WO 2009/135905PCT/EP2009/055549 NOVEL MESENCHYMAL STEM CELLS AND
BONE-FORMING CELLS FIELD OF THE INVENTION The invention relates in general to the fields of
cell phenoty g]'fferentiation, and to uses of cells in medicine. More specifically, the invention
identifies a n%?\?v%rﬁ%ée?g% 'J"ymal stem 5 cell (MSC) type and a new bone-f@rﬂ{ﬁ‘gzgg?f%Fé? and
concerns osteogenic differentiation of said MSC, and therapeutic and prophylactic applications of said
MSC and said bone-forming cells in bone diseases. BACKGROUND OF THE INVENTION
Transplantation of stem cells capable of or having a propensity for undergoing osteogenic
10differentiation is a promising avenue for the treatient of bone-related diseases, especially when the

treatment requires pé%%;gti . r r glc % or mesenchymal stem cells
(abbreviated as BMSC or *X@E%%%ﬁgaﬁ?@é%%? \aﬂﬁé &r% ﬁ‘d?e %Wﬁw&a%'éhlﬁone marrow and
several oth rltissuoes based on the adherence of these cells to tissue culture plastic. MSC mostly
demonstrat EhH- fg HStM%ﬂTﬁ?&oderm-related fate, Le., the capacity to undergo osteogenic,

adipocytic ap, M%R(Mﬁ@e@ﬁ?ﬁ@ﬁ%%ﬁ@tl(%)iﬁg%ly&;(%ﬁi%hlér%ggpesﬂgrpb%ﬁ &%éée%ﬁ%@; fé‘é} ugh MSC

capable of producing neural, liver and muscle cells have also been reported (Prockop . Science
276: 71-4). oAl B2 TBRAAEE B EXRESLBM ot SaRBRIA iSRS RRIHRTSSHARIRARY S nong
others 20 0B (BSCDYOLANGDES:. Moedovaingiseldyies. ardgemseatly stevgsNSTasmietative for the

0034 antigeguigviaE, isningieag i wnRderbpnpistily fxincassed dndamaser ahl ot aBH-carRikelial cells.
In particuIar%%q;’fﬁa%g%t%gsg&ne marrow originated MSC have not been described previously. Also,

enhanced osteogenic and osteoregenerative properties have not been described previously for

0034-positi rti r , -positive MSC 25originated from bone marrow. Bone
RO g e R TIoK

marrow transp een emp o treat bone disorders (Gangji et al. 2005. Expert Opin

Biol Ther 5:rigfsfi2atmevasMels AL R rePIRsaI & PAneh PR iRRAf Alhcslisdygsent in bone
marroy samples gg}% can maoreover dlsgAg% yertr{ﬁ\ble tqnde{]cgzg for o?teogﬁnlc differentiation, such
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that a consi era%]e propor |(§)rﬁog}{ss‘89transp‘an ed telfeWoU
formation ofH& HEsTRiBH ecayEbR PIPRIEEan RNy Bead WO 2009/135905PCT/EP2009/055549 2

shown that gnly about 14% of human adult mesenchymal stem cell progenitors maintained an
osteogenic Q%“t’ér%t‘.%’i’?ﬁ%ﬁ& ﬁlé)cg'pg al'1859"y hégqr?%ﬂ%)ﬁqecre ﬁe%??zﬁvﬁi%%%ﬁ%%% &8%, there
exists a corftfififRig h B RS imrSveatied & dyfoRRIGI B 6T W b progieh RS, isstesbhasedor
bone-forming ¢edsafforneme sefntibyen atttam ttalls. LIBIHVIMARY MSE TiHds 1IN VENREDMNeTharpresent
inventgss haye defiermugsitinatasmallsubseyrf b%%@é@}ﬂ @%8&‘&@”@4%@&%’1% MRE S&dls

co-express at least one mesenchymal marker, such as for example 0090 or 00105, more preferably at
least CD105") ﬁo%%i{;ﬂ & %ﬁ@&‘ﬁ?ﬁﬁ?ﬁgeﬁe@n ?sfgﬁg coRsfSefto répresefiNpgaiitblood and
endothelial eanade el edeqiag neural, liver and muscle cells have also been reported (Prockop 1997.

Science 276: 71-4).

MSC may be defined by expression of soluble and surface markers, including among others
20 CD105, CD90 and CD73. Moreover, the prior art generally shows MSC as negative for the

CD34 antigen, which is instead known to be highly expressed in immature blood and

endothelial cells. In particular, CD34-positive, bone marrow originated MSC have not been

described previously. Also, enhanced osteogenic and osteoregenerative properties have not

been described previously for CD34-positive MSC, and particularly for CD34-positive MSC
25 originated from bone marrow.

Bone marrow transplantation has been employed fo treat bane disorders {Gangji et al. 2005.
Expert Opin Biol Ther 5: 437-42). However, MSC may only represent a minor proporiion of all
cells present in bone marrow samples, and can moreover display variable tendencies for
osteogenic differentiation, such that a considerable proportion of so-transplanted cells would
30 not eveniually contribute fo the formation of the desired bone tissue. Indeed, it has been



10Compared to general MSC cell populations, this new cell type expresses significant levels of
alkaline phosphatase (ALP), a bone-cell marker, and can synthesise and mineralise new bone matrix.
Hence, the c&)&lzﬁ%%%g%a relatively high potential to produce bone-formingt cells useful for bone
reconstruction.” The inveritors have also observed that the cells can be gré) R&Egiﬁoé’ﬁd%‘ﬁ?whereby
adequate quantities of bone-forming cells can be generated for 15 cell-based therapies particularly for
bone disorders. The present inventors succeeded to enrich MSC cells for the above cell subtype,
which then maintains its phenotypic and biological properties. An aspect of the invention provides an

isolated mesenchymal stem cell (MSC) characterised in that it co-expresses at least one

mesenchymar\ll ma{#etr and lcC):Dt31440 Of furtheriﬁpectoéa%ei a method for obtaining% MSC cells
co-expressing at 16ast oné mesen@Rymay tharker Bt P SIHPREIhY SHHERT BFTRBRARY from a
population RIASENI NSt ERiBdPRTitR RS iR cd Roqsriknes Resal 40431 ©B8)mesenchymal marker and
CD34. An emb\pgimﬂqu'ge%;og'des a mtethod for. obtaining MSC cells co-expressing at least one
mesenchymal Marker and 0032 ESmprisifg (o ISBIARRY MSERENE o Aeeh iS58 Lubject; (b)
optionally eARERMBEEATEy expablaniyahonsdorsncasEyrangse)@mriehiig orabslating from the MSC
cells of (a) or (b) a subset of cells which co-express at least one mesenchymal marker and 0034.
Anothe asEéVMARY Oio TE ANYENTEBMInable by a method comprising isolating from a population of
MSC cells al_gubset of cells whic co-ex§ress at least one mesenchymal marker 30and CD34. An
embodiment BroUigEd MBE RIS B SaBE T Ll GotialsiRyes) igbisairi B 068138005PCT/E
2009/05554853Misd Mells Frbgnca-supmsie of lgasisjeectm@scophionallyekparticty ahdomS@nupls of (a);
and (c) isolatmgpise mriigs Mke prdreblpiesb) coswbselwinslls whishksareXRiRIA: laaghpne

fpsndndllc P R S e e e R e

mesenchymal stem ce co- 5expressing at least one mesenchymal marker and 0034 as
defineddn aoyrofdhe preeadisg\aspesisodpshatrsetappeaciaipd taalihie REASamHINAN R0
encompasseRAURIBRNIIAHPRS of MRCLR I ARd callponafions.As O abwe, such as MSC
cells co-expressing at least one mesenchymal marker and CD34 and cell populations comprising such
MSC cells, RBCItRIRY FRETSI B GRITRGSSTRS RMANE EXPh aRignEH R MRy esqloRy SHitingy) and
post- enrichtaéntssipandimgofaaicsMEEtellssandoriispopel atinsh sk iuthbatdspectipravitdes a

‘method for iadtpsppandingrtisglated mrssnsivaabetem ssilsidy S5 el hkisplated MSC
which 0-express a I%ast ane mese cgdfnlalﬁ)mnark tsro?gg 0Q34 as taught herein, comprising exposing
said M% A 28 fadtSr AR d or Ah gﬁﬁ?@%é’ﬁ‘f@’ﬁ?&/\ﬁm@%‘? Peferably to

Ccellstoa aem %%Spglaerﬁ%“garr ‘
a haematopSiBee Yifwitefiscior died eehgrRibenre growttdadien engintgrenissopiaortyiaemétopoietic
growth factaisiegichiosrogeties more angiogenic growth factors. This method may also be adapted for

obtaining from an MSC population (Le., a relatively
An aspect of the invention provides an isolated mesenchymai stem cell (MSC) characterised

in that it co-expresses at least one mesenchymal marker and CD34.

20 A further aspect provides a method for obtaining MSC cells co-expressing at least one
mesenchymal marker and CD34 comprising enriching or isolating from a population of MSC
cells a subset of cells which co-express said at least one mesenchymal marker and CD34. An
embodiment provides a method for obtaining MSC cells co-expressing at least one
mesenchymal marker and CD34 comprising {(a) isolating MSC cells from a sample of a

25 subject; (b) optionally enriching and/or expanding the MSC celis of (a); and (¢) enriching or
isolating from the MSC cells of (a) or (b} a subset of cells which co-express at least one
mesenchymal marker and CD234.

Another aspect relates to MSC cells obtainable by a method comprising isolating from a
population of MSC cells a subset of cells which co-express at least one mesenchymal marker
30 and CD34. An embodiment provides MSC cells obtainable by steps comprising (a) isolating



more heterogeneous MSC population) MSC cells which co-express at least one 20 mesenchymal
marker and CD34, and/or enriching an MSC population (i.e., a relatively more heterogeneous MSC
population) f %I which co-express at least one mesenchymal marker and CO34, by means of
suitable Cu|tl%%pé%%ﬂ%§| i%ns. This entails exposing said relatively more he]fg%sg%?g%’&?ﬁgpulation of
MSC (e.g., MSC cells isolated from a sample of a subject) to a haematopoietic growth factor and/or an
angiogenic growth factor, preferably to 25a haematopoietic growth factor and an angiogenic growth
factor, e.g., to one or more haematopoietic growth factors and/or one or more angiogenic growth
factors. Advantageously, the method may obtain antl/or enrich MSC cells comprising expression of

0034 and or&ngrch r mesenchym | m rke{_s tﬁuch as Preferablxé)?é?S%DQO and/or 0073, also
preferably at least CDL0b- from a < aart%f?aj%cr PR AS R SR RFE BT MSATRIS HGE A Che
enriched-folIIsOTEMs iy Wik eslisres<mrrbihae sitesp sibtelandiioh casdotiskal ahisd@rensuch as for
example 004ks00h3thaChitdar@idd ¢ eewl/or 0019. Hence, WO 2009/135905PCT/EP2009/055549 4 in
an embodiment the enriched-for MSC cells may comprise expression of 0034 and of one or more or
preferably aftiest BRIt iEBORY aRpMETPNTaIoEShYe fBeabNA R e2ese001 052 StrimsalsI A6k Ghecexpression
of one ar mexpresygferaalyt ateohEdRASH PR 33D 3hd QLY asdiGbddirdvastagesdshaiige present
method realcjgggtggj increase in the proportion of MSC cells 5 comprising co-expression of CD34 and
one or more mesenchymal markers in an initial MSC population in the course of the application of the

method (forlesiaihpke afipradued|izitiing pxperinterhtios picopsitomat&ds 1QRone v aBtbeadd34 positive

MSC cells i ti %% f 49 ing cult
Advamageo“ﬁ%?éﬁ%é??é’%‘ﬂ%ﬁﬁé%%’s %ffﬁ%?ﬁi%%%@ﬁ% Sl T MR e 1o
e

”
angiogenic §PSWHTTEAEEYEEs t T Ul BTy OB LG GarP BEnsh §EFc Brop&Riles (e.q., as
demon$tratE$ByineL Plerxpre sl agoraiaie ingy atxd betiedicialriohtnarign g brisotiopesidspisty., as
demonstratedrfyriMernth WFsexpvessianaadieebysparillary-like structure formation in a suitable
assay). Hence, also disclosed herein are MSC cells in general, and MSC cells co-expressing at least

is one mesenBhiierAsPRAKEP EERF ODBANPO AT e vikp SxPRaENY SAlsoMBCreeskdiwplalstsmsaisteogenic
properties (a9Ujtahldautiwisbpisdimisationide moasirate bl Ak BRXpIessienn hamaymafic activity
and/or ALP staipning) -angi Ic. properties ( iakly but without limitation demanstrated by
axpression S NE Al VEaE G A SRR oL s o

branchiéd n&5105806{Sr Frardine brpeuliyBtibe SiFfe Ry %ﬁé@%‘?ﬁ*@ﬂ@?ﬁﬁ@ﬁ%@d’ﬂﬁfr@é’l model).
Further contampiatgeharereeth paperlation comprisiog saohadwp@etedsowis tapiroy mretbaradSC cells

obtainable grglirestivabirinedBy=saic methods of expanding or enriching MSC cells or cell
populations using a haematopoietic growth factor and/or an angiogenic growth factor. 25Another

aspect relatésisoneibtifonefaiadifferantipiddgion oitkining mesendh$m aicstdatiaeis(MSERbaigxpressing
at IIleast ogem;ﬁem@wgﬁimk%ﬁmd&@%%ﬂaﬂe@d tithe \mﬁ%ﬁe%&%ﬁ’a?@&ct%c iﬂé%steogﬁéforl[ning
cells, such as for exam steoblasts or osteopra enitors A further aspect provides bone-forming
cells, gﬁch 3138 %rn e%iﬂrﬁgﬁa%s%%ﬁasts g’raso c%tgg%rfga A OMSS:COB?Q%E%% E)‘? 'dﬁfgerlgﬁ f’ﬁirr\”g0 T vitro the
mesenchyrﬁ@l@f&ﬁ’@@ﬂ% wg@})@éaﬁm) for MSC celis which co-express at least one mesenchymal

marker and CD34, by means of suitable culturing conditions. This entails exposing said
relatively more heterogeneous population of MSC (e.g., MSC cells isolated from a sample of
a subject) to a haematopoietic growth factor and/or an angiogenic growth factor, preferably to

25 a haematopoietic growth factor and an angiogenic growth factor, e.g., to one or more
haematopoietic growth factors and/or one or more angiogenic growth factors.

Advantageously, the method may obtain and/or enrich MSC cells comprising expression of
CD34 and one or more mesenchymal markers, such as preferably CD105, CD90 and/for
CD73, also preferably at least CD105, from a starting or initial MSC cell population.
30 Advantageously, the enriched-for MSC cells may lack expression of haematopoietic and/or
endothelial markers, such as for exampie CD45, CD133, CD31, CD14 and/or CD19. Hence,



WO 2009/135905PCT/EP2009/055549 5 expressing at least one mesenchymal marker and CD34 as
defined in the preceding aspects, into bone-forming cells. As at least some of such bone-forming cells
can maintain&hezggsl‘el\g%lﬂt expression profile of the originating MSC cells, another aspect provides
isolated bonéddAming cefls, such as for Sexample osteoblasts or osteoprddeitBIY 45Tt terised in
that they co-express at least one mesenchymal marker and CD34. Further disclosed is a cell
population comprising isolated bone-forming cells co-expressing at least one mesenchymal marker
and 0D34. Hence, also disclosed is a cell population comprising isolated MSC co-expressing at least
one mesenchymal marker and CD34 as 10taught herein and further comprising isolated bone-forming

cells co-expressin tz)altg}east one m_egegc;@ym marker and 0034 as taught herein. It shall be
appreciated AT e BPELM R IRKBRS d"ﬁé&ﬁ%‘ﬁé@%\é@%‘?f@ﬁsﬁﬁ%ﬁﬁakﬂfﬁg% phelfSKming cells

and cell poptilansnsraxsedacitit el Hifc e RS bantGbnhialgcetfasble rpliessiff Hitlcast nag
mesenchymatimeskaprreQ034anet eallooaniations camisising dssueh bose-fasming£efsgincluding
inter alia culfuri intaini ndi riching (e.q.. by sorting) and past-enrj ent expanding
of said bone’s-\lé()%ggg%‘g’ gﬁ%g%%ﬁgrﬁépg%ﬁ?ﬁ%aggo %g]ggeeg Ts'3 }ﬁ%ggg@@p %b%l@lgn%l B%ﬁﬁe-forming

orming ¢ : u
cells co?exprelEHRy GIeaXP R SR ARG RSP UR &' BB RERIDIISTHGr8ifMerR iMiEaINGSASC cells

co-expressipgpséitbat ifedst onesaesehehyspidatharkeriaadn@Bdd oberenfprmingscels-iziiGych

bone-formingselis5o-axPr53agAt iachans RssenchvmabBarkaLand QR34 may plsge obtained

by other methods, Hence, disclosed is a method for obtaining bone-forming cells co-expressing at
least one m@ggﬁ%"ﬁg&]@ﬁiﬂ%ﬁ%%%%ﬁgifeg}ﬁ HiEing &AHHIRG BFtEBlating from a population of

bone-formingycaie gesudis ot calls Whishico-SwpsessRaich ¥/ east Snenesenalymal-nagker and
0034. AEP embodlmentE a 25 method for obtagﬁ%\g%g&formm?ﬁcells co-expressing at least

1 ngiogenic Ju?i igiae§ fau m?larem a ic or
one mesenéhymaT hiat q 604% oM ays6l ShESIAIR S HERSIPLRERE D le of a

eran prising (
subject or difféterRtafiffi BHaE NG LERIRXPFERT IS ENd cttgiataterdr oanelisahpie Blivsetiject; (b)

optionally epriglitigsarsdor axpamding she heneAermiaoveells ekiedsant 4a)onnighingim-jsaating from

the bone-fom&@%%gti@i%@}tgb%@gg%,;f cells which co-express at least one 30 mesenchymal
marker and 0034. WO 2009/135905PCT/EP2009/055549 6

Hence, also disclosed herein are MSC cells in general, and MSC cells co-expressing at least

15 one mesenchymal marker and CD34 in particular, wherein said MSC cells display both
osteogenic properties {as suitably but without limitation demonstrated by ALP expression,
ALP enzymatic activity and/or ALP staining) and pro-angiogenic properties {(as suitably but
without limitation demonstrated by expression of VWF and/or VEGF, preferably vWF and
VEGF, and/or by ability to organize into branched neo-vascular structures or pseudotubes in

20 a suitable model such as a Matrigel model). Further contemplated are cell populations
comprising such MSC cells.

Also provided are MSC cells obtainable or directly obtained by said methods of expanding or
enriching MSC cells or cell populations using a haematopoietic growth factor andior an
angiogenic growth factor.

25 Another aspect relates to methods for differentiating in vitro the mesenchymal stem cells
{(MSC) co-expressing at least one mesenchymal marker and CD34 as defined in the
preceding aspects, into bone-forming cells, such as for example osteoblasts or
osteoprogenitors. '

A further aspect provides bone-forming cells, such as for example osteobiasts or
30 osteoprogenitors, obtainable by differentiating in vitro the mesenchymat stem cells (MSC) co-



A further aspect provides a method for in vitro expanding of isolated bone-forming cells, preferably of
isolated bone-forming cells which co-express at least one mesenchymal marker and CO34 as taught
herein, comprising exposing said bone-forming cells to a haematopoietic growth factor and/or an
angiogenic g‘?(%\/zt %{c%?? preferably to a haematopoietic growth 5 factorgﬂy%l??%ﬁ/@%@?nic growth
factor, e.g., to one or more haematopoietic growth factors and/or one or more angiogenic growth
factors. This method may also be adapted for obtaining from a bone-forming cell population (Le., a
relatively more heterogeneous bone-forming cell population) bone-forming cells which co- express at
least one mesenchymal marker and CD34, and/or enriching a bone-forming cell 10 population (Le., a
relatively more heterogeneous bone-fo min? cell popul tiong for bone-forming cells which co-express
at least one“AeSEtich %ﬁ%%{}?(&e&%cbfﬁ'ﬁd“ﬁd‘%ﬁgaﬂ?% AL eH AP ESREINS AEPSEHs entails in
vitro exposiiiéediverilativglgafisore heterogeneous population of bone-forming cells (e.g., bone-forming
cells isolate frc%rp a sam le fof a sg\%)}"egg or,differjntiated from MSC cells jsolated from a sample of a
subject) to & hAeIRATopUIste &G AVR TRUIEIe o F A B G Rt g R PREE BB to a
haematopoiéficjesatRgdétsr aells sanehiciyentt pioldesfiscleled pnadambo caliereusherndtopoietic
growth factess:ape asebB AR RBPIOgRNS - grenadateds it yamagenusiyedhamaiiashéenay obtain
and/or ennqﬁ&g@gﬁg@pm@&g%g@@gﬂang expression of.CD34 and one or more mesenchymal
markers, such as preferably 0D105, 20 CD90 and/or CD73, also preferably at least CD105, from a
starting or iniiztdaneicsning cell popidaiotrshsiagrassiyotbacenighedSes-bopedarming cells

may lack expresgion mega%ﬁgrm%%%ﬁ%%fc%?&%%%% PiRs ef’c}ié_ffé’rg%ﬁrfﬂ%lﬁa&%“is’

CD133, CD31, CD14 and/or CD19. Hence, in an embodiment the enri or bo rming cells may
comprise eXPrRESEN FYHSEMa 67 EHRISERBA G351etaBPaN GV eB T e 508 SRPEPY3, also
25 preférabiguahidaseiC PAO5 rted ¢oaprisiok thelateg essidirofrgneier cnereespngfet addyt alhef CDA45,
CD133, CDgbsérivinand Mt Snddvantagenysindiae present method realises an increase in the
proportion of bone-forming cells comprising co-expression of CD34 and one or more mesenchymal
markers in #réhaitibe bonesotatittptiil pagsalkitiorenichalso srswodthecapplicaticrmubtimionetiod.

30§fvantagme§bmweei;srm&agcamltﬁ;@mh@@ﬁ}@egsaﬁd@ﬁ gtﬁ&i@@,ﬁ@hﬁy sxpRangIxhgematepoietic
and/or angiggenic.growth. factors as taught herein may di oth adequate osteogenic properties
e e BB A 0 B Th B AR RaRR Ry
2009/13596% PRGOS 40U RS 4Ry G Attt B spaitaiaing, & wrshive natriskinedy- 9wWF and
VEGF expregsiotirandiordogtieapitiangdikegsindoigre saiaratiesdmanguisablaassapdpblenae, also
disclosed herein are bone-forming cells in general, and bone-forming cells co- expressing at least one
mesenchyn‘?é?%%iﬁ?@s%d%%%PBafﬁFCB%?ErWHe?@ﬂ?é%ﬁ&'B%r%’-ESS%ﬁ’FﬁFﬁj‘%@%saai?@%y%éth
osteogenic pespechipsdbs atitakbhd BLD Wittrout isindaditerelembysiiSeddiy Ad-Bxpxpeessiang Al_P
enzymatic achivibhaRHQL-Aimal ARG Mt BRARYigeRicRgRelties (as suitably but without limitation
demonstrated by expression of VWF and/or VEGF, preferably vVWF and VEGF, and/or by ability to
organiZé intdubhabaieetdincoy asds lav-stretsigs @ ipsguistubesiniasaltatddenadél G0tk asa Matrigel

model). Furigr OSQBIBNAeHATR Q800 PHIRIOAE S ABALSIGSHGHRAEIP UBIRi S hendISO

provided arg bane-forming cells obtainable or directly obtained by said meth f expanding or
enriching bg)ﬁg_w&rrﬁfﬂg ce |gxgﬁe§gw%0§u{|ga§ng ﬂuesirr{é Y %é’ﬁgko%’gﬁ%?fc ag?éw%g%gctcoor aret an
angiogenic BHARKAE SR BIEhfOmbd dRAEatoth e haweritophie teil§revsubsat ©r saks Wiidh d@-any growth
factor havingpiésslamionstrable baematepoigticaetivityrasnknonsuinAhearogHahagr@igesbging
capablg of {echiing:. BGIRABrelisANgRANURL sl AIng Bagmatanaietic, cells.nan gabodiment,
the haemat%ﬁ%lﬁgtlclé;rowth ag:,tor as mtent%%d throuqhout IS specification is chosen from a group

comprising RERAY"Sr R I8 SHRONSHRGYREER'S [CR RS PRGEY a4kt R gt eeiaiiecsr),
granulocytebpngriotyies G& (GN-BSF)catiseitelaad IfFd inckrdimig ivfer adidject; (b) optionally
enriching and/or expanding the bone-forming cells of (a); and (c) enriching or isolating from
the bone-forming cells of (a} or (b} a subset of cells which co-express at least one

30 mesenchymal marker and CD34.



20 IFN-alpha and IFN-gamma, tumour necrosis factor (TNF), and haematopoietically active cytokines
such as inter ails interleukin 2 (IL2), IL4, IL17 and 1L18. Preferably, the haematopoietic growth factor
may be cho -CSF and IFN-gamma, more preferably may be |E CT/%a{pme}l sln an
embodlment t e anglogenlc growth factor may include any growth factor haV|n S eonstrable
angiogenic activity as known in the art, such as, e.g., being capable of recruiting endothelial cells or
inducing the formation of capillary structures by endothelial cells. In an embodiment, the angiogenic
growth factor as intended throughout this specification is chosen from a group comprising or consisting
of platelet-derived growth factor (PDGF) including isiter alia PDGF aa, ab, bb, vascular endothelial
growth factgrs (VEGFE1 or. 30 2). Von W lebrand factor (VWFE iopoietin 1 or 2, fibroblast growth
factors (FG 1sf CE PSRN actéré) @rr 4h %QF ACtor oF h iﬁg e Cere19IBe SHEr than
FGF-2) andpéﬁgﬁn%efe%maéeqb@mﬁpan@ﬂ@"émbewﬁ@afprﬁqsé awg@g@m@mmwa@tomﬁ@y be

chosen WQRO09EIEIALGHERSER 20095 EP&D G:frgrsatl rspaamprisings rassiatpgiatPDGF,
VEGF, VWF amﬂ'%&b%t@nafangﬁg’r@ogme@Wht&%@ﬂgg@g@%@ RrahipsiaImaeeRhiazen Tom

PDGF, FGE-1 an more prefera 0 even more prefera e PDGF.
preferably, | ﬁcedcﬁﬂ%ﬁ?oaga{%eﬁagrﬂ%esﬁaééﬁ&eg?csami?faeo?ramv%wawaﬁm%cgw {REIBF 5 the
MSC or bomd@mmcﬂ@&mw@mmeﬁj fasteferably concurrently exposed, to FGF-2 to further
stimulate the maln nce, e ansion, o% |n| enrlc ment and/or osteo %enlc differentiation of said

cells. Hence, I apr LEY & %%‘?ﬂa%t? 0P BORE-RSPIR S ELREP YR A ForPexample
MSC or boriélFtiehingaselkRetsngsrisimng @Rmégmmﬂowahmm@mmng@mmhymaI markers

as taught hespisssnayRMRSH SPERRGISAEHMSH PTboneIaHIRG folyta eaee%am@&ipwth
factors1 &hoe)gwggg}] C%}\{_;l Caglr:e I\élgar%pgah ADQC%F %ﬁgébige EF“C’?‘E%S e;P(E? 55(@ Oroge or more of

GM-CSF and IFN-gamma and r to one or more o xampcfe to one or

more of GMAFERILRS PRITaRREPETS & lAst P PnBIRSHIPYTC Magser. f%@@f’éFbS RASHAlly in these
embodimerasittideceiisimaydrditibbsaBuseqpaised, yire fonalsip g esidusteintlyy expesedety&sbu. In a

particularly psefeses PRRAREMR N NMRGorhRgREntormiRgCRls: éy&fa;ﬁé dp% Sugiple MSC or
bone- formlng Is 5.C0 ession of 0034 and one or more mesenchymal markers as taught
herein, may ¢ mp ise é‘%g fﬂﬁgjédﬁéd?‘)'?tﬁgﬁé’%ﬁnﬁﬂ‘aﬁg I%ft%?ﬁﬂeﬁ%n‘?n% haamERRAffent
noticeably @ﬁwa*ﬁc@@t%ﬂﬂé/@reége?ﬁi@wi@r@mﬁg|(§§é¢ﬂcnfhﬁﬁfabbeﬁistit§@¥msaemﬂwmw cells. In

another premmemmodh@e@mn@eﬁwﬂg fiadvl S otheme dormprathseiseesmlidsingv@xpiasaion of

CD34 and qpg,or Jpote %‘?@%ﬂ‘é dg Aad taught herein from an initial MSC or bone-forming
cells population, may comprise exposmg sal |n|t|al MSC or bone-forming cells population to one or

more growthdestas:otagemiomeBblGSly, tbhkigammes 2mBDGdneRahidgangiEGbndfargxample to
one or morw&w&w'Emf%@mwgf%g%%r% &L RRG Frg% JE%E’ {oﬁﬁﬁ for

example to§ne or more_of GM-CS d IFNgamma and to one or more 0 and FGF-3.

Optiondlly iff HEE YRTST e ?Fféeé%tﬂ@ WIéﬁ?ﬁ&éﬁ%%eﬁ%‘s%ﬁtam&éﬁmﬁb%ﬁ&f?@ﬂw &¥bosed, to
FGF-2. In appautitalarifdrrsfegectgynbbelintsinbehfichivgddoMBE orilbomeyfdanhireymelsioomiprising

expression pf303d-a0d e emw&mgmm RakeseAs kel heseln fram arctpiial MSC or
bone- formi Fel%%olgatlon ma égrsn%%_xggséﬂg %add M Cngr t%onre for rT%cells to. IFN- WO
2009/1359 8[I' 0 87855%‘4 9 amma his trea menf) no?cea%frI e(nﬁance %8W8gfgogen|c and
pro-angiog&EeSiaraidriddt 2t t?ifeoﬁé DeRRER eeREsTar ﬁﬁ‘btkﬂé'rﬁs%%@%rﬁﬁ%@‘&i sHafhaissutical
compasitiomreferpiisigeaseseroby mal sentack se MGk corenpoassing ol eastempReseschymal
marker and&%él@ré@%ﬂmbn @esm%ﬁ@dm @SR%§t%w%iJh%Q%gsggE%@&&§I éa%?@eéwed in the

precedlng aSEGC'[S such as bone- fO]j’t[?T'l ; cells co- EXDI’GSSIQ}% at least one mesench yma marker and
3

CD34, and OREDF Mot BRATHLCSIRCARy SELEhta e LT E XSRS AR Pt AR
compositiorfAiBy @saHEeal cullisepinaipmganberisifieai edbpuiation ot forunsegotdils, and one
or more phappacautieatheassaptable carrier/excipient. 10A process for preparing the pharmaceutical

formulation is also provided, comprising:
30  Advantageously, bone-forming cells expanded andfor enriched by exposing to

haematopoietic and/or angiogenic growth factors as taught herein may display both adequate
osteogenic properties (e.g., as demonstrated by ALP expression and staining) and beneficial



admixing the mesenchymal stem cells (MSC) co-expressing at least one mesenchymal marker and
CD34 as defined in the preceding aspects and/or the bone-forming cells as defined in the preceding
aspects SUCWZQ(%'}S%%EW”Q cells co-expressing at least one mesenchymal marker and CD34, or a
cell population’comprising such MSC and/or bone- 15forming cells, with Hd R B Gre
pharmaceutically acceptable carrier/excipient. The cell products of the invention are particularly
suitable for prophylactic and therapeutic treatments of bone-related disorders. Thus, further aspects
relate to: the mesenchymal stem cells (MSC) co-expressing at least one mesenchymal marker and
CD34 as defined in the preceding aspects, or the b@ne-forming cells as defined in the 20preceding
aspects suchr as bone-f.orming ells co-expressing af least one mesenckg_ymal marker and CD34, or the
cell populatfoRs o7 PharmAcsutieal eo%p%sﬁ%ﬁ%ﬁgé#ﬁ&%’ngﬁea@@lIgEol% dBFEFRB AL I6PYse in the
treatment ofarbigrcire pifechdpsrawmtion seagiuitedlaresarichymal stem cells (MSC) co-expressing at
least one m sggechg}fsmad.sng%rk%r@nd CD34 as defined innth,e preceding aspects, or the bone-forming
cells as 25defined in the preceding aspacts Such AL EHE-Ho PRI LeftadRRaSHEREM Gelf 18%st one
mesenchynfAPRETREr ArerS 38, 'BetRRcBEN P opelRicHy CORMdrisiregingae|lshascitefiridcbatove, for the
manufasturéoafiagneelisamens fonte toeatsgent obhpeeaiselatad diserersue wmetbad fantimating a

bone-related disatistotn g Sbiedl gl of e ieabell o ﬂ?&P%@@é&Eﬁ%@@#&gﬁfggsubject

a therapeutically or prophylactically effective 30amount of t senchymal stem S

co-expressifgPAORESPERE TS S8R HIARY Avhmiicuhimbasien demenmiate fhohexpressianiay Wbects, or the
bone-formirap@ells/ARSANO:009Y 1858 GBR CEER 2009/0 65 248itY Ocdefjae it dnirttcbprededingaspects

such as bonedanaisgeellscerSRIReIBEahIgaslape Mesanghymal mhgfeﬁﬁ%& 34, 9feihe cell
e

populajions ot phaymaceutical conposiions, comprising the gells s dgfined above. The invention also
prowdes an arrangement comprising a surgical | rument adapte r-administration of a composition

to a subjectasdchraadar example-sysiag icalyBEmAisie ofikene psitqand dudhatsemrpssing any of

the cells, ce t ceutical compositions defined above, In any of above gspects and
embodimen e t%}étﬁéﬁ?ébfnﬂgé%%*%%*%s'" P B R RS e dinge, coso
and CD73, At SR AbRPHGAREIGR BH1"0D105. 10Particularly preferably, the at least one

mesenchymﬁlﬁ%%ggmp% Igé%aatlﬁ?m é@g g%%% ggr Ct‘gone-formil[}g cells as t%u%r&okg rein may

O m
co-express at least CD105 and C some embo |ment§yofn§ny%faﬂ¥e95%wove aspecq\él,nﬂﬁe cells

(MSC Lells; 8185 fintP R RaBlisr iAo YR TPIefERaBIy, THE NS - thalbisyifaaP i &th bone
marrow. Etreiieqnatifsitoepraipetisnaad/entodiatznt sanedesosbe ddr the followisgrseations and in

15the claimg, haematopoietic growth factor as intended throughout this specification is chosen from a

group comprising or consisting of colony stimulating factor 2 (CSF2), CSF3, macrophage
CSF (M-CSF), granulocyte monocytes CSF (GM-CSF), interferon (IFN) including infer alia

26 IFN-alpha and IFN-gamma, tumour necrosis factor (TNF), and haematopoietically active
cytokines such as inter aifa interleukin 2 (IL2), IL4, IL17 and IL18. Preferably, the
haematopoietic growth factor may be chosen from GM-CSF and IFN-gamma, more preferably
may be IFN-gamma.

In an embodiment, the angiogenic growth factor may include any growth factor having
25 demonstrable angiogenic activity as known in the art, such as, e.g., being capable of
recruiting endothelial cells or inducing the formation of capillary structures by endothelial
celis. In an embodiment, the angiogenic growth factor as intended throughout this
specification is chosen from a group comprising or consisting of platelet-derived growth factor
{(PDGF} including inter alia PDGF aa, ab, bb, vascular endotheliai growth factors (VEGF1 or
30 2), Von Willebrand factor (vWF), angiopoietin 1 or 2, fibroblast growth factors (FGF1, FGF-3,
or other FGF factors; or an FGF factor other than FGF-1 and/or other than FGF-2) and
erythropoietin (EPO). In another embodiment, the angiogenic growth factor may be chosen



BRIEF DESCRIPTION OF FIGURES Figure 1 illustrates dual-colour flow cytometric analysis of CD90
(FITC) and CD34 (APC) expression. The dot plot histogram represents 5000 events collected as list

mode data. Oingﬂlége 2 (i}l._lustrates light microscopic examination of the CD90/0D34+ cells after 1 week
of ZOCuIture.‘Elgure Yil3trates dual-colour flow cytometric analysis of orfe?&?f?ﬁ”&“i BndftD34 (APC)

expression after expansion under supplemented culture conditions. The dot plot histogram represents
5000 events collected as list mode data. Figure 4 illustrates mineralization (A) and ALP staining (B)
by CD90/CD34+ cells 25Figure 5 illustrates dependence of mineralization ability on 0034+ percentage,
Figure 6 illustrates osteogenic properties of cells by8ALP staining. Figure 7 illustrates pro-angiogenic
properties of cells by capillary-like structure formati 9/1359115PCT/EP2009/055549 11
DETAILED ‘Eé&ﬁﬁ%éRF@%‘?%@ﬂﬁ%’ﬁPPR)Rﬁ%ggg 'ﬁzé)r%ir‘{, e LGP MEMAE"Sh and
"the" includ & 58RI J0Pap2rRPBNA A Ry SRS LUMBS Sa RbetnitditI ERAG diCEiics sthérwinee The
terms "comprisigbly ey isps ragd SroB) plse thok arfisaslhasgiBeapegynonymous with 5"including”,
"includes” or "containing", "contains”, and are inclusive or open-ended and do not exclude additional,
non-recited RifRiBlYs IeRediEonRdO P firetr s tiTigsondbifaion andiomeseioaerihewyhyfetelpoints
includes all inurniser sanshé-astions cibsumeas widussth ergspestivenangasy aspyadias therecited

endpoints. ThquieiEn sahBile 3R ARASIARVRERIEIRINGANAITERTAADIE YRS WEasR

parameter, g an amount, a temporal duration, and the like, Is mMeant to encompass variations of
+1-10% or |8‘§§f%?51‘é‘]%8i§319‘-8@)é50r less, more preferably +1-1% or less, and still more preferably +/-

0.1% or 'GS%Q%E‘@J@_”&:%}&:%%GSN‘SQ&{%&?’é%%ﬁ?%@da&?‘%ﬁ‘ﬁnﬁ%ﬁgpé&%fias‘i?cﬁo %el’f&?fm in the

disclosed invention &Ijé to be understood that alue to which the moditier "about" refers is itself

' also specifiCafPhhd 5 rar a8 S A0S B s KAMRER D SARS RN iR e e 88Mt A &F BN are
herebyt Inconreenet by reasrerscesitrtabirhentiretyal phassistrimositodehict bt Qb tdoms-faseidgn
disclosing theiigyebion: inetddirgviacanisal andscipmifiniarers, IFavgaihadneatingascpgionly
understood RYone g LA K INERILICANICEA R RGN RS Bl Mans Al frther
guidance, term definitions are included to 20better appreciate the teaching of the presentinvention.
PDGF, FGF-1 and FGF-3; for example to one or more of GM-CSF and IFN-gamma and to
one or more of PDGF, FGF-1 and FGF-3. Optionally in these embodiments the cells may be
15 also exposed, preferably concurrently exposed, to FGF-2. In a particularly preferred
embodiment expanding MSC or bone-forming cells, such as for example MSC or bone-
forming cells comprising expression of CD34 and one or more mesenchymal markers as
taught herein, may comprise exposing said MSC or bone-forming cells to iFN-gamma. This
treatment noticeably enhances both osteogenic and pro-angiogenic characieristics of the so-

20 treated celis.

in another preferred embodiment enriching for MSC or bone-forming ceils comprising
expression of CD34 and one or more mesenchymal markers as taught herein from an initial
MSC or bone-forming cells population, may comprise exposing said initial MSC or bone-
forming cells population to one or more growth factors chosen from GM-CSF, IFN-gamma,

25 PDGF, FGF-1 and FGF-3; for example to one or more of GM-CSF and IFN-gamma and/for to
one or more of PDGF, FGF-1 and FGF-3; for example to one or more of GM-CSF and IFN-
gamma and to one or more of PDGF, FGF-1 and FGF-3. Optionally in these embodiments

the cells may be also exposed, preferably concurrently exposed, to FGF-2. In a particularly

. preferred embodiment enriching for MSC or bone-forming cells comprising expression of

36 CD34 and one or more mesenchymal markers as taught herein from an initial MSC or bone-
forming cells population may comprise exposing said MSC or bone-forming celis to IFN-



The term "stem cell" refers generally to an unspecialised or relatively less specialised and
proliferation-competent cell, which is capable of self-renewal, i.e., can proliferate without

differentiatiop, which_or the progeny of which can give rise to at least one relatively more
specialised é‘e’ﬁ?t%%gl SI% %term encompasses stem cells capable of substapﬁﬁgﬁviﬁﬁmﬁ% 4 25
self-renewal, i.e., wherein the progeny of a stem cell or at least part thereof substantially retains the
unspecialised or relatively less specialised phenotype, the differentiation potential, and the proliferation
capacity of the mother stem cell, as well as stem cells which display limited self-renewal, i.e., wherein
the capacity of the progeny or part thereof for furthér proliferation and/or differentiation is demonstrably
reduced comé)arrned t IIlhe @e%tther ?ell. F:Ely SRC?mearrl]s of ex%n}ﬂle artld not limitation, a stem cell may give
rise to descendants that can ditfarentiate along ona of more lin2aGRE U B c8 THERGLE YT relatively
more specidigeIrt eI 00 sEIe8PCIEP2009/055549 cells, wherein such descendants and/or
increasingly,relatively mare specialised cells may themselves be stem cells as defined herein, or even
10 produce (G AP ILKE BT Ree- el S Be b aEEGT e Wh CRE ) Be BSERBYC. The.
term "adult S¥tRIcEN-ABBREPha dRRTRie tHesenem Bdll Prekeneit of BBlairfediefvad (Sudheas isolated
from) an orgasisumgtiive deetad/stage wmafienbighelhestesmemesanphytaahgtespealls@nMSC" as
used hereinyigfers iy w8l MesadarrsfRiKedhaaR.eal AL HeARRIRCEBSRIRIRA B Of

mesenchymal lineages, typically cells of two, preferably of three or more mesenchymal lineages, e.g.,
osteocytic (BERE)PEHBRATULY FEhaphs, sy BEE URRIscIEs, RORTBRRR el (HERS HbrEBlasts
(connectivedeniuisge) catlipoeyaliotfatandingreritoigeniariiar tonestronia) islsagad Gonmumonty, but
without limitgiigmadetlalachpeoRIdRIRENMBEn it is capable of forming cells of each of the
adipocytic, chondrocytic and osteocytic lineages, using standard, art-accepted differentiation
conditighs ahdeesipsRariphermesing ebalupiivmenettiet sfioemyatisnd és atipe cbinvRied ngeneisiig 1999

(Sciegce 284niddgr )rer Baébﬁfilxﬁhal.&Brho‘l&eﬁdqwgw%fe@é&%)ngﬂwéﬁdsoﬁ@mll@eﬁ&ﬁ%medd from,
e.g., bone , il] r foe a mis especially foetal an
adolescentrg%rrrl ﬂgﬁbﬁg%? %rlr.é%_o ?h%gng% %gg%%%d éf-é%%%%r%%%@gﬁnﬁeaﬁ%na" ?6%%” 't%egﬁeaquk et al.
2001. TissufeERfS 7218 PEICHYiih Z3A0RET SHRBI AR BRIFSIIMHN GRS ISx BRrRsrips it dlifkagntigtion, have
been descrinedemhgrga) Ridteexgend Cal34.989y sep e plukdidhatoMoridnd86,30 W LS daloMNmnb,811,094,
US PasNOs& A6 396 S Bt oNoZ A58 3 s239: ikl RakeMian B B27e A0 TR term also
encompasses MSC obtained from bone marrow, which are commonly referred to as "bone marrow
stromal cell3herctB M8t daheplevoftfzona enzariowl 40y isotatierfaf BiwS@Eotiayabe hecupeett; e.g., from
iliac crest, femarrniiingosniatuddaoriber Medullrhanasesd Rprreferred embodiment MSC or MSC
populations as used herein may originate from bone 25 marrow, e.g., may be isolated and optionally
expanded fromitz bmsenttarmahstsamsis (MSC) anaMSSipopilletsne o rigisatad Mreimbdreantarrow can

have characteristiss £8-GefifearkefarpfigediHaCHQRRXRARNOPolitfsramiation. sicisiflersnidrom and/or
favour%)le over MS& ori%in%%dsfr m o%her tissues, such as without limitation may more efficiently

and/or'more cdntrolal y fferentiate into bone-fo n%;ﬁﬂé CEPWI S d?f:e‘» BusPET, 9/055549
13 The terms M3teaRAEMSE aldbreirdrpdioniepPogEsCaring ConrBNIgES ehnrsitog &’y obtained
by in vitro or exsilvagxiefragatiansfivGE ortMeSnabiane ddrerembivtginal-sample of a subject. The
term "isolating” with reference to a particular component denotes separating that 5 component from at
least one other€8ribHHe MESEALLERH O FHETFNL I EREIIHEE Hnifshéneisersnshymaolated".
The term "isolatediensed if Bkatis ndtdiceny icelhegporipdifcaipeansa oeltizopulatiomatsodenpliss that such

cell, group of cglish Gethrapsialing dassRat farmsnateianA R o bumanbody Gells.as
disclosed herelné|grpgrtlc¥lgkraM§%n(%§r boqﬁ-forrpln%%ﬁells, CO-express g.e., are 10 positive for) at

least one mese‘%c?myr%é(fnr%ar er and ‘%"ﬂﬁroﬁg Gk 1§ EpEcH sied ?e%‘seﬁ' {Xftis to cover
the meaning "cHRYiSM§remansrsssRAf sfMmeasieamenifenthe dnstomniaihenssrolifed druikers in addition
to the particular recited markers characterising the cells. Where a cell is sgid to be positive for a
particular markaerinﬁ%%g%m?égﬁ'?? ' 8 %ﬂ%ﬂeﬁ%%é}o%’?s\?\ﬁdeédﬂc?uﬂzb%cg Br@ggac ftgﬁ"@vitﬁ%eﬁg‘grgf a distinct
signal, e.g., anﬁ%asys@gt@gmﬁgiétqgmge%m subject a therapeutically or prophylactically effective

30 amount of the mesenchymal stem cells (MSC) co-expressing at least one mesenchymal
marker and CD34 as defined in the preceding aspects, or the bone-forming cells as



15 by reverse transcription polymerase chain reaction, for that marker when carrying out the
appropriate measurement, compared to suitable controls. Where the method allows for quantitative
assessment‘%fothegsr‘ﬂaslgléeqr, positive cells generate a signal that is significantly different from and higher
or stronger thanthe cdngfol, e.g., but without limitation, at least 1.5- fold hit Wﬁ@ﬁ’&ﬁéﬁ’signal
generated by control cells, e.g., at least 2-fold, at-least 4-fold, at 20 least 10-fold, at least 20-fold, at
least 30-fold, at least 40-fold, at least 50-fold higher or even higher. The expression of cell-specific
markers can be detected using any suitable immunological technique known in the art, such as
immuno-cytochemistry or affinity adsorption, Westexh blot analysis, FAGS, ELISA, etc., or by any
suitable biochemical assay of enzyme activity, or by any suitable technique of measuring the quantity
of the marker RS BT RO BRCLE AR RV B QLS ARV PEEPSHe! HESNUE eic and
amino acid secquesRistatal foprirked PrOteINs (Read/rpohidadivricsureasmegetierbtiynipmsitionand can be
obtained from puklicisatahases ssebfmsdamerg others, from the N1H "Protein Reviews on the Web"
database (http://mpr.nci.nih.gov/prow/), the NIH "Entrez 30Gene" database
(http://wwvvTREBTHERIPINAROVPSRE4PE rfe 2TaR3a s TS ) CON TS UhiprarSoas st rkitabdamed for
(http./ewvvaexpasyacsg/bf 3uitahlestietectipruigagenisransioneitesisdey Saitidan ke AMER of
2009/1350050,C TIEER00RQ5RR o1 ol fe.lpianed Slfiergp e paslsolsueh seaucn
information or, more commonly, are available commercially (e.g., labelled mon Jonal an fbody
reagents). BY'BREHIBNS AR GAARR Elimitation, referring to entries in the above databases in that order,
human CD [ ' " r seq. .5 version
2, entry veﬁﬁo%&% e?gg\é@é%&gﬁgt %ﬁé&g}ﬁ%ﬁuﬁglﬁg&%@%%ﬁgﬁ?ﬁ étg gigﬁl'&gﬁ%ﬁ Immunol
133: 157): RIREA B AMRIERR At80 KREUAN S SES oG RS (Haay be SH88&HE5D 2022
and acé. nun#séeuRly 8rede(ably. hersidast contryesensiomellystisonBe km G H15 139 3hEMST lsnmunol 23:
2340); humasne-RAFIANHERBLARRHMRYML AT RY-dxmes Branaalyserratginbissfound under "CD90",
Gene ID 7070 and acc. number PO4216 H) (seq. version 2, entry version 94) (also Cell surface
Thy-1, ed. AFSRa# amdodinsuiicsingeof 1o8gbmarsricDiskier dals (M8 cetiskpoandonuimane@p73
antigen (alsgr&kaphimas e&fio: Promislaptilases k. dridiRisHiaundidndsanowD73", Gene ID 4907 and
acc. number P21589 (seq. version 1, entry version 87) (also Thomson et al. 1990. Tissue Antigens 35:
9). Exampl€' Begsilapfelamiicippeeia qadis mhodistectior o f SoOdehio ik frleviadisenimsciodah antibodies
6A6, 7E10 ardobitisl, of CD105 include inter alia monoclonal antibodies 44G4, 1G2, E-9 and GRE
(Letarte et al. 1995. In: Leukocyte Typing V, ed. SF Schlossman et al., Oxford University Press,
Oxford, p. 1gR6e4A P RIFFRRDGRGuseREter alia monoclonal antibody 5E10 (Craig et al. 1993. J Exp
Med 177: 1331), and of CD73 include inter alia monoclonal antibodies 1E9 and 7G2 (Thompson et al.
1990, suprd)igwig 4GHERHES dualicdodoBay Tytameinolanslysis 288y Dg0R IRlbantintiiig theal least one
mesenchymapragsiar 19680588 et 8mcdesa00 LEMScMrisiahlysthrpal lpast one
mesenchymal marker is CD90 or CD105, more preferably the at least one mesenchymal marker is
CD105. Thé&igwendidieresighheisresnapingrarinatanvBiscePIYEBSAt folimatigreeiesantsich
co-express &lik05 and CD34, cells which 25 co-express CD90 and CD34, as well as cells which
co-express CD73 and CD34. Also covered are cells, in particular MSC cells or bone-forming cells,
which co-eXpeese Ariluaiiatet duatieeusiop B reEtgoaasE DT S Mikh ETRYarticHPa4, @RS) cells

co-expressiapakieastid baasdrGIngsr wilbpieP3dear wallkcaraxmassing ableast G8d@aand CD73
with CD34. :’3‘5@@%%%&%@%&%@3&5&'?&“@& ove marker profile may also co-express alkaline

30 phosphatase (ALP). Hence, also provided are cells, in particular MSC cells or bone-forming cells as

disclosed hetgime dcHexipressing:afliiatish gheambscheninma RpskarmwbOPR4cand further expressing
ALP, more preferably ALP of the bone-liver-kidney type (ALPL). Exemplary WO
2009/£§590%W¢@I¥§@6§m%&9%e of mineralization ability on CD34+ percentage.

Figure 6 illustrates osteogenic properties of cells by ALP staining.

Figure 7 illustrates pro-angiogenic properties of cells by capillary-iike structure formation
assay.



human ALP of the latter type is described in Weiss et al. 1986 (PNAS 83: 7182-7186) and under
UniprotJSwissprot acc. number P05186 (seq. version 4, entry version 110). ALP may be detected
essentially aﬁ@%l}% gg gbove making use its known sequence and comp%l%)all avallable detection
reagents such as 1 antibodies. Enzyme-based assays using substrates stic Yo example
4-methylumbelliferyl phosphate (Fernley et al. 1965. Biochem J. 97: 95-103) or
p-nitrophenylphosphate are also well-known. MSC cells of the above marker profile may typically also
display other attributes of mesenchymal cells. For example, the MSC cells may further express one,
more or all of mesenchymal markers chosen from CD106 (VCAM), CD166 (ALCAM), CD29, CD44,

CD54 10 a ?K% -4 g’ F!Y%»Sr%ﬁeélﬁ W&gglﬁ gﬁplay certain morphological features, such as any

one or more 0 erence ssue culture growth in monolayers; and mononuclear ovoid,
stellate or spindigghapanvitheraipgdide RYAkNYeleinaving presminRRiRUSROlLHiRiesRy "hare-forming
cells" as useq her%mrgene%@allél ﬁefersletg ceJ cth gjle of contrlbutmg to the formation of bone material
and/or bone matnx, an particularly denotes isola 2elt€%r 15 cell populations which have partly or

fully prog remdeam@g:@ﬁtﬁ@@gm%daﬁ@r@w aHandapaY. oWEQQHédIHHFQrHCHﬂe bpnswersninggrells
partlculgrly ancom assn%tg%progenl fars steOQIasts 0S eoc as and other ceIIt Res of th

coneginin NS an ?1 USIVE Or Gpen ﬁH
osteogenic linéa %J?e as known in the art. 5K person thus generaﬂ 3 preC|a e2the’hbunds of the
term "bone-fSFisPES e sPidReiEd ﬁ’@f@'ﬂ?%@\?@?ﬁ’?@é’é@’%?%é"&ﬁ% of further guidance and not

limitation th?%r?&%ﬁ&om%ggwl% |.r|?é}nﬁg"glﬁ&|% E%%ﬁ_% el =Rol a1 }fo lowm%char%cterlstlcs

a) the cells comprise expression of atase more speci cal

bone-liver- %WWWFE@SWT} V@it %%W?ﬂr@ér@){ﬁf‘é@gﬁﬂd@?@ one or more of procollagen type 1
amino-terminal pg gp%gg@ é@%%&&%‘ﬁ%@ﬁ%t’é@ﬁé 18%“%%%[] gi,ng,Pﬁ, ﬁgﬁ%lg'gfa@%\'e) and bone

25sialoprotein (BSP); é e cells show evidence of ability to mineralize the extern surroundlngs or
oft&ln

synthebize BRIRTPHE: AGPEXYFA ALY e (& @”’e@vr}t\é?] ERpBeaEs s etasg Shit HEEIIM; see
Jaiswal et dkstOpRiSrball Bidthenied: 266 pityrabalcitinvaociamulatiorstin sideccpitseaatulydeposition

mtg matrl>|< o Qigins 5@@ be 3?{23”%&“WHM@@#&:W%MH%W&W%%@M&”Q@a%%@zﬁ%@l%”towaSh'ng -
and re-culturing, an termini radioactiv e ide

2009/13590%95% E /f’f%%@\ff Cali o'ﬁ"g‘éé}gs‘f e(§ rE\J{o ﬁ%aeg]? acel 8Ita°r‘?‘£é°f? )Z‘ w%ﬁ"&riz 703), or
using an Allﬁﬁh’fréﬁ%%ﬁ?ﬁ@ﬁ?éﬁ’?ﬁf pAlha sl nreésaldlyy digsiesgdry et al. 2004. Analytical

BlochemlstrX 3029ur7nz=.n?4):1td th?ncells su stan aII ogoarré tedrgc ereg'gratet rdrse ere%/nce n?f and
prefera%ly towards nerther o By(f"' Ineage (e.g oP o5 fee) rchon I’OC)II'[IC neage (e.g.,
5 chondroc?tg%?tyrhe absence of dlfferentlatlon towards such cell Ilneages may be tested using
standard diff i mp opditions I i%h t see P tte r et al. 1999.
Science 284 14% galé%g%gggn%rhod% %%al% : %gr%?] g{ﬁge' h & 'uggpfplcg-\r)’/'csﬁoun]dwnh oil red

0 showing Iﬁﬁ'@%@& T"fm%t"@ﬁe marsEes ffﬁ‘@&qus‘t‘&ﬁ?wm‘?dahﬁfé?ﬁeoﬂj@rgpéaﬁ%ﬁ'ﬁﬁf‘(??e@ﬂbstantlalIy
lacking propensiith i anenchpetege Bndearcharidibgeniti bl iBenardiationaay itgpidadlyomean that

less than S5QUnpL {hRNAacARESSHEBR%: iRTdReSthan 1% of the tested cells would show signs
of adipogenic or chondrogenic differentiation when applied to the respective test. In an embodiment

the bone-foiiimenigroefisiemayetisplars abobaligde asticshstédsatider mlstokhndsd) sipolésdbutther
contemplategchite-ABY.csHRARUIRERNGHRAMPHIng hedsQiateda G celisar hongrterming.sells as

disclosed her, r compr said cell types.. Said MSC cel S oy bone-for ells as disclosed
herein, or b%t‘ﬁ sad ho tyrfz)d:\g aEen oget??eep ymdqay%]:’g%nsta Pu?wetnFeast doagre ré%ﬁqggiyleas%% such

as at least f@%ﬁ%%%‘bf&&bﬂh&tt?@ﬁs?@@%p% L %&%tcég%feeﬁ?fe‘whﬁ%@hémh’bl?%t least
40%, such sstatleasi 5080, aiereiry peciesgbly af a stem cell or at least part thereof substantially

retains the unspecialised or relatively less specialised phenotype, the differentiation potential,
and the proliferation capacity of the mother stem cell, as well as stem cells which display
limited self-renewal, ie., wherein the capacity of the progeny or part thereof for further
proliferation and/or differentiation is demonstrably reduced compared to the mother cell. By
36 means of example and not limitation, a stem cell may give rise to descendants that can

differentiate along one or more lineages to produce increasingly relatively more specialised



20least 60%, such as at least 70%, at least 80%, at least 90% or up to 100% of cells present in such
cell populations. Preferably, MSC cells or bone-forming cells as disclosed herein, or cell populations
comprising sy h2 ar 13(1351;(<;;1‘5nimal origin, more preferably of non-human mammal or human origin, even
more preferably of human origin. 25MSC cells co-expressing at least one'?r%“éfggﬁ%qﬁqwgﬂ?narker and
0034, and optionally any additional marker of interest, as disclosed herein may be obtained by
methods which are known per se. For example, conventional methods allow to isolate and optionally
expand MSC or BMSC cells from biological samples of subjects. WO
2009/135905PCT/EP2009/055549 17 biological saraple of an animal subject, such as non-human
mammal or hyman subject, refers to a sample removed from said subject and comprising cells thereof
Viethots of GG o600 APECHAE of Es AetE o Nolr i et LT P 450 b Biopey o1
drawing blot@BhEmEpBWeR BsefineanfprinoPLesabedteonsprieay s ditiraNEes cells thereof.
Such 5 sampleumaspbedyicabysobtatnechirospbenaimarrow, e.g., from iliac crest, femora, tibiae,
spine, rib or other medullar spaces of a subject. Further useful biological sample comprising MSC may
be derived, B'8.!eBnpduib s U AMIliRGLETd g5 RIT 63IRIS fidcdad ipalCeheresant, ipericdteine padipose
tissue of a quinects Kdasdrean)desegheshizatiy HensBYESE san kiaqsolated and expanded from bone
marrow 10 or other sources by selecting and culturing there from cells which can adhere to a
substrate sUM&d& T HAFGEGTAD flesueINird/Blashe Yeprbereiyaiscsly Basedbrmpsefinciple are
detailed in Rutengeteet abith9y supaalandeaiatachpaiensidacsments anenrtiigeedelsaivhere in this
specificationy agyvefiarayie weddrBrdiages Mag-2H ﬁséﬁﬁﬁf&ge%l'%?g%v dteddfie Abnkiese

protocols ar arp licable herein. 15Cells co-expressing the desired markér proteins can be Selected,
enriched or BOAIRH HolFE SR dPATFUB AU [SETRREV A o BBERH ANy ER BRI RICEPRIEE 6 BMSC
cells by’metlsods kadipasyier &) sudsherfseaikaimpleowsitigfridiesagen ceonotivaye ddettitorting
(FACS), magnetisraciivateshselbs g éMA R0 affisibahase dhiashnalosias hiteaariamaifinity

oo aroarafe AN 01,3 eslaf eXSSNAOTE fs s oneala I i o0ens
(most commonly immunological reagents such as,e.g., monoaonal an |Bo&es Speci ic Jor the
respective r‘F%WyB%?WH@@&%iHW‘”é@&@ﬁt?ﬁ‘é%‘Pﬁﬂ?Fﬁ?ﬁﬁﬁ8&-(é@ o5 eRl Bt SptRsIgs ot 15y
immobilisatitt9®iSmiagrelttparticieooBanether ypelafStatiorary phaze)y sudcas:te fasilitate for

selection orcantyre:ghcells beund hysaid seaaentsHiiem gsis Sﬂ@&éﬂab%&qr g0k YageRgtatsguidance
on these methods reﬁer inter alg%to Flow Cytometry and Cell ortln%,?é%%\%%_, by Andreas Radbruch
L

(ed.), Sprin§EPerTdY ERN$5ABRER OB LRIAG Biitbr ProldlBIE 9Sricell
Sorting, 1stadd. 2BPRA [Seam ohd ghd SLBEmERS EgsT), Bprifier 20a0 MISB N8B 4368DA9T); Flow
Cytometry Rrasoeaiar@iethads wivielsatibar BinloddeZneabday if ScHavwdawk ans BGaHamtey (eds.),
Humana Pr ( 3 « Affin rations:, A Practi %h,
Matejtschu@?%gqg?(f%%n’i?é%%ﬁé%&ﬁg(l éﬁ%%@%é%oﬁ%ﬁ%ﬁg%? A 5%07. Adv

ed
Biocheth ErfebBlotadifidiSBat Na-d-8f3%000/135905PCT/EP2009/055549 18 The inventors also

realised adyaptageis,condipas N D APRIING AL MSCHRER a1 BRnesoHmiRg cRllseand

particularly for in vitro expanding of the isolated MSC cells or bone-formlng cells as defined herein

co-expressifid a8 HHE AR a P BMET a AT e 42 ClHNeh sy W ios Briatam SEMEF enriching

the MSC celte\opsharmiferinting teifsilzs-exptdesing Sibite asirengomes@achmemdbnspecesand CD34

from a relatjvely more hetero%{%neous MSC or bone-formi%? cell population. The term "enriching” as
0

used in this BEBIETERRFL RS HERELURG the RS ARRY BYBRD o et Berein may onginate from bone

25 marrow, e.g., may be isolated and optionally expanded from a bone marrow sample. MSC
and MSC populations originated from bone-marrow can have characteristics {(e.g., marker
profile, function, expansion, differentiation, efc.) different from and/or favourable over MSC
originated from other tissues, such as without limitation may more efficiently and/or more
controllably differentiate into bone-forming cells.



desired cell type or cell phenotype in a population of cells. For example, from a starting cell population
subjected to enrichment, said CD34 positive MSC cells or bone-forming cells may 10 be enriched to at
least 2%, prefer st 5%, such as at least 10%, more preferably %, such as at least
30%, even rr?&o%r'eﬁg%%%&gy at least 40%, such as at least 50%, or very [?rié eréﬁ%gaﬁ ?é’#sgt 60%, such
as at least 70%, at least 80%, at least 90% or up to 100% of cells present in a resulting cell population.
The MSC cells or MSC cell population, or the bone-forming cells or bone-forming cell population, are
exposed to a haematopoietic growth 15 factor, or to an angiogenic growth factor, or to a combination
of a haematopoietic and angiogenic growth factor, the latter combination achieving a synergic effect on
the cell expansign_ qr 'c% Qietic and angiogenic ar actor may be contacted
with the celiﬁsg,i_{n%u t%r’?le%%s 35% %@éﬁ%ﬁﬁaﬁ@éiﬁrﬁg §%S3/sc§tr8 rfogﬁer?%f)abﬁggr%ﬁoﬁyr%e%u%ﬂi; Bﬁ%g%ageously,
the cells mBPBEHBSE iR rabIVEImitPasatiRisgf I0ekpdisBliSe pErnzdRIintfePElfigiiate their
expansion aachige ehishiyent. In an embodiment, the haematopoietic growth factor is chosen from a
group comprising or consisting of colony stimulating factor 2 (CSF2), CSF3, macrophage CSF
(M-CSF), graiul5&)te'$ABHBEY tWENCSFRERE- ¢S B) PritisHBroRYTIERY SRR S FIeRFaRIAYa tdmour
necrosis factongdner), famd ho@Emsitopeietieallyoagioretytdkinesnsuettias fnter ahatintesleokiar? 25 (1L2).
More preferaphyo g e smatipaistic.aromtihviacterdechose oM - 3 aad Pﬁmadmaﬁs even

a

more preferably na b(? kFN- amma. Int an err}]boqf'ment, the a] giogenic growth factor is chosen from a
group comprens o RSRER A UGS LAV e Ot PR (BOEUP AN 4PER BBYRITAl growth
factors (VEGRUCHRDINGSH oVilerakediactor (VWF), angiopoietin 2, fibroblast growth factors (FGF1,
FGF3, or other FGFE, factors) and 30 erythropaieti PO), More preferably, the angiogenic growth
factor is chc?s%{ﬁ Fromr ﬁ&%}?—r@f—’-%ﬁ gra\%; %%%%Q&eﬁnsrﬁotr)gnﬁfe%nﬁéﬁf BEFRRE -3,a§%ll more
preferdBly rAgsjiise P eHeagy oo oAby ns FearErPB0oREE S At THdhisrrredigrisiniscas used
herein meaasplwinyingrogethevet ee containtngoreiitendlieelprossnditClyicoaRORMaIR Bplecules,
components,pf Al UL R e RDY SRRl e i sTaRinos g Rel R JyPically. the
growth factor(s) may be contacted with the cells by means of their inclusion in the media, in which said
cells are cu%ﬂmd.d\d_e!diasaﬁjdisp@sakit@s and pomdﬁamaaﬁgehmhuagwalig@i&@p@mmw be
generally agdnowe iR oS UFRASHLING ar&ieﬁr&e%mﬁt&% angdiferentialing M Bere > and

bone-forming cells. Bone-forming cells ma (k:)e obtained by differentiation from isolated MSC cells. as

|
known'th th® YT &R R3EHmI t‘?%yl‘:ﬂ%@?é% OP N 5B (3081 HRESPhe IR G A if%ated MSC
cells are cuitRredriatethepregwnmsnoferparedr iplavirlanchiasic fitshehdateg nosttbdfadior{FGF- 10 2).

In another exanplevosisesenisliseagereallsrmayite: RiainrAdydifergniiaing MRbifallsin
osteogenic qediim & deseied PFIg0dRLeR ATRT CuPal and el sl al £33 (supra).
Optionally, a conventional osteogenic medium may be supp?emen e %y Sej=) I?;lone-sformlng cells
can also be'dft&RPISbRMEHCH P BRI QRRRIFIRFhPYreBRE R BN oRf iRasERtiad 5y ersbdtielt aft 1085 (J
Endoctinol &85t B9bid) al Bhsiar0don adikeh & tidd aneder iiifg « el Seam p b e ditiefrentiated:from
isolated MS{gkglls which co-express at least one mesenchymal marker and CD34. In such case, the
so-obtained population of bone-forming cells may be enriched for bone-forming cells co-expressing
said at leastimnexsressinchyfmall-spanifer aadk«dDS&N be aleGitier exampey bombitommodeysanay be

obtained fregarM§le kedksvRIGR havaRoLDReRABLGRRAJRIESIS sorpyRIeS g eas!oBR: 20
mesenchymal markﬁégd Bﬁ4,e r may be directly i ola];'ed rom a subject. In such case, the
|

cl
so-obtained SODLTATON OF BoRe NG geﬁgyﬁgﬁ? %Sé)hoé:rael?f/‘cr?ota B%aéﬁ#igﬁm?ﬁgﬁé’-fgr%ng cells
co-expressily SHitpRiE 1EsEnioHe AidseFRimipmh HientaatdhapidieDBaken BRNGT thesdisitbremiorist techniques
as describestabovenficatMSIEE qelisitaivelRass ©RY stEACS, MACS or affinity-based technologies) can be
used analogously to select, enrich or isolate 25 bone-forming cells co-expressing said at least one
mesenchyr&é’lciﬁérﬁ@? FrersH femHence date fpmibretoripiRiendsied fopuifatésotuerisecells.
Bone-formipgreedlly oeeupres singisastiattesstronpatitessnchysnal.onakenand GR34 may @iso be
enriched usifg $haemARRAIELIHANE/ABRIIRgeNIC gﬁwmgﬁﬁ&?m@&@gggmg? fisyiRegifigagion. In the
context of the various a?;ﬁ%ﬁ 1/9f the invention, the term "bone-related disorder” refers 30 to any type

of bon? diseR88, RS SPUUHIER AYE BT R B AT TRE "SEnomiel 8lls SrELedsyssii fheage or
bone-formirdgtaediss &itp;/ emoprotiyritols Soitbtnlatistion oxteeuytesy] toethsdbjectdviatere disorder.
In particular, such disorders may be characterised, e.g., by



WO 2009/135905PCT/EP2009/055549 70 decreased bone formation or excessive bone resorption, by
decreased number, viability or function of osteoblasts or osteocytes present in the bone, decreased
bone mass 'Qv% ' Q% g1|nn|ng of bone, compromised bone strength or elast|C|t etqc Bgy way of
example and no t3 lon the term encompasses local or systemic dlsoré)ers suc‘in 5 as, any type of
osteoporosis or osteopenla e.g., primary, postmenopausal, senile, corticoid-induced, any secondary,
mono- or multisite osteonecrosis, any type of fracture, e.g., nonunion, mal-union, delayed union
fractures or compression, conditions requiring bone fusion (e.g., spinal fusions and rebuilding),
maxillo-facial fractures, bone reconstruction, e.g., after traumatic injury or cancer surgery, cranio-facial
bone reconsfru t|on 0steo ghrrﬂer&s 0 |g1£erfe%cta¢hosteo F’¥'tlc ne cancer, Pa%ers DISGE{
endocrinological dsordare, hypoph e Rate e By oo i s B9 S PR B nalacia,

adynamic béﬁ'@%@“@ﬁ’é@]hﬁ&&d'a?ﬁﬁ'ﬂﬁ@wmdme'ﬁﬁ}nary hyperparathyroidism,

secondary idism erJo ontal disease, Gorha Sto t disease and McCun AIbrlght
syndrome. %Cay é) dte’ or?g fE)erf?nrlfh i% gg%sdmo ulati%’r?s(?c%%pr r'{b@acﬁr%s 'described

by the |nveﬁﬂﬁ‘?ﬁﬂrﬂa\?érﬁﬁug%”s@sfoﬁ%éﬁﬂ%I&Eﬁ%‘ih@ﬁéﬁj@o‘?d@s@é}ﬁcpw&ﬁw tisefapy of
bone-rejatedeti&ordeestry veaiibaspechidb Siaelisraretell pogrilatiomsumay 4 2spd orgedstcing bone
marx in vitiRe2ald RADRMAEH SRR SMAOYEL i AICONMIFNIAL W ARYIRAIMIRgElS or cell

20 populath&)géln treatment of bone related dlsei? r?? Introduction of the present cells or cell

populations 16°dUBje A& &ar k18R APThBYRESItEHE D! Bk HERNes SRV LSRG Ble R orders in
said subjectdeliPhesteam&P%Sulbject” brryadend” 2SfEl phefaraliBiD anitgals (asorenpraferablyy-1

warm-bloodedragtisnalgyebiaiers i efarbinyertelatescand @/em@@r@pé@éeﬁwémmeés
speufl%lly ng&u &;}gig}‘uin% Veqsrllgrpgé Qg@erhma géa[lﬁ t aé gn thﬁﬂo@éﬁct of treatment,

observatlon orerﬁgrlment term c?u es an ahlma Iassme as suc n?&udlng but

not limited td%Fariiars! &ﬁﬁ?étl‘@%ﬂ&'?&’rrﬁoéfﬁmﬁa% hogEm M s2sER éﬁﬁ?\éﬂ&o"ﬁéﬁﬁrﬁ%
companion amiteatisaandrsx Beritrintafaninalsesi@bras, Ganexanigley, micescats,hagsterssggabbits,
dogs, cats, QINERRIYS 1 CAIE SRR 1358 ARERRBnRINS ARAPHRAIESfidknMaNKEYS and apes.
Particularly 30preferred are human subjects, including both genders and all age categories thereof.
WO 2009/18590bP GLFiER 2008108542t e pedsdint toé dbidehtisc@mdepantc sy lyntobeogaren to

subjects in pagchtRareat whith plyase ingudes gUbiscte tm@érvmgl%&%wéﬂaﬁrgm;ﬁm@wd@@f a given
condition, su,f&l% %sé) §g‘%gt retor a bo e % ed&jlsorder _ﬁ/ uch su s ma include, without
limitation, tho&e thath ec? %ﬁo?ed Al et iR®se Bf 8%%&}5’ Si#-condition
and/or thos@SRidvHBeSHId RessaitioRsto he'prévbitdd.of r@%@m&ciw@aw@r qfigatraeprioaficompass
both the thesapedticckeatoeng ef an alseady deyalrpedrdismeier, suchfastihe thanapyeéanialready

develoned haneasiieshisaIciet s 8 lras Riapharticn PeYsNIaflvg digasHiee IRl the aim is

to prevent or lessen the chances of incidence of an undesired affliction, 'such as to prevent the
chance® of égﬁrdéwnquéﬂd‘lﬁ?géressmn of a bone-related disorder. Beneficial or desired clinical
results may ingludey sithant Hoitation, %%@va@g%ncmgmrmwg HUDBITS YIABS YOI piological

markers, diminishment of extent of disease, stabilised é'}"f’ not worsening) state of disease, delay or

slowing of di&dasé EFS@%%S%%GQ%8%WHS8PHMW§E PR 0408, BREPtRE DY
"Treatment'ttagtaleasmesin pesiortivigatundlker ds cdmpardiheo inygrdiore dsuipnvitidsnotiESneceiving

treatment. Thagitarm MoRRYta6tiIcaHY- féﬁﬂm@vee@én@ﬁnh 5@1‘@(&&@@0{:&1@9%& Qﬁm acdinewpmpound or
pharmgﬁeutlgal agent Molnhlgl Fggfielgys in eqlgc‘}”t]p onset of a #%% g ought by a
ica her ol y ef ec

X
researcher vete Inarian, me fOI’ or ot Inician. he ter%eﬁﬂerapeu?lcal |ve amount”

as used her@iHeTREare f5snmRmiTIBIASHE OSBRI BRNEC Bl it RIeaERARYHYE Glicits the
biological orinibdieinaCEEoEhand (H)E6! titit GIeingsoaght by eelieseaseivessivetetinagan,
medical dogigy; a5 gHaRE SRR pANCh My dadudednrer Alisallewalioafdhe sympiems of the
disease or disorder being treated. Methods are known in the art for determining therapeutically and
prophylacticsdlpteffeciivihelesesipEse cedatmnént ahayeempley autititogaysa(se cmeﬂamrmeahifmm the
subjectgo bshks%@@geqmﬁnﬁ%&beal&eHﬁoﬁe@e{%sﬂef@m SH bigeKShPNISE B 1he,SHRIGRH

treated, butb Ionﬁ Ft]ot e same é)e0|es or xe enic (i.e., cells derived from S%FJSCK eIonglng

to species othe SEUBR  BEPERS SENSE%ERS @%rﬂﬁﬂiﬁ &11%8pulations
as defined Hetean eXPfeEﬁW&s‘éﬂd%cmfé ﬁﬁ%ﬂ%ﬂ%ﬁéﬂﬂm@m@ temisiany é!ﬂ@jé%té’b)slﬁ@miﬂan

autologous or



30allogeneic MSC, BMSC or bone-forming cells or cell populations as obtained herein. WO
2009/135905PCT/EP2009/055549 22 Suitably, the herein derived MSC, BMSC or bone-forming cells
and cell pop% tiz%%ﬁ%%?( be formulated into and administered as pharmaceutical compositions.
Pharmaceutica compbséions will typically comprise the MSC, BMSC or b%%"ﬂﬁ%’r?%?(?&éﬁs or cell
populations of the invention as the active ingredient, and one or more pharmaceutically 5 acceptable
carrier/excipient. As used herein, "carrier" or "excipient" includes any and all solvents, diluents, buffers
(such as, e.g., neutral buffered saline or phosphate buffered saline), solubilisers, colloids, dispersion
media, vehicles, fillers, chelating agents (such as, €., EDTA or glutathione), amino acids (such as,
e.g., glycin roteins, ?i integrants, binders, lubricants, wettin ulsifiers, sweeteners,
Cotorants, THBERATE o AR SRR SURR s TV dep o A P inge,
antifungal agfs Upieskpyatineat atabilizersr EREOXdEAs veIRimy comitiolingaagEtits Adfsttion
delaying ageaitsictattbthestikentihine use expsiadt media antbapgnisstorigharmasevtigalretiweubstances
o well Known kit al vHER BRIA FOROS 0ot aKG 8Pd BoML et IRIISIC WU Ie actvity of

the cells. 15The preciSe nature of the carriér or excipient or other materi epend on the route of

administratish " SHELEAD B ST I FERTTINA Ay BeumtRkrsYhPRrseiniretfRiriay slctlepSie aqueous
solution, whidriepykdieBsHés)and-hiosidattogsbhasotanidity esitkstability. For general principles in
medicinal formulation, the reader is referred to Cell Therapy: Stem Cell Transplantation, Gene

Therapy, antCelfilSr FhiiGnBREFafA B STRHS R SPAEh RSB sOtitea rbiTRIYEs UNiversity
Press, 1996nesndHensatopsictio StammBelMEhMSPsels DaBdlltidListeess RPntawpi€hurehitlf
L_ivibrylgstor;eﬁ%@&%@#@hmﬁér@@@@%f&b@ﬁ@@@@@tig@mg}c@%@mw@ﬂr @@Z@%ﬁmﬁ’#@ﬁw ring the
viability .of t rein. example compaositions may. comprise. a suitable buffer system
(e.qg., gﬁosp&ﬁgfee éi%ﬁl%ﬁa eg Eu er rsgfgiél%%% %ﬁﬁa v%er(tlaeggi% r&gﬁ%‘%ﬁ%@éﬁ%ﬁy CnReaaSr fidutral 25
pH, and maS€dthpivse S ATREPREIP (P e GrEYSoP RGeS YU HNRIFVEIE: EEISMERAES osmotic
stress. For exaitplelsaitabindiel stiopefattthresadpu rpasascmiasbegpiositatarigtered saline (PBS),
sodium chloride solution, Ringer's Injection or Lactated Ringer's Injection, as known in the art. Further,
the composiiiGiByPEBRBIEES CAfriéF HRsthiitrangeatsemirsavhicreiugandbbadcentiigmity of the
cells. 30Thegharfinaetuticdbooenpetitisrswiaybooenpiisie, famtheticammpanentssusebikdctne sepair of

bone gy9un%§;a@9¢§gﬁ&¢§b- mﬁﬁwlsa%gercqmgp??@é}&%g@ay%!aw%%ﬂé@wﬁ 'Hﬁ'@fﬁi%&v@gne
morpnogenetl roteins, oone matrix (e.d.,.noone matrix proaucea in vitro cells 0 e
s e e R o e e A A

|
phosphate PaRRIEBSIEHRFTCHEsGEAGHE" solybieesie! fedsirsigenietioagye ofidamia, inyagurdnic acid,
chitosan, paoly-L:lysine, and collagen. For example, the osteoblastic cells may_be combined with
demineralis%c? %%%dzpﬁg ﬁxgzt')sB%ﬁ oF Eci}{hg’lé)llt’ i rl%‘oégh o%r%% %t#gﬁceoFﬁ%sR%ngéff)é@ﬁ@n?@ iﬁ)oehqe forming
in it own SritfEnéas\berpias Bereshplgsrte MSaRT AT etroayidansg atdoreldndzionémaresenicells with

20  bone-forming cells may display any one, more or all following characteristics:

a) the cells comprise expression of alkaline phosphatase (ALP), more specifically ALP of the
bone-iver-kidney type;

b) the cells comprise expression of any one or more of procollagen type 1 amino-terminal
propeptide (P1NP), osteonectin (ON), osteopontin (OP), osteocalcin (OCN) and bone
25 sialoprotein (BSP);

¢} the celis show evidence of ability to mineralize the external surroundings, or synthesize
calcium-containing extracellular matrix (e.g., when exposed {0 osteogenic medium; see
Jaiswal et al. 1997. J Cell Biochem 64: 295-312). Calcium accumulation inside cells and
deposition into matrix proteins can be conventionally measured for example by culturing in
30 **Ca®*, washing and re-culturing, and then determining any radicactivity present inside the



allogeneic DBM have yielded good results (Connolly et al. 1995. Clin Orthop 313: 8-18). The
pharmaceutical composition can further include or be co-administered with a complementary bioactive
factor such E%KS](?Z%RI'}]G Sngwﬂo_rphogenic protein, such as BMP-2, BMP-7 or BMP-4, or agé other growth
factor. Other poten?laf‘ac%ompanying components include 10 inorganic SBOIER PSSt or
phosphate suitable for assisting bone regeneration (WO 00/07639). If desired, cell preparation can be
administered on a carrier matrix or material to provide improved tissue regeneration. For example, the
material can be a granular ceramic, or a biopolymer such as gelatine, collagen, osteonectin,
fibrinogen, or osteocalcin. Porous matrices can be synthesized according to standard techniques (e.g.,
Mikos et al., 15Biomaterials 14: 323, 1993: Mikos et al., Polymer 35:1068, 1994; Cook et al., J.
Biomed. Ma%%’f%%?%%@fﬁfgfséﬁf‘f&&%?m’aﬁv@%f‘ff? SRR AR AT dsHRASeAbly or
transiently tFAiRSTaizAten ResR v (PRic|eig defdaonimere 80pFidnmitnabBisctiominity 38& BoBd)lesion, e.g., a
surgery or fracture site, of the subject Nucleic acid sequences of interest include, but are not limited to
those 20 erﬁ&%?n&égseﬁé)b 5&%‘3’3@{% %aqoéﬁiﬁ%eﬁ%%t'ﬁ%% E%Wﬁ,%Mé?’é%ﬁ&tiﬁ'ﬁda‘?fﬁ‘fS?aﬁern%@étion of
osteoblastsNEBEEXRINfsES, &h adiprsyifotingpaenteter BINIPOY/tean te thamttaedtt ifinsagable ®r transient
fashionsfor e mitopgee) of fiesiiag raail-higekngdioctoesrrIsosteanainsisedatadslisellsing
ansformatigg, a5 KRN INNTE KIS LN LA AINRr ASRErthe Javsgian relgles o an

arrangement comprising asur%?l instrument 25 for administration of a compositiofi to a Subject,

such as for EMpRESTREANiCAN kapEARP RIS IR BEheBRIHIGRS rARRErshiRistyY the cells
or cell popustgiométiobithiedi dvertong drid gicarmbdentidaindormpesitypitaigreiphisivity saidrcalls ar cell
populationssyagieinfhesassmrg e Riciadd 3riseh oy agmiristratipa Rhibe Ahamassidisal gomposition
for exgmple systemically, E}o?iclall or at g%'lﬁ i{ee ofthbo Lfsioq. F?ﬁ\ex%ﬁl le, a suitable surgical
instrumentg may be capa’b &S wﬁec?ﬁlg aﬁ.quﬁ% cgpnpoéfit%nec% S §C8ﬂ§88‘? fﬂ%np%’s@ht
invention, si§&R 4828y stemitalfie olestethecsiie WPBh&hesicHry of 2atisre85908P CTRIPREOB/055549
24 The cellgiterealigiopuiationsptiain tbehadaifstesadsin a manner that permits them to graft or migrate
to the intended tissue site and reconstitute or regenerate the functionally deficient area. Administration
of the compBsificfmARAtRYSE HepditRdamtiag Bk a8 afisRebalng rersamriicr s testamsie absteogenesis
can be faciliatiet] #b@@ncordance with a surgical 5 procedure to remodel tissue or insert a split, or a
prosthetic device such as a hip replacement. In other circumstances, invasive surgery will not be

requirdd, addHE" CIMBOSIAET G5h BY SRR D CAREtHbE Bie(se)atedr ViSsanals wieboastebral
column) usiiegringuielsbie d@stosedpeeinvaroemixidimehisthe @haypeaceuiicalccespsepatation as
defined abqyaRgY:DR 3BINRISIE el N étaems%td'ggl%g@%ﬁ@agelm&m&@geﬁ%m cells or
pharmaceupcalt Gempo itign ccg&n nsing su h can be ar? inistered systemically, topically or at a site of
lesion. In another %r%?o?fﬁ%’érﬁ, ﬁ% ?gﬂsséf??&é‘ﬁ BUpEtA Pr)%sfﬂ?é?/FHS“?F&H’%@H%%S’E&%O%?%%Ured on
suitable sulséteag! & Yrevriermordmisfarably Fhéessibtitateush amitiedse268Hsccanberafsplies @nd cultured

can be@ meiad: 60w Astitaniurestoball/shertisny.akor ot sEiniess stealos, dhioartimghrface such
as a calciurg phosp gﬁg,aggrl‘)émer surfaces such as polyethylene, and the like. Although less preferred,
siliceous material such as glass ceramics, can also be used as a substrate. Most preferred are metals,

such as titapitferaand seEciusalghoshaieskaven hnuohscalsiiizepheseiatadsaat gopinsispensable
component af theFIbsAle, LG SHRSAIRFRAY BR RALHSRS BPRRHIMSn mammal or human

origin, even more preferably of human origin.

25 MSC cells co-expressing at least one mesenchymal marker and CD34, and opiionally any
additional marker of interest, as disclosed herein may be obtained by methods which are
known per se.

For example, conventional methods allow to isolate and optionally expand MSC or BMSC
cells from biological samples of subjects.

36 The terms “bioclogical sample” or “sample” as used herein generally refer to a sample
obtained from a biological source, e.g., from an organism, organ, tissue or cell culiure, etc. A



20For example, cells that have proliferated, or that are being differentiated in culture dishes, can be

transferred onto three-dimensional solid supports in order to cause them to multiply and/or continue

the differentigtjo Rrogcess by incubating the solid support in a liquid nutrient medium of the invention, if
‘necessary. émhs Tan B transferred onto a three-dimensional solid suppo?ggrg ggfl?ﬁ?fre’gnatlng said
support with a liquid suspension containing said cells. The 25 impregnated supports obtained in this
way can be implanted in a human subject. Such impregnated supports can also be re-cultured by
immersing them in a liquid culture medium, prior to being finally implanted. The three-dimensional solid
support needs to be biocompatible SO as to enable it to be implanted in a human. It can be of any
suitable Sh%& suc l as a cy ind er.a pheret ap @te or rE{)art of ar |trra ¥Hsha e Of the materials
suitable for e BIGEoM %Ftﬂ a{h?eéna RIS RS8R p'r%I " ARAL REAED AP HS de of
calcium carSop&RTAd Qﬁ‘%ﬁl@@l’ﬁﬁ@ﬁé@éﬁﬁé’% aperivalising teisdhaesf ddrihekertobizptious

ceramics bmdgmzadymma cm@uMé@&&)@%@ﬁa&ﬂ?mﬁéB&OQ@/%&@@%@%@Eﬁ%}iﬂw@@ gldealcium
phosphate, isivanatle: iialon saialekelsionaiaiaed pu it iermal exhianae

enabllng ca C|um ca onate to be tran orme INto ydroxyapatlte OI' else apatite-wo astonlte glass

ceramics, bGTRITEEMEE Al S RARRLEBIRIACSPRII Y| Sbe OB iaCatssk apardibias
embodimergsizgeriuthethsumeduled fpathe 6bkowmechdiwlimiturgekbiviphis Shemxaonyesigemonstrate

the isolation@fca Aay PoRIMARN swbsebaf %e@pmmé@rce%lsﬁ%\ﬁ%y frumineaeashymal stromal
cells co- expressmegﬁhl%h levels of CD34 (haglom?to angiogenic characters) and CD105 (mesenchymal

character), it ERRANCed B8he Tormation propertles and pro-angiogenic properties. This

popu:atlon wa@&mﬁ@ébmmﬁ% %%m%b’&&@ﬁ@ﬂ%&%%&%ﬂ@éﬁéﬁgm%ﬁ@'lﬁar"HW"eVler1 this .
population can successfu iche act to al cell sorting and/or hy culture
underallrbl spematﬁgeﬁo trloenSs?4 F earrl]ﬂc 5% % (‘L,}E@Zﬁ e hp')ff)Hpu"i"atlodr}?1 ?e gtg ?orcbp FEXS to 50%)

is of outstaﬁéffﬂf%ﬂéré@ﬁ‘fb&'%é‘éﬂﬁ%ﬁ B yehelente £868%s TircsAl RS hep nisrsiRk 25
significantlydetghet iprolifergsiost potestinisapch significanity fighed bone ecorstivieiiopigiepegties. In
addition, th%rtﬁ@%ﬁm&@D%%Q!%QPQE%@W&%B@&@W% its @s1@ semiinatign of

revascularization induction and bone reconstruction may be preferred. EXAMPLE 1 Isolation and

culture of b8fe MEFRRNRIEYS FBERMIGPI5EFRized bone marrow (BM) was 20 obtained from iliac
crest ofspatigpys 95@%&«?@3% \5%@4%@%@%%@%@9&%%%@@&9&%9&@?r%%@d'%n(PBS 2v:v)

and layered on densnyR/g ent Ficoll solution. After centrlfu% tion, mononuclear cells were harvested

from the int& 28Rl B%ﬁ%?i‘t%@é’ fiesEed oplonasXRtadRe S e RuBY R SRAE RY Metions
supplement&WWitP20%E pRusH &Sotio AsATRIA P pRiNGe Rte thSrER B GIFtizatPH ecetisorina & ph&8Hd at 1x107
ceIIs/l75Cmﬂafipaék&az&éieateﬁlrm&éxm&ﬁ}(m5hmﬂ@%@é6§aiﬁ€%mo@135 Gnkwnyggfieﬂ‘:@tWOSphere

conaining 56692 Tk calsvese SIONELOAIREN AR dRPHE B AL AL MEGYM change

and subsequentl or time intervals as specifi low ation o osmve cells. After

14 day¥ of é?éﬂ@%.‘?d MegeRuRGIY dm’ﬁwﬁcmﬁl\fﬁéﬁ%ﬁiﬂa%fﬁ% ar 20%), %%%ﬁia@éi%%ﬁs cells
were harvestedibinthrmbmtaspedtive PBSeThevBowinolteid el quepis atie nnwias) thedifeldekagl, Vviithean

APC-labellaga8HnGia 34 mPRriRnRhMHIBR g2 3R 0Bk EF28P90RR2A D hase),
such as to facilitate for selection or capture of cells bound by said reagents from cells not so
bound.

25 For general guidance on these methods, refer infer alia to Flow Cytometry and Cell Sorting,
2nd ed., by Andreas Radbruch (ed.), Springer 1899 (ISBN 3540656308); In Living Color:
Protocols in Flow Cytometry and Cell Sorting, 1st ed., by RA Diamond and $ Demaggio
{eds.}, Springer 2000 (ISBN 3540651497); Flow Cytometry Protocols (Methods in Molecular
Biology}, 2nd ed., by TS Hawley and RG Hawley (eds.), Humana Press 2004 (ISBN

3¢ 15B8292355);, Affinity Separations: A Practical Approach, P Matejtschuk (ed.), Oxford
University Press, 1997 (ISBN 0199635501);, and Dainiak et al. 2007. Adv Biochem Eng
Biotechnot 106: 1-18.



26 for 1h at room temperature. After a washing step by PBS, the cells are sedimented by
centrifugation and resuspended in 1 ml of cold, degasses sorting buffer. Purification of the cells was

performed on %B%g}ong%Jcklnson Immunocytometry system. The cells were sorted usmgﬂ:
parameters of O green fluorescence at 680nm and drops containing 5fluoreBEAMTCENY S éthen collected

in sterile microcentrifuge tubes (Fisher scientific), sedimented by centrifugation and immediately
seeded in appropriated flasks. Enrichment by culture. MSC cells were detached at day 28 using
trypsin solution for 1-5 min at 37C. The cells were counted and plated at 1x106 cells/175cm2 for
another week of culture in the same standard conditéons with or without growth factors as specified in
mmunobiolo |c;al cell surface markers were analyzed by flow

the exampl 10Ph not Re an
cytometry. éﬁj Ve a?%fgl%/cgh f{@ﬂ%‘ﬁS&Hﬁ@? HERay #f?{o’ﬁdﬁ forafraRaBeRE MEDRY8 D90 and
CD73, as wéﬂ”&sf@weg ?@Fﬂ@?ﬁlﬁm‘ﬂﬁérﬁ%@sﬁl‘i@@l NRATERS tielerésdeied) MERtGRIged bore-

resuspendetdinifs3talks BB Se MNP Isaining-adssvgra: tattefdonAbRApiRrtianan Sayaiser 35. Cells
were Washo:-=‘9h gﬁ])}glw @%tég("?gr (fsgm & é"l\ﬁg L{%Su rg‘de cetone f% ?ég_s)((acrggds at room

temperature, and thén rinse agaln with d Water seconds s Werd then staided with a

Fast Blde RE/RERIN NSSW%%B}?&@MWM% Wﬁ‘ﬂfé@'éﬁ%rﬁ%@?ﬁﬁ@ﬂaﬁyﬁe“@ﬁd% the dark.
Cells were Wwarshedminthaisptipdatiater for 2 minutes, and then counterstained in Mayer's Haematoxylin
solution for 10 minutes. Finally, cells were washed in distilled water for 3 20minutes. Mineralization

assay. Cells T H IR LRI MR edR et i st REsL Bless B TEABRs SRR PERRaRenhfed at 60 to
120 000 celtisisirel reb yveller plalt@inntbisnexpansipolaiediohne(k? EQC:alisleni2)n Eheanng day, the

medium is rs@a@@snb%%&fé& Qﬁé%ﬂaﬁﬁ%m%%l{fbsl%s‘?@ésr@é% %hw%% ?or?hﬂ%%éwgﬁ@ The
mediu Iace tq 3 %I ks g/ScultHre cells we e fixed
formal ehy§e/5né de %alﬁgs %)3{/ AMZANA 16 eﬁe WOk fonatioh §§§ /A NSRS RIBR%S¥mation
assay was ﬂ%}%?ﬁ]éos’f&%é?,@é?ﬁ%@%hfﬁ)@? fRee elEfsvpRiYaaidnass 46Pm %mbmeﬂl@eﬁcfwmaxy like
structures. BeigflypsR4atiebaalisreoplatestiaret cartietbwith Mha @S soa/sehoobpures3sowty,
Cectorredusestosh (B0, e Basemhorlrmie Maies, BREISINGER oo

um Owell acc

Erembodegem-Aa ording to manufacturer's instruct ns and then allowed

to ponmerlf’é’?Bl’c%‘ff’Wﬁrﬁ??E Oétbg%fomdga?% @@‘i’@”@@ﬂ?f\ﬁ/éﬂ‘%@?@ gé@d@d'?ﬁ?%ﬁ‘iﬁ&r%‘ﬁfd incubated
for 6 hours ECO 2009 3590FPOT FEFRD0BMAG5 543 7 3@ biddmweishihgemetuyoiktianshtube

formation Wﬁ’ﬂ@i@%‘ﬁﬁf\/@d\ruﬁlﬂﬂcﬁiﬁ lméem@rpwﬁdeHMmgssos%eMﬁd@&%m%h@éPne

dilution: 5D 104M) 2 bﬁex thasone stock (5.10-2M) + 198 pl aMEM Dex2 M): 2 pl
Dex1 (5. 10 éogBor em@ ?mﬁ‘r ahaema opoietic "and angiogenic” growih factor %

contacted thh the cells simultaneously or sequentially in any order, preferab!y
simultaneously. Advantageously, the cells may be exposed, preferably simultaneously
20 exposed, to FGF-2 to further enhance their expansion and/or enrichment.

In an embodiment, the haematopoietic growth factor is chosen from a group comprising or
consisting of colony stimulating factor 2 (CSF2), CSF3, macrophage CSF (M-CSF),
granulocyte monocytes CSF (GM-CSF), interferon (IFN) including 1FN-gamma, tumour
necrosis factor (TNF), and haematopoietically active cytokines such as inter afia interleukin 2

25 {l.2). More preferably, the haematopoietic growth factor is chosen from GM-CSF and IFN-
gamma, even more preferably may be IFN-gamma. In an embodiment, the angiogenic growth
factor is chosen from a group comprising or consisting of platelet-derived growth factor
(PDGF), vascutar endotheliai growth factors (VEGF1 or 2), Von Willebrand factor (VWF),
angiopoietin 2, fibroblast growth factors (FGF1, FGF3, or other FGF factors) and

30 erythropoietin (EPQO). More preferably, the angiogenic growth factor is chosen from PDGF,
FGF-1 and FGF-3, even more preferably PDGF and FGF-3, still more preferably may be
PDGF.



Osfeogenic medium (40 ml) VolumeFinal conc. aMEM31 nil/ FCS6m115% PenStrepGlu (100x)400 plix
Dexameth. (Dex2)400 pil0-8M Ascorbic acid200 pi50 pg/mi p-glycerophosphate2 mi10 mM
EXAMPLE | pe 10The MSC cell population obtained as explained in Example 1
("Isolation azr?g(% ﬁ%?eﬂg one marrow MSC") without cell sorting or growﬁlcfggr&}]%?ﬁ?ﬂ%ion
expressed high levels of mesenchymal markers (CD90, CD105 and 0073), consistent with their
mesenchymal origin. Haematopoietic 0034 surface molecule was expressed at low levels (usually
between 5% to 15% of the whole population). ALP marker representing the bone potential of the cells
was 15also highly expressed (Table 1 and 2). A thitél of the 0D34+ cells were also CD90+ (Figure 1 - a

low and high level of expression of 0090/0034+). Table 1: Phenotypic markers of MSC (percentage of
colls deomel SR FIRL8) CUUR el S TSN 586 O B AL S o

or indirectly, one or more molecules, components or materials with another, thereby
facilitating interactions there between. Typically, the growth factor(s) may be contacted with
the cells by means of their inclusion in the media, in which said cells are cultured. Media,
5 disposables and conditions of cell culture applicable herein may be generally as known in the
art, such as in the art of propagating and differentiating MSC, BMSC and bone-forming cells.

Bone-forming cells may be obtained by differentiation from isolated MSC cells as known in
the art. In an example, the method of WO 2007/093431 may be used, wherein isolated M3C
cells are cultured in the presence of serum or plasma and basic fibroblast growth factor (FGF-

10 2). In another example, osteogenic lineage cells may be obtained by differentiating MSC cells
in osteogenic medium as described by Piftenger et al. 1999 (supra) and Jaiswal et al. 1997
{(supra}. Optionally, a conventional osteogenic medium may be supplemented by FGF-2.
Bone-forming cells can also be directly isolated and cultured from trabecular bone as
described by Skjodt et al. 1985 {(J Endocrinol 105: 381-6).

15 In an embodiment, the bone-forming cells may be differentiated from isolated MSC cells
which co-express at ieast one mesenchymal marker and CD34. in such case, the so-obtained
population of bone-forming cells may be enriched for bone-forming cells co-expressing said at
least one mesenchymal marker and CD34. In another example, bone-forming cells may be
obtained from MSC cells which have not been enriched for cells co-expressing at least one

20 mesenchymal marker and CD34, or may be directly isolated from a subject. In such case, the

so-obtained population of bone-forming cells would generally not be enriched for bone-

forming cells co-expressing said at least one mesenchymal marker and CD34.

In any of these situa{ions, techniques as described above for MSC cells (such as, e.g., FACS,
MACS or affinity-based technologies) can be used analogously to select, enrich or isolate
25 bone-forming cells co-expressing said at least one mesenchymal marker and CD34, from a
relatively more heterogeneous population of bone cells. Bone-forming cells co-expressing
said at least one mesenchymal marker and CD34 may also be enriched using a
haematopoietic and/or angiogenic growth facior as taught in this specification.

In the context of the various aspects of the invention, the term “bone-related disorder” refers
30 1o any type of bone disease, the treatment of which may benefit from the administration of
osteogenic lineage or bone-forming cells, e.g., osteoprogenitors, osteoblasts or osteocytes, to
a subject having the disorder. In particular, such disorders may be characterised, e.g., by



9% #2 92% 5.9% 11% #3 98% 18.5% 6% WO 2009/135905PCT/EP2009/055549 78 #4 99% 3 %
7.8% #5 99% 7.3% 9% #6 97% 9.2% 9.5% #7

WO 2009/135905 PCT/EPZOG9/055549

20

decreased bone formation or excessive bone resorption, by decreased number, viability or
function of osteoblasts or osteocyies present in the bone, decreased bone mass in a subject,
thinning of bone, compromised bone strength or elasticity, efc.

By way of example and not limitation the term encompasses local or systemic disorders, such

3 as, any type of asteoporosis or esteopenia, e.g., primary, postmenocpausal, senile, corticoid-
induced, any secondary, mono- or multisite osteonecrosis, any type of fracture, e.g., non-
union, mal-union, delayed union fractures or compression, conditions requiring bone fusion
{e.g., spinal fusions and rebuilding), maxillo-facial fractures, bone reconstruction, e.g., after
traumatic injury or cancer surgery, cranio-facial bone reconstruction, osteogenesis

10 imperfecta, osteolytic bone cancer, Paget's Disease, endocrinological disorders,
hypophsophatemia, hypocalcemia, renal osteodystrophy, osteomalacia, adynamic bone
disease, rheumatoid arthritis, hyperparathyroidism, primary hyperparathyroidism, secondary
hyperparathyroidism, periodontal disease, Gorham-Stout disease and McCune-Albright
syndrome.

15 The MSC, BMSC and bone-forming cells and populations comprising such as described by
the invention find various uses, in particular in the fields of research, prevention and therapy
of bone-related disorders.

In an aspect, the cells or cell populations may be used for producing bone matrix in vitro. Said
bone matrix may be empioyed, e.g., in conjunction with or without the cells or cell

20 populations, in treatment of bone related diseases.

introduction of the present cells or cell populations to subjects can be useful in the treatment
of bone fractures and bone-related disorders in said subjects. The terms "subject” or "patient"
refer preferably tc animals, more preferably warm-blooded animals, yet more preferably
vertebrates, and even more preferably mammals specifically including humans and non-

(]
h

human mammals, that have been the object of treatment, observation or experiment. The
term "marnmal” includes any animal classified as such, including, but not limited to, humans,
domestic and farm animais, zoo animals, sport animals, pet animals, companion animals and
experimental animais, such as, for example, mice, rats, hamsters, rabbits, dogs, cats, guinea
pigs, catlle, cows, sheep, horses, pigs and primates, €.g., monkeys and apes. Particularly

30 preferred are human subjects, including both genders and all age categories thereof,



85% 15.8% 8.7% *similar results are obtained for CD105 and CD73 Table 2: Phenotypic markers of
MSC (percentage of cells deemed positive by FACS) The cells we e mainly negative for osteocalcin

c33/. EXAMPL(EZS 5CD34 positive cell isolation At the end of the first expansion steI}{J1 carried out as

explained in‘ﬁxar%&}es 9(ﬁsolation and culture of bone marrow MSC") befdre ¢ ?f-’g?ﬁhe MSC cells

were harvested off the flasks. The method of positive selection by flow cytometry sorting to isolate the
CD90/CD34+ population was used. Cells were first stained with a specific APC-coupled anti-CD34
antibody 10 solution. Then the cell population was injected through a Becton-Dickinson
fluorescence-activated cell sorter to isolate CD34 labelled cells from the population. The CD34+ cells
were then Cﬁ)rl‘lectedqi%gep?os hate burftf,er saline solution. An ali&uot of the cells was analysed to check
the purity. OUEST TXTOSRINS EaAL BAURHIRGE BB ANE0R THEICRRdERS SRR WK PR 909% were
CD90/CD34Rcwdfsoprbigetitthed, waderiessdhdien teaimentichmeaitaf aofaditonobld tes300Ehese cells
were furthefrgoiiy e 41B0GS-EAMNRT LRGP NSUHEILZRROM 3P RRRBE R 2ONMARSD 429 tRat AMPLE 4
Expansion + cell ' ined.in mple 3.were dedinal
week culturg%%:)?g?}glgﬁiﬁc%g%%ﬁ /%%o§ ?ﬁ@%ﬁlﬁﬁ%ﬁﬁ%ﬁ%uﬁb@dg fo tﬁ%”%’%?i@gﬁi‘%qg?esﬁs. Those

cells 5 werd iWE?fB&f@gl SANSHERHSS AfIRIF EShtaining plasma supplemented with growth factors and
cytokines. Aliaragtively nen-soded cells could.alsq %?tﬁ”t“gr%r%%%%éé@@ﬂ%}gﬁg%ﬁ%am d with or

without sorting. Cells incubated with haematopoietic factors . ,yGM-CSF,
IFN, TNF, o 4HBRIN SO SUT) Bedisn D YPRY CORTbRTAAEH JRR BB gTsRteE BiReEomaYield 10 as
the cells groveh &s stantidadticanditiorstdtivevenesihs ywdldrahtlie abitsisnoupation witkaagivgenic

factors (suckhascEd FlinBREE of BAMMWE: ansien0elina G FbvER 3 anshERD) AR Rnin
comblqgtlon w(fgre on average,25% %hgrdthataetﬁ%g/rla%l%obtalned 'H stanoharrd (it%ndlthns. More

hi
interestlnglya,nt "B rr%sbsfﬁgt?oﬁg rga&%’ %erﬁ%%po'letlc ana anrqgcf%sgﬁeenlggfé'g?or %asr%%én%ug‘?\’/e the

highest incréeirisipitisiaieyrien dbsea@b096e SgatiagPacne or more biological markers,

diminishment of extent of disease, stabilised {/.e.. not worsening) state of disease, delay or

slowing of disease progression, amelioration or paliiation of the disease state, and the like.

“Treatment” can also mean prolonging survival as compared to expected survival if not
15 receiving treatment.

The term “prophylactically effective amount” refers to an amount of an active compound or
pharmaceutical agenf that inhibits or delays in a subject the onset of a disorder as being
sought by a researcher, veterinarian, medical doctor or other clnician. The term
“therapeutically effective amount” as used herein, refers to an amount of active compound or

20 pharmaceutical agent that elicits the biological or medicinal response in a subject that is being
sought by a researcher, veterinarian, medical doctor or other clinician, which may include
inter alig alieviation of the symptoms of the disease or disorder being treated. Methods are
known in the art for determining therapeutically and prophylactically effective doses.

The treatment may employ autologous {i.e., cells derived from the subject to be treated),

25  allogeneic (ie., cells derived from subject{s) other than the subject io be treated, but
belonging to the same species) or xenogenic (i.e., cells derived from subject(s) belonging to
species other than the subject to be treated) MSC, BMSC or bone-forming cells or cell
populations as defined herein.

Envisaged are in particular treatments of human subjects using human autologous or
30 allogeneic MSC, BMSC or bone-forming cells or cell populations as obtained herein.



15synergistic effect of the combination. Cells incubated in osteogenic medium were used as control
and give a moderate expansion rate of the initial CD90/CD34+ initial population. As an example, cells
incubated Wi{{; tgeogl?%m%topoietic factor GM-CSF in the presence of FGIi)—ZTconzsiderak_)lg increased
the yield over ﬁ!la? of' EXCSF or FGF-2 alone (Table 3). 20Table 3: Yield S 8%%{7?5? n of
CD90/CD34+ cells (% of the standard conditions) Standard Haematopoietic GM-CSF FGF-2
Combination GM-CSF & FGF-2 Culture 1 100% 97% 127% 145% Culture 2 100% 112% 142% 162%

Culture 3 100% 102%
22

Suitably, the herein derived MSC, BMSC or bone-forming cells and cell populations may be
formulated into and administered as pharmaceutical compositions.

Pharmaceutical compositions will typically comprise the MSC, BMSC or bone-forming cells or
cell populations of the invention as the active ingredient, and one or more pharmaceutically

Fe

acceptable carrier/excipient. As used herein, "carrier” or "excipient” includes any and all
solvents, diluents, buffers (such as, e.g., neutral buffered saline or phosphate bufiered
saline), solubilisers, colloids, dispersion media, vehicles, fillers, chelating agents (such as,
e.g., EDTA or glutathione), amino acids (such as, e.g., glycine), proteins, disintegrants,
binders, lubricants, wetting agents, emuisifiers, sweeteners, colorants, flavourings,
10 aromatisers, thickeners, agents for achieving a depot effect, coatings, antifungal agents,
preservatives, stabilisers, antioxidants, fonicity controlling agents, absorption delaying agents,
and the like. The use of such media and agents for pharmaceutical active substances is well
known in the art. Such materials should be non-toxic and should not interfere with the activity
of the cells.

15 The precise nature of the carrier or excipient or other material will depend on the route of
administration. For exampie, the composition may be in the form of a parenterally acceptable
aqueous solution, which is pyrogen-free and has suitable pH, isotonicity and stability. For
general principles in medicinal formulation, the reader is referred to Cell Therapy: Stem Cell
Transplantation, Gene Therapy, and Cellular Immunotherapy, by G. Morstyn & W. Sheridan

20  eds., Cambridge University Press, 1896; and Hematopoietic Stem Cell Therapy, E. D. Ball, J.
Lister & P. Law, Churchill Livingstone, 2000.

Such pharmaceutical compositions may contain further components ensuring the viability of
the cells therein. For example, the compositions may comprise a suitable buffer system (e.g.,
phosphate or carbonate buffer system) {0 achieve desirable pH, more usually near neutral

25 pH, and may comprise sufficient salt to ensure isoosmotic conditions for the cells to prevent
osmotic stress. For example, suitable solution for these purposes may be phosphate-buffered
saline (PBS), sodium chloride solution, Ringer's Injection or Lactated Ringer's Injection, as
known in the art. Further, the composition may comprise a carrier protein, e.g., albumin,
which may increase the viability of the cells.

30 The pharmaceutical compositions may comprise further components useful in the repair of
bone wounds and defects. For example, such components may include without limitation
bone morphogenetic proteins, bone matrix (e.g., bone matrix produced in vitro by cells of the



124% 138% Culture 4 100% 89% 103% 148% Culture 5 100% 98% 110% 123% Culture 6 100%
105% 130% 145% Mean 100% 98.2% 148% 178% WO 2009/135905PCT/EP2009/055549 30

WO 2009/135905 PCT/EP2009/055549
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invention or by other methods), hydroxyapatite/tricalcium phosphate particles (HA/TCP),
gelatine, poly-lactic acid, poly-lactic glycolic acid, hyaluronic acid, chitosan, poly-L-lysine, and
coliagen. For example, the osteoblastic cells may be combined with demineralised bone
matrix (DBM) or other matrices to make the composite osteogenic (bone forming in it own
5 right) as well as ostec-inductive. Similar methods using autologous bone marrow cells with
allogeneic DBM have yielded good results (Connolly et al. 1995. Clin Orthop 313: 8-18).

The pharmaceutical composition can further include or be co-administered with a
complementary bioactive factor such as a bone morphogenic protein, such as BMP-2, BMP-7
or BMP-4, or any other growth factor. Other potential accompanying components include

10 inorganic sources of calcium or phosphate suitable for assisiing bone regeneration (WO
00/07639). If desired, cell preparation can be administered on a carrier matrix or material to
provide improved tissue regeneration. For example, the material can be a granular ceramic,
or a biopolymer such as gelatine, collagen, osteonectin, fibrinogen, or osteocalcin. Porous
matrices can be synihesized according to standard techniques (e.g., Mikos et al,

15 Biomaterials 14: 323, 1993; Mikos et al., Polymer 35:1068, 1994: Cook et al., J. Biomed.
Mater. Res. 35:513, 1997).

Alternatively or in addition, the present cells may be stably or transiently transformed with a
nucteic acid of interest prior to introduction into the bone lesion, e.g., a surgery or fracture
site, of the subject. Nucleic acid sequences of interest inciude, but are not limited to those

20  encoding gene products that enhance the growth, differentiation and/or mineralization of
osteoblasts. For example, an expression system for BMP-2, can be introduced in a stable or
transient fashion for the purpose of treating non-healing fractures or osteoporosis. Methods of
cell transformation are known to those skilled in the art.

In a further aspect, the invention relates to an arrangement comprising a surgical instrument

25 for administration of a composition {0 a subject, such as for example systemically, topicaly or
at a site of bone lesion, and further comprising the cells or cell populations of the invention, or
a pharmaceutical composition comprising said cells or cell populations, wherein the
arrangement is adapted for administration of the pharmaceutical composition for example
systemically, topically or at the site of bone lesion. For example, a suitable surgical instrument

30 may be capable of injecting a liquid composiiion' comprising cells of the present invention,
such as systemically or at the site of bone lesion.



Moreover, the morphology of the CD90/CD34+ cells after 1 week of culture was the same
spindle-shape as initial bone forming cells (Figure 2). Those osteoprogenitor cells remained adherent
at all times (oféhe culture period) suggesting that this new population would not be circulating and
therefore disﬁnc%of?%/rir?sgi?‘culating 5osteoblast lineages (such as ones of E%%Hgﬁgﬁ%%?ﬁ%‘ghi et al. 2007.
Bone 40: 1370-7). Surface marker profile of these cells at the end of the expansion were analyzed in
the standard condition of culture: CD34 maker was maintained at a high level while the other
mesenchymal or bone specific markers remained unchanged supporting the finding of a new
population sharing both osteogenic (ALP) and haematopoietic signature (0034 positive) 10(Table 4

and Figure :'*% Takﬂle 4: Phenotypic mark?frs of 0D90/CP34+ cells after 1 week of expansion in

supplementedfHHitarg ¢Sh RARHEER SPLS HENRRETO SR SR AL RHHEE-FESN oalhfbn  Mean

SD ALP 11 p@rzie5@imDnesied U528 4l GDDeIneiige100 @IETGra® the functionally deficient
area. Administration of the composition will depend on the musculoskeletal site being

repaired. For example, osteogenesis can be facilitated in concordance with a surgical

5 procedure to remodel tissue or insert a split, or a prosthetic device such as a hip replacement.
In other circumstances, invasive surgery will not be required, and the composition can be
administered by injection or {(e.g., for repair of the vertebral column) using a guidable
endoscope.

In an embodiment the pharmaceutical cell preparation as defined above may be administerad
10 in a form of liquid composition. In embodiments, the cells or pharmaceutical composition
comprising such can be administered systemically, topically or at a site of lesion.

In another embodiment, the cells or celi popuiat'ions may be transferred to and/or cultured on
suitable substrate to provide for implants. The substrate on which the cells can be appfied
and cultured can be a metal, such as titanium, cobalt/chromium alloy or stainiess steel, a

15 bioactive surface such as a calcium phosphate, polymer surfaces such as polyethylene, and
the like. Although less preferred, siliceous material such as glass ceramics, can also be used
as a substrate. Most preferred are metals, such as titanium, and calcium phosphates, even
though calcium phosphate is not an indispensable component of the substrate. The substrate
may be porous or non-porous.

20 For example, cells that have proliferated, or that are being differentiated in culture dishes, can
be transferred onto three-dimensional solid supports in order to cause them to multiply and/or
continue the differentiation process by incubating the solid support in a liguid 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

25 impregnated supports obtained in this way can be implanted in a human subject. Such
impregnated supports can also be re-cultured by immersing them in a liquid culture medium,
prior to being finally implanted.

The three-dimensional solid support needs to be biocompatible so as to enable it to be
implanied in a human. It can be of any suitable shape such as a cylinder, a sphere, a plate, or
30 a part of arbitrary shape. Of the materials suitable for the biocompatible three-dimensional
solid support, particular mention can be made of calcium carbonate, and in particular

aragonite, specifically in the form of coral skeleton, porous ceramics based on alumina, on



93.14.2 0034 1151.6 19.0 EXAMPLE 5 15Bone Reconstructive Properties Biological properties of
this new population (as obtained in example 3, in the presence of a combination of GM-CSF and
FGF-2) Werw%e@?%dmk})%/ measuring the ALP production (ALP staining) and their capabilities to form
and mineraliZe new Bone matrix. CD34+ cells produced a substantial ambUAPSPEBAE M rix (score of
2 out a maximum of 2) and were significantly 20positive to ALP staining process (score of 2 out a
maximum of 2) suggesting that this population of cells was capable of a high bone reconstructive
potential (Figure 4). For WO 2009/135905PCT/EP2009/055549 31 comparison, standard MSC

cultures give a bone matrix score of 1 to 1.5 and aAsALP staining score of 1.5. Interestingly, it was

shown that the higher the A of CD34+ cells in the populatjon the higher the mineralization capacity
Figure 5. S ERAMEL B BSOS e PR e BB G SAABOREHAM cols

ProliferatiofYHreeprasexesicnznati b pairkie eatanseteigibedistsprowthifichypsogyapitits)oThe cells
were subjeclied tpie-anriskioent gretocolasexpiaiadd yRxanapiendics odehmant diyseuiture”).
glasses.

5 The above aspects and embodiments are further supported by the following non-limiting
examples.

The examples demonstrate the isolation of a2 new population subset of osteoprogenitor cells
derived .from mesenchymal stromal cells co-expressing high levels of CD34 (haemato-
angiogenic characters} and CD105 (mesenchymal character), with enhanced bone formation
10 properties and pro-angiogenic properties. This population accounts for less than 1% of
normally expanded mesenchymal stromal cells. However, this population can successfully be
enriched by a factor of up to 90 by dual cell sorting and/or by culture under in special
conditions. Such an enriched CD105/CD34+ cell population {e.g., for up to 5 to 50%) is of
outstanding interest for treatment of bone diseases as this enriched population has
15 significantly higher proliferation potential and significantly higher bone reconstruction
properties. In addition, their angiogenic (CD34+) properties add to the treatment benefits as a
combination of revascularization induction and bone reconstruction may be preferred.

EXAMPLE 1

Isolation and cufture of bone marrow MSC. 100ml of heparinized bone marrow (BM) was

2¢  obtained from iliac crest of patients or from healthy volunieers. BM was mixed with
phosphate-buffered saline (PBS, 2v:v) and layered on density gradient Ficoll solution. After
cendrifugation, mononuctear cells were harvested from the interface and washed twice in
PBS. The cells were resuspended in DMEM mediurﬁ supplemented with 20% plasma,
optionally supplemented with FGF-2. The celis were piatéd at 1x107 celis/175cm? flasks

25 ({tested range 1x10°- 1x10%) and maintained in a 37°C humidified atmosphere containing 5%
CO2. The cells were allowed 1o attach for 1 to 4 days prior to an initial medium change, and
subsequently cultured for time intervals as specified below.

{solation of CD34 positive celis. After 14 days of standard mesenchymal culture (DMEM and
plasma at 20%), approximately 1x10° cells were harvested and maintained in PBS. The
30 whole cell population was then labelled with an APC-labelled anti-CD34 monoclonaf antibody



10As displayed in Table 5 (n=3), FGF-2 (2 ng/ml) induced the proliferation and expansion of a specific
population of bone-forming cells as compared to the control condition (FBS 15%). Our data further
revealed thay jin the presence of FGF-2 generation and/or expansion of this bone-forming cell
population gg‘i} bgogb Ained and/or maintained using either GM-CSF (10 rF MBP&?“I%NS mma (10
ng/ml), and was significantly increased using FGF-1 (2 ng/ml), 15FGF-3 (2 ng/ml) or PDGF (1 ng/m1)
angiogenic growth factors. Table 5. Proliferation in the presence of haematopoietic and/or angiogenic
growth factors Conditions Factor" Culture Yield % % of increased proliferation rate versus FBS 15% %

of increased proliferation rate vs. FGF- 2 alone FB3615/0 284 +/- 257 100 FGF-2 A 537 +/- 69 189
100 FGF_l]fo'?‘ Th at room temperature. After a washing step by PBS, the cells are sedimented by

centrifugation and resuspended in 1 ml of cold, degasses sorting buffer.

Purffication of the cells was performed on a Becton Dickinson Immunocytometry system. The
cells were sorted using the parameters of green fluorescence at 680nm and drops containing

(¥}]

fluorescent cells are then collected in sterile microcentrifuge tubes (Fisher scientific),
sedimented by centrifugation and immediately seeded in appropriated flasks.

Enrichment by culture. MSC cells were detached at day 28 using trypsin solution for 1-5 min
at 37°C. The cells were counted and plated at 1x10° cells/175cm? for another week of culture
in the same standard conditions with or without growth factors as specified in the examples.

10 Phenotype analysis. Immunobiologicat cell surface markers were analyzed by flow cytometry.
Cells were incubated with the following labelied monoclonal antibodies: CD105, CDY0 and
CD73, as well as CD34 for 15 min and then washed with PBS before being centrifuged and
resuspended in 0.3ml PBS.

ALP staining. Cells were stained for ALP detection on day 28 or 35. Cells were washed twice
15 with PBS, then fixed in 60% citrate buffered acetone for 30 seconds at room temperature, and

then rinsed again with distilied water for 45 seconds. Cells were then stained with a Fast Blue

RR/Naphtol AS-MX phosphate solution for 30 minutes at room temperature, and in the dark.

Cells were washed with distilled water for 2 minutes, and then counterstained in Mayer's

Haematoxylin solution for 10 minutes. Finally, cells were washed in distilled water for 3
20 minutes.

Mineralization assay. Cells from culture were recovered at day 28 or 35 by incubation with

trypsin and plated at 60 to 120 000 cellsiwell in 6-wells plate in the expansion medium (12

500 cells/cm?). The next day, the medium is replaced by 2.5 ml osteogenic medium. The cells

are culiured for 2, 3 or 4 weeks. The medium is replaced every 3-4 days. After 2 weeks of
25 culture, cells were fixed in 3.7% formaldehyde/PBS and stained by alizarin red.

Network formation assay. A Matrigel fube formation assay was performed to assess the
ability of the cell population to form a network of capillary-like structures. Briefly, 24-well
culture plates were coated with 10 pl (3.5 mg/ml) of pure Growth Factor-reduced Matrigel (BD
Matrigel Basement Membrane Matrix, BD Biosciences, Erembodegem-Aalst, Belgium) per
30 well according to manufacturer’s instructions, and then allowed to polymerize for 30 minutes
at 37°C. A total of 30.10° cells/weli were seeded on Matrigel and incubated for 6 hours at
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37°C. After washing, network and tube formation were observed using an inverted phase-
contrast microscope.

Media
Dexamethasone dilution:
5 Dex1({5.10"M): 2 pl dexamethasone stock (5.102M) + 198 pl GMEM

Dex2 {10°°M): 2 pl Dext (5.10*M) + 998 ul aMEM

Osteogenic medium (40 mi)

Volume Final conc.,

oMEM 31 ml /

FCS 6 mi 15%
PenStrepGlu {100x) 400 yl 1x
Dexameth. (Dex2) 400 ul 10°M
Ascorbic acid 200 wi 50 pgimi
B-glycerophosphate 2mi 10 mM
EXAMPLE 2

Cell phenotype

16 The MSC cell population obtained as explained in Example 1 (“/sofation and culture of bone
marrow MSC") without cell sorting or growth factor stimulation expressed high levels of
mesenchymal markers (CD80, CD105 and CD73), consistent with their mesenchymal origin.
Haematopoietic CD34 surface molecule was expressed at low leveis (usUaIky betwsen 5% to
15% of the whole population). ALP marker representing the bone potential of the cells was

15 also highly expressed (Table 1 and 2). A third of the CD34+ cells were atso CD90+ (Figure 1
- a low and high level of expression of CD90/CD34+).

Table 1: Phenotypic markers of MSC (percentage of cells deemed positive by FACS)

Whole cell population

CDgo" CD34 ALP
#1 95% 4.3% 9%
#2 92% 5.9% 1%
#3 98% 18.5% 6%




WO 2009/135905PCT/EP2009/055549 32 Phenotypic characterization (Table 6) Flow cytometric
analysis of the expanded bone-forming cells (n=3) demonstrated that this selected cell population
exhibited a s&ecificﬁphenotypic profile, expressing CD34 together with typical mesenchymal cell

2
markers such as (8

?5%0,5CD73, and CD90, while lacking 5haematopoietig(é?{ﬁ%ﬁ'a’éqﬁeﬁ%l cell surface

markers such as CD45, CD133, and CD31 antigens. Table 6. Phenotypic profile Haematopoietic cell
marker Mesenchymal cell markers Endothelial cell markers CD45 % positive cells CD105 % positive
cells CD73 A. positive

10

28
#4 99% 3.1% 7.8%
#5 9%% 7.3% 9%
#6 97% 9.2% 9.5%
#7 85% 15.8% 8.7%

*similar results are obfained for CD165 and CD73

Table 2: Phenotypic markers of MSC (percentage of cells deemed positive by FACS)

Whole cell population

N Mean sD
ALP 11 7.8 6.6
CD105 11 91.8 7.9
CD90 12 a5.7 4.0
CD73 13 94.7 34
CD34 11 7.2 2086

The cells were mainly negative for osteocalcin <33%.

EXAMPLE 3

CD34 paositive cell isolation

At the end of the first expansion step carried out as explained in Example 1 (“Iscfation and
culture of bone marrow MSC”) before cell sorting, the MSC cells were harvested off the
flasks. The method of positive selection by flow cytometry sorting to isolate the CDO0/CD34+
poputation was used. Cells were first stained with a specific APC-coupled anti-CD34 antibody
solution. Then the cell population was injected through a Becton-Dickinson fluorescence-
activated cell sorter to isolate CD34 labelled cells from the population. The CD34+ cells were
then collected in a phosphate buffer saline solution.

An aliquot of the cells was analysed to check the purity. Out of 1x10° initial celis, on average
about 50x10° cells were sorted whom 15 to 90% were CDI0O/CD34+ osteoprogenitors,
corresponding to an enrichment of a factor of 10 to 30. These cells were further cultured
under same conditions.



cells CD90 % positive cells CD133 % positive cells CD31 % positive cells CD34 % positive cells FBS
15% 3+1-1 66+1-2 74+/-19 90+1-8 2.2+1-0.7 9.0+/-11.8 FGF-2 3+1-1.5 92+/-2 99+1-1
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EXAMPLE 4

Expansion method

Isolated CD34+ cells obtained as explained in Example 3 were expanded in a 1 week culture
protocol. About 70-75% of the isolated fraction survived to the purification steps. Those cells

5 were incubated in standard medium containing plasma supplemented with growth factors and
cytokines. Alternatively non-sorted cells could also be cultured. Similar results were obtained
with or without sorting.

Cells incubated with haematopoietic factors (such as CSF2, CSF3, M-CSF, GM-CSF, IFN,

TNF, or cytokines such as IL2) alone or in combination were able fo grow at the same vyield
10 as the cells grown in standard conditions. However the vield of the celis incubating with

angiogenic factors (such as FLT1, PDGF, VEGF, vWF, angiopoietin2, FGF1, FGF3 and EPQO)

alone or in combination were on average 25% higher than the vield obtained in standard

conditions. More interestingly, the combination of both haematopoietic and angiogenic factors

was able to give the highest increase in expansion yield, close to 50%, suggesting a
15 synergistic effect of the combination.

Cells incubated in osteogenic medium were used as control and give a moderate expansion
rate of the initial CDO0/CD34+ initial population.

As an exampie, cells incubated with the haematopoietic factor GM-CSF in the presence of
FGF-2 considerably increased the yield over that of GM-CSF or FGF-2 alone (Table 3).

20 Table 3: Yield of the expansion of CDS0/CD34+ cells (% of the standard conditions)

Standard Haematopoietic FGF-2 Combination
GM-CSF GM-CSF &

FGF-2

Culture 1 100% 97% 127% 145%
Cuilture 2 100% 112% 142% 162%
Culture 3 100% 102% 124% 138%

| Culture 4 100% 89% 103% 148%
Culture 5 100% 98% 110% 123%
Cuiture 6 100% 105% 130% 145%
Mean 100% 98.2% 148% 178%




99+1-1 4.5+1-0.9 4.3+1-1.2 49+/-15 FGF-1 2.6+1-0.5 97+1-3 98+1-1 2.9+1-1.1 3.3+/-0.7 39+/-10
FGF-31 2.2+1-0.8 99+1-1 98+1-1 3.4+1-0.9 42+/-8 PDGF1 2.2+/-0.4 93+/-2 99+1-1 97+1-1
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Moreover, the morphology of the CD90/CD34+ cells after 1 week of culture was the same
spindle-shape as initial bone forming cells (Figure 2).

Those osteoprogenitor celis remained adherent at all times (of the culture period) suggesting
that this new population would not be circulating and therefore distinct from circulating
5  osteoblast lineages (such as ones of Eghbali-Fatourechi et al. 2007. Bone 40: 1370-7).

Surface marker profile of these cells af the end of the expansion were analyzed in the

standard condition of culture; CD34 maker was maintained at a high level while the other

mesenchymal or bone specific markers remained unchanged supporting the finding of a new

population sharing both osteogenic (ALP} and haematopoietic signature (CD34 positive)
10 {Table 4 and Figure 3).

Table 4: Phenotypic markers of CDS0/CD34+ cells after 1 week of expansion in

supplemenied culture conditions {% of cells deemed positive by FACS)

CBD34+ cell population
N Mean sD
ALP 11 68.2 15.3
CD105 11 92.8 47
Cbao 12 929 1.9
cp73 13 93.1 4.2
CD34 11 516 19.0
EXAMPLE 5
15 Bone Reconstructive Properties
Biological properties of this new population (as obtained in example 3, in the presence of a
combination of GM-CSF and FGF-2) were assessed by measuring the ALP production {ALP
staining) and their capabilities to form and mineralize new bone matrix. CD34+ cells produced
a substantial amount of bone matrix {score of 2 out a maximum of 2} and were significanily
20  positive to ALP staining process (score of 2 out @ maximum of 2) suggesting that this

population of cells was capabie of a high bone reconstructive potentiai (Figure 4). For



4.9+/-2.2 3.3+/-0.7 GM-CSF1 1.4+1-1.3 93+/-3 99+1-1 98+1-1 3.3+1-0.6 3.6+1-0.5 40+1-7 IFN-g1
2.3+4/-0.1 92+1-3 99+/-1 86+1-2 3.3+1-0.7 28+/-7 In the presence of FGF-2 Osteogenic properties
(Table 7, Fi F ytometric analysis and ALP staining of the expanded bone-forming cell
population %ﬁ%ﬁ%ﬁ%ﬁé’% hese cells displayed strong osteogenic propertigg?ﬁggﬂpﬁfﬁﬁ“é’rmore, it is
interesting to note that IFN-gamma was shown to selectively and considerably increase both ALP
expression and staining, thereby enhancing the osteogenic character of the cells. Table 7. Osteogenic
properties-ALP measurements Conditions

31

comparison, standard MSC cultures give a bone matrix score of 1 to 1.5 and an ALP staining
score of 1.5.

Interestingly, it was shown that the higher the % of CD34+ celis in the population the higher
the mineralization capacity (Figure 5).

5 EXAMPLE 6

Expansion, enrichment and properties of MSC and bone-forming cells

Profiferation in the presence of haematopoietic and/or angiogenic growth factors (Table 5)

The cells were subjected fo the enrichment protocol as explained in Example 1 (“Enrichment
by cufture™.

10 As displayed in Table 5 (n=3), FGF-2 (2 ng/m!) induced the proliferation and expansion of a
specific population of bone-forming cells as compared to the control condition (FBS 15%).
Our data further revealed that in the presence of FGF-2 generation and/or expansion of this
bone-forming celi population can be obtained and/or maintained using either GM-CSF (10
ng/ml) or IFN-gamma (10 ng/mi), and was significantly increased using FGF-1 (2 ng/ml),
15 FGF-3 (2 ng/mi) or PDGF {1 ng/mi) angiogenic growth factors.

Table 5. Proliferation in the presence of haematopoietic and/or angiogenic growth factors

Conditions| Factor® | Culture Yield {% of increased proiiferation % of increased
% rate versus FBS 15%  [proiiferation rate vs. FGF-
2 alone

FBS 15% - 284 +/- 257 100 -

FGF-2 A 537 +/-69 189 100

FGF-1' A 746 +- 112 263 139

FGF-3' A 605 +/- 50 213 113

PDGF’ A 756 +/-110 266 141

GM-CSF’ H 524 +/- 61 185 98

IFN-g’ H 508 +/- 16 179 95

" In the presence of FGF-2; *A= angiogenic and H=hematopoietic



Osteogenic properties ALP Expression (Flow Cytometry) ALP Enzymatic activity ALP Staining WO

2009/135905PCT/EP2009/055549 33 % positive cells MF1 mU/rng protein Semi-quantitative

evaluation FBS 15% 21+1-11.1 2.6 10 FGF-2 67+1-1 17.6 56 ++
WO 2609/135905
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Phenotypic characterization (Tabie 6)
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Flow cytometric analysis of the expanded bone-forming cells (n=3) demonstrated that this

selected celt population exhibited a specific phenotypic profile, expressing CD34 together with

typical mesenchymal cell markers such as CD105, CD73, and CD90, while lacking
haematopoietic and endothelial cell surface markers such as CD45, CD133, and CD31

antigens.

Table 6. Phenotypic profile

Haematopoietic| Mesenchymal cell markers Endothelial cell
cell marker markers
CD45 CD105 | CD73 CD90 CD133 | CD31 CD34
% positive cells |% positive|% positive}% positive|% positive{% positive|% positive
cells cells cells cells cells cells
FBS 15% 3+/-1 66+/-2 | 74+/-19 | 90+/-8 [15.7+/-13|2.2+/-0.7 |9.0+/-11.8
FGF-2 3+/-1.5 92+/-2 | 99+/1 99+/-1 [4.5+/-0914.3+/-1.2} 49+/-15
FGF-1' 26+-0.5 94+/-3 | G7+/-3 | 98+/-1 | 2.9+/-1.113.3+-0.7 | 39+/-10
FGF-3' 2.2+/-0.8 93+/-2 | 99+/-1 98+/-1 157+-3.3]34+-0.9| 42+/-8
PDGF 2.2+/-04 93+/-2 | 99+/-1 97+/[-1 | 4.9+/-2.2 | 3.3+/-0.7 | 34+/-8
GM-CSF’ 1.4+/-1.3 93+/-3 | 99+/1 98+/-1 [ 3.3+/-06 [ 3.6+/-05] 40+/-7
IFN-g’ 2.3+/-0.1 92+/-3 | 99+/-1 86+/-2 | 4+/1.5 [3.3+/-07 28+/-7

' In the presence of FGF-2

Osfeogenic prbpedies (Table 7, Fig. 6)

Flow cytometric analysis and ALP staining of the expanded bone-forming cell population

indicated that these cells displayed strong osteogenic properties (n=3). Furthermore, it is

interesting to note that IFN-gamma was shown to selectively and considerably increase both

ALP expression and staining, thereby enhancing the osteogenic characier of the cells.

Table 7. Osteogenic properiies — ALP measurements

Conditions

Osteogenic properties

ALP Expression (Flow
Cytometry)

ALP Enzymatic activity

ALP Staining




FGF-11 66+/-2 15.6 69 ++ FGF-31 66+1-5 15.1 39 ++ PDGF1 64+1-3 12.6 36 ++ GM-CSF1 64+/-3
15.3 57 ++ IFN-gl 82+/-2 28.7 318 +++

WO 2009/1353965 PCT/EP2009/055549
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% pasitive cells M| mU/mg protein Sémi-quantitative
evaluation

FBS 15% 21+/-11.1 2.6 10 +
FGF-2 67+/-1 176 56 ++
FGF-1' 66+/-2 156 69 ++
FGF-3' B6+/-5 15.1 39 o
PDGF’ 64+/-3 12.6 36 ++
GM-CSF' 64+/-3 15.3 57 ++
IFN-g’ 82+/-2 28.7 318 bt

" In the presence of FGF-2
Pro-angiogenic properties and capillary-iike structure formation potential (Table 7, Fig. 7)

Flow cytometric analysis of the expanded bone-forming celis demonstrated upregulation of
vWF and VEGF molecule expression (n=3). Moreover, as illustrated in Fig. 7 (n=1), our data

W

indicated that this population of bone-forming cells was able to differentiate and organize into
branched neo-vascular structures and pseudotubes in a Matrigel model. In addition, IFN-
gamma was shown to clearly enhance this network formation as compared to controls (and
other haematopoietic and/or angiogenic factors). These in vitro results show that both IFN-
gamma and the expanded bone-forming cell population have the capacity to promote tube
10 formation and the development of capillary-fike structures (pro-angiogenic effect).



1 In the presence of FGF-2 Pro-angiogenic properties and capillary-like structure formation potential
(Table 7, Fig. 7) Flow cytometric analysis of the expanded bone-forming cells demonstrated
upregulation of VWF and VEGF molecule expression (n=3). Moreover, as illustrated in Fig. 7 (n=1), our
data indicated that this population of bone-forming cells was able to differentiate and organize into
branched neo-vascular structures and pseudotubes in a Matrigel model. In addition, IFNgamma was
shown to clearly enhance this network formation as é@mpared to controls (and other haematopoietic
and/or angiogenic factors). These in vitro results show that both IFNgamma and the expanded
bone-formingiegll population have the capacity to promote tube 10formation and the development of
capillary-like structures (pro-angiogenic effect). 34 CLAIMS 1.A mesenchymal stem cell (MSC)
isolated from bone marrow characterized in that it co-expresses at least CD 105 and CD34. 2.The
MSC cell'of claifh BesitisAebsexpidsds @ Holoy tmopremasesndhapEazgl A method for obtaining
MSC cells:ibolated-droreshondmatDWEaséxfipessing at least CD 105 and CD34, comprising enriching
from a population of MSC cells isolated from bone marrow a subset of cells which co-express at least

CD 105 and CD34. 4. The methad according to claim 3, comprising; (a) isolating MSC cells from a
bone maarQ?ow saf%% esé] Lée}gé%fzaé??b %ﬁq}égéﬁ’fy%ﬁ%ﬁ%@%@gﬂ%%ﬂiﬁéjﬂ?gmsc cells of (a); and
(c) enriching from the MSC cells of (a) or (b) a subset of cells which co-express at least CD 105 and
CD34. 5.A metheehéarinfvitso:expandsag-afsvoic eatien piaterably.of the MG crlls.af @y ong of claims
1 or 2, campisiugepannacae MG sellin IDIRNBSLAQUINIASIOL 7 RGE: 2 and one prore
factors selg.c ed from colonéstimulatin actor 2 (CSF2), CSF3, macrop%agea% If'l(sl\féé’ 3 B
granulocy ¥ MSHEEIEE €8 t(Eﬂ}lQég'fi%,c}r})ﬁérferon (IFN), tumour necrosis factor (TNF),

haematopoietically active cytokines, platelet-derived growth factor (PDGF), vascular endothelial
growth factor (Viemiméancvlielrangkiaciocdv¥kiheangiopoietin 1, angiopoietin 2, FGF-3 and
erythropoietin (EPO). 6,The i &E@%%ﬁ%ioggin%to claim 5 comprising exposing said MSC to FGF-2 and
one or more factors sege)ctedq%rorrll M-CSF,SPBI(%I%%)ﬁalﬁgﬁﬁé%%%gﬁg%%gg’according to claim 5

comprising exposing s&id MSesaHs enocing 1l Srting dIRMNHecarlinE By 4P method of any of
claims 3 to?. {c) enriching from the MSC cells of (a) or (b) a subset of cells which

co-express at least CD105 and CD34.

5. A method for in vitro expanding of MSC cells, preferably of the MSC cells of any one of claims 1 or
2, comprising exposing said MSC cells to fibroblast growth factor 2 (FGF-2) and one or more factors
selected from colony stimulating factor 2 (CSF2), CSF3, macrophage CSF (M-CSF), granulocyte monocytes
CSF (GM-CSF), interferon (IFN), tumour necrosis factor (TNF), haematopoietically active cytokines,
platelet-derived growth factor (PDGF), vascular endothelial growth factor (VEGF), Von Willebrand factor
(VWF), angiopoietin 1, angiopoietin 2, FGF-3 and erythropoietin (EPO).

6. The method according to claim 5 comprising exposing said MSC to FGF-2 and one or more factors
selected from GM-CSF, PDGF and FGF-3.

7. The method according to claim 5 comprising exposing said MSC to FGF-2 and IFN-y.

8. MSC cells obtainable by the method of any of claims 3 10 7.



35 9,The MSC cells according to any one of claims 1, 2 or 8, wherein said MSC cells display both
osteogenic properties and pro-angiogenic properties. 10. The MSC cells according to any one of
claims 1, 2, 8 or 9, which are of human origin. 11. A cell population comprising the MSC cells
according to any one of claims 1, 2, 8, 9 or 10. 12. The MSC cells according to any one of claims 1, 2,
8, 9 or 10 or the cell population of claim 11, for use in the treatment of a bone-related disorder. 13. A
pharmaceutical composition comprising the MSC cel$ according to any one of claims 1, 2, 8, 9 or 10
or the cell population of claim 11, and one or more pharmaceutically acceptable carrier/excipient. 14.
A process for preparing the pharmaceutical fommlation according to claim 13, comprising: admixing
the MSC gells according ta any onpe of claims .8, 9 qr 10 or the cell latjon of claim 11, with
one or mg?re prfgﬁ%ﬁ%%@éﬁééég table 85?1% g%(“&frleé%ﬁr Sinercin aid MSC Sl ispiay both

osteogenic properties and pro-angiogenic properties.

10. The MSC cells according to any one of claims 1, 2, 8 or 9, which are of human origin.
1, A cell population comprising the MSC cells according to any one of claims 1, 2, &, 9 or 10.
12. The MSC cells according to any one of claims 1, 2, 8, 9 or 10 or the cell popuiation of claim 11, for

use in the freatment of a bone-related disorder.

13. A phénnaceutical composition comprising the MSC cells according to any one of claims 1, 2, 8, 9 or

10 or the cell population of claim 11, and one or more pharmaceutically acceptable carrier/excipient.

14, A process for preparing the pharmaceutical formulation according to claim 13, comprising: admixing
the MSC cells according to any one of claims 1, 2, 8, 9 or 10 or the cell population of claim 11, with one or

more pharmaceutically acceptable carrier/excipient.



