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established lines of articular chondrocytes. WO 98/55594 reports methods for chondrocyte growth
and differentiation. WO 00/27996 reports serum-free medium for chondrocyte like cells, comprising
minimum essential medium, growth factors, lipids and amino acids. U.S. Patent 6,150,163
(Genzyme) outlines chondrocyte media formulations and culture procedures, in which de-
differentiated human articular chondrocytes are grown in a medium containing TGF@ and either
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Jorgensen et al. (Ann. Rheum. Dis. 60:305, 2001) reviews recent progress in stem cells for
repair of cartilage 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:S147, 1999)
reviews current chondrocyte 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.
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Another embodiment of the invention is a population of chondrocyte progenitors that
proliferates in an in vitro cuiture, obtained by differentiating pPS cells, and capable of forming
progeny having the characteristics of mature chondrocytes. 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 preferably minimized, and any residual
undifferentiated cells are not the cells responsible for forming the chondrocytes upon further
proliferation. Optionally, replication capacity of the stem cells can be improved by increaéing
telomerase activity. '

Another 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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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. It 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

cartilage to restore joint mobility and for cosmetic purposes.
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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 population 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.



pPS cells are easily recogni zed by those skilled in the art, and typically
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Labor at“iﬂﬁéﬁteh@é”ﬂ%?ogeﬁﬁﬁﬂ@éﬂ%d 841l e the S@h&laiPdibng Harbor); Gene Transfer
Vectors for Mammalian Cells (MIller & Calos eds.); and Current Protocols in

Mol ecul ar Biology (F. M Ausubel et al. eds., Wley & Sons). Cell biology,
pr ot ei rGenh@hfeshnigyesand anti body techni ques can be found in Current
S)

Protocols in . Protein Science .E.. Col|igan et So
Current ProtEsREMERogn mo ‘Tgrc?ﬁﬂ}etfﬁ .a'§1. ge%ﬂﬁ ?@@Fﬂ@géﬁe %Pcr\%W%E?C%rG ns)
and Curediots gridelenit Cloning: A iabondorp ddentd. EamBaiok iegaln Cetd Sring éldbor); Betey &
Sons. ) .iRANeRESrs Rl WRHALINEELR (Rile@Rbadst sishOind Current Protocols in Molecular

Biology (F.M. Ausubel et 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.). Reagents, 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 Co.

Cell culture methods are described generally in the current edition of Culture of Animal Cells:
A Manual of Basic Technique (R.l. Freshney ed., Wiley & Sons); General Techniques of Cell Culture
(M.A. Harrison & LF. Rae, Cambridge Univ. Press), and Embryonic Stem Cells: Methods and
Protocols (K. Turksen ed., Humana Press). Tissue culture supplies and reagents are available from
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tissue Tof
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cul tur %nCPanltﬁ@fe&lé?hpléé”@d p}lmﬁiﬁﬁulmfeseﬂéﬁtawweﬁ lisdseiemBlybrsic ©6m e&lioy enbgoniger m
cells, as_ e>3rerr£}ex L lq|e9§ Q- The techniques of this invention can also be
|rrplemaqn{ ed>di ?I§ ?1 primary enbryonic or fetal tissue, deriving
chondr ocyt esTfGﬂ*PQ?mQIJ@S qf thigrinyaniioneqep alse bp énpleraenterhdictyryéth wamérmer@ryo'@'@ ohi ve
rise tQetanqtaglﬁuirdeﬁmge&owm&wstdlrédup$rbmqﬁmw ¢ HAG AR thé) fatbritier e iveaket cel |
l'i ne. C n}J ; }%ﬁ% b’ofﬁiﬁfee”i‘ Ce”I“ns can be isolated from
bl astoc gr{ P?’g%]r%’ 1St &5#abfishind gp il (U.S. Patent 5,843, 780;
Thonmson et al., Proc. Natl. Acad. Sci. USA 92 7844, 1995). Human enbryonic
stem (& sk $tém el be prepared from human bl astocyst cells using the
t echni ques descri bed by Thonson et al. (U. S. Patent 6,200, 806; Science
282: 1145, 1998ry@ier stem Telfs. caDdre .isoBiegl from B@std@sts fof membetg@) tharpmRsLsDESiet T et

al, Nature it %féls 7&@ ﬁ%%sa.@@pm Bty Vr@elne%a@eéa. bypes: 7@411 hBSs). calihsn
i ncI ude their %g i vati Vﬁ"@ suc (}Ker mlike

(EPL) Cegrqrxgmc erad F?p AREHAP Tohwe@g%%”{' cellls usmg ¥he echniques

described by Thomson et aI (U.S. Patent 6,200,806; Science 282:1145, 1998; Curr. Top. Dev. Biol.
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. Alternatively, 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: 706, 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
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furt her Sﬂg&ﬁm can be conditioned by plating the feeders at a density of ~5-6 x 10* cm™ 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 cell culture for 1-2 days. Alternatively 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, pyruvaie, and a reducing agent such as
B-mercaptoethanol. 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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desir edeM&f‘Qéd’é@reﬁ&élérh&ﬁs ar@bre@é’r‘é/&f ow h of the desired cells, or by
inhibition or killing of other cell types). These nethods are applicable
to many types of stemcells, including primte pluripotent stem (pPS) cells
descr i bipiialing thd digergmtiationquecesect i on. When derived from an established |ine
of pPS cells, the cell pul ations and isolated cells of this invention
will have thé '%énﬁypﬁ@ﬁﬂgré’f ddis tipyantion faatr any effigRNic Way feperer® e rderaion phi s
nmeans t érehdrocytesr framn dP&lbalisds aniyitidta dijfeteyitiom bintbe pRBickilseis ,a rohapadificonamsenal DNA
will be,pv n e hP I ng .t h .es,

whi ch o B AL AEb; SkseoRE RERCEER R IR Bl Suh" rRRRE R

undi f f eféqieNt3ix0fa¢!e"8e t hr ough the course of nornmal mitotic division.

Chondr ocyt esOhdaterhtve is freedusé mieaprsl clly bacerbmbaot toakhedagdregdidt r pduce a

L anS9eBEnle, 5Bl oPLuSRARACLPRURACHy B EnS bb bolf HhSSLER et hgve the

sane geno rom Whi C SInce a
vessels having a substrate with low adhesion propertres that allows embryord bodies to form In an

exemplary method, confluent monolayer cultures of hES cells are harvested by incubating in
1 mg/mL collagenase for 5-20 min, and dissociated into clusters. They are then plated in non-
adherent cell culture plates (Costar) in a medium composed of 80% 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 B-mercaptoethanol. The embryoid bodies are fed every other day by
the addition of 2 mL of medium per well.

As an alternative, the differentiation process 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. Another method to initiate differentiation by plating the
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mani pul at ed genetic elenents are preserved. Initiating the differentiation
process It is a hypothesis of this invention that an efficient way to
perform tWe odesizs@at i on of chondrocytes from pPS cel | s i sPCo/tUSH2/89094 e
differentiation of the pPS cells in a non-specific manner, and

si mul t amelffeshijated PBS g vehtd pustabitieg stimelateni the alffietbntiaioh pragessh such as
chondr OglofiniRE Cadd ihterrlidrbficRt hiblda0h Wiard:@ners e al ternative is to cause
t he pP l's to form enbryoil d o | es or aggregates: for exanple, by
overgrow h of a donor pPS cell culture, or by culturing pPS cells in

S uUs pensbDungi diffeeartibtion @owavdsschehdodpayi ng a substrate with | ow adhesi on
properties that allows enbryoid bodies to form In an _exenplary nethod,

confl uent mOAGIERFdP disent ther @lursrlowatds e chandigerepginpaktRES i hﬁhhﬂj’étqeﬁ@ in 1
ng/ L ciatidieg anawscribed |r5t-h30a8113@ct10ﬁl’a€b cliltssacih at edtkianiod chdndsb@e slifferBhifiomr e

t hen pl op; t g 1AL '

comosei SF o B e BBy j}g gicH i i S LPtitert e SRA M,
bovi ne @@ﬁdﬁ?ﬁv(er@ﬁéhwaauswﬁ@p ﬁ%eélﬁiWWﬁ @ﬁhof%oﬁﬁﬁ%%@ﬁlﬁ% iinpibit gravifbof ofer ds, 1
mM gl ut @mtypes, & énnaMfdchharﬁdrmtscnetahtamlfashBhe |Ef§brﬁd](hbébsb@¢ltc€8nc®l?§anﬁade every

ot her df?XChQXI m r?s%ltlﬁg % 0510 d?oc?‘tfes geln en? Fgan?rg 6rH?r 8 ?lraatvé% the inve Aﬁtlo%n alternative,

the difféeren I 'On® process-’can € I nl uring in a non-
speci fic di f@%’\dé‘iﬁﬁ @mmnerb%pfaﬂie ghqndfosvte @hitigreptiation pyix im@ﬁ%ﬁw@rm@gugwft aci d

(RA% Oifa&brﬁﬁéiﬁﬁ&la@lﬂdml'ﬁ@FBZ(dQW@):B:B nflﬂr&ﬁas@glﬂotercht&E é%@&lallﬁlﬂ/@%@gd’roﬁmg ggd to
initiate re I on
und 1 eTafthirasas Pasd aPre oMbt faod (Raral Fip o REs g CorT)

di f f er el awdrpipgpnio egsins {espbcialy BMFL2, yBlYIRH4t BMRPeh, BB&R6|and 3MiAT), dweddehpat ent
publ i caérbt@ms @@?&M%@aﬁ heddehdd, NeH)di- éécefb%%idaédmréwm ﬁi&msmerafe@%tt&é I'n
e

or der t culturetowar s.t PS cel |l s that
e, el i YOG RB ORI PRE (S OBt o ahcammeoid To Aot
cockt ai fronDB&BISastdnacwnraamlrSW entiation factors. Alone or in conbination,
each of the [facs ﬂ{rp%tHE%M o@"tﬁu@%erﬁ&l hat lthQ p@'dfﬁef &rﬁg}kl.@tﬁctee%dttﬁb% reEJEﬁH?Qr ocyte
pat hway, cause oguigrowth of cel Is W th hondroc enot I nhi bit
growt h dengst ?f’e‘?'fferﬁ"gia fiony krpered s G EWr’P%‘Wa?tﬁ” EW'P%%%&SO Cﬁa'{?ﬁ@tm@ﬁ'%sm on:
it is nbt snesepaaritil timnddges siffardtiaitre factves; PRSI calis rcers betdutiged as @bgraghtocyt es
e NG o€ 5 o fls AAE T roh® BAGAICE ohlire AN Rl o HRNARL o EQIRGTAN S Of

t he chon roc rentiation m x I ncl tran ormn% ctors
(especi ¥y Srfta:efgﬁ% Preigepto AbRerheithedie, Pointgy thegnitialed agassaeles RecdiRogresated
( especi aldlrgpldiesin @ niddhnodinasiting srhigtaketof taeidate,fadtés- 2) , growt h and

differentiat r

Tor phogent ¢ 'L%'%?aﬁé%séiéfﬂéﬁ Roiiop B o e B SR nlonondlies s,
hedgehojhansesif selisarg é%é%?'&%"?@ Fﬁﬁoa?n priviepafSls mltmlusteds By be rertartitel.  and
par at hyweep thelrolisTrneddoietdnedingrat euted aloRd tieBhthwal tare desired mi’eﬁkftﬁfer ed source

(I\)/{ nerI 2;'})& F?:m%%tglyf){he aBSre&étQ%Ells a?éTB&Hyn ggpa?atgd ﬁé’n?d yﬁr% tlﬁg am L(anogg‘rote stens,

such as trypsin, or by mechanical trituration. They are then replated in high density cultures known

as micromass cultures. Briefly, the cell clumps are suspended at about 6 x 10" cells/mL in a
medium containing ~10% serum, and plated at 50 pL/well (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 another, forming cell plugs. At this point, an additional 200 uL 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 mixture of differentiation factors for a period
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, PTHrP, bFGF, and ascorbic acid. Concentration ranges for
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It is a hypothesis of this invention that the. profile of signaling factors
and their receptors change as differentiation proceeds, and the resultant
cell popuwatmsosesare al so changing with time. To screen perarsn?/a4090
chondrocyte differentiation factors, pPS cells can be cultured as aggregate
bodi es ifiim testrig aresiotlioorg/nflr fonBRIPS, GOFS, atal/ SGFEs) 10-400 o doreP ThirRaeahd rainge! of

differ % f&tlf-lﬁﬂ A?t%ﬁgrfa%/s{s%rf tﬁehc%lls &%?@ﬂg tos{hgf? ﬁ’énoépﬁ npa{rf?érg)%gld sdA}Bec?iﬂcleb of the

time points, e 1ni es are egat replated in a
medi um nesrReationi e JEPURS R'tﬂ?ﬁ%sséﬁy fo Fereotiatien @ré@’t"ﬁ'lnéted’l"’t”dlﬂ‘se '@P%r@”bgrﬁﬂf’ﬁ(?f%ey s
of thi sdidgsBat@nhioaReit in@ividell EdricpBnts. aAfted Bevefal pdrSicbie) d Mininidl cornftnad muxtyreds i s

glnng?g(ras Hﬁpecglcoptaf'%r § keﬂ?tlculapf opgllfﬁécktalil%f E,rgcgr'n?d?e H‘%r engeﬂg afos!ife ¢ he

cel rom dedi ating, and
rout ed debiradgphenmdypgat hway to the deS| red phenotype. Accordingly, the

aggregat e cebths 1@5@3% %hilﬁbd@@lﬂﬁf b Ethe 8INB Gedaplotsdahni BaGoasTEIEY equivabhtotiease
such as tr trituration. They are then replated in

ic
hi gh deqqu%/tﬁe Eeﬁ?qtffr"gqu?ﬁ%%e& %&f%‘ OWESs cultures. Briefly, the cell
clunps are Suzpémed atowabda@tors Retd OTGEB) | reguiate | variqus ngs@paiIn & oAMBVRNIhg - 10%

serum %OQOM&E gch &b e?&es&% the érfvlr&ﬂnﬂerr\gofts?@pﬁﬁédd%ﬁhﬂdréédﬂlt&ﬁzel%ilﬁﬁan wedll ) | n a

96- wel | | at

hou\rNg QLEe%!?gI 95‘2‘%(:[%" ﬁéﬁ r1884t I StS’H‘@ Sﬁﬂ%’f’f‘l d"ﬁﬁfr89Lﬁ%ﬁsge)i?éqgf'o'b?fd’&athyﬂ';t hi s
poi nt, rarmaddilhied paltei? (FOrHoP) (Bhtedardt alm) i GellRivisicl, 188431 2081)c AMRs anggeowth

cul tur 6913 rdﬁfgﬁeﬂgétfag AR e@"mﬁarlexseuecedl@%?%%m@e&@&ﬁﬁg QfeldidiRndbicl Thold&ﬁtrSI ty.

The chondrocytes _synth matri x that ce St [ I usters
! oges hapnt (Rt (el e ebaia el TR R 2ot L. Jedon PAEn hseehiecign o &

differ ee'stsdzrmhuoompbraant ofr reedhanot@angaiactioo domglert foi stimelate dhondreayteepraidraon (@ ebr

out gr OV\%I J Hiolt Bﬁerﬁ%rsgﬂboo E@(ﬂ?t 59@19@3@&{%9&&]osgflca%oﬁ‘@\ﬁg§cheteA053|§haI90MI-Pt

st udy actors are functi ona n'F , mXxtures of
TGF 3s, andpidirP gl beligyed todfogn rﬁaﬂ%gat"&nf&e‘i’bé‘é'f @prrﬁgu"it'ﬁ%lﬂl’e amset P QyPedroaRs ve
chondr omﬁar@nalohfoebmwoayte@ NBdnl mogghoganstic protetnis NBIVIPYaTs thalugth toltdreedigor wps,

| HH, PTH P, b r f

081 05028 e 2B Pidhifo 8 uSeerBRERALIAD AREARAS T nahh 0
and TGHegiage 20d bow frmation- (ofigpapn elahdCu. 'ie"t EU@VV%@GF'&EXPFHH 23A??(E? %MB? ysi s
of the KR IbSeGEpIElea st porérial teRBRFOLY e CIHAEFTHEP Seedbackd @8p (b étralf he

next s eIS tv'elggrhetent h1(38 %g’l %oﬁp n%ﬁlﬁ? ﬁ%gx?rggvellqﬁtglja I W I'H@lt %n rIg tc? Lédﬁl% ed,

and t he nt o helr conponents.
After s@w@qr@gytqqr@lm;@tloa@gddlﬁerﬁﬂt@tiqm conponent mxture is determ ned,

cont ai ni ng %H@déh&%@hdrﬁ@@s@bta@ﬂéd ac&)QWHgtta'tHls Afatedy m3y c@lﬁtalﬁfﬁm@hfp&mbmbn? t hat

generates the eno i ni nd the
same r e‘gé)botgg? for 83' \&H%'ng i '?1 °83 ﬁ? ?‘fjﬁ 8?1’?@ a“"eg ur% fl Q,f%ﬁqS%.ffEQﬂﬁan h

| i gandspatiefag by edituriog ifer anhddglitionas périod wite Chmstﬁdﬁawrﬁ@?fgfﬂ@msh Q’aa@tiaﬁ%for)et a
(TGH(3) etfebiib cadKenilY Bf hé’tU@n@'ﬁB&% $oRfie lﬁ@@’ff&%ﬂﬁa‘ﬁon feirl iieBBRdve AR Bordbifation

OO0 B O Ve L VLY Sl oo Cor CeL s (vl e

regul at es expressi on of parathyroi d hornone-rel at ed protein (PTHrP)
( Pat edegn flotciistios of dif&htlatddR¥@d ol . 188: 343, 2001). BMPs and growth

Cells can be characterized according to a number of phenotypic criteria. The criteria include
but are not limited to microscopic observation of morphological features, detection 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.
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and differentiation factors (GDFs) are believed to play a central role
during skel etogenesis, including joint formation (Francis-Wst et al.,
Cel | Tisswe 0Re02i1296: 111, 1999). Indi an hedgehog (I HH) i sPam/USex3®nd i al
conponent of mechanotransducti on conplex to stinulate chondrocyte
proliferati aypd Wiolaen ard. aggrbcarBtanlbe uitean spadifi: I85REO for28iBlihat modeliargular
endocho&(%q[ gje @LﬁﬁPefs' é?élta\sgrﬁcrete}‘%ewgﬁfﬁeeib?&cé'o@%@lg ar#d"ﬁpeqr}gllaggﬁrn%rl@er@ of

bel ma negative oop reqgul ating the onset
hyper t reasH ?,a”"%ﬂef 4r@rf@mcﬁﬁ'tag%rfe%5’r3°tl’!ﬂbnGP'B’tE‘?ﬁ‘"@g a'SSOQ?eSCFﬁ?P%@b@ﬁé’PFG@Cf)PBt ei ns
(BMP)  arype X lton@bh ah® obeodariH, aizpitess 6ifhypatrgphid daniflageadriavimyis, espectivhlg, wisittt er ni ng

of skel eLla'.nd.oat%”Eﬁf)ng?m%%@yﬁ%éa@pé Bbndefi€a bt Hhd ﬁpgreééém%@domsraand

bone fornat 1 onA mann e
2001) . tBNPéormhtzWe Apfgleln of spinmesialiavaliablsorrsiediesl fof Hiee AUMa SIaEerst 'ﬁéh?\'lﬂw PTHr P

f eedbaddgioloop (M n| na et al. Devel opnent 128: 4523, 2001). BMPs may very
well intera HHa d PTHrP rdi na eration
and differ enﬁsg‘?'sg'??mcdﬁ Q/é’& Oteﬁmte %8'(':1 g%u%a[%a 'ﬁgr( 918%é§a| CRL h% o this

strat eggwcfneg/ﬂowmrmnncy@chergllatrxpfuoomﬂﬁtlrfa@ﬁ m%erqapbmnmmw@*@m'%fy f\méﬁmpﬁn sis
the casgiixddhenssd t|s§ué3@&tlé?\@ 13F In‘d‘%lltfléﬂofr baitsueoamiRers diaf detii@nhétadd Bhflowpat hway

b |t f t t fact
AT P AR @%@lﬁ Biiok o PIoni 61T A Bodty Kiefrsfont AFpRRrpRE' S
di f f er eantigeatis definbdes positiveiifst Sighlfabﬁlv g¢te¢’tﬂbl© embin af arsihodywilt bindylodha #ntigerct or s

such asyLREHAE lrﬁ&lLIfrﬁ)cﬁf)&‘é’Fnﬂtril @PﬁoW cy{ohg:Q a@s@? obfb'“-‘n'elily aﬂ‘ter R8s HHRIdefd, b Of
differentiated cells

zed acco of
phenot y{hi¥adt Hifeg @ a'abei"ﬁ’es‘%ﬁof“?w F%f'bP‘i’Yc? éer FAHUogP o r?é?p"{;'qﬁ]?e?régd F) 8Snst'l’(?e
m cr oS cwopices disperificaintiomly afe showpindeldgiical feat ures, detection or
guantitation of expressed cell markers, functional criteria neasurable in
vitro, and behavior upon infusion into a th'r ani mal Phenot ypi ¢ markers
Cells of this i { Jhet her they
oxpr 055 phonot ypI-Ee el K e 1 o
03/ 050250 PCT/ USOZ/ 32 210 Type Il coll agen a$oq'raggr ecan can be used as
specific markers for o % that nodel articu ®cartilage. Cultures are

al so screened for ce of elasti | | agen, markers of
el astic cartil age gﬂ% %Eﬁ%‘ﬁé’h Che W:gn XP?QIW%

ocartil age, respectl vé | tures can al so be

screened for the a gn,ccg”aggn Type X col haghidnandy asfegocal cin, markers of
hypertrophi c cartilage and bone, respectively, which could |nd|cate a

transi ent chondr ocy )%gm%g,gype gener agmideal RDRGOL N@atitr 0gr essi on of
endochondral bone Tormation. A table of comrercially avail able anti bodi es
for these human mar kegigsths shown bel 0\@herhicos da-#saB2043 i ¢ mar kers can be
det ected using any suitable i munol ogi cal technique - such as flow

i mmunocyt ochem st ry Ostepcaiodd | - sur f ace Biveneki.clreshy. Irex, catirBi®0hi st ochem stry (for
exanple, of fixed cells or tissue sections) for intracellular or

cel | -surface marker sAggieodet ai | ed et hooTrend, £at¢hQ195-8050

The expression of tissue-specific gene products can also be detected at the mRNA level by
Northern blot analysis, dot-blot hybridization analysis, or by reverse transcriptase initiated
polymerase chain 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 to maximize the proportion of cells in the population
that have the characteristics of chondrocytes or their precursors, by refining the mixture of
differentiation factors, culture conditions, and timing and following these markers. Populations in
which at least 5% of the cells synthesize either Type I collagen or aggrecan, or both, may well be
workable if the other cells in the population are inert, or play other roles in connective tissue (such as
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cytonetry analysis is provided in Gallacher et al., Blood 96:1740, 2000.

Expression of a cell-surface antigen is defined as positive if a

si gni fi cawOlog/osiesect abl e amount of antibody will bind to Phe/tsatsgen in a

standard i mmunocytochem stry or flow cytonetry assay, optionally after

fixat i oforaflastshe ncasehahymalnelis) o poputatiens epriciedngtha pbiabeheee adeaso2iijalthacdls body

or ot he r iC
Eyn%%kélﬁ%ﬁ;w ||$H@a|gbﬁ % Ag@bﬂﬁ%ﬂ w}%rd HRdote QHn@aCfo%%H £Rnpf ?f%%ﬁ&t

anti body are_s Gomerci al Bources o ody to
Connect i ve TF¥siierapgific carglicajionsi 15i58R9 QotarHage regpreratiopoft i yariicHestieRB o cat .
# AB758mhiige kHe apility agaie CHEpbmMition eatorm A0 leartilagpe fidtocplildgag aypeRidbhiccat  #

RDI - CO_ st 3 Tech.
| nc. l:%n"%élr%@ng fh%e’c%g%@éﬁag% eg@gor@gt f?g@lﬁéﬁ %{g@gﬁ@e’? Cﬁ‘a eéq-ly% nﬁof
ti ssue- splaganf Pr@%ﬁ@C'@ﬁ%@@w in qoaminglonbis 156 IayeasRasaibie strefetsly ﬁﬂmHSe\?@Ihe by
Nor t her Bellb|éﬂiin|r€§1@béﬂﬁllesfor d'9;§e-lb|c@lfagé}ybrr b@bra@hl onlcaBaharsi B, Ako RisiraBMessSe

transcri e in |n I

sequence it o Bhigy o8 BRI O RBr FRACES B Tt sthislihe g

Pat ent es than 8%430r7B%- SEFEAfVE Heat- 4de¢ ar pasitivetay exmessiodaf endogenopatetometdsar

mar ker s revbhksirffdcigladehi s di scl osure can be obtained from public databases
such as GenBank. To facilitate engraftnent, it is beneficial to nmaxim ze
the proportion of cells in the population that have the characteristics of
chondr odyimeénmele)meifimerm ecur sors, by refining the m xt ure of

differentiat] ctors, cuylture condi |ons and. fql | ow ng these
mar ker s Poptl GrEBRER TterdineiorBet aise AP pBlcASoBlidnde i o091 hor
Type || occdll papehtiors gy aajtilage atndtrhstormylnv\mnbtldneln guinokta b Recanftitttioe abt her

celI's i phdhlge QIMEH&’:%E LA Sted &K sevé?él vd%ll @é’ta&ﬁsﬁ&f anfn?il RRaéi§ connecti Ve tissue
(such as 0250 PCT/ bro sts or .nmesench

cells). Poqu'é?E |96‘P\"§'"l§ﬂtr5| R P 'fqtﬁg Lﬁﬁ‘igrﬁ ”\R,Fl@r”é ch) G2t h‘ﬁ%fo/ﬁ%fp“fi’/l‘ h‘éel S
synt hesbegena iebihefrthd yabbit, | éaving ltheagribareotr skinggiaeic dMatrivesi sebdee with cleonarfotytesaare ous i n
a nunbe{het? mﬁ%éoe)%tnﬁ thcf 9 tag r& 5 %r&j %P%fe?cﬁ’&shfé”@enr ﬁé)p?)te{)&galt gloﬁ%{’eﬁ* hlg age
regeneratlon It'is usuainy esira eto mnimze the ability o e cell
popul at PBHOY PPk m el astic cartilage, fibrocartilage, hypertrophic

cart il age anaditdneiieely, Foli shiokeesasdeideat cahhte @eatpoiit tHenwafht behling siyfadehetsihai ng
Type | C i ation)
2Pas 1 BRI TR o SN EREReoR cASYF P Bl CobppBt Al 37 2017, Boi TS

posi ti vé’OLf'“G? aﬁ/;ﬁ%oalr?d é%JFSP &Q@Wr%‘vte%@@qdé@é’ﬁ a Giomagesial, oh RHlleflogs AIricalbdsr r abl e
are poﬁgdr@ﬁaieﬂfbﬁw e hricrémaRWules. Almahqbnah@mﬂhtas arpigeb ottiél pérfoee@n b fatie thapPS

cell S Foqd tﬁg%‘plgﬁ noﬂéscegéremef\tn la%ts% %e ﬁ%lp? ch w&%%?alﬂ'dartveme Gt -4

tve, pOS t or ‘expressi 0og eno rase
tr anscr fuﬂj{%@essquﬁhallowgd@qodég(p@qm ||fqtgmessﬂe 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 frochlear 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
) population with the implant cells and cartilage deposits. This includes immunostaining for Type Il
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:S171, 2001). This type of
defect serves as a model for osteoarthritis. Another model for osteoarthritis involves injection of
estradiol into the knee joint of ovarectomized rabbits, causing loss of condyle surface congruity that
resemble the defects observed in osteoarthritis in humans (Tsai et al., Clin Orthoop. 291:295, 1993).
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O considerable interest for devel opnent of chondrocytes for clinical
application is the ability of cell populations to nodel cartil age and
restore jwons/osazscti on in a host. Reconstitution of chon#ceasvE3fancti on
can be tested using several well-established ani mal nodels. Pil ot

exper i ngérdesic @ adifidadorca Aiffeahidediiinng a nodel in which 6 mm holes are put in
the external ear of the rabbit, |eaving the adherent skin intact. Matrixes
seeded wi t h anefr Heyeheadragyie PeRuaonsnefl Rist Bventioh hayma sHbsisaial PEigratighi t or ed
for hol @p@dlt@SUﬁ@esﬁré@rthé(@emnﬁtlorebapablty, caBi benfattiest iedhance@ By irbBebsing G@lipvel of
Altern | [ n 8 aring
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the engRgap ebRIndRMiiboay inl b (OSKI 01g3d5F)y. ansgene. Particularly suitable is
t he catal ytic conponent of human tel omerase (hTERT), provided in

I nternational Pat ent Appl [ catl on WD 98/ 14592. Transfection and expression
of tel odserdheln : gat the 'ed in Bodnar et al., Science

gr? :e?gg’ célgl isclahen Q]aélfg\gg%ssaelaethoé\{a produce Ia;[ge n%r%b&r%]éf chongrocyteGE}or a varlgty oY

important research, development, and commercial purposes.

The cells of this invention can be used to prepare a cDNA library relatively uncontaminated
with ¢cDNA preferentially expressed in cells from other lineages. The differentiated cells of this
invention can also be used to prepare monoclonal or polyclonal antibodies that are specific for
markers of chondrocytes and their derivatives, according to standard methods.

Of particular interest are use of the compositions of this invention for drug development and
clinical therapy.
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for hTERT expression by RT-PCR, telonmerase activity (TRAP assay),

i mmunocytochem cal staining for hTERT, or replicative capacity, according
to standawo ogesizedls. Ot her nethods of immortalizing cell PCAESIABWN0
contenpl ated, such as transformng the cells with DNA encodi ng nmyc, the
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undi f f er ent i latoad exhpls pPS celiC(ondiferéniigted ErRiitisted imit e ditferehitegiorO6aFadignpraverot er .
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ext er na as an an rod
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60/ 253, Btk en&btﬁ'e @eflls eLRERIHeaSvith Rest (%ﬁ\%@ﬁr?dg uﬁ\'ih% Ghé ﬂieféﬁbctbhtﬂé 8époliRd S

i nvention epr)]row chondr.ocytes for a

Vo T oty ShgeRt BineEion by PRl LR R e et TR GO ea DAk SRR g8 The
cel |'s oy ménsgringriheeeftecion treanompeundse thetbehqpice ptihe cells dTanimddmadgl. rel ativel y

uncont am nat@fler dehing PNMORE BftiE ﬁ%n‘tléﬂ leliteBtS HeQSSRE of ﬁﬁaﬁﬁ{cbﬁlcglrcgﬂb&}nagr
| i neages. The dlfferentlat d cell I nvention _can al so be used to

this
pr epar efOhd EteN i &ffed PP P%agro‘émt ?"?YS‘BP@%”"I alPxigve EpebPe P’E:Sqr%ﬁ”'”grfﬁr kers
of chonapapydtesnchnuhiyt tweerr titbe corapdund és desigredr @i hayet o [Faanatalogicaredffecdsn  Of

parti CU&r@Hdrbd‘y{egrméﬁnsQ«Fe% %ﬁﬁ‘a@é tb h@stth%ﬁg%lﬁéd tsfa'e%fbé’ié’ }‘tcbﬂ Jr@g drug
devel opnent I'1nical ther a@ 4 WO 037 050250 PCT US02/ 39090 Drug

screeni ?F@'Q’T‘?f’efo'b%l’rf@a%?’hﬁ”ﬁ?‘"é"qgﬁé ?‘ftﬁﬁe"&%’ﬁe be used to screen for factors
(such as solmentsder Bnetbired gapkrtyib thedtandsd texibpdk trediro Kethydlic Peoinbackagdal Or

envi r O”H%gér@ﬁ GOl PRs ( ?é!?f%h afid U%“' Batdn? 5%6@'1% | HZesshie n%ﬂh@%ﬁ)&t& Qp) that

af f ect characteristic chondr o precurso
chondr ogdpfigaie Phay ”@ﬁ@“‘é@ééﬁ%‘P@“”dﬁN@%@VI'fﬁ’o'ﬁ'ﬁmﬂ‘?f‘ﬂ?"é'ﬁ%ﬂ‘ﬁ Ceré%F“éth ceflstaf dtied i nt o
t he di fiheshaont with itencamadidadi @poardae eithés €lbnk Cor SE IcOMBInhtRGt WIthS othéradrugl. OTHé €

mat ur at i%'n?e@tida%tr %efénﬂingsr Qrfyyéh%%e i rth@&Qr'BP&lggprn%Je; Sﬁe%gfygé] o?‘rﬂﬂctional activity of
the cells that is attributable to the compound (compared with untreated cells or cells treated with an

inert compound), and then correlates the effect of the compound with the observed change.
Cytotoxicity can be determined in the first instance by the effect on cell viability, survival,
morphology, 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 level 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
375-410 in “In vitro Methods in Pharmaceutical Research,” Academic Press, 1997) for further

elaboration.
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mai nt enance of chondrocytes in long-termculture. For exanple, candidate
maturation factors or growh factors are tested by adding themto cells in
di f f er entwaeBlosn2send t hen determ ni ng any phenotypi c chamge/ushasopesul ts,
according to desirable criteria for further culture and use of the cells.
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recept onedieEf f ects of a drug on chronosonal DNA can be determ ned by

reasuri ng D%e?ﬁ’a%&ﬂfg rndufoﬁg@s' dre pEeﬁEﬂed tbp%%ﬁﬂcgln&m 8'm derméd”ﬁP%%%ﬁe{ 'on,

especi al | y unsc bove -t
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ef f ect sGeigiichadchie,| Sualzerb@dl NAISahadiayt dkR tRhsSars LR grodh RB®A Isdex@d@ﬁbéﬂ@ﬁa

det er i DSl JIBLAANAGRNLER0, WSoAEATEIcol Bl SEEET ed o Vhe SRy (PP

375-410 har mac Tl ca em C I ess,
1997) f &gmaued e3tipge wingirobiggdmpatible gahesim. ngﬁ@emzee CEICT TUABRYesB DS glace for a

Chondr Oﬁefb@Sf firfle Sliffiddnt & antm%ramm gb Irépar, rahar'e ihem aﬁéoﬂﬁzdﬂfr P3RS by Mk bblg USse
of chongroc F recu Aaln or restore
al

car i1 a SRRt HoTe b o BBt A Gty iR B kS
such t bigesabpble Apgs agimerttides nan kealdindgn Interiatipral paient puklitatjop VW O1@AHI10.i ty nmay be
consi dered. Adeaagedné Sitimate 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 composition, comprising an isotonic excipient prepared under
sufficiently sterile conditions for human administration.  For Qeneral principles in medicinal
formulation of cell compositions, the reader is referred to Cell Therapy: Stem Cell Transplantation,
Gene Therapy, and Cellular Immunotherapy, by G. Morstyn & W. Sheridan eds, Cambridge
University Press, 1996. The composition may also contain a matrix for keeping the chondrocytes in
place during the first few 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 fleece matrices (Rudert et al., Cells Tissues Organs

—16 —



damage caused by percussive trauma, and sports injuries. The cells of the

i nvention can also be considered for treatnent of degenerative conditions,
such as owDesas2britis and rheurmatoid arthritis to restoreTiuss2/3dosncti on,
providing that the primary pathol ogy causing the degeneration is
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pr epar edurgsty.grow ng on a matri x formed, for exanple, wusing a collagen
menbrane (conmercially avail abl e collagen matri x pads are available from
Ed. Ceistlich Sohne, Switzerland). A few days before transplant, the
growh media is exchanged for a transplant excipient. During surgery, the

chondr ocyt erreakiied 0a8Le d/rlﬂ%bfebiételtﬁar grle WRehtioRtsh bdYBodMcBs f[afmattgﬁdf%ﬂrﬁr% car t ' | age
matri x re

usi ng a bi,.oconpat | adhes;

for a t'm' a{?éf W'moffgdegfﬂ"f’q vl ?’%WF s’t"ﬁt Ozf%lagwe’ir’}%? ﬁ]ﬁ SCPRESE thepRyee Qﬁ 5 s t hen
absorbed or resorbed by the body, for exanple, within two to three nont hs
frominplantation. Further elaboration of the design and use of resorbable
caps . and matrices can be found in International patent publication WO

01/ 08610. As al ways, the ultinmate responsibility for patient selection,
node of adm nistration, and choice of support structures and surgi cal
options is the responsibility of the managing clinician. For purposes of
commercial distribution, chondrocytes of this invention are typically
supplied in the formof a pharmaceutical conposition, conprising an

i sotoni c excipient prepared under sufficiently sterile conditions for
human adm ni stration. For general principles in medicinal fornulation of
cell conpositions, the reader is referred to Cell Therapy: Stem Cel

Transpl antation, Gene Therapy, and Cel |l ul ar | mrunot herapy, by G Mirstyn &
W Sheridan eds, Canbridge University Press, 1996. The conposition may

al so contain a matrix for keeping the chondrocytes in place during the
first few nonths foll ow ng therapy. Absorbable bionaterials save the
necessity of subsequent surgical renoval. Besides the collagen matrix pads
described in WO 01/086101, other possible matrixes include bioresorbable
pol ymer fleece matrices (Rudert et al., Cells Tissues Organs -16
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WO 03/ 050250 PCT/ US02/ 39090 167:95, 2000); hyal uronan derivatives (Gigolo
et al., Biomaterials 22:2417, 2001); sponge nade from

pol y(L-| aw0Diodesepsi | on- capr ol actone) (Honda et al., J. O &CTNsx2/8900¢ ac.
Surg. 58:767, 2000), and collagen-fibrin matrices (din. Exp. Rheumatol.
18: 13, Fowogmenthpithe inyerition énbeaprageciing inudrisgictinms shap tllayemiitple Aepeoddnéelaims
conponechidé hatoneshgt at any tinme during i their manufacture,

di stribution, or use. The cell sets conprise any conbi nation of two or nore
cell popul ations described in this disclosure, exenplified but not limted
to a typel.of cdil pépsation phitieed pPEHerdwiningguimat pluripoteoinsiero R sellst mevhich at
precursors, |eashioy Reshe &Nd s?’ﬁh&ﬂlyeithé? 1508 BRLEPBr Widrbean URSH bf @h&REARLed PPS
cells or other differentiated cell types, sonmetines sharing the Sanme
genone. Eaf#®cell type in the set may be packaged together, or in separate
containers in the sanme facility, or at different |ocations, under control

of the sagerRNEd NGOG di (R AL inGHidnl AL Shat N 10P el g{}nﬂ\%§i§e eIE&*nfit\}pgr?s hi p.

The products of this invention are optionally packaged 1n a suita

cont ai ner of°IRgaN, WPEK collpgent X Rstep@lcituct i ons for a desired purpose, such as
t he reconstruction of joint cartilage or cosnetic surgery. The skilled
reader wilkl I : i i can. i fi : of
rout i ne SpfEanREA ol oy el MAR B A RRN R IR B8 TRAEE D,
or the scop&od¥e pha EAppdieeyitin g henths in fhe pgimeRmodsd Zserribes PYSoRREB 8080
Enbodi nent sBiematehals bnvanat 200n. t o be prosecuted in jurisdictions that allow
mul tiple dependent clains include the following. 1. A cell population
obtained by differentiating primate pluripotent stem (pPS) cells, in which
at | east459Repulatipe o ehergiragyiatitiegsnioss tipt preffermigpdn BN it gkrp solewe, ebtaingdcan

from an endgg&asRidtng GRS pldripotbhestéie (PPspamsllaal taabriof ﬁﬂrrﬁhgbﬂe%eﬂyrha\\%‘d #b |ess

than 1% of the cells nt hesize el.agstin, Type | collagen, Type X coll agen,
or osteocal Eqarrlacfer%tfcsﬂ?%%f:ﬁggr?k)éﬂinﬁg%On obtained by differentiation primte

pl uri potent stem (pPS) cells, which causes closure of a 6 M hole within 2

nont hs i ns t iR @NbERatiBPSlaife 5.8 dohPAsiYledsARPele BldifRtkentiate BhOSTBAIE 1 @l S
22: 1407, 2001. 4. A population of chondrocyte progenitors that proliferates

inan in vitro culture, obtained by differentiating primte pluripotent
stem (pPS). €hel ¢edf popwiatioo @p albimes 1BY, dowprisinyrefls ggretisallhaltarerhtoterpress telomerase

charact eri st &8e Pinstiase ¢TEmT) f afdi@afdl 1etai3- 5. The cell popul ation of
clainms 1-3, conprising less than 1 %undifferentiated pPS cells. 6. The

cell population of clains 1-5, conprising cells genetically altered to
express t&| Grecadlypopulateverf sasy preeatingrdayh,agvdch( NEERAY sabe génoalecasadnasbtdoisned . 7.

The cell populabihe 8hodshic RERCERAI Ng claim which has the same genone as an
established I|ine of primate enbryonic stemcells.

8. Two cell populations, comprising the differentiated cell population of any preceding claim, and
the undifferentiated pP$S cell line from which it was obtained.

9. A method for obtaining the cell 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 bodiés.

11. The method of claims 9-10, wherein the mixture of chondrocyte differentiation factors
comprises one or more factors 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 protein
(PTHrP).
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8. Two cell populations, conprising the differentiated cell popul ation of
any preceding claim and the undifferentiated pPS cell line fromwhich it
was obt aiwed3/om25A nmet hod for obtaining the cell popul ati ecTafSozsppo@f
claims 1-7, conprising differentiating the pPS cells, then culturing the
differentiated cells with a m xture of chondrocyte differentiation

factors. 140A mM&rod®F Resudihy ehrdiagd, LomBRITR ihsubBhgtiné feali §BbIRbh Y cBfme £¢l I s to
form enbryoi d _bodi gs. vé}l. The Imet I]od of cl ai msh9-_lJ.0 VmP}%EJel n the m xture of
chondr ocyt e 1o FEFERRS IS %GRe FeRoBy!aion pYhsPresthgPR I CRIGERN ¢ 209879 sel ect ed
fromtransformng growh factors (TGF), fibroblast growh factors (FGF),
growth amngl di piaRrRBLNAI coMpdsAiBh A6 plofleinl; rdRMRg, B RRREENAC caHifie®InGyo, ( BMP)
hedgehog proteins (Hg) L- gscorbgc am,d,ggnd ar%}h rol.d "hor nmone-rel at ed
protein (PHPRBFN hegelporyisiiense s85nsPcTg W%“&T@ copatinie GXCiPIR8Y f or

produci ng cartil age, conprising incubating the cell popul ation of clains

L 7 under s Contial RS ulthRIofblifonif ohinP PR HIA SRR OFidlk Bt RirddihrodRe !
col | agen or aggrecan. 13. ,R phar maceut1 cal composition tor produclng,
repairing, 8% maintaining cartilage in vivo, conprising the cell

popul ation of clains 1-7 in a physiologically conpatible excipient. 14. The
phar maceut i ga Sitd o] laim 13 furiher, c nl.si tr hat is
r eabsor bg% ﬁn'lne@?w éf%é.eﬂﬁ%%t‘%gg”gﬂd %ér'%e%%lﬂg t§_ @ggn%%‘ﬁn F%‘r)&?et giog'tt_)hlt’l ity

t o nmodul at edEHBH@IVE Pt YNGeIRiiFartiiage parenoaents. SEMBSINdSPMEiag iesompemdwdht i | age
clorrponeEt ? , the @appdpsiatigh & @raphai-Ngdetenainihg BROBHedoWbiE br métasolie ehdn_g&)iﬁﬁﬂeaieil |O|n of
clains 1-7, . es.in the ce
popul at i on’ PAETrEE) ReyARn BIRREh B Bl AELAIRARE S0 ReERY ) flrcE

correl at i ngWian By &e cpmpeundrio Bpdylate ghopdrogvtregrewhpditaientiedonnerdumteasts of

chondr ocyt ecdyigyatcdmpeiehiser enti ati on, or synthesis of cartilage conponents.
16. A nethod of reconstructing cartilage in a subject, conprising

adm nistering to the subject the <cell population of clainms 1-7. 17. Use of
t he cel | 1 opmetod ohregensypeling gatiloge Inga svbjedt. Gonipising edrpinistpsingatoi tomsubfecisthe

medi cament ¢dihopUlRieRBSIdiMSizng cartilage in a subject. 18. Use of the cell
popul ation according to clains 1-7 in the preparation of a nedi canment for
the treatnent of joint trauma, arthritis, or osteoarthritis, or for use in
cosnet i clsubggeefythe £oll parhiatiere k¢copstpauib atainom -7 dorippopreparation ofet medicanent fose
accordi ng t@caRudih@eRHAidadn alsghjgrr. Wherein the pPS cells are progeny of
cells obtained froma human bl astocyst. 20. The cell popul ation,
conposition, nmethod, or use according to any preceding claim wherein the
pPS cel | 8. aWse didireasell @abuigtioniacceedimgmo cleiniss1-7 inlBe 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 to 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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WO 03/ 050250 PCT/ US02/39090 CLAIMS 1. A cell popul ati on obtai ned by
differentiating primate pluripotent stem (pPS) cells, in which at |east 5%
of the ceWb3synshesi ze either Type Il collagen or aggreca&aTfusonswmm
endogenous gene: 2. The cell population of claim1l1l, in which less than 1%
of the cells synthesize elastin, Tyg&AIMScollagen, Type X collagen, or
osteocalcin. 3. A cell population obtained by differentiation primte
pl uri potent stem (pPS) cells, which causes closure of a 6 M hole within 2
nonths in the ani mal nodel described by Koppel et at., Bionmaterials
22: 1407, 206Tel nopulrtipophibined pynditéremiatingdirioeie wuripotegesiemndp@S)tdete, inpwhidhi dter at es
in an in vifhq Bl We%ell@@%rﬁl‘mé&?zg ealer §hé fl @6IRGEA BF h§iedtn! Rt Gn RhétgbRREeNt
stem (pPS) cells, and capable of form ng progeny having the
characteri st€s of the cells of clains 1-3. 5. The cell popul ation of
clainms 1-3, conprising less than 1% undifferentiated pPS cells. 6. The cell
popul at i | - SRR InSUH; I 2 [oC. 0 ress
t el oner ag% %eegée”?ﬂsog& I?tgogﬁbégrl pt é@;ﬁ;@@é%)th%tgi%?mee%ﬁ gﬂ%@él@gsﬁ?f T%E cel |
popul at i on B112¢aNaf ¥pg X1co8adeir ORteARE™ he same genonme as an established |ine
of primate enbryonic stemcells. 8 Two cell popul ations, conprising the
differentja : LAt on. Al -3 iEf.ar iated pPS
cel 111 et p.och el op Biolonfeh el Bl el ors ok iRl T
popul ati on @SUhF 86 BN Wihis 2 meilsy dhegnianet madel ifepatoph §Y terel gpg- cel | s,
t hen cul t ur Biogatehas g2:f40zy Zo0tj ated cells with a m xture of chondrocyte
differentiation factors. 10. The nmethod of claim9, conprising
differentiating pPS cells to formenbryoid bodies. 11. The nethod of claim
9, whereih fHePyiRtien B hgtdrashierrieasaarethal prolderaiesiimen dh viracubire abisingd ibges
one or nor edifiesitatisy Fedecsi@tholohCsiRrh (PSS ENE, N0 GagibRWE Forihng bRgsny(hAGY the
fi brobl ast ar.ow errlustfcg%h%seu éf}%)ns o ow h and differentiation factors (CGDF),
bone nor phogenic protei RS (s ) Hedgehog proteins (HH), L-ascorbic acid,
and parathyroid hornone-related protein (PTH P). -20 WO 03/050250
PCT/ US02/ 39920l pepulationBidifls {-8! copfpRélttibiandrarel ihdkefentige@BPS 84180 | ncubat i ng
the cell population of clainms 1-3 under conditions where the cell
popul ati on synt hesi zes either Type Il collagen or aggrecan. 13. A
phar macei-i € cad papdation iod plaimsr 1-praochpddinggselly gpmiically gliered tormpresaielimagse
cartil age i Rydtkd/PanschiB(TERT Gt i @evallevRopul ation of claims 1-3 in a,
physi ol ogi cally conpati bl e excipient. 14. The pharmaceutical conposition of
claim13, further conprising a matrix that is reabsorbed in vivo.

7. The cell population of claims 1-3, which has the same genome as an established line of

primate embryonic stem cells.

8. Two cell populations, comprising the differentiated cell population of claims 1-3, and the
undifferentiated pPS cell line from which it was obtained.

9. A method for obtaining the cell population of any of claims 1-3, 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 claim 9, wherein the mixture of chondrocyte differentiation factors comprises
one or more factors 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 protein (PTHrP).
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15. A method of screening a conmpound for its ability to nodul ate
chondrocyte gromh, differentiation, or synthesis of cartilage conponents,
conpri si Nyomakizee ng the conpound with the cell popul ati ecTafSorb@mpns 1- 3,
determ ni ng any phenotypic or netabolic changes in the cell popul ation

t hat resl®t Afpghedier rwgadg@im)pw@'@gw complising ibeppingnide cath@orwatiorlchrciaing t-Re
change W t Ond®Rcanaitibstwhe@s thé BEI fopiiRRH BphticRiz8shubatyBe A ROIRGEPENEGEre OV h,
differentiation, or synthesis of <cartilage conponents. 16. A nethod of

reconstructing cartilage in a subject, conprising admnistering to the
subj ect fheA pwihageulsal aemensition fel aiodwring, Bepaitilg, kswapfairtinge catibge popvd.at i on
accor di ng teorﬁdr@ingme%eﬁspéamameof@ra_@r&af-%lagmymog@camrp@ﬁm@éxcfp%t. _
reconstructing cartilage in a subject. 18. Use of the cell population
according to clainms 1-3 in the preparation of a nedicanent for the

t r eat ment4.0fTh¢ Piamhadeni@nahempasitidir of clai 13 furtbetoeogrigimy a tiagix theat isfreabsarbed inn
cosnetic suggery. 19. The cell population of clainms 1-3, wherein the pPS
cells are progeny of cells obtained froma human bl astocyst. 20. The cel
popul ation of clains 1-3, wherein the pPS cells are human enbryonic stem
cells. 121A method of screening a compound for its ability to modulate chondrocyte growth,

differentiation, or synthesis of cartilage components, comprising combining the compound with
the cell population of claims 1-3, determining any phenotypic or metabolic changes in the cell
population that result from being combined with the compound, and correlating the change
with an ability of the compound to modulate chondrocyte growth, differentiation, or synthesis of
cartilage components.

16. A method of reconstructing cartilage in a subject, comprising administering to the subject the
cell population of claims 1-3.

17. Use of the cell population according to claims 1-3 in the preparation of a medicament for
reconstructing cartilage in a subject.

18. Use of the cell population according to claims 1-3 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 of claims 1-3, wherein the pPS cells are progeny of cells obtained from a
human blastocyst.

20. The cell population of claims 1-3, wherein the pPS cells are human embryonic stem cells.
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