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35  are explored for use in promoting bone growth, repatr and regeneration in an animal modef, International
patent pubtication WO 989/38724 (Oregon) proposes o treat bony defects with asteoblast progenitor cells.

The cefis may be transformed to express a bane morphogenetic protein such as BMP-2.
The, subject of bane stem cells is reviewed by J.E. Aubin {J. Cell Biochem. Supp!l. 30/31:73,
1988). Siem and primitive osteoprogenitors and retated mesenchymal precursors contribute to
40  replacement of osteoblasts in bone tumnover and in fracture healing. The article puts forward the
hypothesis that the mature osteoblast phenotype is helerogencous with subpopulations of osteoblasts
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Joyner et at. (Bone 21:1, 1997) report the ldentification and enrichnent
‘of human osteoprogenitor cells using differentiation stage- specnlﬁf N 2006
nonocl onal antibody. A particular antibody was selected for its 5
reactivity with marrow cul tures and i munohi stochem'cal |ocalization in
fetal tissues in progenitor cell regions adjacent to osteoblastic cells.
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formng units (CFU-F). Thies et al. (Endocrinology 130:1318,19S2) report
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a. line Ofitietdniia@sHbinkfd dnS aittcleRGrofamcl phais. @l kal i ne phosphatase activity in a
dose- dependery i fondth: ,epmsmnhfe.g %énd:ﬁf@rﬂffnﬂaﬁ&s‘leg gerkifh Uechty et

I Na |
?I\/SC; t L‘le Is usp-u/b gﬁereaﬁa i S%Fle sipec% onoé?c[) 8 ars ?arhcu f nl?lpodéwq[s SQ? ex FIP%f tSte?ml ﬁe S

utero trﬁ%@ gﬂ‘t'ﬁi”“‘bﬁ”"‘“ﬁ 0 BEpYnonigpeh Fiog B AfsdiERa L p&’ﬂ?"é\‘?r G by iliac

crest as BP‘?"atﬂF’JEﬁﬁ"tft? prteRRRSTorfghe- H%H’ﬁﬁ“%ﬂ@r e anfgy £9lesiqS pIoRM tREPas¥t o sheep

bef or e t tRemdieniia BsERY-FoThigs mmwoe’gplmll%d@iﬁvé&?érﬁl@é thalpre mowhdosnicengr af t ed

and per sprsttietl infuresiasiedblapk @ifferéntigieues life@f stribrBal pale) inbrsasing lieling bdsglaeser eport s

t hat t heyetine @ tose Bdperibrk Ranbdd @itibilt higctinl doff @diigatonat i on i nto 15 chondrocytes,

adi pogytes, mMeaRYh ASNaGeMEH @fﬁﬁ@@dﬁbﬁ%n&%ﬁm%ruﬁe@%%iﬁ QW!}ell@(ﬁlbb}s and

thym ¢ SL{QRBng ddmst a%aé@&gﬁé AR s ﬁ(;rqmm \’é@é;}@{a{bnﬁﬁ&% »Ls‘é related to

obt ai ni ng R VECe. bl 8K\ 00 B S8l G JLQUNG, HiiEm | n BGD
h F nac cres gspira |oa ?rn I"IOI'TI{B. ITIS.I"] OnO{S and 1r éJP =) G S

medi um hee'ff?cl onal

ant i body " UL TERB 'E‘H‘G‘ﬂ'ﬂﬂ‘cé' REENcP TR %'fsde 9%'\%1"\9@5’5'%?%? Rtng a packed
cel'l pel fsges\iprt B @““‘“&hJﬁEIFGF'%dﬂHQ!’Fl‘% ey epperwen) sitg-speoifie difierentiatigng 0359 (Csiri s
Ther apeutherdsryiescadprcites, Miseyiea tidnmyesiiesenemand@stes esteangthiic ssemam cel | s t hat
can di f f er entu.saPgerit 51908,74300me WeDdrt Rdsargpls rahites @l obtainiay hummsr MSDs/bs K@ a.

| nt er nat bda& erdvadoRNroviiig hemOR BES MedD: Hith/ 166 Tai/sefuflSint IBYtyipd BROSAH a System
for regem&{oasnhnqnma@dma@ﬁ&glaﬂln&na&ayfaamojtm PRIG citcing a PRRQRGMIBLNSt em cel | s.
Conposi tb@%%inﬁ&mrég&? '@C%at% JBesh | Q%er&ﬁ@&t.&?‘%p&%‘ %oﬁmogodmbxﬂa%d with a

fﬁreacel | }r{%{ ftl 3 ceilgqha bld@are c?%plnloyone car’nl :II%IEI:a Io(gemaélr‘rowm%tgxper Zgny of

pr oduced'"‘OWSl é"ﬂﬁ 1"’?"“(*:'11 é’H'f"“&?ﬂ‘gﬁP PrieY ;OS‘F'S rﬁéé’%se%ﬁr’f&? i '%”eéa"?”hérfdapeutl c
conposi t PEReYES HEE UpesyBEsErchyiR dlem gl FETRATRF PIRIFS FRTh L8 cel | s of
enbryo QMarop colls epmpined wilfprcerafipmatesipl ofyesdibeblglbiopody®ar ch deal s with stemcel l's
t hat have noth ig omatvhetter taoy ¢ rtedhalt prergrationy exgerified drf thess ypultticetidng canl t@r | | neage.
A nurdser profuced @ceaiondiiuies e ragnaticiveasa fegg@dic ocpedibatbivaiagptihat 30
enbryonic cell lines may becone a source for cells and tissues useful In
r egener ajhdiere el ﬁﬂ@_@mfs% ﬁ@ﬁ‘%ﬂ% gﬂnl ety of degenerative conditions.
Enbryonic stemcells are described as pluripotent, because they are
consi der ed cdpilsie® awf of ceidabrpsageh daals wity sipp ealis et aye F%Q"y‘m'tﬁ‘fd terpdeingypes (R A
Peder senprog8ny efreny Particyign in2G0 ( 4 )nurGB of r4ced liscovdrien haye wigedkexprtatondihgtoni ¢ st em
cel | ssowasmiglomeceliibareay baabitieadoune iB @lisshd Bsuasusad InZegBEBE médicewioaavatd 35 I n
Rober t s omietMa tibpenetadle lonBiicas. . EmbRonk é3m celOQd des@id aPRdiphtGetbcarkiepdy@d. Fertil .
Dev. 6: S¢sidelsd hhnie driaMRNRing It RAk S Fcelybel (ﬂwa&erséisscrea# Ias 2e6@RBKEY and
human pl l,gbpot ent cells have proven to be nmuch nore fragl | e, and do not

r espond to t h’:%rl Sv\% kon enli{)wtc:rl\ilgs% ng(\j\flﬂstlllmg nu%n |nb%%tn8ﬁ§ Ft%ah?as B mod gktewerc’!lel r

persi stence
consi der g%ﬁ" ﬁ#g'r o Pt 7@? 98 E'Erfﬁ'e erh ?Fé"gcﬁe@'c%e\yesrsf'%égg e8f"***Frade t hat
al | ow pr F‘Fﬁ&?’%’ ‘@Wﬁ‘?"% rﬁsc"e'lﬁe'm“?y e ’tb’@”b‘lﬂ"?‘iff“e‘iﬁ"séﬁ"e\ﬂ"’\ﬁi‘ © 3™ HIKEoN et al .
(Proc. Nitd¥e andgappt remend to tgSamampituregangitions. oftreyrs (e pRectithels perysiese incgu®yccessful |y
cul t ure adripiryseseayent tittgnaniiatidn| ege donstsianelr ditfegetite nly yesentiy havi decggriardetteys and
mar nos et sadashatalldwpdeiis emblp@ie cOis © baddiNred @G0 WO 03/ 004605 PCTf US02120998

40 Thomson et al. {Proc. Natl. Acad. Sci. USA 92:7844, 1995) were the first to successfully culture

embryonic stem cells from primates, using rhesus monkeys and marmosels as a model. They
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subsequent |y derived human enbryonic stem (hES) cell lines from human

‘bl ast ocysts (Science 282:114, 1998), coculturing themw th nouse
enbryoni c fibroblasts to support their maintenance and growth. (GepNANE
and coworkers derived human enbryonic germ (hEG. cell lines fromfetal
gonadal tissue (Shanmblott et at., Proc. Natl. Acad. Sci. USA 95:13726,
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| ong- sought characteristics of pluripotent stemcells: they are capable
of ongoi n@ssquehit kidrfeamahdn@nonjoRic Mént ES) Yl Tile®ttm HindnfoREeudd Bddnitez:iiliey retain a
nor mal  KadodOdo¥iMing RBH whlBdusd ShRbit folkBadAb 8phdnYindiOnaintthdnfLing Rt € L0
produce g 4afl r%tééwé?ﬁersaélwe& ik lemﬁr%ﬂ% PE'eu ¥ Rk |B£Laél9§ss&$eVe' oped

novel ti enyl rqQn

prol i fer§ﬁam§m€é{f"[ HT°° tNatPX‘ia%%f W 3& 1998 0 °%.JPF°§?5I’\?F feS hcg"r%t B Entially
free 8f U8 E%‘?""sd‘é‘fel"’f “’"%‘é’ég"hﬁﬁ??"?eéﬂ"?sa?FP'””W”‘ﬁﬁt“éﬁ’f iwer? St ongeing

| nt er nat Pefielionafte withomgiererndaied. By rod OPTBIEYSyPe. BRA thay rets e ceRICR R t ure stem
cel | s i ndigerehiamdheprodfce @ garieine adudesirizpes. provi des a systemin which cellul ar
conposi t i ons GeanChratighatads beyeldpsdaiuit suctciate endbrénettithatampl foratraigionsi t h t he
regul at oprifefai Wt FuRIPERIM Sonf dalls INAHEVorinBR e@&Piialy krkb PTBRF celisD SeLMskald t he

pot enpi aLatthfAuF?bééH BRbRRHatioRd BBnGFabikRor Wo §1591BBRAY IR sthieBRA heal th and
di sease, a Je:[)de ﬂ%e thygnrgﬁm?ﬁd% égra)égsgeﬁl ugﬁ%ﬁl)e?@ar El)?r\}y?sm% @9!' bg %Edll% 80(19&!:{ ¥|§r these

cells Into po 'y Inpor tissue types.
SUMARY TR EWF’"”"CB tr|”ge'nIre m"”eﬂuérgmemswr%’f" a"thefa ef ficient production of

primate cel | & YHKHe 'eﬁ"é?/‘@e ‘%Tfefhf"éf%‘ﬁ?‘i‘géttslfﬂ colyfy "’FP’B’P?Feﬁ’Pe[‘fr"i WEERTM &8l 1s into
cel'l s of depRe. InssRAMCIPGaTETY Pidhiela aev exrsivenivodiveribpre s ipth @orulaipenefi on |1's an
| sol abedthereneltically impogprit tispugyedsat i on that proliferates In anin vitro
culture, obtained by differentiating primate pluripotent stem (pPS)
cells. Cell populations can conmgumierat |east -10% -30% or -60%
mesenchymal cells of various types, having characteristics |isted

el sewhere infhis di §r8JidQsS:}J éﬁem tF%%&%‘%@B%& of Q@r&s %ﬁlth?ve ol ““{Pﬁ(m i ne

agen an

prec clin

phos%ﬁ é"é"enﬂ’?%ﬁ? ﬁér?l%‘m(gg?"sa%’f’%s?s \e&8%hr ess ost eocal cin, and be capabl e
of forming afeXPPYB ‘?fﬁ‘l"é{’f’e”}'i’ﬁfsrai“f"'@%'r‘ pr&plipgPulalign et preepRE 8 & Bel |'s may be
derived Tiooiiee RURERA be AfirStitacristie APRIESHER FP) telineCeltpRrilelshy *Bhar i ng t he
sane genesmerisay lepdh el0te| 130%. for G0Pp pwsensymiligely ohwsipws tydesr Havimckharagfefstics igted | nduced
geneti c adsti@regib themsclosira  Bun examaerboabbimsrind Déir drdo@sorsimug REresgstebdaigin,mesenchy nal
cel | 2sar gpealabiagen e albitindlinbsptzed) tiatits of@bIRB Mg Blplets oktBocain3thu bbb cont ai ni ng
a bone NBERRRARBkSceRIa bk ombiaNPaicu@. | 1 gand for the human TGF-p receptor,

or a |Ii gandewegg ce‘l%ymb'g@i@d\ﬁbrﬁ @FHanQn rgceagatrrp(FES Iﬁﬁnenﬁgébyma%%ef urther
COh‘pI’ I se de)ég’lnr%e élql’?eqpeefrclnf\aﬁg 1h9y wer %I e In§LB€|Ja e dtic g’{glgﬂons ges of

cal ci um 2nd enton can be
G BB . e ok o 5. B‘f“FE\S’é’V iy (S Bampl e, wi th
an exPr eSE G FORARE GrooregrorhesglipnitraSuP)r & laardsiy “E"r"éiﬁ?qu iBt'ef8Ro" TRe cel |'s can
al:so be tpamdar e fimap vigmindy reagriero Thexperivs gayjuthersemprigiexpRelsegeiotc pr ot ei n.
Anot her eidiobdspreRtantfoucdsaf dalviyim mitd nbesphate. H depinddhibelceltsf of s tneetiinmgy k@ conpound
for mesegpohivamkbieeelid incredse polfealn apdcint Ot eiatnyle, Gith AD Gipraadidnomstorifr Whi ch t he
CoNMpouNdisiorBerds® MAverRe flan¥driftde. 8 T&Lkcdis @in AR do GrAIENA kRN t©bxprebshh Sordenvent i on,
and aBy RBseRebyeEL. cell toxicity or.modulation resulting fromthe

compound i's AARLAR MRSk A;.Q v&uénwafrm%dﬁm%g%mpom fol ﬁe%emmg ghion is a
medi Carreonrtoatcglgsp Iom%%f)rgnngu(lfgon q.ﬁﬁ:%ghe onEPoun is combtlned »\Snﬂ-u a cg\l o? Fe}il popnlatxorQ [, treatment

of a hu n or be 3
thls 1n\ren1|on and any rnesé:/':chymal cell tomcity or modula‘llon resultﬁ‘lg fromalh Xompounr} is
determinad.
40 A further embodiment of the inventicn is & medicament comprising a celi population of this

invention for treatment of a human or animal bady. The medicament can optionally contain or be



0 6 JAN 2006 WO 03/004605 PCT! US02120998 acconpani ed by additi onal
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DETAILED DESCRIPTION

This invention provides technology that can be used for preparing and characterizing certain
40  types of masenchymal cells, including cells involved in the turnover and reparation of bone.



If pPS cells are allowed to differentiate in an undirected fashion, a
‘het er ogeneous popul ation of cells is obtained expressing mar keriﬁf ?I-{N A0
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0 6 JAN 2006 WO 0310414605 PCTI [ TS02/ 20198 Included In the definition of
pPS cells are enbryonic cells of various types, exenplified by huggnan 1006
enbryoni c stem (hES) cells, described by Thonmson at al. (Science

282: 1145, 1998); enbryonic stem cells fromother primtes, such as
Rhesus stemcells (Thonson at al., Proc. Natl. Acad. Sol. USA 92: 7844,
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W thout restriction on any type of progeni tor ceII capabl e of
differentiating Into bone. 40 "Feeder cells" or "feeders" are tergns Eﬁ@g
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type, to provide an environment in which the celks of the second type can
grow. pPS cell 6 D6 JAIL 2M WD 03/ 004605 PCTI US02120998 popul ati ons are
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further el abOFro?‘ r eigb %nn(igg'leraI t%c%nhwegkf Eﬂ E%ﬁe acticé?notglb? anaF\ ﬁ;ttbce of this

| nvent i on s and

revi eé@s ﬁ“&"é’?’ canst ‘3% o) ?gaea“%rﬁﬁwﬁwé‘s' bigA “ésr‘ff)f BF 8y o Ph respect to
tissue cuI t ur¥ihoIpRRech SPOTSSHE rRHIReAnR SPROETIE &tom e teotapist meypliship ST EY refer to
Ter at ocar¢PPreiTa%raa it s@briyy ST eeis tAcAtct@|aprsoachy(E. piaeertiopd BpPesath (E. J.

Rober t son$s87i@uide id TREnnRyee & Yolse Bevelorr@@ TP)M. Wekserohen e @ s chavejuiasss 1983Vbuse

Devel opmeEntydnie Sivh Colrseentagn indditro .. WaigksMsth. Beache aeseoPn®sisPd@838)ape  Enbr yoni ¢
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APPLI Cat on LG BBkl gm.omq o0 DG vl pQr or bR dthen 6l

Repr od. kgl d TPl &s%oéﬁf i g%&m{aﬁ ok bOST 8L Sl BiERA] ot [ on and

culture o one und I n

Bane: DT Iy e e s b £y 0
Di f f ef% nta'i %"Eu RsAedi gressNBeh ﬁ'as’gféﬁ‘é*‘é’?’% aftﬂf”"’sfc‘yﬁeaﬂf”s” Rore B ftioRgyd Re Press
1994) ;  PRPIE A5t Ehiesof CHEes B 3996k yOthe( Badbg oBtpresy NRiden Tt Bom0Peste (Keds . |
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Met hods gy, JW.Jnﬁ&%rs e%ﬁ;ngngrscﬁﬂ @mr;l be & o em@@u%qfr | bed In
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I gonuc 96995 and Aecomblnart BNA Methodology I (F\ Wu e Academlc Press’ 1995). Raagents claning

vectors, and kits for genetic manipulation referred to In this disclosure are available ffom commetcial
40  wvendors such as BioRad, Stratagene, invitrogen, and ClonTech,



35 Animal Cell Culture (R 1. Freshney, ed., 1987); the series Methods in
‘Enzynol ogy (Academ c Press); Gene Transfer Vectors for Mammal i an udAB 2008
(J.M MIller & MP. Calos, eds., 1987); Current Protocols in

Bi ol ogy and Short Protocols in Ml ecular Biology, 3rd Edition (F M
Ausubel at al., eds., 1987 & 1995); and Reconbi nant DNA Met hodol ogy 11
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be prep r&‘? mh g 19 he T ues descrlbed
by Thons BIPEP ’3‘3’ huneey b@""""#ﬁéfeéﬁ‘fs'” B’eéeﬁ%"'q‘?%d'e“@& @’nTé‘ﬁ’“sE'Bz’ 2 $9% Pe9d98:  curr .
Top. Dev 58789 Sciengs 284131451998 GuygTep. Dsh FoRBAIEP frofoP8) atd RgpbinoRetl awre Bj ot ech.
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Lo Uiy i ey b s L o oy i 90, 0227
is r&horeEet ?"d'ﬁ'i"‘ﬂ‘é“i?é’F’é&d’éﬂh"Blbﬁé'?cmet eP5eA B P dé‘&’é R PR FB"BPbnase
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col | agenﬁse &8 WE bE ST "ﬁ' Iaé"{
mef ods arg described In Shamblott ot al Proc. Natl Acad Scel. USA 95: 13728 1998 and U.S. Patent
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Sci. USA 95:13726, 1998 and U. S. Patent 6,090,622. 40 Briefly, genital
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?. a the ézﬁ,?i

t t , i
%ﬁ?"\lév phofpraece a%% 'Ilyg%rz?%gemg gégké’}n’(c')ﬁ? WS4Y or ot her

of the cell 6Pt i on usi n |
conj ugat o™ SHreRien ik PR drRonne iy AP Ry BEETSL & SRRSO Phbel i ng.
The e%ﬁr T fYepyr dehqatelsp Rufinappe GnERMFaiEtilioningfe spis sndsErcEf ect ed at

t he nRNA Pleeaix tgsgateins can be measwed by culuring B *°Ca®™, washing and reculturing, and then
determining any radioactivity present inside the cell or deposited into the extracellWar matrix {U.S. Patent
5,972,703); or by assaying culture substrate for mineralization using a Ca** assay kit (Sigma Kit #587).
Once markers have been identified on the surface of cells of the desired phenotype, they can be
40  used for immunoselection to further enrich the popuiation by techniques such as immunopanning or
antlbody-mediated fluorescence-activated cell sorting.
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Nort-hern bl ot analysis, dot-blot hybridization analysis, or by reverse
“transcriptase Initiated polynerase chain reaction (RT- PCR) usi ng6 JAN 2008
sequence-specific primers In standard anplification nmethods. See U. S
Patent 5,843,780 for details of general technique, and |International

Pat ent Publication WO 99/39724 for 25 osteobl ast-specific PGR priners.
Sequence wabzedsasr ot her markers listed In this di schosumeean be

obt ai ned from public databases such as GenBank (URL

www. ncbi . nl Mekdi: 1g@MowGRdn@iRhdn@ribod thitxBdeRhymaidisahd oslebifisiEBNbe deRdr@dd IS said to
be "det eﬁmb%eus AR Qﬁhmghe p9w18¥‘§1h9fea&ah§a&i§§ﬁeyd§fer‘é’rﬁ§tfaﬁ bR Iniededai S

di scl Osurn%ﬂs dsclo Lre% sBI?trl ir ow %ses i erea% c%ﬁfegc){y t(ggthggllﬂllbill %m%lra% U!ﬁ%COI’ ding to

st andard&c{) : 8 K t?p resi Eh

clearly @5’%51‘ a‘B‘f"@Dehg'b 'i‘”ﬂlgfg F%sh” (G RR AR sb‘ﬁ’” BXpr essi on of

tissué 3ePsPHERTrPeiRhere festaignslhiadsciaryre a1 q“ﬁ’é"”b’?'(ﬁ?"é‘ip?? (%'F“ RRI™ evel s

consi der egrapoesprcngel sfom cplischepatogudss, of Bpropipsts), @ngsthen cguppgnp the pienelrp pidfeer abl y nor e

t han 10- cetyobBiffedfacdodlingth thw earkdmreibtedzhova Agipsrhentdi cuthed dndl cell sepiatirscoagdifions

undi f f er endciudd @chinaip RS s@ethlte mricuk Bevipordily i@ laakaedl of @lthe bpfipieationldeena@r esence of

al kal i neephRs RhkAsR oBR lind] dhy/dobtr R AR tRGhiRt! RYbiafreXina@lioh. he cel ls with 4%

par af @r mat dehyde, and then devel oping with Vector Red as a substrate, as

descri begd by t noﬁ(ﬁfufggt urer (Vector Laboratories, Burlinganme CA).

Cal ci um 3 T hérde cel I's and deposition into matrix proteins can

be neasured lnynac b Uesrrablaghal the 4B Kave thevalgling tn gppiietel Inrcentainl drugrstreaging amid t hen

det.er m ningrgpedtit Vappliek€ing el itd/ brbvwae i r@SRGIK foi S igetBratioh &f eedohchpmal edpeasi t ed i nto

the extr aeldsid] ahe B bi Kis (rhbnfon EabREHally 02, 18cdnizé® ®) incrédbie B3 BH&AH Ng cul ture

substyzat w%ﬁr ehPel iR 6r7aﬁ5r't|9{r‘ oiisD S BerfeRd aRS ntdfﬁuﬁeaée%hll@te?ﬁhﬁau #587) . Once

mar ker's § Qj%%a.s Be8dd k&ho g}.ofmdmp Lént%ﬁen%wncm e Plapd Vil T €0
dﬁcrl

phenot yp se | l'ection to turt enrich the
popul at i PR m’é‘?" ce'gﬁa"ag ‘T AUNoOpanni n ant i body- redi at ed

f 1 uor escence? 55?("\7‘3"("%8‘9%% gereligly ey, “‘ET?V ngecioR W“M’"ﬁ)g? %605

PCT 1 US02 fegigroipgroisioprreroppinaipRcor ARl ArFERTfte (REPAISHS £9 B! &6 et "RérbBpétyral cell s
and o9t ecdaviestospaam (AT ayriseliatueddr af helorplogpS promdtér sthat jincrepsgs gismerasgi t hi n t he
pur vi ew efresshe bayga ot obors adjeutsd entidpenoal frdnetee rRaitiadarosvitgda nsetol @aticl | ust r at ed
in this eimp@bmdstHulard BioBdisé (WIEFED, [proGdA inDbiErROMA Paterk GplitBmdes ssnagz.r eadi | y
test t hers Wbda@biphicdidns OfpeGQl foRbifks Gkl FblE TERTORND dolePRS, caf Qo BXaRI €, by

cul turi ng RES.EHk leére&fon Liheradl Y hbMﬁtcL-ul./E%esbrﬂeotlrt"é’odﬁa?QTal EQJHEL'M Qps in

paral kel .y £h, dg’ng%ﬁh Nat, %ar{aphnﬁ'p*. 09 !nglgfnﬁ th Tk eH In this

di scl8sure an

mesenchy W&} 2 etsgﬁﬁce"thE%‘? eﬁc"%'gtstﬁ%’e'lc%sﬂwstgll?w 'PtB?'bEﬂ"g] S é%&;ﬁf’?%?{ conpari ng
the phenttsf5Erde! theAPSVppompier ?SBY"d"“’rFé’&q Hecbrarigy e %pEf‘FﬁF [EPES| i st ed
above. AWFlerstnRspAntrbet e LTRARME™aNnd cel | separation conditions to include,
el i mi nate, oPfiswiysted prugndifaeatiatad A 2ells aengrotiaait stejed ugnomattereqontedfingr out | ne

opt i ribz atupamatante pveed $-¥6 h EREet @eh dxamangedivie plwtt msdiuof fort 1k8l seysk iGaaicalgnd does not
depart f serea delt@reSpibdtdad Lsinafo st2lB@g/ml @ioipth, dn@kaiiirddO Mhoy ddd tHactdQbstGedtbrt er at i on of
di f f er entieat eghresdth| 5 ArlpcHBYIoRAsd &S} ARLE alBRtimhiieoyedbhis hang drhe ability
to replipRRE o RephGiivk Rhgdcfll U RS BLBOe AR av&ﬂﬁ!ﬁ‘ef %%H&lkl& f@%bér&ﬁat ions, and

to provi Elﬁpo&s Séz 'x[ Tgl%qer E@Set&ﬁdﬂ%t%étoé%o‘? i &e&c and
ost Oogl 8543 CIRRC eI {3 f? L ﬁ‘ochear{‘ e g al é’. ? onerized to
i ncreé Eioh@? B'Frl Eat on ﬁ@md S 31 & agaepticn 198 peRy er they
o1 0gr 655 PPE=PR &V 15018 P ABHBRVApY ’?f@ag%'&'%? pagmgely gy rﬁs
di f f er enpyratee# tedfohiEyclenPRig TAGGG W ERTHgypntitigptian KPP, %éa“%&?'%“ﬁ%ken down
t he di f f Beinueusta traptsating geltnise il bel ewicihod thie Hiteen pyitiring underr cothiitprisdirab prepostt ed cel | s
can be t ghienmm snechiiith @sialy phenotypes can aptionally be ¢laned by limiting dilution.

A0 In cermin embodiments of this invention, pPS cells are differentiated into multipctent or

committed mesenchymal cells, and then genetically aitered to express TERT. In cther embodiments of
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Cells are telonerized by genetically altering themby transfection or ;
transdection with a suitable vector, honol ogous reconbination, or[lBtJlAﬂrm
appropriate technique, so that they express the tefonerase 20 catalytic
conponent (TERT), typically under a heterol ogous pronoter that increases
t ef onerase expressi on beyond what occurs under the endogenous pronoter.
Par ti cul amlowssidéckabl e is the catal ytic conponent ofeciusmnesbel oner ase
(hTERT), provided in international Patent Application WO 98114592. For
certain amphieiol brESIs 2BReRtRIY IRl AFSs TERCCanEBSBebhtal2d info WidoBI 27113) can
T s e e
is descri inod b o g by Hetermin! mplﬁer ti ac th aEf hang et a
Nat, Genet. &pin%lﬁ or t%e Tapphc?tﬁ a@lgrgﬁa%éds 04%[1&%23‘10:1 ¥ also Le ustS L(C O 98114592)

are used as & |nto an
EcoR %j t"&"ffyg "ﬁB"B@z‘i’Q RN BP9 TYGqke S@"@HT’? ol a’B’PB“t ?fe”cﬁéﬂ'f fbter, or
into the FBEA%P '&prpaiong Paiashfieficeioay WP 9ZTR8TA. &tg| WO PSR-  dapsipgiop r“’{J% vect or,
under corergogrnesef ontdviars pRRfRCtyis tpprowitable whan fhé ealiseam 1 bet usel! teytheaprdicirfreasesnt | at ed pPS
cel | s ar degeanst katabib ¢t mitituer etcked) Bi apgjcatide bians ivemibravieiertgs addBtagayeas nat ant s
over a 8-ni® chis pafchrhiiferdd dnd R@Rin @S ERanER d- bitkdnpgiOmeimadiRdh wiashiqy 1- 2 days.

Genet hgal dnyin tl@e’rabﬁlﬁc.eﬂot&elg lwBer@biforchiRlod N8 dre UShiRHer: 10 =R imavilel imerdpl-{é; onyci n,
and recul, eﬁ%scﬁmﬁag%&hen be assessed for hTERT expr essi on by

E:II:-EETCR OJI[‘ er e ng D‘f?hls inventloycar( ;IISFSA b?ﬁ%gi?:%}/%ﬂered WEHer%: %kan e ﬁ Bir aglﬁy to %g g: Plalr)]?ef or
COMer ci a{"vf’V 1‘"6'?“7 @g"@%ﬁt'&f’ﬁ °”bﬂ%/‘ffb§ 5'%’”“\"&33582’93(‘1“3 °f)?ﬁ 'FI“%rIa‘BPrE? é?g Det ecti on

Ki t ' ( Cat ,%dpedying Pepenn senqditggequensy fpidip desiedgye: orsplyelisket o aptondieierel oner ase
PCR EM Sﬁqﬁ'l\lﬁs PEnERpcific P siqilall Getivedn thi difepintiatpd oxllthie sOf Priiediebirietprb PR g8lI§ N) . TEAT
expr essi ot gapenakap alfoed @vaxbresa tacbdheatombdyenicndRik, biyh RTBMP-ZOR BMRVaISea bl e

commer ci atd 95/3b7s. Ar@6@ET € hese PidthPQREH factbrs kil skel cpdiimogdti@rmay elhantNeG hTERT
quant i fi aadeficnetidt bt tHe GahinisteradQdior Fédidsse Fofeton Dl REMOS hdsCls.neighe®ing haruous| y
replicat ijggménakoOni es will be enriched by further culturing under

condi t4 ons t hat support proliferation, and cells with desirable’
phenotypes, e choned b lr'mm;uf[iiﬂ A |el ygion. 40 in certain
embodi me ame PSS el g inni tiated Into

mul ti pot ent oOhis |rm@mmptotnesdanﬂs@mu:dagdnmharg@e¢nibsrp ofgprcurdotxens agenatd @il |y al t ered
t 0 expr eSsesd B poputhtdnsCa B used YR-QCHuhBRNSt Fnporantl rédedich CiedoRPIndWE- anABorkhaw @0 4605
PCT1U5021202388 this invention, pPS cells are genetically altered to

express TERT, rangs th%&&.én cwbl%m;eh Bofafard I %ﬁﬁggxm}s&nm@&mmﬁrw s or

term nally different| CCess (] pcrease TERT
expr eSS OI’]N pr Jr iaﬁye pr edqn ce??s To 01he|L Eg orexam e m sencﬁ‘ Igroﬂﬁnf?ﬂrce whet her

the repl NIRRT WA L i TR

appl i cat iPEIRt BYGTREErd RBPIRSY Samirogk Fhely £R1). 2 Altef &Me’%?d?"s&’l'b% B8l such as
5 transf drepiatien cehie spgtest with (oA DpoaUrdifiestitead gPHigete, ottehere@VigGellsey ge T ant i gen,
or MR 2 s{agd c8lis frfppthecgateobla8t oBHPoURA@velobmeniarpativayonal Pat ent Appl i cati ons WO
974132972 and WWOdiDleh@BE 583 of thknrasradneeart dist e Wbd th pref@ RROIYETHE Siat@le HRIBOVI I US
product s tdr SarkesSss mesdhchytal Riis)3RbblsktE nciérinéilaRIpRoiisrs D BoydBRfanfitaiiestcher apeut i ¢
pUr POSes.pg pkfdrddN lificki aCRhdbiite HnalOfith RAIE tof il liRknidnth 85 GundgbhicaBiipl 1 cat i ons
of this 'ﬁbﬁ%h%na@ﬂﬁa‘i&.%& sus%e&ﬁl}éélﬂmﬁlﬁ&h'éd rLrQrenc&aa\!G sG&lehtSa, Ig'i‘@atz can

pr ol | LT 3l 0\tha 1Ll lleden £IYBLVEES o “)G spishe Mabety md gl mRCeuL i cal

screenin lated cells are
R UL MR ML e DRI i MRS A

f unct i on.3"Peand FPYiIRY oYrPoptNpiseiraiRAaiqnes orFe MaNe A s Bevd@e J Yt PEEP'YPal tered In
order t o aedifrunass ¢t jqle Npture Bioteghpa) 141949 &996. Mipgieraliemativy i fpasarnly plédjddier at i on, or
t 0 del i veNA gagnbresrimqatitodvengdmeegiots, & descibed 'DEP mtgntiaprli@tiona0$40m5A. A vector i s
40 By positively selecting using pPS of thig Invention, and negatively selecting using cells bearing
more broadly distributed antigens (such as differentiated embryonic cells) or adult-derived stem cells, the
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desi-gned usi ng the known encodi ng sequence for the desired gene,
‘operatively linked to a pronoter that 15 is either pan-specific &b JAN 1006
specifically active in the differentiated cell type. O particul ar
interest are cells that are genetically altered to express a bone

nor phogeni ¢ protein, such as BMP-2 or BMP-4. See WD 99139724. Production
of these wopopwk@s growt h factors at the site of adnmrafsswawion my
enhance the beneficial effect of the adm nistered cell, or increase

prol i f er adsireginsperificits odkan \bk toytaiaed. Hns tanttbedies Sn i g brer userytot ikeptity br estberent si t e.
20 Use OfnedtmS@iacdansisba deSite@ BefoBbd fom atHe@DpopadtiodolipbsOfuth sa Bdtalnig M nal | y

di ff er entudag tﬁ:ﬁlur@&&gh&sis'ﬂmgﬁ:séuméﬁms' 44 is&hﬁg}/ﬁr&@&ré%u%l?nh&?rﬁnaﬁnﬂmr@feﬁ}ﬂié@e | ar ge
nunbers g;teoggﬁgwéﬁ [,Jn& égn mature cells. These ceI popul ations can

be us d for nu rrp nmer ci al
pur poses ce ] o?fhrs lnven‘gon tarﬁ also or? n'leresel{ ?u%ni?ylngexprgssmng e ns o ti’ansc ar(g a cDNA

library F@‘I’VM'\?@? PIERRG PR érﬁf'ﬁ@'ft%’a"c\ﬁr f‘?fem'fsvmv&e’ r28¢ 'E?yé"ﬁﬂ '&IE')‘ %g)r essed In
cel | s fr dfsetigieyrefnayeh eidatngippraciop bapeen ce"ﬁéé%%ﬂwm prifgifisettsed cel Is  or
ost eobl astsargeiiringdint extpered Wity capiehtel! infg, gygh dsaindifigentid©OEF Sccgimofhentyn® ohi n, and

t hen nRNAcnnitiep pepatreckld saom as hpes cpieldifatntibad B deredlirb®ed\nir gueisaly Sambr ook
et ali, gHdMnddedcdib.t er reverse transcribing Into cDNA, the preparation
can be subtr agt ed Wbl Mn@eanuQQJaésfoﬁrseé%weatg@rfémﬁBﬁmﬁA hiScierdd her
progeni t ggg 39@5&05*1* i@Gar h]@ﬁa r?.hﬁ’g?‘%_&{? G HA R %&%ﬁh%ﬁmq{ any ot her

devel oprrengua]e p er ent| ated cells Ion can

a ¥enebc i ro e ermor and an Axfn 1;Gemta |x"|“ né(:an é
al so be use Efgr anf ara s of

ar
mesenchy MERP 2" péepgf)dsbt"grf)ttﬁ'l"%{g%cn”éﬁ%?"’ieﬂet°€?°H%Fa§ie’ese?5’fe'§&5tﬁ I%ﬂd’fﬁ’é"z‘c"dPol ycl onal
ant i b‘t"}'dl 8% S0 digly piegie? EldeshP foRpaERCT Mg reRergisnet el et Eis shiptirat o t h cel | s

of this Parsatien ibepyereddnio Cyfrigbeiespe® A cvlegihether Proenderied ing iFyifbelrth PRI onal

ant i bodi s tvscilidpepardiiod alerhyisidicld sipbiamdaiydb thehigraamoide, as theh BisheRad ent s

4,491, 632imindte nér-shetitic bitdhgameh slidedd therSBahnedadn davivriyin® eifropriate Hin z3tAel tagy 738: 3
(1981) . @p&gink ieCunndtivoloRehie BBlaRGE, £ 1e dBuns ab Tfnaie 10FR AN REGIdY! BONt act i ng a

i bragy Qfatie THHBAG QTRRAI back RhrkePon®e a¥dyr @l particles with the target
antigen, and growi ng out positively selected clones. See Marks et al.

New Eng. q 335: 730, 1996, and McCGuiness at al., Nature 8iot echnol .
14: 1449, T@@cg’em}g further alternative Is reassenbl random DNA
fragnents i nt'G>EAPTYEHS > EREBAPYRS’ R BYBIHE “ne “‘iﬁ%?é\}'/feﬁé"ﬂfa?‘?fs BYS" Bt ent

appl i cat SO STRY Aoleeyls dmes. AYYlices, ‘“tﬁ%‘f‘%’i“\?%PV"&%’I‘“@E‘P’F?@“"@%FW@ ahHulireof this

| nventsi ornvirearent of &grnuation] that affedt e shipmaieristicd ohgycleslsland thyis saripysgrogenor e br oadl y

di stribut ed amsomgemisaiesuEts cals (udiffefesiniendr ditdranthicgdor up@iie TregdhclogfhaOr

adul t - depiomadl maitiraion Gl 1hterstaferBesdndnyfoh Grebufddrs 26 Q@miMM; Gifldrdiidbe QEils RCTd US02120998
desired spasd bhddich @ MaRnAkt Aisite Qets TRnAGhiBRRI 8% Lmiidlcihagan be used
to | dent ifyah k6 OHGrowh RS GlaNLHRY bypgtjdiln%th% 10ceflOS & RBIENAY WBe from a

d,cel I
:TI rrxﬁue nogle g—%}iﬁg de’jen%hsel% pkf Ihgrrsg PIH r£|9l§ %&?cor% Hg d %?able n?etrl?‘aonurmgr cultq}él rgrugec ells from

terninal I° %{ P 4 °“en[ *"f‘"“’a pg%s?"“%t??"ﬁé"f“éa" °ﬁﬂ¥ %eéT”F é’meggheg?“ﬁer ’fleages. 5 The
cel |'s of S¢% ?“‘f"ﬁ\i’é?’i‘?’f Y 4t Ered cdyentiaton 'AreEr LT eel MR I F M ¥Xpr essi on
pat t er ns °¥e0f. CLAFREPPt s and new y synt hesi zed proteins that are

char act er i st i @hef ssreeningSeniainpnd thisdnugnliop relatarteltheriastingadd ghiagnacebfsaldprneunts ng t he

di f f esentadr titin efent gaduivweskelat tisk@aiahiedasde orgpar. N @p fiGtraton pAsebiwealset! | S.
Expressi odopast tiRratsrishb ateh@edliof doénedirator their 6ilyl 15 aBdce cabldinadep@itbnand

conpar ed sibdnkg SME b 8 decalide MR Sompdith6 R casinaandliald £preRbdoRli@rnBls cel | s,
other t ym@ %eIIQ aor be&QJE‘E'cBrL;SQm Bgsﬁ a‘&‘ic%%e eﬁ le@e“‘léylﬁg} h§v§ uH.P aﬁde(a%ﬂdé éfems

differe ntml'i {?él:ls ogthis 9 ssUe t;%? 'I(Rnte pn:reenlng can%a(e:l)e§ ted u%llr}g gn?éf me I|‘:>Ire’cur:-3¥r cells or terminally

40  ditferentiated cells of the invention,



10 differentiated cells. The use of mcroarray in analyzing gene 2006
"expression |Is reviewed generally by Fritz et at Science 288: 3160 RaY;

"M croarray Siochip Technol ogy", L Shi, www. Gene-Chips.com An exenpl ary
method is conducted using a Genetic Mcrosystens array generator, and an
Axon CenePi xr A Scanner. Mcroarrays are prepared by first anplifying
cDNA fraghett@e@hcodi ng marker sequences to be anal PEEHSOZ299%nd spotted
directly onto glass slides To conpare nFl NA preparations fromtwo cells
of interest, Wheadepiesyaedsinessly fodhecitpndpstriextbaoki"Hvige Wstaiia b EPareceuitds, whil e

t he ot heRejesreh drademic Brebsi 198702n@S- RatehlcEl08@018 DideessmeTifpbthe gotivitc PRdigatee par at i ons
ar e hybr ipchirzedltici comdotrasn eneisy ¥volve chrib@ingrihe tiltsBantiagy cedd of @B jnvaing withisn washed to
el i m nat Qandigdts SRESA biier Riofbtk A Gombibiten Bilhiofler drugs. tTRERveSIGAR RQGmads avavel engt hs
appropy i @ﬁaﬁgefn%e BRI mdrldpheroEr ﬁmcusn%cfrv@%%é dolilnat & HRERBREWREL | S

quant i fi I lﬁE rhpﬂgd (N%S#Jreta Yls or Eeﬂg t%%& aiiQerﬂ!oMr?ou aﬁdqu'n %@Jelbgsn of the

20re|at|ve ance. Oof, [N (?h arra

screeni ng f}ésenc%y?q'ﬁ’a"l' el SRR U8t eobl asts of this invention can be
used to screef Py £ycle *?”T’%E‘Hhea@s‘ ing @G oh the efech gl Pel B BHM&%dr ugs,

pept i des mBMdogn AR PsHRSY CRIpIn BpArs anf reeator Efiesin dl & dresrs crepfENehs culture
25 en\ r GNfreantbe giptemniner y rieaguiing NA sntiesisaof fepairt [“Hi-Miemidineay oY éedrsstaticns of such
cel | s ancsredigy st wikhdddetStings GO cyklh, B @R BiP Rhd GalirtdRGTel EPBabeld S

(undi f f ecapbbraivite Blg bHeétl @nediied ae@djan AlsE INbISR AindsGal Ffk LKtk AirANS t hat
pronot e RRbdAbE bdidthinet B RetdpRilsEdprosid. a&%ea%%@ymlvw%qw@%% Qo t €rm nal ly
differ emldefﬂéd@ﬂPﬁa‘?Hc&hcamesJaﬁh RLARDA s o) fanm&&abgg snd mai ntenance of

such I 1's 1 n turation

Fact of ororeio AL Epdbt i b e Yo Ao bl B RAS o M 07 oo
wel | s, aﬁﬂ*‘”g ﬁéﬁe%??“yﬂé‘& wlng’ r??‘??a'a%”ﬁ’;ﬁelﬁhﬁ’ﬂbi‘sy’ﬁ‘iee‘ ’dﬂ‘?&'ﬁ%é‘ﬂ‘fﬁﬁﬁp‘“‘f"&r’s 8 ts,

accor di NG PRSP FBer Eyepltowivie &' It agePrrogfdfetfaimal cedet ur e and use  of t he
cells. In one illustration, pPS derived cells with an early nmesenchynal
phenot ypdhegredicised to screen factors for their ability to direct

di ffezeenti at i R ilv@WARES pr@bd forGhé|uge of ReklchiiyReIS or BGIEsAS effiiRe Yds@s

carti| agenintoiand@i PRE Y tRSmusdlodtBsta) SR BPA Br@Pd nbdaiddubig 8n Mforntehidrd | Nvent i on
rel at & { Gohli. i i Gneolon AURIIBRENS bGesiQFRANAASmrdS 01 thel 1 ef fect on
muscul oskel et'l%ldetg RS W s%LPLﬁ:QPC@rﬁ sifdhs fEr%%FJutac aLirﬂilelQi%n 1 &cHéEJn ;sf on, pPS

deri ved %eL Screen factors

for their af)tec‘ Inta su bie an]u'r%apmc%dg}c ﬁone F‘Yn?aells ara a%sesaed for ﬂgir abn@ 0 Survivé al y be done

ei t hef® bdBHE &eit %Enc’gﬁerﬁ)ﬂﬁ’n G cemRgEops m‘f“f)te’ﬁ%’?/ e ﬁ‘&?’\‘rﬁ@%fsé fcal ef fect
on the @erugmicey, e sp@pygriaredimpisiAepEhamisaly @'r%&!’af'@mha%”@éﬁ’? é%f‘teé‘edel sewher e
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40  monitored by X-ray analysis and other techniques. Reconstituted bony tissue can be evaluated for




nor phol ogy, and the expression of certain markers and receptors. Effects
‘'of a drug on chronosonmal 10 DNA can be determ ned by neasuring M 006
synthesis or repair. (31-lj-thym dine or BrdU incorporation, ;9
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of the mTYEHPELILIeERCS| Qi IERIN SPigR chafp (Phasiltatop IRpaIRtIgRQLRICSINEllGS: AdA®2a | nbor n
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Takahas himugsploskeigtal abnoymalife ir osur g. 90 (4 suppi.): 224, 1999: Helmet al., J.
Neur osurg. 88:354,1997. After adequate testing, di ffer entiated cells of
thi s #nventi on cdhe blewiusaensiepdre provisied re furiecontitifng digslra¥ons obr  r egeneration In
a human patient or other pathjeehoobifeni@agk dbnisuch treatment. The cells are
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the functionally deficient area. Medical indications for such treatnent
include regeneration of nuscul oskel etal defects, fracture repai ﬁﬁ jﬁﬁ)qml
‘chord rehabilitation, Installation of prosthetics, and repair
osteoporosis-related injury, Adm nistration of the conposition wll
depend on the nuscul oskel etal site being repaired. For 10 exanple,
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renodel tMWOSHRMES |nsert a split, or a prosthetic FEFUEBR2¥¥th as a hip
repl acenent. In other circunstances, |nvasive surgery wll not be
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mesenchy naémp ) afinBnidtend cBiis S |nvent| on can be supplied in
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Ther apy, safghnicCaibhbtdsa rsolalatmadaditpetd apyard yboddures (MaY Sitse16) & MirobBliewbrelan eds,
Canbr i dgeradddiey @66 irisy ke 55 washifOdce RACLaMRER IrEPRHS nl GrosBhiPNinCes-2 mi her apy,

E. D. Bal ly psf;lleD"'-A @tbﬁﬁ fo&-dD rnin L% thd Fbhbbigd c!e!achLd f\ldnnﬁbsftag(nﬁ‘ney wer0Qrectlpi ce of the

i S G e e

evi ce use
It desire ?%’“feﬁ'h her | nclude or be coadm nistered
with a conpl eNEhT &S “HFBJEPE'P'?‘\‘?%M PRRErSE W REFenRiing %W?‘%iﬁ?"&k’@? Bocorticoid
| i ke dexdivEMiGIae REL. Ragivilg MBp B eskyhw@riplacepem (Ge), 1% Nefepsedie’ apioP- 2 or

BWP- 4. Qdagy (Giwblent midl L-gutrdep@iased. Nyl meo fpemkgivétsnel NSl eSti hoisg8Al ¢ sour ces
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mat ri x Ormefmméda@fhedfuﬂ wpsrsgbﬁleﬁlﬁneh W QY Rorhinds b!%rr egeneration. For exanple,
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Col | agen, . osteoneciin, Tibri gﬁa‘{h ; ﬁ7 F"IC{) é rra i ces can
be synt heS{" T adtording "t T st an r’aspef'sé"Eﬁh GUSS™ B 7% O ¥hs™ et al .

Bi onmt®r i ErElng @@%:mw%%omwrnw@g* %% al., Polymer 35: 1068 1994: Cook et
30 at., J. Bi threturepptehassamesy '"%'@!“51&2001%75)”!396!%@ ‘Vdﬁrffﬁt‘jéﬁ"tq ’@B‘W‘ePray

opt i onal 1%37M& Qebeorka derebstbdby semsyirigindijtivel coass ed wite p Pipdinean™\windet & reigtostansst r uct i ons
for a deskdrepiog, puowpDiyQents digsheisdi® iftd@na¥ @E8A $icoddiitnedmedfn, ame Benekigmal cel |
functi on dho MatRIBQYBAPRIBE AbSTLE Wdel Srleadingine ARG HERME dolfuendind Eia bé Ol | owi ng

eXanpkes @styeR Qtirslakirted tAbdr hede cBHalenk foPdvbd 188 adyd dokiPlidaadd dPRPEDke
particul g4, dinents of the invention. 11 U 6 SAKI I M WO 03/004605

PCTI 1J8021500%G§ gggﬁl\ég eder - opagat of embryonic
stem cel | 3 WL I?E %gﬁ%egr?élhﬁbetrn% s?mpgtwgcf ﬁE’ E uE’o'?%rm c stem
(hES) cel 5 HEFE T B k9 8 TrerT 4 198 e reek OIEML o 30 '@‘ﬁ fally free
of f eeder®®l PP Sashpliy wprmkpqskout GHEM gpcfixed fp % PARRIGTPASIVARE 'GSIMYdBhdi t i oned
medi uff predp BiSe dharstispgre rubieth FbersiesreinBRS e teinp o1 8I5TNalgiiowed|bg ¢ at ed
acclor di ngiCeongateidiast dntipogse &d i €25) (EiB) O30 5ih6 T@) werdidgiedslainstwdh AR e
har vest etnd maned 150 fl asks by washing once with Ca{"/My'' ~ free PBS and
i ncubat i ng i Nceis Reraldblexamined for expression of alkaline phosphatase, a marker for undifferentiated
ES cells. This was performed by culturing the cells on chamber slides, fixing with 4 % paraformaldehyde
35  {or 15 min, and then washing with PBS. Cells ware than incubated with alkaline phosphatase substrate
{Vector Laboratories, Inc., Burlingame, CA) at rocm temparature in the dark for 1 h. Slides were rinsed
for 2-5 min in 100% ethancl before mounting.
Figure 1 shows marker expression on the hES cells detecied by histochemistty. SSEA-4,

Tra-1-60, Tra-1-81, and alkaline phosphatase were expressed by the hES colonies, as seen for the cells
40  on feeders — but not by the differentiated celis in between the colonles.
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trypsi n/ EDTA (G bco) for -5 min. After the fibroblasts detached fromthe
flask, they were collected in 10 nEF nedia (DVEM + 10% FBS). The jge)pnslith
were irradiated at 4000 rod, counted and seeded at -55,000 «cells crri2
in nEF nedia (525,000 cellstwell of a 8 well plate). After at |east 4 h,
t he nedi um were exchanged with SR containing ES nmedi um (80% knockout
DVEM ( G bw ofafdksos Rockvill e MD), 20% knockout serum eeptseemmnt (G bco ),
1 % Non-essential amno acids (dbco), 1 nML-glutam ne (G bco), 0.1mM
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I ncubated w t%rn%{%go?‘&e %l%ﬂlélrnvitla‘led cel?%ul% ad 91 mfga g ger% yrt'drmif pl I oned by
the FITC conpligared doat. et - iols 4 2,1 FANE)le 20 M 1.

Cel | s“eFB  RESPEa ™ SSPAP ALY Wi Y A “5ner e ﬁ“&i "H‘b‘t? e Fe ‘al so

exani ned °Por BRPPHEEIEPRN T SR PSS SPTSEM IWN cgfls iy '!fe?eu'f’?)ta"d
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washi ng \sComiceB&esulfog huinSrs Weré excibda effer Torse ddyat @ ypds tréin allitkalgermeyphesphat ase

subst ssat Qe 6 ifokiaddadisor i es, Inc., Burlingane, CA) at roomtenperature
in the dark for 1 h. Slides were rinsed for 2-5 mn in 100/ 0 ethanol

bef ore mg%%i ATe g !gur e[ 1? égg@: Eﬁl rker expression on the hES cells

det ect ed -4, Tra-1-60, Tra-1-81, and al kaline
phosphat ase Viheciekqueesse podoged i @lioke SCaidien Moayer agursed NES alts wdre cel | s 40
on f eedensvestedtyincub@ing Y mighe cdllighdagri@ BLo aih ek BedelsSvele Boriped mean plalde col oni es.

] &0 & JAN 2R0\GrReWeh 83664 PR2uEST AnWSRSle 3 A6l REIRAGI: QBRte DT odiR @ o
II;rC]:qRI f ;er iﬁﬁ&.dn%ﬁ&séa Bfeo% 0! rkm&&%nﬁ%ﬂf Sé’o\é@rfén R .ﬁa@\‘é&?&d%ﬁs Eg&@dﬂécr 'nglt 3|S Sual
gene plm(;a&L?C%r%% 81@1 1% %—Rﬁ%l gﬁﬁ% acids. 1 elmr;[ W%ﬁ%g{emﬁ% &a&ﬂ QII heBrs
(Anbl on, ookt 8Y9 9° 9(“‘ adé TRt 2fp 'i" Ed?eréf‘é'&‘&“’ﬁ‘l Rl 15° F?fé”e“ar‘re&rﬁﬁ”act urer's
i nst r uct PHEEY bR gedkign of 2 et I“P‘Wé‘é?’“ie rgen ?""Hﬁb‘l’fP’P‘i"W‘fe&f‘?d pF¥elparti cul ar
pri me¥s pike EBywese dlected op repysesrided inthesh mediamifipridi8eidys i sudpersham tha 5B W | at e
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A differentiated cell line was astablished by harvesting the embryoid body derived cells and
allowing them to ditferentiated further. The cells were harvested by Incubating in 2 mg/mL Collagenase
type Il in PBS for 30 min at 37°C. The cells were disscciated, centrifuged, resuspended In differertiation
40  medium, and plated in a 6-well plate. Tha proliferating cells were passaged in hEF medium (80% DMEM,
10% heat-inactivated FBS, 0.1 mM non-gssential amino acids, and 2 mM L-glutarnine), and fed every 2-3
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PCR products with coinciding |inear ranges. Before addition of Anpll|TagT™M
‘(Roche) to PCR reactions, the enzyne was pre-incubated with the N 2006
TagStartT' anti body (PraMega) according to nmanufacturer's i nstqu(@t{ ons.
Radi oacti ve PCR reactions were anal yzed on 5% non-denat uring

pol yacryl am de gels, dried, and exposed to phosphoi nage screens

(Mol ecul awobywmags cs) for 1 hour. Screens were scannedrasdzhoss 10 Ml ecul ar
Dynam cs Storm 86D and band Intensities were quantified using

| mage Quaniyd Mnsakd pass s, thelBaiSogutaton a;rpeamawﬁcg&s&dwmmtphb&gsbaa&rh@m@éﬁcs

radi oact iMidbiass RIS siple@nErie hTERT or Oct-4 band, standardized to

the radi oact! VL hol AEPLAYGALES, kL RelsP o B rP%nrgeras%%f Agfgnces used

in this 6. The
transcri gﬁéﬁ #’5(‘5’?5 ?cmﬁﬂspg ‘gru‘ﬂ??rw fie °w"£ p%gcg@@ ? e ?ﬁ':ﬁa'f' Perenti ated
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hTERT and 1@utuid) arifled iimbrraigheena @bd indubajingvat 87°Cre iUt BchngdithiRAPma sisteey ( Ki m et
al, Sci emavirnspadkiend bikire LaDAtned\Md Aé beddwend indibated 2NEPQIr ©n Gened HpShel 7: 498,
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of the U@%g{;&%ﬂ@@; Lk & gl 1§ﬁpﬁe§%efpsmmca@&ﬁnﬂ§ SRR A w%%esg%ﬁr mined by

on C ays, and then
culturlng Sttornlthlne coated plates for 7
| munecyt och r'ﬁ“?t"‘r((/’ar@'h%\%’ﬂs B¢ BPPOAY oplat ‘P'é‘FeHEE’d@5W§e”s%én’fa“%5t“}’?i°t‘,’bl s of the
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a mar ker egfesson desieie rehdvien gstje. teldingse watidly &f 2r @ 186 idas etler drelstiugtione Mee al so
t est ed f @fitrahiddbd coitio] dr teys tkabsdinad WRhtHRIVEdD BERE HiYwed Rb teRMRISE wdtiely. BdH ecti on
into  SChfonferS GansiRBSAHEF1 6, dnk B FandtBh Wit ¥&clobRflioRddiids adBs Ak stRYS .  Cel |
types frQmsalh vol¥eGy %&@M@Eaﬁmw.@smpaé dHRR el BERIMdSS Q00T cal
anal ySI S, nﬁ%( |l£l' t% &%%E&O&P int (gf}do&mggtaga%&%gtelﬁ roJrlh Jailene Erbr y0| d bodi es

wer e roauce

F F n er cuftures cells were
har vest ed by mcu%r%"fth me\’lgsufnwaiw tID'F?EaS'm% GeRaSe o) ogs %doted ‘EB% %hd t he

cell s wer¥® %%?&B%H ~- BRS AT CH eThQS'Gd'WS ey "WP'%“’PW@W gEehei at ed

| nt o cl udhedie SESestling cgipredion aMatiion® sbitirele.cThe nESdells hevel bpanreimgipagtuging tfeCost ar) in
a nedi urEEcuptsedmafumd YerKBar{ 4paseden dibdlayinddvEN {oCEhvadiEreined EB098s,

non- heat -ahdmaetainv@dxpesbXbr(ERy eldomea) ,  suppl emented with 1% non-essenti al
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A subpopul ation was transduced for expression of human tel omerase reve{m%e
transcriptase (hTERT). This was acconplished by Infecting wth 86 AN
retroviral construct pBABE pure hTERT, containing 5 the hTERT coding
sequence driven by the MoLV LTR and t he puromyci n-resi stance gene driven
by the Sv40 early pronmoter. G owth nmediumwas replaced with a m xture
cont ai ni nYOI3pUSIBf retroviral stock (1 x 10B pf u/ nPETEME2W%g/ nl
pol ybrene, and incubating at 37C. After 8 h, an additional 5 nL of the
retrovirus/ potu @ne iniital pells shered gnaresin apldnorhrlese 1EFS cafe PSS 398 Bbat ed at
37C . On ceilhehangsst frong spjndle tidaboidaigsharerl; RrdUsghe cHllsyiprame diatier. XitE8 cellswerwed @noved and
r epl aced nubrbgancbiis@diphadpgpmdt kppeand kolbae mikdvaitsranidtecgaylationhe 10 nmedi um was
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undi féerenti ated ES cells, and maintaining expression of hTERT and
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conditions, as gd, ear oﬁne Or U endewé his experinent, hES cells
were seeded at a densi¥ Ve BFTo NeTEPE n{ EPB i gel (r) in nEF

condi ti oned nedi um Tel orrerl zed HEFl1l cells were plated at 3.1 x 101, c 2
in 10% 30 FBS, 1% non-essential am no acids and 2 mM L-gl utam ne i n OVEM
Nor mal human nesenchymat stem cells (hMSC) were obtained from

Bi ovwhittaker Inc., MD (a subsidiary of Canbrex Co.). They were

mai ntai ned in MSC growt h nmedi um (Bl oWii ttaker Part #PT-3001) according to
manuf acturer's directions. The BJ5ta fibroblast cell line (Bodnar at

al ., Science 279:349, 1998) was maintained in a standard nedi um nade
from100/6 FBS In 1:3 MI991DMEM 35 Two days after the | ast passage, each
culture nedi um was replaced with osteoblast induction nmedium (O M to

i nduce differentiation. The O Mwas based on MSC growt h nedi um (Cl onTech
Cat. #PT-3238) (US Patent 5, 486,359) supplenmented with 0.1 pM

dexanet hasone, 5 pM ascorbic acid-2- phosphate, 10 nM 3-gl ycer ophosphat e,
and 100 ng/nL BMP-4. Cells were fed fresh ON every 2-3 days. 2Q p 6 JAN
2006 WD 03/ 004605 PCT1US02120998



After 11 days in OM all cells showed changes in call norphol ogy. HEF1
cells, hMsC and BJ coils changed from spindle to cuboidal shapeglg Jﬁmqm}ﬁ
sonme cells becane flatter. hES cells showed a heterogeneous norphol ogy
that appeared to be a mxed differeqpfj,ated population. Cells were fixed
in 2% par af or mal dehyde In PBS for 20U mn, washed with PBS, and anal yzed
for 5 osteoblast markers. Al kaline phosphatese (AP) was detected with
Vect or substrate (Vector Laboratories, |Inc., Burlingane, CA). Expression
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nor mal lmgggipgscgﬁ?n in PB %%Fan%d,%@aﬁnﬂ%en Wth primary rabbit antibody
agai nst collagen-1 (1:10, Mnosan Cat. #P5041) or osteocalcin (1:50,
Bi oreedA éral of perodte plutdpgptest stem (@PS) Galls obib8T 5IB o elBbrye. and g difesnitiadaletbped wi t h
the Fl dbuhiah Gherdin 3P0 389 ot 608 in RE pbpuleBRPirb pmgéggw%% s ibduind, hind 00

ur?.

Sout hern Bi ot echnol ogy Associates tnc. Cat. # Figure 3 shows the
r esul t¥° OFHORTPLHAE AN '%%FW‘B%’@‘PM(%W’E‘E or the markers 15
osteocal cin and coll agen-1. Panel C shows staining for alkaline

Phos e ABrerfaldd thif Mopuld€tRsBedr @iy toeRfer praEeRing AR Whétbin B lesst 9ds 6Ahé S Of the
osteobl ast . |ineaqge. ese data are consjstent wth the hypothesis that

h
both H %gfpgpugﬁﬁ'ﬂ%ﬁis%sm ! E<‘;R‘i'(5°@ﬂ%"'4'capaci ty to generate osteobl asts

when subjected to an appropriate differentiation protocol in vitro. 20 25
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this disgcl matter of routine optimzation for those skilled
I n thgmazr%tc?'%gr%g‘ggéﬁmﬁ'e i npl emented wi thout departing fromthe spirit f

the invention, or the scope of the appended clains. 21 06 JAN 2006 CLAI M5
1. A. dink bitferentiaisa talhopiidtion parptiing to My pfedsdirgeinin, ablatngd BSdifteagptiaigg s or s or

ost eo i P FPShtainPg P tohe FBihdehil plotsih BVRY laighddtoPd € Progeny
of a He%z&g?w ri rgrﬁ'gagf‘{ﬁ'&. ottgr?ﬁgsé?g en,? %p'llgsﬁc'g lItns, areH aoﬁsg?eogrogeni tors

and/ or'vpat EahP eeertor: 41 a{ioasH r phwpan 8amin O48esPr it ro cul ture, In

conjunction with the line of pPS cells fromwhich the differentiated

cel lss g ifferRhtRBH S8Chopdiation of Ll 50 botRhdd By dfteRhibih PO L EIs ST1RIN drbyem) cell's
obt ai r]ed fr.omog_‘Pﬂi em%r o, ,and di ffecr‘entrhat elg cal I Iog@g{u&atl on wherein at
| east "BHPEU™M gAfynng, t#\geﬁﬂ"ﬁﬁﬁsa?f'?’ﬁﬁ &FeP5 o8 R B 4%pPs cel | 1ine,
and are osteoprogenitors and/or osteoblasts that proliferate In an in

Vit 170 Tau |dtffh|n:bﬁﬁatea-ceﬂ' psbutidrd £c6raibg o £ ﬂ&?tﬁinﬁﬁﬂﬂﬁl aimpal | an@eeuﬁgdiemu;lt o either
pr ecedj I I a9 70 of the ce s in the popul ation
expregag&gds%ee%%:rgqséel n 5%8%30 g%%%il . 4. The differentiated cell popul ation
according to any preceding claim which forman extracellular matrix
COoMgr i The Afeatatid el pdpulatitheacdoriih@ tearlyi ppdceding atditn, guprisiag catis garetaidi ng t o
any pr I i j differentiating pPS cells or their _
progena;ﬁlglgﬁbggpr;eaiqu“ﬁﬂ}econ %}gﬁﬁﬁ%&gﬂbone nor phogenic protein (BWP), a |igand

for a human TGF- receptor, or a ligand for a human vitamn O receptor.
9. A method for obtaining tha cell population(s) of any one of claims 1-8, comprising causing pPS

cells to differentiate, and then selecting cells having said characteristic.

10. A method for obtaining the cell population{s) of any one of claims 1-8, comprising culturing pPS
cells or their progany in a medium containing bone morphogenic protein (BMP), a figand for a
human TGF-B receptor, or a ligand tor a human vitamnin D receptor.

11. A method for obtaining the cell population{s) of any one of claims 1-8, comprising culturing pPS
colls or their progeny in a medium containing BMP-4, dexamethasone, and ascorbic acid or an
analog thereof.
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B. The differentiated cell population of claimb5, obtained by 6 066
differentiating pPS cells or their progeny in a nediunlcontainina ﬁﬁﬁ-ﬁ,
dexamnet hasone, and ascorbic acid or an anal og thereof. 7. The
differentiated cell popul ation according to any preceding claim

conpriigi Momethdd 6f gRdRAing Gaddmpounal bementr@maXdall @5&it} oF RIBBIIASE doRpRdirge

transcri i f. ent | | ul.at | cC ing to any
pr ecedi ng:B 'Zﬁ?'g?gnlﬁe 8%?@3\{"%3;30%{‘ P%ﬁj%g:ﬁgs? ?Lagpﬁ£8&§ gﬁ'eega?%[ exrgﬁigggnya bone
nor phogerfegenstygiattal toxigity gs megdiiatiggyrepiing dpmhertofepurthe cel | popul ation(s) of
any one of clainms 1-8, conprising causing pPS cells to differentiate,

and t hen i | i L 1St | for
obt ai g TEabof forfft o B R Aot HARTH g |-t for rasmad?of e Alan; [
cul t uri n@" Fvw bedy by surgary Y pr ogeny i n a nedi um cont ai ni ng bone

nor phogenic protein (BWP), a ligand for a human TG -R receptor, or a

| i gand f Lt -2 - OfF . ' for obtaining the
cel gg'pu %@? on{ sg"%?'A‘g‘%n%‘ﬁg&%?ﬁ@ﬁian"-éé’%‘-"ééﬁﬁp&?ﬁeéi ng cul turing pPS
cells or their progeny in a nmedium containing BVWP-4, dexanethasone, and
ascor Hbc Taemelicamestrof cigima B dgthehmmpdding c2Riuoba bohblnidpBogeRic pasteiret hod of
screeni ng a conpound for mesenchymal cell toxicity or nodul ation,

conprisin onbj ning.th onpound wi.th the cell popul ation(s) of any one
of ol dPmuq ob ool FORHEPRNSH ok ARG S3G CIRIBE AHCR I PropAStipn o) & olsgrment for

nodul at i essomstitstingtmuscpidskeietal céldureiorgnamiddivik®l. A nmedi canent conprising a
call popul ation(s) of any one of clains 1-8 for treatnent of the human

or ani,gal, bod surgery or _ther 14. The nedicanment of claim13,
Fur ¢ hel &Rt of tpgonrali Yorg bsh G poreisng Ppcing £ oy issi b o

cl ai m 13 porulatiorted of ang Apa 9t siaimg tdal ci um or a bone norphogeni ¢ protein. 16.
Use of a cell population(s) of any one of clains 1-8 in the preparation
of a ngdi r nst i j I I ' in an
't viTBude o popgibuy SER0Ble d Uhin . G B3 5P Bh naiheon il kBRa 1, 1
cont act i AYnaNHasioeysk ot are g erogeny 9f fuRec¥®| | popul ation(s) of any one of
clains 1-8. 18. The cell popul ation(s) of any one of clainms 1-8, wherein
t he pR, i :.‘f'a‘il-n{ : in R TEY t ; t he -

pr oger11§ gﬁé éseﬁ \(?g?'feﬂ%f]idg%%rﬁ‘{e ce T&Lné‘gﬁl"gu on(%'@%% ﬂ%a;n eg'r?gj&(‘)! I£“grlnai ns
1-8, whef¥n the pPS cells are human enbryonic stem cells. 20. The

nmet hod or use of any one of clains 9-12 or 16-17. wherein the pPS cells
are hugBhne MEREY 8Nuse &t &1 drd! d iairksl 9-18\ oP 1 B4 CliheRft Bo HPRTcelld abunth Cl ai s
1-8, 13-15 or iLElsn 1% substantially as hereintofore described wth

r ef erencg‘“?r?f)" Eﬁye ofteof t he Exanpl es. 22. The nethod or use according to
any of clains 9-12, 16-17, or 20, substantially as hereintofore

descr i2ped prdatidd atcdioRil ey of Rlamidyl-®)Ns 18R for 14160, EutantiatSas Hddintofore describad

with referencs to any one of the Examples.

22, The method or use according to any of claims 9-12, 16-17, or 20, substantially as hereintofore
described with reference to any one of the Examples.
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