p.oefaeteabl §0%aktvere preferably

o 1% a %o € r I n. ab o
ot 1850 1nn < e PP KRG o SO gl ol |2t SRR e B Bt o5, or
evep et IseslP6ih etieath %, ahtastitdlt orgigasp?h of el GODdtandlon OOP-2 cell
type_%bOUt 1% and 10% even nore preferably between about '

1% and 4% of cells are VEGF positive; and wherein
ForRRAVEIE NofOidtal Ra&iténan dstabsraberidl tlosREBESI R BLoBIBE\MRGRotype cells,

bout 2% and 10% even nore preferably between about .
0OBy, SRl masgpTRTe Bt [RFRarP T At Bb ORI O ocd] 1 deast 30%, or
at lease40\for poleREti 906k, of bl IBast@0sd, edatdspe T0%, ot dtdedsh§@Bior otleast 90%

or E{t) ?éa%f gﬁ@to(? e‘i;%ggéé’ﬁ"%hfﬁee{)}g?ﬁﬁ ) ?rl §u§? %ﬁti@g lrcg?ﬂiéute remaining cells of

opu ons useé’in therapy-an
the paid freetionur e of a medi cament for the treatnment of
bone-rel ated disorders. In an aspect, the above

- In'pirderrerbembadiments, the el peelation: Men SomrRpees AN F0%: eraferably less
- tharfh0®, Slch@n®t PhsBRIblvassDMan B0, yetSHHRSr¥fefib IESCINER 0% and still

20l n apot her, as t, the |.nv ion- proyjdes a_nethod
morE QST ABVIAHS 1 T o BRmlBT bt 4P g oS 1R 236 O cell types
otheg dtpr the by eaitdoprageniidrs orstailasiseorabtpobladedtienstipe edllssesp. OOP-
1aq%§0r%§_2gglp$,hgg_l ons to a subject in need of such '

reatment. an aspect, the invention relates to a

' f : tyi [ i b LS -
T ek B P e

proggnitera thergdpul at i ons, and
Preferably, such endothelial cells or progenitors may express at least one, e.g., at least two,
or at least all thr(ae,‘ of von Willebrand factor (vWF), VEGF and CD133.

Accordingly, in embodiments (a") to {g"), the 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 vWF. and
CD133, (f") at least VEGF and CD133, or {g") at least VWF, VEGF and CD133.
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(b) adm nistering the so-obtained cells or cel
popul ations to the subject. In a preferred
“enbodi nment, the step (a) may invol ve nethods of the
W g@ents4bmvent i on usi ng aut ol ogous human pl aspeT®P2007/001360
serum and nore preferably devoid of non-human ani nal
conponents, e.g., serum conponents. Such condition
may be referred herein as 'pure 30aut ol ogous"
~condi tions of obtaining the osteoblasts or osteobl ast
phenotype cells of the invention.: WO '
2007/ 093431PCT/ EP2007/ 001360446 In a further aspect, :
' i b . utic C 0siti.on v
n 480 P KRR 674k RuIEIBAE LD (BTRTRNS 87 o ) 0
abergolugheraxgressiCD@8l e for adnministration at a site of - '
bone lesion. 3. Further aspects relating to cells and

- Acopsitglat inor embodisngnity dbit i S PPRYIIPE S BGTRPTISEP e)s osteoprogenitors,

osté_&hﬂlzé?sttf of Q;s@lblgguobﬁ%m} oeéne1 BShRRAN &% DAF-1 Oaﬁwbdr)]@ﬁiz cells as

not ype s and .’ pul.at’ions conprising such,

aolged BB AR PSS Tsan [ By eI RS COpeEr ks deined above,
section 1 ve. as.well as tq,osteopr itors,

i R Elady SR8 g Fale Ml Ry 001 BCBLFTECL R ot () togetner

constifptel attléash §0%ormer.i & ileryt SUBhprefreablsat least 70%s erg. badedsh 80%, more

prefRAn et 3R V& en! Hord Jréfértagfgrat RIRABY;, ahl %dspefrgféﬁ'éb?ﬁqat least 96%,
rel ates to an arrangement conprising a surgica .

e.9; Ak lepsinii: ot birshBfionPrsatieast 88%ofr sved ARG tcetimforming the said cell

poptiatien of . bone | esion and further conprising the 10

phar maceuti cal conposition conprising the cells or

Of il (A+pppadtiah) tha Dsebgédie chlrusabt @0 pagerdst, icorditabayvRast 50%, e.g.,
adm,ni stration

. whergi,n the arr epent, 4.5, adapted far,
o G PRl B RGN B oo olfBlbel €1 B3R °Pie 20} PUSTprofsopgrerably at
leagt 880 R.g. RO teaekalpl @ least 86Tt aldeast Stegatdedst A%, puewsntat least 99%,
in pRAYTQFeCARRR! SetRbel BbRGHIMB0R pkivith So8.URIAS.E, | P ) 959

?conpr|5|ng ceﬁ?s o? fﬁe present |nvenﬁﬂon at“thQQF?QQSAaHd
99%f bone | esion. 15According to the above aspects, the

cells or cell ul atigns of .the invention may be

Consequentily, of ihels (A+%%F%racgon, the enc:rotheﬂat ceils under (B) pref)e'/zrably consftitute less
than 50%, e.g., less than 40%, more preferably less than 30%, e.g., less than 20%, and even
more.preferably less than 10%, e.g., less than 5%, less than 4%, less than 3%, less thanm 2%,.
or even less than 1%, in preferred examples, between 1% and 10%, between 5% and 10%,

or between 1% and 5%.

It shall be appreciated that the herein disclosed celi types and cell populations can be
advantageously arrived at usihg the differentiation methods of the invention. Such methods
may be optionally supplemented by further separation or isofation of particular cell types (e.g.,
using FACS based on the marker profile), and optionally combination of such cell types to

form desired populations.

Nevertheléss, 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, esteoprogenitors, osteoblasts or

~osteoblast phenotype cells as defined above, might be obtained using other conditions of
- differentiating cells info 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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'Fordax]axfng

I ntroduced into the bone of a human subject at the
site of surgery or fracture. Introduction of
osteoblasts to bone is useful in the treatnent of

“}&%Emfgg%ﬁtures and bone-rel ated di sorders]crorn WDFOM%G

preferably, the osteobl asts are obtai ned
the subject into which the differenti ated osteobl asts
may be introduced. However, BMSC nay al so be isol ated
froman 20 organismof the same or different species
as the subject. The subject may be any organi sm
havi ng bone tissue. PreferabI% the subject is
mammal i an, nost preferably tfi sub#ect i s human. The
gerRMYE! Gl APolying, Eh, eadibaeniy faskrs, Prolpun deimsatepaistict gells, followed by

,selééﬁMﬁBF ééﬂé‘vﬁ’{ﬁlhe%sﬁéé‘ma}‘ke‘??rdﬁfeans' ently transforned

a nucleic acid of interest prior to introduction

in fume@ abhetd) eRant @ gibe Bisofelbtes tdpardduls WopGbYor@ hahving Glakicelar marker
ite, of the subject. Nucleic acid sequences of
Profife§-er est i ncl ude, ‘but are not i m ted to those

encodj ene ct tha en o i

leoheIaVERAR EelidRs So hR8H pEARADATHOE 16 M B between 70% and

1007 rprefraatrlyl teetween é&%ramsm&m,swemfel@blymaen 8@%h apd 100%, even

montenﬂr @%‘ﬁﬁgeﬂwg%]rp dﬁeaﬁaﬁ%% 63,38 k%t@éer{ é@f‘%n@%o% or between

|onfor t ose of treatlng non- heal i ng
0% :aaét&&r/ce@ @efw@@ﬂ o@6§|9§%-raé@ &S 9° pesitiyeAgd. o‘?’ﬁfﬁfelbb’m also CD45

neg@liveBYBTo ABgatRE! €O Q%Q;v@r@t)gd@snwe and CD73 positive.
2007/ 093431PCT/ EP2007/ 001360 47 known to those

Thesini;édned furthet helatas tto paﬁulaﬂicm znefplqmls') fh@mng rnhe Gehih@engs POP 1, and

furt er %%ibelér? Et'gtg"?%/“nh?%faf‘g ﬁ ( re}ﬁngl trvgg o anfjl‘E%aJi/o m’ore-preferably
bet\pemw(m iaothd 00%, even mnrﬁenefemblqutwbm |9|5%r okl ¢ eQPs aif G 05 positive

celIQ gareI e{%oa)&‘f"ﬁ E&Ss'l’cfvg aWloP P NP &J@?Ev&%@?ﬁ;ﬁosﬂ@gf ul in the

one wounds and defects conposi tions
The51nbé'ifﬁbH ARtheP Wiatds o POHuIbidN 3§ @ddpoa-*waanw@m@@hé POP 1, and

furttg%gnzq%%qqrzge%q- )é%)a’ r?dglé(%(g%,lt%éc %%gp gg@oegp quafo, preferably between

: ow@haﬂba%t e, eneedi 60BCA, 10028 rbenirefertiid betolbh O8%Nand 100%,

sine, and call age r sieg Iast
oveh 0 o S BEL o oSBT sl S 88" o cono
positiverbndierdCiN G6rpoBitine.ner al | zed Bone Matri x (DBI\/p or
other matrices to make the conposite osteogenic (bone

. Thef ipyatiting further fel@om to papriationst (BOP 44 hadng éhe fegtures as POP 2, and

furthdd e tdirY BetwSbMBLA aritied duoslse. gJS bét@eéWB@%QﬂﬂUﬂiob@ r,‘tﬁ*eferably between
ells with a M have

L] ogene | d
700 e 0 b e bR SO R N 55085 S8 on 00%,
evelhtiie peifdrablp bewveleh, $8p lalinat1IOO%Sof0"fLPt;hBI’tM§1‘ﬂﬁﬂ/br BmNBrpesmve and/or

BT B dn e efte S f e e it ncent i cal
Thequ?&{ ftukﬁ)é})relm ] Bgﬁxﬂétrbnféj(r‘fl’als rS“) having the features aé 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
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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conmponents ensuring the viability of such cells,

e.g., osteoprogenitors, osteoblasts or 15 osteobl ast
phenotype cells therein. In particular, the cells or
W@POTHBEA at i ons can be supplied in the form 8ET&EP2007/001360
phar maceuti cal conposition, conprising an isotonic
exci pi ent prepared under sufficiently sterile

conditions for human adm nistration. For genera
principles in nedicinal '"fornulation, the reader is
referred to Cell Therapy: Stem Cell Transplantation,

Gene Therapy, and Cellular |mmunot herapy, by G

ALMHO%&M@ »&b\lgm %Qﬁféeﬂ?ﬁoﬁfj §@%%b5b'oglg né \é%:;@ )Eréetween about 40%

Press Henat opoi et'i c

| “anqtabgyt Qgéﬂqnd eyen Mose grefegalpy belwpen abeut éﬂ%| gnd about 98%, e. g between
abédt%m&ét%ut g@@%et\g@&i 850 708 EhdCaRbd, WeRlecPXdbol §6% alnd 98%, or.

S, 851 BN 5l Do o oo

anc&db@d‘ﬂl%t’/cr &ﬁef@rﬁiniyﬁmtw@fafaww AOVJWdefﬁﬁWSB%l LD Qﬁéh more preferably
urLta er_ s emt.o

CGRIPTLE i A DAL S U Lt Bl ot

abcmtlﬁ’ P%randp8tie rptwean QDQM}SWOHW 9&%, @ eien betertn ahbit 908 and 98% of
cel!%%r@ '@ﬁerSLGﬁdsﬁth %@élh Cbe‘i‘\%@f £Bo%p§ Sf’/oénc} QEOL& ellol"/s éa%ferably between

at1 ons, .e., preventing
ah%ﬂ ‘%eﬁ P, exan 'tnarﬂ é"e&iﬁldf |b9h”eﬁ@rab9ll¢e% E\@dr%sﬂé@el*myre CD133

poéﬁﬁe?hﬁ&@h%&w@éﬁf b8s 2. 53| dnaeaobBR% aﬁre@?ém@ bleﬂveteheabout 1% and

rt. Further e Cconpos
10%;r BYeD; fore Pfﬁfmabglr baesn %&ﬂ”gﬂ%ﬁéd Ak Phels #TRVEGF positve; and
whereiaiebwdep abbut he%cald a)ouPne% epretidrably bawess Hbh&ut 2% and 10%, even
| nmaterial
mo'%g%#é?abg’nbeﬁwee"ngbooru? gf% nle 6}411161%, & 04 BPFRY 2P ?13%/;: ﬁﬂiﬂb% of cells are
WNﬁﬁO%mmal or 30produced reconblnantly) Sui t abl e
concentrations of albumn are generally known. The
In relaled @sppcts, &g inyriian selpign do Hgrpbisee defined icskseereag!lipapalations for use
in tA&APE Bnd/bator AKY MdnSfachfenct @ GEatimdtt 167 Bkat&thent HCoone-related
i ntended tissue site and reconstitute or regenerate

QW%'functlonally deficient WO

i ORI BRI R BN o v o

bonskﬁémbégngwnewavﬁedumFor -exanpl e, osteogenesis can be
facilitated in concordance with a surgical procedure
In gngthse esPeql.sihg dnyntion supyides gpnethod der prepensiog hantd/er treating bone

discd6d/ i BRpasIeH adfin@trBiidh &Rt a68EIned BeIIQRREN populations ao a subject

- ungt ance invasive surgery will not be require
‘n"%ﬁﬁﬁ n@} %ﬁ% 8% tion can be 5administered by injection

he vert colu

i 88 B D FRES 30w s

com@amngurther |nclude or be co-admnistered wth a
v, s a bone
@ g Bt A O s P BB dnd o2 “or any
(b} qs'm'fa?tergmm Ro-paiatnef celty 9revell peruifiionato the sehiesinyi ng
| %gonentgghﬁclude |no&§an|c sources of cal cium or
na g PULINE St (2 SYITYNG BIRRAS fJR BregentgRvention using
auto(o@mxs bOnﬁﬁ)/;ﬁH&ﬁ%d pr skfuntleand etbre pedfdrally eferbiat d)fOﬁbrSlﬁuﬂnan animal -
S rr trix or te
com A e aOPpSE o EPUOE e BE Ellp e s pure
aUtOfob@UﬂTaQC@ﬁ'it'mS chnblaning theanstbehlastepawstepblest phenotype cells of the
inveRigapol ymer such as gelatin, collagen, osteonectin,
fibrinogen, or osteocalcin. Porous matrices can be
synt hesi zed according to standard techni gues (e.g.,
M kos et al., Biomaterials 14:323, 1993; M kos et
al ., Polynmer 35:1068, 1994; Cook et al., J. Bioned.
15Mater. ‘Res. 35:513, 1997). In an enbodi nent the
cell preparation as define above may be adm nistered
in aformof liquid conposition. In another

enbodi ment, the cells or cell popul ations of the
invention may be transferred to and/or cultured on
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20 can be applied and cultured can be a netal, such
as titanium cobalt/chromumalloy or stainless
steel, a bioactive surface such as a cal ci um
“Rﬂﬂﬁﬂﬁﬁﬁ pol ymer surfaces such as polyethyleeﬁmrﬁm?,001360 ‘
['Tke. Al though |less preferred, siliceous materia
such as gl ass ceranics, can also be used as a
substrate. Most preferred are metal s, such as
titanium and cal ci um phosphates, even though cal ci um
phosphate is not an indi spensabl e conponent of the
- 25substrate. The substrate be porous or

non- porous. For exanple, cells that have
In 3 figther @sercbdhe drveanfian r%?*ésES%|3r@‘aélp?qeé?°é’|'1FP'&P%%t'qnncomp”s'”g cells

' an@é@llt pHbOlafbrizN8Defifedabiivet s sfitabie @ aBmiristration at a site of bone lesion.

hr ee- dlnen3|onal solid supports in order to cause
er% el o Bla 2R e P B ER 2  Gu a
Thr.—rz]grte@,%rﬁ %%pé@sdﬂ]ge% f?)f dostt&ﬁ)réde\l\ﬁ(ﬂ%' &ﬂaé)blagts%? 89@?@5% phg}?dtyp% cells and

rans rred onto a t I mensi ona
PoRilgSions FOMBIERNGySUdly 25 rahfaiaYaer eRipiRakiel by mebuds olmsmbea in section 1

abdv'eq Wk Grefl Lb%ﬁ%"b%'t&fbré‘é?é’r‘ﬁt@r’snb&gotﬁ@étéj0P8$tbn§blasﬂ]ﬁenotype cells, and cell
npr egnat ed. supports obt ai ned hi s wagocan

| POR%P%?WFISW%”W% Se1A5) et e§ ??Ct'ﬂ’)‘b?a
- g{ﬁ%/ 093431PCT/ EP2007/ 001360 49 i npr egnat ed. s
ng

rts.
5 S be AN PBFUACB)P PRSP L RO IO T ddretrument
for cadhrinisteatioe dif Lmcoipbsitiort at laesiteg of borad lepionnphdafirtdr cimerising the
phatrggage%tr?&%?ﬂgr\ &J%Odrgma UgR o(feﬁl St;tell %pﬁfaﬁ&%”&ameblngenﬁon as

npl an
defiped @bovenywheigin gl arangamentds @ﬁar&ed @r e9mrrmr@hon gf the pharmaceutical

-con%é%ﬁﬁ at thePliRt & bdde !é‘sr@@rﬁor @‘xamgleaé Rk ¥ur§f&§lprﬁstrﬁent may be

the materials suitable f i gconpati bl e
capahie &b INficHRh l'%%FO'?B?Sr”dD"s‘i?ﬁ]?GF'PQ cqlls h&ﬂf%'%e"h\@ﬁ%ﬂ%ﬂ at the sits of
borkassikte made of cal ci um carbonate, and in particul ar
aragonite, specifically in the formof coral
Accokdingetmithe pbo\eu sspantanthe scelis e deed rpopliationsa of dre invention may be
:ntrﬁddé@&’ ﬂ'lt@the PE lf%ﬁ'lu?r‘lé\‘ﬁ@tﬂé%?é’tnﬁe S‘r&e @’relsg/r I fracturg lgtroductson of

mtation cora Bt & n
08t¢r3brtﬁ$tﬁt th@ﬁﬂ%tls l@ﬁ%ﬁ@ﬁ@%t@ﬁa@m ‘Pfgj’oﬁ%iff@ﬁflefﬁii eaqi b@iﬁa'[eéatftcbdisor ders.
be transformed i nto hydroxyapati

As apigdi rrefefabin 41§ efieehlagiy aesoiap "?,'E B“ﬁ%ﬁgfﬁe\%‘b@%’é‘? which the

diff§rentrtd Costedbratsamapibe g:htm(:gd\mwea@samsca%b&se isolated from an
o differ e

Le 1: Meth
O‘Q%E@(%pé’éﬁ‘&sﬁaéne or C’c')#er%* HoC5P 386 %chw |S§EJP8‘HB%88 any organism -
havingoioriel fissce.cPrefdrabf the ubgnt subpmmlaa‘ndn@@rﬁbrabfy the subject is
ood is 15 renoved fromthe sane subject. Plasma is
préepared fromthe blood-as usual in the art. Mre

Thesmgbfdeﬂ@u e BlIi® ijcéiui%ﬂula%gné’\bftthe rrﬂgnt%ﬂtﬂwafgé‘gféb@@r transiently

heparin_i1s centrif at 2000 rp 15m n at 20C
tfaﬂs@rﬁi%w!‘h@ Rugi]ig F‘QF’ lecb’ﬁﬁ@ﬁ'eﬁ’ﬂ% to mtfagw%zor* dntp é'aeobereeesm €g., da
surdabr frathak Isiclél,tcﬁ d‘!&’ﬁub&{: Nueleidbdbm :Eb,quérh&@roe fhtdd¥st include, but are not

ntrifu | at 30 15m n ‘1tere thr uFa
imigS 2ot EprRnerdn Aol R, iRt Thi 9. ATE{Rledn andor
minamzasibor efdosieo$aE. 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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Mono- nucl eated cell-s are recovered fromthe bone
mar r ow sanpl e using Ficoll gradient centrifugation,
in particular using Ficoll Paque Plus (Anmersham
WHaeaTwes4a) and centrifugatioon at 1400 rpm (450@)mgp2007/001360
30mn at 20C. The cells were recovered, washed in PBS
and deposited in culture flasks with medi um 25
containing IMDM (clinical grade) serumfree nmedi um
(Canbrex), 20% aut ol ogous pl asma i sol ated above and 1
rig/m FCE-b (Peprotech), at 10x105 cells per- 175cnR
culture flask (Corning) . At &4 days of culture, the
[
bR b3 el HPNEER, Ml gRoB bl D4 d SRS o bone ot ne

S't?ﬁ@)%dﬁﬁﬂﬁ P& SHEdsOERl frasturday 12, 13 or 14, the cells
are washed with PBS, detached using EDTA and passaged
The Gpls o salehopeighienss & tha inveetigpgatdeneimdyned along ot 6 admixture with

furthet bSmD@’fen&ﬂﬁﬁfiﬁ ifi thé Uegaif bABKne AbuRR! MRCAeEAY. Bl RGmpositions
'"cfﬁ of f%lé urg i p\[:\‘g E}O 74_109343 PCT/ EP2007/ 001360 50

& QY 1L dIFE Y @G sABBYRENeH PreRIEs (Y igsepatie/tricalcium
phesphate pwemmm inMfCPh egedrﬂflnl solwlm:tu: eglds pe!m&dc i myoaﬁ@ bkl Shyaturonic
amE thrﬁnggtli afL)J g‘%s QH n?:ﬂ'ae)é os(t) Cfbga}?ts Ia%erent:ated from

eno BrC chafscieri €8
ad'e@%@aﬁmr@al Zells may E(&ﬂ@b@eg with Bamingpilized Bone Matrix (DBM) or other
maﬁh@é &ﬁltn%f(é gt ddﬁg)ogfte 9§t€8&$}||@ﬁoﬁe @&ﬁnr%%h Qto&gr‘)aﬁb% %.}s( Sell as osteo-

5. obtajn he net hod of
md%f'vaa%' 8 etieesaing @t{t%ece@uronmarwy%. with glipgeneic DBM have

yielded beodaesulBgCumsdlg et AIo19dsnelinh DHASH B3 811@52)t he .

patient and for characterization. 20 x 106 cells are
Whipn eple ed célbpopuiedions joé dhhe menfﬂmeareenﬁbdmb@:g atgkl & iBr@Imixture with
furtl"@'eé?)nf %Herﬂg QHQwBbSS.t?J}P{ ﬁﬁdr&?&%g%ei cgwgp%gc}natnéqyncwm further

(ﬁ)uant i'tative nmeasu
CO”F?PDF’@R enpgring ¢he viapdine alif | spchr ecliby zad Dﬁe@rﬁmﬂmtors osteoblasts or

ost@b!dsﬁﬁﬁér@ﬂrp@ 'églfﬂhei(eﬂ—-rn Bykib&an, th'\l%E@ Yr Kd Q?g%ggl@ ca 5k supplied

Cuntil rocessed. Tot al

in %@Fﬂé&f 28 ?’F@ﬁ?‘ffﬁé’ Kien, ronysing an Wx@imem prswared under
suﬁ@mgp Bten@lﬁarﬂ@loﬁé chrOIﬁLﬁharRHémmraf & Fobp %ehélﬂn §ﬁr’idmh@§l in medicinal

orEhBf 1A RSEHE 5y 200 45 S5 SR g, v Tror

andt@%inl@{:kmrpmaﬁrerm YyrEr Mxestein&iVi. $|mdam eds, CRRERY University Press
S d r

08 BAOREL S o i 18 HL E i, . Lo,

L"’"79§f°&‘8t £6P0. ﬁﬁ'@'CmeFb@%'i%m@l@t end 8By peeniianying elements of the

bﬁﬁdrf AN Bé eRlaStel Nn 3actdpdREed QB ﬂ@lde@&g Néeﬁuf%P |ARhistration. For
seni guant i tative nmeasurenment of Bone

m?nglgy C(ngwae @X%,ptéglglbgﬁer sysipanfe suitable pH, e.g., near
neutead pHe(es. Ophiosphiste bDd@batite %Nﬁérﬁfyﬁtleﬁ)i)l,anﬁ*rﬁay-cd%ﬂ'&e sufficient salt to

enstd E’Jo?&%o? g )o?nd[t ns fcg?ﬁg léeli %r |on I _g_P péﬁvegyréq aﬁgo’uc stress.

expressi o res
For exaippje Suitabpie ggluthmfor--tbeﬂéds-ag@eeﬁnaydieabhqspbmeitiu&ael saline {(PBS)

. as khb!\f?t@ |m ﬁ‘z@a@prﬁﬁép ﬂ\@l cdﬂﬁﬁ@ﬁ% nqal?{ c{o%f{sﬂa éthe? groté1 red g., albumin,

Wh'°§t’5?ye6'°'§tase M'MW pﬁ@%@!agere&ram tNRNsEe ENP'UIS@vedf non-human

anirrab maeaisl riedalbymel RS} e ©RBDMEN @hf\ﬁ g€, g NERIHEATHONARAEA material or

prod{.l Rocc recdmt%lng %y}’%uté'b%[ gc/nnzc%:rlitgat%?]g% ﬁgumrg%peagegérg@)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 regensrate the functionally deficient
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Result: PIMP = 21-90 (range) ng/m of cultured nedia

(n=6) Al kal i ne phosphatase activity (APA) neasurenent

5 106-106 cells are used for the measurenents of

hosphat ase activity. WD

007, 001360 51 The cel I s ar o SHERR06-

with 2 m of PBS and sonicated in distilled water.

After centrifugation the supernatants are used for

the determ nation of al kaline phosphatase activity

and protein content. Reagents were prepared as

follows. Preparation of D ethanolamne buffer 1 M pH

9.8, Stock solution (D 8885-_Sigma-Aldrich) is ) ]
argf- | AreipstEfiopoPigthen CREP%?'“%‘nH’"'aG?R?@Pe%P e pryesguigskpletyl site being
red‘ﬁbd Poe pdrale OBst@Bgér%@%tbé}ﬁbﬁoﬂaQﬁthﬁﬂ :nancordance with a surgical

t hano g ‘ag

prcge %rﬁp%{?qqhweg&wﬁgr?p tppre?)elrlo T:' eg ﬁRﬁpasa hip replacement. In
otteun hfturastenced Oinvhdiod sulyend wilnnétr op equirtkgh harsp et @omposition can be

adgr'irﬁs? E(’J‘B} hREc % $§W¥?ﬁa‘wo‘? tt‘ﬁl\{l ?lgérgr co%%ﬁg%%u@%&e endoscope.

ron | e reaction so

If tdegarefdoldhe%ag rsea%L aR- mépngate t osehg& dmmré%é}ed with a

4 p-nitropheno atelncu e su

 compPuenan Hpadve:fastor évcfbﬁs @uB@Wa'F‘aWPOQEF&Q)GCPt%P- ich as BMP-2 or

BMPUDS b ah .othdr agreived fadiora Cﬁﬁ&cbét@rﬁﬁpta@&ﬁ%drﬁmguaﬁnﬁinents include

after i ncubat e

C, t d 0
o Br G5 7 U SRR b T il Do regpneration (WO

00/a7639). [adedined) cell mpsmlam cdbcecadnaibitetdaeor® @armief miakrx or material to

pro%ﬁig@g@%%cg fil fug % rﬁ!oﬁ) F&fexg%gfét 91% e%erlert] dc:fﬁ ' egrﬁguiar ceramic, ‘

ance /'mn
or artiepelynis’ senhyamqlaiinpmg&am@e. osieonerign. dihnrh@eof or osteocalcin. Porous

maﬁlcﬁétéa‘ﬁptﬂgn%{ntrﬁ@sﬁze@ %Héﬁdmgol%f Efaﬁ&i:—?rﬂt tegfwnlgPAQr(eg Mi J%)s et al,
absorption o g ni t ropheno ire =18
Bioglaariaisr 14:32%,18 %4%“'k°Fcﬁt % ?@Wﬁ\eé Séflo% 1194; Spak @tyal., J. Biomed.
Mafer. Rdd] B9:51% 1deh)t aA x 1020 /0, 01845 x 20. Quantity of
proteins. 20 Coonassie solution is prepared as
in &0kmbudimedOibe mgil rerearationGao detbei abo(d/Braykbel adrhithidtbredtin a form of
i dlpcghbianol 95% + 100 mt H3PO4 85% + H20 to 1L,
q C
d)enl ze and filter. Solution containing bovine

In éﬂomémeﬁlb%di%n{ 1 céﬁ% W @éﬂﬁfoﬁglat?ﬁxsfd?ltrlné)}f’@entﬂag & BY tBhsferred to
andlor cu]turetg on smtable) substrate to prowde for implants. The substrate on which the cells
can be applied and cultured can be a metal, such as-titanium, cobait/chromium alloy or
stainless steel, a bioactive surface such as a calcium phosphate, polymer surfaces such as
polyethyiene, and the like. Although less preferred, siliceous material such as glass ceramics,
can also be used as a substrate. Most pfeferred are metals, such as titanium, and calcium
bhosphates, even though calcium phosphate is not an indispensable combonent of the

substrate. The substrate may be porous or non-porous.

For exampie, cells that have proliferated, or that are being differentiated in culture dishes, can
be transferred onto three-dimensional solid supports in order to cause f_hem to multiply andfor
continue the differentiation process by incubating the solid support ih a quﬁid nutrient medium
of the invention, if necessary. Cells can be transferred onto a three-dimensional solid support,

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

impregnated supports obtained in this way can be implanted in a human subject. Such
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Sanpl es are prepared as follows: 200 pl supernatant +

800 pl H20 or 500 pl supernatant + 500 pl H20. Add 2

m of the Coomassie solution and vortex. After 5 min,
WeaWHes48D at 595 25nm Express the protein i RCHEPI007/001360

m . For each sanple the APA level is reported to the
total concentration of protein (mJ /ng protein). '

Resul t Al kal i ne phosphatase (n=10). APA :693 126

mJ ng protein (mean SEM; Range: 274-1472 mJ ngy

protein WD 2007/093431PCT/ EP2007/ 001360 52 .

M neralization capacity At day 14 of the culture, one
lm&eﬁ\%ltéd Q.lp,aﬁ)r?s ksh 566 @@%—fcgfuréch%ﬁn@%né’ihémﬁ éﬁﬂﬁf&dt%re medium,

m neral i zati on. At the nedia of this plate

P"'?rsto@ﬁ‘aﬁﬂ@ﬁifyf*ﬁp'ﬂ)ﬁﬁﬁ+15% FCS + 50pg/ ml ascor bi c aC| d

T BN MBS S0P PR Ty POCARSUPI S01 50 BB 1o be mplanted
in aﬁamﬂarbmmaamdaf Shg saitabladdipe sDexaambylmemaSpm a plate or a part of

art&? Q{J(a%ﬁ?% 1(? on oft a‘ir%pr%er aP ?ag)get I%(Sn b%c%%'p%l |bl? three-dlmensmnal solid
suppolto particuar raentloaycazsae friagte oh ealglgtlnl cartignateo an@lmj payiddar aragonite,
speAcJ)ﬁ’c!alpy iFBe 1}0Frh 5P @?Pé’l iR, pol'd"ug %Q%?rﬁcs%atsgd BhiARihd drefkconia, on

oration. M neralization is

'tﬂf:@'warru a‘?"é’ép%?ée p@fnéi@ﬁt ég@méyapﬁﬁt@m imitgtiqnyr eoreli stkelstanf [bkained by

hydrothdital SR@ehdd énaﬂ%ﬁc{/‘ﬁél@iﬁm%rﬁ&r\ﬁte&b O¥ GraREasHdaRBHy8rokyhpatite, or
gtlens atie rrQw a? x 106 after
else apatite-wollastonite glass ceramlcs b:o cfive gilass ceramics such as Bioglass(TM)

glasses.

EXAMPLES

Example' 1: Method {o differentiate BMSC into osteoblasts

30 m! of bone marrow is removed from iliac crest of a human subject and 100 ml of blood is
removed from the same subject. '

Plasma is prepared from the bicod as usual in the art. More specifically, blood supplied with
the anti-coagulant heparin is centrifuged at 2000 fpm, 15min at 20°C, to remove the cellular
components, plasma is recovered, heat inactivated at 56°C for 50min, cleared by
centrifugation at 3000 rpm, 15min, filtered through a 0.22pum sterifisation filter, divided into

aliquots and stored at -80°C.

Méno—nucleatec__i cells are recovered from the bone marrow sample using Ficoll gradient
centrifugation, in particular using Ficoll Paque Plus (Amersham Pharmacia) and centrifugation
at 1400 rpm {450g), 30min at 20°C.

" The cells. were recovered, washed in PBS and deposited in culture flasks with medium

containing IMDM {clinical grade) serum-free medium (Cambrex), 20% aﬁtologous 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 cel[s are washed with PBS, detached usmg EDTA and passaged for further culture in the
same medium, at 1x10° cells per 175cm? culture flask. At between day 21 and 24 of culture,
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MNC x 106 in culture Harvest primary culture Harvest
secondary culture (day Cells injected (X 106) APA
(mu/mg protein) BSP PIN? ng/m M neralization (% of
woidheswiface)  Ficoll (day 7) X 21) x 106 pc1/EP2007/001360

: 50
the cells are harvested as above. For. the purposes of transplantation, the cells are re-

suspended in sterile PBS containing 5% human albumin. A portion of the cells is used for

phenotypic characterisation (exampte 2).

Exampie 2: Phenotypic characterisation of osteoblasts and osteoblast-like ceils

obtained by the method of Example 1.

After 21 days of culture in the Cell Therapy Unit, the ceIEe are harvested for the injection to the

. patient and for characterization. 20 x 10° celis are prepared for the injection. The remaining

cells are used for phenotypic characterization:

1. Semi-quantitative measurement of Bone sxaloproteln by RT-PCR

"1to 2 ‘IO6 cells are Iyzed in a RNA extraction buffer (RLT buffer, RNeasy kit Qiagen) and

stored at -80°C until processed. Total RNA is extracted from the lysates using the RNeasy kit

from Qiagen. One pg of total RNA was reverse transcribed using random hexamers and

reverse transcriptase. The first strand cDNA product is subjected to reverse trahscription

polymerase chain reaction (RT-PCRY) using oligonucleotide primer pairs for bone sialoprotein
(BSP) and a housekeeping gene, fB-actin. .‘The RT-PCR products are analyzed by
electrophoresis in a 2% agarose gel and visualized for a semi-quantitative measurement of
Bone Sialoprotein (BSP) (0=no expression, +=weak expression; ++= moderate expression,
+++ = high expression). ‘ '

Result: Bone sialoprotein expression (n=6). Expression of BSP is ++ on average (rang_e from

+ {0 ++)

‘Dosage of total procb!iaqen type1 amino-terminal propeptide (P1NP) in cultured media

" Atday 21, 2 mil 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 = 21-80 (range) ng/mi 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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The cells are washed with 2 ml of PBS and sonicated in distilled water. After centrifugation

the supernatants are used for the determination of alkaline phosphatase activity and protein

content.

Reagents were prepared as follows. Preparation of Diethanolamine buffer: 1 M, pH 9.8. Stock

. solution (D 8885- Sigma-Aldrich) is diluted 10 fold in water and adjusted to pH 9,8 with HCI.

Preparation of reaction solution: 1M diethanolamine pH 9,8 and 0,5 mM MgCl2 (M 8266
Sigma-Aldrich) solution. Preparation of pNPP  substrate: 10 mM of the 4-
nitrophenylphosphate disodium salt hexahydrate (N 4645, Sigma-Aldrich) solution in the

reaction solution.

APA catalyzes the following reaction:

p-nitrophenylphosphate + H,O -» p-nitrophenol + phosphate

Incubate the substrate solution at 37°C; 20 pl of supernatant + 1000 pl of substrate. Transfer
in a spectrophctometric tube at 37°C; after 2 minutes reading at 405 nm, incubate another 2
minutes and read again, and last reading after another 2 minutes. Calculate the meén of the

deltas r(differential_s) of absorbance and express the delta of absorbance'lm'in

Calculation: 1 U = the amount of enzyme to produce one micromole of p-nitrophénol per
minute. Coefficient of molar absorption of p-nitrophénol = 18450, mmolaire = 18,45 pymolaire
=0,01845. For a sample of 20 pl: APA (U/L, or mU/ml} = deltaA x 1020/0,01845 x 20.

Quantity of proteins. _-

Coomassie solution is prepared as follows: 100 mg blue of Coomassie (Merck 1.15444) + 50
mi ethanol 95% + 100 mi HsP0, 85% + H.0 to 1L, homogenize and filter. Solution containing
bavine albumin 1 mg / miis prepared as follows: 10 to 50 pl de' BSA (1 mg/ml) + H,0 to 1 mi.

Samples are prepared as follows: 200 pl supernatant + 800 pl H;0 or 500 pl supernatant +
500 pi H20O. Add 2 ml of the Coomassie solution and vortex. After 5 min, measure OD at 595

nm. Express the protein in mg / mi.

" For each sample the APA level is reported to the total concentration of protein (mU /mg

protein). o
Result: Alkaline phosphatase (n=10). APA : 683 £ 126 mU/mg protein (mean % SEMY); Range: |
274-1472 mU/mg protein ' '



10

15

20

44.3 17.1 70.8 20 640 43 >65% N2 32 60 50 12 28 20
773 4-1-

WO 2007/093431 : _ ~ PCT/EP2007/001360

52
Mineralization capacity

At day 14 -of -the culture, one 6-well plate is seeded for the 'study of the capacity of

mineralization.

At day 21 the media of this plate is changed to MEM +15% FCS + 50pg/mi ascorbic acid +10
8 M dexamethason +10mM B-glyberophosphate (EMEM, BioWhittaker BE12-136F; FCS In
Vitrogen; Ascorbic acid Sigma A-4403; Dexamethason Sigma D-4902; Baglycerd_phosphate ‘
Sigma G-9891)

Visda!ization of mineralization by a Alizarin coloration at day 23: fix the cells in formaldehyde
4% in PBS, rinse with PBS, incubate with Alizarin red 2% pH 4.1 for colbi‘a_tion. -

Mineralization is evaluated as percentage of total culture dish surface (n=10)

Specific examples of the above measurements in patients

patients | Marrow |MNC |MNCx | Harvest | Harvest Cells APA BSP | PINP [ Mineralization

(ml) x10° |10fin primary | secondary {injected |(mU/mg ngml | (% of total
after | culture | culture culture (day | (X 10°) | protein) surface)
Ficoll (day ) x [20)x 10°
10°
Nel 27 443 1443 17.1 70.8 20 640 ++ |43 >65%
N°2 32 60 50 i2 28 20 773 + (82 >65%
N3 |31 156 156 |15 |122 20 274 |26 |>65%

In further experiments, mineralization capacity as high as 75% or more at 1 week was even

observed (see Fig-ure'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 >89%) 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 P1NP and BSP positivé. 35% to 65% of these celis were CD34+. (In
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In further experinents, mneralization capacity as

high as 75% or nore at 1 week was even observed (see
wa Wor/es3n. 15Profiling of markers Marker exprBGEEPR007/001360
was foll owed as above and/or by antibody staining and
flow cytonetry of the cells. These experinents

yiel ded the followi ng picture of marker expression in

t he harvested cells.

53 .
the total population, this corresponded to 80-88% ALP+ cells, 40-98% CD166+ ceils and 60-

98% CD63+ cells.)

In additic;n, the total population contained endothelial cells or -progenitors thereof in an
estimated quaritity of 5-10% of total cells. Of these cells, 50-75% were positive for vVWF (Von
Willebrand Factor), 25-50% were VEGF+ and 25-50% were CD133+. About 50% cells co-

expressed CD133 and VEGF. All these cells were CD34+. (In total population, this
represenied 1 -4 % CD133 positive cells, 1 - 4% VEGF positive cells and about 5 - 8% VWF

positive cells.}
Further marker prbﬁling allowed the inventors to define the present celi types as also detailed

elsewhere in this disclosure.

Example 3: Transplantaﬁon of the cells of example 2 to patients.

In one example, a patient with stage 2 osteonecrosis of the femoral head was treated by
osteoblasts implantation into the hip necrotic zone, according to a method pre.viousiy
described by Gangiji et al. 2005 (Expert Opin Biol Ther 5(4): 437-42; J Bone Joint Surg Am 87
Suppl 1:106-12) '

At baseline, the patient had a pain score (visual anaiogue score - VAS) of 38 mm (out of a

rtotal_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 ostecblast implantation demonstrated a marked improvement in joint
symptoms after 3 and 6 months: the VAS score fell to 0 at 3 and 6 months (Figure 1A),
WOMAC fell to 0 at 3 months and at 6 months (Figure 1B) and the Leguesne 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

L.esquesne 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



The total popul ation was >95% (or even >99% CD45-,
CD19-, CDl14-, CD90+, CD73+, 20 CD105+. 90-95% of all
cells could be characteri sed as osteoprogenitor or
v resiobast phenotype. OF these 100% was ALP+, poQver30fH001360
was CD166+ and 65-100% was CD63+. These cells were
al so P1 NP and BSP positive. 35%to 65% of these
cells were CD34+. (In WO
2007/ 093431PCT/ EP2007/ 001360 53 the total popul ation,
this corresponded to 80-98% ALP+ cells, 40-98% CD166+
cells and 60- 98% CD63+ cell sg) In additi on the
p cQn elial ce
iy BYCSEHAL, CBRALTE B NEH Spafit oo reguitga, toal hip
renbﬁcemn*al cells. O these cells, 50-75% were positive
for vVWF (Von 5 WI Il ebrand Factor), 25-50% were VEG-+
- and 25-50% were CD133+. About 50% cells co-expressed
CD133 and VEGF. All these cells were CD34+. (In total
popul ation, this represented 1 - 4 % CD133 positive
cells, 1 - 4% VEG- positive cells and about 5 - 8%
VWF positive cells.) Furt her marker profiling
al l oned the inventors to define the present cell
types as also detailed 10el sewhere in this
-di scl osure. Exanple 3: Transplantation of the cells
of exanple 2 to patients. In one exanple, a patient
with stage 2 osteonecrosis of the fenoral head was
treated by osteoblasts inplantation into the hip
necrotic zone, according to a nethod previously
descri bed by Gangji et al. 2005 (Expert Opin Biol
Ther 5(4): 437-42;J Bone Joint Surg Am 87 -15Suppl
1:106-12) At baseline, the patient had a pain score
(vi sual anal ogue score - VAS) of 38 mm (out of a
total score of 100), and hip functional scores of
WOVAC 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 osteoblast inplantation
denonstrated a marked i nprovenent in joint



20 synptons after 3 and 6 nonths: the VAS score fel
to 0 at 3 and 6 nonths (Figure 1A), WOMAC fell to O
at 3 nonths and at 6 nonths (Figure 18) and the '
Lequesne index decreased from 11 at baseline to O at
3 and at 6 months.. In anothgr exanple, a patient with
stage 2 osteonecrosis of thé fenoral head was treated
by osteoblasts inplantation into the hip necrotic

, according to the same nethod. At 25baseline,
the patient had a visual anal ogue pain score of 6 nm -
and a functional score of Lesquesne at 3. The patient

1Aﬁ&gg@g@g@ﬁmgﬁbeggkﬂghg4nplantatlon denonstrated a
I mpr-ovenent |ns#0|nt synptons after 3 and 6
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thatt he Lequesne index fell to O at- 3 nonths and.at 6

o oo ety 3k L0n® BOSER R (a0 e 8% 8L type,
0s PESe| @@ﬁfbiypﬁs 1 §ﬂﬁ@é€ﬁm@q Qrmemge BN arksi fone eploace"e(lBSP) with

.55 (2T}La‘N &t dne AnicsP) %rﬁ&uFéeMteo?RﬁéHt&t h%eﬁ&%h'f?&nr 81363_and

t nan ost eoprogeni tors, eobl asts or osteob
Hb ceIIs characterised in that:
- they are p05|t|ve for CD90, CD73, CD105 and nega’nve for CD45, CD19 and

CD14 and

(b) endothelial celis or progenitors thereof which are.CD34 positive and further express
at least one, at least two, or all three, of von Willebrand factor (VWF), VEGF and CD133,.
- said isolated cell -population comprising at least 80%, preferably at least 90%, and.more
_'prefekabfy at, teast 95%, of hurnan os-teoprogenitors osteoblasts or osteoblast phenotype cells as -
defined under (a), and wherein the endothelial cells or progenitors thereof as def" ned under (b)
-constitute less than 20% of all celis def‘ ned under (a) and (b)

- 2. The isolated cell pop' fation according tc claim 1, wherein any one, mere or all of the following

app!y IF’I respect of the human osteoprogemtors, osteoblasts or osteoblast phenotype cells under
- (a) the cells are negative for osteocalcin (OCN), - the cells are positive for CD34 the cells are
" negative for CD133.

3. The isolated cell population according to any of claims 1 or 2, wherein the following apply in
respect of the human osteoprogenitors, osteoblasts or osteobiast' phenotype cells under-(a)' -the
- cells can mineralize the external surroundings, or synthesize oaicmm—contalnlng extraceliular

maitrix, when exposed to osteogemc medium; - the cells



they co-express (1) al kaline phosphatase (ALP) of the
bone-liver-kidney type, procollagen type 1 '
am no-term nal propeptide (P1NP) and bone

sial oprotein (BSP) with (2) at least one stemcell /

I mmat ure osteoprogenitor marker chosen from CD63 and
CD166, and they are positive for CD90, CDr3, C0105
and negative for CD45, (C019 and CD14, and (b)
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4 positive and tfurther express at
I st two, or all three, of von WI|ebrand factor
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cong@y hlsmamgostﬁ')pﬂo@aﬁtbrsﬁ&%obﬁftefoe badiblastatheh@ et celbOHaraaBfked in
mattore preferably at |east 95% of human -
.~ O0steoprogenitors, osteoblasts or osteobl ast phenotype 4
' ceI | s as toefdorpedresmide plkgliag phesniobtash dAlP) nf theeone-liver-kidney type,
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cal-cium contai ning extracel lular matrix, when exposed
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ren

vt o b uah b yteRiRrs Raohlest O%W%'agfo?%ecg@e&e'iw under
~(a): pthp lqéiatarmgamﬂﬁmcsheurgtcin (OCN); - the (cells aleumusitive for CD63; - the cells are
o 2B Q90 el AR A4S O 05t e0bl ast phenot ype

' s characterised - they

B b BRCBEIRAEES (501 PE S e e
respatidfithe huemaniosabprpgentapidsaebidsBldNdjtedtingt frengype cells under (a): - the
cells %r@lnﬁrﬂarreﬁ&ee L é@éﬁgl Lﬁhdhﬁ% (Er h%pﬁgsn%t C%P %m@r_tontarnmg _extracellular

dot hel'1al” progeni
"BVKH@FHﬁN%B%UQPﬂﬁ%ﬁmﬁoﬁﬁ@EBOﬁEGﬂBS CD105 and negative
for CD45, CD19 and CDl14, and (b) endot heli al

cell's or progenitors thereof which are CD34 positive
~and further express at |east one, at |east two, or
all .three, of von WIlebrand factor (vW), VEGF and
CD133, said isolated cell population conprising at
| east 50% preferably at |east 80% nore preferably
at least - 90% and even nore preferably at |east 95%
of human osteoprogenitors, osteoblasts or osteoblast
phenotype cells as defined under (a), and wherein the-
endot helial cells or progenitors thereof as defined
under (b) constitute less than 20% of all cells
defined under (a) and (b). 5. The isol ated cel
popul ati on according to claim4, wherein any one,
nore or all of the follow ng apply in respect of the
human ost eoprogenitors, osteobl asts or osteobl ast
phenotype cells under - (a): - the cells are negative
for osteocalcin (OCN); - the cells are positive for
CD63; - the cells are positive for CD166; - the cells
are negative for CD133. 6. The isolated cel
popul ation according to any of clains 4 or 5, wherein
the followi ng apply in respect of the human
ost eoprogeni tors, osteobl asts or osteobl ast phenotype
cells under (a): - the cells can mineralize the



57 substantially do not differentiate towards cells
of adi pocytic |ineage nor chondrocytic |ineage. 7.
The cel |l population as defined in any of clains 1 to
6, for use in therapy. 8. Use of the cell popul ation
as defined in any of clainss7l to 6 for the '
manuf acture of a nedi canent for the treatnent of a
bone-rel ated disorder. 9. Use according to claim S8,
wherein the cell popul ation as defined in any of
clains 1 to 6 are to be admnistered at a site of
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wherein the cells as defined ‘'under

) re obtai ned froma subj ect to whom
2 @s#&' Bealioonataasd By o SR BT Rk B 11 Use
according to any of clains 8 or ‘9, wherein the cells
8. Uge diehe nalidpapnidigen @@ efined amynoof clhiass ris tol 6 tfar e ananufacture of a
mediBhehsdnd 6Bt B RbGRItih beL A from but of the
sane species, as the subject to mhon1sa|d cell

ulation is to be adninistered.
S. LE%E PreBe ta 80 18, WHRSEHIN F Porkiation F%?‘eﬁ@e‘{ § é’“Y:%ﬁ qaims 1 to 6 are to

be guioyistepdd b sesofdehé ksidn.i n any of clains 1 to 6, -and
sui tabl e for adninistration of the said cells or
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haceutr onmposi tion accord
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- 14. An arrangenent conprising a surgical instrunent
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| esion and _furth arnaceutl
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. whoptseid elrpopietion s tarhg exfmimistara. adapt ed for adm nistration o
of the pharmaceutical conposition at the site of bone

12. A Qﬁénﬁéteutical composition corfiprising the cell population as defined in any of claims 1 to
6, and suitable for administration of the -said cells or isolated cell pOpulatibn at a site of bone

‘lesion,

. 13.-The pharmaceutical composition according'-to claim 12 further comprising a carrier matrix or

- substrate.

14. An arrangement comprising a surgical instrument for administration of a composition at a site
of borie lesion and further comprising the pharmaceutical composition as defined in a'ny of claims
12 or 13, “wherein the arrangement is adapted for admmish'ation of the pharmaceut;cai

-composition at the site of bone lesion.



