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TECHNI CAL FI ELD - 6 JUN 2006 PCT/ US02/ 39090 This invention relates to the
fields of.cell biology, generally enbryonic stemcells, and cell
differentiation. Disclosed are differentiated cells froma novielUs¥ ce that
have char act eMOsBitgRMof chondrocytes. REFERENCE TO RELATHR tARGL 0TI ON Thi s
application clainms priority to U. S. provisional application 60/339, 043,
filed Decenber 7, 2001. BACK@NINNRoEHEPHERORSSHROr adation is a hall mark of
two di sease groups: osteoarthritis, a degenerative condition, and
rheumatoid arthritis, WRERIVEPSREWHANEMBERYONESTBY GERES anmat i on. The
degradation leads to joint pain and nobility inpairnent to a degree that
can be considerably disabling. Over the |last two decades, considerable
progress have been nade in the devel opnent’ of anti-inflanmatory agents
effective for inhibiting the progréssngii RiBease. But where degradation has
al ready taken place, new therapies are needed to assist in the regenerating
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factors, lipids and am no am%——%—%ﬁﬂ-@ﬁ% AMSY, 163 (Genzyne) outlines
chondrocyte medi a fornul ati ons and cul ture procedures in which de-
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eady ta?en place, new therapies are needed to assist in the regenerating of joint cartilage.

Recent efforts in the art of regenerative medicine have been directed at developing cell
populations capable of repairing cartilage. Iniernational patent publication WO 96/18728 reports
established lines of articular chondrocytes. WO 98/55594 reports methods for chondrocyte growth
and differentiation. WO 00/27998 reporis serum-free medium for chondrocyte like cells, comprising
minimum essential medium, growth factors, lipids and amino acids. U.S. Patent 6,150,163
{Genzyme) outines chondrocyte media formulations and culture procedures, in which de-

) differentiated human articular chondrocytes are grown in a medium containing TGF8 and either
insulin or insulin-like growth factor.

Jorgensen et al. (Ann. Rheum. Dis. 60:305, 2001) reviews recent progress in stem cells for
repair of cartilfage and bone in arthritis. Jakob et al. (J. Cell. Biochem. 26:81, 2001) studied specific
growth factors involved in expansion and redifferentiation of adult human articular chondrocytes that
enhance chondrogenesis and cartilage formation. M. Brittberg (Clin. Orthop. 367 Suppl:8147, 1999)
reviews current chondrocyle transplantation procedures in which pure chondrocytes or other
mesenchymal cells are harvested autologously or as allografts from a healthy tissue source,
expanded in vitro, and then implanted into the defect at high density,




Despite the initial success of these clinical nethods, it is clear that
current sources of chondrocytes are inadequate to treat nost (_)fB Bez -

i nstances of cartilage degeneration that present thenselves at "t E i nic.
Kranmer et al. WOMBEM2SDey, 92: 193, 2000) reported that nouskCEURA®M c Stem
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In fact, there Arage( ey (eely Ravhe 193, ZR0MEePPrigf thelyaeyse smpry sy s s GNP i pot ent
st em cel | s hauiateb @@nbdne protptoehib Ipyoteins (ndit-2ehd BIXH-4) 16 podunt kyis diadsidileamiton et al ,

i sol ate e”b/inc}fé?tanE DRI Gs%hJ)r%mEﬁé%r%nfalémsxFH tﬁéﬁéﬂ%ﬁﬁﬁoﬁ fac(oﬁafcte?a&ﬁen afetianhl 4,
1998). Concur rent rs derived human %‘?m c.germ

(hEQ cell 1§ W%‘é‘sef‘i)‘l%‘th"‘r%‘tbé)P“‘@aﬁ%tcfa‘fdet"?'%lﬁ%‘ RS ARRese cate 8“ oe ‘Béﬁ""d Natl.
Acad. Sci . W8AgGbvl@REBiatior] BEIGKe atidablk & ot seeciesrbinyiami thers tie VeI ddv gherwhi ch

can be keptmimkedRaripbdi@neRthak bl@rﬁ;ot%ht@ﬁtn)bel‘@}iave%HéntrbﬂrdeGDLWs&Iﬁed—eUkem a

under very ESSE?fav sl o SRR ERREY RINE oRb @My ol Bl 5 BERTRLAANS
01/51616) . (Bgense dbanigry! 99 @@CUH@B'&%G&W“ ! Cewéﬁrrt)awwﬂ)wwﬁ@wbﬁa%&fr@ns to
di fferenti abt@c)heties frivh uatal poriagaitissel(Gramblnit @ . Litrby Natirehd. GeaSalbs: fagzeent | at ed

cell types. 19%%&% hBds? dnﬁ%ﬁ]& IS@HI &erIsOWhgle%anabéhﬁﬁ %f &?!feré?xttgtibﬁ ls:PnBtE/ by
production o ferent| ated ur| nt cells

into cells 0(5’{”'? @?8%’?’%@?'@% %ﬂ%’éé&’ WBES' BUFELYB S8t ce([,‘%m“? r"ea’ &8cri bed
that are comdérderw sistigh censitipnsiie§- Patant 00,80 WM@@T@UWQQMSwﬁbr both research
and clinical thesamgly, Oieneiéb@eu tteddvele) whdke névn \paiabihed 1d Siiffareﬁlﬁﬂe: huprapul at i on
cont ai ni ng : entiating primate pluripotent
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Ancther embodiment of the invention is a population of chondrocyte progenitors that
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proliferates in an in vitro culture, obtained by ditferentiating pPS cells, and capable of forming
progeny having the characteristics of mature chondrocyles. The chondrocyte progenitors are no
longer pluripotent, but are committed to the chondrocyte development pathway. The proportion of
undifferentiated pluripotent cells in the population is preterably minimized, and any residual
undifferentiated cells are not the cells respensible for forming the chondrocytes upon further
proliferation, Optionally, replication capacily of the stem cells can be improved by increaeing
telomerase activity.

Anocther embodiment of the invention is a method for obtaining the cell populations of this
invention, comprising differentiating pPS cells (for example, by forming embryoid bodies), then
culturing the differentiated cells with a mixture of chondrocyte differentiation factors, such as in a
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i nvention, conprising differentiating pPS cells (for éexanple€,” by formng
enbryoi d bodies), then culturing the differentiated cells with rl\? %ure of
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03/ 050250 PCwb'a8@#34090 m cromass culture. Suitable fact OFSresdscri bed
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pl uri pot entfolisieem cel | s. Pl uri potent stem (pPS) cells such as human enbryonic
stem (hES) cells can be coaxed along the chondrocyte differentiation
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differentiation process by cuItur%%@bﬁ%@H*esence of factors that
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vive by the synthesis of such connective tissue components as Type Il collagen and aggrecan.
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The development of methods io efficiently produce chondrocytes from hES cells is

important, because hES cells can be caused to proliferate indefinitely. Accordingly, this invention
) provides a system that can be used to generate unbounded quantities of chondrocytes.

The disclosure that follows provides a full description of how to make the chondrocytes of
this invention. 1 provides extensive illustrations of how these cells can be used in research and
pharmaceutical development. The disclosure also provides pharmaceutical compositions, devices,
and treatment methods for the use of pPS derived chondrocytes for regeneration and remodeling of

i cartilage to restore joint mobility and for cosmetic purposes.



this invention. It provides extensive illustrations of how these cells can
be used in research and pharnmaceutical devel opnent. The di'scl osug eypbmp
provi des phar jgal conpositions, devices, and treatnent nethods for
the use of pli\%@gfeﬁ#%gd chondrocytes for regeneration and E%‘&f@?s'ﬁ’é of
cartil age g Lestore joint mobility and for cosmetic purposes. WO 03/ 05920
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an inhibitor t r [ e or,. zed by
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(pPS cel | sliff@ergiaiphupwribd @tivacielbh snvdeted selitypé.r om pre- enbryoni c, enbryonic, or
fetal tissue atp@@ypd bifRadPilifbrefht@idn dell? PrsQBIs) A0 PuipBiR cgﬂ%eméfr&ﬁ:%@“ stic of
being capabl, &, Hadehe AR OGLAG CPRG! HeORS Bl BldHiahid L ARG (sever al

di fferent 3@??’ typesy i at are deri at'| ves 67 2ar Bf e e t AFEE™ger M nal

| ayers ( enbRtcTeRILiaSTREP PRNalE SENABiIRTSHH BiPAYCING AeY di stypra diferant selblmea gt
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B e man g AL IEHIBEaT SRREtTe 1 . S el SR fr e olred i,
enbryoni ¢ edhdrstisgfe thed prie glydroteptinise mannengseeribeed by human enbryoni ¢ stem (hES)
cells, descri bedcimed Fhibersginti@tot aPs cdliSaieambeoRdailisl didaroud 8P&) exem@iibd poNni ¢ st em

cells fr orrmmeémrp@nﬂ%ﬁ §hE§}’%€|ls,a§esBm@§ Ws TRbRTh Gf lal. §sdichPOBBLN 46 1088, . Proc.
Natl. Acad. Sci. SA nson et al .,

92: 7844, 1995), marnmoset stemcells (Th

Biol - Repr BB S48 G st orfe e 26 BORYRRP oG TOTHES e S P iShanb ot
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pl uri pot entncCiinlas erbBodd Goom i(Ed) weiRdShambloR @t AiIe Prec. Myfly Ac@) $6& USA BriBrmet e origin
that 1998). Other types of pluripotent cells are also included in the term. Any cells of primate crigin that
are capable of producing progeny that are derivatives of all three germinal layers are included,
regardless of whether they were derived from embryonic tissue, fetal tissue, or other sources. The
pPS cells are preferably not derived from a malignant source. It is desirable (but not always
necessary) that the cells be karyotypically normal.

pPS cell cultures are described as “undifferentiated” when a substantial proportion of stem
cells and their derivatives in the poputation display morphological characteristics of undifferentiated ®
cells, clearly distinguishing them from differentiated cells of embryo or adult origin. Undifferentiated
pPS cells are easily recognized by those skilled in the art, and typically appear in the two dimensions .

of a microscopic view in colonies of cells with high nuclear/cytoplasmic ratios and prominent nucleoli.
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cell 10 eXRR5S of iRl Ciho: i) TUAIP I BB o o CoulSHRS o khat 10N 1

Transfer Vectors for Mammalian Cells (Miller & Calos eds.); and Current Protocols in Molecular
J Biology (F.M. Ausubel el al. eds., Wiley & Sons). Cell biology, protein chemistry, and antibody
techniques can be found in Current Protocols in Protein Science (J.E. Colligan et al. eds., Wiley &
Sons); Current Protocols in Cell Biology (J.S. Bonifacino et al., Wiley & Sons) and Current protocols
in Immunology (J.E. Colligan et al. eds., Wiley & Sons.). Reagenis, cloning vectors, and kits for
genetic manipulation referred to in this disclosure are available from commercial vendors such as
BioRad, Stratagene, Invitrogen, ClonTech, and Sigma-Aldrich Ce.
Cell culture methods are described generally in the current edition of Cufture of Animal Cells:
A Manual of Basic Technigue (R.l. Freshney ed., Wiley & Sons); General Techniques of Cell Cuiture
(M.A. Harrison & LF. Rae, Cambridge Univ. Press), and Embryonic Stem Cells: Methods and
Protocols (K. Turksen ed., Humana Press). Tissue culiure supplies and reagents are available from
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"inhéritable" if progeny of the altered cell have the same alteration.
CGeneral Techni ques CGeneral nethods in nolecular genetics and geﬁ\dt]m@{]{}ﬁ

engi neering (ﬁﬁfﬁ ribed in the current editions of Mol S%yg oning: A
Labor at ory nua ?Sarrbrook at al., Cold Spring Harbor); ransfer

Vectors fq . I t ocols in
Mol ecul ar 'gl oI o eh@%ﬁ u%s'tgucg)a‘%'g'%lg %géé@teﬁgRW%l S'a%d%g!rﬁ%%‘%cgﬁleﬁl ol ogy,
protein cH¥f 'Pﬁf and anti body techniques can be found in Current

Prot ocol s i n PGetedl asiscis @hthe bipldgytand Gathdidgg ahcagagal and dagole oMihbrdyocges Bons) ;

%r r en: Prigd 9|§191|e§anl:@ ofBinls Bh Bk Adig G]Jtht.siolitﬁ@r@ Jeﬁe?énE@te%Boo@& MeWaln@J)'bld&y 2025) a;‘d
rren r ons
F{eagentsIO %"g‘ﬁl‘q d\Fle'S'fJ(Sor’:g'en%'njd) ﬁgoi ?‘%)rlgggfl7 $Y5 a:i‘ghgsln%ﬂ? 'Cafg‘fgiu‘gﬂon% )e{hrer ed to-in

this di scl@@mf@;cym ebyaMa At eedf, (i Rrepmioe; &P”W@W@?@H%uﬁfﬁg"a@ bpiCeRad,
Strat ageneredz&WUérr@gerbds ClagnaT ey, orAsba&iic nev1 AUshiti Cildge . Degabikiion Wyt JF.e et hods

are desweg RFEE ' ooeu efas Q%cel?Hé@nb%zegkéfgmg%a{vﬁe},gngg gw%& @m @é Ce' I's:

A Manual as| C \9 ﬁ
Techni queé"‘%‘f” el S@iﬂg?’u Eé'ag RABAMolpgyaF ja8g, 9‘&’°P""F”’3’ F%Féogy ChABH @Fg
Press), antlorbmopestat 8. emnoehfl Asad. 19t Yia.0r85:211986; alf ddind Stodegire( 440 Fluntits en ed

Humana Pr eggiyendishs Uhar d&H'é’“‘éﬁiﬁon%gﬁﬂl le@sh i@@fjai B8 G badis F0Go. avai | abl e from - 5
"6 JUN 2006 WO 03/ 050250 PCT/ US02/ 390 0 commerci al vendors such as

G bco/ BRL, Nal gene-Nunc International, Signma Chemcal Co., and ICN
Bi omedi cal SurcesmSiegiCellspect s of the biol ogy and pathol ogy of cartil age, and

the rol e of chapgh Gk Suidd bRl B UENARCA valoud AL S tngstté,ﬂ in the

fol |l owi ng reference 1 oks 8 and ondr ocyt e,

by J. F. Sutpbleforage in thiscryepfion see PE@@E)p'“’EEi"HPté&"b(B?S)ﬁ@&ﬂe%ﬁe B8 tigspe ippped
Chondr ocytagsr, gelgiptidn su&de$ p Ir@steqist, or GRCoPeras@nit $SRe teRemany dime d@ing tgpdiaige '
Al'l ografi quontnm.n% &ampaEg &r6 PP 1Rk esBF estblish@lifes ofém&gon.cémeus@ bhepagdi ¢ 1991,

Joint Cart by J.F. Wessner & D.S. Howell eds., WMarcel
Dekker 19 n?%‘i(is%?)gﬁ». %ggﬁdew Mechani cs, 2nd edition by R B. Martin at al .

Springer Ver | adha Sowiaugan’ s vaptonssy abe beimplsmenedgrenly yithiinagembnpys 'age, B.
De Cr onbriagglasueeterigitg cheodsocyteshdirctly Notd . pridara dells et havdte. poféal to B8 Gse and Joi nt

Structure @&mrdéumlihenf.rsr%stagemwaefaﬁ‘cn@re\ﬁﬁ‘am%r&el Meis, 3,d edition by P.K
Levangie at al. ads, F A Davis, 2000. Sources of Stem Celts This invention

can be practiced usi nq%f stem ceI | s of various types. Anobngst the stemcells
suitabl e fERPPeESIEM G s i nvention are primate pluripotent stem (pPS) cells

grer Ie\r/rg(rj I)I[:lom t :%tfr@nlé Qélﬁ‘égls CQ'T Eeelgola%‘aﬁﬁaﬁf_lﬂlagfacyséle? meﬁ§er@0fmeat§i}rf%ﬁyslﬁéclesg;af e][ ZJS
are pri )r/rar '§/C5 tP ?%@43%&”@93%‘1" 4 ”Ed:q?ﬁ rll\'é'g ’%fﬁe%‘b %??cmﬁ eWP%ye ’['”5'%6 ™
enbryonic e"@j’éﬂﬂﬁ‘F clem| GES)eliesan | rrarired frpre lhawen Phstocys chllsi e dregechpippes
i nventi on &adibed 50hbrascn EpaUBNPAch 61200804; [Syiende 2B2: PI4b,Megsy CantTey @av. @icnr
38:133 ff., 1998) and Reubinoff et al, Nature Biotech. 18:399,2000. Equivalent cell types to hES
cells include their pluripotent derivatives, such as primitive ectoderm-like (EPL) cells, as outlined in
WO 01/51610 {Bresagen).
hES cells can be prepared from human preimplantation embryos. Aliernatively, in vitro
fertilized {IVF) embryos can be used, or one-cell human embryos can be expanded to the blastocyst
stage {Bongso et al., Hum Reprod 4 7006, 1989). Embryos are cultured to the blastocyst stage in
G1.2 and G2.2 medium (Gardner et al., Fertil. Steril, 69:84, 1998). The zona pellucida is removed
from developed blastocysts by brief exposure to pronase (Sigma). The inner cell masses are
isolated by immunosurgery, in which blastocysts are exposed to a 1:50 dilution of rabbit anti-human
spleen cell antiserum for 30 min, then washed for 5 min three times in DMEM, and exposed to a 1:5
dilution of Guinea pig complement (Gibco) for 3 min (Solter et al, Proc. Natl. Acad. Sci. USA



fetal tissue, deriving chondrocytes directly fromprimary cells that have
the potential.to give rise to chondrocytes w thout first establé B 3(%

undi fferentiated cell line. Enbryonic Stem Cells Enbryonic stem JUN @an be
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(G bco) for r et at., Proc. Natl. Acad. Sci. USA -6 WO 03/050250
- 6 JUN 200%%%6%%2#%@090 72: 5099, 1975). After two further washes in
DVEM | ysed tropheet BaegonicOelrh $hEGF eells eamie @ckpfiredimont prénordiahyediateelispreeant bel | nass
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ei t her y "é‘g}'b%glﬂfe %?SSr'be 1" u%ﬂbl%dgnig%gjgi wtﬂlrtﬁ”%iesﬁh 'fsgh%lﬂg; 4 salrr})ne
( PBS) vvlth U.SiHpep$ioR0.684 exposure to dispase or trypsin, or by mechanl cal
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totypeIVco I 'dual

col oni es byGﬁ“ﬁZ)(f'? p‘i T‘é‘“m@ﬂ‘ (PRgbiPA! SEGB {Gonpmiet: 35@)“@ Wi%O‘@éPI@%%%ptl mal .
Enbryoni ¢ Gemmaksedakig dplonosch, EGrbaly oa isolat&e nsing(hpdhiednidaed/doBage@ae/bRAger epaddeld f r om
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MEEKSatter rnEat—:'de in Pﬁgtthenneprllascgty % 1 nﬂ?lrcb dlgestlon sohﬂ%n ﬁ) rﬁ Hya uromdase type V, 0.002%

DNAse 1, 0.1% collagenase type IV, all from Sigma prepared in EG growth medium). Tissue is

minced, incubated 1 h or overnight at 37°C, resuspended in 1-3 mlL of EG growth medium, and
plated onto a feeder layer.

Ninety-six well tissue culture plates are prepared with a sub-confluent layer of feeder cells
(e.g., STO cells, ATCC No. CRL 1503) cultured for 3 days in modified EG growth medium free of LIF,
bFGF or forskolin, inactivated with 5000 rad y-irradiation. ~0.2 mL of primary germ cell (PGC)
suspension is added to each of the wells. The first passage is done after 7-10 days in EG growth
medium, transferring each well to one well of a 24-well culture dish previously prepared with
iradiated STO rmouse fibroblasts. The tells are cultured with daily replacement of medium until cell
morphology consistent with EG cells is observed, typically after 7-30 days or 1-4 passages.



met hods are described in Shanblott et al., Proc. Natl. Acad. Sci. USA

95: 13726, 1998 and U.S. Patent 6,090,622. Briefly, genital ri dgesﬁqjﬂﬁ‘l[}[}ﬁ
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ce ensi on. sage is
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wel | of a 2@atRe Thedﬂﬁdtuﬁ‘r'%fee!ﬁf@ﬁwtﬁrfw iESarapivpriespbaieeisagpinhpPSicetsadi at ed STO
nmouse fi brobl astSientlsfeat Geloh fav@rdRcovetbd thait @HS Wbl BarCkii rhajntdireyd s @naidren@dtededi um

until cel | olPeRROkAdy c6aRedist fRleniiblrfbobEi C&L) fod SnARSEIUED s ltRicaRYd Y af ter
7-30 days or S02/ 39090

Pr opagat | on™8Tesp B HPAC SRS PSR BER GG ﬁ‘%@y}"%ﬁf R
pr opagat ed @toﬁﬁpﬁmeﬁs e (pptimallyt 9Gi080 cnir’s lonty 0000 ami-e Tkl hzymalictdiggetiopisonot e
proliferati mtedbdidiotdlls pEcdm® tomlptali dsh@eanéay atsi rain witoRdyphaas Ww). SEGHRs e o1t ai ni ng

ES medi um i 1% gg%llgiaiehhen%t@d%()u F%é‘sﬁ&[_}/'éﬂ%&ﬂ %h%%rsa@ Q@ﬂ%ﬁvelg% of

ei;,t her defi net bovi'ne serum one) serumre ement
0d/ 30679), 195 ke aNeIR vAPouLeREySS ?"a@e Pig eﬁiﬂcﬂesﬁﬂ'f’%ﬂ‘f? H’é'"“”b%l' 4o ! '"mvl
3- mer capt oesdhdinodf.0.3J0 EDHEINGIES. dtee washinartiom B Chtuievessdldhel callparg platgf info a( WO
99/ 20741, fRFQRurERtHRuiuthdl d@étd onal |y, ES cells are cultured on a |ayer of

feeder cells, tyﬁé‘eﬁe@grk%/ cun'uQE %%Fs%ﬁéoﬁeodlgf 3 Klﬁ?u‘feg h‘&ﬂm %?q?glr}{r%ntla&oré)qha S{p n Lssue.

Erfbryos are har vest e ansferred
tg 2 nL trypsiiemtenphe F‘?"ﬁé’l“}?“‘rﬁ‘fﬁff’é‘&“"“aﬁtlc'] fﬁ‘i’f‘ﬁﬁ&‘?éBe 'Bt“ﬁ'i"‘?? igfo ‘i’ﬁ’@e‘j‘% % FBS i s
added, debruiltaring gha medivie dvith gells eletrétieg sehdadidie svel hs inadiged (- pegetenimary 90%

! M, 10% FBRe emBYoric iMblasts, telomerized mouse fibroblasts, or fibrobtast-like cells derived from pPS

cells. Medium can be conditioned by plating the feeders at a density of ~5-6 x 10* em™? in a serum

free medium such as KO DMEM supplemented with 20% serum replacement and 4 ng/mL bFGF.
Medium that has been conditioned for 1-2 days is supplemented with further bFGF, and used to
support pPS celt culture for 1-2 days. Altetnatively or in addition, other factors can be added that
help support proliferation without differentiation, such as ligands for the FGF-2 or FGF-4 receptor,
ligands for c-kit {such as stem cell factor), ligands for receptors associated with gp130, insulin,
transferrin, lipids, cholesterol, nucleosides, pyruvate, and a reducing agent such as
B-mercaploethanol. Features of the feeder-free culture method are further discussed in International
Patent Publication WO 01/51616; and Xu et al., Nat. Biotechnol. 19:971, 2001.

Under the microscope, ES cells appear with high nuclear/cytoplasmic ratios, prominent
nucleoli, and compact colony formation with poorly discernable cell junctions. Primate ES cells
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recept or S SR8 Ak bR Utidne LOSH] Lo 1ok FBRSHER hbllee blflidancotfiphest er ol

nucl eosi des ag en such as mer capt oet anol
Feat ures of T%@“'?‘%%QP@?"CFP@@"‘%WPrﬁ?eé"e thod are further di scussed in
| nt er nati onal Pat ent Publication WD 01/51616; and Xu et al., Nat.

Bi ot echnol . fﬁ;&;,,%?;ﬂg d,f%mp,ﬂ,anomgl@gs the m croscope, ES cells appear with high
nucl ear/cytoplasm c ratios, prominent nucleoli, and conpact col ony

formation with pBd¥ RyhvaPagssy ¢l Abjs dnvenien that A efigiens wapty parfaam fhe gesivatien of g
JUN 2006 V\ocmefoe,wzw FRCTeldSO B B0l @elentaipr @fsie RSAGES s peoi-éheciioondngtoni

anti gens (S%)s.rﬁuueﬁuéuﬁy oar@bga&dﬁw Sorthite€ Hed Plited! Sdeld witR NénbiRstl 8 Spedifisi gnat ed
Tra-1-60 and_Tr }ongactos onson et ‘al., Science 282:1145, 1998). Muse ES

dlffere
celI's can be Useq as ositive control for SSEA-1, and as a negative
control for SSEAORe a*ﬁ’ e is ¢ causey A PP ells. 1 formauptuyoidl Rogiet Binagoee®eR | 9 pr esent

on human enmscgt_nxrreaby aanowWihaira ddnabfes caielituge, or BiclifugiggPs icetls incnspedsiop E?E‘sumf&i s in
vitro resul tygss® hSJi‘Hé al sQ@s’irathwithc—'ﬁE%aifésionTﬂr@pbﬂﬁéﬁtﬂat Prenste} eﬂb@éi&b&ﬁes R SR AP,

exemplary methed, confluent monolayer cultures of hES cells are harvesied by incubating in

1 mg/mL collagenase for 5-20 min, and dissociated into clusters. They are then plated in non-
adherent cell culture plales (Costaf) in a medium composed of B0% knockout DMEM (Gibco) and
20% non-heat-inactivated fetal bovine serum {Hyclone}, supplemented with 1% non-essential amino
acids, 1 mM glutamine, 0.1 mM pB-mercaptoethanol. The embryoid bodies are fed every cther day by
the addition of 2 mL of medium per well.’

As an alternative, the differentiation progess can also be initiated by culturing in a non-
specific differentiation paradigm: for example, by including retinoic acid (RA) or dimethyl sulfoxide
(DMSO) in the culture medium. Ancther method 1o initiate differentiation by plating the
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and increased expression of SSEA-1, which is also found on undifferentjated
hEG cells. Differentiating pluripotent cells into chondrocvtes Ghdndih\b@% es
of this invention are obtained by culturing, differentiatin

r epr ogr ammi ng¥o 8YEME el | s |n a speC| al growth environment % é‘fs"gf’r’f'?"ches for

cells with t sire r f t he de5|red cells,
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appl i cabl e Rolyomiting. ﬁWetsmeﬁon@w@m*é@!'qagon Waeleidiltg primate pluripotent stem
(pPS) cells described in the previous section. Wen derived from an

est abl i shedp);} ng?‘%mﬁ,Pﬁt&gh}ﬁhon&,}a&egel | popul ations and isol ated cells of

this inventiron®w e sane ‘genone as the line fromwhich they are
derived. This nmanusiertthaltrectm\mnlumldwaidmu@craanyody@rgaow\rypaPabéllsnrrmhavb|been t he

gﬂggg}?é g;?lalm%k% é(g' &Jscr@@d leﬁé |a%PsébhoP|%'FH étﬁ@i{ed mbEEWR%P of H%nt@g)cﬁe%\le eﬁtla@d?\d t he

on roc es obt ain from
Cheandi 71 Pus1 A P ETPRRBTGROL Habe BEPEanSf et el © TEGIRE 08 on -
Chondr ocyt eghordmeyte painay, dseeerpuioraatitobeplipyithy ehonrdrichia Rbenpireh bt grewth siotheduce a
transgene otell kypes; lor @htch adt BARBAGRRIAN Sn@RA Gashig: €it 5¢ hdt IhedefHi Baheskdng teave the

sane genone,, Qﬁarﬁgﬂ'ﬁek‘dlt{ﬂg in cﬁ%}o%és%gné é}lﬁ%egfn%rﬁqwo tpYa%ﬁi:e il ﬁrﬁ’ ol | non-

mani pul at ed genetic e e differentiation

process It is a$Pfanesirenegts §f fechondPert AEpettiaton mi '”gf“fq TEnEeingegrno

per f or m t hefades (espacialyT AR, TEHEA ehdd@F B sfibfablaphgpM® feeibrb sespesiatydhasinfiltrabisie

diff Ie : enti agr};@m fdfor ti@% :ﬂpﬁovftﬁ* lahe dlifé?enﬂahﬂlf[i’ 'fhcﬁl&e@éﬂeblf[é‘llywrGDF -628Hd GDF-7),

si mul t aneou or subsequen

chondr ocyt e§s%é%mfh°%en'ccfj 5 L‘e¥ ec'alpbé Eﬂ&oj} gdﬁcﬁeﬁ%ger%ngimeggeptg cause
t he pPS cel prafeiplesreFiply E1digh Vﬁgé“osd'f!“)e‘sasﬁ?f big ¢t ephpagaihyrofddiormaag Eppid@rotelpy

over gr owt h (#fitig).doines is pREetereddlsowed df besr, FGT. Kyst olihe dihemympRBdCat beildbe

suspensi on ., G4 & {e%s M,ﬁ@g&j@mnaw ng a substrate with | ow adhesion
properties that al

e exe
o uentmonol 0P Tgens oL MissmARes 81 he piPl S apbutleun g hal babiirg | n 1
mg/ mL col | agjersess dfigrentitioropredepds, anddhedealiart celtrodulatiarsoare R§s shapging Wdipear e t hen
pl ated i n nofiscred ottt cledbbey@Udifehiatig] ates, (FOS8éIACHN bé catuire dis Wgyregarposed of

80% knockouw@/ﬁm&.%ﬁ%} #8079 10 200(%9,5“%&@,@5bfoaa%by@hfﬁae@smlsta%%r% serum

(Hycl one) non- essen no am ne,
0.1 nM (i- steb WSHES’I“"’O‘TﬁbeaéWr WPJIME BB 1BS nLpE ?9&?9@%?’9“'819% afay by
t he additi owd@fpla@dm_a pédiynpehniaiming & mixiyes! of cangidatedactalst er nat i ve, the

di fferentiati on |1 ages ByfohBsibiSits entioR itfal ai@ehtiftion GUBHASUdldifko ciibndroiR8 is

specific di ferfhﬁr(o?&‘ﬁ kfh% 'a:%rk BC‘H é}&i,&egsrnimér%o;ﬁﬁiaWL Belis ¥ind (g&lle% Qaeﬁrﬁ&&rl{z}m o acid

(RA) or dine éﬁ %ﬁi e culture not met hod to
initiate difse Bﬁ‘f'lsé[f”i’ Sﬁd"[‘?{f" ling: prigeHed @'orgthe PRy KobRIeSIBRBsP 3/ 1) 59251)
PCT/ U S02/ 39091 Accerdindy thecmgregateettlipiSoendy bepapiet aising 8 lindog ancaantt di atotessei mul at es

the differegkhad inPbin U 8L A8Hhani&lEidralih. They are then repiated in high density cultures known
as micromass cultures. Briefly, the cell clumps are suspended at about 6 x 107 celis/mL in a
medium containing ~10% serum, and plated at 50 pLiwell {filling the bottom 1/4™ of each well) in a
96-well plate, precoated with a suitable matrix such as gelatin. After 2 hours, the cells will adhere to
one ancther, forming cell plugs. At this point, an additional 200 pL of medium is added, and the cells
are cultured, changing medium daily if necessary because of the high density. The chondrocytes
synthesize abundant matrix that cements the cell clusters together.

The cell clusters are then cultured with the mixiure of differentiation factors for a petiod
sufficient to cause selection or outgrowth of the desired phenotype (perhaps 1 or 2 weeks). As a
pilot study, factors are studied in functional groups —— for example, mixtures of TGFBs, GDFs, and
BMPs are made, and tested for their ability to drive chondrocyte differentiation in various
combinations with other groups, IHH, PTHIP, bFGF, and ascorbic acid. Concentration ranges for



| yornithine. See International patent publication WD 01/51616. Driving
fferentiation towards chondrocytes In order to direct the cultgung Xgwar ds
je chondrocyte pathway, pPS cells that have been initiated as described in
the | ast sect monosas@scul tured in a cocktail of chondrocyt e pdiriuk®rensi ation
ffctors. Alone or i n conbination, each of the factors may direct cells to
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pRS cells into chond rocg S is ance ers.
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They are then re

cul tures. queéﬁ*q"’(}'emt1ﬁ%“%§1 ?Ooﬁi uR}Es EH?V eé)’d’%‘eﬂié’ﬁ?ﬂ%’ﬂ with HE LGP THI R ‘°f6‘7d'??é€| s/ niL
in a ned urrhadntyts melifegatior] @Rkdiferetiigjonand pl ated at 50 pUwell (filling the

bottom 114t h of m&bnmlchc}ndroﬂy@ obaﬁem&drdw@lt@th@,strﬁé@mtcaﬁlam kidh fopakibid abl e
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that cement syith ewth @lclorsGlishsds s RinliRUPI MM Ector 1B aR&buik! usters are then cul tured
with the mxture of differentiation factors for a period sufficient to

cause selection or outgrowh of the desired phenotype (perhaps | or 2
weeks). As éﬂmﬁwﬂﬁ@rs are studied in functional groups - for
exanpl e, m xtur eéel@carﬂ?&%ﬁcter%fa%vor@r@% %ﬁr @B@n&%nteﬁé‘*hﬁe@ﬁérﬁ%cmﬁg their

abi 1t y to ¥are no? Pmlgag o m%roscoplc observa%on of morp%tr)]oglca] features 'Eietection or quantitation of

expressed cell markers, functional criteria measurable in vitro, and behavior upon infusion into a host
animal.

Phenotypic markers

Cells of this invention can be characterized according to whether they express phenotypic
markers characteristic of chondrocytes,



conbi nati ons wth other groups, IHH PTH P, bFG, and ascorbic acid.
Concentration ranges for -10 - 6 JUN 2006 WO 03/ 050250 PCT/-USG2¢ 390 2006-
initial testi ng are 10-100 ng/nL for BMPs, GDFs, and TGF(3s; 10-100 nM for
PTHr P, and O.MO#¥SZS0m\i for |HH. After analysis of the celRCI/UE%¥HIMI ng to

t heir phenotypic markers, as described in the next section, the groups
unnecessary for "ReHCRIAEFY 3" @PHFFAAFR P8 LsetaR SREEE MAKYS PPhes WY APELATCHR oups ar e
di ssect ed idattibge:. [Ggkuresi aiel rizgp deredned onhe rbsence. of Afasty argichype bdollagere mathesng, a
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a cocktai l- Qr re_facto at .generate esir.e enot ype.
QG her i ganﬁ%e %F?"%%af] iaﬂ((j)_ [ %%:a'fmﬁ'arﬁar%% sn% hf’%g'%gacrr%a%flaeg%eab? g?nf ’_E:eg i tggy'gﬂ'gﬁgi der ed
equi val ent stotigindiggifa pansie shondoayn Rienaypegaiaster dyrivp theragepssian o eridechgids®| osur e.
Tr ansf or m ngngioowdibn. fAaable bscdiredesia(yl SkiEBE anthgdiésafoe thesy huois naspredd shoah
enbryoni c dgyel opnent and are expressed in the environnent of

synpat hoadr enal _progenitor cells Il et al., Curr. in. Genet. Dev.
4:517, 1994). | TR eolic [adipE. C&?@g}%%@%?%&ge@y é‘%‘%‘éé@?t?ﬁ“’@‘f’” FEPURYT oi d

hor none- r el thead Tipw inrednpcy{oFTRRNSRY fof Fellisertier markerg [or imminot@dchenitiy dorgkample88: 343,
2001) . BMPsoi aid cglis OWisBue sabidng]irdrirBh@Miar 8t dePBurb@Chakess. (L D¥rsipd Mékodiglibeved to

play a cent i S | Ugi-R9e.. . QL0 nation

(Fr anci o- weBet et el S RRRENT R0 e HgHOGuok bl o b ENTRIEET (|4
is an essettigeajs deiiep oh el 2 Apwicaty f9iegisla apeyns AT HeeY Wil bisgio &ejarigeat e
chondr ocyt en peterddaddénabriocyochdMistetor fload cytpmelry aBiag loptioGhily mriter xéfior3® e Oeils 2001) .
During endaghpagdihg Qﬁﬁt&ée‘d%&du@i}r} ahthRly SR il 8fjughtd N bdplin) Eling@NBbsEidiETr P ar e
believed to forma n at i ve feed aﬁkblpop regul ating tFle onset of
hyper t r ophi RYCi% PEH & SEY BRI E8ak ocyt es. Bone mor phogenetic prot ei ns
(BMP) are thought to be nediators of signaling pathways for the patterning
of skel etal elenents and _nechani sns for the induction of cartilage and bone
formation. (Hof f neanfpP&fl: Gpmmergigl Spurcepghfintibpsiyte Feppectiveciissee Magksrs  11: 23, 2001).
BMPs have been inpiicated as potentiat rnteractors of “the rHH PTHr P

f eedback | oop (M nina efr8d  Devel opnent 128Y#823, 2001). BMPs may very
well interact with I Hlfl and PTHP to coorgl nate 1c$1‘9é],g£ocyte proliferation

and differentiation. pﬁé—'%%ar'qeged chondroc?/ e 6Bt A red accor di ng to this

strategy may contain fpbiighaghoporti on eheddoR38M A2k cells. When this is
the case, the cells can be driven further'down the differentiation pathway
by culturing for an atgeKicadlagh peri od WRDhcahapHC@dytabr mat urati on factors.
Candi dates for effective cocktails of maturation factors include the
differentiation factors Has8t ed above, i nCteaiepn. pE#ABA43With growth factors
such as insulin-Iike owt h factor (IGE i nsul i aracteristics of
differentiated cells %@Ftﬁ%""‘“&’an be cga%;%r?%?ﬁef -H‘%E%%Pﬁg to a nunber of
phenotypic criteria. Thgggkiferia incl uggrohdita@ofskeio |imted to

m croscopi ¢ observation of norphological features, detection or quantitation
of expressed cell markers, functional criteria neasurable in vitro, and
behavi or upon i mfesipessitnmf tissae-fresilic gene products can also be detected at the mRNA Jevel by

Northern blot analysis, dot-blot hybridization analysis, or by reverse transcriptase initiated

polymerase chaln reaction (RT-PCR) using sequence-specific primers in standard amplification
methods. See U.S. Patent No. 5,843,780 for further details. Sequence data for particular markers
listed in this disclosure can be obtained from public databases such as GenBank.

To facilitate engraftment, it is beneficial 1o maximize the proportion of cells in the population
that have the characteristics of chondrocyles or their precursors, by refining the mixture of
ditferentiation factors, culture conditions, and timing and foliowing these markers. Populations in
which at least 5% of the cells synthesize either Type It collagen or aggrecan, or both, may well be
workable if the other celis in the population are inert, or play other roles in connective tissue (such as
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-ani mal . Phenotypic markers Cells of this invention can 'be characterized
accordi,ng to whether they express phenotypic markers charact g'lj ﬁtﬂ]qﬁ of
chondrocytes. -11 - 8 JUN 2006- WO 03/0511250 PCT/ US02/ 39090 >‘/ I

"col'l agen and wggeean can be used as specific markers for pegluk@sbddat nodel
articular cartilage. Cultures are also screened for the absence of elastin
and Type | tuodblasigenmesesihiadl selof Popliti@tsiecrichal tb the agiet whnd of ledt 25eadf thelcage,

respectivel grmmg&te%weﬁﬁpgﬁeou%emr %ﬁre%%@@@@m&%ﬂ.&%uﬁ#é%&% Plontek¥pe X

col | agen and osteocal | c_car

ertro
respectively, wi rag%LU? &pm}'ﬁ?i‘f"&saiegt"ﬁ 'grcﬁ?i'é“i’ FFPGFEWB%Ht '89‘?‘@" ﬂeéﬁ%feylﬁe
gener at ed dminimirg Tt'ﬁéb'hi}' @b thesesl papuitione lsdiowh elagiic adartilape ribrofatiizpat hwserrophict abl e of
comer ci al | yarigaiah@bdre. amikinkamd Bs thorofoRes 6 U@ AhEsnl e icBlagdOWe Xbel ow.

Ti ssue- spec EJH%PB?] rB?EeJ,fcf?o%ﬁcur? ARnd& qugotnﬁ‘)ﬁ%{tﬁﬂ] é%?s' 1&9 ?sgﬁ!%snﬁéf' :p e?e@b& ble|5WH§"°({< 19gi cal

t echni que - OW | mmunocyt oc sur ers, or
i mrunohi st ofHefREhy )Pof“f"ﬁr“”e&@ﬁﬂlcé?"agerb?r ?995?@’1‘1‘ Cleps hap 1%4- s S5 Jekas @) for
i ntracel | ul aspuigtione @il a purésitue pnapediar @ undffecbetiatad pPE catist Hroderfed porulattns aeyt onet ry

anal ysi s i Sicpythi18£8r 6.5 GOEA-2CREOCt AL ved br posifitle R dxpPdsidr! G @ndodfH: telbifE@SSi on of
a cell-syrface  antl. en is defined as positive if a significantly detectable

anount of, rev?r?eﬁra g 1 bind to the antigen in a standard
| munocyt ocheni st ry or flow cytonetry assay, optionally after fixation of
t he cells, ammla!nmpé!bmahén;s using a | abel ed secondary anti body or ot her

conjugate to anpli Pos I bl ources of specific antibc dy ar
shown in Table Gf'ﬁlﬁ’ie@g int C%Wﬁreqe& %WB'EB@E@?%?S fﬂn‘?'“’%bﬁ?"“f‘"&?"@d% B ve
Ti ssue Mar kefr el mpulaygrcfytowwl Faridage | aad) egstoreT jpiié funptiop g [aalipsh  REppatitulioncd| | agen
El astin ;Cstieadeye inctiohddh RaeRkd 38 RardharistfRhedGinal oddB758 Chem con, cat

# ABT61 RO, CaFtllot exmmeg;g‘cgr:ll‘g@%nducga%& gr}nodgﬂﬁ V\?Jﬁlc}e‘@%%oles are put in the
external ear of the rabbit, leaving the adherent skin infact. Matrixes seeded with chondrocyles are
then implanted, and the animals are monitored for hole closure (ten Koppel et al., Biomaterials
22:1407, 2001).

] Alternatively, full thickness defects can be created in the weight bearing surface of the
medial femoral chondyle of femora in rabbits (Grigolo et al., Biomaterials 22:2417, 2001). The
wounds are repaired using chondrocytes seeded on a biomaterial, or pulled as a multicellular
aggregate from the micromass culture. A membrane such as a piece of the periosteum or facia may
be used to fold the implant in place, or matrix implants can be held in place with surgical dart. The

i full-thickness defect allows biood to seep into the site from the marrow cavity, creating a clot that
contains endogenous stem cells. Rather than the medial chondyle, the work can be done with a
defect created in the trochlear groove. This is a non-weight-bearing site, and implants are not
dislodged as easily as from the medial chondyle.

Histologic samples from the treatment site are examined 1-6 months after surgery for

i | population with the implant cells and cartilage deposits. This includes immunostaining for Type I
collagen and aggrecan. Important morphological characteristics of the implant include cartilage
thickness, smooth articular surface, and integration of the implant and endogenous cartilage at the
borders of the defect. Long-term stability of the implant can be verified at the 12 month point.

As another option, a partial thickness defect can be created that doesn’t penetrate the

i underlying bone or marrow cavity (Hunziker et al., Clin. Orthop, 391 Supp:8171, 2001}. This type of
defect serves as a model for ostecarthritis. Another model for osteocarthritis involves injection of
estradiol into the knee joint of ovarectomized rabbits, causing loss of condyle surface congruity that
resemble the defects observed i osteoarthritis in humans (Tsai et al., Glin Orthoop. 291:295, 1993).
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st ai ni ng posuntiffarentifited cdlly [ire vilrd, € dd baigpemd egairsy grvetals,in givo.| ©ps wahafindedRting Al so

desirabl e ar ﬁdﬂf&?éﬁﬂh’tle@&térﬁ) eals Yibrh he@oduawnr.s% krghdfake 1R RP@E&tOh @ﬁh @\‘Fector in which an

(L)mgi%]: fsgg?t : thegor gg%e unﬁer ion?rol ol?g Sw%&%ﬁﬁjat Pa(l).l €5 rpretferrantlasll eg‘greessm I SR (?rentn ate]d cel?s or

t el omer ase ‘r"év@r%séh‘% F’%{%TSE’PWE‘t‘”a%Eéhe %T WPm?Fﬁ’delheéﬁffé‘-ﬁgﬁ@n'P%V ‘G‘a @B‘H@'i Yerabl e
i nt er est f orguiteve! sapingtchads gdvomdsrexcart psteho Mhe bffcniocaby Bpiletily dtid Ohel @1t he

abi |'i Ly tOf &a@ddlng RGN, Qr&ﬁcmt:9a%‘éﬁl’ord?@ﬁobio!s@gﬁ‘chaag‘éasfp%t %z&uia%lé?tc:efn!s'é?c“ on
in a hos

Tl o
02 host. | REGeURL bl Sy Ol GRABLECSH Bl IO AR SRLELNI AT
usi ng a nodelpxiq qﬁesa&mf@n egerfghapst. é4ch A an aiisody pr émﬁ@cfr)uge@@vm is @ RPrPESTSimiipx
rabbit, | eavihyagditehienaad gy gétle, shith causdsatelis inMatiidhi X &S expegsteidioet dusepmidibocy| es
are then '”&h%ﬁ%ssﬁﬂé&%s@% nmrf@Aa%ve@rﬁe BRSRok %ne&ué Jeu Qma@e glpg§yaneof Gten

Koppel et al ul | thickness
def ects can fo@‘%Peé%{F@a“‘ "ﬁ“ ?‘ﬁ'ées\?@i Cﬁﬁstth%éeé{?rf ?‘ij‘"é’ﬁ"‘f eéeé’gat%df ﬁ’te%’éyp FH?&? e Penor al
chondyl e of warally eecirpngraalioiiy ig VigeGUP SO PUR588574 ., Bi omaterial s 22: 2417, 2001).
The wounds are repaired using chondrocytes seeded on a bionmaterial, or

pulled as a ggilof dG&hdohbdh research and clinica therapy

This invention provides a method to produce large numbers of chondrocytes for a variety of

important research, development, and commercial purposes.

The cells of this invention can be used o prepare a ¢cDNA Ibrary redatively uncontaminated
with cDNA preferentially expressed in cells from other lineages. The differentiated cells of this
invention can also be used to prepare monocional or polycional antibodies that are specific for
markers of chondrocytes and their derivatives, according 1o standard methods.

Ot particular interest are use of the compositions of this invention for drug development and
clinical therapy.
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"aggregate fromthe mcromass culture. A nmenbrane such as a piece of the
periosteumor facia may be used to fold the inplant in place, £OfUN RdGr i X
inplants can be held in place with surgical dart. The full -thl ckness def ect
al l ows bl ood woosesmni nto the site fromthe marrow cavity,pamnsatiiong a cl ot
that contains endogenous stemcells. Rather than the nedial chondyle, the
wor k can beldgepmeaningh a defect created in the trochlear groove. This is a

non- vl ght - bear g chl! & 8l hiPLANSSRE % Boken ) BLOGET 38 HARLL YnaiS [ oM

t he medi al chon rg re exam ned
1-6 nmont hs e dé@?d@PSﬂefcﬂoV““ﬁ'SﬁﬁF%P %H’Wf"ﬁ"" PW@"‘PWF‘&HPS i onglfigns

cartil age deposnituationfth® afiect tel edbharactomistive sdf ehofhi pigpniirosyteTyipeurdols argbmkgen and
aggrecan. | gRaddsat. nor phol ogi cal charact eristics of the i mpl ant | ncI ude
cartilage thi clﬁness ration

i mpl ant and endo%gnoédcgm%arp%g cgéi”néﬂe"f%@e ?5(5”6}'83? gf?}ﬂﬂ ? eée @P%Eﬁrad'qwﬁg t erm
stabi | ity ofsegieserenpl fasiers deh PI9BOG angiFatiendinigt chpmfeocytes, rah Rfomolgatrelteratigisangin ot her
option, a pakhiedincd b bitiesgesdie iedglert amulee For eamel, thatatd mematidn enebr at e t he

under | yi ng gug\ﬂtﬁ ¥or tQQ{\éoC@/%JdM%(l H\nt%'cglﬁr in GttoRht Wellg id3: the?' éeﬁaﬂpmn 2

Supp: S171, serves, as or ost eoa thritis.

Anot her nod &gt CB%”[QEBQ{'EW? taFcé’rdi'”H\Pcﬂeﬁré‘@e Fhsrad | LlS‘Her(Ef’“”'ee%‘f’Féfd’if BEft o the
knee joi nt &his Gu&edtimprpedderivatiobprdsutuauriiongndt owsfotdPSalene Prendrenyiea det

congruity thﬁ&hondr@@grbhcﬁhglmgdﬁtt,@%ﬁte@maw@gei n esteoarthritis in humans

031 050350° Pty USSP aRIRE 15 10e SR o mishyp oy R LA respe R,

of the chon(‘i‘l“ﬁ@yﬂ the pyliplAR ﬁf&ﬁ‘s‘?h?ﬂd“’f’lftﬁ @“‘I“h\?é?ﬂﬁ’%?]o’kﬁéwge?r éﬁlﬁb’g‘i"%?ﬁ“éﬁge
proljferati dnthiseed eictils.carl be debinedwih testremp@pds it dite, and hagsct of Yre canpolre f ur t her

enhahced by o} QHBE %?dsél&h dr BRtnRyiRhes@tan b%@ét@r%%@sﬁqers@r\éé{ r@%aﬁ 585be @brleltf @2e ( TERT)

in the cell asi n n ogenous gene,
or introduci ¥_| easur%'l? thegffec{1 09 ihelsomgognc} qn‘?h % hawgr c{f 8'6 Felll.:s nan aﬂlmalcné(;[rag1 yt i o corrponen t

of human tel orré?‘%ﬁiéCf€WER‘P)h°d5m’ @ﬁl"ﬂ%"f‘i f?iaTP Fﬁt@*ﬂﬁ'ﬂﬂ @Jrﬁ’aﬁ’fmﬁfiﬂ"@ﬂ’t‘mm&ﬂyp‘i‘sc ation
WO 98/ 14592 for a potaiital €ttt axnchamitbeg proet Sdedsiopdfent, el oRiEty.a Jeis itype htisopsenioglsl S | S

ggf] g[ ' bg(]j- h]@-lpﬁfaﬁdgggwtagnlﬁlwhen %@' &%&Jnd 4/ ge%ﬂ@d 1019% @Waﬂhwrcﬁteff@& Onh'll\'lglt?-l'

S C
expr ess o BTG FRGnEr ot ob v, R et sy SR GRS cal
st ai ni ng fG?S'QHEFER'PP”EBPWP@GP?C@'QQ'W/@*E@QWP&W, according to standard met hods.
O her met hods ofThi reaoertisaxkbiezédigneraiglolii® sandardibsimoic tmiiter dtiaiieid Phaadautas!

transform ng, ée!;»& Cﬁ&ahém.wptr&s%%e% r?%tem’gﬂsototi@ §¥é’egsrlu§1¥ 9€me Lt b)geN, or
MOT-2 (U.S. 97/ 32972

and WO 01/ ﬁ%’@%‘%“} p“"‘\"?a"aké} ?%Cgﬁm”f"%i‘ege&"é?w ?V‘g‘f‘*s Cﬂff‘@""i‘ﬁh@grﬁ’t'fF'S?f'a‘c?gﬁg"Bé’ BPepar ed
or further fvesignewtht e candisple comprind. feiree Aloperpiel cembihdion ryitlyjotherodrugsr  the
saf eguard agméstifior taseinbaBiySchirge \H %O mofigy\aaref pitaglel bitghctidiaidichviesient i at ed

stemcells ﬁﬁeeg}. Rhfaﬁs Qmwg@}é 109 eoapé,uﬂd {csradaﬁefd%ﬁ uﬁt#asfe@(%yb%nsq;aa@a §ih & vector

in which hat causes

t
preferent. e SePEd) B AR AR 6 PGt 5 Ao GETaU ik i Sbserv’d chaige

Cytotoxicity can be determined in the first instance by the effect on cell viability, survival,
marphology, and the expression of certain markers and receptors. Effects of a drug on
chromosomal DNA can be determined by measuring DNA synthesis or repair. [°H]-thymidine or BrdU
incorporation, especially at unscheduled times in the cell cycle, or above the leve! required for cell
replication, is consistent with a drug effect. Unwanted effects can also include unusual rates of sister
chromatid exchange, determined by metaphase spread. The reader is referred to A. Vickers (pp
375410 in *In vitro Methods in Pharmaceutical Research,” Academic Press, 1997) for further

elaboration.



- such as the TERT pronoter or the OCT-4 pronoter. The effector gene may be

a reporter to guide cell sorting, such as green fluorescenth &i n. “The
ef fector may yReeflisf8Ft!y Iytic to the cell, encoding, fop ﬁ}ggmgl,@" a toxin,
or a nedi ato (12 apoptosi s, such as caspase (Shinoura et F Cancer GCene

Ther. 7: 7390h03@&9aes:n'5hﬁ:aﬁfzefr@@tor gene may have the effect of renderi ng the
cell susceptible to toxic effects of an external agent, such as an anti body

or a prodrug. BEXBR{VENION 319 provides fopke userphrnandn °‘tV1‘?>PFﬁ°EfF?5é?e'[€|aﬁ%1‘§%" tefivajivegene,

whi ch causetw reah los réstrentartitdge-ctntdiringerpcds badhl tsbudheessio scpgtienit bl eeetl @f such

ganci cl ovi rméréb?Sl\kn@%%ﬁén %arg tﬂrﬁaﬁrrrréartdf\fcﬁhynobﬁnvena@fbfe%ﬁ&uereaanncﬁﬁébs@ cel |
surface expressi on ob ’ nant rralggml V%/t n o

revert to af andiFiedy gr?fm‘éstg'é‘fj %‘ﬂ@n%’f VP é'Ug(Q,se bcleé T & "WETR gﬁ 187 (%cur ring
ant i body i ncopsidered (fenysaImeD o Segergmatye cowé@n%ﬁuqls-rﬁéwerpwmvegnd ieymadpicariptiis and
clinical therapye i iusction\pesviding thaPihe printheSpatol bt dGshgli: G i$ amgrentmunber s,
of chondr ocyl&g.ofda. %q%é%ht%?ﬁau? thrﬂR;B of ﬁgtceirseO?W filbni oﬁi%’reéo%%? Ol erg
comerci al poses. F | nvention can use ? are a
cDNA |i brar 5‘3"}"@9 Qt'tl”{-?‘e'!"%?e‘h‘ﬁéﬁrﬁf’r&ﬁﬁ Heprakpscisy Rep ACTRGAC Frereiveie PP V’S&Pﬁr essed
in cells'fréam Birgee& H.J. Meaige MosbhéadBdok eéfnTheaVeed by dlikosy Gbad Hias, DavilvRent i on

can al so beGébﬁa@QulﬂuQrepﬁ@aéadneYB@Q@P'JQJG&'169&119049%' onal antibodies that are
specific for r’r%rhkers of ¢ ond Xt 232N hei.r derlt%(or Eu}/nmmsmaccord| ng to

a o onc be prepare tion ina ceil
standard met hodS OHPORE TIE Aot oS8T " P8 8™5F 8sI'ti ohs of this

i nvention f %’PPGGWH’QUW\}@PW?{'FQ%W if pEcessRIY afsing ﬁ@hlﬁwg'ca“lﬁpmpﬂt'bt? e3UMEP 006 WO
0310502511 RCaxakipie? &3 HdBaic Dnadurs edresining NMy2s hile gergdntysin Glulfdtd (0 ymoMeN2.0 b can be

used to scr %ﬂm&.rarn @. @BMM 7 %%‘ﬂ'.q_'fhs@o?bmsé%ld\(ﬁ)%ﬁmuﬁ BB bioBPLepsrbrils SiulSiSn
pepti des, ?I ?{Q}rcﬂfotr envi culture

condi ti ons "But a?q 6’?+) PH%{\Q 1&? F'é"é'f"""tyﬁe" %‘ﬁ'ﬂ?"éﬁt,'?'bPméetdr’"c’s‘thda'Bﬁeﬂ
chondr ocyt ecapilage isrepwmared wilida napt saceed homehhaispt eisadhesive rejerdior igans! auch pPs cel | s
(undi f f er enidcarRAlble fibrinngidd. atedcutitt® cﬁoh&odsl'ief(feﬁf anfahﬁﬂahoékcrﬁame{ﬁhiogm emLe used

to screen fé’bﬁth%% ald}Pdo P{o@ @P&ﬁrog?és}‘% Oy 'uRdeP m%%flaglr%]%%t dity a culz? g&%@m For

prolrferatron an mai nt enance rocytes I'n

exanpl e, 'cafd®ate maturation factors or growh factors are tested by

addi ng them t o @éérhadivatyy irdichérelroeyiés ane bresaredaay dirdwing ron cierhamhniomief.goraagmple,

phenot ypi c &ha%g:%uég&aheﬁa@rﬁw eSmmAEIaRN iRk dfadd® HatrRDh& &6 biddnedirdhPE.f UT t her

cul ture andelisg, Sl kNEuGShla: » dlPUte 680 SRt d IRLPIEL, fSidniaby pppand

culture rret%e' ondrocyt es

and their protpen] ?’E'P'gmr %’F‘%& %’@efyr wﬁmcaoaﬁf@rvrea‘@& '03%%'[‘3%&'5 giehipP dhej aea e use of
chondr ocyt edamagedivedisgs @ing ladicedmatile mhestanltie argdrieredper alatigemaitdiadce lmae t he

potential tgQnafd %& sGHRRACH Qfiodt 6r (ﬁﬁﬁabé/r'ebé(r hefd id {hed ébsareéueoroésor%&aw trhgooe
r enodel i ng '(éart

conpoun ds i rev?rP %‘?hé taro?%ére%gl?%hﬁqro&tm[?ﬂw?a%n ﬁ-‘,ﬁt)ﬁheregbora(f\ionm? he%esrgn ancr' use
of resorbable caps and matrices can be found in Intemational patent publication WO 01/08610.

As always, the ultimate responsibility for patient selection, mode of administration, and
" choice of support structures and surgical options is the responsibility of the managing clinician.

For purposes of commercial distribution, chondrocytes of this invention are typically supplied
in the form of a pharmaceutical compaosition, comprising an isotonic excipient prepared under
sufficiently sterile conditions for human administration. For general principles in medicinal
formulation of cell compositions, the reader is referred to Cell Therapy: Stem Cell Transplantation,
Gene Therapy, and Celflular Immunotherapy, by G. Morstyn & W. Sheridan eds, Cambridge
University Press, 1996. The composition may also contain a matrix for keeping the chondrocytes in
piace during the first tew months following therapy. Absorbable biomaterials save the necessity of -
subsequent surgical removal. Besides the collagen matrix pads described in WO 01/08610l, other
possible matrixes include bioresorbable polymer tleece matrices (Rudert et al., Cells Tissues Organs
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on gene expression or protein synthesis can be determ ned. The screening can
al so be done.in.viva by neasuring the effect of the compound gm figh

behavi or of the cells in an aninmal nodel. O her screening nethods of this

i nvention reha@os@st he testing of pharmaceutical conmpoun@€T/UB@r39¢0 pot ent i al
effect on chondrocyte growth, devel opnment, or toxicity. This type of
screening i $7- %8P bPﬂag‘["@a%%""ﬁHﬁ/(G\W@nett 'ea'm’é'ﬁﬁa‘a%g» A¥4); greage M ehave a
phar macol ogirgabohdif-heid¢-emsion-cabroladorek (Hbaia ot e orgirh! WasillofdeuSurg|58:367 2000)eatd f or
chondr ocyt esdigleatigHl nblridés €hd et BndfnaOMPRURES, desi gned for a primary

phar macol ogi cal effect elsewhere. The reader is referred generally.to the
standard text booTE"S"rlvﬁm\?? £ I?Oolm ({eﬁ%ecﬁssoqfﬂ's Wg%%ow??eggltha?%%gﬁ%tw,cmf&‘@adem' c
Press, 1997helamanuigoigre. digitiieiien. 57680 TSB! setssepmpdsreny canfbingling ohwpioyinery celif
candi dat e phaueRestdstibal inampedRde, gengiial duynd MiRbes yeo oitdiifdichgiet RS-
differenti akaded ghil RorBlarddibs VRO Widod aCANThflah CofifFRBH NGy ©F L her
alone or in combination with other drugs. e 1nvestigator determ nes any
change in tH'é"ﬁﬁi?i’tﬁ‘ﬁ‘ﬂngaf?"sﬁéPW@rd'fﬁf?éWE?%fﬁ'b‘}’peérSWWE‘?Si BAEe NecEPGPTY™Bf  t he
cells that Eshablttyrelhuthebdtiamay be pdrieagedingetiendr if eepapmcetlaingrd in thersemesfadiidgdorcel | s or
fﬁ' I's treat gﬁdh‘_{%ﬂﬁh Eo@éiionsj, RRddr c@ﬁif&iﬁ@ﬂﬂﬂé’km@?ﬂi{ﬁ SredicfdAt Bﬁi’tié&{) %riﬁg?@b@fnﬁaﬁgt_ of h
e conpoun e 0 r change. oxicity can be determined in e
i ss O ot areelbiislo. 1hE oRPRG of 96 1RRAD B ool Paketd ¥ SSORPE SRR DT 1 0 1
t he expr essoien FRIMEEE 3 deairek SPeosgnich aciep fespnstruckiyy o dany cerflags of Fasge¥n
chr onosonal siddy. can be determ ned by neasuring DNA synthesis or repair.
[3H -thym di ne or BrdU incorporation, especially at unscheduled tinmes in
the cell cycle, or above the level required for cell replication, is
consistent with a drug effect. Unwanted effects can al so include unusual
rate's of si sterTheghilediratsr ai arrseriategeat thel Byasrion car bl Mepifpdesspniiises’ wpinead. The
reader i s refppmiesioh, Wdholt deMariigaion tHedpirit oBthdindshfion| dt thelsBopé iof thedaphridbmtemsd. N
Phar maceuti cal Research,” Academ c Press, 1997) for further el aboration.
-15, 6 JUN 2006 " WD 03/0502511 PCT/ US02/ 39090 Chondrocytes in clinical
therapy This invention also provides for the use of chondrocyte precursor
cells and their derivatives to retain or restore cartil age-contai ning
nmuscul oskel etal structures in a patient in need of such therapy. Any
condition leading to inpairnment of joint nobility may be consi dered.
Included is danage caused by percussive trauma, and sports injuries. The
cells of the invention can also be considered for treatnent of degenerative
conditions, such as osteoarthritis and rheumatoid arthritis to restore |ost
function, providing that the primary pathol ogy causi ng the degeneration is
sufficiently well controlled. Al so contenplated is the use of the cells of
this invention for cosnetic surgery, including but not limted to surgery
of the proboscis. See Aesthetic Reconstruction of the Nose, by G C. Burget
& F.J. Menick, Msby Year Book 1994; The Nose, by N kolay Gogol et at.,
David R Godi ne publisher, 1993; and Yoo et al., J. Uol. 162:1119, 1999.

}
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Chondr ocytes made according to this invention can be prepared for
admnistration in a cell suspension (using trypsin or coll agerﬁaBJél 1H096r
necessary), hysi ol ogi cal 'y conpati bl e excipient: l e, an

i sotonic ned:’é‘ﬁdm&goﬁzt gl ning 1.25 nL gentonycin sulfate (70 PCE@S/%@W

anphot eri CI Bmkodimgnip B10thé layentioh. ib b brobec@8Lm fubikdiciar it 41BQ0nUpp® Ybnendedtridifhs bI ood
serum or ﬁ)cl@ag%e\{‘:ﬁflaﬁ% (to 10% vol /vol) in 300 nL. During the chondrocyte
transpl ant at1on proce the danaged cartilage is covered with a cap
secured by nechani cal or adhesi ve retention means, 'such as a bioconpatible
fibrin glue. 1Theca pbiuatiedobtdiren dy difsrerdiatng blirsate plurippianissEnapPS)eeltsi pivdiab atf about
0.6 mL contai niRPsRRPHe b é&ntﬂa&@e%ﬁtﬁé@@‘!}ﬂé@lﬂoﬁ’e@)&n e Egiglre@hr?%ne% URdgdnotshe
covering cap using a -23 gauge needle. Alternatively, the chondrocytes aré
prepared by grdfig on a matrix forned, for exanple, using a collagen
menbrane (commercially available collagen matrix pads are avail able from Eq.
Geidst l'ich SoEnerhe S popettionadglaimA, fremictl 68 thae hi Rree tercaRSIhtAdRze ofdlis, TWHOMt h
nmedia i s excha Xci pient. During surgery, the

chondr ocyt e ceIrlﬁgﬁ%‘i(aoagsgﬁ&kcoﬁ ?rgglf)dg%g u@d into the area of danaged cartil age
usi ng a bioconpati bl e adhesi ve. The covering cap or matrix remains place for
a period of %iAwl sekiiaioshined by difelediatidnerimae pitiitbmutsieme(pls) celis argh caiséshen
absorbed or resgshedt B bR @olRaMiin 2 h&HinsaX BERhmal Woddh bfkclined b Rofplr &&i,moNnt hs
frominpl ant at |é)0matengls %51§4r7(?2|0@1b0r ation of the design and use of resorbable
caps and matrices PGERd i n I nternational pat ent publication WO

01/ 08610. As al vvays, the ultimate responsibility for patient selection, node
of adm ni stratiopopuativel of ehmhmwtw;ﬁrogaauummmt pedifetats v es inawieb Qibwvgiobahedot | ons i S

t he responsi bi ld!fte)énﬁéftlngt ﬁ?ﬁna@%ﬂﬁﬂitéﬁgﬁ&l\ toPE)CRNanalcalanie \bf fgﬂﬁr%%rdﬂény%mec' al
di stribution, chon nvention are typi cally supplied in the

form of a phar rfgﬁrgg‘fris%%loﬁﬁ%?%%‘gc%fnéﬂ conprising an i sotonic excipi ent
prepared under sufficiently sterile conditions for human adm ni stration.

For general @ iTheic@ilpepuidtion sMedineiisatomphidngmast dbn O wakiferelidedppipasi'ti ons, the
reader is referred to Cell Therapy: Stem Cell Transplantation, Gene

Ther apy, and ar | munot her apy, b Mor st W_ Sher i dan eds,

Canbr s dge " Ut viEp SP{RpopiBE 8 oGy 65 SomEecs bGP A A SE BT mat r i x
for keeping thee@r‘ﬁeﬁmsewégﬁﬂfﬁ) at pi glevetedilgyslng the first few nonths foll ow ng
therapy. Absorbable biomaterials save the necessity of subsequent surgical
renoval . Besi ot her
possi bl e mat rfi’@g%?‘lﬁpoﬁ&éﬂoﬁg?&y 2%8 bﬁ%w%hﬁgﬁgth%%dc%n%% %)sll!(i:nes g” %ﬂﬁ?ert et
al., Cells Tisste¥ Pﬂf'asﬁ@bfi’%m”@eﬁsuN 2006 WD 03/ 0502511 PCT/ US02/ 39090

167: 95, 2000); hyaluronan derivatives (Gigolo et al., Biomaterials 22:2417,

2001) ; sponges. MA@eel fdpMBoRS kithdrsihiBb tiflerBiRsd ded Poptiaith @l a6 ipRBeing Chianga at al .
J. Oal Mxill qﬁ%d'f@gﬁt%ﬁd@%‘*79%’5‘6%9'%#“%%b‘aﬁ:'% | agen-fibrin matrices

(din. Exp. Rheumato Is 1nvention also includes sets of

cells and ot her conponents that exist at any tinme during
9. A methaod for obtaining the cel! population of any of claims 1-7, comprising differentiating the

pPS cells, then culturing the differentiated cells with a mixture of chondrocyte differentiation
factors.

10. The method of claim 9, comprising differentiating pPS cells to form embryoid bodies.

11. The method of claims 9-10, wherein the mixture of chondrocyte differentiation factors
comprises one or more faclors selected from transforming growth factors (TGF), fibroblast
growth factors (FGF), growth and differentiation factors (GDF), bone morphogenic proteins
{BMP), hedgehog proteins {HH), L-ascorbic acid, and parathyroid hormone-related prolein
(PTHIP). '
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i their manufacture, distribution, or use. The cell sets conprise any

conbi nation of two or nore cell populations described in this disclosure,
exenplified.but.not linmted to a type of differentiated pPS- derfi Vidtlldel |
(chondrocytes, their precursors, subtypes, and so on), in conbination with
undi fferenti aved3p®8ocel | s or other differentiated cell tyE8S0¥EMEL | nes
sharing the sane genone. Each cell type in the set may be packaged
together, or in separate containers in the sane facility, or at different
| ocati ons, ungep metint falpragficinoheartizgaecomptsing yncghatindi ¢ eeleprpuletivhiof clews dHari ng a
busi ness rel at iBsBhdRionshMHRrefie N BdpBlatRh synthbsizel BMEMMbONcAIRN BRbdaR! | Y
packaged in a suitable container or kit with witten instructions for a
desired purpose, such as the reconstruction of joint cartilage or cosnetic
surgery. i TR2 SlARMEeRULicah BREpPOGfiqn| fon pI9RLsRs-afeRAiIt TRl PABIETAY SAIIRSNIN CRA be
nodi fi ed as a nairpesingotie aebpdpiiai®n obyimami-Ziak plgsiplogidatvivounpatithe padidenng from t he
spirit of the invention, or the scope of the appended clains. 6 JUN 2 O8 -

WD 08/ 115025Q  PCT/ US02/ 39090 Enbodi nent s, of, the invention to b fed
I juri sl ct S mareE Gl PAP &R e N BT = e Aot

following. 1. Avigcel|l popul ation obtained by differentiating primate
pluripotent stem (pPS) cells, in which at |east 5% of the cells synthesize
ei ther Type | 0, e r oge e cel |
popul at i on of “cliartfes, Qe #Eakli B 30, BRHOB-RONEs SR edl
elastin, Type | 3eyiqtigy @psynicaiseof sariage FompapPnis fiomptnd Serapinitarhe apmpounet wihy
popul ati on obt aihmeel pogulatief ¢ eligrst It 7a teteminipg anyehenojybicion metdbelirtchartgenin (hpled) cel | s,
\é\hi ch gagsgs challhtroﬁ‘ 1 reBuitGrdATbdAR! @mbihdaiitd tre dgmg&dﬂ% zin? c&r%%u@mimaJa?ga?del f
escri bed by Koppe , [ : - ion o
chondr ocyte pr oglgmnta%iri%a?%actc’ m@r“ﬁ%?@? %%%%Oﬁocé%Srlo"r?h\/clq%%egnagm’ @tf?@%g t ai ned
by differenti ataage BB pl uri potent stem (pPS) cells, and capabl e of
form ng progeny having the characteristics of the cells of clainms 1-3. 5.
The cel |l popyg ahinRho®br rédomdiriEing cottilage YEubiSd REMprRRS alihiABerdhdadmdibkanrrnt i at ed
pPS cells. 6. Tpe‘ﬁ g%taliongpgé%sa”on of clainms 1-5, conprising cells
genetically al t & 8P EG express tel onerase reverse transcriptase (TERT) at
an elevated level. 7. The cell population of any preceding claim which has
t he sanme genoneUssctak @4 paflatighadordihg oeladis BT inntbé prepanddioy oina ceditagentded | s. 8.
Two cel | popul aft@Buctig@aMEdeSh AGnfe differentiated cell popul ation of any
preceding claim and the undifferentiated pPS cell line fromwhich it was
obtained. 9. A nmethod for obtaining the cell population of any of clains
1-7, conpri si*%gu‘ﬁﬁ qffr@p@mopggtpﬁecop}q@g to claims 1-7 in the preparation of a medicament for the

treatment of joint trauma, arthritis, or osteoarthritis, or for use in cosmetic surgery.

19. The cell population, composition, method, or use according io any preceding claim, wherein
the pPS cells are progeny of cells obtained from a human blastocyst.

| 20. The cell population, composition, method, or use according to any preceding claim, wherein
' the pPS cells are human embryonic stem cells.
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pPS cells, then culturing the differentiated cells with a m xture of
chondrocyte differentiation factors. 10. The nmethod of claim9, conprising
differentiating pPS cells to formenbryoid bodies. 11. The net ho? rg | ai s
9-10, wherein the m xture of chondrocyte differentiation fact oris U ri ses
one or nore factors selected fromtransformng growh factors (TGF),
fibroblast growth factors (FGF), growh and differentiation factors (CGDF),
bone nor phogenic proteins (BWMP), hedgehog proteins (HH), L-ascorbic acid,
and parathyroid hornone-related protein (PTHP). -18 - 6 JUN 2006 WO
03/0511250 PCT/ US02/ 39090 12. A nethod for producing cartil age, conprising
i ncubating the cell population of clains 1-7 under conditions where the
cel |l popul ation synthesi zes either '@pﬂMﬁ col l agen or aggrecan. 13. A

phar maceuti cal conposition for producing,' repairing, or maintaining
cartilage in vivo, conprising the cell population of clains 1-7 in a

physi ol ogi cally conpati bl e exci pient. 14. The pharmaceutical conposition of
claim 13, A well lppiputationr oistaimgdabyradifférenfidting isslated pgiondte dpluripotent sterd IpP8)

met hod of sg¢reening a,co d.for its ability t dul at e chondr ocyte
groveh, . GRH%.dn aHiIFe Bt dFRk otk < b cells shthesizd iqiDgE T4y b RelAten Condaresamg
conbi ni ng ¢ ak @RBS6 Ul ddhe the cell population of claims 1-7, determ ning
any phenotypic or tabolTc changes in the cell population that result from
bei ng conbi ned with the compound, and correlating the change wth an

abi | i t y2ofA pbpulabop of diffarentiatdd | clle abtaineld dyydiferantiating adlifé exf gmimatei on, or

synthesis of. cartila onents. 16. A nethod of reconstructing cartil age
'n & subj ALiPoIEiSEET KoPSEIRRR e prifHie. @St Rart <@l SYSIERG 10t BPIEURG | at i on
of cl ai ms chordrotyte IiHe8gekelidie cel | popul ation according to clainms 1-7 in the
preparation of a nmedicanent for reconstructing cartilage in a subject. 18.

Use of the cell population according to clains 1-7 in the preparation of a
medi canent f or whieeeintatdaasteb¥ of theodifferentiatech cells sknihesize eitheostypeallt hriti s,

or for use_jn cosnetic surgery.. 19. The cell popul ation, conposition,
met hod, or*® i%e"a(irc?#%g‘?\ﬂ] fr ma%e%(?oegce@&fjﬁ&el??'ai m wherein the pPS cells are
progeny of cells obtained froma human bl astocyst. 20. The cell popul ati on,

conposi tion, MaLRQherin tﬁé%yﬁf‘e%?hﬂ"tﬁw cofhpiB¥s e sl o AndiffaieRtiatdagpesn  the
pPS cells are human enbryonic stemcells. - 6 JUN 2006 CLAIMS 1. A cell

popul at i ofebsframwhich yheidiffeserdiatedieelisgvereqiradecedor i mat e pluri potent stem
(pPS)

3. A system for generating pancreatic hormone secreting cells, comprising the
differentiated cell population of claim 1, and the undifferentiated pPS cell line
from which it was obtained.

4. The differentiated cell population according to any preceding claim, in which less
than 1% of the cells synthesize elastin, Type | collagen, Type X collagen, or
osteocalcin,

5. The differentiated cell population according to any preceding claim, which causes
closure of a 6 mm hole within 2 months in the animal model described by Koppel
et al., Biomaterials 22:1407,2001.

6. The differentiated cell population according to any preceding claim, comprising
less than 1% undifferentiated pPS cells.
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cells, in which at |least 5% of the cells synthesize either Type Il collagen
or aggrecan from an endogenous gene. 2. A popul ation of differentigh&ﬁ
cells obtained by differentiating a |ine of prinmate pluripotent st gﬂ@
cells in culture, as part of a systemfor generating chondrocyte |ineage
cells, wherein at |east 5% of the differentiated cells synthesize either
Type Il collagen or aggrecan from an endogenous gene, and wherein the
system further conprises the line of undifferentiated pPS cells from which
the differentiated cells were produced. 3. A systemfor generating
pancreatic hornone secreting cells, conprising the differentiated cel

popul at orTherdiffergntiated eslbpemdationiaceasdingt tosamt prereding tlalmneompriging whi ch | t

was obt ai

b ecedi ng et sfnetcay et §8 EAleRS ERinerOR rRrbe heEE IR TER T,
Type | colalnmted'lqsel,x col l agen, or osteocalcin, 5. The differentiated
cell popul ati on accordi ng to any preceding claim which causes closure of a
6 mMm hole within 2 nonths in the aninmal npdel described by Koppel et al.

Bi omat eBi 4 nethod 4fpr QU@mmgs thehdiffgrantiatachcell: pepwation mseardieg de ap¥or di ng

to any pr %!)ﬁ;mc% o PS
cells. gﬁ%‘%ﬁ}&) IJT@er en?bfzﬁﬁ‘g mﬁn Fﬂ;g c'llljl'.lrlg‘t {l%eﬁ{ ?gj!:tg'?ﬁoqeﬂggt any
pr ecedi ng diffexemtiated oplis witing mnmjrés)fgbom:lrocﬁéldyﬁelénmm factoescpr ess t el onerase
reverse transcriptase (TERT) at an elevated |evel. 8. A met hod for

obt ai ni ng e differ iated cell, opulatlon accordln an recedln
clai m Qoﬂ%»e dapf Ffa"an%l GQMRES! g.edlfﬁ:fsn%mgsp%he@l 9 fa i) bryad
differentmahgg.cells with a m xture of chondrocyte dlfferentlatlon factors.
9. The nethod of claim8, conprising differentiating pPS cells to form
enbryoid bodies. 10.The nethod of clains 8 or 9, wherein the m xture of
chondr ot§.Teednéthedeftalaimsod or S attareincthemmixtge afrchondrovytee diffecdntintiosel ect ed

L G 5 ¢ i GRS o s
hedgehog gl[l“_ﬁrg fikrobiasd growtRI5Q6R & @rovﬁﬂdandoéi'f@'é}waﬂbﬁ faQbroEDER! at ed

protein ( 11. A et hod for Fgr uci ng cartil age, onprising | ncubat i ng
t he di fferb@neurmrabogemc proteins| (BMFnhe |mgtetuas ), d;.fasqoablmca @ndnder

condi ti O“Spa\‘%}ﬁ&r%.é H(?rrr?o‘?'!e—related protein (PTHrP).

11.A method for producing cartilage, comprising incubating the differentiated cell
population according to any of claims 1-9 under conditions where the cell
population synthesizes either Type Il collagen or aggrecan.

12.A pharmaceutical composition for producing, repairing, or maintaining cartilage in
vivo, comprising the differentiated cell population according to any of claims 1-8
in a physiologically compatible excipient.

13.The pharmaceutical composition of claim 12, further comprising a matrix that is
reabsorbed in vivo.

14.A method of screening a compound for its ability to modulate chondrocyte
growth, differentiation, or synthesis of cartilage components, comprising
combining the compound with the differentiated cell population according to any
of claims 1-9, determining any phenotypic or metabolic changes in the cell
population that result from being combined with the compound, and correlating
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popul ati on synt hesi zes either Type Il collagen or aggrecan. 12. A

phar maceuti cal conposition for producing, repairing, or maintaining
cartilage in vivo, conprising the differentiated cell popul ati-ofJdiels di ng
to any of claims 1-9 in a physiologically conpatible excipient. 13.The

phar maceuti cal conposition of claim12, further conprising a matrix that is
reabsorbed in vivo. 14. A nethod of screening a conpound for its ability to
nodul at e chondrocyte growth, differentiation, or synthesis of cartilage
conponents, conprising conbining the conpound with the differentiated cell
popul ati on according to any of clains 1-9, determ ning any phenotypic or
met abol i ¢ thehahgege iwitht Ae abélity ofpthp ubcmpaumd ttamodedate t cHondnodyte owtbirbi ned
with the C(}ﬁoul’r%@, and c nﬁberel a{;%{ﬁ 21 - 6 JUN 2006 the change with an
ability ofMeentaiRpoRfRYNiReSHaLe '@%I‘FBHWBEQ e growth, differentiation, or
synthesis of cartilage conponents. 15. Use of the differentiated cell

popul at y®naC i I e ] fi

ol came o T fetehaisd oo poplifiod atcbfliidifo oy BiEANE-Fin the

di f f er ent ipeepsdatiorl of poedicament feroeconitrugting cartijagsf incd sibjectl-9 in t he
preparation of a rredi cament for the treatnent of joi nt trauma, arthritis, or

ost eoar tis osneti.c sur The differ ntlated ceII
popul at 16secSiire dibientafed Gel ORNIRLOn 25o0iRg Lo dnyrel pRns S i e ¢
progeny of, é“;ﬁréﬁorplbtf a4 Wﬁédu&éﬁi@nfi fBPr{ﬁé‘ tPd AR Yot ¢ jOlrft8tra&?'ﬁ9”CHrfPﬁ|Y§e%ra”d
chondrocyte precursor cells obtained from primtée uripotent stem (pPS)

cel | s, sulosteparthelis, or fer uneripicosetelicsugssy.ri bed. 19. A met hod for produci ng
chondrocyt es and chondrocyt e precursor cells frompPS cells, substantially

ﬁzrgie:]gt?gﬁéo rg{.j%%ﬁi popula'lb‘o accor mgLito'a%?(lofcau%aHa é' wherait bﬁ'nteaprBé ally as

cells are progeny of cells obtained from a human blastocyst.

18. Chondrocytes and chondrocyte precursor cells obtained from primate pluripotent
stem (pPS) cells, substantially as hereinbefore described.

19. A method for producing chondrocytes and chondrocyte precursor cells from pPS
celis, substantially as hereinbefore described.

20. A pharmaceutical preparation substantially as hereinbefore described.
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