METHOD OF FORM NG MESENCHYMAL STEM CELLS FROM

EVMBRYONI C STEM CELLS CROSS- REFERENCE TO RELATED
WERRENCATT ONS [ 0001] This application clains tP€r/US2005/016137

benefit of U S. Provisional Application No. 60/569, 500

filed May 7, 2004, which is incorporated herein by
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[0004] One source of multipotent stem cells that can be expanded in culture and utilized

locally for potential bone regeneration, bone healing and fracture repair is bone marrow-derived
MSCs (Bruder et al., (1994) J. Cell Biochem. 56:283-294). Studies of this nature using bone
marrow-derived MSCs have been carried out in animal models but have not been conducted in
humans perhaps because of some inherent limitations in the use of MSCs. For example, despite
the capacity to expand these cells in vitro, MSCs represent a rare subpopulation of cells found in

the bone marrow. Thus, the isolation of bone-derived MSCs requires extensive purification.
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the bone marrow. Thus, the isolation of bone-derived
MSCs requi res extensive purification.[0005] O her
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expand and differentiate into nunerous cell [|ineages

[0008] and r ehiesy kavgbsere eldertcly respraghearain tha feldrio useimeuse ES cells to
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erenti ati on rrve
[0009] nes enchigoaithes bameaxeporsed diffBiEhtiativtinoofdbehé mamfowmesrﬁretl ﬂnaman
such as bone, cartila

mesenctong(ﬁ}fg gtgrrﬁeqc L\a@%b? iﬁ Bli{)q% rgore dhan qge §om'1g{1ve figsue t e such as
bone, cartit, &addn, fdahRht, 24E HESs (RY¥€).S. Pat. No. 5,486,359). Other systems have

been proposed for regeneration and augmentation of bone using mesenchymal stem cells,
combined with a ceramic material or resorbable biopolymer as disclosed in International patent
publication WO 97/40137.



been proposed for regenerati on and augnentati on of
bone using nmesenchymal stemcells, conbined with a
weewamanat eri al or resorbabl e bi opol yner as PUCBUSmEROI6137
in International patent publication WO
97/ 40137. [ 00010] Furthernore, pluripotent stem cell
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relativély ahitbie ilelRrbrgithed ant i al subpopul ation that is
relatively uniformin characteristics. [00011] It is

[00011hot ed It isatoterbihat npmetolf éhecabove raviar asvpablipatinins ¢eech onsnggest a method

teach qr.s est a nethod for deriving a substanti.all
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cell preparations exenplified in the art can be )
producgd gysrdBeientausntifiescior masymarkeling asa theraprutiscargpdsitionfgr use in bone
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woul gpbe useful to ,devgllngp novel . met haods_ for
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' cells from human ES
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ti ssue types. BRI EF SUVWWARY OF THE | NVENTI ON [ 00012]

The present i J ' I | as met hods
of produci ng gﬁgﬁggﬁiwhiégﬁﬁsﬁaﬁg%ﬁﬁggg&éggpIation of
[00012]'8S eNciheBrbsent BRI i8 bRV 5 Rk %fgfo_‘aﬁbing a
cells. The popul ati on of mesenchymal stemcellS is
substang @l tomogendusmopueletici of mesenchanalistens nelts derived fremyengfryonic stem
ecific. celld t S aracteri zed.b ario e
cells. TR Gigh g mabRis el SR RELT I BRtbur b B¥fhar s Brentiating into a
variety|d3@pdotfic &EGipES, CRhrhdterizdd BINGrdGS ﬁibﬁ-ﬁahdl&‘gi‘cdl ACREYS 1B cell-specific
provides a sinplified nethod for selectively pronoting
markerfhe formation of a substantial |l y honbgenous popul ati on

f . i V- '
ons, SR 540 AR o
selectixtuhjdpfonmﬂ%i ttéd} ﬁ)’rﬁlaﬁi_ﬂm dﬂzﬁ%ﬂb@tah’gﬂé}t l(ijt_ﬁnégahﬂﬁi lbcqmlaﬁfontof (rjne_senchymal
_ odi es. The enbryoid bodies are propagated in
stem ceﬁ@%@?@#@%ﬁ%@ﬂﬂ& SieBHs N IS 18 ﬂ@l&bséaﬂtugmgg onic stem cells
under (BRARRERS BB duRle! fr th%lfﬁnfﬁ‘?i%ﬁ %?%@bo?@t&ﬁeﬁgﬂ}egéﬁﬁrﬁlg&ﬁ bodies are

cul tured 1 n nmesenchyne- speci medi um t
propagsiath s anesérmhyme-specific medium and digested to form mesodermal cells. The

mesodermal cells are further cultured in mesenchyme-specific medium to form a substantially
homogenous population of mesenchymal stem cells.

[00014] In a related aspect, the substantially homogenous population of mesenchymal
stem cells can be further propagated in the presence of an effective amount of 1,25(0OH),Ds to

produce a subpopulation of bone-precursor cells including pre-osteoblasts and osteoblasts.



honogenous popul ati on of nesenchynmal stem cells.
[00014] In a rel ated aspect, the substantially
whorssgenous popul ati on of mesenchymal stem cel PGI/US2V0HEL6137
further propagated in the presence of an effective
amount_ of 1, 25(0OH) 2D3 to produce a subpopul ation of
[00015}one- gndkis esnset, msplschyn@ll srmnrpgllph@ﬂ@g osieditlasticpotantial are further

cultureggfl lﬁ%%gs\?‘/e?lﬁe LP q‘? Uye amo {115:}' %g f(?lgl zDé,rcf'e%?h%g%%?orne re‘tau%lc acid, or

combumﬂiohmtlefbof rfoIlblﬁecDbjE gengditioh @efﬁﬂiﬂe\&q&mﬂﬂaﬁc&fnc acid and 8-
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cero 0 pronote renti at 1"on of
mesenmsml Bﬁetmceﬂisdens&cbfndnh&aﬂn;ymdsﬁesﬁo&ﬂhl asts. [00016] In

oonfe TR RSPl Uhe L alention brovLdes o Pomaenots .
prefera%ﬁ‘;% 0% %é%eﬁh%ﬁia? §ibinoellk @ﬂ%ﬂag |sﬁ1n¥ﬂé' SapsIRR6fphofdds.

honogenous popul ation is conposed no | ess than 60%
[0001&nd p rlpfthis aapeyt dobaoresgsmoths/eedl posmbttmn eldydechtthdri quiltmg:d in the
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precuréd?%e]ﬂﬁﬁél@tﬂﬁ‘@ 2é-osRoSIbéte ahd yResbimut of 1,25(0H) 203 to
sel ectively pronote the formati on of bone precursor

[00019e| | s InAleis aenash te Rrewstaoblosts 8nd ogipeblasis saskitasralix proteins and

undmégqg %%%ZA JAhis aspect, the pre-osteobl asts and
0s "secrete matrix proteins and undergo

[OOOZ(]]i n er dhlthlataspmt théfe23}eoblasts ok dstastiasts aretcharacterized by the
g foblasts or _osteobl asts are characterized ﬂé%
exprestip of s PGSBS faglorsy sychasstytingt figied i thfasl, Mexeand DixS.
[000212S , buAlsB‘ E thik 28 Sﬂe%fj ih r@tbfséoﬂlast%f‘g%fm%tgré %hallagtgﬁ%h] by the
I i's aspect he pre-osteoblasts or
expresgisn eﬁb&taﬂﬂaﬁt ap&eled‘lms,tsach a2 tutnyot tinetedtp oetsspaminpdsteonectin, and
%steoblast specific genes, such as, but not limted to
0steOCHEa o hont i n, ost eonectin, and osteocal cin. [00022]
000224 €S SURILARIHErSBseRinB@ il (BHnida SR GeHki FRMEMRGsen hexteirphave the
terns used herein have the sane nmeani ng as conmonly
same mmgrgﬂs@@umgnlb nedesstood bly aag §f erldiniaty skill ithide arttto wdhich this invention

betongle \Babet Skl & PR i PRI o EEnB gp thgrosent

inventioR @rde3s6Ehed Heloie dth@inéhedstaehitbeds Salikwor &fuiedlent to those
met hods and materjals simlar or equi val ent to those

describgddierain exhielepisiwell kgvanindheatheian alsadgmsedh the art, can
|
(00023} SO k@thﬁ??ﬂ?ﬁgé%(égéﬁé%etgaﬂg S ﬁ@e?&‘tﬁe P?eg%e%\%%?%n%ﬂ be
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eatures o I nve cone apparen

appareht fomtthefdlohinyépegifepten fakein @njindkenwith tkofjcuihmEng drawings.
W th the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF
THE SEVERAL VI EWs OF THE DRAW NGS [ 00024] Fig. 1

de i eipg d\ﬁﬁsﬁﬁﬁ);ﬂ@h oF gHEfSEW‘kA' E BRI OF At BRAWINGS
cel I's, este Bs an

[00024] Fig. 1 depicts RT-PCR analysis of RNA isolated from hES cells, digested EBs and
cells cultured into two separate media and sera (MSCs 1 and MSCs 2).

[00025] Fig. 2 depicts another RT-PCR analysis showing gene expression in osteoblasts
derived from hES cells cultured in the presence of osteoblast differentiation agents.

[00026] Fig. 3 shows osteoblasts derived from hES cells in culture stained using the Von
Kossa technique to reveal bone nodule formation characterized by calcium phosphate co-

precipitation.



cells cultured into two separate nedia and sera (MSCs

1 and MSCs 2). [00025] Fig. 2 depicts another RT-PCR
wW@e@bAsi187 show ng gene expressi on in ost eobl asP&I/US2005/016137

derived fromhES cells cultured in the presence of

osteobl ast differentiation_agents. [00026] Fig
[00027];hovvs Figs. 460D #50% phetogiaps illusiratimmshistelagica) ﬁvaéuﬁtmroé nodules

genera%%%ﬁlg&jefrﬂf‘de )téﬂgw%/gﬁgggl%géof ?IEI élﬂg ﬁo%uie% Sp}% g?g&ows

orna I'on C erize C um prno

evideneogfi eddo¢liondtal bond DHOM2TIn FI0XI; (G)/éxhavs hpperpdyhio giadbscytes

embeai 2L 3 D8] S S el 08 O YU 62 andt mati

(40X). cartil agi nous nodul es (10X); (B) shows evi dence of
endochondral bone formation (10X); (C) shows
[00028hy per thigp hideDshowphotogtapds dlrtstrdm@mi vitrpboree RV formation with

125(ORR ERGRCH 33Bay et R bER B a e e Hhows
1 25(0H)Ing&feraa§dl JRfs;and (DY mm%ull%mﬂmgt&atewcéns
2D3 treated MSCs: (A shows control (B) shows

[00029BI\/P2( tHig £t SWwsahptograply %h@@%e%(@ﬁrm@q@@r sgbcutaneous

inj ectlo% SCFl Oﬁaé%p H._agglvﬁ g‘li% ni% %13 leef con raggrr%ue gnd the

bottomlpﬁmél%ofvlsmbe Mﬁﬁke@ﬁ&mﬁerﬁaltg%ﬁpaneous i nj ection of
he top panel in Fig. 6 represents mce fromthe

VBCs.
[0003 O ont r & ig.of BropsahgtogrPhp &Iqsanm%ﬁhé pregiesppnafdedylg growsth in the nude
mice BFPGEINTE R AL LAOBEscEhon, SRS BT ARG durin
period nfinkeduie gmvsfthom week 1 to week 8. There was no
di sconfort, pain or weight |oss observed during the
period of nodul e growth. DETAILED DESCRI PTI ON OF THE
| NVENTI ON @@?&ME}T@]@SGM;@NQE%W@WN efoihe

di scovery that a substanti nogenous popul ation
[00031pf neéﬂn&hymtﬁorss basedein the diagowey thiat asubstintelly kedoganons

I I Th | f h I
populo PR HY BBk S Eh e o SRR oy 2R RSB e cots. The
populafioty 8f mesalcpimgrs@&ﬁ téits i§ @éﬂableyﬁfﬁrthémﬁff%ﬁﬁtin?%to%anety of

vari ous norphol ogi cal factors and cell -speci

specifipeelkspss, chwgisze by verions moraelesioa dilors avd el specifio markers
[00032@)r ovi %3‘1 b?of’d ggﬁ% ftﬂe 19‘6%?{1% 1ﬁés nnﬁhe%r%leﬁloﬁrto {lﬁ:cg%ely

ron of ’a su anti us popu

promotiig tﬁlies’ﬁﬂmdﬁy)ﬁ&if astiesnmally &oﬂﬁgbntﬁ@ pﬁpmaﬁl@ﬂ@ﬂ niesehehydiia Rem cells
cells. This is done by. culturing enbryonic stemcells
derived femrengbspienie Stsrscellsn disily donedry ¢uiairing embryasyic gem cells under

cond1t1§£§5e&r%ﬁhglvg ki RS f c%r%%ﬁof Q‘P&}iﬁ’fgg éﬁ%}%&s T %P‘H)E’?CH&%@&@Q allerbropagated

yne- specl ested
in mesershpnierspadific ﬁieldmm Illitbdllg‘eﬁetﬁ’er fiorh mb&mt eelfsu Mhb @fesodermal cells

ul t red I n mesenchyne-spec d| umto fqorma
are furdigr ity iy TSSCRTHERfETRSEIC ifIw@ttP # syhstapteliy hemogenous
populafibi® BT £85dnShymal stem cells.
[00033] In a related embodiment, the substantially homogenous population of

mesenchymal stem cells can be further propagated in the presence of an effective amount of
1,25(0OH),D3 to produce a subpopulation of bone-precursor cells including pre-osteoblasts and
osteoblasts. These cells are competent to mineralize and thus form bone.

[00034] In a related embodiment, the method can be further simplified by directly treating
embryoid bodies derived from ES cells, or mesodermal cells with an effective amount of

1,25(0OH),Ds to facilitate formation of mesenchymal stem cells. Direct treatment of embryoid
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[00033] In a related enbodi nent, the substantially
honmogenous popul ati on of nesenchynmal stemcells can be
wo eoosher9pr opagated in the presence of an ef f eRCT/US2005/016137
anmount of 1,25(CH)2D to produce a subpopul ati on of
bone-&r ecursor cells including pre-osteoblasts and

bodies y&thel B (§3)zDs moreys reesenchymeab stewrasicalitres ¢o be prsnptafl ithed are relatively

t r 4 i t. )
romogBiiel STy DR800 Lo e SLARENART0E) B! m o ety
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vecom €S RS e s BB AT RERE TS 058 Tippossible o 0
from hNQEABSI K11} fo beEBrARR WstedBlabtd inl RsHS 34 Aafdl ahdl ifad ¥efBR 23 days,
ES cells into enbryoid bodies. Then, to go from
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o 1 R 5 B B D B

substaritiadly @ibfriogemsispoplilatibh 6 preattdblabisand@3tobRe: oMl hHufiin ES cells are
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cultured dpig spIba¥Qid badise Mbirdcare dieg Uit dm theawessnee el masenchyme-specific
ol Y8 SR b St 0 B HPRESSHE N bt hove
form ah@snfogencs papuldays of MISGsuIThy MSC populhii@ys fanhdr cultured in osteogenic

. differentiation and m nerali ion. . [00035] In a )
mediurg ;WReTE CECRR AT HN ?QSFF@_{’faﬁKé%%FCBHat&WCH@?T%W% info the
mediuth ¥ a RERRHE-BkcFiSHRRiRNThR e@ﬁeg BYIHSia P Hh'foﬂhi;iflg 19%5(0H),Ds,

pre-osteobl ast and osteobl as Human” ES ce
dexamethasone) retinaid acids or eamitiyasiods Hedéodstowhe osteagenictdudtnre medium

follow%tl!a)} ﬁ{eh%gﬁ%)?)n?o \?}%q%iﬁ? %gl gag I]cﬁﬁgaycrtcggﬁ%gg%?g ;)il%g%ircfn%gtes differentiation
of the NIBER @ﬂtb)é@bstﬁlﬁtﬂiny@nﬁo%eﬂ&l’\s/g%ﬁﬁfaﬁ@ﬁgf SRR phelsihi® EfeAnarkers and
honbgenous popul ati on of Cs. The MSC popul ation is

exhibiting ¢eHlanophelogy ebarpeteasicer pone-tornung oetls. knspuliegly dbe rapearkable
. ; t ~di fferentiatj.on,agents, ar . .
it B3, AR Bl LA BB BB nvenion e
them vamable1) fohpfepatingefid cHap@terXyind KVISTa ihwolvedtih dedi@iddder and repair of
1, 25(0H). D3, dexamet hasone, retinoic acid, or
bone; @} fasidguelPRing neweheapeuticgnadsls; aad € ga aiteoldon studingagsanshymal
: f; wed by the addition of ascorbic acid and
tlssuesf@%’l%ycer ophosphate. This pronotes differentiation of
[00036) he MIGsnothtoembaditmsha el iavdnyioh prodgdssaLsibpamitdlBiiodiogefious

i A e B TR St T
homogé?&ﬁrgré?ﬂﬁ{i&(n jd &%gogéﬁ?me% 1o Em%ﬁﬁr%gbm% g%g&tgkgymal stem

prop res of th s produced by the net
cells exhibiting spindicakepadreonphalogabThe MSC populgicpaay bgyfiather cultured in the

posenf AR 1 D90 DNSCR RSB YR L0 LhE RO, 200 orbone
precurs{é? Sglﬁjsz isncimr']ﬂiir\l/él ??eaﬁ%oﬁlds@%d foSteoIhstsl Y TRIp B ER6 ¥RBL osteoblasts
secrete matrix proteins and undergo mineralization. Also, the pre-osteoblasts or osteoblasts are
characterized by the expression of early transcription factors, such as, but not limited to Cbfa-1,
Msx2, and DIx5. These cells are characterized by the expression of osteoblast specific genes,

such as, but not limited to osteopontin, osteonectin, and osteocalcin.
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[ 00036] I n another enbodi nent, the invention provides

a substantially honogenous popul ati on of nesenchynal
war@siicabt s derived from human enbryoni ¢ st em BE1/US2005/016137

The honogenous popul ation is conposed of no | ess than

and preferably 90% nesenchymal stemcells
[00037Jax h| bulnugﬁ@erglp peied herpamthe temr bn@ﬂengtwmath@m\@dis" or “MSCs” refers to

s opuBRBEbFLUBRAD RS 05 S MRSV B REENGR Bl

mesodghoand fe titiger fpartialyidoffereftihenesRioe pwlﬁ‘élﬁu@@ﬂ)ﬂeSursor cells committed to
i.ncl udi ng pre- ost eobl asts _and ost eobl ast s.

form cljscof ganessBriysiad tissg (Frahashras derived dram estﬁghlastﬁelm dental tissue,
cartlla%; RhabR %o ﬂla%qﬁgtﬂﬁhamop @élé Zﬁés&ﬂ:hﬁﬂ om cp,ﬁs %ére included in the

e- ost’eo asts or osfeo 35t's are characterize
term, at hre chffpneatweda (post-métatit)ycdls and mor@tomltfacrbpli@tloﬁmoimpetent cells,
S, not mted to Cbfa-1, Msx2, and DI x5. These
such asgkéqq@r%ﬁuéso& ﬁ%}:l Sacterized by the expression of
[00038pSt €0N186 caPESintih&das %?ﬁlfe&%@ﬁd%ffeﬁﬁﬁatgﬂf dllffef@ntt %# OMSCs can
ost eopontin, osteonectin, and osteocal cin ,
be cultyrsd onal Subﬁmwg@djedmtb an apprepriate mdterizd evmhycmlto gtaamth of the desired

cel phey eSS ENBP SEIRED 2t SRR Eortiingl dfaref p{pomponents o

induce gﬁd@ﬂhﬂ Foe etdrple.lil QcitRaake WithARe iieftici, INISCs Ry be dliltired in
fferentiated cells or proliferative precursor cells

mesenypaerPeeific tepdivpml be f9rs: ‘sresanehysientiegifigmedivg (i as yssddigrein refers
to a culltire %ﬁ%ﬂ %B%t\éﬁgn%mgan@ﬁteﬁ %a@zﬁtMg %ﬁ;&d&g%@% |f‘té’J. AR

cart one marrow s

mesendiyaeh steyyells.s Thigmesliug witich ismddsdEMdCoyt dibask egpRtifiagily McCoy’s
[ ntiated (post- mtotlcécells and nore

re |f,
5 A meliyhi{TRodited) SRPRIEHENER YeBrbR HRV (- GEIBIne i esserniiliyoed for the

r d
A e .
componetrs bﬁthe Mdsem@alt &’B&sabmmaﬁ: nobdiseldsad Uynthamanufacturer, applicants

vt BB B BB bR SR eneial amive

acids, fRHuLRbEOEY éédidyﬁgoﬁ'uc\léb’sic%E,YL BlutGRRBORRAMS bicRrboRSECAd Vitamin
growt h. For exanpl e, in accordance wWth the invention,

B12. Aﬂ&@ghnﬁy, 1b§ anmsmmeé that othee sedihpesides pdeCdy’ g bareccantaining the

i, f d.h
sbove oG CamBRIN iR eih e AU RO RGBT Pt Ap verify tht
other n&aawhyh@cbpaaﬁa Rk dEDMATBSIS Brwdll FRThate SRO EydiBdlpie! MIFM medium

II's. This mediumwhich is nade of McCoy' s base

(Earl’Swetbualut@lamewn%@@lyogdﬁmd#@@ua@dwlf(\ﬁ@réqul rawyll 8uths| MpssaCul medium.
AnotheWutsghl?mgse% %#ﬁ%@& is ?ﬁ\%ﬁ%{vﬂhl YucU?eeﬂlq‘@{ltafrﬁge although it

expansion a erentration o nmesenc
may lesd ’@ra diphtly dedibiased yiphd af embiyoidisodieGinestsized of &ﬁined serum
l\/b enCul.t (tm Basal Medium are not disclosed by
productsgfFRrm JeFieHseRAn sdveEsIndepierd mplagerpiithe pre-tegied %ﬁmnﬁgn the media
below & WaN-1imting list of suitable conponents:
non- essential am no acids, ribonucleosides,
[00039% e o x y rRubthemadre,as iogEimizd the Iempammon@,f hsmdin mes&ohmnlabcmlss];?etal

povindAlfu EBE) e BESPhl Pkt bl RSB ehE i cen
Technca@ga&@ VHRBSUvRR %ﬁw sldedto B M&éehcaﬁﬂ« B9sa1 Medium. Although

facilitate MSC differentiation. To verify t
the components of FBS are not disclosed by the manufacturer, apphcants beheve that the

following is a non-limiting list of suitable components that may influence the growth of MSCs:
transferrins, cytokines/growth factors such as insulin growth factors (IGFs), basic fibroblast
growth factor (bFGF), stem cell factor (SCF), bone morphogenic proteins (BMPs) including and
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ot her nmesenchyne-specific nmedia will work as well, we
have al so tested al pha MEM nedium (Earl's) with
w@bkwsamise and nucl eosi des added, and it wor KeRPCEHES205/016137
as the MesenCult nedi um Anot her usef ul
. mesenchyne-specific nediumis DVEM w th gl ucose and
not hmgqegtt(aﬁi\)é’e;, A7 ﬂ@g@ A2 ?h@pgwon@ggeqt@h@egqep@ pretgsted and selected for
. ield af - VL OM i es. i 7
ther a5 B3R hally Hhitaf en BRIl bR B en AR SHFbloBPalp,
[00040be usddisienvisicned tioft Maieggig-liaBilig doHegennespecialle colbben type I),
be] ow as wel|l. [0Q0039] Furthernore, to. optimze the .
glycosganipeglycans: ggte SeisensrHRMayEAL] be s §13|as BB Fxigacellular matrix,
EBSri - 0 j
by e P sk Rl AJspPhicHRPAAbI: 8] b osteoblast
lineageGaahla dee) gakuipribed gldstes) silivatgals, Meboh@al-ddrive)l tiBasa(Saravanapavan et al.,

000l Biaipgdesg) Koo EHERERES ool A (ON Al s 7430k
[00041f he f chdrBetiiErel fhe MS_@@?I:ohﬁéetdi BYahé hitkhdab of Hid %g%g_ion may be

conponents that may influence the growth of _
characterizgersdasprding to ayunberoé phenotymit cfitgtaoFer suotplaselatiealy i n

undiffe?%rﬁ:ﬁe;a’ rl;lgs%éﬁl{l}%% lllc(e’]::l:sg’l«)é &%@%&%ﬁizi’ea E)gﬁfée%ﬁ%l}ag% e\é%ﬁlc Er?o%togﬁclear ovoid,

stellate¥hapEbispir el Wizth Hebuid tadeIGtucidusl TRE ovA eBMPaid nublei typically
7, 9 and 12. These caonponents have been pretested and

have proanipentaycleghi and amix obheteroy and cegbromatin.y These celig kava higtle cytoplasm
bt 1 BT URRRE/ AT, 650 A% o 008K i
typical(yesgia dondiiey twealthieg enmoypef the fcglqm'ﬁig lﬁfﬁi};mg Iqmmgls(,v CAM), CD166
' d t tin a e. suj t.abl e as an

(ALCAR IR P ST R, Skl nmigass While being Beasive or
remar R IFELRAS A BREpRY 1) Ml BB 101 1
markersi | i ca gel s, and sol - gel -deri ved ti tani a

o002 2 SYREORIEE Bro) oA O e A B o asto o
that hab R fekbed i thBedIK & deddlshnidata paitReby R dinbYed i MR HSs being

of this invention may be characterized according to a
compayedripiélt. Bluripbieniownylpivenie sieteedlls car diffessndiats te lincageatestvigiod precursor

ot LSRR FaERISOUERl )by B SRS o

precurso @pils RFthePddvel thePaivuy (Yichihs Pré-03tB6bladd oP¥sEobakeEd) €448l then to an
The oval el ongate nuclei typically have prom nent

end-stagg dif&pntisderhcedl, mhichatlayser eherpctegistic eale fit dpertaimtisspn &ans (such as
g _ .
bon), G543y 0848/ 4 i A STT B BREY R GRR38RS g e

bone pteatsoMslbrefdrh to Tprpiostadhlysts tidd TostedblastYesells. Whhest bog€pr@tursor cells
i . CD106 (VCAM, CD166
are mo gy oo B are Baber e IS DRFIES! | HESSHS prrebasterized by
th sl o dHehilg ARARALLYE tcfirs, REARAOBA Sthitnitdd6 @6 GE Msx2
eeXl:)r}%:;\grskers (Cp14 orb(liD45€§c. r?\’/SCg?%rsnga SO eliégr e’zgﬁfg%?gsf( » and DIx3,
as wellas the erpréssion JfO8R4BhstAlpscific gsnassech g bef mt linkitedtteyasteopontin,

"(ij.iffec{enti e" or "differentiated" refers to a cell
osteonectiin, and osteocalcin.

[00043] As used herein, the term “osteoblast differentiation agent” refers to one of a
collection of compounds that are used in culture systems of this invention to produce
differentiated cells of the mesenchymal lineage (including pre-osteoblasts, osteoblasts and
terminally differentiated cells). No limitation is intended to be placed on the mode of action of

the osteoblast differentiation agents. For example, the agent may facilitate the differentiation
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that has progressed further down a devel opnent al
pat hway or |ineage than the cell it is being conpared
wowak/11RBbur i pot ent enbryonic stemcells can  PCT/US2005/016137
differentiate to lineage-restricted precursor cells
(such as mesenchymal stemcells), which in turn can
procesgiby insugingioa pssisting @ chbengs inphgectyed, Ppeetingsgowties] eslls with a

pric O BV S BB SRR g

through @hknowainethapisass a characteristic roI e in a certain
tissue_type (such as hone) may not ret ai

[00044] e ¢ fperteral gxamplss of ﬁtﬂ@bk?t%tephhﬁmffer%aweﬁ@rr@amnclude but are
not llnﬁ\l.%rﬁ é(g glgét%lh}‘gpl% df &lﬁ‘é:ﬂ)'i %%rgééndagg{nﬁﬁ@ler{d? (1)_Ibh gg én%r%ho§emc proteins,

exemphﬁed:bvy BMP-2eBMP- a,rm\dmm BMRtdure BeIPHE (RNEGF, exémplﬁihﬁ:&iby TGF-
t he hMSC |ineage. These cells are characterized

B1, T%B? Wéd‘?)@’r%@%?heﬁfané&gﬁ;ﬁnﬂroﬂm qrrﬁzerw tha@ﬁfrlé supsgfemily that

ut not =1
bind a {3758 Hoep Rt aoy ToL G o5, it Defceofie FRFED IR B 25-
d1hydr§kW"taﬁ*ﬁ’n DPUDtHb@'lmb\va‘v’itSﬂlﬂ D, dg&%@nélkd‘be Qfta8RN8SE, ot example,
and ost eocal cin. As used herein, the term
Tsugawast ao B096) Bahlflf’l&rremﬂuﬁt 26b)agent” refers to one of a

1000450 & o breier BBy ROWRT ol Dotent Bt R apPation aigbis ot the invention
includé BlelfS11&kin %Iﬁgnﬂﬁﬁﬁﬁg b E‘fgbuﬂds RAQ %n(ﬂeﬁfébti@é ¢hcentration ranges:
pr e- ost s7ts oSt eobl ast s agn grm nal |y

1,25(CHDED <Y oD eexamethasone (1 ttatlOoM)i @tmmc@nuie(dom b&°M), or
combnga[tlr%?lgﬁ o tl{ql%g% 1§S é@%sscoﬁ}l% %&gﬁoﬂfg Ollt‘;}ﬁlgl? ﬁ-tglwglophosphate (1to
10mMp.aThdse Ta’glérﬂs hﬂé%uﬂplid‘d&b end ﬂn@édn@lﬁbﬁﬁ@@@‘éﬁi&ulﬂuf@lﬁ@mﬁﬁl i@ila sequence-
assi sting a change in phenoty ronoti ng growt h of
specifig aangerypy pdding an Fffé"EHV&ra h@f y%%(p%i)z% tdswnﬁgaaon@ retinoic acid or
r
conbi I beflr 87505, 9650} AcSMSERL b0
glycerqﬂ@npﬂia%toqfromutet chﬁb&nﬁ&itﬁtﬂ“ﬂt%l&/[&ﬂsﬁﬁmrﬁmb stahtialy lngepesous

%( Eﬁgzlude but a{ ot limted to one or no of the

populafigh g hAPIERIEN: £F 1% o hOGAERARI COMASERES 476 @BREGLHRted to mimic local

bone nBE%te%ﬁgﬁgne%i‘se 'Wﬂ)_lﬁlfc'aﬁtg n@éextgﬁfgm?h th@'l@o%led%@z@f the spMAS concentrations

of osteiiblﬁstt;ﬁffexanmiatib@%gbﬁts quﬁifmetdemnheacraﬂnq@sbelawdthosd'mulled in the art would
t bi nd TG=-.b

be abIq B3 deteqtnine ety S HERHHE i, kP ition Pt clpt e

concerf6EOR koY fhrSosloobPrst &’ilt‘ﬂ&)’éiﬁ'h@@f&ﬁ/étéeﬁﬁ‘ n D3. O her known
vitam n D3 anal ogs may al so be suitable (see, for

[00046d x anp| FurthEsnermwa 1anecggmzed(tga)0m}1b@i1gq spep;rﬁ'lartpnthealgwptors of any of

these f2 é{{)rg. o%? g%*tl%ﬂaiﬁ%' ellél/gﬁ% dggaea%{;%nh%ef use éﬂ Pt’?v%ﬂf 05H1 addition to) the

factors 1ixeddy dBthegiditblek vt ﬁglyﬂﬁtﬁxséd ichidegotheeiphesendghch A8 h Fibroblast
respecti ve _concentration ranges: 1,25(0H)2D3 (10 10 to

growthy fyctppjike esiaREF hasbirecqraerid; degamethasgne, veathergmallamplgeule
osteobgalsgngtu}aﬁ }1%0':-{3@ 850%@88 %9;8' %ﬂm%c;é ljﬂglrggf) fsucﬂ &% a%g&pb fe! 62

ascor I C acC
phospliabe)giviiich mo;pb@faabﬁfcﬁ p@olinet}gfdﬂ@yl\dtwn'fﬂite secag dmtisg the@ourse of

collag%ugrgla{?glg C[i—%b}é;gfopggsp%ateh %)/rrrc?chgrps%lglst];a{tec fOcI:‘ %lllgalljl;lg plrlrc?s%lhgtase during the
process of mineralization

[00047] It is understood by the skilled artisan that bone precursor cells will typically have
at least one characteristic and typically at least three or five of the following characteristics: 1)
density between ~1.050 and ~1.090 g cm > ™ - =*--- #3r osteonectin (positive in osteoblasts
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manner, by adding an effective anmount of 1,25(CH)2D3,
dexanet hasone, retinoic acid or conbinations thereof

wao eoosherioedi um f ol | owed by the addition of ascePebUs2005/016137
acid and b- glycerophosphate to pronote
differentiation of the M5Cs into a substanti al

and PrecyFeEY Rt solped astarhle tignsapptien froiwe dessribedbelew; ¥Méive for
osteoceﬁ&ﬂ%}ﬁrﬁgggcgfgg%ﬁgﬁ ﬁgé@olgs‘?%b{ﬂaglcgﬂ #ﬁa?r%é T of g{) C7h 8}%@0}3‘@5) cuboidal

shape; khopvegdged cpfoduloaon; peadkiline phossierdse adspémﬂl}oih r@@bﬁﬁ&lﬂoq&ésence of
|at| ent s n the exanpl e be

BMP; Fhagsinior Pian T Poiliee G o lseRkpTer spieatinst gsdive o other
osteobﬂ%@%@ﬂﬁ@@né’i’ﬁ&% SWQH hoBSANRLE tthse a re@e{p dr@ﬂfﬂgﬁﬁoglm) 9)

or optimal concentration range or 0S | ast
evidenei ¢ﬁ 9ém1etmt® atiheyalizedbe exernpDOGHGdiRgs,tdn eymtheseze Galcinmm-containing
trace £ i zed that antibodies specific to the receptors
ox ]Pfﬁﬁvi ¥ these factors are functional Iy equival ent
[00048] | gandEo ddieiniféhe Fendivad ke }Rin@(gg%nsﬁs d'f)'hlduBn ddgbid Iﬁecursor cells,

to) the factors listed. Qher ditives that may
expresgigipaf ﬁlﬁéf’-@ﬂ@lﬁfbgmrpfw&ﬂm@eh% dets@efh atbe mRN A deovsl hSN orthern blot
aatys G AR R gAY B oo P B5L Bl piymers

reactiom@RTFRCR ousifgpetaénice-3peuifibpimess il statardAn@lidEc@¥on methods. See for
ascorbi ¢ acid-2- phosphate), which is

th f, h
example: L5B aBAtoNOf H84HTE] foR dctayp bageral fesAnitharand detgrational Patent
Public%i_éh'W@) $9159 DAY S Gt Vb1 HL (LJ;% er su%g%l é Sq e&uencie d afor other markers

gl ycerophosphate, or
listed ipKos giseloase canbe olgainké fonopwsdr dafabases enai asZ@énBlaka (URL
skilled artisan th

r%ﬁfﬂﬁ%%!ﬁfﬁ?’@éelﬂgg? &%%gﬁmﬁﬁb&gﬂw%sw ngencels; deeetable”
accordi‘fq%% ﬁﬁ)f 8hd Sftth€ a@Agk ARG 1h¥h1§td1 gjtr&;lg’g‘g % ry@ng{lce of the

| owi ng characteristics:
assay on,o@H Gamples result9Pclepriyndierndble hybrmh;ztalaom ec amphflcpnmsnm'rmhlct.

N T R TR N RO U] —

positiv® HitRO Lk Lis At 8 QCiToid and preferably rRoe $hHOK)- @§5§)f®ld43)oo§e that of a
cell dianmeter of ~8 to ~70 micron; 5) cuboidal shape;

controlgyll, g g6 patadifsrestisied MFC oppelrtien orahghvsgsiad selbtype.
[00049f3pec'l?‘islu¥1d 8?1?&9% J%st'iﬁ)e Faﬁ{ﬁ(f‘ (f Ge %@Bﬁaré%?}f oofﬁdttl@\{l% to

Pagen “Cprocor Pagen

includep eBminaV@ of wbsﬁﬁiﬁeparﬁ&ﬂaodﬂnqﬁleﬁ@ ) frlaﬁteﬂwﬂ r§@tirfe, opftieiPation
BMP receptors, PTH receptars, or CD105 (endoglin
normalgs

cxperigd hrdnyntigns of this liindAnddesas notalepst freny the gpirit Ohine claimed

ti§hr roundi ngs, or synthesize cal ci um contai ni ng
]nvenlextracellular matri x. [00048] To determ ne the
[00050f unct iThe following ekampige aeysovidpdi hafurther wdn-mitig illustrations of

re expression of tissue-specific gene
Pa”NUE?SH@B& qﬁ%ﬁdﬁ?%ﬁ@ ed at the nRNA | evel by Northern

bl ot anal ysis, dot-blot hybridization analysis, or by

reverse transcriptase initiated polynmerase chain

reaction (RT-PCR) using BX4MRIES specific primers in
joons1 B2 B4 ST R0 RS Geh e B
broughﬁtbdae'afﬁv&h&ﬁtrbﬂﬂ&horﬁﬂi &ltype of progenitor cell, suitably human ES cell lines
capable of differentiating into mesenchymal stem cells.
[00052] Digestion of ES Cells to Culture Embryoid Bodies
[00053] In this embodiment human ES cells, such as the H9 cell line, were obtained from
the WiCell Research Institute (Madison, WI). Applicants note that the H9 stem cell line is
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Publ i cati on WD 99/ 39724 for osteobl ast-specific PCR
primers. Sequence data for other markers listed in

WO kios/1di18T| osure can be obtai ned from public JBMEDISES016137
such as GenBank (URL www. ncbi.nl mnih.gov: 80/entrez).
Expression at the nRNA | evel is generally "detectable”

reglsteﬁéid’blﬂdt hegVEbHumgn Simbrygnie RennCelh Regigy anakivegit ehgibleifer federal
fundmg fﬁ% et %gggeﬁ\eﬂé%:oﬁ%r I&lﬂ&g{f ggicl%{}gg(iﬂ.gg QF’ H‘?f%{l gl p%e?c 1c¥1gC%ﬂe method of

the inviiytiom, dmohaetslfbﬂemmﬂﬂﬂiel}tl' gal HON c¢ll Bk CThe IfRGEBS tell v@ére cultured
t.i ssue- sgemfl c markers as detected at the protein

and mappigmed @y ewellplatgh Nerel eeptasoSatelogaNg.107:300-3 D \wupr 3 &1}’9}1 0 7.5X10°
MEFs.aglge&gﬁcfaHgfﬁlg TH@&% 1%%‘32}%%% ’d'Hﬁf %&sQ %Hlbwomé’ﬁbl%glafs@é 6VEFs)

a contro
layers (1% DAMEM-F 82 ectdMBCsyppjruhent ddomitio QO%tKl@ rsetunt edpicerdInvitrogen,

o R A0S St N 2Lt lion 1

order t& hﬂlﬂbte @ﬁeeproé‘éss e E)fgdﬁctﬁﬁf E’S%‘éll@’(zvef‘eoﬂ}?)%ﬁ'l& ﬁn&ég@the process of
ter of routine optim zation normally expected

naturah mogmsmn@dzﬁlfﬁetﬂngatkomu vitgmdliadbe frmetion ebanbrybrckbndudse(EBs)

(Odon%(g a?‘rﬁ 25%]]')?? lggg 122‘?@3 %@P %{’8&%? % Qvetélgrg he scope%f this

inventibh latssdlfeidtiRB %dhho]@%f ek i efifevtively Rt tinfanQherh BElls in a feeder free
i nventi on. EXANMPLE LOOOSl UnI ess explicitly

manney wihewttbeneadie fofm embryeid badi¢tods of this i nvention can

e br I: 0
[00054& oge n ﬂfy I(ﬂf(#ﬁ &J@?&S’ﬁ&ﬁﬁaﬁh @%bteé&a?% Fﬁgé ff@élgsa g]%e pre-coating
of flask§ wilhfpiody- HlE\[[Etsb]ilgon M&smahmchmtmize aittechngat hsd d1fferent1at10n of the

00052] Digestion of ES Cells to Culture Enbrvaid
EBs. %tsveﬂse@ aciimenf apd, didtegspbigtiohehEBheshe mumigeddy plaging the flasks

on an cﬁ'ﬁltﬁlréﬁa abfe!th ﬁlt Ries] ﬁ/&%ﬁl@%ﬁp&% ﬂ)Atfr&fﬁbfaHfr IWrI]\g?cgél #h 60250 by

Research Institute I'cant s
Boekelt Smertt-ﬁicsPAm The 25 iflasksi(B aleqn/BbﬁDE di)wkméont hm—tﬂbztﬂed-bmiystyrene

culturer e o plsRaNho 1000 St BRSO T I U it dsC

Bioexpt6ds/GutA0NG. Be30mes) Worepraesdisd wahtpefy Hﬁg}ﬂa ﬁ)o%ff gé{f;fdmxyethyl

i nventi on, such as for éxanple the an .
methadrylate)- SlgmahﬁnfalogE@ cB3N3R).wé @2%Lp0tlyrHaMErsdluttan s prepdred by

o 52 BP0 B8 3001 1800 e

dissolve€ hlord tanﬁilyV&&leﬁ uhmwdsm UG STENIB sy Ritiofi (2ibDvedelad8dd © each T25
( MEFs ayers in 80% DVEM F 12 nedi um suppl enent ed

flask i lw gtgr KoToanswecepplaseroverageiof thsyatire adfuriggsurfacgashe flask was
tipped hfg taﬁ Eﬁ%g ﬁS gxlﬁg % Cﬁ'yea?ﬁ)B é)n Uﬁ’l% s%fhtl%[a%a{s tﬁénaa{sﬁrlgtg{l 8.9(! ﬁlg flasks were

eren I‘on. I'n order to I

alloweft®dwSa tloa‘ hddGbjvlogloal tshfety, cabmet)eot 30 WwedEmaduteswed t o
undergo the process_of natural progression and
[000554;  t erlaiprdesity BrePREF BBt fromhahE selisopiedtun froprcaghiellovag gently

§ of SHB6h G 1981 RHiresh ) $ldn0
asplrat%g?{jrg g&?ﬁl A%& en g onmpass 6 dh &5&2{% 15?%2{5@800 op es(o mg/ml) was
added tongash well. Dispase solution was made by dissolving dispase (Inv1trogen Catalog No.
17104-019) in the medium (DMEM/F12 - Invitrogen, Catalog No. 11330-032 or MesenCult™,
Stem Cell Technologies, Catalog No. 05401) without serum. Cells were then returned to the

incubator at 37° C for 30 minutes. Colonies on the culture plates were examined under the
microscope and the cells were deemed ready for transfer if more than 50% of the colonies were
detached and the others were partially detached or showed rounded or rolled edges. All the wells

were gently rinsed to detach the loosely attached colonies and if necessary, the attached colonies
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invention are alternative technologies to effectively
culture human stemcells in a feeder free manner
wowikout9t he need to form enbryoi d bodi es [ 000B&]/US2005/016137
Enbryoi d bodies are routinely cultured in pre- coat ed
T-25 flasks. The pre-coating of flasks with poly-HEME
were gelyiscraped vathebe tip ol als mbglmsmlmtwﬁﬁh@mmﬁm, Ga@log No. 13-678-

275, SV LS 05 G35 o L A B o

anothet 18530 héskiss (li‘illtﬁékre@hbiréﬁianahﬁiﬁe) able to fit lnto an
I ncubat itron Rotator Il, Model # 260250
[000564, Bo e‘klipheg,@ cglgﬁs(qell(glurmwerpﬁ@angge(i plong §v1th the dispase solution to 15

ml con{c': Ft S)?ég( 1?3? 5} el g{&ﬁeg 'Q.Rlcci) %g%%%lg@é@ thog)i%‘h%{ﬁp 8 minutes rather

than alBlWJngli‘s collfﬂﬁesftb astkls bwgtemﬂyl Digpase sqistidd Bas Bipiretedrasayg and the cells

were re(sBmei;g%dzmﬂ)pm o 02 Wﬁgg & &oat ed@}ﬁ%hlge plé%/egp}_ggne-spemﬁc

medlulh@nclﬁ’&%%@ésen(fﬂl@wrﬁb@iﬁhﬁ’wﬁﬂl@’/oslﬁﬁybfeot@stﬁ@%rﬁﬂ\@@@§ ?gteﬁi’Cell
di ssolving 1 gram of poly-HEME in 50m 1:1 ethanol :

Techncdegics @ty s Nos0@dE)h ) ThepieycoreNE 2di fiaskd wers rinsed washgiddivice (5 ml

each) \}\;\{g'le glg%ﬁl%ﬁe Re aﬁt)eé;g c ]il’lﬁg) gx%lpg{rgrpé%ﬁaegﬁsp%ﬁn%igé ﬁ%?e s?ntg(glgeeﬂasks To

each flgkPaseidded 8 el AGeesehchiyhR-patilic @ndﬁhﬂrﬁ olldvedbir 1 At of célhﬁlspensmn
flask was tipped on all sides m nutes for each

(after gepteut trprougly Mixingh yigkding ﬁé@tafa@fdior%‘slé@ framcl-6 el nlats sOther

mesen&@%fen X gzl?w c@egte eé{ érbcnuc{e C]Qﬂiiﬂ\é%g Eha?o? ngﬁﬁkmmmme and

nucleosidexpaided kb wel asDMMIEMNi&diasl With ghieddetimdfgluamascidded| |

was gently aspirated b u5| ng vacuum suction, and Imn
(000570 ¢ ¢ Maintenazs Bid Bodie

gvalntenance of tapuygid Bodies on (0. 5 rTg/m) was added
0 eac :
[00058t] as@l P%Inf\h/atldt{%%ﬁﬁ& %ﬁ&d mhm s nﬁ)?hq\éhp&f embryoid

bodies @Es)mas(tﬁhaﬁMrEdl@very Hawby nmgemop@dxatrmgatllm. Aldcﬁﬁ;ﬂel@Sﬂedium change
or MesenCul . Stem | Technal ogi es, Catal qg .No.

was cafiedpr T ATHIES UsFy oy e REHEL FHLR Vet WRTERet 18 Aider o

prevent theWBRY aridl at@dhrfrerdt O tHR0RHR RAUhE BottdrRlc@Ps&T tRN1AdRCthe flasks were
culture plates were exam ned under the mcr oscope and

shakentand themediumewes aiitateddyrtappips potha sidesof dre flasksrat least Refhtimes a day.

vos 10k o ST 75 PURE! Byt amos

impossfBlk td EI% m|tl|1§att/&@h1ﬁeﬂﬁfftEB‘s Hut fscRd bb mﬁﬁma@mwithehd 56 biocedure.
attached colonies and if necessar the attached

If it wasdpwnd fé@meétagbﬂaztﬂkwogtarr@éé@prwtham {Or%tashqsl s gt the hpttom/edges, the
e 250 (BRFESPHEL IR FEF I St e Mgy o o

was betwieeni Itaulatdagn ti e vvas ext ended for another 15-30

m nut es (but never mopre than 1 hour). [00056] Al the
[00059¢ | onilige fhmbryoid Bodies: ansferred al ong with the

[00060‘]’I Spas&ft éHEBQ Haci BeehTuMlurddddt f&to f?@%g &1&05%:3?1‘3 éaREx{nng‘aon

ate) and were centrifuged a
revealaah thcl pmserrcatolﬁ do or hmne EBls ofwarppus sezes axhcbshap& ineastefladke Atycms pomt

e B S B DR R S PR S S R 5t conc

tubes. PEA1GHI kibeg dCke Jdﬂﬁﬁugé@ﬁt%@l}yﬁ‘%ﬁ@ 8fihdtb€ The supernatant was gently
aspirated and EBs were resuspended in 2mls of 0.05% Trypsin/EDTA (In{/itrogen, Catalog No.
25300-054) and 2% chick serum for 1 hour in the 37°C water bath. In order to facilitate their

optimal digestion, EBs were resuspended by gentle pipetting every 15-20 minutes for 1 hour

using 10 ml glass pipettes (Fisher Scientific, Catalog No. 13-678-27F).

-12-



medi um i ncl udes MesenCult(tm mediumw th 10% FBS
pre-tested for hMsCs, (Stem Cell Technol ogi es, Catal og

wWON00506492) . The pre-coated T25 flasks were  PCT/US2005/016137
rinsed/ washed twice (5 mM each) with

mesenchyme- speci fi c_medi um jEUSt prior to resuspendi ng
[00061{ he caq)ﬁgwu?&@ 1hper digesiiRg of BBsehut of tmsneam@lyawd@@m@c medium

was adHéd[ @fea%a&%%ﬂx% tapgs%éae %e@%g;é ek ??or o r%(%ﬂ%l}t?&f. The

suspension (a
supernytiug] vdasrugpmated)hﬁ?d am@fithet Grrﬂd; afissenthymesecid mediuat wss added. The

O her nese fi.c medi a tested include_al pha
cells WR}EWF%H‘?TLW?H @E?{PF%@? awl ving demiviass ﬁ%DnGeqa@gém é59604> the cells
were gélgut am ne adgil [%Byg%%][@ nt’ \gn%ér}g of %Eﬁ%?‘gg? 8rder to break up
the pal'Bd&jsr @get{t&b@i&ﬁidlgastedtﬂﬁs fIhashtrevel lesuspasionetastecpassed through a

} ubat T devel o enbryai d hodj es
70 mick el B B Y SR b Rl BB
[00062?”( ani r@élls%re thefi @BRALEA Bnd'®MI Mﬂblﬁwg@aéé&%e&ﬁd %ﬁﬂ tB/phn blue dye
or all fl asks everg{Z days. If an orbital shaker was

exclusign sechhiqab (see Freshoed &L (@9 )e@vdmre ohéniged Cellsigd Mwdual of Basic

Techni 1% ;gﬁc{' E& f t{SgN\?\}’é’r o rghlgsg% bghla ?%gl(ﬁ%é% % ];;r?rbvggtlonal cell viability

assay vageH ﬁIe@@r@sythE PPREBOSY delleirbi dﬁst@Eeﬂshﬁi thhtas& $iaBle. This is
| east 2-3 times a dza/ Most. EBs exhi bit a tendency to
P

generally pegomplishedey ¢ flye mn@éamywla@r@ &pllsywigh gayniaqt gnembrane are able to
excludg ‘trﬂet Svhilelce l§ g@hﬁ@sﬂﬁq ihtatt me; E}aﬁe b fke e[}{g Q&lol{lﬂg ?.%eélt. The dye used

hrent o e mni z ed
for exch.ksmnestqm ecethaliptrypdn blte batserfthrosith aribdaphthaknt didck fatead$o suitable

h 0 ched EB
dyes. e@m@&ggﬁowlﬁ D be?fsﬁt% Hfglegef? ﬁ%t&\fé@ qefls fotabrdepgnding

tHeQnAliReMdRhE sic0 8t 8d HRsask. Total incubation tine for
upon eoqs vbas betvvtseen 10 toslz days. [00059] Digestion of

[00063Enbr v CultwBoniz edis[d@hEN esddérmal iOwigiiBs had been

0006 L ek P SHEOBAC S5 NS 2B wet s

a confliérk§oraxd 05 Bﬂmﬁos| RIEP& IS p el ifleithéy ﬁe&ﬁé e-@ﬂe’clﬁchﬁedlum or
EBs in each fl ask alon%h11 th the nmedi um (
t

another maéw@)n Welt?énmglw%’th@@b medioni K8 M@@ec&lqul gtemoceﬂ

Stlmulzgtg%% n‘%ﬁ@ﬁégéﬁf@erﬁ?gﬁﬁgzg@g@g%% é%gﬂ]%ﬂtg 654012—5] and 10% pre-

tested IF}ES; !ﬁ&ﬂMSed Aterdai el pfsidee QBYCTS Yt delFEIMApdstd ¥t §di'1ﬁﬁellﬁ is
and 2% chick serumfor 1

enVISlornﬁd fbf@é?@ S%S@déa%zﬁBS rowd he ﬁlmﬁymww@weth@ﬁé FBS Itis
B
Imown%’:l’cg)t fhers %%%Eﬂ?%s_c%o_ﬁ?nﬂaﬁé ﬂ:u‘ﬁ zﬂ%ﬁg@cq?ff gﬁ%%ggy;tﬁ sustain high

every
prohfelghas sapicite tih@ the(ckpmebdon 64 ﬂiithbén of gefieticahaxrefsalescribed herein.

13-.678-27F 00061] . Fol | ow_n l hour di gestion, of
Microsgepic exarpina é@l phige N@é ﬁ%ﬁﬂﬁét‘% SistippiSubmpiiehapsotsalie dOne cell
type wisoc el BPRon r&ﬁd"sf%ﬁdéru 1¥8hApef 8BiId Add488 Otaf typlWrak BBlygonal
and

10 mnu es. The Supernatant was aspirate
with sem@t hmlelaﬁm aghtere $dreo tyneslls pe thef walsreatihad8856 aﬂdhldncy, the cells

were trg]glspiuﬁa | S%&svget[a&e{rg F%Eglﬁglge%ﬁg%lgr & u%ﬁé}fitgq? }nsf&)mrg tlSSlle cufture

dishes. Typically cells collected from 2 to 3 wells of the 6 well plates can be combined and
cultured in a single 100mm tissue culture dish (Midwest Scientific, Catalog No. TP93100).
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were gently passed through a 23 gauge needl e (BD,
Catal og No. 305124) in order to break up the partially
waele@estygr or undi gested EBs. The entire cell SPGPES®IDOGIIT
was then passed through a 70 mcron cell strainer
Fal con/ BD, Catal og No. 352350) to elimnate the
[00065debr i LCulpwrcms PopapatiewekbaethdiredMesenchymatandMesenchymal Stem
Cells viability was assessed using the trypan blue dye
—— exclusion techni que (see Freshney, R 1., (1994)
[00066¢ul t url slecAfirrBlopGREibs thatis\donuaittedfio Brshesedds/nil tiueage, cells
) 3rdot‘%d. Wley-Liss. New York, USA). This technique is .
obtained Ry abevegnaress dere fisheplivred toqeatgonfiiensy ngnesgrehymenspecific
mediufle CEASHARANER S, KAt R BUFRE P e BljoBidin cithr
mesengwoleuspiecificstedivm omseveMesniCaltWl triedam,i 19eabS GRS urdar8s pre-tested

a I 0 .exclude the dye while cells wthgut an
rBS o HAR S e adediientlagesags. ErbupeF gmiaget of Mol pvealed tat ~
80% ofhRDIpalatie Skhibiteda ShiAdR shfpcd Hhabhohyhial PRM &!llliﬁox?ldélogy.
_erythrosin and naphthal ene black are also suitable '
Applicayte soteTha is edpicated eisperins¢ntaseveralwif dladse padsegdsrgrowin i Hoflpem dishes

f 2 8 | . d i h .
were pfiict i tapatel duigh ey AuhicBEP ST ke ik, offerslgiels of tese
cells weR dr§orbsciirl MasaerRmlerMNduid RitloBW8H scfrésf human MSCs.

determ ning the total cell nunber, the cells were
[00067¢ u| t urArplisAnts n@is thatvith wspest toathe sichendsr\pf @etiqnxfitds Botdgnown
whethe@tﬂeoéﬂ%% J:o%dﬁ’t%ns 'Htilngc{ 1&%&13 1nv%ﬁ]tio§f iﬁlﬁ&é@ hunaan ES cells to adopt an
nmesenchyne-speci f1 ¢ nedi um or anot her ‘medl um
osteoblastnitehotype, vathdvithanieomblet ontgrowth ofigelld @¥ahvespecdnifithley inhibit

Stem Cel ] Stimul atory Supplenents (MCSS) . (Stem Cel | )
growthef qihrs el tass--indeeds digls Apite poss t%gtrﬁqwg @{, se rpeghapisms work in

concert 8%nkieh (g&y(\)éf%% of et dREinéd t‘gﬂé oy co_ﬁfs@,gt‘gle ?@g§§ﬁglﬁ rb CHS%B% r%’o causing

conpose serum It 15 envision 10%
enrichrh@¥ FBSIsefitht dsteabiaspliyeage rifiintatest] bui it is BOHeéBSry ka understand

IS known that properties of early MSCs include spindle
the megFanistR T SIS oo 487 ¥ 310 sustai n hi gh
[00068)" Ol i f@ﬁﬁﬁieVﬁl&P@ghﬁoﬁ BEPEOsRSBIRBSAIOSeoBlabigTber
of genetrc markers described herern. Croscopl c__ _
[00069 x ani rnEq assessdhe esteoblasitic poteatialafdlar callopaputation exhibiting spindle
ub- ulatjons .of cells, e cell pe was, ¢ ri 5
shapec BB Sl inp el oS it 2P BRIt REV” cetsper

well p&toiledf SOYPDMENT/ P 3Eorss FBStr menal @ﬂtedg@ﬁic%u@gswrh Cell
center. Wien the cells in the wells reached ~ 80%

Technelpgies. feattlgg NonBoE#1 Selleweretgopprallyicylbered forrigpesiod:ddB do 21 days,
with SRR DS QPLES 208 BG4 AR5 g e cominued

for a lomgkt 8me betib®ifdarget borel mdiieles arniebieed: onbi ned and
cultured in_a single 100mntissue cul]ture dish,

[00070] \ gwdata mseferigd iembedingspi gf thg inysntiamghe erdls yesp anitially cultured for 18
r i . ) P - . e

21 G PO oy S TS W coision

into osfroplastat Tha ctliateiepremmiitionediwith “hommores éorchipnid days with a media

changd bE79% 3 BRI R BL R Bt D, ARRYE, PLRSERS! HE(Gh0,D lone (10°

to 107 VDR A6dtiPRnRRISSS ddxmethasone (10 to 107M) or retinoic acid (10® to 10°M), or

both. After the cells were suitably preconditioned with hormone, then “bone mineralizing

factor(s)” were introduced into the culture every 2 to 3 days for at least an additional 8 days or
until osteoblast formation was observed. The term “bone mineralizing factor” as used herein
refers to ascorbic acid (50 to 100pg/ml), B-glycerophosphate (1 to 10mM) or both.
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medium Cells were then split, transferred to new
100mm di shes and cultured in either
wore@enchiyme- speci fi c medi um or 80% MesenCul t (t PgT/US2005/016137
madi um 10% MSCSS and 10% pre-tested FBS for hMsSCs for
3 additional passages. M croscopic exam nation of the
[00071d | | s Mestauelerpblyn the mewoohymnal stenycadls iy Culfure wWessenseeudiyely treated

with “I%Drﬁ'ﬂ%hgd o%ré&%?ﬁg{lh ef g«ﬁﬁ@(r It% g%lj thgﬁlisﬁ I@Qiagg With aldose of

cant’'s no Inre Xperimen

1,25 (oﬁ)zlbhaslexp(ﬁﬁ\ﬂam@ngtmmd an 11{00ﬁm dnct Fegimoivedacil arloX;a@Z:Md These
sing standard cel] culture technl gues and froz

initial m@wne drsgeneats werg fallgyed hes eorasewtgfemﬁténw%mg & 3&ays with a
dose oPEEféoﬁ)tlf&g&i lah@ 8L %i %1{1%9}?}%?(51 V(\)ﬂﬁqtlﬁﬂré éﬁgmgfe ch’ff@i% Htiation of

OOO 7] Ap T ca spect to the
the MScihtmnostaobbastsa Jthesgengonipfouinds wete usad tnmirhietlbead bohe

mlcroq%l\dlﬁtgﬁ{légg oggl § It?oogﬁagggfbl Iogyﬂ)d (%15 él%)egﬁlgé nvn&ﬂgy (bf{}w) gs eoqbqast population

were théneisb@Eed fAaksdRABERWUL growt h of cells of this type,
or if they inhibit growh of other cell types-indeed,

[00072]t s Vgis noéeqofbétsalthloégh Ha?]ays@m@ibledﬂ proeeie om@hlaﬁi fompation using
Vanou%’\goncentgtf: o0 68 hdrm} c{nﬁ gp gl%o e mln%l%llzﬁlgg[éct%ﬁlzg a? %o%%lnatlon of

course, nsmr

hormofé@ am@mrmmé@nlzmglfh@o@@ afiticast a@&zel @uhd thHan ﬁh%%oizéd@%nbed—
interest, but it is not necessary to understand the

combuﬁaé@ﬁaﬁ ihermens folensed by bprexmineraizingfastatsaneyides theaupbefficient
d
manne eo ggggn%g@gg?é {Fg@oﬁéoﬁﬂs%ic%hgﬁ(?&e%ﬁ S an

assess the os astic
[00073)0t ent ]Flﬂ‘theﬁfloﬁehm additionrto mthmin D§1 amuiniter bf hxgh]smduﬂit @nd highly

shaped ench stemc pho , cells
efﬁcacbmﬁta@alog%a %XBH%P“%JI TBYES zleeh‘@)%@a reseRly fieieloped. (See
0 I
Shevd@gt al! m%‘@g(?FFM'I\Zg%@r?g%%S? ggﬁ% I{a 9 ggﬁ?\fgﬁé% gr}fjt'? ﬁl)‘égeef‘ Q? C19),D5 analogs
may bwesed ag@rsebsitiitg ocinl additexh todhe actiyemaabodite dBvitamiR D]s
[00074ﬂ ay i rgvl aitfed (Q"U llr?:fﬁldrfmp%naﬁ&aaﬁﬁe&enc xﬁ}tray Sﬁen;. &eﬁ

reer var, Ul v Ul ©vo Is a.

[00075[] onger ntddaRioRe6 kRthboled cﬁars&%edbﬁaﬁo@ﬂﬂ ?bk&ﬁwﬁfgfh ldﬁﬁég’eﬁglus
00070] In a preferred enbodi nent of the invention,

populatinn of glepenchymal sterh celld frgmembryerde stewyrcelly appligants @wy@ped amore
es of. osteo t diffe

streamklgecip ard et 1016%519&%813%1%18 Pléonctelg%rt 10 Hrodu{:e ﬂ/@q eg%lilsoﬁ e%ga%lfﬁ approach was

perfor@ed b oitifin®ESeNslintd wok @latéstdh mbgeITodiR! 1ayers i 80% DMEM-Flz
days with a nedi a change every 2 to 3 days. The ter
medlumrﬁélpa%?ﬁ@mteéwthsw K& sgramyreplager. {The megdgmapps penthy %ﬁmerated from all

wells %ﬂi %‘H%/W of gls %Qel (%P@f%l\?{fﬁ@%f%ﬂ@é@%{cwm}mg?ﬁggﬁ Qm?per well

was adﬂéd & eetch@vatlel’lrlr& cetls weslrietuaiddytophemotistitéd amdetieslet after 20 minutes.
rmpne, then ne mineralizing factor(

If morg cha; Soladdns Bg self FrloRigs WaFeeeiarbipg opshoy 3%%@586 r thgcells were
gently:pg;fe?rrtgd B At kil gﬁ@'traﬁsgg‘?é/cﬁtooar 1381 b(% niGst hERP l"ﬂl%tcells wgre allowed to

tion was observe e term"bone mneralizin
settle dt sl loottonaby gswdy IﬁaTB’emmut@fwdShmgeaﬂy oplni &t 18000 dpra30r t minute. The

dispast o MGG EP RS s PR RAOIS onehhSulR rediony su o

mesen§Ih&spddiffcthbdili® WIBER irfcAiRe SAHsbYEI™rh &BuGvith 10% FBS pre-tested

for hMSCs. The cells were then resupended in 8-10mls of mesenchyme-specific medium and

transferred to T-25 flasks that were previously coated with poly-HEME solution, which prevents
attachment of the EBs to the bottom of the flask and therefore prevents differentiation of the
cells. In addition to coating the flasks with poly-HEME, the flasks containing the cells were
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with "hornone" to precondition the cells every 2 to 3

days for the first 9 days with a dose of 1,25(0OH)2D3
w@ro0oixi1197 8M dexanet hasone at 1X10 7M and r ePCTUBI05/016137

acid at 1XI 0 7M These initial hornone treat mants

were followed by 4 consecutive treatnents every

placed ggyashakar platformads dgscribed abeyecand dllawes tavepckifyr tha @ntlre dura3t1on of EB

dolof ol SRS ARNGANIEL Sl ST EIRAS, SALLSHET %) 80 e o

EBs wersatlotved o déueldpo cefterdOne 14idayoihe \BEBsomnTe ﬂt@sted’ led replated to obtain a

qQste enot eandthef nctionality of the )
populaign g Eﬂ@é{m pswa Qdgmimgiy masedernel dpausrad HYes damedy using the

&g/h%- bR A diurhtantl Serinf gk fobighs t ﬁt%rym 1 st :
fmesen pOSSI lg}lee to pruérmatne %st eogﬁ ast Sf or h%??%%ldgs%f%Sar ofjlsS em cells
This wepaoaxed paputatonof 3Ho dreoh eymls omlgich baveethappentilita ifcvrgl under suitable

t t f.. h d
B TN A R ey
1,25(08)Ay£atdOFM Wae seRab ftdeRS tPfroRREdRARafi ] dOV¥RE pRulePBells.

m neral i zi ng factors provides the nost efficient
[00076drannerABer 24 fpks efirvitare inghespresanee pf 5,25((01).Bst eeestmipdeteichange of

medlulg%{qa% d},ﬁg %ﬁc? 3 sec[ogg 93?4 otFlu%St(Bﬁ)gl 3p\§ ({hea %gi(% I\gﬁ? tthe medium. It is

unber” of ™’

noted thﬁﬁalmaagmBMma ahmgs ugeddn additieh b d ast sibsistuef for 1,25(0H),D3, BMP-2
OH) 2D3 have _been recently devel oped. (See Shevde
dldnofeWOTéﬂaswe(ﬂz@dz% (PHA99: 13487-13491.) It is envisioned

[000772 hat t hgsenbiert ci%%f ANArO%F gi a ]?9 c%ﬁ%t@@a]ﬁg? of ol

bstitute OF i n addition tg th Ive
mediurmj 4 firgt doga3of rbﬁ@ﬁﬁéﬂnngnmburﬁdse(dso&Hw acid aad @ g?yc@pﬁgﬁbs;ﬂmte) was
In.addition to the

added gxggggglfsg gﬂé ‘[rBaéglteggq ﬁ]@k&ﬁ?}@g{ﬁgq @%cwg%gagrepeated after 2-
4 days BORMLAL] The REatl® §&I§W€§\!au§ﬁ%‘ﬁ€t%bﬂ tonk TS RAER Wlﬁg another 3 to

stemcells, applicants devel oped a nore strea
5 days afidulgire using e mtﬂéossatsnamng)teohrBQuEe to produce MSCs.

o007 5. % Rt S PRBSRE S B HE S e S Beenous
popu1a§@1°{q)%§én% T%r%af@ﬁh 'é@l‘lﬁﬂ@@t@é&éﬂtﬁf@l%hﬁe@ @r&&l@%wmd bodies

| acer. medi um was gently aspirated fromall

derivedprei S Adlllisaty wiithon ﬂfesfp@s@nwm OENZS! PRy In hese expenments
EBs w%%sazlggéh&céﬁ@n ﬂh eQ\(I)eUt dijcrﬁe i rr’n%lg %{Bs r?rH%m ed c ¥ tture for up to

cal M EMREFE 8t

ten to tRRivecdugek &d day 6 and 28y MtheIEBS wekd tr%téd?vvithah eﬂ@&ﬁ@fdofsé‘l 6f
ES cell colonies were detached or show "roll ed ed

1,25(0f D xadpng with aeogwiite 9h9ags of medign. TenkRs werq thgm digdsiod and

r a 15 coni cal tube. The cells were
CUItureHa?rdégcg{blégggéﬁl e at the bottom by gravity for 3

[00079%1 nut €Bheae Gllnlﬂ’lfﬁed pesteliyres providetreddafhersihe bloitityltorprodiice a
homogghiss RAPRIT a“?%acispw P A6 e D BBy oGy B ek an carlier
stage 115'953:' ﬂ%??ééé’? gg{hgk §’§§ a%éﬁﬁ%ﬂugée i 'Q)éwév\'%{? gff{'ﬂf‘eﬁf}]é {imd F%ikes to
produCB ss@l‘p&ﬂﬁe d'hie hings- @wﬂsto gb fivpsembiypitebaixsdd hicoltueedihich is in excess
of 90%alr1]uqnan mesenchymal stem cells was cut down to less than 10 days and to as little as 6
days. The culturing of embryoid bodies from human ES cells takes usually 10 to 12 days. When
these two time periods are combined with the osteoblast culture techniques described above,
under which cells can be cultured to go from MSCs to bone-forming osteoblasts in 7 to 14 days,
the total time required to progress from human ES cells to differentiated bone-forming cells is

down to 23 to 34 days. These simplified methods can create a continuous source of relatively
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transferred to T-25 flasks that were previously coated
W th poly-HEME sol ution, which prevents attachnment of
W b@sEB991 0 t he bottom of the flask and ther ef BEBUS2005/016137
prevents differentiation of the cells. In addition to
coating the flasks with poly-HEME,  the flasks
pure megschympliers kel pepulationswifh alieh penliferative reteniipl and of hene-forming
I t
osteon s I AEHEEA R BB BB, OHEE e IGRE e Ros SERSL Spes are

humandjpe exdroRt @édnors wetivh 2siaisshé amolft and abdilabilyty ofkbhated Meaterials.
EBs were all owed to devel op Aftajf 10 to 14 daﬁs t he
theﬁwemaru%@%@a%ﬁama@ﬁpé{@%yosm Reseeat Af meprsishiymel; st cells and

| | :
the ageo{{lf #hEhbdork Qﬁ'ﬁct? ﬁlwg)é@l dfg%aziqggbﬁg}?ﬂg&f ttlg%é QAR Mlgrowing cells for

aracter.
transplaptaoc pgmpesespms Wwelt knewi that tme isef thenetsende, thos) e snetlivels described

ion of nesen temcells, This
hercin RS e FraeRTo SPHB SR R gl gt S of iffe
[00086] ot entHderthih® iHR Fﬂﬁ’&ion%ﬁﬁ ne OReblAdtoNs

hondrocytTes, adi pocy an one precursor cells.
[00081Af ter I2 1Wsranllﬁ uaﬁdtrstsppé tha1 axsicmol GBters ane(iﬂ@mnmiacﬂltate the
aittere 5 S Gt bR R R Gy B B gt ppemotve.
These iﬂd:ﬁld@ﬁﬁé@fﬂ@?eﬁfc bbné {dehliotlelic pilot@ﬁ’lﬂ”@h&i & EMM end&ompounds
medi um was done and a second dose of 1, D3 was

regulatiggiis fa@tomcsmmgathﬁm@tlmaqydngluqoco@cﬁ@s,e FRhtinterleukin 6, leptin,

and 1 G007 P e R RS e @RS e eRah, iR Riqgand pemice
hormofés dke ARAADPEIa sdrBOF ﬁhns%ﬁf)ﬁdﬁn fRErH et ZredxPRYsedah a timely fashion
culture, along with a co ete change of culture

as the h@ﬂsl}mde@oﬂmegge m@g@sggpn ovsrad lof fiergyoterhient sepsific transcription

factor{ 1%@1%85 ﬁeceaﬁ% fgct@i{s] bla n%f glﬁh i[\ﬁ%%iaglﬁ lqlgee %ﬁ(p?%@loﬁq)(}%gteﬁﬁast-sp ecific

genes Sichek abteapoigin QPP LoKISoneetsn dreissdoealcaf dsaeer?in the dagsmature cell

culture. The treated IlLs were stained to detect bone
types, {%Fﬁﬂf’?"(ﬁﬁak’dﬂp%@lqﬁ "51%% REPOBI)0 5 days of culture

[0008223' ng Abg ﬁqﬁrmstﬁ@téﬁla‘(ﬂ)lfyg" tGE @‘éﬁbat%-qg%%riﬂtf&nﬁétor which

her e?Teb Iment, 1t is envisione
appears tdbb¢ ambdtadatoy offi thedwpanepecifioproteit, astecodlcmesdns hlyladd regulate the

syntheSf s e Betier e P e pepreotipteio ¢ L1997 et

89.747af7§4530t|ve anmount of 1,25(CH)2D3. In these experinents,
EBs were allowed to form as above. As indicated _ _
[0008Har | i eAs usddeheres, the framsé Elxiw apd|"Msx@" feder to omgodespain proteins

which Ea{l%,'c\ﬁgﬁg@%ify re ]\e}fjeac}éteo %8&;112’%?% Slg\é\ﬁlrp?ot:eﬁl% ?a:m ﬂmctlonally
interact @fgtlate BB aBGEcAin l[i'ﬁdhd)tﬁi\ PRI Eﬁ‘iosv\ﬁiagndsﬁe R f eedREoBMst is the
and cultured as descri bed above 00079] These

expresgiopof pf%@%&%@(&%@@@ i 1 prEtasily predagsd biyithe osteoblast

sl. A e BATRESR AR RO KARIDh R Bl Rteatn
essentiallageniail otahvmm barkssprofeimekpregednonas andleeth mﬂtetgpglg

i % 2.weeks off of the tinme it takes to produce such
minergligefid. The ti me period to go fromenbryoid bodies to a

[00084u! T Ur &s WhaHRrdif, the t&XOB8Ropontin” refers to a form of osteopontin or a

fragment thereof capable of influencing early bone matrix organization and mineralization

through osteoblast or osteoclast cell attachment.
[00085] As used herein, the term "osteonectin" refers to a non-collagenous, calcium-

binding glycoprotein of developing bone. It links collagen to mineral in the bone matrix.
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of 90% human nmesenchymal stemcells was cut down to
| ess than 10 days and to as little as 6 days. The
weeiosariigyg of enbryoi d bodi es from human ES cePCHUSBRES16137
usually 10 to 12 days. Wen these two tinme periods are
onbi ned with the osteobl ast culture technjques

[OOOSGJJIes cr ilbisdudlispeted thaarsingle srerkes forMSErstases asinof pewn identified, and
l1kew1sggl)c/>£15 8%%%{% d%?s%ﬁﬁeé %Jverltge Q@Iﬁﬁ)@é A% s bc?l %&E glal%é ‘hheu

required to progress
expressih adohewhet isloéd, ané oin b:t oohnb dun Bes$ corminiigedagebgenitioss adovedl as more

These si fied haods ¢ rea
dlfferelglae%fﬁ%%lﬁu fﬂ}? i3 Beraes 1pAic %Y%T& tb%r%{ﬁ%ti ER o ﬁ@}%"%@sﬁrﬂ
deﬁmtﬁr@ lrﬁarﬁé}p H Bk IEN& Wb @eeﬁﬁ@éﬁtﬂfe@l Wwhith ﬁ{é[ré’f@reoé?faﬁﬁtdnélto assess

of bone-form ng osteobl asts in arelatively short
progressmmawﬁr@u theté¢recebswith Ipim‘lp@@bm; diffec@giatibn caltpaséy cUhflifferentiated

nES oo BES A BhIDTAan G 4B 1 1o e By Rl B FuthSmore, under

the midrb§coP& HRPESRs abph"@’fb mgﬁﬁﬁ&&r&%ﬁsﬁﬁc Aiti¥EpromiRht nucleoli, and
percent of nmesenchynmal stemcells and the age of the

compaefplamy farmationsvitthpoqshyodisdeanable cadl jpoctioms Brimafe EHeells may express

one o it B g0 U, G LTSRS At
using ahtiBodIEst deimattd a1 beanideT @i 181 (Thiodvsdntenel. t(l M)nsewubé 28D:1145).
to obtain MSCs resulting in the preservation of |if

Differqngiathapet ey eslisiin ity tyw@a]ﬂ:ylppépﬁt%wgh‘; lops ef thesgamarkers (1f present) and
mcreas\%%?@?é@ Srd89081] It is generally understood that a

factors are known to facilitate the
[00087di f f erlantdato oondbr theSxpaislondadidiieientsion ot yireeES s¢lksmt various

cells. towards the osteobl ast henot e These. i ncl ude
stages B A GIPRUGL RS BGHE TP BHOBEHIC Fobi B PRoUER oA  getiaty of gene

marker@NFhGO TR QOREMEE ith3hd RYehtinS Figed P Ehdv@hﬁ@s%ﬂ%ﬁe s%emﬁc
retindic acid, glucocorticoids, TG , Interleukin

markers gphER celis; BBE 286 CO)r2ddIS Gh dnrthis esperimeni atviagily affgene markers (i.e.,

Oct4, GRS B R ARG LR Lol B AR beE A fpicipated,

dramatﬁcﬁfeﬂ@étﬁmtlﬁ‘ Bbsedved if MY SPP@diondf thd ES8EY mbieh Of4and BMP7 in EBs
undergo |i neage progression. Several of these

and MS@s é@nd astAlsp eehaiced expaesston qitthomatrikdreten esieangefén (QRI), and the
os’ceobl‘?a?tr %%{:lf o(k:ﬂ[ && nt%?{o% Pftctas)@vfaf‘ 'Ms%ﬁﬁ% ﬁﬂg 15'1&38?@ 88&5@5}1 is

-SpeciTic genes su as osteo

observédPNIx5 imtﬁmetc 1be rexm@bed@hga@ah@mnsmammﬂsos ahd rer®sidoblasts.
mature cel |l (see Silva, et al, (2003) Stem

These @ft pEs indicaiae. @p mogemqowwsl}h%astﬁ&l@t Rhenokiper er m
[00088] P a Bne MEBA SisdCtolchGrattdfi8s theldsBd PaE £ BEHQY ventlon was
i o g

h appears to an activator o speCI
by exppa‘ssnba iofi gereshadre] wich aaibfa-$, Mbk}g DIv5 rcesgimbamtm (O’N), osteonectm and

osteoc§l¥ §1S L}ﬁ.ﬁ@@%g&@{ gtceerb{?g/él?r 5 osgﬂogfast(rfgaéeff Ve%lar%rket:rs range in
mnctlo%gblztdaze E&feral{ﬁggﬁ%d %ﬁé@ﬁptﬁfaﬁe@ulaﬁbﬁ of ﬁ‘(?ﬁ@sspegf ¥ Proteins and

MsX2" refer to homeodonain proteins whic
lnﬂuemmdner;bpn@mtﬂ)yongagmtmgnmmﬂla@ttcm A&@@wmm/di"lgure 2, it appears

P SN FACTRITE R C T S—

Accordlh@gn®s pirdsefe dfitife RsihRMB P& itidabtolthe appearance of the mRNA for this
protein. All of these data strongly support the authenticity of these hES-derived cells as
osteoblasts. It is of interest to note that many factors such as retinoic acid or dexamethasone that

are commonly known to act as osteoblast differentiation factors in mouse ES cells or bone
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expressi on of osteocal cin, a non-collagenous matri x
protein primarily produced by the osteoblast itself.
wahios/iprigtein is integral to the bone regul at i PQI/US2005/016137
function of the osteoblast. Osteocalcin is essentially
a small cal ci um bi ndi ng proteln expressed in bones and
marrovi-gesi Yed ineesead ymaen megsandhyee] gam detlo 981 unable fe daduce the expression
of
of ostelldh ol A Ry BRLAARR A idlend Flof] B, P LRgBA”
[00089i] Nnf | uetmnthl@ mahdd/udedne c]limhcrthKzeCthg aﬁvedlﬂhét@hemﬁpe is the standard Von

oo GRS B . AT RATEh ol BT S8, T
stalmn% Qﬁ%m Wab Bsed t%fa§§e§s {8 aBilfte H; R@e ?Mﬁo%eol}log}llels.t Figure 3 shows

i nding glycoprotein o vel opi ng
in vitrd banesrodolel fameationdn witeebladts deriveddrdn hESwalls.i Rri¢fl) @gtdells were

washedtr e 5t i P bl Pt Sy ononinie g fongfosss

procediu*ée T‘Iﬁrﬂﬁﬁ[b%r dE84¢i i@ BreadRYRIcd KRs AR thlkdn ééeanflﬁdlcitfﬁnsof the presence
cel | Kb pe since their expression is sonewhat broad

of ostegblastsa nnfes flo ad\ditlbm td the & vignerione addwe dofamitioos applisaniglso envision
ff er Thi s

that thess 39%6 Prec%rsgl% cet %eﬁgréﬁg?e%gﬂto%na%&gbaesrr&cg gn% pgpates to

promo®@8&f vbtbove foraiakiehs of the ES cell's have been
identified, which therefore enable one to assess

[00090} ogr e¥efiapathsndgfimitivipstaoblast ingage resgricipd asspy whichsee h@ used in

S
pracic AN PEMSERREbhy SRLE L RS TGRER S5 i i
well—edfﬁblﬂ's’m mEthiot Her the yeantificdiéen éfl{STscr oscope, ES cells
ar_to have hl%h nucl ear/ cytopl asm c rati os,
[00091’1)r om [u, LDifferonfiatign of hES Cell-Derjved Yigsgnchymal

[00092poor | yMgée?lEﬁyrﬁﬁk%'te?n e&ls Wér? Eﬁ%ﬁr@@ §cco?&1hg?% the! %ﬁoﬁfhésénbed protocol

fray express one or nore o e stage-s
using Mn@nwdh mr:dalm augybyprs- s(eISSEd\)semnnﬂndt saa,ppam mamdhml stem cell growth. To

expan tgleo%) Wﬁ%g:ﬁ t5§ d\;vgr%fg ﬁ ﬁ]&le 1%@ %f&gymum of twenty-

five didPek %E@féhhﬁ&d 97 ofb itWip sﬁie}ri%ldnﬂ )“&lsbrc@nfp.‘l'&é fRblun change was done
results i'n the loss of these markers (if present) and

one day n@me@sl@dve@fdpg thegicln (isf, begepracursppedBY] In order to

nit and..differenti at.i opn,of t
[00093EDI s 0(2?1 s\r/}g(} g ?@}e Célg'gl‘e (}1 q}%v Were %P%Sﬁ?lz%(g& ﬁgﬁ fu%ds counted using
the hem&woxﬁ@teﬂ ustiefeduatib g etlld Weretighek prietime @ﬂﬂﬂﬁB@ aitd@fes@dp¥nded in
ne markers. Thus, in accordance with t

100 ul pﬁvgﬁtf%@ach rspg;tum@ctprs Havasnerabanpspmately 02 xS1r9e €PH5/200ul were used

for eacﬁaﬁdk&{osr% 'n”{h gc%\ﬁa ﬁgpepglbg E%% élﬁen q’ﬁ;éﬁ%é by ghelébol\@%? I\&tlfl%elm (%D
Blosméﬂéfe@)' and%pt &M ,unﬁll\fﬁg tm@' ofmjedior?, CVP and BSP) was

As anticipated, a dramatic reduction is
[00094&; bs er vlé@lyrmc nyde raice (EmsilasnHarlan)iod feg te dive Wesksageswes uged for the

in vzvo%QgeMIZts' 'T“h%ﬁﬁ%ea@g‘e Mﬁg&ed]i 9or1%1‘01 @{1(2 %ﬂ)g@ ﬁﬂfg %ups Tl&e cell

ression I'X pro ern o

suspenkiog (260 €1 b R@tn@ﬂ)‘@“&mfsl ifijedtictl fsebRitdncahdlp intd avé Sdpardidioghtions on the
Msx2 and D1x5 in MSCs 2 popul ation is observe D1x5

dorsal purfaca shasky ef e reigpr Sunilaglyotheyoniiok mise nvese injenfest with fhegsame
numbef nP hBS &e1ts 1&1%\§fgt|1°1%gltf§ The mice were observed daily for any

viv,

undesirable/unexpected changes, such as weight loss, inability to move, ulceration at the site of
injection, etc. Also, photographs of the mice were taken at regular intervals and nodule growth

was monitored closely. Figs. 6 and 7 are the photographs taken of these mice.
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These data are indicative of progression towards the
ost eobl ast phenotype. [00088] One nethod used to
w@hb@sactier i ze t he osteobl ast phenotype of the POWESIDDONG6137
was by expression of gene markers, such as Cbfa-1,
Msx2, DI x5, osteopontin (CPN), osteonectin, and
[00095}st eocQunasithe BRedulerrendhed tminitended dimensiousths. mrch asee euthanized and
I ene_nmar infu
tho noFEsSP B0V AHEhoORRE AR 58 Suli R b KL OF pufitlea

formalii. Ibl@l’(b%gi@& Ged‘tioﬁs -6 nficidas)anéte intdde uad @taﬁ&d@@frﬂg&ﬁmd@@f}&m and
matri X _organi zati on and m neralization., As shown in

Eosin tpj d@tﬁ“@l@ P PregpRse & sartinge apd bgne injhe apfules seens to be
[000962S se ntHl@{olc?gtlcdl %gédgétﬂg‘ (ﬁ*}gnﬂesgé‘t s o gu&ﬁ%a?lgﬁl?sl lﬁ)'n? nodules

Xpressi on.” Accor e presence O
demonsisated latga:@h’uhagmbmaammamﬂxmdjﬁy fiusBdifctive tidsis Several of the

cartilagﬁcelﬁeeﬁ?arscsﬁ?\y egfde%lgégfgbq%%%&a%:n‘rog gg %Eéﬁiptgg %%esteg]cee of mineralized

matrix Qﬁﬁﬁﬁ’ RHeasbertrophid &oﬁ«ﬁrobﬂ%ﬁvﬁ&h i$ &1&9’&&&1&1@ f eA®IMondral bone
factors such as retinoic acid or dexamet hasone that

formatipme "Rh@n;nﬁmny alsn@imwcd)tmanesascmﬁmmm eapillaries which is indicative of a

sucoestfh R aomToua Bl b MG B8 &Pt vig pperiments show
that mé&sShdtSmAe Et%nﬂdfbﬂb lagd pfe- d)dﬁéﬂb@e@tstd%ﬁvéd( RbeSiEinedh 8BS cells have osteogenic
ost eocal ci n &hal | mar k gene for osteobl ast

potentig] ardeqre ablie 4@ feym) bone boHeinEwe e8d 7svivq4.00089] Anot her
[00097{]": t P ggn?t%g %ﬁéﬁeg%ﬁ%&ft itfs e‘hbﬁlo%%& ﬁ?a? k&sgellg Ia%%ﬁ‘eagcggoove can be

Ssa staining tec

1mplan®éd AbcuthiZdddly vakidh tan Beleadondastirei rﬂifcﬁﬁdrysﬁﬁlrﬁQGaﬂ(ﬂhl environment. In
his staining technique was used to assess the ability

this m%hoc}«ses*@e%\m@} ?FF’B‘cFﬁES RBRRgHasieoblastg dogn eghag ProgeqHres 3C seeded
into sté}ﬂ %M%cﬁqc{rgﬁm ffgﬂis g 9559901 @sﬁeﬁg %@f $ \éﬁgkf) Pt Eﬁropnate

e cel were was dstar ne
medlullnfmd pnncmbetl&d éblof2 loaire ta.uﬁo&hmﬁpﬂredtcell d‘&qurhlmdns Esamgjes dnfesu1table

Ss oced The number aIC| ar e
porous/ RS Hirblte e oL S aRHe Ao B rﬁ@ Baial scatfolds

(3mm 22nR81BaREIBS BiGiRACRAISS - THeSe fddid éd&f‘fold@, a}é‘ﬁleh 'i}nﬁlah{fee
bone nodul e’ formati on, applicants al so envision that

subcutaneeuslyhoder the dotat skin arsalolf ¢ te 4rwdsls olchathyericruieimice (two to four sites

per migey R SpeEeR et B oo Bt ateRgB] RiARbfisishn 4er’ controlsin
such eﬁ%rmltsa&tollown@%ﬂﬁ ArR&dkpetiog theAdficRYwoMid B sﬂ?@ct&ﬁol&g&ﬂm density

acticin e invention includes the col on

analysrsépﬁwwgg m&u@h thiepisd Weuid Yecaerfigedanddle scaﬁfpkiswgmaved The scaffolds

woua b AR RSBy S v

env1roﬁﬁbﬂ1t -idrdiscedrdye slengrowiiab f dthasellaypes boDn9Re mesenchymal stem cell
nchymal stemcells were cultured accordjn

hneagwow@l a%%Eélls iof ethep eeb RYPrsyd} hwgeX%%@ﬁ%tuﬁ intepded gw%menstrate the
R o B3P B R RS T Bl S b b

formatwwrze vowl tured in 10 cm di shes. A m ni mum of twentyfive

00 sjl shes were required.for one in vivo experiment. Al so
[00098] 5 MMdone one day prior to
[00099)2T VeSirhRan hfterfeYmal dtémReHs QRTEs)RNBE tHe$Renfig] toSdrm bone are a
valuable source of biological material applicable to a variety of medical and dental fields. For
example, it is envisioned that the substantially homogenous cell population of the invention can
be utilized to provide a reproducible and renewable source of human osteoblasts with therapeutic

potential for skeletal tissue regeneration or repair. It is encompassed that these cells can be used
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[00093] Cells fromall of the culture dishes were
trypsini zed, harvested and counted using the
whessaytionet er. After counting, cells were wasPerdUsIw65/016137
time with PBS and resuspended in 100 ul of PBS for
. each spot injection. In general approximately 1.62 x
in tissup@Bginetling ROTeMoisacw honegréwth, teanhanes andtacesieratrtibe bedling of

D RSB o g W vt
skeletal prostteti® evitd0 0290 s Ak ¥itbiCa poteetidlintthdd PFticasrgetdddeRVory of

of four to five weeks age were used for the in vivo
recombingie gepesfos genpiberany: e Thisy thesr callrapulations eanrhe used fo7p number of

: LN &%HE : sion (200 ul) in
1mport%£t{} fg%elsgﬁ( ?%I)elo%ah%ﬂ?%flggt e gédlﬁlcpﬁ']?%dr%g%usl y into two
[000108¢ par diwethennat) thaselbrofithis invensiah canibd ased (¢ bacpke axdDNAdibrary
. mce. Simlarly control., jice were injected with )
relaﬂv‘%ﬁi@ng%@nwa%é%%&ﬁé@re%rqn&a heREsSPG i qallmromrpdierprogenitor
cells, OPRA& sRBS BE114EhH aild détéo@[asﬁélyan‘&rbgﬁe?'d%@@h@ﬁ&ﬂﬁmﬁ%ﬁg
h ht | to ve,

changes, such as weig oss, inabilit _
[000104] cer afliechffertentidted edlisefdlis imjention cam alst oe usal $oprepare antibodies

hot ggraphs .of the m ce re.taken.at regular ..
that arf R P E R T GBI Rl 6 ROV PO Ry prooursors.
Polyclénal ntikddeR @ard bapfephied Hylinfco@h2PMstdbadie Bnidfal WHRSRILs of this invention
m ce. [ 00095] Once the nodul es reached the intended

in an igmyEAEIEHETING & rodusiionef moroelprealiandlrdierds dpserited it sush standard
referen}é@sr & Iﬁ%@%tg&oggp%elp%?u lél%%Z%b Gnd E%EM,%?& dnd AP%llzf)dsazg %ngymology

I'xed in tormalrn. H st ol'aggical "secti on
73B:3 (198d).8pecifio antivwiyansiecidesdi ddocheigddwiet by coataatinxy libfary of
. and Eosin to determ ne the presence .of cartilage and .
immunggeyapetantiogls povial @articlesyotsihe tirgetsmnbgen and groayipg epigpsitively
f [ [ i
sl AR SLo SR P8 QlagURaLEAR oMY R0 S Gyl
(1996)INdsnre Biotomd c14: 14310t i 4 further Starasatate iofeabdembly of random DNA

cartil aglinous areas show evi dence. bone for.mati ogn_as
fragmedfita ALY FRAGSHISBRIGRS. 3P H@icgg?‘_fwgé%aﬂﬁwpdwm 108 A.
[000102Y Per t1 i RerAORIINRE YA Sthep a}%‘,ﬂichﬁo&hﬁ&ﬁg §i8fehBbh Fel@ to using the

endochondral bone fornmati on. e sections al SO shovved
substanttadlyhosmgrnmisebtenblestpopalaiibh af thesnvemiioh to ficilitale sereéning of factors

of successful vascul arizatio rocess within the o
(sueh o st Al palecy P drige. poskides, Piebtyisofaey s sh gt conditions
that aficBethe CRERAEHYEB b SicBBelle! Fér xashpRY, pharfiaéltcabédinpounds could be

derived from human ES cells have osteogenic potential
tested o dhedr effeshpe muscyleskielaba Mesusgnsinicnangetor senaird In eng ilipstration, the cell

. NUIRY ' i Lo i: Wi.Si .
popu 07l cniSh oR08L 10 SU0REH BROE, i A5 0A i
deposito CBérasxampid, ynentduld scrégh DsitaviadM ety 8 compounds which have such

m cro-crystalljne scaffold environnent. In thi

. _ is _

an actipip PR GRlCIUFRAP9EINOHa Scisering Mmay be dope siberdseausp thestosnmoppdiis
: i ot i :

designtd'h RS HDIBRAREIIMED Rt o RO gL chngund designed to have
effectsypbowhenf hay ijveiunirtéreled piticafifertaton cobdofisaisdue typebBhestreening

for,12 hours to . allow optingl cell. attachnent.
can be gondpsfeddisie ay;of 5 @e%?‘ﬁ&gﬁ§ enerBingly 3#%%@& cells of the
inventiof! r al i ne hydroxyapatite and trical ci um phosphate

cylindrical scaffolds
[000103] Likewise, a variety of therapeutic uses are also envisioned for the substantially

homogeneous osteoblast population of the invention, such as to enhance tissue maintenance or to
repair the musculoskeletal system for any perceived need, such as an inborn error in metabolic

function, the effect of a disease condition, or the result of significant trauma.
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(3mm x 2mm Berkel ey Biomaterials). These seeded
scaffolds are then inplanted subcutaneously under the
waloraliigkin area of 4 to 5 week ol d at hym ¢ nuPEeT/mB265/016137
(two to four sites per nouse) and the m ce observed
y for 4 weeks. Unseeded scaffolds can act as

[0001 Oggin; r dhihqugh dheieregepierintiention harbeenoddseigbedtia samadekil by way of
s B PR M BN SEAGS e BB ot

adapta?m& af] lgl& iﬂ&aﬁgom: alsa mmtten/_ @Kkou‘fﬂ(ijﬁ':‘%}ﬂ:ﬁfﬁi_fzﬁt@ct)jrdﬁr gﬁisb §1|<i[16d %jn the art, and
ave bo ngdul es ich could be fixed and anal yzed.
can be SRRISepize) B RE SPAEIE Mo SR EREL Gfithe PREQ PRthe seope of the
appendsdl @¥ilfis of other cell types both in the nmesenchyma
stemcell lineage as well as cells of other germ
| ayers. This experinent is intended to denonstrate the
suf ficiency of human MSCs generated from human ES
cells for ultimate use in human bone formation in
vivo. [00098] Applicability of the invention [00099]
Human nesenchymal stemcells (MSCs) with the potentia
to formbone are a val uabl e source of biol ogica
mat eri al applicable to a variety of nedical and dent al
fields. For exanple, it is envisioned that the
substantially honogenous cell popul ation of the
i nvention can be utilized to provide a reproducible
and renewabl e source of human osteoblasts with
therapeutic potential for skeletal tissue regeneration
or repair. It is enconpassed that these cells can be
usedi n tissue engi neering to pronote new bone grow h,
to enhance and accelerate the healing of fractures, to
facilitate bone transplantation, and to secure and
consolidate both dental as well as skeletal prosthetic
devi ces. MSCs al so offer a potential method for the
targeted delivery of reconmbi nant genes for gene
t herapy. Thus, these cell popul ations can be used for
a nunber of inportant research, devel opnent, and
commerci al purposes. [000100] Furthernore, the cells
of this invention can be used to prepare a cDNA
l'ibrary relatively uncontanm nated with cDNA
preferentially expressed in cells from other
progenitor cells, or end-stage cells fromthe
ost eobl ast or any ot her devel opnental pathway.
[ 000101] The differentiated cells of this invention
can al so be used to prepare antibodies that are
speci fic for markers of nmesenchynal cells,
ost eobl asts, and internedi ate precursors. Polycl ona
anti bodi es can be prepared by injecting a vertebrate
animal with cells of this invention in an inmunogenic
form Production of nonocl onal antibodies is described
in such standard references as U.S. Pat. Nos.
4,491, 632, 4,472,500 and 4, 444,887, and Methods in
Enzynol ogy 73B: 3 (1981). Specific anti body nol ecul es
can al so be produced by contacting a library of
I mmunoconpetent cells or viral particles with the
target antigen, and grow ng out positively
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sel ected clones. See Marks et al., (1996) New Eng. J.
Med. 335:730, and McQuiness et al, (1996) Nature
w@e@sachopl . 14:1449. A further alternative i SPCT/US2005/016137
reassenbly of random DNA fragnents into anti body
encodi ng regi ons, as described in EP patent
application 1,094,108 A CDADMS2] It is further
| sioned that other applications of this invention
WEC te to using the substantially honbgenous
ost eobl ast popul ation of the invention to facilitate
screening of factors (such as solvents, small nolecul e

dr ugs A petheil @éproduting ersubstamially doynogenans popwiatien phmesenchymal
ondi.tions that aff t ract.erj st. cln
stemn c<IZRR i S oG CRIREH SbRbATR A aBi o

t est ed) f or ctihgidg Bt E@blyodic sttiaeolloakRl esditibissduducive to form
mai nt enance or repair, hi one illustration, the cel

popul at i on cBrYHEbp¢igsnt i on nmaybe used to screen

facto fo ' LLJ . . t ' _ : LI
depos |rb? ion @@(}gﬁg@ﬁ% l%fél?gi’}@%@b@%&f@ as@rgge'3 glﬁf%g}l?/ |Srf eg}nﬁcnmﬁdmm,

l'i braky f ordigestifppihedmbruid botliay® fouamandantal cellspand

cal ci um deposi ti on. Screeni be done ejther .
becauds t hEuRuHHsOHAEetamal BN s Mewwaceof mesenchyme-specific
phar macol og) &3 ffla QbstahfalfPhdntogeRbusd}RpALSBn Bf mesenchymal
compound deseiqg‘#}néd to aavesef f%]é?lé e(rgseeV\hlwer e maynhavee enetyma
uni nt ended stindeellsf f ect s on cells of this tissue type.

The screening can be conducted using any of the

precursor cells or termnally differentiated cells of

bhe i myenhdthed of CRRA @ FhrthdricMipsiSingany/aepsadfy of

t herapeutic uses are also envisioned for the )
subst &t i alprgpasatindybe swsenchymebsiermsellpbpilie ardserredi ostgagenic

i nvention, : S i [ .
epair tne TeER0RE pieSpE LPREPeaASY Gr ol BrERRAE o, b
need, fpuch eapodiy ihakoBFopaLation of Bomeprebiabéraellsi icosteblast

the effect of a disease condition, or the result_of .

si gni fi cantditfersagatiopaeents 1) 2 UURRRFGPOEIE Tasnehtg; fagn a substantially
i nvention j: j id by way of
illustrati gﬁﬁlgggﬁ@fgﬁgﬁ%{@g?f%%e oé@g&g%a?:%'ari ty of
understanding, it is understood that certain

adaptations. o e.invention are a matter of routine

3ot rneaneihod of Climd ks n s ruesieRan e b oL o

HRPhEBRRS Kfkdni hout departing fromthe spirit of the
Mesen?{r{:ﬂ\gtntlon, or the scope of the appended clai ns. CLAl M5

VWE CLAM 1. A nethod of producing a substantially

onbgenous .popu i 0 f nesench stemcells ... .
dor T SR Re R Gl e SRR yBh SR fels oxnivit spindle
ﬂmped%gﬂpﬁ&@F?g the steps of: a) culturing the enbryonic
stem cells under conditions conducive to formenbryoid

bodi es; b) propagating the enbryoid bodies in a

gs en cﬂ%ér}g BBESE Elai qpvglllqlﬂ% é]ﬁ% rsl}géeglglé}%hg—gpécﬂ?c SBIRLNCh I udes

di es 'to formnesoderna
1,25(0OH),;Ds.

6. The method of Claim 2 wherein the osteoblast differentiation agents are selected

from the group consisting of 1,25(0OH),Ds, dexamethasone, retinoic acid, ascorbic acid and §-

glycerophosphate.
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d) culturing the nesodermal cells in the presence of
mesenchymne-specific nediumto forma substantially
whorssgenous popul ati on of mesenchymal stem cel PGT/UR2005/016137

The nmethod of CAaim1l further conprising the steps of:

e) pr&gggating the mesenchymal stemcells in the )

pr esedde nthasselddgian? svheradi the seaugneedperéfigmanner of adding

i Ur s cells: a ) ' .
osteobl?# gﬁgﬁgﬂptg%lgﬁ ;Ag%% 8@3 B%@gtgd;ne% bﬂgg ngreé:gﬁog gf{lLs cog{fﬁzﬁ% t@gatmg the
cells witls g offt @i adtiohes o2 3 (A )sIDs, dgeih&hasoné and retinoic acid, or a
. sequence-specific manner to forma substantjally. .
combingor srreh £01 byithe addifionghan ¢ffestiye awpurtafjagcorbic agideand -
of C aim lwherein the nesenchyne-specific

Qyomnﬁ@%?ﬁ%?is MesenCul t (tm) Basal Medium 4. The nethod of

Caim1l wherein the nesenchymal stemcells exhibit

pi nd shape r phol . 9. The nmethod o ai m .
Sher eitie PR e hettin e e eIk R s Qerived from
" humansl, 25(0H) 2D3. 6. The nethod of C aim2 wherein the

osteobl ast differentiation agents are selected from

the group consisting of 1,25(CH)2D3, dexanet hasone,

etingic acid corbi¢c acid and b-. .

" yconbERgita X5t Pisfhefiln s By Segally homssmmeuemerplgtion of
mesench$RHPREAcENEHclde aRAAG0YPIeaHhdhyiHaladng edllsast

differentiation agents to the popul ati on of bone

precursor cells conprises treating the cells with an

f ectd de f .

T4! ARl L AR e frin o
mesenchimabdethtcefninafudanatdédse80%orresanehynial efeasatier bi ¢ aci d

and b- gl ycerophosphate. 8. The nethod of Caim

Iwherein the enbryonic stemcell culture is derived

fjom Ryt ]l'locf9 £ C13fn TR e @n@?%cﬁ*‘%ﬂ:&ls&rigﬁ- steoblast and

substantial l'y %ormgenous popul-ati on of nesenc el
osteoblsttentlcel | s i ncl ude at | east 60% nesenchynal stem

cells. 10. The nethod of Cdaim1 wherein the

substanti ally honogenous popul ati on of nesenchynal

bem ol islat i 2 0

LT 2 e Rl O Spln AORMEH R s
mesencpywelstemrcellsl | s are pre-osteobl ast and ost eobl ast

cells.

'

13.  Anisolated cell population as claimed in claim 12 which is at least 90%

mesenchymal stem cells.

14.  The cell population of Claim 11 wherein the mesenchymal stem cells exhibit

spindle shaped morphology.

15.  The cell population of Claim 11 wherein the mesenchymal stem cells are further
differentiated into a subpopulation of bone precursors cells having at least 80% pre-osteoblast

and osteoblast cells.

16.  The cell population of Claim 14 wherein the pre-osteoblast and osteoblast cells are
characterized by the expression of osteoblast-specific gene markers selected from the group

consisting of osteopontin, osteonectin, and osteocalcin.
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12. An isolated substantially honogenous cel

popul ati on conprising at | east 60% nesenchynmal stem
w@eiosa11198. An isol ated cell popul ation as cl apeEUSions/016137

claim 12 which is at |east 90% nesenchymal stemcells.

14. The cell population of Caim 11l wherein the

s encipresl] popualatienpf Glasnr A ihereip ithedtedls srraghaticterized by the

express\%}{e ? Bgc%ansgnlgguo f}"%ct&"?slslele ée%?n lﬁcogfl th%ng(g&%) ?%’F{Sﬁ]%% &t Cbfa-1, Msx2, and

D1x5. di ffer entiated into a subpopul ati on of bone precursors
cells having at | east 80% pre-osteobl ast and
osteobl ast cells. 16. The cell population of Caiml4

erei
o et B R DA e B 8l D B pcsenhymal
stem cajlsrlerimed krenserslaiyenit etnf cabls) thh me@mnixmnmmgsthe s@pmbf
ost eonect i ost e cel |

ost eopantin Th

popul 481 on ‘BRGRERHRACT PR e st €30 Rer plbry bl boctcs
charagppri Zc%%uﬁtég EIR RO BRSSPl bolRks iy tHeﬁfi‘Eh%ﬁEé <5th1 @5"(0H)2D3 to
factors sel ected fromthe group consisting of

Msx2, and Dh¥e. a mesenghyres-buedifisf medivagendig a

SU0S{ 901 2o ROTBOESHS \RORL A2 O RSB B e

nmet hod conphédinmg t he steps of: (a) inducing human
enbryonic stemcells to formenbryoid bodies; (b)
culturing cells fromthe enbryoi d bodies in the

ﬁggls N % ﬁleﬁg)d]aS%%r ec OV er I n g %rﬁ}é Cc g? ﬁi%%% | tlé% %ﬁl%fs a({(i‘einducing

takes 101o 12 daynaaﬁdlﬂi‘e)st@s spedivring aﬁddtdenﬂ.@togéthﬁftah@ tks@ithan 10 days.
claimed in claim18 wherein the tine taken by the step
of inducing takes 10 to 12 days, and the steps of
9@' t urA H&ﬂﬁﬂdas ¥eH & Iﬁ 99(9};1191%511 fh@!fx?es%lg h%@cﬂig medium
days. as ¢ alne In claim erein the
ﬁnﬂwrmu&ahshwmmaspeC|flc medi um further includes serum 2
1. Anmethod as clainmed in claim218 further including
the step of culturing the cells in a nmediumincl uding
D125( AR dt R cRiREREc1sin] {SheMHet ﬁ{chﬁﬁ‘né ﬁe%\%ﬁ%@gﬁﬁﬁﬁng the cells in
cells. 22. A nethod as clained in claim18 erein the
a mediy ieclpding d 2 5 @Hypdsfte pranmierdiffasertiajion te osteagenicalells t o
osteogenic cells is less than 34 days. 23. A nethod
for the formati on of human bone form ng cells

Qanpr i ethddn® cdi@pé irdélaim 18 wherein the time period to go from human

embryonic stem cells to osteogenic cells is less than 34 days.

23. A method for the formation of human bone forming cells comprising the steps of
(a) culturing human embryonic stem cells into mesenchymal stem cells; and

(b) inducing the mesenchymal stem cells to differentiate into osteogenic cells.

24. A method as claimed in claim 23 wherein the step of culturing the human
embryonic stem cells into mesenchymal stem cells includes the step of culturing the human
embryonic stem cells to form embryoid bodies and then culturing cells from the embryoid bodies
in the presence of 1,25(0OH),D;
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(a) culturing human enbryonic stemcells into
mesenchymal stemcells; and (b) inducing the

wore@snchiymal stemcells to differentiate i nto PCT/US2005/016137
osteogenic cells. 24. A nmethod as clained in claim23
wherein the step of culturing the human enbryonic stem i
2| | sAimethodress@pinteg i Flagn aﬁw\%@m@, therstenefecltnFag bupan gmbryonic

| . . :
st off D9 MR RTB A0 SR B 0L stom s
that thee foRfry@ntstybiddiodies] propdating rcomtaryoid bbdh (OkihiBehchFmeApecific

. nmethod as clainmed in claim23 wherein the step, of
mediumg digesting e RIPRPLIERer¢%H AL cwWiugingas resulting aeﬁ%@éh%wﬁ%ﬂce of

LS f ' oni ¢
A T s b
propagating the enbryoid bodies in a
nmesenchyme- speci fi ¢ nedium digesting the enbryoid
bodi es, and culturing the resulting cells in the
presence of mesenchyne-specific nmediumto forma
culture of nesenchymal stemcells.
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