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HUVAN EMBRYONI C STEM CELL- DERI VED CONNECTI VE Tl SSUE
PROGENI TORS FOR TI SSUE ENG NEERI NG 5 FI ELD AND
BACKGROUND OF THE | NVENTI ON The present

WO 260740803980 rel ates to nethods of generating DGdAL2007/000046
isolating proliferative, non termnally
differentiated connective Ei ssue progenitor cells
fromenbryonic stemcells and enbryoi d bodi es and,

NMBIUMAN EVBRYONIG STEMEEhRASERV RIS CognsteinasrissUmr
cel | basedpkri@vitGEFFORSTISUBTHNESGIHING

applications. 10 Cell-based tissue engineering is an
evolving interdisciplinary area that offers new
FIEIRP ARG BA @SR PAS DRI ARIGGRL | Ons, creating a
Tl : amaged or |ost
t i sEhee predenh ibvaitiogi sddtess ubstiethotlesof Eorerahey tadg@eisofating
n transpl ant t he exceedi.ng nunmber of,
profii@n, 850 Sl b GLiereted, GBI E Ot BeoRg cels from
emBleY¥ Sk QTR el fnd nforfdig W died RRG] BREAFRRLALAY 0 En'eﬁx%g§ of
.engi heering conbine cells, 15 bioactive matrices an

usipg it celis for estlobased istppy end fissus enginesging applicationscul t ur e
| FEt . . . $ | “h
PS8 S 1 SR LR g

easl |y 1sol ated,

. nevpppparfueitis f@rclipiphapiiigationd, aeatizigl 2 wel fonecpairing and replacing

differentjation.potential. A nu r .of cell, sources
dale S B QbR Bl Tsiee s POl of i s
andCelld exoveliDf AiBbel bheiatib@ston Glaithed Astsd @Fdabt§ denchuibél Ghe
ray of matrices, either 20 biologically or ]
develpRpek o 1 {icles T hn dendameatalsoofofisie gaginpringeesibing a¢lls,
biokHG8 ABFIEHT KR %Eﬁfh%llf NZld %e/;s}{ BN 4o tRUP POL LB doulture
cel | attachment, mgration, proliferation,
congditioher eher dsjuenenginketnganélisatiusi be neasily deglhted, sufficient in

' ugﬁk-Controll'. stein cell proliferatian d ...
nun%k%e? $er entd atron? riokfegat}fﬁy C%Pélgﬁ et Bc%l Wel?'ﬁﬁémi%e H%Fefeéglamn
pottrtial. | danirbei 6ftdibsduedes B baea lstgdeied inclitiFTPROSryaR s and

rgrgﬁvt hhf Ctor%i)fﬁ nd/ or grow h c(gngi(ﬂtvj ons (e.g., . )
sterft el whigh asge . = Op .f}pqc.ﬁ emje o I[dp@ﬁgy ,of WAtages, either
biologRulAbLsynRtidhiy 85GHel At 8 ptdUid hbSndBMitA LuSdd @lee-
. trssue. Connective tissue repair ana
dimepyensér epvionmsnte subpeinEe el oattashmnat veigratbmar prioliferation,
oAt Rin clLjni . i cisne. e di sor .ed .
Sy o kB IR SRRl ) FAUHSERY som oo
prolieration anddditrdntiatien inte anysdesival &l ippe feq piraaieiddbifidabion of

chelsBliTE P e SR NI BT POk B SonBpodaE. Satic o

dynélhfca&@ﬂﬁﬁ% chiifi BONRRIEN flguilag: Db INPRES FioR Witd ¥heY desired cell
include the use of autografts, allografts and

ortigfuel f i ci al substitutes, all subjected to various

i it AL i QnS: Vi) e: t . cel | ts i.s li.nited
R e B KRR N AR
withis tchiocalnaaditing el Iydarhigalel(rjdr ?ﬁs_,o}i:dbréchz edrinebiiv @gh&ﬁ |suc:hI as bone,
ounterparts, a ou al | . senc mal . .
cartG g Pdone ReLjo R ReoRTaTto o FoplaRsd s o (RBHaRs irics
degh@RRive SOibddsts, tuMioft reddctidR0nd &ﬁgaliﬁﬁnﬁélmr&lgﬂiédsfngﬁfment

MF et al, 1999), nuscle (Mstrogi acono, Met a
stratpgigs ju regonpimelive Ethepedic augeryansludohe use afetitograls, allografts
agd leesuggtitgf’eg,fag]; gl%bge%/c%d {cl)gvdrﬂhg Li?rg{aagﬁ%ly :13‘%818 Sthe gse of cell

cnondr ocyr I o t1c or nyogenic

 grafurrdimiedtiryyoiailebitityemdombibédityh BBEhdtichphs gleesteopir@ntinrly

. ~as a . source of _cells for tjssue engineering. Their

inferipr i'Ioitﬁ?}r %@]%gtﬁ%ﬁ‘?‘in&c@‘?rfﬁ "ﬁﬂ‘i ?ﬂqe%g sel f-renewal can
potentially provide the required amount of cells
needed for a vivo tissue construction. In addition,
they are characterized by a devel opnental potentia
to differentiate into any cell type of the nmanmali an
enbryo, and recently have been efficiently derived by
10 nmeans of somatic cell nuclear transfer, creating
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SUMVARY OF THE | NVENTI ON  According to one enbodi nent
of the present disclosure there is provided a 20
nmet hod of generating connective tissue progenitor

WO 18959 he met hod conpri sing cul turing enbr P&TEL2007/600046
bodi es (EBs) in a culture nmedi umunder culturing
conditions allowing differgntiation of cells of the
enbryoi d bodies into conneCtive tissue progenitor

CeMeSenci¥iBdl Shint H81sCRUEUS) BB cCHRUhEP Keeh 0&9%& %m bone
passéglng the connective'tissue progenitor cell

(Soler 8asetaak i4082), pbensagearwtv t(Rétepaers afiheti gl ef%@bst giscle

R BRESg Y AT 2 BUE s G Rt el 0T b bt bt of

differcaiiiating ihtverdigpeytie rhomirbaygic! deteccptinecinvgenici [araees.

e Ao onie e el RSO eI ek B o & souree of cll

for PifMé GginderiRt NOThed aBi@IRE fol iR HEARN RS tsbFTsRwal can
progenitor cells, the nmethod comprising culturing
potglilfw%bf

Sty e masiingg éwpe@|qf§elé%5®é9d §oR ep vive fisye gonstruction.

In %ﬁ%@?&%ﬁ% il oo SRl Wimeeptiote into
anyi adldsmfnbezmlammaim Smdryy; aglsrmeralry Easb been afficiewtiynddrtved by

mefi i i, S lis® BpnEh PleafiSe BRREE R SnghlE ppahed ol
hne&aﬁl:m abe bbe: 1SR Bedblstochia olagtlarked Gsdi@ e sbaftures

10 days followng initial culturing of the single
wh @%@Py@mn&l@?rel’rﬁ%gﬁ@f% fr dlgwateporqie scttddsum  t her eby
gengLatd %9%1109&19,5 ABAEELen tBodnh§ SRS Qﬁ%&%gcﬂslcﬁhke cells
According to yet another enbodi nent of the present
froildSCssur e there is provided a nmethod of generating
congective 0 t t
Corr:%rrl etéxlau}]ﬁ Ie(,:u i\ ur% Eﬁ\g gt r?/géédﬁgh‘%igf EI?Eg{?I 5896 Stem Cells
24 d@ﬂ#ﬂ@ﬁzjmﬁuwm spbntaﬂcwehsrpﬁffaeﬁtlaiﬁgaﬁm hﬁslm{a: aﬂoﬂxeﬂ which

ascor bi,c. aci as aln on ectve
WerSy 5L (e &@? F@gest W‘fﬁl@ fﬁ'é‘??e s ‘H‘@‘-‘ h‘é‘“‘tc ik pyg-layer
epitheBSH SwAY RABAL (Al 1e58l4 Neeks). The ARE QF B thidkOeittelilm were
anot her enbodi nent of the present disclosure there is

furihero disansipted nd Houtinsty gesresssk i ddicciopieg icols exlbilpd surface
phé%ﬁg‘? gf gﬁrﬁ;gs%ﬁkﬁ as c{)'i 85%@@4(«%@@ ;&'ﬂ?ﬁ/ /é;‘ﬂz@‘sU/HLUsQDR-

ryoni ¢ stem c€ a cu ture
andmeett eapabtel wilin-otnpdiffeestidtoramtt stbdhstsand hdnpoascso I‘H]JWEVGI‘

acid.so. as t ahn onnectiye tis rogenit
the 3¢ PES2p AanetBod DA emafiingeiing s bt toBR? SatgHR ESCs ar
mefiafRany t@hpderdd-ESC colonied Bultréd b8 moasdeler delvehiblS may
provi ded a net hod of %eneratlng connective tissue

lﬁﬁﬂ?@g@ﬁWﬁbﬂﬂ%éPﬁ%aip ool gekin npr|3|ng (i)

col ol ST AT F3L (G Bl e TR U DP9

stroohent davdtthlagan enchftﬂ]/o&nn@ﬂbéa:ﬁs iof carciiliyre amtthtéd CD73—p031t1ve cells

aqi C II said EBs, or sai SC |.i in a .
MERIAEHI 558 rerforSl R ina P Bl e S sy However, this
meH0d IE it e by HFSHEraRIPPRIW VRId 6€ihk MSTEHRE RBYs (only 5 % of the

generating the connective tissue progenitor cel

CeuAc‘fY%fPoq:]ﬁ -pesiye gelditandnly tenporgiinne of theth%@Fege rfpouse
fea&jérsléLegsS u&tﬁcﬁ Q?fn?g%%c%%? tc&lvﬂrﬂlt%,d L%Eedui%l AL ﬂm‘ft@lthe u]ses for cell-

ation o Bsie progenitor ce

‘basethatdpgnt of 15 the nmet hod of the present disclosure.

According to yet an additional enbodi nent of the
present disclosure there is provided an isol ated cel
preparation conprising a first popul ation of cells
expressing CD105 and a second popul ation of cells not
expressing CD105, wherein a ratio between the first
popul ation of cells and the second popul ati on of
cells is between 20about 0.6 to about 1.5.

According to still an additional enbodi ment of the
present disclosure there is provided a nethod of
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According to still further features in the described
preferred enbodi nents the cul ture nedi um conpri ses
dexamet hasone and/ or ascorbic acid. 10According to

still further features in the described preferred
enbodi nents the culture medi um further conprises
i nor gani ¢ phosphat e. Atcording to still further

features in t descri be referred enbodinents the
o (UhE° s TerT cGRpr | SRS G, Dftancous
diff§BAtBEBARS bmbryoid bodies g@::,b} f gidedid @nstakd dn-Fit#b cbRimitted cells
features in the described preferred enbodi nents the
of i dEBmgamie liofaga. hunan .ori gi n. According to
stild further_features in the d Li r :
oo ar FRRey FiaS Bt GegeledDR S GR6 iRl RL~/futlr induced
to AeGSn AN alitierestidte | infou Hidh @kteb gmidiNBBaden by henleiagrthb@din an
preferred enbodi nents the ESCs are of a h%ﬁgg org%énl
ostpogwtomdiiveg waheutinapsagingfaet! (Reftilerbsctiah, £4) or 28 (Bielby et
d [ praf e : [ LNg 4 fect
6 3068) J8D. B leoHahnE R BERLSPIREBRO iR, AR Rimod
mih@alizgdesoduutest he descri bed preferred enbodi nents
passaging is effected for 3t ea?t 20 tines... Lati
AccStBrmyudies ebipined iegpipitipd el af B picasrcdeasq B glating
intR&EEBS .ro?ldacﬁﬁ%?'oq[ﬁ&rte(sjplﬁteg%ndf Li@tinPaRS FIR Rr dthBast 22 days
passaging Is effected no nore than 10 days fol | owi ng
without pakaging (Caol Tig etodl. 2@09)s Tobs,tCre esrbr(FHX, Bisthyest abr(2004)

si ngl oni ¢, st ells .in the ure medium._ .
an&ﬁﬁﬁwec%ngrﬁgggxd@%gﬁa?ﬁg%gﬁ%ﬂ%ﬁag6FH%§%E$%?&né%i%@%%mﬂc
mARER i Rkl itttk dofiglod 8RS S 8S oktBobliMe cleTRédgbed

preferred enbodi nents culturing is effected under

xendhereeas dbudia ivodely BOAgwieedinegd t or.send |it f wpeldepe highly

features,i th scrid bed preferr i . . .
sty FooPSEReR BF bl #e BB Fleering dovoid
of MeGBhHeE NehithRost i 11 further features in the described

preferred enbodi nents passaging is effected under
feeder-free culturing conditions. 6 Accor di ng

SL@%;%%ﬁ&h)ﬁ?ﬁihﬁﬁféﬁ?ﬁﬁﬁes in the described preferred

' ive tissue progenitor cells
condcaRligg fd be¢ epbpdinaint @ff thé pesbitsdiedprues shang iChIFHled a
and a second popul atjon of cells .not expressi . .

methy ot gERerREng OnneRtve B%Pﬁe@ﬂg?fﬂ@fchﬁet 5o fﬁg’fii gprIsing

fel S i iffh 6&ddrScul®ring conditions
Cu@é?&igkﬁggﬁgJ%B%§é§%%?g%gﬁgﬁ%®%}ﬁah%& In a sec%nd )
allassinec différbetiation soprecolls aé dthanemboyost dadiss| into connective tissue

prc?grggﬁq?qr%é g g%gler al g t@ﬁﬁg 1%{)]18 iE t(%tt%}g%ggﬂlea%sg%%gatﬁe connective

tisRcSRBEEH 0P RO T drSdsNO fifPPAKGEE Ve tid SRUEIRS ROEMdctdd no more
cell s being capabl e of being maintained In a

thapr b idkey &ellovang woitiak ewltviring] ofythei defle adrihe gmbayodd dodies in the

for at,.|east 20 passa i.n cul-tur id . tive

cul e afrR OBy sPaar s sl i PReGRSSRE Ve,
of  eglchRieX R £8P emGbidfenadie maeondispomud tetcis ppdvided a
cel I's not expressing CD105, wherein a _ratio between

metlagdd of | gesETaBE IORIPRITORSHE| OseHieT el e Brdhod comprising
opul ation ls | s t 6 fturi
oo SR o 55 SED POy B o
codigostestyvibg diffureftaurioe ¢ f drbddglrentbeydnie stemadelis énto cehnective
preparation i s devojd of feeder

_ cells. : :
tissecRrearmitpTt st Whrfemuﬂﬁeherl%&twg@opﬁ PREIHfeBRTIERY Of the
comleefife ﬁ?s?re g@%%%m&@ Wi eds SOhRY Ilﬁlﬂs ok sHRr fARRL Aol 19 Bffected

I'S Xeno According to sti urt her features
in the described preferred enbodi nents the first

popul ati on of cells express CD 166. Accor di ng
to still further features in the described preferred
enbodi ments the isolated cell preparation express
CD44, CD29, and HLA- ABC. According to

still_further featyres in the descri bed preferred
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6a According to still further features in the

descri bed preferred enbodi nents the connective tissue

progenitor cells are capable of formng mneralized

matri x. According to still further features in

the described preferred enbodi nents the connective

tissue progenitor cells aretcapable of formng a bone

ti ssue. 5According to still further features in the
nodeserthie ) pagffenseidganiabsuirning of e dSoriaenbiyoaid stes wells in

progenitor cells are capable of formng an .
theqylfuge B iyma thepehiyrgererpiesjie ComectivR3SEF Br9sGRH s cgHls |

furt It eenifRGRERCGr RIETREER disclosure there is
enbéggﬁ%%ﬁgﬁghﬁﬁ onnective tissue progeﬁltormggﬁf
pravided apmtattedoéf gemmtng aotireniian tisiwws p@genitor cellpn the method

third aspect ere pr ed th i sol at.ed cel .
COBPERE TGS SPABIG! SPABE AL A it S E TRGHn Which comprises
detQRGENOAE B81/bPasebivid adiditd Beto SRah WoRsectife tih@e progenitor cells;

described preferred enmbodi nents the connective tissue
thq:rch)gmetwngdm dosnentive tlapipregeoitor Qﬂﬂm ng a li game nt

tissue. According.to stj furthe at

ot it s piege PG EhENGPh s ST Bk e i
pr&did&Ha REeMGE N BEnchhinlgS cingctp@Patiue Bbgdndtomdals,athe method

cartilage tissue. According to still further

Comasmg@@lmmg Hieglgemtryméeistpnededs (BICBID GiuNErR Bedife. which
di furt
cogllpggeg n?e)%ieﬁgelt:l}%g(])neu E_ncbgtr agc%% a‘%ﬁf S %WB&%O&%&U}%%@

Sure Success resses th

prédealtbCalis NBereby g&ﬁeeatmﬁgesemdnyct{«mmmuge@m adlisons by
provi ding methods of generating and using.connective
ti sdued Prbgwsrt dicre st Povided SHiSSnEPERE ERest v fssue
b r B |(L
LS R R hod comprisil B QuQHIEME Rif SR ARG or an
entbayomidretami creg (ESCK; tinerond yultinelevedivgodhish comprieds dexamethasone

rdinary. skill in the art to 10 i he pr.

s craubiccatibl B 6D WsEIERt R hotie. i hatid £ oine in a
présbfide Gff sapd cﬁﬂﬁb‘fﬁé&tﬂh do%ast 3051 H RBERIMOE 1RGP &R cells;

e used in the practice or testing of the present
thatetscgamstatieg theuionabdtive tesusouiegeaitdr ¢rbiseri al s are

descyri be ca confli t he

spec’%cch@g'tgg ?{J&n aﬁfmg)é)fl ‘?I]ttlocaf‘rzttﬁslé %c?qnpgén Gogie there is
préAd RO fsbRfed Jeh%r&ﬁt&:ﬁfdnadtsoonﬁﬁftthe diSsucaitdz@iaipdiRSreail@nt of

illustrative on % and not intended to be limting. 15

theamethpd DE@@I-W@W abpsurgE  DRAW NGS The

Iom/?/&,m ' %tl &' e'aﬁd{%}%%‘é]t %H&thggt e %ﬁesgrﬁ%(%ure there is

er ence acconpanyl raw ngs

profiddd zﬁﬁ@@ﬂafeﬂc‘ceﬂ preaanoe oﬁﬂm‘rfsmgtalﬁsdp@ndamgﬁ off aells expressing
det ai | it is stressed that the parti cul r5§8h wn.are

CIMOSwad ofseeondvppaulatien pbrcelly, Pab%@reerngzﬁ PP geratio
bef&re%ﬁq;ﬁ 'ﬁ?ﬁ %Iqlt,tfaﬂgn %rf%fsﬁsl: Et%j tHe! 'Eggﬁd‘rgglﬂﬁatg; (Sth@ells is between
resen i nvention only, and are pre te
ab&ﬂdﬂ@&ﬂﬂmpfhﬁ]dlng what |s beI|eved to be the nDst
usef ul and rea |Iy der .descr' i on of
or B et CRORUEIER: G B eSS here i
pr(;ﬁdédhé methbd gené}&nﬁté %ﬁ@&n héué"iﬂ@ methoAROWpSiking Chlthidlg the
details of thé€ inveintion in nore detail than is
comBCHBS Hsspe fpmgealtcbmﬁélané Htegikolated oelt propdiatign of cellseasalgscribed
b|nvent| n, th descrlptlon taken with the draw ngs
a’WﬁwPﬁdiﬁﬂﬁ’ Fmto those skilled in the art how the
sever al forns of the invention may be enbodied in
practice. In the drawings: FIGs. la-c depict the
characterizati on of the connective tissue progenitor
cells (CIPs) of the present invention. Figure la -
G owm h kinetics of CTPs. hESCs 30 derived CTPs were
conti nuously expanded in the presence of the CTP
medi um and splitted 1:3 in each cell passage every
3-5 days. Shown is the tripling time (i.e., the 8
the |ncrease in the trlpllng tlne frontabout 80 100
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FI Gs. 2a-u are RT-PCR anal yses depicting the

expression of markers characteristic of bone,

cartilage, tendons and |iganents at passage 1 (pi)

and passage 10 (pl10) of both hESC-derived CTPs (| anes

2 and 3, respectively) and fetal -derived CTPs (| anes

4 and 5, respectively), congared to undifferenti ated

hESCs (u.d., lane 1) 10 and negative (neg., |ane 6)
wiGEH bé@brisel RSGbideridved/E HRsamehssoauntier @duracdRions devoid

mediumfor 1 or 10 passa foll owi ng whi ch RNA was
of@@awéhﬂabﬁdgquﬂea ﬂi“’e%g%‘i‘%“%ver e perforned using

t he :

secron ot R PapEbEtodReltR Fe i ERUSITR A dpprpyided
a 1 Ethodl béfcﬂﬁl)ng z&@ﬁ&ra(zahgarrmatﬁb)(ﬁcwl the ni<fbdd egeprigiymenlituring

thf'( ﬁ?ngll’aﬁ%g‘fe%sg‘%eljmg%{%? g%fwh%gh% ﬂg@éﬁo}g?g l(j?ILi (% claims
202?1]1)1]01* BT?E% c{lﬁug Lﬁ'i&in%ﬁ XﬁhIS]péon{ﬁﬁs@%cbﬁﬂ@ Eblﬁ,ytﬁé‘rell)y fc‘(:)émv&ng the

Fi gure | agen type X; Figure 2i),

E@Mi gur e 2]) Aggrecan (Figure 2k), Cs4 (Figure 21),
Sclerax Col-111 (Collagen.type |1
o B oottt IS aBe TS SO gs oot e present

didoRfRf &séﬁéﬂ%&o@%ﬁ RbtBbY Gtthek Ebﬁjdﬁﬁn%%}issaﬁhgﬁﬁé Bonnective
(Figure 2r), Fibronectin (Figure 2s) enasein

tis® gure 2t) and GAPDH 20 (Figure 2u). Note that both
hESC- deri ved CTPs and human fetal -derived CTPs
express high |levels of core binding factor al pha 1
(CBFAl ; Figure 2a) and SOX9 (Figure 2b), both are
early transcription factors known to play a maj or
role in osteoblast and chondrocyte differentiation.
Al'so note that type | collagen (Col-1, Figure 2c),
t he nost abundant extracellular protein which is
synt hesi zed by 25 osteobl asts, osteonectin (Figure
2d) and osteopontin (Figure 2e), two maj or non-
col | agenous bone matri x proteins, parathyroid hornone
receptor 1 (FIRM Figure 2g, mainly at passage 1),
whi ch regul ates m neral honeostasis and bone
formati on, and bone-specific al kali ne phosphat ase
(ALP; Figure 20, which binds phosphor to cal ci um and
fornms bone hydroxyapetite, are all detected at | ow
and hi gh passages, 30 indicating osteogenic
potential. CIPs were also positive for cartil age
matri x markers: chondroitin sulfate proteoglycan 4
(C84, Figure 2k), a cartilage matrix proteoglycan,
type X collagen (Figure 2i, mainly hESCs-derived CTP
at passage 10 and fetal derived CTPs are passage 1),
which is a non-fibril-formng collagen restricted to
the 9 hypertrophic, calcifying zone of gromh plate
cartilage, and cartilage oligoneric matrix protein
(COWP; Figure 2h, mainly fetal derived CTPs at
passage 1), a key non-coll agenous cartilage matrix
protein. In addition, note the expression of tendon
and |iganment specific markers, such as scleraxis
(Figure 21, mainly at passage 10), a
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5 transcription factor expressed both in their mature

and early progenitor popul ati ons, and ot her

ECMrel ated proteins, including type Il (Col-I111;

Figure 2m and type M (Col -XII; Figure 2n)

‘E@P'Pﬂé@@ﬁ%" decorin (Figure 20), biglycan (Fi§uF829(je00046

elastin (Figure 2q), fibronectin (Figure 2r), and

tenascin-C (Figure 2s), were detected. Wile elastin

and tenascin-C were down- regul ated at higher

ﬁé%iﬂgﬁéens S8 pRNE e WR SheCduBiBfel tedhE RyHi@0HnaiREs dexamethasone
3a-k are FACS anal yses of hESC-derived CTPs
apld{omiasrgriicacid io\xbfrrybm@qm{ thgepunsptiysdfsareprpesnitpreallsy

W'th lﬁ&ﬁﬁ DALAS BSfidents the

deri ve%g gmv\r%l;le curtc:fur ed %nﬁﬁ%?%cﬁgq%rﬁntﬁﬁg? eﬂl— e

shads A€s anchbivinesl by bjewnditally apAOS mashiwilly @lsﬁiﬂﬁlgﬁﬂg the

angl bodl,[e ﬁ%gm fic to CD105 (eBioscience, San Diego,

15° 12-1057-73) (Figure 3a), CD166
( Ser Qﬁ@ﬁrdu@atoestgh fuer feibdces Gatthe &bssnl\dﬂAm%ﬂéd)embodnnents

( ure %ted%gfe%%g‘lgsm nce, cog%onmlé(z)Gg)AAl 81)

(Fi 9%&0% 1o GEN Fu IR T TR BIthe Gestcﬂbé\bpre&ﬁ'éa @Bbodiments the

(Figure 3e) HLA- ABC (eBi OSCI %? 64“0

cpptupgpelinm PorpRTisss ldéxagfefhascl‘}eflaﬂ @&&tence, Cat.

No. 12 B8 16 Bl (Al 1833 in tﬁi@ﬁ@schh&i Pefirell \@hd@iments the
expression of typical MSC surface markers, including
@bt ean¢dhng durthe8edmprised 8®rgapicqliperhats) | CD44 (Figure

(s chisgiigto ol Bt oreE i ol WErcRBATRICKE HIRERRICRA v

chﬂzm&almemumélhrthepwmpmrsemumwmmmmgpla@met hi gh, with

e X D r ]:{jéﬂg t&%%@@%’gﬁﬁ%g%mfﬁ in f%\g gigs{) %@tl*é& %%n%@%%éamems the

BRSx00F ekRnessidg, 58 % (Figure 3a) 25 cells. Note
that the CD 105 posj t|ve cell re Si

for Gb’oj?%ﬂg(tﬁsﬁl}r %Sfci“h@éjpm%%g (‘353 é‘ﬁfl’e ts the
BHs a@@e&mﬁ&@ggl i ng), CD44 (Fl gure 3i, green | abel i ng)
and negative for CD45 (Figure 3j, green | abelin

vvhl | eAecedingDio 68 et Fatacep i thpélﬁsqr@e%%fﬁtrxeé@nﬁaélmems the
ed | abeling) and CD44 (Figure 31,

red ?rabggﬂﬁlﬁ%nz&agn% i ncl udes the CD166 negative

fr actAmord(an tust@ll Juthey fertvies | inisbe idpggyibedraiferrednembagiments

al | 30.ce i V\éereig\% ive for HLA-ABC (Figure 3f)

PP R T PES S "(Figure 3h, the najor

hi st oﬁ@mt&ﬁg b kil Yuctiorpleaturearihi the |dss)cr1bed prefeerd@nbodJments

4a- d dep the diffe i ation potential of hESCs
PASFIBIRES dthI"t‘thl SB@‘?E’EE‘@%m c |ineage. hESCs -

deri V&&o%E’gSm( {tak apkf fRREYinPis Yagsibed pmseagmaodments a
1-25) 10 were cultured in CTP nmedi um su

|l e
Gt phssaa et BsgBEo PopRSEENeR SvrT MFRgLh ARys. lowing initil
! il
SUGHRIL Ut By D S Wb el
odtueogediim Whlcmec@ga)rmﬁ @m@lﬂﬂlasme Andfpreagcabictapid.

macr 0$co r. .

(75 chppRle B i RS Rt Qe et f bt

filnengld offticd anddscahefbacorditbnem Figure 4b -

Alizarin ed stal,ni ng show ng cal cj um deposits. and ..

bone MO Pﬁfé[yf‘ﬁ'g‘?r %@‘%I‘Feé ‘Batg‘3 -deicg%’e‘g ﬁfgtjﬁrf‘agdu F‘é‘g ments
CHRs 18 eegdsndhdenk B itectbaditiogd matrix expressing

?ype col | agen 1(I green). Nuclei were 1%anmterst ai ned

Wit h Wrdn(lga &kl fsﬁwref%fﬁfes in1ihe dgpRr o emberigents
gzﬂ%% gct&plﬂﬁ oD@ de 2R cofl@iiRd.i Ng cal ci um

osp ate as the nost 10 prom nent signals, in
addition to carbon and oxygen which could correspond
to the presence of proteins. Note that the ratio
bet ween the cal ci um and phosphate corresponds to the
expected ratio of the hydroxyapatite mneral; Figure
4e - SEM |nage deplctlng n1neraI|zed natrlx forned
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FIGs. 9a-d are collagen type | imunostaining

(Figures 9a-c) and histol ogical (Figure 9d) anal yses

of the tendons generated fromthe hESCs derived CTPs

of the present invention. Imunostaining with anti

type | collagen (green) denonstrates the progressive

assenbly of |ong, cylinder-ghaped constructs. Note a

couple of cell-wide 5 structure (Figure 9a) arising

fromthe bottom of the culture plate (L, Figur a

b ¢ BRSPS b THpheg oGt Pepied it gipoffient e
cohfRAQD sk gﬁ;‘éeﬁi@drl Qs "GnaRRdta Hod 4 RkSioh NofCeHlls Usdressing

At a later devel opnental stage (follow ng 2-3 weeks
ChHcand ar grondvpdpylatanr of cele sotverpressbped @S Fibgipie a ratio

b), until the formation of well defin t endon-.l i k

bt By ropFtip B arL Ao kh iy & Rl fGeen
abfat® seekout N510 cul ture. Nucl ei were counterstained

w th DAFT. (blue). Histol ogical exam nati on shows

or gdniazeagondg asnsrt, dhera|is greddadetn &olajgd pelhpygparation generated

matri x-t.0-cel [ Fi 9d)+1 ... S ' .
ol §a bt 8 ok BL0US5. 2 irh 3. R B prepraion
compaiking @sn@ctil-d dsdue pelesenttor ¢l bicthgWabiide bf beéing eaiMEBes in a

derived CTPs of the_present invention. Note th

praiferaive navpisgraphy difcrenitedigior 98 05 leagis 2 ﬁé%iﬂg“g* in culture,
ol | et : o . 4 :
by Sld RN L BRI RO of et

expiefBng CDI18S dndin eedoBMpapalatice st oflls nohgiptresdingalD 105, wherein a
sections denpnstrating the ultrastructure of .the )
ratife PEMSER g Gt BAPULGH9, o !Calﬁsgale drid ererend; prpakdpnyit Frlls is

betvieen aﬁblﬁw.@to_]a%@ﬁt_ pkigned in parallel (Figure 1lla),

surrounded with interwoven bundl es of collagen 20
f i brAdcerdimpatokstitl fnithér femtureshn dha destriladd melsrred lembodiments the

. hi gher. magni ficati on i.gyre 11b), and on cross
1“@3%??%H@3%%W6EV895T¥@ggﬁ%ggf$ﬁ§cale bars: Figure Ila
- Adé@rdlfﬁdggwsgigolﬁnher fedlResNAN @4eebcliiefer’ad @Mbodiments the
- mm

~ Figure [i 70 FIG 12 is a strain-stress
isofated callapeparating iswerd-Aegt ress curves of 4 independent

tensj | e tests,.of ' '

t anaskirafbil ufRd ARG, 15 G0 R rbndl RESiRRL he
fhﬁqgfﬁ%goﬁﬁf@ﬂségﬁékmﬁmlﬁi 79.7 &g:Btha fsee)alsg

abl e of the Exanpl es section i.C ol | ows). e

i ni #icaprdingnigrshilldnehen feawras n dhe @%@b%@%&emogm@ts the
- e T. constructs
1&&%§%§%ﬁ¥%%§§gﬁb%$§$§?%%%ngngﬁgI???%?%C}ate of 0.02

secAccordingsto stilauthedefpatwtesan tlopdasctend pofearedrthbodiments the

. cartilage formation fol L N transpl antati on of
15@?3%@{ FRESESPHRIAASY SETRY 3&‘?"% H‘gd %Eég@ﬁt i nventi on.
FI W BorliRe to SBIIMBRMASERRES iX 't}%’\ﬁé?,Eril?edrE%Hﬁﬁe@ %ﬁfb’og&ents the

ectopi ¢ subcut aneous transplants of hESCs derive _
celGTaRs copritdd nEokifg oraisaped is 8 @ydiforfative, 200 farvdng bisdiffientiated

he visi ect opi.c 3 transplants (marked with
Sm-3@6&9?“%%@8?@“%%&?6§%%ﬁm 8 weeks fol |l owi ng
t r angpbAReAbL sB1: fuFfth@UktudedBn theddes¥riticlyprtfBge efbodiments the

mouse bearing 8-week ol d ectopic subcutaneous.
conneghisg |tiasies prfzchiRgCselie proy é@W%FP@.f digesntigiimg into cells of a

)5 PR RITRR TR B LB g o

lighneatlppag. t ranspl ant; Figure 13c - a nacroscopic view
of an 8-week ol d ectopic transplant follow ng renoval
of skin. Note the round shape (characteristics of a
noncancerous nmass), well-vascul ari zed ectopic
transpl ant mass, denonstrating that the ectopic
transplant is bioconpatible, well integrated within
the reci pient nouse and not rejected by its inmmune
system 10FI Gs. 1l4a-e are histol ogical anal yses of
the ectopic transplant shown in Figures 13a-c
depicting the formati on of new bone (Fi gures 14a-c)
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15 transplantation of the in vitro formed tendon
graft of the present invention (which was formed from
hESCs derived CFPs). Figure 18a - The transpl anted
(left leg) and the native (right |eg) tendons of a
nouse are shown. Note the renodeling of the

transpl anted tendon (arrowédan the left leg) to form
cylinders with snooth edges and good integration at

o vhirosing Kkub R trebriaans Heab ol R cribbatitents the
cohREERP %);sue plr&%é'hﬁoﬂ ceﬁ@ are cp Jﬂﬂ& 8f Rlrmitlg@MindalibdPmatrix.

transpl anted tendon (arrow) showi ng it connects the
nuso%@onbng tcestdhﬁlrtéleq featyres in the dew@ prefiared cgybediments the
0 the tnan ant e ns
coBhGFR G PEAR s b soar YRS SE oAb IR o
del i A&bidislg B QOO RES am}es iband Gedoabad prefegad epbdiments the
200 jrtn Figure 19b- 100 pm_ 25F| Gs. 20a-c are
copnastizt digsemprageseitaropdlsotre Laprlif syl ROig weyBRcclylar matrix
(E wn in Figures 18a-c. Figure 20a - a cross section
Oof “a transpl anted nouse | eg denonstrating the
t r ansgbalitet ihthahenfdtuidicn b descliegl prafamed chibedinests the
Figure 20b - a cross sectio q é t he tran pl ant ed
COpREYHER tisgop grpasnpercells are cghghle foﬁlﬁlngé‘éé‘ﬁ Brisgte- t he
tra n [
or gaiy BRC L e (PRI ARG Rel phbation capable of
gendratiisg BGndect | on (Flgure 20b) and | ongi t udi nal

sectjon ‘Fi ur O enonstrati.n hat grafts
AP e B Paicat R he SRa e e el dimgys the

cofinc#fife pl"@sug L%%%&ﬁto@o&lﬁngrec capaid (Rmform\ﬂ% ligament tissue.
2007/ 080590 L2007/ 000046 1% 21a c are
phot om crographs (Figures 2la-b) and a graph (Figure
21c) depicting the bionmechani cal renodeling of the
transplanted in vitro formed tendon grafts. Figures
2la-b - mcroscopi c appearance of graft before
(Figure 21a) and after (Figure 21b) transplantation;
Figure 21c - a graph depicting the correlating
tensile 5 tests before transplantation (in red) and
after transplantation (in blue). Rat tail tendon
(green) was used as a control. Upon in-vivo
condi tioning, tendons renodel to have snoot her edges
and becone stronger. FI Gs. 22a-b are
phot om crographs of inununofluorescence anal ysis
depicting that the hESCs derived CTPs of the present
i nvention express al kaline phosphatase 10 (ALP)
(Figure 22a) and osteocalcin (Figure 22b). Nucl ei
were counterstained with DAPI (blue). Scale bars, 100
gm FIG 23 is a photom crograph of a one nonth
old pellet section stained with Tol ui di ne bl ue.
Directed differentiation was induced through pellet
cultures (passage 9) in the presence of |ow serum
TGF- 133 suppl enented nmedium Note the presence of 15
matri x proteoglycans (blue) in the pellet culture.
Earlier pellet cultures were not positively stained

“ (data not shown). Scal e bar, 100 gm FI Gs. 24a-b
are phot ographs depicting the tensile test nachine
used for the bionechanical evaluation of engineered
constructs. Figure 24a - overview of the custom nade
testing machine; Figure 24b - sanple clanped between
its grips. Scale 20 bar - 3 mm FIGs. 25a-b are
phot om crographs of itnnmunostaining anal yses
depicting the human identity of transplanted tissues.
Sections of the ectopic transplantation (subcutaneous
transpl antation) of the hESCs derived CTPs of the
present invention (Figure 25a) and the transpl anted
tendon graft formed in vitro fromthe hESCs derived
25 CTPS of the present invention (Figure 25b) were
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5passages. FI Gs. 27a-b are photom crographs of
sub-confl uent cultures of hESC-derived CTP (passage

1; Figure 27a) and human fetal -derived CTP (Figure

27b), denonstrating great resenblance in norphol ogy
(scal e bars, 100 pn). 10 DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS The present invention is of nethods

of generating connective tissue progenitor cells

(C TPs) from enbryonic stemcells and/or enbryoid
bodisesomit ©f st1usﬂuﬁge13fre@thra§ éh s decriloel prefeasé dmbhdinzgys the

and tissue engi neering. Sp ally, th r esent
comwtém figsHe prgenEon sedyaTe §ap %&aﬁ@ﬂ%@é&@ﬁ%& {sgue-
Q:%?rd?r[get%' FRAREAer feSTHE iR AAEAbSE SEfetSd iBodBnents the

resent invention to a subject in need
cumhemﬁﬁﬁnﬂﬁmﬂyrbmmpamﬁﬂﬂgmmmh$MBesubJect a tissue

graft generated in vitro b resent
vdhe st st prER e ST Tpers: (OHRgR e of the

pré%?:lfltpp%%ng%}ﬁf 41#0ds ARNPERALAINE IbHOEE ol gemefauhgr and using
cell's

according to the 'present invention my

cotrescties tissnd grcgbmm:t oglls fromesigrgeite stem qolls apd @W’W@!ﬂ bpsies.

eCC QIR SESLrLe 1y AR AR AL Rl b e

thd Sark&® nté%nﬁargda%r &InaenilyNaldetshdd By ehé iofrordigaryodkill iimitheedrt to

inits a ication to the details set forth in. the
wlﬁch ﬂmmm@end discidisprel brlonss. ealthpnahf methody ap auatsighp siylar or
| .nhve t
col U 1 T R P 51 81D STROGHIRDL 5y Gkl of e

préstntl @isdlOsRE suitdise shanestist At mbieeaghiradesiribed belod. In case of

ternlnology enpl oyed herejn is_far the 25 0s
comfé@t; thepatent Fﬁ’ﬁ"é}ﬁ§#&§¢ alqli&lngaéeﬁréﬂ%% Sl ganfglod i gmon the

margals %?eslfl?oq:lst Ay ﬁbtﬁglv'e%nﬂnmﬁ\ﬁi‘)lt Wt&ed to be limiting.
FAte C|p1|nar rea at offers new opportunities
for clinical appllcatlons creating a tool for
repairin and I d or lost tissues with
BRIER e ORI SRS BRARIRES, o ' oo Cnches ol

LILELAYZ uul

rep ai‘h% I n‘ﬁ@m Rk dedirpiad 8% QFhyCAIRBEpleVh1Y, it &fference to
such as bone, ‘cartilage and 30 tendons include the

thameompaiayin o drasfings, Withsgeafic sefqmcearqw to the drawings in detail, it

s RS e VSR Ll BESulSf: Slanfh bp @Il bises of

111&’&%&@@6!1@&%@%%%@@?&%}@%%%& ¢ab¥dinidn@y (bfl'ihe p&sédﬁ @ivention only, and
bi ol ogi cal counterparts, and could. fai

17
arcHpreaentedriy ;lmma@ses oEproeding WHRESTESliavet @ §F db mosbHiely and

ur.ce cells f I T
o rRGSES e DO TN SFhLatg Tt of e
inR@tient i Bl (his Re@ird dRo tdﬁ@mﬁ)eqyimzﬁiﬂ: mhnw su*hcm&illchetails of the

needed for ex vivo tissue con |on dltlon of th

inyenEgn an enesk ekt thapzis diepsrsary ﬂ@ﬁ? f'l the
f thosc skllled in

int i S HERHER0E etk 3’”?‘&?@%1{"1%% AR Sppeketf o those i
thfdﬁf hM@ dhebsevmahfmmfof gematéntion edldy beunh lealiedtin grastiee.

creating patient-specific inmune-matched cell li nes.

Sevé?§4‘HBBF§%bhes have been recently described for

i sol %ﬁ@tctﬂ¥ B raSbates!of $h& é\ﬁﬁé&ﬁde'ﬁéﬁl&lﬁbg&ltor cells

from SCS For exanple, divier et al., 2006 10
(CI'B) f ¢hie pfesént, ingentmin, | FROOS 1aSt @m\@@ kigetpeg, of CTPs. hESCs

1914-19221 teach culturln oo} sLy
acivit G1bacrear ongearny SpRnells HEPERHEE N s FL ez md
sp IH«%& 1:31i8)8E0 88 pABhIetP 3f50aay@d s(habvnl xeﬂmm@hmehﬁa) (.e., the

| owi ng which the ceIIs form ng the thick

eplthellun1are routi nely passaged. However, the use

of such a nethod is [imted by the need to

mechani cally separate the spontaneously

differentiating cells from hESCs, which nmay 15result

in a crude, non-defined, popul ation of cells.

Barberl, T., et al. poosy co-cultured hESCs on nouse
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connective tissue type. In addition, as is further
shown in the Exanples section which follows, the CTPs
of the present invention were capabl e of
WORPTEAEAt | at i ng i nto the osteogeni ¢ | i neage PGIHE2007/000046
chondrogenic lineage, cartilage cells, tendon cells,
| i ganment cells and ECNLforn1ng cells. In addition,
CTPs of the present i nventfon were 5 capabl e of
ﬂmiﬁ% SQ usﬁﬁmﬂ‘§§&iﬁ ?gﬁﬁ%ﬂggg?ler ?%g%ér mﬁ%ﬁto
abotut aa& ﬂﬂoanstwdwam @cbn oacﬁ pastepelCT Phe gbsuliy e;hpmsaemmean values

i on ca e formng,a | e sannec
e e BB RS i8I Al 25 OREuGRBRRE pfpsc
den'ﬁ’@tlS(ETI&,CﬁC}fz@;ﬁa@S It QFlgﬁl% BP0ty mfesdnbﬁyrﬂdl&s‘éﬁ rﬁmrphology, with

invention there is provided a 10 nethod of generating

conygiinade fiprebimsiemprbgiogy ebpassagel 1< (Fene It hod i s
ef fﬁﬁse Baly £ PO ShYbE RPREYONME SHARi6R! b markers

(ESCs) in a culture medi um which conprisés cortisol
chagastiristic abwebtastige.dendong gnd bguhenis of reswged t(pi)eand passage

o WFRAE PR ESELAG S b BF-Si, SSOGHANDY g erve

CTPshemﬁels Hamd 5, espagivelyy,eohipatdao mndgkfanhaned tERCs (u d., lane 1)

f 15 I bl
.anddP?HﬁEV"e ﬁ{qegate f t &Oﬂfa&g Lﬁﬁﬁm cs’ﬁs"%@f% ?W?f'és%@f ared/ip  CTP

medighd fd:YPer Ab hssRBs) %llb%ﬁlgt WhRHERNBX 48P pfspald and RT PCR -
connective ti'ssues include, but are not limted

reagfions aveso Reréarmied distrigstbe (R pgmers liggedhimTable drnfdhe Exalnples

o WRAAT R | SRTRIEN mhsio bbhe: CUINELH¥Ee bLE S0 (Figpre

Zb)gCa]SI (Ch})lagetmltype: Ll Eipgure Goh dodiconectin $gere 24y idztepeontin (F igure

20) 5613, Gliaie P, Fvlen o g "k SRt o e

typ@BtFlgﬁﬁ'eQ f)@(@ﬂlﬁge@ @lplssx Flg@féal)c mep (Figereldj M@recan
-_and_snooth _nuscl e cells. hrase "enbryoni_c

(Figwe dloks 691 sFiggee Iy &iW%(mgW@ﬁﬂ)sceloﬂwlym tup M, [Fagure
2n)§é‘l'|ﬁ|bl3t c,%usgsgla@gs xaf, #ll que%tj nbb&%ilnngléu%e ok gie%l?{]cﬁf (Figure

ni c ge m | ayers
2q)eElaetatetFr1gtaﬂ ar)n‘éﬂm@mctw (Fignrer 2spel anasegn Cr(Figure 2t) and GAPDH

it 20 500 Bt ed Peunrae SrBb R ue ket EFbs
expRdED Eictell icfSufe hidAgdfaaiok a,tpkgelst(ammn Figu@. 2a) and SOX9
bl ast ocyst) befaore inplantation (IL a,

(Figgpe -ppbatht aie i BHY piransedesen fac“%iﬁtl@ﬁﬂ’@dtobp]&@t%@iﬁé‘ir role in
ost&bldsP at B Me plfpc&&ﬂaﬁsﬁl neo fofiMidt type 1 collag&:/% (Col,

post-i npl antation/ pre-gastrul ati on stage bl asto
Figfise 2cN0D0 081084 @E@ii:)ant amxtraestinlaro pioteigewhich EB) spehdsized by

ar.e obtal ed f eni tal |ss of 2 f et us
ostdfleS BrEordOl e 2 SRR TS ur b i o
cona@@i@as bbng Batrad pﬂiﬁamé:’rp%feﬂlﬂjfrﬁﬁ lesthione Iﬂttdépﬁni‘ ammemls} Figure

according to thls aspect of the present |nvent|on are

2e, gnaigly i Pa¥est LhriviHeh eequiztes minesliboncogpsiy ard bope fomption,

i £ LB CrSt &
andhﬁfrﬁ: s?;&f;igfagéraléﬂé ghos%gﬂﬁkdl r 4 eF fhte” 21\§Nh H?ﬁﬁ &ih® phosphor to
cal@unb%mdrfpnm bonedkydsoxyapttitea agealbdetssted bt loat ml bighmassages,

indEathe oidpRnid Po@lludl® C¥s O bAE RoRill or Sahes Mat Rapisrs

chopd@yasulfag ﬂrbﬁbglyt:zﬁf M(084; Bighifek§ ¢arlilog@hniali:@proteoglycan,
partlcular ceII i neage or_cell t pe 5The enbrgonlc

typg e rrelagens(Fagurs r?éa B S Gepdemive rCTcPaﬁf pessagh AP rang fetal
dcr%& REPAGH paskRV |1{oﬂrﬁorﬁ%mg$g? %re?rqom b Bto the

human enbryonlc sien1ce?%s can be Is uman
bl ast ocysts. Human bl astocysts are typically obtained
fromhuman in vivo preinplantation enbryos or fromin
vitro fertilized (IVF) enbryos. Alternatively, a
single cell human enbryo can be expanded to the

bl ast ocyst stage. 10 For the isolation of human ES
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15 nore preferably, EBs derived froma |ater
devel opnental stage such as at | east 5-dayold EBs,
preferably, between 5-25 day-ol d-EBs, nore

WOReETesppl y, bet ween 5-10 day-ol d EBs. PR (152007800046
menti oned the single ESCs or cell of EBs are cultured
in a culture nmedium conprising cortisol and/or
ascorbi c aci d 20Pr i or to Bulturing in the culture

hyp%e}:tgclf ai} e%%fe; xgtﬁcﬁla% ¢ Ceﬁg‘“EB da&g*td oh omenc

maffB ﬁro&ﬁl@ﬁ@@ﬁfm Wigir® 2%i Im}inﬂy cfetal éerﬁ\&dngPW\ﬁl pﬁas@B d) a key
devoi d of contact with othsﬂi_‘cle while in a |l %&1 d
now& lagsous Saicipge SPUFT dLolgh of; BYp heatiPERsion A1 fdon

g%égmceﬁaﬂceﬁt g&hdds%m guxa al, Iﬁ 5% pERh& 10), a

'l agenase (e. for m nut es
uazmcngmrojacm exESBed Hothcin fétmr@gat@qe mﬁwg@y @rqg@mgor papubgons

m@é?ri@ﬁ-%&%%f%y%“%ﬂ%& ess @’8”‘25 anl g%"%lgl 3 at | gﬁ’@ rXH
(Ccﬂi}g[ hE1gdteSﬁ@)Cb(ﬂtaﬁlehsg: e!ebocr}]rm QIZIgB:e[ Zn)g bightwgn ﬁFm& Efﬂg elgstin
t hor o . | ssaci.at ed, . the si.n .
(Figiar PS5 HReT Rk i RaoR g FRUE . Hite MeBge yymile
clal dROLALER- O Yvekd BowRld ity & 18018 FRERLS, Wiiraks was clearly

enabl es the passage of single cells while avoiding
up-: Eﬁﬁbsage of 30 large cell clunps. For exanple, as

d eSPstp 81l ae ?R@S%ﬁg@ése& l%z%@ L Qe MtiTel sh@hing ‘Pﬁatlwteﬂehlgh

resent 1 nventors have used a nenbrane with a cut
levelf o Qoputefien guritymesh sefake snarhepm eha@Fgtigend] M$Cor d@BCs

e R G S S S5 B S 7\ Byt o

FA@S%&@%@R@@ tahﬁ&?odicﬁﬁ gﬂﬁu hcacmos {dB1escivhte, San Diego, CA, Cat.
concentration o t he | ti.on en

Nog o Hiypd g elldgure r%s@@ ége‘i"ff’cd fé‘g‘%ﬁéayg: t H§Aedeat: No.

M@R* PREES (195urk ) EBD4d @B RAcd, 19t SNE E 10D44 1h81)ESGure 3c),

oni €s of the EBs, and neasures are taken in order
CD28 (@lesﬁm iGat. eND hM@Pa}S@?éF& éFiguregdie &Q"és Phargiggen, &al. | No.

f I
5 SUATRR G BOCHBLEAC! QIS 541 Sy sbbe) s 59,
HIS-DR qemmsm&rtce <t em{qi hiZ- 99Egi—7l)a$F1gurBt 3g)l | adotbythe h_EOSitive

nurr‘per eri od .of th ec i .a i
xR Beo R YRl b TS CBH e PR VTR Gl 05 EHLER 5%
B ¢ 38D 2R GO ﬁﬁd
D b PR oot phz’fm“’”
(abséncehef @&f’éoﬁﬁlmeaelzschmt@m@%c sratiEns Lexpl plecell purtty was

ore Si.n \' e e -
i R A e et o
ex@:eé‘sﬁfg) l4g %ﬁ ahd €IS s ghidve t@)lﬁ&mﬁt[ﬁ@tbsmn@,bﬁﬂ ) (Figure 3a2)

celfginie e ecﬁ@ 0 e cplit e Rt sgrEvERECIaff e 3h,
éeHQaﬂzeﬁﬁ Fﬁ@uﬁ@k} e%n ?&Qdéﬁﬁé) @f[)mf‘(ﬁlgure 3P ERRE NAbeling)

|nvent|on IS effected seed |n% t he singl e ESCs
andinegfative £orcClo¢d (Bgwe %,rg;emabb@hp sahifaibe (L 05 dgggjve portion

s T

mcﬁmtlre\s it CDA66 npgative fiewabmn Q]Fr’]lgmﬂm ke yﬂ?m ﬂ@bhmg)g Addetionally, all
nul ti pot ent < t he or e

celds Weigiasiie fpr ﬁé?%sﬁé& {igeah ?de‘?gﬁ@écdféf gﬁd’b%f (pgure 3h,
thérﬂ%o%&c%p&ﬂ@h@%@ﬁ@@x du@l\éfﬂ'b?' on may be 1 X 105 -1

cells nor e erably X 1
106 Fées.| - ‘bé‘Ppliztrme @&f@enﬁﬁlon pp@)asm@leq)ﬁ %Efiﬁﬂr dfi?’r‘(ﬂ‘)i CTPs to the

ool e RIS Bl PPl s el B PP RRe 129

of 35-38 C (preferably 37 C), under humdity and in
the presence of 5 % CO2. The culture nmedi um used by
the nethod of this aspect of the present invention
may be any cul ture medi um capabl e of supporting the
grom h of the CTPs of the
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25 present invention while maintaining their

proliferative and nultipotent capacities. Such a

cul ture nmedi um can be a water-based nedi um whi ch
WOi20e08e98 a conbi nati on of substances such a®CIAL2G7/000046

nutrients, mnerals, vitamns, amno acids, nucleic

acids, proteins such.as cytokines, growth factors and

hor nones, al | of mhlch ar el®needed for mai ntaining CTP

rohif rat erentiatio vel s.  For
wolf St B C3R, Bt suplin 8B, U s R corantpsptae
(mdiﬁalﬁth ghqsupaﬁe)wforl ny eraek@ Withait Rgut YifidpedndCwdr SEbiected to
culture nedlunrsuch as al pha- MEM ( Bi ol ogi ca

differegiidion; asayReft hepepeqeenicshngeey.  RgmEM A view of the

ma&@cege A]%éﬂt‘éhxt 50 mﬁ_ﬁ%{%ﬁrgﬂé&?g@ Ie(r:gﬁi 7;53% Sﬁt?sg‘ge hgk@@ Gask

demqueimiag b@:rea@m)eraig@pm erfisalecbhrw { heoyhBignwec#s sabljzarin Red

addi tives a urther .descr d her ei nu
staifAg shoWiR iR el G ERE arRi maador | Rak e ps
Figtitedidim @fpst babpdddent silppRatde@nmat Skiheds gttyﬁé Iy collagen
pure, with a tissue culture grade. 5As used herein

(zreenk Neglohwasp peyniesptained pathd ABL Blus)nBasds bag - 0 m; Figure 4d
- DS S BB B S, B0 ALHEDER ATk o mo

proméeepsignalg rid addltm&aa kﬁaﬂnoﬁfand)qxggdl ngcE'EBSIdimﬂreSpond to the
malnt?lnin t rdf entlalonstﬂ%S Jt will

Presefst Limpls otg hERO o PELRTTS ﬁ%‘&’c““bfaﬂii h‘éh"sl’hff‘te

corRERBAs o um/erﬂebea 1686 of U Bydaky:phitie qﬁmegr tm 4e - SEM
derivatives or_anal ogues whi ch ‘are capabl e

image derigiineamingsdlizof myatie foymed foore Mpa@ay wglthsMweﬁcatwn X

o e
1000, SpRL TP 18k ARGELGLE NP QR gt e o
ost@gﬂh@@if&ﬁezﬂ!bh@rhof)ﬁﬂ(b&eddﬂﬁew CH'PE oF chtgadlakie ah@ it® ashiedbn of
pgf resent i ncl ude hydrocortisone, cortisone
|sone pr edni sol one,

rretmls pEgdn HERHORR, B%3NBIdNaRRRERC (&PRKhIADL! bIREe CTPs.
nore potent), betanethasone, triantinol one,

hES&‘edeenet GEBheaken famn pay. prsstes o d - Zaussages) avete cultured in CTP

meiRUETD LRI, RADG: EReRE ShRYEe bl sl 1 i¥otogica

andasmnmstaﬁnﬁgr angbyses e Migire bant Hstological exankhtias ofié &;,tact CTP

known to have a oten it about
cultits b W e B COBRENGb e [l S Hifaving round
choBliUEAEDkE bED dhnBeA8&Phcunae, at thEBaKIE ¥APRERATARE sathli] & Bnd

is included in the culture nedlunrof t hi s "aspect of
morphelo Ms@ﬁpgrﬁqmrm apopitsts opruingetn theopan®r @inthe Sissue

kSl SRS, 5 40 I HLSHE ) 8 ORGP B
cultlieashditiond Stalébar DANTheFigas Sboskitictustedefaining detocted

"CGeneral Materials and Experinental Methods" of the
coll pgenfyy Watrikesurounding thenoell) Sea,ls ban1ad ppeligate Jorv Bftdsrized

7 : .
CTI%?%%‘%& %ﬁl?%e&o g%rali %6 g‘%ﬁ%&ﬁ%@ pr o TP a? ??/ erﬁlls?1 u&# Eaﬁ%{’)g g%atlym
using T Bati Bpas lusetlager entibidys (eaddi Chaaico, 10af.eNo. t BIABES87)

donbialie el é@{«rﬁm g RGide v &%ﬁa‘?ﬁ%{s?ﬁd%&r@%ﬂ ke
caESbaY' t%I ig IIﬁmﬁmo§ r%em 4ol $-4960 ?Qoégiﬁ Aﬁiﬁody

preparatron ascorbic a
(bKWEIHhﬁKQUéﬁmmnCanenbuhiﬁre‘M&ﬁ;dhuoﬂbtﬁ@3hét&ﬁdxm@ small

hIS a resent inyentio obt ai ned
chosfqh i GNE R e VBTN B St B pPbeiited
a concentration of at least 20 fig/m, nore
preferably, at least 30 Ftg/m, preferably, at a
concentration which is selected fromthe range of
20-500 Fg/m, nore preferably, at a concentration
which is selected fromthe range of 20-200 23
jig/im, nore preferably, at a concentration which is
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the present invention further conprises serum or

serum repl acenent (e.g., a defined preparation nmade

of mainly synthetic or reconbinantly expressed
WOpR0eresh3»8 whi ch replaces the serumin a cul t RCE/IL2697/000046

medi un). Such sera can be derived froma human source

(human serum or from an ani mal source (e.g., bovine

serum horse serum and 2d'can be obtained froma

var e .

(O R Gt RETIL Mt o URRC B S BT R b Brown
in Bicopogémeal ofl hausterimsTGBR3 sagiamkentdd maeiym. ART-PCR was

ver R uihe s BLBNTEB Rl s A s PAapoRTo o)k
follTRE, HEHdNyRY X LBlIAIF(EB-RE BRI 64)S€0MY (Hif\Ge #8], @% (gtgm
e

this aspect of the 25 present invention I's provi

6c) and L4 BREle@igue i66h. Nefgtheogradualgupgegdation eipsedected cartilage
f 0,
malfts o Ynd gpm)ﬁbﬁg ek TR5E 1%&%)? 3_@?&% @5 b % Hd 4

re pre
wedks dffer ddseys) inupellet culipra grepadidnfrotmopdskigs DEIPs) cafipdrétt to

esent i tion.is gffected L X - )
undF e HBER Y ok £0r Ha8380 H R kSR Rl i g before
the PeBetdfoyBalibn3thdofi fRntBfiore MALARENNRNMES dhendocytd linbRe, carly -
pat%%%e s, such as retroviruses). Thus, the serum
passggr dealrderiver CdGe & fage Ohand pagativeconsiol (Rsgofangffd Altogether,

r At ol j i r
e e Dl AR oL U0 SEINT TP of
the ghangrdgenigdinoags, (cariidge 007KEOH0590PC T/ 1L.2007/ 000046 24

m s, » Vi i N r _hotno ch .as anet hasone,.
and 68 B B iedien il R ETFE TG} A20mREkive
tissﬂlie Cﬁgﬁeﬁ%m SHEMEXRIe oF € IJ;F)D@M M%?tgﬁpnaﬁmbf 'hﬁbmeseaffold nsed

L W e precl ated t t he s .of the present
for  nlguie: | @ﬁ’% VERP h%e%éibog%m&éggé@% d@ueFaler gmdomly
orieHBEHAUABRY BigliRR8 7o I SEA Akt 8E HeNGeckBsfdSnatiBliber Qbaffolds

the culture™5 vessel (e.g., the bottomof a culture

seededawith GFPshgt passageni frd? tdenfosatingc diffescnivisiagps i @onnective

ol OIS bl S 5338, R B

fOﬂ?l\_Q]glgSBbb(O&t g.c%ayé QF%&&@' mb;; inlblgmﬁbaﬁmx_smh T _E)allelﬁaf ﬁ)ﬂi 16n), the
i prob| asts) ,.or human_fn pi epithelial cells
for%w&mi@&n@f@a@r%iw Likg s Soliarare Ahet bnieysakigure 7c;
: . g of - Of - i By :
maZRARH X100 A e 2 Ifaf id BisCh BOPESLIGue which
comiplaely eoyers tthavkéaffolie falyving iabowdd wkelts (Higdraridn gagnification
ondi tj ons ich rely on feeder cells.are nmch npre
X2 oﬁfa:lfi l?,aét‘@@\()@i od éﬁﬂﬁqﬁr% sgtienal dsielggicy sxgpmppien of
€ - Qf - Lpgerest -f. r l{].s _a
sho ik e WHRCHER BRI (pRBORE oot TH0F RS and Ha
(Figoetl, atalobs -020 aal) Istiining Bicfias ablratellalt tallag@g formation and
accor dj to the nmethod of this aspect of the present
m%i%ciﬁywéﬂgff trlspligradria ppedch ppsrdded dyerensted M turing
Congit | ga@d%f&z.m% éaﬁéicﬁif fanhmorpﬂ&@%%sb% AT FTEE CTPs
culturing conditions” refers to culturing conditions
wergugilbired e (I piedivof fore® dereks €Figare $og rand ampinths @igure 8b)

X i_n.the anpl.es ction.which | 1 ows Ps
witRfPYRL Sl FRRD RS, BRCibic b oot S 2ip bRSerefved
condteet garrdwee glowihglrinng aofe tvahsf Gxvellcprp; ekighy Sb — a

devoi.d of feeder cells and thus represent a pure .
macKSERRE Vieshobaptegforwhich grew uppp grcsptpptyrs follewingtimmentss in
culthfai s aspect of the present invention further

conpri ses expanding the CTPs. As used herein the

phrase "expandi ng" refers to increasing the nunber of

t he connective tissue progenitor cells over the

culturing period w thout hanpering their
differentiation capacity. 25Preferably, the nmethod of
this aspect of the present invention further

conprises serial passaging of the cells in culture
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Preferably, passaging according to the nmethod of this

aspect of the present invention is perforned for at

| east 20 tines, nore preferably, at |east 25 tines,
wWOorRopEospsoef er abl y, at | east 30 passages, whi | @CTI/AL2007/000046

splitting the cells using a splitting ratio of 1:3,

nore preferably, a splitting ratio of 1:4. As is

shown in Figure la and is !described in 20 Exanple 1

of | e, section.which. f.oll t Qe Ps, of , .

el RRe TR et wht LBl dGine PPt S elhid nflyiopica
(Figlay 9dj aalyks be &kt teddonp 285a8@8 .from the hIESGH @irpbll YOTPs of the

passagi ng according.to the pethqd of this aspect of
pregqng PRl timmyipesaingie Wih aptf bped go e&wﬁﬁw&@zﬂw the

pro%%%%%% adsEROS o T6RE cHRRKELLRRE cohdtuBd INbE AboubR&f cell-wide

of this aspect of the present invention
strqshued €Figbtey 9P5artsing fiome theabeitcap offthe sultarei pget(he Figpe 92)

. ... .Separatd ng.t P I, '
atsplinf g AROARE At OF IS olf AT Sl BTl Wi 10-
14 daysGulcultire, AL glater devaloprhentdlstagel (failowdng 2-3rweeeks in culture),

. passagi ng,- foll ow n he fiyst culture passagin oL
widR STOREIT K575 PR SENETT 20 bl g, Srafioe o il @i,
tendGPHRE chRudls e(ti%xe fdch twimbh ORas( 8b@rvedUftlIg i FEITRIRRE in

whi ch prevents the passage of CTPs and _enabl es

cultyess s dlpsled fwart sowersiained oWl d2AFT hluae ntlistolegienl | cxamaration

. i ) . . fnhe oo . .
shob"orEird, islot DBl e W PhnalEresl g, (Figure 94
Sizd bdd 20PiphRO0846- 16 um.  Preferably, CTPs generated

and_i sol ated according to.the thod af this_aspec

of ¥¥@. M%émswxﬁé:ﬁgfﬁwfatﬁls Bit ﬂE@rﬂ&ﬁdV K %PWE@ hiescs
derfvel Ic5rps 6@ iheSit8BRY ByedtlorCNAE e LB Hade kb Sogaphly RIF iR oRstructs,

tripling ti (Le., the hours between passages in
showing Well-defines| fibraumisarctuns fFiguep L P anddi)and pagdeli@gentation of

howr { ng passages 1-18 and of 120-140 hours 5
°e“a‘$$ﬁ' néﬂdl%'sages 19-25 (Figure la, Exanple 1 of the

Ex arjglsed 1seciide OTEMhagdlysep | df dnsgitudinal sectidms idemehsivating nthe

R P B B e b eSS Pl 2, e

11d)Meldad phhaatl @AW 173, SarRlinddiew it RSeri®otriheMdles of collagen

according to the nethod of this aspect of_ the Eresent

fbrilg ?il@mlqeé lﬁ"iﬂfkpﬁfe Figuep! I seqraalimpidughes aghtfisete (Figure 11b),
andi§ e i 910 s RO SHe LEST BRI e ssphHgbl e

20CRAFASE 110- 5 hen, Barslerd vegh G- | i ke cel | s obt ai ned

by the nmethods of Barbed T., et al. (Supra, 2005) and
O i MiGerl2E 2 steain-giress (&5t gepicting SIAm-FEess Fueishpf fsiddenrsndent

ol 0SSR o ey MR SR Mg 10

MPgemet ditiactcaensie dtragth QUTREof 20T bi l3gsMPh (tohalsorksdi of the

i nventign r nt .a.hovel. isolated.cell ration
TR St B DS I IOp D e ot diifeter B ERRRAbore
2 AR U I 0MOmbPredfRtitay. THO eSdoR botdi@ctd MRsEftestcd\RE] fadlre at

there is provided an isolated cell preparation of

a sigginrase of 082 59Ssue progenitor cells comprising a first
pop i on_of I X Pr.essi ) .
o -] ScFLPTSTEIIE, BByl RepBEEN n

tradsplanttibe tofiglenhESEs dérivetl (idpubfathe presaft ivedntisnakiRuwhdla - 2

second 20 popul ation of, cells.is_ between aboyt 0.
eGP v OF & TOUACDEALRE SHEPIA FHIEHENGNT dGagP it of KERCs

deri @Y R BSSdHMEne Cfrom Y (RXREE S UG pds@ie8s. NoteCthit visible ectopic
having a positive (*) or negative (-) expression
profile, respectively, of a certain marker (e.g.,
gene or gene product). Preferably, the ratio between
"the cells expressing CD 105 and the cells not 25
expressing CD 105 is between about 0.6 to -about 1.3,
nore preferably, between about 0.6 to about 1, nore
preferably, between about 0.7 to about 0.9, nore
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NP_391988. 1, NP 596867.1, NP_389647.1) and HLA- ABC

and not expressing 5 CD45 (PTPRC, e.g., GenBank

Accessi on No. NP 002829.2, NP_563579.1, NP_563578. 1,
WONRIB/BE3B380. 1) and HLA- DR, which resenbl es t RET/IL2607/000046

expression pattern of adult MSCs. As nentioned, the

i solated cell preparation of connective tissue

progenitor cells of this agpect of the present

i nventi on arent termn erenti ated cell .
trasplgnts  {gagked "é‘ gl%‘%edl ;‘?)erg‘ﬂ‘f"{‘a%ﬁ Ny 6’?“5 i@oé“’mg
trarsPRRB6E Fi@\lnle 1|3br19¢@19£- iRdag oA AhSuse dBarh u%(m\éﬂ ol&ectoplc .

FIrgures 2a-u, 22a- IS descrlbed in

subchiangous rim@nfa%alé%@f h%‘ﬁﬂwréwdf%’rﬂ’s@vﬁote H@s@m%@% &raﬂsplant s
(mﬂé’cﬁbg fﬂ&&éag@&; 9@3&&%@&5& ﬂm% &ﬁaﬁg $BGE isshiz 4R) the

express nark teogeni ¢ 11 ne ]
ectqh@ richneenti Figurecldge, a aracidsagpde o/eetvlf of are Bavrekceld| ectopic

t cells a form.ng cell.s. reqver.. 2
s A8 T S oV A S e KRR g o
canderdls 18s)ExRMPlagslaRel icopithiredsplal ows, deﬂd&ﬁﬁratmg that the
cultured in vitro in the presence_ of |norgan|c

ectm@ypw@la@t isthissogipgble, well mieszated WHBE the FRURIY gioyse and not

gatai ni ng cal ci um phosphate deposits,
rejécﬁﬁrlﬁaj or conﬁgnent of bone mnerals. In addition,

wheFIGsn dde-edateohigiolduivab rnalyses phttke epiepichisensplogeshevn in

oA, R R b g B s e

(Filged Mﬂ%}itﬁsnedixm 131 eﬁrlﬁ Bthgd ofifmibérelifedaropk esatde doingation

whi ch foll ows whi l e father reduc:|n
(Fighre d Antarionh ﬁpfléh? lpgsr 5"@&% thordng pHgots E??\Pé’ﬂt“&?”s one
forHl%H@rB gﬂ%ﬁ%?ﬁ@g atd'8y, it BEGGEIR R BY pdrtASphikd @ai@lﬁke {FIv@es i fdLe).

can genérate a connective tissue,
ScsbreflBgab|lfs - i%umoﬁmlléb, ¢ dsiureOwenclfigead 4ge 15 pm.

t he CIPs the present i
bongﬁ% ié%gafﬁ‘embages 8k gg%) SE; tf"i’ nongf?ﬂélgr%trr]aéc Fd iSsud (of the
ectbpi6 HiflsdlantGhowh qﬁ&fﬁg&em mm:t:) a@nbmsaameg theaormation of minera

t [l ul t t
denor a5 0 emadlon ook Hagucd {BE. Ror Sk & ieure
154 9 Pﬂirmﬁé‘g‘%g?bt gﬁﬁﬁg the isolated cell preparation

of present invention are cul tured
i n BIGediba shahaialipglefiek dne tinadsgnef repsiciogbirticalc Adhilles-

ol g ST R 36081 b en LA B GTR ces o
theaﬁ@&hp ifveRGdd &ihrd @6d D Ml@h—@hﬂﬁ@'r FERCpiRIve) G clieires are

to 28 becone over-confluent (i.e,, they_occupy nore

erovanithow Hurer spliting for 4P werks do)ferm éh@ﬁéé%msmﬁ |0 gRfure

pla‘i QUSE {%G\Eeml By IRy &S ifIRr i Rube Efeoﬂ)rﬁtﬁ¢a{hel £38ds 8 gently
day's

ore mneral’l zat1 on appears € culture
rennmail frn plaes asieg awell bgrapee yahdiccﬁtbde«v foryn wpuBdedaytinders. Figure

. | ;
S A
Figufs 96d REol¥ctsl BreSintdediibiyhidedi e Zt?drﬂsﬂﬂntat’tﬁl oPWApt inside

m croarray) or protein-based nethaods

custmeagnplates sade oy fleible siisas tulhse emb?cgle%tr Regy plates (see
Flély 7@30 %18&1%%1027 %r?ﬁtlgﬂsg 94 t Of titBRAMibles é% in nude

agen ectin, ost eopont 1 n,
migxei atihigrioint 2 leitica mep rgeptiGe Ifl(eﬁ&ﬂdl@&)grﬁhcbnaﬂrlm&: ameutured

to (o SrrRi 5&'31%“&1@%5%:{3 S sisre? AEhIE SRR o medUai n.
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10 for exanple, energy dispersive spectroscopy (EDS),

scanni ng el ectron m croscopy (SEM and/or confocal

Raman spectroscopy (CRS) anal yses essentially as
wogeermsiised el sewhere [ Ubel aker DH, et al ., J PEGTEN®T/00046

Sci . 2002 Sep; 47(5):940-3; van Apel doorn AA, et al.,

J R Soc Interface. 2005 Mar 22;2(2):39-45]. For the

for mat i on of connective til¥sue, the isolated cell

g O TR b, BRI o

follp@irgs uanaplaﬁtaﬁcﬁrobﬂa $ndbn ahichnwel REhEDsPNIRe L AIELAs derived
g %fl ber sca‘LfoI d) that vvoul d sup&ort their gr owt.h
CTh#d M7 % at 4 JRAGEHCBPS Eono e UGWRsElpipe appaal jehich was

subﬂ%’t&lhto REREHC K ShifFEMendid ﬁfg\h'\% '\gle 1§oﬂ- QP el R@hﬂl@s%éﬁ@&ﬁ d eldote

0O pi of CTP nedium (a suppl enmented with
thatsfép grause 3 upaije d@ﬁmﬁtlﬁa@bkeressl@ng g Pbcisead @Kll@nszom@f is less

d ffal d
naf kel (PR R, TERFE 27 SRoBSHD LRl My vir
fonma@ﬂ;xmdom godftscafnthe girésent invadion @ochedCkbm &l derived CTPs).
Fify s Sthtasane, Bl e W 5 o potowing i
impiléRhtiof! indo § hdREIES replRGiaE |cﬁt1caﬂiygin?\ﬁ&[1 AcBIIRS idndon. Figure

f| bronectin, and tenascin-C, as we as using,
CanTieNy ‘é’leé@t wensplanted cndaphy fqllopige éi?[@#fy@ﬁ 8. crlzsﬁ& injured

f. u
A"‘?l‘%@ﬁ LE S n S0 G Rl RbA e T, P vible
arrgien Vete dwmt one tiostuadter umpianmtxmh teomotse it b@ablleeﬁ;" entesdmg its

re nedi. um conpri sing ascorbic acid and
Opeﬁ‘t%*%rfki &)ﬂr‘d@){% glﬂ Sl]13§1'5)ter about 4 weeks in

cul mmfseu(a% BRMmARGIcOHIS vga‘wst dfRmapientad SRceRH6WRIZ® weeks of
sheet-like tissue s fornmed. The sheet-like tissue

transglaniglion of the &t vigigdpwaed tepdany gal ef theyprosgntdnyengipn fuhich was
forf TR hifCs iR TTPAR Crigllr AP e AndlantddIdRBEPhRhe

section which foll ows. or the formati on
nativie gzigbhdeg) drmﬂqmg afet |mousehare | shotart e iNotelthe peregizting iafnthe

e T 1 B FAE ) LRI AL e
goMOﬁi@rﬂidﬁgatdﬁieaﬁiﬁtshﬁeuﬁuﬁl@ E@G&r [D‘BK: —aﬁiagmﬁied dmage of the

M I d h 15 %
trer A ARG (el G 11 EceRO o FE® 8P ) @ lplggal view at the
trad%RR%ﬁf%H %ﬁd@ﬁ M&@'Eﬁﬁwg% 9nRects 8l SueRito AR AR ﬁﬁﬁl@d by

or prote| n- based met hods for markers suc

sc| BliCax il §a-hnaret pisgoscodo| imagen of Slp trapsplartied tendoam sfwing
t
?lha%ﬂ& BI{)&Q e sel%sl*ﬁ,?ade ﬁﬁowf d@ﬁ%é?%%il?ﬁg&‘ 691?0\%51) ISO%IE qaars.

act a er eana con

FigtA 9aul 20025 mgﬁrbqglg —poegel.| agenase treatnent and
cul turi n& the intact layer in a CTP nedi um
q_..

essBftsi &fa-g g héﬁé@%lpﬁe%?cﬁiwst plea panpplpged %@w &A)shawa in

| t |
Figh 18EE, FRln el U Gond Bt od PRURDAR e e tichBhfhing
the drensphatdddsadon, andﬁh@mbamdeg m&l@r tmlauxsp ragvee 20kl TCFosE Bﬁztion

of %‘gj%g‘%hal %¥t 83?&?&‘2%"5‘??8% A eB%?g Iﬂ%; ASied

ten@¥n. 6tE ﬂi&ﬁﬁlﬁﬁ@-ﬂﬁkﬂ@l‘é&ﬂfﬁhﬁ@ﬁnd’fﬁ K%{a&uﬁ tiﬁ&ll&&tlo seen on cross
chondroitin sulfate &got eogl ycan 4

t
sechen (Bigen 20hhand longitndigel Q?P'i“@}b HEgye 2&?&1 Aemo a‘tl%g ﬂaat grafts

oot B RS bl et PR E RS 8P, PO 68 -

100 @Ag-teim hlgh density culture technique for the
formation of a tendon and |iganent tissues. Thus, the
CTPs of the present invention were cultured in vitro
at a cell density of 5-10 x 106 cells/cnR2 in the
presence of a cul ture nedi um contai ni ng al pha- NEM
suppl enented with 15 FBS, 50 jig/ml ascorbic acid and
1(1 7M dexanet hasone. Cultures were kept for |ong
periods of up to 4 nonths in culture, 20 with no




10

15

20

25

30

The presence of a functional tendon or I|iganent
ti ssue can be determ ned using histol ogical staining,

i mrunol ogi cal assays (e.g.; using an anti-type |
WOeIVEse@nh anti body), el ectron m croscopy (e. @CT/ISEQF/000046
and TEM anal yses) and nechani cal eval uati on using the

stress strain test, essentially as described in the
Exanpl es section 20 whi ch 160l | ows. It will be
appreci ated that for engineering of particul ar.

ti SHGe- dFag ﬁteewlé%@m{c@%ap b4 FigsrdoH e W3 @f&ﬁ%ﬁlﬁm 210)

_ dech%S% Gl B or t fa sugﬁ @{]hngk? tﬁ@ lodasged B ¥inlChofmed tc%ndon

wng the fornation o
orafis. iilngeé&iliakle - misws@piecapezranas] ¢ﬁwﬁ%@eﬂr@(ﬂn§@ﬂ§ﬂa angeafter

R A
testh %ﬂ%’trér@pﬁlﬂﬂéﬂbﬁ I(m rectm@@reﬁ dampmwaon f(ini biter Ratt tall tendon

(e.g., tendon, It will. be ag%he0|at t
(arasb Wb vgadeasch P?f&fq Rf’é'rfau‘i”ff’o

mn&ﬁ&gea%g%ﬁabg%ﬂggﬁ&ﬁﬁpent i nvention, which result |n

tiss high matrix to cells ratio, renpval  of
t heFl€ise@2a-b iakeephatemiscographsisd tmasinpflugrescepienirgligifi dopicting

th 1 o
PRIt PR G PR, A Uiy 0Bl i
(Alct!aSﬁGiglb@ d24)rnlxaskalcR (Figurh @2Ex aNptles wstectduoterstineshwith

follomn 4-5 weeks in the high density

DAPY (blye)e Se#le brisy heet-like tissue was renoved and
rol %l%g A5ty H&(ﬁmﬁﬂ}éﬁgﬁ f agarnecﬁﬁbhfﬁ%& pellftSebiRitiihetDwith
on fi'ss

ten es were cylinder-sh ape constructs, with

Ve

' Tohsjdiechibe. uDfrected difftrenttioh aaa indweedthraughpelet cultures (passage

B e
maMixt pRtdoeRnth @b Olnathe helidiPoulftie. t Rripir gediet ciltwentveennot

(engi neered tissues) can be further inplanted in a 5

S@h@ﬁﬁﬂnﬁh&héeﬁﬁﬁhéméo§0@éb@f108H§hbject in need of a
t
h ep [ IZ)ije I S%gﬁ)ﬁ[‘ %&g?%]kl Vﬁqfh%gtgﬁlrea&ét%?&ﬂg/ @ed for the

biokifechghicl %Uﬁlgatitﬂﬂ of endinsinah casiracts.c éTlngb 24apo owerview of the
spatul a, suture devj ot her,
cusioraAdls tosEgE maching; ﬂgaﬁ Phs gimios gﬁfgﬁ? F?fb“§ Eps Boale
badl $aME-Of -interest. For exanple, as is shown in .
Figures 16a-e, 17a-d, 18a-c, 19a-b, 20a-c, ,2la-c
24aFIG‘Sa Rda-b5ie phetomicraatphs Bl HUTANGSANBE 1YY dFH‘@tmg the
C lo pic ARSI
] e, o B Tl b S PR RCRpid B Bttion
(ﬂwauﬂkwu$ﬁaﬂﬁﬁﬁmﬁmhwafﬂmthS®$ﬂammddff%ndbﬁmgnaﬁnéHﬂ@nﬂml

wer e renp Ied a xhi bite xcel,l. en
(Fifisrs Freahe WEHOTAAR o dRa SFHbIATERd” TERABI BPATLGS erived
mr Sf ftﬁlsn?) s@[ﬁainvbﬁtléﬂ \Pighfe evbh)doREeduliictéd o | iitmensaihing
l'e extension follow ng transplantation of a

aneﬂm@lmm& thefantifiynasuiteshondiea aniibade (Prown stajnire:; tBéﬁé%W San
V%ll e pr t vent t -
B S8 U O LR 8 p soy

foﬁrhﬁ ecipiteissie eNbieshe brawrogainingarf acifblumao inigichemtiria antibody

accord| to the hod of this of ,t he
o T Qe P (R SPPIS PUT PR B P b S P NG L the

ﬁﬁﬁl n Cbrowal sthingh ﬁlﬁﬁh@ﬁnﬁﬁcmit@cthondna
traf |cﬁgf§%$g§§ga%he§%?ﬁgiESCS derlvgg&CTPs of thg
anibasiyetepicting gt ifomtrawsplantediibadende ofia demae oo fgale bars, 100

ki dney capsul e of SCI D beige mce a | ocalind
% ub- capsul ar formation of | oose connective tissue was

observed. In addition, as described in Exanple 8 of

t he Exanpl es section which follows, when the

ESCs- derived CTPs were subcutaneously transpl ant ed

into 25 cdl nude mce, ectopic new bone and cartil age

ti ssues were formed. The ectopic tissues were well

vascul ari zed and bi oconpati ble (Figure 13c) and
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25 tissue can be evaluated by physiol ogi cal assays
such as extension of a tendon, strength of a bone and
the |ike. Preferably, in order to prevent the

- WO 2009 n of i nmune response w t hin the reciRSiT@he007/000046

~subj ect, the CTPs of the present invention may be
encapsul ated i n i munoi sol ati ng, sem per neabl e
menbr anes. 30Encapsul ati odét echni ques are general ly

cl assi fjed as nmcroe ul atio i nval vi small. .
SpHaDT Cr s, & AP o e e temepe el s B ariegrioe
potéraDef the haBCsdieiobd @TPs botHePrdehbianemDih Nutethal sdeielfof a
H. et al. Technol ogy of manmalian cel] en_caQ%%I %tl ?n..
6-viH puityr glate FonjaiRng, apprairnaigly: 15730 gylifferopgiated hESC colonies,
e s . - 7 X . _
rolE 194805 RGBSR 6, OO, e 20
pashdBes.et al ., Cell encapsul ation with al gi nate and

al xyci nnanyl i dene- aget.yl .

ol 1R 7 1 e ont LG 3 Shablifn yres g pESC-derived
CTB7@ra8ge ChaWgid ang) Pndk ashab. fdtdaesded eSTP o(Figure 27b),

m cr oencapsul ati on of enzynes, 5 cells_ and
derppasiaatingAred) TesAEPlBE BUnpRPReISsY GaAle bas: 1Gibrm).

Bi ot echnol . 2001, 17: 249-60, and Lu MZ, et al., A

novel cell encapsul ati on nethod using photosensitive

B DN/OE iR PREPERREVeBMEOTNMYNE Heneacet ate) . J

M cr.oencapsul . 2000, .17:. 245: 51. .For e I .

mi CHEGpEaT ouion 1 PERamels Bl etsimind ol s e progenitor
cellg QUIrRgeRorh enhriybhnia stei <6l ydédr Ghieldiddodies and of using such

2- hydroxyet hyl met hyl acryl ate, (HEMA).,,. nethacrylic .
cellg fprepefl g @%PW%%}/W“%‘P%BW% BeqRAY: the gedsent igypntion
can' Hg & ﬂp&#ﬂ%lﬁ ahd) ke?éﬂ@x%ﬁ cﬁhagé@plp@ibeagé@ﬁ‘ssﬂé B? Q&ﬁz SBﬁéi%‘:]ﬂ% the

can be fu er encapsulated with additional gm
CTPeof ol pemnt shehtion knachifiert bondedpbareofzoryimplorting in the

h d th f, i N t i
subfigEh e BRCKP R KR pp Rt Ml Dbt 1 1

M CTIRC prisdipies ahdoperatibn b5 teneefiod| dt g’enaralﬁhg) et rectied ﬁ:lsue

20Q2 23: 849-56). Qt .
ProgYR S 67k PEEOr ot (R PSR CRREHT 60 DS Pdersiood. With
refEBERRS et ARink § A1 &cbﬁg&i%%&%;ﬁriﬁﬁo@@l ment. Diabetes

Thechnol . Ther. 2003, or its derivatiyes,

For Befeemrplaining et loas 9ot Pebodimentrl te myantion ipdefpHelt is to be
| : . i . i .
unc%gsg%lo%f e h}%ﬁn&og%? glﬁ%e%a gbﬁg @g@g@l&ﬂs gfg{%%m R forth in

um'al gi nate and so ose ate wt
thetfbitowiak Viesdription joo ley¢mptifind wnthe Exagiplasi dibed)vention is capable
hydrochl oride in..the presence of. calcium.chloride .\ s
of qifr gpphodiieeni of o hespeToriieat OF SHTICLRUAR B SP BH o hlos i
to bATRAGNEHodIRR (RTBhia8dolcdPaid REmbR ekt SdsbloyddUsereih e for the

qual ity control, mechanical stability, diffusion
purppsspd desceiptionped should netde segerdadas mite.encapsul at ed

cel sy k.nnr he - - Sl :
Fr ot A S SRR i B P ind ity B REF offers
new epportinitig Soi etricah aplicatighs, sicatng o ol Gir. repdiri® emhiteplacing
Sci _Pol Ed. 2002 13:, 783-96) ..
cargaselagfs 1o SSRE RR  ROVOBIRET SN Gor 16 SHISHE “Bpigpies of

rep@fing Bhagkd dr08RErdeHMS EfiReSRRMiGES, Bclang fUnes catilage and
m croarchitectures were found to successful |

tenflpmeuinoliudo et eserdfovsaansiis eHasRfs apd prtidslal substutes; digwever,
.Sl i iof i G i o
ool SR b ATLBERL it A AR 80 L gt e

ostEesshawtiellinfetior (bABEr biblugi® BounBepais, add cauld fail.
M crofabrication technol ogy for pancreatic cell
encapsul ation. Expert Opin Biol Ther. 2002, 2:
633-46). WO 2007/ 080590PCT/ 1 L2007/ 000046 34 The
i solated cell preparation of CIPs of the present
invention may al so formpart of a pharnmaceuti cal
conposi tion. As used herein a "pharmaceuti cal
conposition"” refers to a preparation of one or nore
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conpri ses packaging material and a conposition

conprising the isolated cell preparation of CTPs of

the present invention along with instructions for use
WO 20068019 based t herapy, tissue repair, recondGIJE2ogm0046

regeneration and/or replacenent. 35 The present

i nvention further contenpl ates an :

article- of manuf act ure whildh conpri si ng packagi ng

th eﬁ%a[aal e g’{)ﬁlgtsﬁ%égg {hgﬁgfgﬂﬁﬁqgr al d | V%s%a[ gource R cells

forl BsshiE Whbingétsngl OF ThisiH NBilitReoft bfagtealgr aﬁmmftai skifgaiseval can
repai r, regeneration and/ or replacepent 5The present

' potpﬁmélamr%dertb? F9oapred amou ot aﬁlé%nqeﬁ@ 198 & givo fife eapsirugtion.

In % cl()d;] ARG Ure LAMEALY tyOL dg%@oﬂ?ﬁ&% FldnfR Qf dlff&teﬁﬁatte into

on-condi tioned or conditioned) for specialized
anst Gedldyge cpfet@@memmahan bmég@n emchtep@tﬂyd@vv\bbdn ﬁﬁclpmﬂry derivgd by

R SRR AL s FLE AR 0 0 e

lindserm ' about refers to 10 % Addi ti onal
obj ects, advantages, .and no fe s .of
pr eS@¥sral iRRReRthcs haye (et B Qﬁﬁﬁf’fgwfmtl&dﬂﬁ@ mesenchymal

steﬁ’lr Qeu@ aiidos)-aké |cleﬁéj fiofh hBECAT tFo RRAnSY ATINRE BN, &f alt, m®06
foll ow ng exanpl e whi ch are not intended to be

[OTlmm Eidhget ahaddd @cﬁignlc‘wﬂs @4c 0 19r1 928k teash MFHI‘J@%POHMEOUSW
pl%?gﬁrge &%@ of ‘i’.ﬁsﬁ% %Sfoﬁl‘f‘es Q%I’a[ Q%I:u ﬁﬁ&ma %ﬁﬁ&%h@ﬂ.l?%tﬂl@d
e Clalns

herernabove an al med
(at sleastlzbmehled)p\ﬂeltomdg whipk rﬂxmllalfosnnpgoﬂhb thivkt ém@thelium are

foI I oW n X MPL S ORef now. .made
TSP o NORYF ek A PESOF SHch TG R B ERgheed to
mea%i@nsi ﬁeiﬁfdt@&ie%@tahé&ubl?tcﬁﬁér@nﬁdﬁﬁg cBYERéh QESTS, Whible ay
limting fashion. CGenera t he nomencl ature used

resé ired gru @%‘ﬁéﬁ!l%ﬁﬁﬁ!@%%(ﬁ;@é%dur es utilized in the
pr eﬁgy% "[W%PE* qg%%‘ﬂcéo- | @8tk Ahn nfuS BRI CRbmal feeder

m cropr ol 0gi ca reconbl nant DNA t echni ques Such
layewcindi mlle\smgr@ dzk}tsrtnﬁjmbqltuee( mo&'ftfrdeﬂlﬁﬁ-ppmwseﬂs (MSC-like
for, exa

B iR Sl

g&ﬁﬁ @ctﬂeﬁlel‘;(blﬁﬁ Ve RY oﬁhell\m'hké/ebllm(aﬁiyl 5 ¥4 bf the cells were
Ausu (1994);

CTB A6 5oV o e - -qftaring 9§ oS gg?%o‘é&%%efﬂéym
wh% c&hﬁﬂﬁzﬁm}d@%*@ becééﬁgsgand ]Pﬁ’@@lﬁle use Or E’élﬁﬁ&sb@ ﬁierl\slté)y

eto d oning", John Wley & Sons
Yor Rtlet 9gByqackiest sihizet eaibrymd Fieq;bepﬁm(lﬁﬁﬁt iipNsder to  generate

corf e b AR AR R, Ty Yy B AR Bl e

culd@d in Thedpredetbel oBpf i RGO Bedhimb @f}ﬂlbﬁf yeIPp&&mg\lﬁw more

Aok kdaéég% igsh celemhchonere syl Berogtntel e gaigoblast

1m@e%|€ Lgéa@(@%p{%]??eo Cgf?ieiby%sﬁiéﬁgy 04%#@&%6(‘5915& FRAgbook”

1994 Cul ture of
Am hbs, @eldats, theyk ivammlethod o@amlajmg epireed qpymective tissue

hne 994) Third Edition;
pragg et 45?’8 041%51? ﬁ’elﬂ MRS gy Vol ures I - 111
CO| VaaR ddudng tHedpreeh® YhentiSi td pﬂlcﬁxte dlhe prekebs iventors have
"Basic and .5 Cinical Immunology" (8th Editio

ungqyTatagr PR et e okt &%er@ﬁn@wﬂl%&ﬁj tisspp §H€%€PQ‘§A&TP) cells
fro§r'éxh go&ggi§r& eells Sﬁ' lo8tRAd MB&iBOARs i snERh ik IR Examples section

Wmch follows, the CTPs of the present invention are proliferative cells which can be

expanded in culture for at least 25 passages while still differentiating to any one of a
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Freeman and Co., New York (1980); avail able

I mmunoassays are extensively described in the patent

and scientific literature, see, for exanple, U S. Pat
WON@Q,?/OSQS’(?OS, 011, 771 and 5, 281, 521; "d i gonuc| &$HyIHI07/000046

Synt hesi s" Galt M J., Ed. (1984); "Nucleic Acid

Hybri di zatl on" FI anes, B. D., and Hi ggl ns S. J. Eds

(1985); "Transcription andi8Tr ansl atl on Hanes,

corBpoh e ool o s A shenn L %@?ﬁ%‘éﬁ i

follEﬂ%yﬂiESC'I'Eéoﬂ R reeas mvéﬂﬁﬂﬁ)v‘ﬁ:re dphblaati diﬁéreﬁﬂtﬁhg m’(m the
Mol ecul ar Cl oni ng", Perb 11984 and : Met .?
osteagspifdinsage: hort Onilf%ﬁw bicasteis pigp cells, Tigament
celPerOE@i\rﬁ-forﬁn@ 'cgifs Tap '\@dﬂﬂﬂﬁ’ Cﬂﬂ &Pﬁﬂe' Eétft’ Nvention were
Academ ¢ Press, San D ego, 90) ; rshak et al.
capallercftfegniog mattw Fssiensuoh rastd g&lptl@wl émlon without using any

oY% e s, o BRI FOLDARE DTSl

investfonr waeecapsble foff folhingseiodd® chovdctivhi¢iseiena Kdnhe:rssue and a
aIgener.al references are provided throughout this
HieHE ™ WHE procedures therein are believed to be
Vel Tl quddrdifg tth &nd dsped hfahe pésem ﬁeehtfoarmell&els provided a
conveni ence o% the reader. Al the informatio
method toficrpaatingseqanactive tissuo Prseitasciier £he Hﬁﬂwd is effected by

ol B PAGERSE VR 5 YR o

cortisud ab¥pPascatbic adithesas oadtany emeﬁﬁojssmreggnwelbn thereby

mtoticall | nac tivated enbryoni c fibrobl ast
genefgEeg s, é'é?‘gwe ﬁsﬁ@r@%ﬁ?ﬁgﬁ? t Dul becco's nodified

eaghg uScdmRedin Be( MM “chbitchiveOgang pro@b!ﬁ@lr eﬂmtﬁwsw refars to
20 % knockout serum reﬁl acenment , tam ne, 1

Cel%mﬁh eapahlsr 9fdiiigren %ttrgdod@oreothin PRE cel ineage and/or cell
E@l}t&% ﬁ@ueanﬂxeﬂn & of Qﬁﬁcﬁvéc LkebhR$ided hankRk not
act or FGF

fro I nvitrogen). Four different
limiitadi sp edmmtcomfsva)ﬂlssm fag-c Yigomend, F;@ldﬂ@r pasipdopia] digament),

aregBEAFRENE TRy B b A oL LR QR R,
ret2giar %@eﬁ@&ﬁsgﬁ@ddﬁp@sﬁ tissuel bkoba,rboneVﬁmlage skin, intervertebral

19%? 7 ?@;}90 C‘zgrxlélnéﬁ%gj %g‘gg% / nbaé%xl ntekﬁé@t)'&%&mg cells, {oose

coltBiNe R¥E&Mnd sMddth Blisd¥é ¢elB004) . EB formation -
To 1 nduce enbryoid body(E) formation, |fFSC
coI &h¢ phrage‘embnybjiecitend celist 3spesedl \negein r%fg,ré ragabryonic cells

eégate I n suspefision, 1n
en&(odkﬂ@,@cmdbnﬁ)MEMme’éﬁdéﬁnD,ecblaﬂemaﬁnmglm aenudiffédeyiddteh etpie. TThe

mM gl yt am_.ne and % non essenti al i ds
Dl SRR SigBY eI B SompRe P gls feaned Bk ARbRonic
tisduET: Po%)ne(@ eiﬂey E%ssﬁaoﬁw(@ gor Bﬁ@ﬁ@fét)o Beford mngﬁatanoifoy@ t® pre-

20 days- ol -day-old) were enzymatlcally
unnlnagemrebﬂaswmt)t ¢>9t ed bi@stc(ccystzalle/& exsehirh giccobtaned from a

pOsft-r %fan&ggg@&-gas@géggeggr ko ﬁgés&a;fwt g;é% gp@%oo@mgm) and

enibmﬁﬂgeﬁilr(@ﬂ’gheﬂs 4Bidhrareebhined| frors theagandal {ad oba fetunany
ob ajn a single ce

ECHAS SR Jé(nbe{‘tls o S ek togleéESt?t}oé‘atfgﬂagefIFgg pryonic
steﬁ{ ceﬁs demsdihy «9 fh1§as?fyeétQ§' tﬁ@bﬁe&m@ Skvefifidn arz\b? I \HRn13€ o primate

l'ater, the nediumwas changed to a C? nedium
(e. g-om@akem)nggm pha- MEM ( Bi ol ogi cal - 15 Industries,

| | srae 5
PaoisGrEdiets 1A Blasg SHRRl) RbBBHETR St IEiod® sdters o
(Si grra St Louis, MO, USA) and 10-7 M dexanet hasone
(Sigm, St Louis, MO, USA). Upon reaching
sub- confl uence (about 5-10 days), cultures were
i ncubated with type IV coll agenase foll owed by
trypsini zation, and passaged every 3-4 days.

thc ea%:-t: n&%f)le orf'%l@erglgmaftﬁlg Tth IE@HJ\@: alf t%fe% Snbriouic g% a l\r%geq% 61 e,
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cells taken during routine passagi ng as descri bed

her ei nabove. For controls, fetal 5 isolated cells

were grown with CTP nmedi um and passaged in a simlar
WORRY7/080590  (Ost eogenic differentiation and nathGEAL2007/000046

formation - For induction of mneralization, CITPs

were grown with CTP nmedi um suppl enented with 10 niv

bet agl ycer ophosphate (i nor§ani c phosphate), and | et

nme er-confl uent or. PSF odof

dls‘&fﬁﬂe/'g&g(gsf Pbc nﬁrﬁegﬁlg?t o‘%v 1|51p(é agge T'Ofﬁ‘%ﬂ rogem 2’5 &£
ESd ihRheiticd okt other BNEE @Gkl dgheotiteNdPESCY, ayd bl such can

nmet hod, fornerly called "spontaneous" - Sub:confl PF
be gxpandsg kae@ev(@mﬂaﬁmt%t%@%%fewéﬂﬂmn tq apgsticiier gell incage
or defyed fromthe culture plates (vvlthout '

pre-col | agenase treatnment) as an intact g wer e

pl abederibrysuis gensidis of e Breseat nyentignwgn bne teined veiae vreLl-

descr.i her ej nabo - T
km{w“p %I ‘%g‘grt iy ed%%% rm\ﬁ?’ibho?[gﬂ%’. mgg%ﬁé’?%%g& g{eﬁ{ %éﬂs can be
isolped| RémChtlnidanr Blastyssty)) Huasammblaytocats| sl t&picalbcbbtained from
Sub- confl uent . CTP. cul tures (f.rom an
I S REOE PRI SS f Toi v Do LE T ER Ty Gobrvos.
AHEEREYdY, £ahgl¥ %u)hungynsaﬁmr@ @ah b nga'irdea 1€ el ﬂaéto&ysb @S ge.

and centrlfugedf 5 mnutes at 200 rpmto farm

Forstht isolatian op binpan &S cﬁﬂéﬂwon@pgﬂwaés Famavied frogyp tstyr%'ﬂ’ -old
P ATEL U ESPATADL N (AT SpBSb ey which

trophepotiene n¢lichrailysed H0d Ferhbebdxiatm dhdansash ECM5ky ggitmplpettmg

T KL o BOoE it RS LRl P Famdplp Pt

whiBh QRBEEIEE RS outBrotwan! IFalilidenstd 1 Ndays, e ICMyderived outgrowth is
transferrin, 6.25 rlg/m “sel eni ous acid, 1.

disgngisitedle e ey SHRTE @n@eshagscah&fﬁsﬁmw%%%a %F%%Yfﬂatw
deBhiR dnﬂ{enlelgg%eo‘&m TIIB' atgi?tdﬁog #OHUESHe culture medium.

p-regulation of speci |c cartl age matri x genes such
Cohgie€odemd(nsiDi2 andiﬁ%nnﬁtgd g:u:m@bol@@z dye ulivipgptly selected by

anal s -, Tot eR
iR Frerhiay oo BT AR A E iRl bl SR SR S celts
aretthén f@ﬁu%l@a@%if e%r?- Al ndhysu cltmcfaﬁhercﬂams \msmeth%m d@reparmg
transcri pbe fom Wit eve e
burpny £Scolls 1588 gh@ﬁls?flbﬁbﬁf’eg@} gwﬁ%ﬁN?{S’ o Tl §/° SErSL: 1145,
19$0OREf | rggﬁ 1510 %1&998“1??@9@9* pRACNaS A, Sor. s ardad,

t e nu cycles was confirmed to be in the
199ﬁ)nBangspamgb aiumrﬁmprdd 4060 h989handafrdner &l pflisatile Steril.

parated on 2 % agarose gel stained with 39 .
69%?%9%3111 brom de and identified by size. The identity

Of Ragill Herppiteiatadathatconivercially byanbistenibegdninsiem zygecan be
gestion. Sanple treated, wit

ol (- 1P s S0 &1 HES DT B Em G G50 88 o fgrchesed
frofP Ml NI h&ﬁ?[lx QnibryBiEE %lté?]p ey, re?b%ﬁt}? -B8sch . gzw) MeKon-

sequences ong wth their SEQ anneal 1 ng
lmummexmm':segf comuicecigiyhavabebls mlarmorfl@ rsteRIrB‘ritﬂme% pe BGOI,

B0 T ot S (b 48 1Y e
di gestreshtiphalded hethod\Of gERTHRGALBHRATE tidsPO PR/ONiREd486lls can

40 Tabl e RT-PCR priners and_condi ns .Gene, ( nBa .
alsp utidize ESCsNbiph ﬁ@ww&ler@ﬁye ghalfweéléﬁ% LRtighiqn) t°p P Fa Bryoid

boliSE@ER ' VO) S )3

As used herein the phrase “embryoid bodies (EBs)” refers to morphological

structures comprised of a population of embryonic stem cells which have undergone
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Cya Ann. Restr. Enzyne RT-PCR product size CBFAl (NM
004348 ) - CBFAl F: CCGCACGACAACCGCACCAT (SEQ ID
NG 1) CBFAI. R CGCTCCGGCCCACAAATCTC (SEQ I D NO 2)

WO EBeB8e 62C 215 bp 283 bp 50X9 NM 000346 FEHGLEVOT/060046
ATCTGAAGAAGGAGAGCGAG (SEQ ID NGO 3) Sol9 It
TCAGAAGTCTCCAGAGCTTG (SEQ ID NG 4) 35 58 C 30
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differentiation {e.g., in vitro) following the removal of differentiation blocking
factors. Preferably, the phrase “EBs” includes “simple EBs”, ie., EBs in which a
layer of endodermal cells is formed on the outer layer of the small mass {e.g., EBs
formed following 1-4 days of differentiation of human ESCs in culture), and
“complex EBs”, ie., EBs which are characterized by extensive differentiation of
ectodermal and mesodermal cells and derivative tissues (e.g., EBs formed following
3-20 days of differentiation of human ESCs in culture).

Preferred EBs according to this aspect of the present invention are of a human
or primate (e.g., monkey) origin. Preferably, in order to generate connective tissue
progenitor cells which are suitable for human therapeutic applications (e.g., cell based
therapy), the EBs used by the method of this aspect of the present invention are ofa
buman origin. '

Preferably, the EBs used by the method of this aspect of the present invention
are 1-day-old EBs, 2-day-old EBs or 3-day-old EBs, more preferably, 4-day-old EBS,
more preferably, EBs derived from a later developmental stage such as at least 5-day-
old EBs, preferably, between 5-25 day-old-EBs, more preferably, between 5-10 day-
old EBs. |

Thus, as mentioned the single ESCs or ccll of EBs are cultured in a culture
medium comprising cortisol and/or ascorbic acid.

Prior to culturing in the culture medium, colonies of the ESCs or the EBs are
preferably dissociated to small cell clumps or even more preferably, to single cells
(e.g., which are devoid of contact with other céﬂs while in a liquid medium). Such
colonies or clumps dissociation can be achieved by enzymatic digestion using, for
example, type IV Collagenase (e.g., 0.1 %, for 30-60 minutes at 37 °C) for ESC
colonies or trypsin {e.g., 0.25 % trypsin for 2-3 minutes at a temperature of 37 °C) for
EBs, followed by an aggressive mechanical agitation of the dissociated cell clumps
[e.g., by pipetting up and down thoroughly]. Once dissociated, the single cells
resulting from the ESC colonies or the EBs can be isolated by filtration via a

" membrane which enables the passage of single cells while avoiding the passage of

large cell clumps. For example, as described in the Examples section which follows,
the present inventors have used a membrane with a cut-off of 40 pm [e.g., mesh cell

strainer (Falcon)] in order to isolate single cells derived from ESC colonies or EBs. It



10

i5

20

25

30

sec EcoRll 264 bp COL1 NM 000089.3 1i CO.1 F:
GCACACAATGGATTGCAAGG (SEQ I D NO 5) hCcOLl It
TAACCACTGCTCCACTCTGG (SEQ I D NGO 6) 35 64C 30 sec Ncol

wOoR001Hs0Bel | 45 bp 476 bp ONEC NM 003118 Onec PET/NL2007/600046
GCAGCAATGACAACAAGACC (SEQ ID NO7) Onec it

CTTCTCATTCTCATGGATCTTC (SEQ I D NO. 8) 35 58C 30 sec
Sphl 166 bp 277 bp OPN NM2bH00582. 21

will be appreciated that the incubation time and concentration of the digestion enzyme
(e.g., collagenase or trypsin) used to dissociate the ESC colonies or the EBs depend
on the size of the ESC colonies or the EBs, and measures are taken in order to
dissociate the large cell aggregates to small éell clumps or preferably to single cells
without hampering the cell structure and viability. Similarly, the sirength (e.g., as
controlled by the number of RPM) and period of the mechanical agitation can be also
adjusted to achieve dissociation of large cell clumps while preserving cell
morphology and viability. It will be appreciated that the morphology of the
dissociated ESC colonies or EBs can be monitored using an inverted microscope and
the viability of the cells can be measured by subjecting a sample of the cells to the
Live/Dead viability assay (Molecular Probes, Molecular Probes, Inc., Bugene, OR;
USA).

Culturing the single ESCs and/or the EBs according to this aspect of the
present invention is effected by seeding the single ESCs and/or the celis of the EBs in
a culture vessel (e.g., a tissue culture plate, flask, container or boitle) at a cell denstty
which promotes cell survival and proliferation while maintaining the multipotent
capacity of the CTPs. For example, a suitable cell density which can be used to
generate the CTPs of the present invention may be 1 X 10° — 1 x 10° cells per'cmz,
more preferably, 5 x 10°-1 x 10° cells per em’ (e.g., 5 X 10° cells per em?). Culturing
conditions usuaily include incubation of the cells at physiological temperatures in the
range of 35-38 °C (preferably, 37 °C), under humidity and in the presence of 5 %
COs. _

The culture medium used by the method of this aspect of the present invention
may be any culture medium capable of supporting the growth of the CTPs of the
present invention while maintaining their proliferative and multipotent capacities.
Such a culture medium can be a water-based medium which includes a combination
of substances such as salts, nutrients, minerals, vitamins, amino acids, nucleic acids,
proteins such as cytokines, growth factors and hormones, all of which are needed for
maintaining CTP proliferation and differentiation levels. For example, a culture
medium according to this aspect of the present invention can be a synthetic tissue
culture medium such as alpha-MEM (Biological Industries, Beit Haemek, Israel), Ko-
DMEM (Gibco-Inviirogen Corporation products, Grand Island, NY, USA),
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hOPN F: CTAGGCATCACCTGTGCCATACC (SEQ ID.NO 9) hOPN It
CAGTGACCAGTTCATCAGATTCATC (SEQ I D NO 10) 30 45 sec
EcoRII 226 bp 330 bp ALP NM 000478 ALP F:

WOROGABEPT CAGAAGCI CAAC (SEQ I D NGO 11) ALP R PCT/IL2007/000046
ATCTCGTTOTCTGAGTAGTACCAGIC C (SEQ I D NGO 12) 35 62C 30
sec BstXl 120 bp 435 bp Hpth/rl NM 000316 hPTH R F:
CACAGCCTCATCTTCATGG (SEQ 1 NG 13) IIPTHRL R

DM@%E&%%@&%,SE% II-?aCII\l!(gk} ﬂrael), supplemenied with the
necessary additives as is further described hereinunder. 'Preferabiy, all ingredients
included in the culture medium of the present invention are substantially pure, with a
tissue culture grade. |

As used herein the term “cortisol” refers to a synthetic or naturalty occurting
cortison (a glucocorticoid steroid hormone) which binds the glucocorticoid receptor
and is capable of expanding CTPs and maintaining their differentiation state. It will
be appreciated that the method of this aspect of the present invention can use a variety
of cortisol derivatives or analogues which are capable of the biological activity (e.g.,
expanding CTPs and maintaining their differentiation state). Non-limiting examples
of cortisol derivatives or analogues which can be used according to this aspect of the

present include hydrocortisone, cortisone acetate, prednisone, prednisolone,

* methylprednisolone, dexamethasone (about 40 times more potent), betamethasone,

triamcinolone, beclometasone, fludrocortisone acetate and deoxycorticosterone
acetate (DOCA). Preferably, the cortisol analogue used by the method of this aspect
of the present invention is dexamethasone, which is known to have a potent activity
(about 40 times more than hydrocortisone) mediated by the glucocorticoid receptor.

The dexamethasone which is included in the culture medium of this aspect of
the present invention can be obtained from SIGMA (St Louis, MO, USA) and is
provided at a concentration selected from the range of 105-10® M, e.g., at least 107
M. For example, as described under “General Materials and Experimental Methods”
of the Examples section which follows, the present invenfors have used 107 M
dexamethasone within the culture medium to obtain a highly proliferative, multipotent
CTPs. |

As used herein "ascorbic acid" refers to the synthetic or naturally occurring
ascorbic acid (an organic acid with antioxidant properties), also known as vitamin C,
which is suitable for culturing cells (e.g., sterile preparation).

The ascorbic acid which is included in the culture medium of the method of
this aspect of the present invention can be obtained from Sigma (St Louis, MO, USA)
and is provided at a conceniration of at least 20 pg/ml, more preferably, at least 30
ug/ml, preferably, at a concentration which is selected from the range of 20-500
pg/ml, more preferably, at a concentration which is selected from the range of 20-200
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00185231 Co019/2 F: TGGITTAACTGGAGCCAAGG (SEQ I D

NO 15) Co1912 |t GCCCACCATGAA. 111ATATC (SEQ | D NO
wOLge)7/@865960C 30 sec Spl21 330 bp 520 bp COLI OPRWIIDBOAGBG46

COL10 F: CCCT1111GCTGCTAGTATCC (SEQ ID NO 17) COMO

R : 40 60C 30 sec
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pg/ml, more preferably, at a concentration which is selected from the range of 30-100
pgml, e.g., 50 pg/ml. For example, as described under “General Materials and
Experimental Methods” of the Examples section which follows, the present inventors
have used 50 pg/ml ascorbic acid within the culture medium to obtain a highly
proliferative, multipotent CTPs.

As is shown in Figures 4a-e and is described in Example 3 of the Examples
section which follows, the CTPs generated by the method of this aspect of the present
invention are capable of forming mineralized matrix. Preferabljr, in order to increase
the deposition of mineralized mahix_(e.g., when differentiation into a bone tissue is
desired), the -culture medium further includes inorganic phosphate such as beta-
glycerophosphate, which can be obtained from Sigma (St Louis, MO, USA). The
inorganic phosphate included in the culture medium is provided at a concentration in
the range of 0.01-1000 mM, preferably, at a concentration of 1-50 mM, even more
preferably, at a concentration of 10 mM. |

Preferably, the culture medium used according to the method of this aspect of
the present invention further comprises serum or serum replacement (e.g., a defined
preparation made of mainiy synthetic or recorﬁbinantiy expressed proteins which
replaces the serum in a culivre medium). Such sera can be derived from a human
source (human serum) or from an animal source (e.g., bovine serum, horse serum) and
can be obtained from a variety of tissue culture suppliers such as Hyclone (Utah,
USA), Invitrogen (Grand island, NY, USA) or Biological Industries {(Bet Haemek,
Isracl). A preparation of serum replacement can be obtained from Gibco-Invitrogen
Corporation (Grand Island, NY USA).

The serum or serum replacement used by the method of this aspect of the

present invention is provided at a concentration range of 1 % to 40 %, more

~ preferably, 5 % to 35 %, more preferably, 10 % to 30 %, more preferably 10 % to 20

%, e.g., 15 %.

Preferably, culturing according to this aspect of the present invention is
effected under xeno-free culturing conditions, i.e., under conditions which are devoid
of animal contaminants {¢.g., animal pathogens such as retroviruses). Thus, the serum
which is inclnded in the culture medium of the present invention is preferably human

serum ot serum replacement, and culture medium additives {e.g., the growth factors,
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NO- 20) AGGRECAN NM 001135 AGN F:
ATCOGAGACACCAACGAGAC ( SEQ | D NO. 21)
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minerals, vitamins or hormones such as dexamethasone and ascorbic acid) are -
preferably synthetic or recombinantly expressed highly pure additives.

Tt will be appreciated that the CTPs of the present invention can grow in the
above-described culture medium by either directly attaching to the wall of the culture
vessel (e.g., the bottom of a culture flask) or by attaching to feeder cells which are
attached to the wall of the culture vessel. Feeder cells are cells such as stromal cells,
fibroblast cells (e.g., foreskin fibroblasts, human embryonic fibroblasts) or human
fallopian epithelial cells, which secrete growth factors and/or nutrients and support the
growth of the cells-of-interest (e.g., stem or progenitor cells) cultured therewith.
However, it will be appreciafed that culturing conditions which rely on feeder cells
are much more complicated since they require the separation of the cells-of-interest

from the feeder cells at each passaging step and thus may result in mixed populations

~ of cells.

- Preferably, culturing according to the method of this aspect of the present
invention is effected under feeder-free culturing conditions. As used herein the
phrase “feeder-free culturing conditions™ refers to culturing conditions which are
devoid of feeder cells. For example, as shown in the Examples section which follows,
the CTPs of the present invention (which are cultured under feeder-free culturing
conditions) are completely devoid of feeder cells and thus represent a pure population
of CTPs.

Preferably, the method of this aspect of the present invention further
comprises expanding the CTPs. As used herein the phrase “expanding” refers to
increasing the number of the conmective tissue progenitor cells over the culturing
period without hampering their differentiation capacity. _

Preferably, the method of this aspect -of the present invention further
comprises serial passaging of the cells in culture (ie., the splitting of the cells so that
the cells can grow beyond confluency). The term “confluency™ as used herein refers
to a density of adherent cells which when attached to a wall of a culture vessel cover
100 % of its area. Preferably, in order to prevent the differentiation of the CTPs of
the present invention to terminally differentiated cells (e.g., osteoblasts) or to cells
with limited differentiation potential (e.g., precursors which are restricted to a specific
cell lineage), the first passaging occurs when the cells in the culture reach
subconfluency, i.e., when the cells cover about 70-90 % of the culture vessel wall,
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more preferably, when the cells cover about 80-90 % of the culture vessel wall.
Preferably, when cultured according to the teachings of the present invention
subconﬂu_eﬂcy of the cells in the culture occurs no more than 10 days of the initial
seeding of the cells. Preferably, the cells are serially passaged after no more than 9
days in cﬁlture, more preferably, after no more than 8 days in culture, more
preferably, after nor more than 7 days in culture, more preferably after about 4-6 days
in culture.

Passaging according to this aspect of the present invention can be performed

| by dissociating cells from the wall of the culture vessel using e.g., type 1V collagenase
(at a concentration of 0.1 % for 20-60 minutes) followed by trypsinization (using 0.25

% ug/ml trypsin for 2-5 minutes), counting the single cells and splitting the cells to 2-
5, preferably to 4 tissue culture vessels (i.e., a splifting ratio of 1:4) in order to
preserve the same cell density of their initial seeding (e.g., 5 x 10°-1 x 10° cells per
co). Preferably, the cell culture is subjected to culture passaging every 3-6 days,
preferably, culture passaging ocours every 2-5 days, e.g., every 4 days. -

Preferably, passaging according to the method of this aspect of the present
invention is performed for at least 20 times, more preferably, at least 25 times, more
preferably, at least 30 passages, while splitting the cells using a splitting ratio of 1:3,
more preferably, a splitting ratio of 1:4. As is shown in Figure 1a and is described in
Example 1 of the Examples section which follows, the CTPs of the present invention
were serially passaged every 4 days for at least 25 passages. |

Preferably, passaging according to the method of this aspect of the present
invention is effected under xeno-free and/or feeder-free conditions.

In addition, the method of this aspect of the present invention preferably
comprises a step of isolating the CTPs (i.c., separating the CTPs from the culture
medium). Isolating the cells can be effected at any time while in culture, e.g., prior to
the first culture passaging, following the first culture passaging, or following any
other culture passaging. Thus, the CTPs can be isolated by filtration (e.g., using a
membrane which prevents the passage of CTPs and enables passage of the medium
and/or by centrifugation of the cells (e.g., using the conical tube centrifugation at
1500 RPM).
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Scler F: TGCAAGCTTCCCTTTTCAGT (SEQ I D NG 25) Stier

11: CTOCACAOCCCGAAATTGTAA (SEQ I D NG 26) 40 60C 30 sec

Hgal 292 bp 455 bp COL3 M 1_000090. 21 Col3 F:
WOREIEEACTGCTCCTACTCG (SEQ I D NO 27) Col 3 |t PCT/IL2007/000046

CGGGTCTACCTGATTCTCCA (SEQ I D NG 28) 35 60C 313 sec

Bgl | 266 bp 439 bp collagen, type Xl| NM 004370
Col -Xl'i F: GITGCCTGGACTGAlL} GGIT (SEQ I D NO 29)
Col - XLI It 35

Preferably, CTPs generated and isolated according to the method of this aspect
of the present invention are highly projiferative cells. For example, hESCs-derived
CTPs exhibited a tripling time (i.e., the hours between passages in which the cell
number was triplicated) of 80-100 hours during passages 1-18 and of 120-140 hours
during passages 19-25 (Figure la, Example 1 of the Examples section which follows).

As is shown in Figures 3a-k and is described in Example 2 of the Examples
section which follows, FACS analysis revealed that about 42 % of the CTPs isolated
according to the method of this aspect of the present inventi.on express CD105 (a
marker of endothelial cells, also known as Endoglin, GenBank Accession No.
NP_000109.1) on their cell surface. This is in contrast to the ESC-derived MSC-like
cells obtained by the methods of Barberi T., et al. (Supra, 2005) and Olivier E.N., et
al. (Supra, 2005) which comprised of 81 and 100 %, respectively, of CD105-
expressing cells. Thus, these results demonstrate that the CTPs generated according
to the teachings of the present invention represent a novel isolated cell preparation of
conneciive tissue progenitors. '

Thus, according to another aspect of the present invcntioﬁ there is provided an
isolated cell preparation of comnective tissue progenitor cells cémpri;sing a first
population of cells expressing CD105 and a second population of cells not expressing
CD105, wherein a ratio between the first population of cells and the second
population of cells is between about 0.6 to about 1.5.

As used herein the phrases “expressing” or “not expressing” refer to cells
having a positive (+) or negative (-} expression profile, respectively, of a certain
marléer (e.g., gene or gene product).

Preferably, the ratio between the cells expressing CD105 and the cells not
expressing CD105 is between about 0.6 to about 1.3, more preferably, between about
0.6 to about 1, more preferably, between about 0.7 to about 0.9, fnore préferably,
between about 0.7 to about 0.8 (e.g., 0.72). } |

As is further shown by the FACS analysis depicted in Figures 3a-k. the
CD105-expressing cells also express CD166 (activated leukocyte cell adhesion
molecule, also known as ALCAM, GenBank Accession No. NP_001618.2). On the
other hand, the CD105-not expressing cells (having CD105 negative expression

~ profile) include a majority of CD166-positive cells and a small fraction (5 %) of

CD166-negative cells. In addition, as is further shown in Figures 3a-k the CTPs of
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the present invention express CD44 (e.g., GenBank Accession No. NP_000601.3,
NP__001001389.1; NP _001001390.1, NP_001001391.1, NP_001001392.2), CD29
(ITGBI; e.g., GenBank Accession No. NP_002202.2, NP _391987.1, NP _391989.1,
NP 391988.1, NP_596867.1, NP_389647.1) and HLA-ABC and not expressing
CDh45 (PTPRC; e.g., GenBank Accession No. NP_002829.2, NP_563579.1,
NP_563578.1, NP_563580.1) and HLA-DR, which resembles the expression pattern
of adult MSCs.

As mentioned, the isolated cell preparation of connective tissue progenitor

. cells of this aspect of the present invention are not terminally differentiated cells, 1.c.,

they arc capable of differentiating to more than one cell lineage. For example, as is
shown in Figures 2a-u, 22a-b and is described in Example. 2 of the Examples section
which follows, hESCs-derived CTPs from various passages {e.g., from passages 1-25)
express markers of osteogenic lineage, the chondrogenic lineage, cartilage cells,
tendon cells, ligament cells and ECM-forming cells. Moreover, as is shown in
Figures 4a-e and is described in Example 3 of the Examples section which follows,
when cultured in vitro in the presence of inorganic phosphate, hESCs-derived CTPs
formed bone nodules (bone tissue) containing calcium-phosphate deposits, the major
component of bone minerals. In addition, when induced to differentiaté into the
chondrogenic lineage (using the “intact layer” method), hESCs-derived CTPs formed
a fibrous ECM (Figures 5S¢ and 7a-f, Examples 4 and 5 of the Examples section which
follows).

Thus, while further reducing the present invention to practice, the present
inventors have uncovered that the CTPs of the present invention can be used to
generate a conpective tissue.

Preferably, the connective tissue which can be formed from the CTPs of the
present invention is a bone tissue (e.g., osseous tissue), a connective tissue (e.g., loose
connective tissue), an extracellular matrix (ECM), a tendon tissue, a ligament tissue
and a cartilage tissue.

For example, to form a bone tissue, the isolated cell preparation of the CTPs of
the present invention are cultured in a medium containing dexamethasone, ascorbic
acid and inorganic phosphate (e.g., o-MEM supplemented with 15 % serum, 107 M
dexamethasone, 50 pg/ml ascorbic acid and 10 mM B-glycerphosphate) and let to
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(SEQ ID NO:33) Bigly It CCAGGTTCAAAGCCACTOTT (SEQ I D

NO 34) 35 60C 30 sec BstXI 192 bp 319 bp BLAST

NM 000501. 11 El ast F: GCTATGGACTGOCCTACACC (SEQ I D
WONDYIBYPS9E| ast it AGCTCCTGGGACACCAACTA ( SEQ | DPCNIGLIBY/600046

40 60C 30 sec Bgl| 288+ 329 bp 371 bp HERO NM 212482

Fibro F. GGAGTCAGCTGCCAAGAGAC (SEQ ID NO 37) Fibro it

ACACACGTGCACCTCATCAT ( SEQ2D 140: 38) 35

become over-confluent (i-e., they occupy more than 100 % of the area of the culture
vessel wall and thus form multilayers) for a period of at least 10 days before

mineralization appears. The culture medium is occasionally replaced every 4-8 days

‘without culture passaging. ‘The presence of bone tissue can be determined by RNA-

based methods (e.g., RT-PCR, in situ RNA hybridization and ¢cDNA microarray) or

protein-based methods (e.g., immunological staining) for bone specific markers such

‘ag core binding factor alpha 1 (CBFA1), SOX09, type I collagen (Col-I), osteonectin,

osteopontin, parathyroid hormone receptor 1 (PTHRI) and alkaline phosphatase. In
addition, the ultrastructural and chemical data of bone tissue can be determined using,
for example, energy dispersive spectroscopy (EDS), scanning electron microscopy
(SEM) and/or confocal Raman spectroscopy (CRS) analyses essentiélly'as described
elsewhere [Ubelaker DH, et al., J Forensic Sci. 2002 Sep;47(5):940-3; van Apeldoorn

" AA, etal,, J R Soc Interface. 2005 Mar 22;2(2):39-45].

For the formation of comnmective tissue, the isolated cell preparation of the
CTPs of the present invention are ;Srefefably seeded on a suitable 3D environment
(e.g., a scaffold such as an electrospun, PCL/PLA nanofiber scaffold) that would
support their growth and organization into a complex connective tissue which
produces ECM. Briefly, 5 x 10° CTPs resuspended in 10 ul of CTP medium (o~
MEM supplemented with 15 % serum, 107 M dexamethasone, 50 pg/ml ascorbic
acid) are seeded on a scaffold and grown in the presence of the CTP medium for
about one month. The presence of connective tissue and ECM can be determined by
RNA or protein-based methods for markers such as type III (Col-HI) and type XII
(Col-XID) collagens, decorin, biglycan, elastin, fibronectin, and tenascin-C, as well as
using scanning electron microscopy (SEM) analysis.

For the formation of extracellular matrix (ECM), the isolated cell preparation
of CTPs are plated at high densities in tissue culture plates in the presence of a culture
medium comprising ascorbic acid and ﬁreferably also dexamethasone. After about 4
weeks in culture (other periods of time are also possible) sheet-like tissue is formed.
The sheet-like tissue can be further subject to freeze-drying and/or cell removal as
described in Example 10 of the Examples section which follows.

For the formation of ligament-forming cells, the isolated cell preparation of

the CTPs of the rpresen't invention are cultured for at least one week in the presence of
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CGTGGAGTACCTTGTCAGCA (SEQ I D NO 39) Ten It

AGGTAACCGGTGACTGATCC (SEQ I D NO 40) sec 35 60C 30
WOXRGV8PB2 bp 438 bp Table I: Prinmers REEALIG7/000046

anplify RT-PCR products of the noted genes (are

referred to using GenBank Accession Nos.) are
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the (‘ppigrfeliuer” vRGHOE n(rempval) subssomgugt ot il h- opdrsgshout pre-
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desqm&doz @éhe E&rcplawlﬁs s@yom wuldhe fipdleCorlpre” Bethde (spherioabpellets
thhﬁ a%e <\§1§I{r|].1§ ur: h(¥l duI Z%%lg?t%ﬁﬁﬁ& Oe%&é &Mx%x:'ﬂethasone ascorbate-
2-phosphate and TGF~BB, essenﬁally as described in the Example section). The
presence of cartilage tissue can be detected by RNA or protein-based methods for
markers such as chondroitin sulfate proteoglycan 4 (CS4), type X collagén, and
cartilage oligomeric matrix protein (COMP). ' _

As described in the Examples section which follows, the present inventors
have devised a long-term, high-density culture technique for the formation of a tendon
and ligament fissues. Thus, the CTPs of the present invention were cultured in vitro
at a cell density of 5-10 x 10° cells/em® in the presence of a culture medium
containing alpha-MEM supplemented with 15 % FBS, 50 ug/ml ascorbic acid and 10~
"M dexamethasone. Cultures were kept for long periods of up to 4 months in culture,
with no further splitting. As is shown in Figures 8a-b, 9a-d, 10a-c, 11a-d and is
described in Example 6 of the Examples section which follows, tendon tissues formed
in vitro included organized, parallel-aligned cells that express type I collagen and
exhibit high matrix-to-cell ratio. Moreover, such tendon fissues exhibiied mechanical
properties which are similar to the native tendon tissues {Figure 12, Table 3 and
Example 6).

Thus, according to yet another aspect of the present invention there is
provided a method of generating a tendon ora 1igament tissue in vitro.

The method is effected by culturing the CTPs of the present invention in a
culture medium which comprises ascorbic acid and/or dexamethason under culture
conditions devoid of a carﬁer, thereby generating the tendon or the ligament tissue.

The term “carrier” refers to any scaffold, bead, polymer or matrix which

supports the aitachment of cells thereto. The phrase “devoid of a carrier” as used
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(I'nvitrogen) at a final concentration of 100 jig/ ml
according to the manufacturer's instructions. The
menbranes were hybridi zed overnight with
WOBl061/4885906- dUTPI abel ed eDNA probes, and t hen Rddhatd7/060046
twice for 15 mnutes each in a solution of 2X SSC, 1
% SDS foll owed by two washes of 15 mi nutes each in a
sol ution of 0.1X SSC, 0.5% SDS. All steps were
her&ﬁrlfcper afly cBRu Wnhifioh® Wi Qh’ﬁ)l@%et &tdcAfent of e CTPs
um nescent detection was performnmed using
direcHg o Ithertulese gerselDetlbend ont K & cél&@péfr gxr aasyaprld;b cThmas in

Corp.. Fre A acc
shafge s B g AP AT b ks g, wvich e
basbcl o8 kedinp @ellHof-imtdtest @5g VWhdhgae bl raekfialcetie) etitd @Bedlold
di ng of aI kal i ne. phosphat ase- conj ugat ed
°”st USRI A O HsHsdOPRdH8r ned by i ncubating the

e ARy, IR culQrdinRituaSuden f@l‘ Rindiing HRUEdRh-or -ﬁthehgament

menbr anes ‘were then washed four times, for 5 mnutes
tissea chmpyigashascotbBu hfidr(eE.,abetwedm d €0t ng @, wirefraBlyf fabput 50

oSGt Rt 02 DN el M

perlflefe%qiy Al ORE QWAL ab U6 nitkdd 60REd a;x;(bauts of fhe present

agitation. The signal was detected u

Sin
ety opitaihys ol reropns ol sy sich vary beteen

o 9 B 6, REGLSLTSEE L6 PRI e

culessmedibmds eb&smhelﬂ;ere{pl&wd, .V ewty 27, dazé)()eﬂg every 4 days). It

ectron tran m ssian electron
wilf et Gty DRt of foh B REReSets A fSrmnatof begins as a
sm%b RISy 48 the clltike Migo @mnwawcmﬁingt b EREmOkS
post- 20 fixed with 1 %0s04 and in 2 %uranyl
ten@?eltl@tsélapegr adual | y dehydrated in ethanol series and
e“b%d?t@sénge 5P ﬁ&aonalijltgﬁtﬁhh&nh?ﬁ%'t Qﬁﬁxe(gagx 0 a8@rmined
nm on an tram crot one ca were nount e
usingﬁﬁgtplcxgs:al smamgednmumbiogmaldassaytsr(age usmgdtntalmeftype I collagen

|
a5, SRt ThsBC S50 Yo N LT a6 £ spegpanical

evaldeBoVBgay theWirkdsl stalrtiestn adsb‘xitﬁﬁy% ﬂE]scﬁBai mShSEsahpleasetion
25 (Soft | nmagi ng Systen). Scanni ng el ectron
Wh’ﬁhé‘?”c?é’\‘,sopy (SEM - For SEM cells and cell-seeded

scaf falids Weirtidtbd Qﬁ’ai' R %n@a@érﬁiga&a qfépd(ﬂ%r ' tﬁs& If-Merest

sodi um cacodyl ate buffer 4, followed
(e-ggrecienrdin ateigdmant)ohe rcnltmngam;llod@ﬁ thechells mgy u’gm{g g., become

i l.azane
snoB S R IAE KRAR Rk AER o P ke TR\ BB, Blifine 45
wedks)g | thke emesﬁk@ fisSRas rr'emgveel &otn thia duitarecoss e usiog e g a cell
scra@ﬁngg@g\g er4r3)1 fe:crl %¥ folé@r\? I ; eﬁ}seg%&r{g%ﬁ gfsél(lﬁ( - terest (e.g.,
tenc[HnC rl%%&ﬁﬂqo' Qi St 1‘8&'&&:@' th@n @uY S8 Sihe C&hﬁﬁnﬁ’e&%dmons

fike % natural “buffered formalin, gradually
emrde}vﬂdac:&o@g 1@ tétsh@spmt oArite emgddeﬂenhnn,pﬁh@h fresylt in a tissue

it SRR A PETIORLL AR FORD e casil

Cro-sirius

perfoed wﬁmtbrewngmﬁe mmsussaeatrﬁmmi he 5 detection of
matri x col | agens, and Tol ui di ne blue&% rv Ger_many 1
wash U ESAMPIS: aeelﬁégvst%ﬁdrwis%% 46355 B Abed in Examiple 9

qgg%&g&n I B ,

of &Allgl zari'n Réeegu%g &M&lf%\}a(ds%u;%ﬁ&ﬁg #e%evg%k%gﬁlg?%%@l density

cultgtrodishirmed shegiliks Gssue uvasuremgcdtand wile@vp dersea frounded
bone m neralization. For imunofl uorescence studies,
cells were fixed in 4 % paraf ormal dehyde in
phosphat e- buf fered saline (PBS), and stained with 10
the following primary anti bodies, diluted in primry
anti body diluent (Dako)- antihuman type | coll agen
(Chem con, Intnl, Inc. Tenecula, CA USA, cat. No.
MAB3391), anti-human al kal i ne phosphat ase ( R&D,

PR
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In-vivo studies - For, subcutaneous transplantation
(ectopic transplantation), 30 cdl nude mce were
anest hetized and approximately 5 mm | ong incision was
WOPQO08PH02 or 3 | ocations on the back of the PAAYIRHI07/000046
The method for critical Achilles tendon injury nodel
preparation is described in the description of
Figures l1l6a-e. Al ani mal 35 experimental protocols
A 1 :
o5 5  SRPEQUAHE odbRTisds Thae EYRehchaed Fol LA WA il
ultiastanspt aidrattérimicoindiPwechalmatprapdriikd ofresrly tandsed. es -

Subgont.i.nent: CTP cul t.ures ssages and 1 re
oo SR G Popsrints T 1R ER wAPARRA 5 AN Honl Bicsolgtea
CTEBQW{“?H&S _S_@iétdﬁw&ﬁﬁﬁlh(eh?ﬁe&hdg ;iﬁyuse{é)apaulgetfaﬁ?éi— Mqﬁﬁﬁ@i th a
-1 = ei ge mce = ) X an wel ve weeks .
subjget dR negdy oo Re-g¢ idotbIoet i agd dof &%Pééwvgéet&,su% Fopagtion,
. o ; . . Fin. ]
regkﬁhrétﬂ)n %%%e r r@ﬁﬁﬂ l.fsﬁfgni%&ﬂézlg?ue‘é‘ Redd e thdal % %X%\Ib\/]%% é%l(:&ll

sectioned for” hi'stol ogi exam nat i on.

tool SCHATS @NscAPCICORNEC TPYE1AT |sSSBUE dPROGEN TOR apeicd fR@) to

HUMAN ENMBRYONL C ST ; N . source for
ey SRRy FODMAPT R o i disgpe A BRLL O o2 100

whi Fer phaptd, upicatohy: inFahires 16a-o/i 170al, 1fe-cvi%in@oac, 21a-c,

sufficient anpunt of cells, T , 15 undi ff.erenti d
bt S5 paed i ERRRBI, o et ERRBBIRY Stion Ghich Tofiows,
the e iNeBGrd Hefd caphbie] dTOEsAANg aPirRRENACKTled-#0aén Gfbdy in

source for tissue engineering. However, stemcells
mi¢ens @hthethe implanterletenddnografis tveme iramodglesh gnd guhibited excellent

.differentiat].o , ' ' . .
biopg G el 3, RERS: 08 BRpLAER IR b Mifiional in
vivanBWwVidented by gbt ieddssd abltlaiaxesioAsfobswingeradplantation of a

| sewhere schler, (iE.  et-al, 2002), approxi mately

ten O&gr\%%'}nﬁﬁa(d%tt%eo’ﬂluégq ‘édﬁpﬁs tﬁg‘%ﬁled to formone cubic

C eN{YHIR! fBFth&fre@udEMhb pR@ent Wivdriioh @6l pRichick, teprpdeatBREntors

invention to practice, the present I pventor hav(?
havenensouered that Keotrimestis SHPURIOBIHIN icRilh phipingd according to the

{ o I b | L § B&sl bi II-based

mei o B0 R0 b HReRHl Hpfiol Ok bR ke Tnoh e sollbuse
thepapygeni tor cells, as follows. Experinental Results

0 BB A EREMRECT b R B GRS when e
ESTeeddad Oirds BBsha\gresentliseatbninet: ihplintad aoddmeadt itherkidney

of enzymatic digestion _and aggressiye wechaFi?cal .
capsylet oft $OW-beipe nges A Jerdlised pub-apsRat IRCRAeR of jpops gonnective

tis e%e%rb%ﬁer%d. aInC:%Haitf@lg EéjgénsEfiﬂécﬁfan S8 oF Eie%:éli%ip@es%@&ion

exanet hasone, actors own to pr onote osteobl astic .
whilitf folloent when te BRCstddnvedtGifsuvas sulgutangousdy transplgted into

Coel,ho,. MJ, et _al, 2000). e cells e u .
ol Gt Topt FEY oS abicadiier ohe WPCRflid ofe estovic
tis$abR wiasl eIl wikilhriZedaeidi KlacahitibO(figurernoy) fhibinchelad radio-

about 5-10 dal\é_s) and were_then subjected to serl al .
opprasshrfienissua ligaresgliayne  Furths) @é@t’ﬁé@g apglyses gt tgg_eg@pxc}
o] Sinfe i P;%%{j i | az@tism) 68 Rpetrophic
tlsgi-egu% nut gstﬁ%{o%"? l%b eb{hszj)ﬁrlsog:vtIrl iél %Hgtz? clsga%t er nﬁjof P
cattifrmed Bigusss 1bicg tissmes.e cont i nuousl y expandi ng wi t hout

obviQus senescence up tg 25 pass s, .suqge . 1.h -

dor P BHFOBRE Borrromet epor, po apris e B Biish fers i
préfi@d dmetibe ofln VS f6alihE oMBénctatiig QVEEneawe tisstieg UThe method
~la) and the cells tended to form m neralized cultures.
is gffecied yHanting ia guahiopt inoeaed theyefosh BikrPPnotshive (PR progenttor

. t ishewed

B N R T e

as prior to the freeze/thaw cycles. Light m croscopy

exam nation reveal ed a great resenblance in

nor phol ogy between | ow passage hESC-derived CTPs and

human fetal -derived CITP (Figures 27a- 10 b). In

addi tion, bESCs derived CTPs fromearly passages
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CTPs are suitable for cell-based tissue engi neering -

As is shown in Figure 20 26, assum ng symetric cel

di vision, one well of a 6-well culture plate
WO ng approxi mately 15-20 undifferenti AEALHEZ®0046

colonies, potentially gives rise to approximately 320

subcontinent 75cnR2 culture flasks after 20 passages.

Thus, one hESC-derived CTB2fromthe first passage

could potentially give rise to approxi.natel.

50 cubi
centheriiaies i PR AFH| P FRgpG ALS & g orpaism stich
as .ﬁl&%@rhﬂ &Mbﬂ,gﬂ%@%%&&hﬂp&@g@ iDhurhdiBsupfeesent

vention generates "a sufficient anmobunt_ of cells for

cel Thebplwest T4 sehiecténgicaddharens” ap eek Berpmrelars & 4rpgpmal, |

¢ . . Y )
orefirif F St PErk ot Gl B ib o Bt d QubS T Napledith oo for
tissad zyrERuttial, kepaiti peshaation dheplppendny Bot $xagwia suclf @subject
% I 30- 60 m put t 37.0) ,foll b j ;
canrbRalPEa Shsse et i ot o iRk Barth of Pk R ipiine o
pathi@ifif tfskid, her passed through a 40 gm nesh cel
strainer (Falcon) to obtain, a single cg[l suspensi on.

 ThePutrahlpdhe ermmsciis isseVhigh een Pnformed g Beg aeerdpe i the
i il i d
e T R o BN e Bl e syt s

loodd’compbdisrevissie. cul t ured wi t hout culture splitting

In i e presence of t : ' T
Feagnnye e IR o Bty Ren el e rodyaled R oy in
theWBl fich B By S8RjBaEGEk bioinfetin@iheCTEsawitlng sydigegieedlpecathdter
col |l agenase_ (0.1 % 30-60 m nutes at 37 C).foILomeq
or pannplay Jersela areope ebls adpunisiesed s 06 81 L Sy9-OgjateRR e 2
bofd, Q%Daﬁg,' Jﬁ%ﬁb&v’é t&?ﬁe})ﬁ QFithi? thel diBjebelel S, at WY &Gl ¥ahE damaged
naously expandi

cont i g W thout ‘obvi ous senescence up
or injured tigmes agb thus say de swedita tepain dens, fagteig, pcaged or damaged

tatjve cell |ine, At pa 1 fease
el s SE ot BT i T SO s 2 P cases
alteeith® sitensiag beasédr i addivma iti widicbecapptagiages] thet the leelghen be

oSS o§ S5l S BB, P WSS BB Bl on
scdtfofd dddahat hdRindRdedlif the Eejéct AlnighiRerkd tiBie@Rdrhm)). as

prior to the freeze/thaw cycles. Al t oget her, .
t he The eprepant | Hventiet SfuFBe copieBRlAsa rRPiioRa e foxpstion,

cells isolat. 0 - ' , |
rog ek Pl DL Bupctis e KAt R inftankdin, For example
thd foem&idn sfativuborextisshé tarhbgmopitabd be Xatdy\aad s §alc majysis; the

(for at |east 20 passages), inQ vitr abi v (W
R L ROy ) R o B eI 5t R B gl o new
cofftdiitd A5%ueldlg B BSBRbrel MYEMRA! SAhavigti g aue Ffeghdtibatof new

the CTPs of the present invention are suitaple for

tissus! can ba sealuated by physilpsied mpseys SuchapPriEnson of a tendgar pizength
OfEéPRE%é MARKERS OF MESENCHYMAL AND OSTEOBLAST- LI KE
20T ‘To test the potential of the hF,SCs
der iPveferabllPin ofdet e ppavesiethe indusEon o irmone response within the

differentiate i t he_ osteogeni ¢ |.ineage, . .th .
regipigite SEEAT &%f&% o8t b RSE DafontioR eb‘% dgappplated in
inigﬁﬁégﬁgia&%,\@@ﬁmﬁﬁsaﬁﬁ@ﬂmﬁmxﬂs. PCR, cDNA nicroarray and

anal yses,” as follows. 25Experinental Results .
CTPEneagsnlation osclidgeasi sremaenasally clasgified o3 FUSOPRPYHation,

ks Sl [ I A . filahiBe ifMdrvillB RirkdP flat-sheet
imyor e 5ed SRR Yeli G R E LI BE AR Pt
and N $i-BberAicinbrae wiladagFiH) uetesl. Zechnol@rPeof snahinglian cell
express core_binding fa - alp 1 (CBFAl), and
encpRalation VAP RISV W‘éh@ir@pﬁ]% ‘factors known to
play a major role 30 in osteoblast and chondrocyte
differentiation. Type | collagen, the nost abundant

extracel lular protein which is synthesized by
ost eobl asts, osteonectin and osteopontin, two major
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48 (PTHR1), which regul ates m neral honeostasis and
bone formati on, and bone-specific allcaline
phosphat use, whi ch bi nds phosphor to cal ci um and

WOV §0¥6ne hydr oxyapetite, were all det ect edCA{ILRAGHO00046
and hi gher passages, indicating osteogenic potential.
5| mmunof | uorescence anal ysis of the bF. SCs derived
CTPs denonstrated that the¥CTPs of the present

i nv i gqn express al kali ne, phosphat ase .{ ALP, Fi qur,

22 o) SHAHE G PEREETE T REPID S5 Mo ol 06 gty ol aifde for
£098NIiScIbded 83T MZ, et al., Bellredsspsalatig @ith laffingé and alpha-
P-derived osteogenic-like cells - The gene
pheagpycmayhdpneotdeldaied Rohdalbdimge,Bio t Btpengi Ago0. 70:
476Nl BT FRYP 2 RS ProbStuR8 Br ABcrs&fcaplulation of enzymes,

approxi fratel'y 100 ost eogenesi s-rel ated genes. The

cells Gmrtandticals cngiptagedvmiaoomgapsme dMbleBintashndl ESS Id d 71 3460,
| ! assage, 1l _an to hu fe gIP .
andSE.'u m’p ieﬁ o‘@g eRd é‘ﬂqueg%}% r TR rﬂq%iﬁowen rﬁé&%%r f%silnl‘é g’%%g%%nwe

poleQiiplagiig: AlpBd-cRinop@aimidentdansdr J Misrobscaphdwpddin 17: 245-
Tabl e 2, hereinbelow Forty transcripts were found to
Slpe shared anmong hFSC derived CTPs and human fetal
CTPSor LDEIHH I NEALOWIE 42 fréfmkdd By 3DEpREFRCINBEISied collagen

mol ecul es,;” cel|l adhesi on nolecul es, and matri x

withedoepalyed hebod2riydroacysihyhmefhyiasrylay ElEMA o metigerylic acid

ranscripts shared by th u ' _
o e iRl S RO B R gk or 2.5
Sudteinidrolapiids MRASHOREMEY 8fbapsilited $th 4allithalr B8 pm ter-polymer
transcripts represent genes that though known to, p

I
shedls &1t grdief fodempert aglegatively shasgrssmantis surfice and foomipjmize p?gsma
i t - h S it i ,
oot SRS, Fontal 25 MES ot WEOSAIBIBRE ffrochbiulis: 180 oot
encnpsudationBienatesialRT2ZMPCR3( Bi%tées 2a, c, f, e, g), were
fo to be positive at the hESC.stage as well (T e.
by il bRt ¢ fiep e €8 SRS ArBUER, ERyaLondride
(SRt MOIHRELDRRKD (shits Gn didbbRE arthingint. ODjabétep MSEHIBD | Pher.

undi ff erentiated hESCs al ways occur, thus total RNAQ
20Q3 5+ 66T BroriissleriNaistesc HPF enaewpls. apfresasnles spabe prepqred By the

Lt t y’?&éﬁ frefl iRk 28 - solifinP diddi® Bnd 28di
p"g’%‘ﬁéﬁel prceos I on Bﬁobfeﬁk'%é;l]lg{hggﬁ dl%%%% Igisr(])es -hggg]ﬁsért]ovm a. mfn
celbilgpeishipbain twithuirb @plychtiorepiemestiyflengtdof mreidine hydrechloride in

be positive.(34-36). Speculatively, this is to say

they n%q?ffcé‘ﬁg%‘l‘é}élpp ¥, rather than being a process
wherewsil &5 gsiirbsiatad Otibt elirekgisalatdn di fifrprewetli whad smaller
cell's, could be a process, where stem. ce]ls express

capgiles ofrenpist. ey sthat avaliRy | PPk meshanicaly sEabililye diffusion
prcgyiéﬂeg,saﬂd%‘ viho %ﬁt@s EP&fcﬁﬁﬁﬂﬁQP&'HE YmASvEd ' ¥en the capsule size

grentr ate upregul ating 30 the expression of
waa réduoed GdmskEmmfio 460 esn (Citaple WGt al., Improving cell encapsulation

20Q7/ 080590PCI T1.1,2007/ 000046 49 _Tah). . Si
thrgpedy size wpighdl Fpemalkt | 2%‘%%‘%3 : Bh@&%és %ﬁ"?@ed%@m
naﬂe%hrcﬁﬁ%i&&bﬁhes% i %ﬁnn@hu&m%d&m&emdﬁau RESCEmCtAlored
p9 Fetal Description ALPL AP- P/IHOPS p p n Al kal i ne

sunfives phranisigies 4nidy grocisen arierepshitauies WKsorpKoto  successtully
immunoisolate microenvironments for cells (Williams D. Small is beautiful:

microparticle and nanoparticle technology in medical devices. Med Device Technol. -
1999, 10: 6-9; Desai, T.A. Microfabrication technology for pancreatic cell
encapsulation. Expert Opin Biol Ther. 2002, 2: 633-46).
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P P p Annexin AS ARSE CDPX/ CDPX1 n n 11 Arylsul fatase

E (chondrodyspl asia punctata 1) BGAP BG°> n n n Bone

gamma- car boxygl utamate (gla) protein (osteocal cin)
WOBUN/BBEPEL/ PG-S1 p p P Biglycan BMPI PCOLC TIPOTALOF 000046

34

The isolated cell preparation of C'TPs of the present invention may also form
part of a pharmaceutical composition. 7

As used herein a ;‘pharmaceutical composition” refers to a preparation of one
or more of the active ingredients described herein With. other chemical components
such as physiologically suitable carriers and excipients. The puippse of a
pharmaceutical composition is to facilitate administration of a compound to an
organism. '

Herein the term "active ingredient” refers to the isolated cell preparation of
connective tissve progenitor cells of the present invention accbuntable for the
biological effect.

‘Hereinafter, the phrases ‘"physiologically acceptable carrier” and
"pharmaceutically acceptable carrier” which may be interchangeably used refer to a

carrier or a diluent that does not cause significant irritation to an organism and does

not abrogate the biological activity and properties of the administered compound. An
adjuvant is included under these phrases.

Herein the term “excipient" refers to am inert substance added to a
pharmaceutical composition to further facilitate administration of an active ingredient.
Examples, without limitation, of excipients include calcium carbonate, calcium
phosphate, various sugars and types of starch, cellulose derivatives, gelatin, vegetable
oils and polyethylene glycols.

Techniques for formulation and administration of drugs may be found in
“Remington’s Pharmaceutical Sciences,” Mack Publishing Co., Easton, PA, latest
edition, which is incorporated herein by reference.

Thus, the teachings of the present invention can be used- for various
therapeutic applications such as tendon and ligament repair, bone regencration,
cartilage regeneration, tissue augmentation, tissue reconstruction (mediated or assisted
by the CTPs of the present invention) such as deep wound healing, bumn wound
dressing and skin regeneration, skin fillers, orthodentic procedures, sling procedures
and fascia reconstruction.

The present invention further contemplates an article-of-manufacture which
comprises paékaging material and a composition comprising the isolated cell
preparation of CTPs of the present invention along with instructions for use in cell

based therapy, tissue repair, reconstruction, regeneration and/or replacement.
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Bone norphogenetic protein 1 BMP2 BVP2A P p n Bone

nor phogenetic protein 2 BMP3 Bl VLP3 P p n Bone

nor phogenetic protein 3 (osteogenic) BWMP4 BMP2B/ BMP2B
WOI2007/08¢59Bone nor phogenetic protein 4 BWP5 MGESAAKRAOTONG046

P Bone norphogenetic protein 5 BMP6

35

The present invention further contemplates an article-of-manufacture which

‘comprising packaging material and a tissue graft generated in vitro from the CTPs of

the present invention along with instructions for using the tissue_ graft for tissue repair,
regeneration and/or replacement.

The present invention further contemplates the use of the CTPs of the present
invention for the preparation of intact ECM (non-conditioned or conditioned) for
specialized tissue regeneration/regeneration as well as purified ECM components for

tissue regeneration, anti-aging medicine related applications.
As used herein the term “about” refers to + 10 %.

Additional objects, advéntages, and novel features of the present invention
will become apparent to one ordinarily skilled in the art upon examination of the
following examples, which are not intended to be limiting. Additionally, each of the
various embodiments and aspects of the present invention as delineated hereinabove
and as claimed in the claims section below finds experimental support in the

following examples.

EXAMPLES

Reference is now made to the following examples, which together with the
above descriptions, illustrate the invention in a non limiting fashion.

Generally, the nomenclature used berein and the laboratory procedures utilized
in the present invention include molecular, biochemical, microbioclogical and
recombinant DNA techniques. Such techniques are thoroughly explained in the
literature. See, for example, "Molecular Cloning: A Jaboratory Manual" Sambrook et
al., (1989); "Current Protocols in Molecular Biology" Volumes I-ITI Ausubel, R. M.,
Ed. (1994); Ausubel et al., "Current Protocols in Molecular Biology", John Wiley and
Sons, Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular Cloning",
John Wiley & Sons, New York (1988); Watson ct al., "Recombinant DNA", Scientific
American Books, New York; Birren et al. (Eds.) "Genome Analysis: A Laboratory
Manual Series"”, Vols. 1-4, Cold Spring Harbor Laboratory Press, New York (1998);
methodologies as set forth in U.S. Pat. Nos. 4,666,828; 4,683,202; 4,801,531;
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VGRNGRI n n Bone norphogenetic protein 6 BMP7 OP-1 P

P p Bone norphogenetic protein 7 (osteogenic protein

1) BMP8B BMP8/ 0P2 P P p Bone norphogenetic protein 8b
WO(20878eeni c protein 2) BVPRI A ACVRLK3/ ALK3 PC/IH2(BaHH046

nmor phogenetic protein receptor, type | A CASK

36
5,192,659 and 5,272,057; "Cell Biology: A Laboratory Handbook”, Volumes I-1IT
Cellis, J. E., Ed. (1994); "Culture of Animal Cells - A Manual of Basic Technique" by
Freshney, Wiley-Liss, N. Y. (1994), Third Edition; "Current Protocols in
Immunology” Volumes I-III Coligan J. E., Ed. (1994); Stites et al. (Eds.), "Basic and
Clinical Immunology" (8th Edition), Appleton & Lange, Norwalk, CT (1994);
Mishell and Shiigi (Bds.), "Selected Methods in Celular Immunoclogy”, W. H.
Freeman and Co., New York (1980); available immunoassays are extensively
described in the pa.tent and scientific literature, sce, for example, U.S. Pat. Nos.
3,791,932; 3,839,153; 3,850,752; 3,850,578; 3,853,987; 3,867,517; 3.879,262;
3,901,654; 3,935,074; 3,984, 533' 3,996,345, 4,034,074, 4,098,876; 4,879,219;
5,011,771 and 5,281,521; "Oligonucleotide Synthesis" Gait, M. J., Ed. (1984}
“Nucleic Acid Hybr1d1zatmn" Hames, B. D., and Higgins S. I, Eds. (1985);
"Transcription and Translation" Hames,. B. D., and Higgins S. J, Eds. (1984);
*Animal Cell Culture” Freshney, R. L, Ed. (1986); "Immobilized Cells and Enzymes"
IRL Press, (1986); "A Practical Guide to Molecular Cloning" Perbal, B., (1984) and
"Methods in Enzymology™ Vol. 1-317, Academic Press; "PCR Protocols: A Guide To

‘Methods And Applications", Academic Press, San Diego, CA (1990); Marshak et al.,

"Strategies for Protein Purification and Characterization - A Laboratory Course
Manual" CSHL Press (1996); all of which' are inqorporated by reference as if fully set
forth herein. Other general references ate 'providcd throughout this document. The
procedures therein are believed to be well known in the art and are provided for the
convenience of the reader. All the information contained therein is incorporated

herein by reference.

GENERAL MATERIALS AND EXPERIMENTAL METHODS
Cell Culture — Undifferentiated hESCs (13, I6 and H9.2 cell lines, passages
30-50) were grown on mitotically inactivated mouse embryonic fibroblast (MEK)
feeders, in 80 % knockout Dulbecco's modified eagle's medium (DMEM, Iavitrogen),
supplemented with 20 % knockout serum replacement, 1 mM L-glutamine, 1 % non |
essential amino acids, 0.1 mM 2-mercatoethanol and 4 ng/ml basic fibroblast growth

factor (bFGF) (all from Invitrogen). Four different independent sets of cultures were

'performed, twice for each hESC line. For controls, primary human fetal stem cells

were isolated from nine-week gestational age old fetus following 'voluntary
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interruption of pregnancy, essentially as described before (Montjovent, M.O. et al,
2004). '

EB formation - To induce embryoid body (EB) formation, hESC colonies
were subjected to type IV collagenase treatment, removed from the MEF feeders and
allowed to aggregate in suspension, in a medium containing 80 % knockout DMEM,
20 % fetal bovine serum (Hyclone), 1 mM glutamine and 1 % non essential amino
acids (both from Invitrogen). A

Connective tissue progenitors ‘(CTPS) derivation and propagation from EBs
— Four to 20 days-old EBs (e.g., 10-day-old) were enzymatically digested with trypsin
(0.25 % please indicate trypsin concentration for 2-5 minutes at 37 °C) followed by
aggressive mechanical agitation, and passed through a 40 pum mesh cell strainer
(Falcon) fo obtain a single cell suSpensiqn, Cells were then counted and seeded on
tissue culture-treated flasks at a density of 5 X 10° cells per cm?. rTwelve hours later,
the medium was changed to a CTP medium, containing alpha-MEM (Biological
Industries, Kibbutz Beit Hacmek, Israel) supplemented with 15 % FBS (selected lots,
Hyclone), 50 pg/ml ascorbic acid (Sigma, St Louis, MO, USA) and 107 M
dexamethasone (Sigma, St Louis, MO, USA). Upon reaching sub-confluence (about
5-10 days), cultures were incubated with type IV collagenase followed by
trypsinization, and passaged every 3-4 days. Assessment of clonality was preformed
though a separate expansion of singe cells taken during routine passaging and plating
them in single tissue culture wells (24 cells into 24 wells) and the ability of the single
cells to form a cell colony was evaluated every day during a week. The growth
kinetics and cellular phenotype (assessed by RT-PCR) were evaluated. For controls,
fetal isolated cells were grown with CTP medium and passaged in a similar way.

Connective tissue progenitors (CTPs) derivation and propagation from
hESCs — hESCs colonies were enzymatically digested with type IV Collagenase (0.1
9%, for 30-60 minutes at 37 C) followed by aggressive mechanical agitation, and
passed through a 40 pm mesh cell strainer (Falcon) to obtain a single cell suspension.
Cells were then counted and seéded on tissue culture-treated flasks at a density of 5 x
10° cells per em®. Twelve hours later, the medium was changed to a CTP médium,
containing alpha-MEM (Biological Industries, Kibbutz Beit Haemek, Israel)
supplemented with 15 % FBS (selected lots, Hyclone), 50 pg/ml ascorbic acid and 107



10

15

20

25

30

Ri bosomal Li domain containing | COLI CA1 COL10A1 P P

a Col l agen, type X, alpha | (Schm d netaphyseal

chondr odyspl asia) COL 11A1 CO11A1/COLL6 n p p
wWOoQo)14seEn, type XI, WO 2007/ 080590PCT/ | L200 PCODDIME000046

50 al pha 1 COL12A1 COL12AIL/TYPE XL1 n P

38
7 M dexamethasone. Upon reaching sub-confluence (about 5-10 days), cultures were
incubated with type IV collagenase followed by trypsinization, and passaged every 3- ‘
4 days. Assessment of clonality was preformed though a Separate expansion of singe
cells taken during routine passaging as described hereinabove. For controls, fetal
isolated cells were grown with CTP medium and passaged in a similar way.

Osteogenic  differentiation and matrix formation - For induction of
mineralization, CTPs were grown with CTP medium supplemented with 10 mM beta-
glycerophosphate (inorganic phosphate), and let to become over-confluent for period
of at least 10 days before mineralization appears.

Chondrogenic differentiation |

Method 1: the “intact layer” method, formerly called “spontaneous” - Sub-
confluent CTP cultures (from any passage, €.g., 1-13) were removed from the culture
plates (without pre-collagenase treatment) as an intact layer, were placed in
suspension and were fed with the CTP medium described hereinabove.- This method
generates typical cartilage morphology.

Method 2: the pellet culture system, formally called “directed” - Sub-
confluent CTP cultures (from any passage) were re-suspended at a density of 2 x 10°
cells/ml (the density can vary), dispensed into 15-ml conical tubes and centrifuged for
5 minutes at 1,200 rpm to form spherical pellets. The pellets were further cultured in
medium containing 1 % serum in addition to high—gludose Dulbecco’s modified
Eagle’s medium supplemented with 107 M dexamethasone, 50 pg/ml ascorbate-2-
phosphate, 40 pug/ml L-proline, 100 pg/ml sodium pyruvate, 50 mg/ml ITS+Premix
(Collaborative Biomedical: 6.25 pg/ml insulin, 6.25 pg/ml fransferrin, 6.25 ngfml
selenious acid, 1.25 mg/ml bovine serur albumin, and 5.35 mg/ml linoleic acid) and
10 ng/ml TGF-p3. This method induced up-regulation of specific cartilage matrix
genes such as Col-X, COMP and C84 (Figures 6a-d). '

RT-PCR analysis - Total RNA was isolated using the TRIzol Reagent
(Invitrogen, Carlsbad, CA USA) according to the manufacturer's instructions. ¢cDNA
was reverse transcribed from 1 pg total RNA with M-MLV Reverse Transcriptase
{Promega, Madison, WI USA). PCR conditions were optimized for each set of
primers and the number of PCR cycles was.confirmed to be in the linear range of

amplification. The amplified products were separated on 2 % agarose gel stained with
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ethidium bromide and identified by size. The identity of each product was confirmed
By restriction enzyme digestion. Samples not treated with reverse transcriptase and
" no-template samples were used as controls. Table 1, hereinbelow, summarizes the
primer sequences (along with their SEQ 1D NOs), annealing temperatures, cycle
numbers used for RT-PCR, the restriction enzyme used to verify the identity of RT-
PCR products {along with the expected size of the digested product).
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Table 1
RT-PCR primers and conditions
Gene . RT-PCR
(GenBank Forward (F) a;zg ]Ifrg’;r;f _(fg)'pnmers (SEQ Cye. | Ann. Eﬁz;i;e product
Accession No.) - size
CBFA1F:
CCGCACGACAACCGCACCAT (SEQ ID 6 °C
CBFAL1 NO:I) 40 30 Sacl
( NM_004348 ) CBFAIR: 215bp | 283 bp
: CGCTCCGGCCCACAAATCTC (SEQ ID sec
' NO:2)
- Sox9 F: ATCIGAAGAAGGAGAGCGAG 58°C
SOX9 (SEQ ID NO:3) 35 30 | EooRI
NM 000346 | Sox9 R: TCAGAAGTCTCCAGAGCTTG e 264 bp
(SEQ ID NO:4) | ' '
hCOLL F: _ Neol
GCACACAATGGATTGCAAGG (SEQ ID 64 °C
COL1 NO:5) 35 | 30 39 bp '
NMO000089.3 | ;5 | R: TAACCACTGCTCCACTCTGG wo | Sl ) 4760
(SEQ ID NO:6) P
Onec F- GCAGCAATGACAACAAGACC 58°C
ONEC (SEQ ID NO:7) 35 30 | Sph
NM 003118 | Onec R: CTTCTCATTCTCATGGATCTTC e | 168bp | 277bp
(SEQ ID NO:8)
hOPN E:
CTAGGCATCACCTGTGCCATACC (SEQ .
OPN ID NO:9) 55°C | peoRH
NM_000582.2] hOPN R: 30 | 45 4 oo6bp | 330bp
CAGTGACCAGTTCATCAGATTCATC sec
(SEQ ID NO:10)
ALP F- TGGAGCTICAGAAGCTCAAC
ALP (SEQAII[‘)PI‘;?'I D 35 623 OC BseX1
NMOOOATE | )1 TCGTTGTCTGAGTAGTACCAGTC sec | 120bp | 4350p
- C(SEQ IDNO:12)
WPTH/R F: CACAGCCTCATCTICATGG
Hptiv/rl (SEI?TII?!%O‘I?) 60 °C Sacl
NM 000316 R 350 45 1 qugyp | A170P
GCATCTCATAGTGCATCTGG (SEQ ID sec
: NO:14) _
COLS® o2 Col972 F: TGGTTTAACTGGAGCCAAGG 60 °C
(17/11) (SEQ IDNO:13) 35 20 Sphl 520 bp
NM_001852.3 | Col9/2 R: GCCCACCATGAATTTATATC e | 3300p
- (SEQ ID NO:16)
COL10 F-
CCCTTTTTGCTGCTAGTATCC (SEQ ID 60 °C:
COL10 NO:1T) 40 30 | Khol 194
NM 000493 COLIOR: bp 468 bp
CTGTTGTCCAGGTTTTCCTGGCAC sec
(SEQ ID NO:18)
COMP F: CAGGACGACTTTGATGCAGA 57.5
COMP (SEQ ID NO:19) 35 °C (O
( NM_000095) | COMP R: AAGCTGGAGCTGTCCTGGTA 30 141 bp P
(SEQ ID NO:20) 5ec
AGGRECAN | AGNF: ATCCGAGACACCAACGAGAC | 45 | 60°C | Spil pu—,
NM 001135 (SEQ ID NO:21) 30 | 290bp p
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AGN R: GGCTTCACCCTCACTGATGT 560
(SEQ ID NO:22)
CS-4S F: CCCCCATCCTCACTACAAAC 60°C |
Cs4 (SEQ ID NO:23) w | 30 Psit
NM 001897 | CS-4SR: ATCCAGGGTTCCTCTGTGTG 34.38bp | 242bp
(SEQ ID NO:24) see
' Scler F- TGCAAGCTTCCCTTTICAGT . _
SCLER (SEQ ID NO:25) o | B | mgaras
BK000280.1} | Scler R: CTGCACAGCCGAAATTGTAA 30 bp 455 bp
(SEQ ID NO:226) sec
Col3 F: CCTCCAACTGCTCCTACTCG .
COL3 (SEQ ID NO:27) s | 00| Ban ,
NM_000090.2] | Col3 R: CGGGTCTACCTGATTCTCCA 266bp | 439bp
(SEQ ID NO:28) see
Col-XII F: GTGCCTGGACTGATITGGTT Soal 185
collagen, type {SEQ ID NO:29) 60°C b
X1 , Col-XII R: 35 | 30 | ¢ tyII:ll L | 464bp
NM_004370 | TGTGGAGGCAATTTGITTGA (SEQ ID sec b
— NO:30) P
Décor F: TGAAGAACCTTCACGCATIG 60 °C
DECOR (SEQ ID NO:31) S Sacl
NM_001920.3] | Decor R: GAGCCATTGTCAACAGCAGA 0 1 2550p | 4811p
(SEQ ID NO:32) sec
Bigly F: TGCAGAACAACGACATCTCC 50°C
BIGLY (SEQ ID NO:33) a5 BsiXI
NM_00171L3| | Bigly R: CCAGGTTCAAAGCCACTGTT 30 1 jo2pp | 319bp
: (SEQ ID NO:34) see
Tlast F- GCTATGGACTGCCCTACACC .
ELAST (SEQ ID NO:35) |80°C ) Bell
NM_000501.1] | EastR: AGCTCCTGGGACACCAACTA | 40 | 30 1 288+ 1 5py4
(SEQ ID NO:36) sec | 329bp
_ Fibro F: GGAGTCAGCTGCCAAGAGAC. 60 °C
FIBRO (SEQ ID NO:3T) s | 3 Xhol
NM 212482 | Fibro R: ACACACGTGCACCTCATCAT 215bp | 482bp
(SEQ ID NO:38) 5ec
Ten F: CGTGGAGTACCTTGTCAGCA 60 °C
TENC (SEQ ID NO:39) 35 | "3 Xhol
NM 002160 | TorR: AGGTAACCGGTGACTGATGC 252bp | 438bp
(SEQ ID NO:40) §ec '

Table 1: Primers used to amplify RT-PCR products of the noted genes (are referred to using

GenBank Accession Nos.) are provided along with the PCR annealing (Ann.} conditions, number of
PCR cycles (Cyc.), the size of PCR products and the restriction enzyme (Restr. Enzyme) and digestion
product used to verify the identity of the RT-PCR product.

Microarray analysis - For cDNA microarray analysis, isolated total RNA
from undifferentiated hESCs (H9.2), fetal CTPs (passage 1) and hESC-derived CTPs
grown in the presence of the CTP medium (passages 1 and 9) were reverse transcribed
with M-MLV Reverse Transcriptase (Promega, Madison, WI USA) using Biotin-16-
dUTP (Roche, Mannheim, Germany). The array membranes (GEArray O Series
Human Osteogenesis Gene Array HS-026, SuperArray Bioscience Corp., Frederic,
MD USA) were pre-hybridized for 2 hours with heat-denatured salmon sperm DNA
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(Invitrogen) at a final concentration of 100 pg/ml according to the manufacturer's
instructions. The membranes were hybridized overnight with Biotin-16-dUTP-
labeled cDNA probes, and then washed twice for 15 minﬁtes each in a solution of 2X
SSC, 1 % SDS followed by two washes of 15 minutes each in a solution of 0.1X S8C,
0.5 % SDS. All steps were performed at 60 °C with continuous agitation.
Chemiluminescent detection was performed using the Chemiluminescent Detection
Kit (SﬁperArray Bioscience Corp., Frederic, MD USA) according to the
manufacturer’s instructions. The membranes were blocked for 40 minutes with a
GEAblocking solution Q. Binding of alkaline phosphatase-conjugated streptavidin
was performed by incubating the membranes for 10 minutes in a binding buffer. The
membranes were then washed four times, for 5 minutes each, with 1X Buffer I and
rinsed twice with Buffer _G, followed by incubation of 2-5 minutes with CDP-star
chemihmminescent substrate. All steps were perforxhed at room temperature with
continuous agitation. The signal was detected using X-ray film.

Karyotype analysis - For karyotype analyses, standard G banding was
performed on undifferentiated hESCs and CTPs (passage 8-10) essentially as
described elsewhere (Amit, M. et al, 2000).

Electron Microscopy - For transmission electron microscopy (TEM) cells
were fixed in 3 % glutaraldehyde in 0.1 M sodium cacodylate buffer pH = 7.4, post-
fixed with 1 % OsO4 and in 2 % uranyl acetate, gradually dehydrated in ethanol series
and embedded in Epon 812. Ulirathin sections (70 to 90 nm) cut on an
ultramicrotome (Leica UCT) were mounted on grids, stained with lead-citrate, and
then exan_lined with a Tecnai 12 transmission electron microscope under 120 kV.
Pictures were digitized with CCD Megaview [II and analyzed with analySIS software
(Soft Imaging System). _ |

Scanning electron microscopy (SEM — For SEM, cells and cell-seeded
scaffolds were fixed in 3 % glutaraldehyde in 0.1 M sodium cacodylate buffer pH =
7.4, followed by gradual dehydration in ethanol and drying using
hexamethyldisilazane (HMDS) (Sigma). Samples were sputter coated with carbon
and viewed under LEO field-emission scanning electron microscope for imaging and

energy dispersive spectroscopy (EDS) analysis.
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Cytochemistry and electron microscopy - For histological analyses, cells were
fixed in 10 % natural buffered formalin, gradually dehydrated in ethanol and
embedded in parafﬁn. Sections were stained with Hematoxylin and Eosin (H&E) for
general histomorphology. Picro-sirius red (Gurr-BDH, England) was used for the
detection of matrix collagens, and Toluidine blue (Serva, Germany) was used to
detect matrix proteogylcans in chondrogenic cultures (Hyllested, J.I, et al 2005).
Alizarin Red (Sigma) was used to detect calcium phosphate deposits on. culture plates
as evidence for bone mineralization. For immunofluorescence studies, cells were
fixed in 4 % paraformaldehyde in phosphate-buffered saline (PBS), and stained with
the following primary antibodies, diluted in primary antibody diluent (Dako): anti-
human type I collagen (Chemicon, Intnl, Inc. Temecula, CA, USA, cat. No.
MAB3391), anti-human alkaline phosphatase (R&D, Systems Inc, Minneapolis, MN,
USA, Cat. No. MAB1448), anti-human type II collagen (Chemicon, Cat. No.
MAB8887) and anti human mitochondria (BioGenex, San Ramon, CA, USA, Cat. No
MU213-UC). DAPI was used for nuclear counterstaining. Appropriate secondary
antibodies were used for visualization.

_ FACS analysis - Cells were removed from the culture dish with type IV
collagenase (Wortington) (0.1 %, 30-60 minutes at 37 C) followed .by Trypsin/EDTA
(Sigma) for 5 minutes at 37 °C and re-suspended in a FACS buffer [Sigma, PBS
supplemented with 2 % fetal bovine serum (Gibco) and containing 0.05 % NaN3]. Fc
blocking was performed by addition of 4 % Human serum (Sigma). Cells were
probed for 30 minutes at room temperature with thé specific monoclonal antibodies
(Pharmingen; eBioscience; DAKO) or an appropriate isotype control antibodies
(Pharmingen; eBioscience; DAKO) in FACS buffer. Cell were washed twice in
FACS buffer, and analyzed using a FACSAria flow cytometer (Becton Dickinson).
Aocquisition was set for 10,000 events per sample. Dead cells were excluded from
analysis by staining with 7AAD (eBioscience). Data were analyzed with Diva
software (Becton Dickinson). Experiments were performed in duplicates.

Scaffold fabrication and cell seeding - Electrospun nanofiber scaffolds were
made of a 1:1 blend of polycaprolactone (PCL) and poly (lactic acids) (PLA) by a
process previously described (Ma, Z. et al 2005). The average thickness of the
prepared scaffold wes 500 pm, fiber diameter ranged between 200-450 nm, with
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_ porosity of 85 %. For preparation for cell seeding, scaffold mat was cut into 0.5 x 0.5

cm’ squares, gas-sterilized with ethylene oxide, immersed in 5 M sodium hydroxide
and washed in PBS to increase surface hydrophilicity. For seeding the cells on -
scaffolds, subconfluent CTP cultures (passage 10-12) were co]lagenase—tréated,
trypsinized and counted. 5 x 10° cells were resuspended in 10 w! of CTP medium,
seeded onto each scaffold and allowed to attach for 30 minutes before fresh medium

was added. Cultures were maintained for one month before harvesting for analysis.

* Plain cultures on plastic plates were used as control.

In-vitro engineering of functional tendons - Tendons were spontaneously
formed upon applying the new long-term high-density culture technique: subconfluent
CTP cultures (passages 2-21) were regularly split and counted before seeding at a
high density of 5-10 x 10° cells/cm® on tissue culture plates in the presence of CTP
medium. Cultures were kept for long periods of up to 4 months in culture, with no
further splitting. |

Mechanical testing .af in vitro engineered (formed) tendon grafts -
Engineered constructs were removed from their culture plates immediately before
testing. The construct diameter was measured at several positions along the length,
using an optical microscope (Olympus BX 60 X500 magnification). An average
diameter was calculated, using measured values. Tensile testing was performed with
a Micro Fiber Tensile Machine, outfitted with a 35 N load cell and a special stainless
steel grips. The grips clamped the specimens by jaws machined from Delrin (acetal).
The control of machine was performed by developed software on Matlab6 and data
acquisiti_on performed with National Instruments hardware on a Pentiumll PC. The
load cell was zeroed after the attachment of each sample. Samples were moistened by
regularly applying drops of PBS. The gauge length was taken to be the length of the
construct between the grips, which was measured from the calibrated images of a fast
MotionScope CCD camera. Tests were conducted at a constant displacement rate of
0.08 mm/sec.

In-vivo studies - For subcutaneous transplantation {ectopic transplantation),
cdi nude mice were anesthetized and approximately 5 mm long incision was made in
2 or 3 locations on the back of the animal. The method for critical Achilles tendon

injury model preparation is described in the description of Figures 16a-e. All animal
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In vivo transplantation of CTPs underneath kidney capsules ~ Subconfluent
CTP cultures (passages 5 and 11) were scraped off the culture plates, washed with
PBS and implanted underneath the kidney capsule of 5-week-old CB-17 SCID-beige
mice (n = 6). Six and twelve weeks after transplantation, kidneys were retrieved,
fixed in 10 % buffered formalin, embedded in paraffin, and sectioned for histological

examination.

EXAMPLE 1
ISOLATION OF CONNECTIVE TISSUE PROGENITOR CELLS FROM
HUMAN EMBRYONIC STEM CELLS

A cell source for tissue engineering should be highly proliferative while
phenotypically stable in vitro, providing a sufficient amount of cells. Thus,
undifferentiated BESCs, which can self-renew indefinitely while maintaining their
pluripotency, present an ideal cell source for tissue engineering.  However, stem cells
lose their proliferation potential along the differentiation process, and indeed most
published EB-based differentiation systems are limited in the amount of target cells
obtained. As estimated elsewhere (Muschler, G.F. et al, 2002), approximately 7 x 107
osteoblasts are needed to form one cubic centimeter of a new bone. While reducing
the present invention to practice, the present inventors have uncovered, through
laborious experimentations, culturing conditioné suitable for the isolation, propagation
and differentiation of connective tissue progenitor cells, as follows.

Experz'meﬁz‘al Results

Isolation of connective tissue progenitor cells (CTPs) from WESCs derived
embryoid bodies (EBS) - Ten-day-old EBs were dissociated with a combination of
enzymatic digestion and aggressive mechanical agitation. The derived cells were
cultured in the presence of a CTP medium containing ascorbic acid and
dexamethasone, factors known to promote osteoblastic differentiation
(Maniatopoulos, C., et al, 1988; Coelho, M.J. et al, 2000). The celis were cultured
without splitting (passaging) in the presence of the CTP medium until reaching sub-

confluency (between about 5-10 days) and were then subjected to serial passaging
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using type I'V collagenase (0.1 %, 30-60 minutes at 37 °C) followed by trypsinization
(0.25 %, 2-5 minutes at 37 °C). The growth kinetic pattern of the cells, which were
continuously expanding without obvious senescence up to 25 passages, suggested the
derivation of a putative cell line. At passage 20 the growth rate of the cells was
slowed down (Figure 1a) and the cells tended to form mineralized cultures at a higher
frequency (data not shown). Cultures recovered well after freeze/thaw cycles, and

- showed the same proliferation and differentiation potential as prior to the freeze/thaw

eycles. Light microscopy examination revealed a great resemblance in morphology
between low passage- hESC-derived CTPs and human fetal-derived CTP (Figures 27a-
b). In addition, hESCs derived CTPs from early passages exhibit a morphology
resembling tﬁat of mesenchymal stem cells (MSCs, Figure 1b) and CIPs from later
passages exhibit a morphology resembling that of fibroblasts (Figure 1c).

CTPs exhibit clonogenic potential and normal karyotype — The clonality
potential of the CTP cells was assessed by seeding single cells each in different
culture wells. Colonies were formed in high efficiency (22 out of 24 experiments)
and were identical in their growth kinetics, morphology and phenotype, as assessed by
RT-PCR. Additionally, G banding analysis of CTP nuclei obtained from passages 7-

- 8, 14 and 20 confirmed that the CTPs are karyotypically normal (data not shown).

CTPs are suitable for cell-based tissue engineering - As 1s shown in Figure
26, assuming symmetric cell division, one well of a 6-well culture plate containing
approximately 15-20 undifferentiated hESC colonies, potentially gii(es rise to
approximately 3% subconfiuent 75cm? culture flasks after 20 passages. Thus, one
hESC-derived CTP from the first passage could potentially give rise to approximately
50 cubic centimeters of mineralized bone after 20 passages. Thus, the unique
derivation method of the present invention generates a sufficient amount of cells for
cell-based tissue eﬁgineering application.
 Isolation of connective tissue progenitor cells (CTPs) from mzdg'ffereﬁtiated
hESCs colonies - hESCs colonies were enzymatically digested with type IV
Collagenase (0.1 %, for 30-60 minutes at 37 °C) followed by aggresstve mechanical
agitation and dissociated cell clumps were further passed through a 40 pm mesh cell
strainer (Falcon) to obtain a single cell suspension. The derived cells were cultured in

the presence of a CTP medium containing ascorbic acid and dexamethasone. The
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cells were cultured without culture splitting (passaging) in the presence of the CTP

. medium until reaching sub-confluency (between about 5-10 days) and were then

subjected to serial passaging using type IV collagenase (0.1 %, 30-60 minutes at 37
°C) followed by trypsinization (0.25 %, 2-5 minutes at 37 °C). The growth kinetic
pattern of the cells, which were continucusly expanding without obvious senescence
up to 25 passages, suggested the derivation of a putative cell line. At passage 20 the
growth rate of the cells was slowed down (data not shown) and the cells tended to
form mineralized cultures at a hi gher frequency (data not shown). Cultures recovered
well after freeze/thaw cycles, and showed the same proliferation and differentiation
potential as prior to the freeze/thaw cycles. '
Altogether, the present inventors have demonstrated that the CTP cells
isolated from hESCs-derived EBs or the undifferentiated hESCs by culturing and
passaging in the CTP medium exhibit high proliferative capacity (for at least 20
passages), in vitro stability (with normal karyotype) and clonogenic poteniial. In
addition, the present inventors have uncovered that the CIPs of the present invention

are suitable for cell-based tissue engineering.

EXAMPLE 2
CTPs EXPRESS MARKERS OF MESENCHYMAL AND OSTEOBLAST-LIKE
CELLS

To test the potential of the KESCs derived CTPs of the present invention to
differentiate into the osteogenic lineégs, the expression profile of the CTP cells of the
presént invention was assessed by RT-PCR, cDNA microarray and FACS analyses, as
follows.

Experimental Results

CTPs express osteogenic markers - Gene expression of CTP cells grown in
the presence of the CTP medium from passages 1 and 10, was assessed by RT-PCR
analysis. As is shown in Figures 2a-u, CTPs stably express core binding factor alpha
1 (CBFA1), and SOX9, both are early transctiption factors known to play a major role
in osteoblast and chondrocyte differentiation. Type 1 collagen, the most abundant
extracellular protein which is synthesized by osteoblasts, osteonectin and osteopontin,

two major non-collagenous bone matrix proteins, parathyroid hormone receptor 1
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(PTHR1), which regulates mineral homeostasis and bone formation, and bone-
specific alkaline phosphatése, which binds phosphor to calcium and forms bone
hydfoxyapetite, were all detected at low and higher passages, indicating osteogenic
potential. '

~ Immunofluorescence analysis of the hESCs derived CTPs demonstrated that
the CTPs of the present invention express alkaline phosphatase (ALP, Figure 22a) and
osteocalcin (Figure 22b), markers of the osteogenic lineage.

Expression profiles of CTP-dertved osteagemc—lzke cells - The gene
expression profile of the cells was defected using cDNA. microarray analysis using a
set of approximately 100 osteogenesis-related genes. The common transcripts were
compared between hESC-derived CTPs (passage 1 and 9) to human fetal CTPs
(passage 1). Two independent experiments were performed. The complete list of
positive transcripts is shown in Table 2, hereinbelow. Forty transeripts were found to
be shared among hESC-derived CTPs and human fetal CTPs, including growth
factors and associate molecules, cell adhesion molecules, and matrix - associated
proteins. A significant overlap of 36 transcripts shared by the three populations (i.e.,
undifferentiated hESCs, hESC-derived CTPs and human fetal CTPs) was observed.
This set of shared transcripts represent genes that though known to play a significant
role in osteogenesis, are already switched-on at the hESC stage. In addition, CBFAI1,
type I collagen, ALP, osteopontin and PTH-R1, which were tested by RT-PCR
(Figures 2a, ¢, f, e, g), were found to be positive at the hESC stage as well (Table 2).
This can be attributed to the assumption that uncontrolled background differentiation
of presumably undifferentiated hESCs always occur, thus total RNA extracted from
hESC cultures represents also cells at different stages of differentiation. In addition,
gene expression profiling of hESC lines has shown a significant number of markers of
differentiation to be positive (34-36). Speculativeiy, this is to say that differentiation,
rather than being a process where stem cells acquire markers of differentiated cells,
could be a process where stem cells express all or most markers at low levels, and
reduce the expression of these genes pradually as they differentiate while upregulating

the expression of a limited set of genes (37).
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CD51) | TGAV CD51/VSK8 p P p 1 TGB1 CD29/FNRB P P p
Integrin, beta 1 (fibronectin receptor, beta
pol ypepti de, antigen CD29 49ncl udes NMDF2, MSK12) SMAD
| BSP1l/1V4-1
: Table 2
Expression profile of undifferentiated hRESCs, RESCs-derived CTPs (p9) and fetal
CTPs
Symbol Gene Namne Undiff-hESCs § CTP,p9 | Fetul Description
' Alkaline phosphatase,
ALPL AP-TNAP AHOPS P n liverfbone/kidney
ANXAS ANXS/ENXZ p Annexin AS
Arylsulfatase E
ARSE CDPX/CDPX1 n n n (chondrodysplasia
punciata 1)
Bone gamma-
BGLAP BGP n - n n carboxyglutamate (gla)
. protein (osteocalein)
BGN DSPGi/PG-S1 Biglycan
BMP1 PCOLC/TLD a Bone morpl.logenetic'
protein 1
BMP2 BMP2A p p n Bone morp?ogenetic
_protein 2
Bone morphogenetic
BMP3 BMP3 P P n protein 3 1(~1£:steoga3nic)
BMP4 | BMP2B/BMP2BI o n n | Bonemorphogenatic
_ protein 4
Bone morphogenetic
BMP5 MGC34244 p p P Drotoin 3
BMP6 VGR/VGRY n ‘a n | DBovemorphogenctio
. protein &
Bone morphogenetic
BMP7 OP-1 p p p protein 7 (vsteogenic
protein 1)
Bone morphogenetic
BMPSB BMPS/OF2 p p p protein 8b (osteogenic
protein 2)
Bone morphogenetic
BMPR1A ACVRLK3/ALK3 p p P protein receptor, type
. 1A
Calcium-sensing
receptor (hypocalcinric
CASR FHH/FIH B n n hypercalcemia 1,
severe neonatal
hyperparathyroidism)
CD36 antigen
(collagen type I
CD36 FAT/GP3B n n n receptor,
' thrombospondin
receptor)
Scavenger receptor
SCARBI | CD36L1/CLA-1 p p p olass B. ]
Ribosemal L1 domain
CSIG L12/PBK1 n n n coptaining 1
7 Collagen, type X, aipha
COL10A1 COL10A1 P p n 1(Schinid metaphyseal
L chondrodysplasia)
COL11Al | COlIAl/COLL6 n p p Collagen, type X1,




p P p SMAD, nothers against DPP honolog 1

(Drosophi | a) SMAD,
(Drosophi | a) SMAD,
wo(2vsoihi | a) SMAD,
(Drosophil a) SMAD,

not her s agai nst

DPP honol og 2

mot hers agai nst DPP honol og 3
not hers agai nst DPP honolP€g/m2007/000046
not hers agai nst DPP honol og 5

(Drosophila) SMAD2 MADH2/ HSMAD2 P P p SMAD3
HSPC193/ HST17436 P p n SMAD4
alpha 1
COL1ZAIL/TYPE Collagen, type XIL,
COL12A1 XL n P alpha 1
: " Collagen, type X1V, -
COL14A1 UND P P alpha 1 (undulin)
Collagen, type XV,
COL15AL COL15A1 n n alpha 1
Collagen, type XVI,
. COLieAl 447AAFP1572 P P alpha 1
XV
COL17Al | BPISO/EPAG2 n p C"“ag“;‘]’;ﬁ?;"f L
Collagen, type 3VIL,
COL18AlL KNO p p alpha 1
COLI9AI | COLOAIL/D6S228E n n C"uag;&'gﬁe XX,
COLIAI | AA 694-711/014 n B Collagen, bype L, alpha
Collagen, type II, alpha
_ i (primary
COLZA1 COL11A3/SEDC P P osteoarthritis,
spondyloepiphyseal
dysplasia, congenital)
Collagen, type I11,
alpha 1 (Ehlers-Danlos
COL3Al EDS4A p p syndrome type IV,
autosomal dominant)
Collagen, type IV,
COL4A3 TUMSTATIN B n alpha 3 (Goodpasture
f antigen)
Collagen, type IV,
COL4A4 CA44 P p alpha 4
Collagen, type IV,
COLAAS ASLN/ATS n n alpha 5 (Alport
syuadrome)
COL5AL COL5A1 p p Collagen, type ¥, alpha
' Collagen, type VI,
alpha 1 (epidermolysis
COL7AL EBDU/EBDCT n P bullosa, dystrophic,
dominant and
recessive)
' Collagen, type IX,
COL9A2 EDM2/MED p P alpha 2
Colony stimulating
CSF2. GMCSF p n factor 2 (granulocyte-
_ macrophage)
Colony siimulating
CSF3 G-CSF/GCSF n n factor 3 (granulocyte)
Cathepsin K
CTSK CTS02/CTSO n n (pyenodysostosis)
DCN DSPG2/PG40 p p Decorin
' Epidermal growth
EGF URG n n factor (beta-
urogastrone)
Epidermal growth
EGFR ERBB/ERBBI p p factor receptor
(erythroblastic
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leukemia viral (v-erb-
b) oncogene homolog,
avian)

FGF1

AFGF/ECGF -

Fibroblast growth
factor 1 (acidic)

FGF2

BFGF/FGFB

Fibroblast growth
factor 2 (basic)

FGE3

HBGF-3/INT2

_ Fibroblast growth
factor 3 (murine
mammary {umor virus
integration site (v-int-
2) oncogene homolog)

FGFR1

BFGFR/C-FGR

Fibroblast growth
factor receptor 1 (fins-
related tyrogine kinase
2, Pfeiffer syndrome)

FGFR2

BEEK/BFR-1

Fibroblast growth
factor receptor 2
(bacteria-expressed.
kinase, keratinocyte
growth factor receptor,
craniofacial dysostosis
1, Crouzon syndrome,
. Pfeiffer syndrome,

Jackson-Weiss
syndrome)

FGFR3

ACH/CEK2

Fibroblast growth
factor receptor 3
(achondroplasia,

thanatophoric
dwarfism)

FLT1

FLT/VEGFR1

Fms-related tyrosine
kinase 1 (vascular
endothslial growth

factorfvascular
permeability factor
receptor)

CIG/FINC

Fibronectin 1

GDF10

BMP-3B/BMP3E -

Growih differentiation
factor 10

ICAMI1

BB2/CD54

Intercellular adhesion
molecule 1 (CD54),
human rhinovirus
receptor

IGF1

IGFI

Insulin-like growth
factor 1 (somatomedin
€)

IGF1R

JTK13

Insulin-like growth
factor 1 receptor

1GF2

IGF-I1

Insulin-like growth
factor 2 (somatomedin
A)

ITGA1

CD4%a

Integrin, alpha 1

ITGA2

BR/CD49B

Integrin, alpha 2

{CD49B, alpha 2

subunit of VLA-2
receptor)




p SMAD, nothers agai nst DPP honol og 9 (Drosophila
MLvlI P10 SL-2/STMY2 n a n Matrix netal |l oprot ei nase) 10

(stronelysin 2) MW13 CLG p P p Matrix

WOrPee7AI8P¥Pr ot ei nase 13 (col | agenase 3) MVP2 CIPGA/ITHGA #0046
PP p Mitrix netalloproteinase 2 (gelati nase A,
721cDa gel ati nase, 72kDa type |V col |l agenase) MVP8
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ITGA3

CD49C/GAP-B3

Integrin, 2lpha 3
(antigen CD49C, alpha
3 subunit of VLA-3
Tecepior)

ITGAM

CD11B/CR3A

Integrin, alpha M
(complement
component receptor 3,
alpha; also known as
CD11b (p170),
macrophage antigen
alpha polypeptide)

ITGAV |

CD51/MSK38

Integrin, alpha A%
{vitroneciin receptor,
alpha polypeptide,
antigen CD51)

ITGB1

CD29/FNRB

Iotegrin, beta 1
(fibronectin receptor,
beta polypeptide,
antigen CD29 includes
MDF2, MSK12)

SMAD1

BSP1/IV4-1

SMAD, mothers
against DPP homolog 1
(Drosophila)

SMAD2

MADH2/HSMAD2

SMAD, mothers
against DPP homolog 2
(Drosophila)

SMAD3

HSPC193/HST17436

SMAD, mothers
against DPP homolog 3
(Drosophila)

SMAD4

DPC4/3IP

SMAD, mothers
agamnst DPF homolog 4
{Drosophila)

SMADS

DWFC/IV3-1

SMAD, mothers
against DPP homolog 5
{Drosophila)

SMAD6

HST17432/MAD

SMAD, mothers
against DPP homolog 6
{Drosophila)

SMALD7

MAD/MADH7

SMAD, mothers
against DPP homolog 7
{Drosophila)

SMADS

MAD/MADHG

SMAD, mothers
against DPP homolog 9
{Drogophila)

MMP10

SL-2/STMY2

Matrix
metalloproteinass 10
(stromelysin 2)

MMP13

CLG3

Matrix
metalloproteinase 13
(collagenase 3)

MMEP2

CLG4/CLG4A

Mafrix
metalloproteinase 2

 (gelatinase A, 72kDa

pelatinase, 72kDa type
IV collagenase)

MMPS

CLG1/HNC

Mairix
metalloproteinase §
{neutrophil




CLGVHNC n p Matrix netal | oproteinase 8 (neutrophil

WD 2007/ 080590PCUI L2007/ 000046 53 col | agenase)

MW 29 GELB/CLGAB n n p Matrix netal |l oprotei nase 9
WO(ger@eidase B, 921 cDa gel ati nase, 921cDa ty@&€I/MN2007/000046

col | agenase) MSXI 110X7/HYD 1 P n n '
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collagenase)

MMP9

GELB/CLG4B

Matrix
metalloproteinase 9
(gelatinase B, 92kDa

. gelatinase, 92kDa type

IV collagenase)

MSX1

HOX7/HYDI

Msh homeo box
homolog 1
{Drosophila)

MSX2

CRS2/FPP

Msh homeo box
homolog 2
{Drosophila)

NFKB1

EBP-I/KBF1

Nuclear factor of kappa
light polypeptide gene
enhancer in B-cells 1
(pl05)

PDGFA

PDGE-A/PDGF1

Platelet-derived growth
factor alpha
polypeptide

RUNXZ

CCD/AMLS3

Runt-related
transcription factor 2

SERPINHI

ASTP3/CBP1

Serine (or cysteine)
proteinase inhibitor,
clade H (heat shock
protein 47), member 1,
{collagen binding
protein 1)

SERPINHI

ASTP3/CBP1

Serine (or cysteine)
proteinase inhibitor,
clade H (heat shock
protein 47), member 1,
{coliagen binding
protein 1}

S0X9

CMD1/CMPD1

SRY (sex determining
region Y)-box 9
(campomelic dysplasia,
autosomal sex-

reversal)

SPARC

ON

Secreted protein,
acidic, cysteine-rich
{osteonectin)

SPP1

BNSP/BSPI

Secreted
phosphoprotein 1
{osteopontin, bone

sialoprotein I, early T-
Iymphocyte activation

1)

TGEFB1

BETA 1/CED

Transforming growth
factor, beta 1
(Camurati-Engelmann
disease)

TGFB2

TGF b2

Transforming growth
factor, beta 2

TGFBE3

TGF b3

Transforming growth
factor, beta 3




Msh honmeo box honolog 1 (Drosophila) Msh homeo box
honol og 2 (Drosophila) Nuclear factor of kappa |ight
pol ypepti de gene enhancer in B-cells 1 (p 105) MsSX2
WOCRB2BF®PP n n-n NFKB 1 EI3P-1/KBF 1 n p P POGAB2007/000046
PDG-- A/ PDGFI P p n Pl atel et-derived growth factor
al pha pol ypeptide Runt-rel ated
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TGFBR1

ACVRLKA/ALK-5

Transforming growth
factor, bata receptor I
{activin A receptor
type II-like kinase,

- 53kDa)

TGFBR2

HNPCC6/MFS2

Transforming growih
factor, beta receptor I
{70/80kDa)

DIFE/TNF-ALPHA

Tumor necrosis factor
(TNF superfamily,
member 2)

TWISTL

ACS3/BPES2

Twist homiolog 1
(acrocephalosyndactyly
3; Saethre-Chotzen
syndrome)
{Drosophila)

VCAMI

NCAM-100

Vascular cell adhesion:
molecule 1

VDR

NRI11L

Vitamin D (1,25~
dilnydroxyvitamin D3)
receptor

VEGF

VEGFA

Vascular endothelial
growth factor

VEGFB

VEGFL/VRF

=

Vascular endothelial
growth factor B

VEGFC

FLT4-L/VRP

Vascular endothelial
growth factor C

PUCI18

pUC18

PUC18 Plasinid DNA

PUCI8

pUCI8

PUCIE Plasmid DNA

PUCI8

pUCI8

PUC18 Plasmid DNA

BiNipIRIRIE) T

glEERIR=ET

aigp|E|R|R|=

GAPDH

G3PD/GAPD

o

fa=]

=

Glyceraldehyde-3-
phosphate
dehydrogenase

GAPDH

G3PD/GAPD

Glyceraldehyde-3-
~ phosphate
dehydrogenase

PPIA

CYPA/CYPH

Peptidylproiyl
isomerase A
{cyclophilin A)

PPIA

CYPA/CYPH

Peptidylprolyl
isomerase A
(cyclophilin A)

PPIA

CYPA/CYPIL

Peptidyiprolyi
isomerase A
(cyclophilin A)

PPIA

CYPA/CYPH

Peptidylprolyt
isomerase A
{cyclophilin A)

RPLI3A

RPL13A

Ribosomal protein
113a

RPLI13A

RPLI3A

Ribosomal protein
L13a

ACTB

b-Actin

Actin, beta

ACTB

b-Actin

Actin, beta
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transcription factor 2 RUNX2 CCD/ AML3 P P SERPI NH1

ASTP3/CBP1 P P P Serine (or cysteine) protgi nase

i nhi bitor, clade H (heat shock protein 47), nenber I,
wo(gwrusegen bi nding protein 1) SERPIN -11 ASTPSTIABR0Y0G0046

p p Serine (or cysteine) proteinase inhibitor, clade

H (heat shock protein 47), menber I, (collagen

bi nding protein 1) SOX9 C¥B | /CWvPDl

Table 2: The ¢cDNA array membrane (GEAsray Q Series Human Osteogenesis Gene Amay
HS-026; SuperArray Bioscience Corp., Frederic, MD USA) was hybridized with biotin-labeled cDNA

prepared from undifferentiated hESCs (F9.2; undiff-hESCs), human fetal CTPs (fetal, passage 1) and
hESC-derived CTPs at passage 1 (pl) or passage 9 (p9) which were grown in the presence of the CTP
medium. The presence (positive, “p™) or absence (negative, “0”) of each of the genes in the array is
‘indicated.

CTPs exhibit unique populations of CD105 positive and negative cells -
FACS analyses performed on hESCs derived CTPs from passages 6-16 using
anﬁbodies specific to the CD105, CD166, CD44, CD29, CD45, HLA-ABC and HLA-
DR surface markers demonstrated relatively high level of pbpulation purity with
sufface markers characteristic of MSCs (Figures 3a-k). Thus, the CTPs of the present
invention were positive for CD105, CD166, CD44 and CD?29, while negative for
CD45, a hematopoietic marker. Additionally, all RESCs derived CTP cells were also
positive for HLA-ABC (Figure 3f) and negative for HLA-DR (Figure 3h, the major
histocompatibility complex antigens), an expression pattern characteristic to MSCs.
Level of cell purity was confirmed to be high, with two main sub-populations: CD105
positive (42 %) and CD105 negative (58 %) cells (Figure 3a). As is further shown in .
Figures 3h-k, the CD105 positive cells were also positive for CD166, CD29 and
CD44 and negative for CD45. On the other hand, the CD105 negative cells were
positive for CD29 and CD44, and negative for CD166. '

Altogether, fhe FACS results demonstrate that hESCs-derived CTPs express
markers of mesenchymal stem cells (MSCs). The cDNA microarray and the RT-PCR
analyses demonstrate the presence of specific markers of connective tissue derivatives
including osteogenic lineage, chondrogenic lineage, tendons and ligaments. In

addition, immunostaining analyses demonstrated that the CTP cells isolated according

" o the teachings of the present invention express markers of the osteogenic lineage

and thus can differentiate to form osteoblasts and bone tissue.
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n n SKY (sex determ ning region Y)-box 9 (canponelic

dyspl asi a, autosomal sex- reversal) SPARCONp P p

Secreted protein, acidic, cysteine-rich (osteonectin)
wWOoeerse®d phosphoprotein 1 (osteopontin, bon@CI/IL2007/000046

sialoprotein |, early T- |ynphocyte activation I)
SPP1 BNSP/BSPI P n n TGFBﬁl BETA 1/ CED Xi
5
EXAMPLE 3

CTPs ARE CAPABLE OF PRODUCING BONE MATRIX

To test to capacity of the CTPs of the present invention to differentiate into the
osteogenic lineage and form mineralized matrix, inorganic phosphate was added to
the CTP medium and the CTP cell cultures were assessed for the presence of
mineralized matrix, as follows.

CTP cells produce mineralized matrix — To test the capacity of the CTP cells
of the present invention to form mineralized matrix, inorganic phosphate (beta-
glycerophosphate) was added to the CTP medium. Briefly, CTPs from any passage of
passages i-25 were grown in a CTP medium supplemented' with 10 mM beta-
glycerophosphate and the potential of matrix formation was assessed. As is shown in
Figufe 4a, enhanced mineralization which was visible macroscopically, occurred
either after 20 passages, or was induced earlier at different passages if cells were
grown until over-confluent. Mineralization was confirmed by Alizarin Red staining
(Figure 4b), and scanning electron microscopy (Figure 4e) coupled with EDS spectra
analysis (Figure 4d). Moreover, immunostaining analysis demonstrated the presence
of self-produced matrix which is positive for type I collagen (Figure 4c). Thus, these

* results demonstrate that the CTPs of the present invention are capable of forming

bone nodules containing calcium-phosphate deposits, the major component of bone
minerals. _

Altogether, these results demonstrate that hESCs-derived CTPs are capable of
differentiating into cells of the osteogenic lineage while producing mineralized
matrix.

EXAMPLE 4
HUMAN ESC-DERIVED CTP CELLS ARE CAPABLE OF DIFFERENTIATING
INTO THE CHONDROGENIC LINEAGE

To induce to chondrogenic differentiation, the two differentiation methods

described under “General Materials and Experimental Methods™ were employed.
" Experimental Resulis '

Induction of CTPs to chondrogenic differentiation using the “Gntact layer”

method - To induce chondrogenic differentiation, subconfluent cultures (passages 5-

13) were trypsinized and placed as an intact layer in suspension, in the presence of the
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P n Transformng growh factor, beta 1

(Canur ati - Engel mann di sease) TGFB2 TGF b2 n P n

Transform ng growh factor, beta 2 TG-B3 TGF b3 P p P
WORoems690 i ng grom h factor, beta 3 WO PCI/IL2007/000046

2007/ 080590PCT/ 1[ 2007/ 000046 54 TGFI 3R1 ACVRLK4/ ALK-5

p pp Transformng growth factor, beta receptor |

(activin A receptor type I19-1i ke kinase, 531cDa)"’

CTi’r(JS:EeBdIiQ&m. After 10 days the tissue was harvested for analysis. H&E staining
showed considerable apoptosis ocourring in the centre of the tissue sample, probably
due to lack of nutrients and oxygen delivery in static cutture conditions (Figure 5a).
At numerous locations at the viable periphery of the sample round chondrocyte-like
cells were detected embedded in lacunae, resembling early cartilage (Figure 5a).
Picro-sirius red staining demonstrated extensive collagenous matrix surrounding the
cells (Figure 5b). Immunohistochemistry using an antibody directed against the S-
100 protein, calciﬁm—binding protein found in cartilage (38) detected small clusters of
positively stained cells within the viable chondrocyte-like area (Figure 5d).

" Induction of CTPs to chondrogenic differentiation using the pellet culture
method - The induction of chondrogenic differentiation was further assessed using the
peliet culture system of chondrogenic differentiation as published elsewhere (24).
Cells (passages 1-9) were grown as pellet cultures in the presence of low serum TGF-
B3 supplemented medium as described in method 2 of chondrogenic differentiation in
the General Materials and Experimental Methods, hereinabove. A section of one-
month-old pellet culture was stained with Toluidine blue, showing the matrix
proteoglcans (Figure 23). Earlier pellet cultures were not positively stained (data not
shown). RT-PCR analyses showed up regulation of type X collagen, chondroitin
sulfate proteoglycan 4 (SC-4) and cartilage oligomeric matrix protein (COMP)
(Figures 6a-d). Type X collagen is a non-fibril-forming collagen restricted to the
hypertrophic, calcifying zone of growth plate carﬁlage (39). Chondroitin sulfate
proteoglycan 4, is known to be found on immature cells such as in the developing
cartilage '(40), and cartilage oligomeric mairix protein (COMP) is a key non-
collagenous matrix protein (41).

- Alfogether, these results demonstrate that hESCs-derived CTPs are capable of

differentiating into the chondrogenic lineage while expressing cartilage markers.
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HNPCC6/ MFS2 n P n Transform ng growh factor, beta
receptor |1 (70/80kDa) Tumor necrosis factor (TNF
superfam |y, nmenber 2) TNF DIE/ I NF-ALPHA P P p
WODRNTBBISIACS3/ BPES2 p P n Twi st honolog 1 PCT/IL2007/000046
(acrocephal osyndactyly 3; Saethre-Chotzen syndrone)
(Drosophila) Vascular cell adhesion nolecule | V

CAML | NCAM 100 n 58
EXAMPLE 5

ENHANCED MATRIX PRODUCTION BY CTPS SEEDED ON NANOFIBER
SCAFFOLDS |

To provide cells with a suitable 3D environment that would support their
growth and organization into a complex tissue, the electrospun, PCL/PLA nanofiber
scaffolds (Figure 7a) were utilized, as follows.

Experimental Results

Seeding of CTPs on electrospun PCL/PLA scaffolds resulted in connective
tissue formation — 5 X 10° CTPs (passage 10-12) resuspended in 10 pl of CIP
medium were seeded on scaffolds and grown in the presence of the CTP medium for
one month before harvesting for analysis. His;ological analysis showed an high
matrix to cell ratio (ECM-rich) connective tissue formation, with mesenchymal-like

cells aligned in parallel, surrounded with extensive fibrous collagen matrix, with a

thin remnant of the scaffold at the basal side of the construct, suggesting it has

degraded over time (Figure 7¢).  Scanning electron microscopy illustrates the
beginning of matrix production and a progressive tissue-like patches formation until a
firm 3D sheet-like tissue is generated (Figures 7b-d). The presence of mineral
deposits [hydroxyapatite (calcium-phosphate)] was confirmed by EDS analysis (daia
not shown). Cells grown in the same conditions but on plastic tissue culture plates did
not show any form of 3D tissue-like formation (data not shown).

Altogethef, these results demonstrate the ability of the hESCs derived CTPs of
the present invention to form mineralized matrix and tissue-like patches when grown

on nano-scaffolds.
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EXAMPLE 6
CTPS ARE CAPABLE OF FORMING TENDON GRAFTS IN VITRO

To test the ability of the hESCs derived CTPs of the present invention to form
a more compact and organized tissue, the long-term high-density culture technique
was opltimized, as follows.

CTP celis are capable of forming a tendon-like tissue - The long-term high-
densﬁy culture technique induces the self-assembly of 3D, cylinder-shaped constructs,
which morphologically resemble early developed tendons. This process begins as a
single cell attaching to the culture pIate sidewall, forming fibrous matrix with a
tendon-like shape. As is shown in Figures 8a-b, hESCs derived CTPs which were
cultured in the presence of CTP medium were capable of forming a tendon-like
construct following 8 weeks in culture (Figure 8a) and a clear tendon tissue which
grew up to 5 centimeters following 4 months in cuolture (Figu;fe 8b) or 6-8 cm
following 4-5 months (data not shown). Further immunostaining analyses
demonstrated the progressive assembly of long, cylinder-shaped constructs which
express type I collagen (Figure 9a). At a later developmental stage (following 2-3
weeks in culture), wider structures were observed (Figure 9b), until the formation of
well defined, tendon-like constructs (Figure 9c). Histological examination shows
organized, parallel-aligned cells, with high matrix-to-cell ratio (Figure 9d). Additional
SEM analyses of the tendon graft demonstrated well-defined fibrous structure and
paralle! orientation of elongated, fibroblast-like looking, cells (Figures 10a-c). Thus,
these cells formed a well organized, highly cellular collagen-associated mineralized
tissue, as evident by histology and electron microscopy (Figures 10a-c and 11a-d).
Altogether, these experiments demonsirate the engineering of functional tendons from
the hESCs derived CTPs of the present invention.

Evaluation of the mechanical properties of the engineered constructs

derived from the CTP cells - Three-month old constructs (CTP-derived, passages 10-

12) were removed from the culture plate and were put into a custom built testing

machine (Figures 24a-b). As is shown in Figure 12, the strain-stress response of the
constructs resembles a non-linear behaviof. At a strain of 0.05, the stress-strain
response starts to increase linearly until failure occurs in the middle of the construct.

The tangent modulus measured at a strain of 0.15 is 660 MPa and the ultimate tensile
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strength (UTS) at a strain of 0.25 is 110 MPa. The average UTS of 4 samples was
105 + 10 MPa and the average modulus was 660 3= 50 MPa.

: Table 3
Mechanical evaluations of the in vitro formed tendon grafis of the present invention

Test No. Youg%;n;‘zulus maximal stress [MPa] maru:rt%f(simm

1 574.9 79.6 302

2 423.0 _ 63.3 132

3 671.8 ‘ 79.9 314

4 676.8 95.9 351
Average 586.6 797 324

STD 118.7 13.3 2.1

Table 3: Stress-stress tests of in vitro engineered tendon grafis. The initial length and
diameter of the tendons were 2.4 mm and 0.2 mim respectively. The tendon constructs were stressed

-umtil failure at a strain rate of 0.02 sec™’. Shown are the Young modulus values (MiPa), the maximal

stress (MPa) and the maximal strain (%). The average tangent modulus is 586.6 = 118.7 MPa, and

" uliimate tensile strength (UTS) of 75.7 & 13.3 MPa.

Altogether, these results demonstrate the formation of a tendon-like structure
with excellent mechanical properties resembling that of mature rather than immature

tendons.

EXAMPLE 7
CTP CELLS FORM CONNECTIVE TISSUE IN VIV(O
To assess the commitment of the hESCs-derived CTP cells to the connective

tissue lineage on one hand, and to examine their tumorigenic properties on the other

- hand, CTPs were transplanted into 6 SCID-beige mice, as follows.

cTP celfs are non-tumorigenic in vivo -~ CIPs (passages 5 and 11) were
implanted underneath the kidney capsule of 5-week-old SCID-beige mice. Using this
apimal model, the present inventors have previously shown that undifferentiated
hESCs are capable of forming teratomas (data not shown). Six and twelve weeks post
transplantation, kidneys were harvested for analysis. Both macroscopic examination
and histological analysis did not detect any form of teratoma formation (data not
shown). Instead, a localized sub—cépsular formation of loose connective tissue was
observed, with no evidence of other tissue type (data not shown). Using this model, it

is possible to explore the in-vivo developmental potential of hESC-derived CTPs.
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Altogether, these results demonstrate that hESCs-derived CTPs are non-

tumorigenic and are committed to the connective cell linsage in vivo.

EXAMPLE 8

CTP CELLS FORM BONE AND CARTILAGE TISSUES IN VIVO

To assess the potential of the hESCs derived CTPs of the present invention to
form cartilage and bone tissue in vivo, CTPs were subcutaneously transplanted into
cd1 nude mice and the formation of ectopic new bone_and cartilage was assessed, as
follows. .

CTP derived ectopic transplants are biocompatible, well-vascularized masses
with radio-opaque bone tissue - For subcutaneous transplantation of hESCs derived

CTPs, the mice were anesthetized and approximately 5 mm long incisions were made

- in 2 or 3 locations on the back of the animal. CTP cells from a single T75 flask were

injected in each incision. Ectopic transplants visible following 8 weeks of
transplantation (Figure 13a) included bone tissue, as confirmed by the radio-opaque
transplants seen by X-ray analysis (Figure 135). Close examination of the ectopic -
transplants following the removal of the back skin revealed the presence of non-
cancerous, well-vaseularized masses (Figare 13¢), demonstrating that the ectopic
transplant is biocompatible, well integrated within the recipient mouse and not
rejected by its tmmune system. ' | N

CTP_ derived ectopic transplants include bone and cartilage tissues -
Histological analyses of the ectopic transplants revealed the formation of new bone
(Figures 14a-c) and hypertrophic cartilage (Figures 14d-¢) tissues with early stage of
mineralized bone matrix formation (Figure 14a), and a later siage showing osteon-like
structures and new bone formation (Figures 14b and c). |

CTP derived ectopic transplants include mineralized bone tissne — As is
further shown in Figures 15a-b, analysis of frozen sections of non-demineralized
tissue demonstrated the formation of mineral deposits within the ectopic transplants of
the hESCs derived CTPs.

CTP derived ectopic transplants are of @ human origin — To verify that the
ectopic transplants are derived from the hESCs derived CTPs of the present invention
histological sections of the ectopic transplants were subjected to immunostaining

analysis using the anti-human mitochondria antibody. As is shown in Figure 25a, the
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newly-formed ectopic tissue is positively stained with the anti-human mitochondria
antibody, demonstrating the human origin of the ectopic tissue.
Altogether, these results demonsirate the ability of the BESCs derived CTPs of

the present invention to form bone and cartilage tissue in vivo.

. EXAMPLE9
THE IN VIVO REPAIR OF CRIT. ICAL ACHILLES-TENDON INJURY USING 4
TENDON GRAFT FORMED FROM HESCs DERIVED CTPS

To test the functionality of the in vifro engineered tendon graft from the
hESCs derived CTPs of the present invention (as desciibed in Example 6,
hereinabove), the present inventors have induced a critical Achilles-tendon injury in
mice and implanted the tendon graft of the present invention, as follow.

Figures 16a-¢ schematically depict the strategy of repairing a critical Achilles-
tendoﬁ injury using the in vitro gencrated tendon graft of the present invention. High-
density CTP cultures were grown with no further splitting for 4-5 weeks to form a

sheet-like tissues in culture plates (Figure 16a). Next tissues were gently removed

from plates using a cell scraper and rolled to form rounded cylinders (Figure 16b).

Non-absorbable sutures were inserted at the ends of a construct through all layers
(Figure 16c). Constructs were immediately used for transplantation or kept inside
custom-made templates made from flexible silicon tubes embedded in agar plates.
Full thickness, 3-4 mm long segment of the Achilles tendon in nude mice was cut to
form a critical gap (Figure 16d). Next constructs were sutured to the proximal and
distal edges of the injured Achilles tendon (Figure 16¢).

Experimental Results

In vivo repair of a critical Achilles-tendon injury using the in vitro formed
tendon graft of the present invention — Following the induction of a critical Achilles-
tendon injury the treated mice are unable to extent their ankle, resulting in a maximal
extension of less than 90 degrees (Figure 17a). To repair the injury, hESCs derived
CTPs are subjecied to a high-density culture to form tendon grafts (Figure 17b) which
are then implanted in the injured mice (Figure 17¢). One month after transplantation
the implanted mice are capable of extending their leg with a maximal extension

greater than 90 degrees (Figure 17d).
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possible) sheet-like tissue was formed. The sheet-like tissue was subjected to freeze-

drying and/or cell removal. Freeze-drying was done using standard lyophilization
device, The resultant tissue was completely devoid of viable cells as detected using
e.g., standard viability aésays, thus reducing the risk of cell-based tumor formation
and immune rejection.

Dry ECM fissues are biocompatible - Dry tissues were stored at room
temperature in dry conditions. The dry tissue formed was found to be biocompatibiie

as evidenced by seeding the dry tissues with different cell types (Human embryonic
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5 Mechani cal evaluations of the in vitro forned

tendon grafts of the present invention Test No. Young

nodul us al l'i Pal maxi mal stress 1114Paj maxi mal strain
WONPO7I088594. 9 79.6 30.2 2 423.0 63.3 33.2 3 67FPEILINY000046

31.4 4 676.8 95.9 35.1 Average 586.6 79.7 32.4 STD
118.7 13.3 2.1

66

Initially presumed to be osteoprogenitors, they showed a greater differentiation. and

~ developmental potential.

The plasticity or multipotency of osteoblasts has been shown in the adult,
Human ftrabecular bone-derived cells have multi-lineage in-vitro developmental
potential, and can be induced to differentiate into osteoblasts, chondrocytes and
adipocytes (8, 44), similar to bone marrow-derived mesenchymal stem cells (9). The
presently derived CTPs, which phenotypically resemble osteoblasts, are able to form a
well-mineralized matrix and can be further induced to form several other types of
connective tissue derivatives. In addition, as is demonstrated in Example 1,
hereinabove, unlike osteoblasts of which 7 x 107 cells are needed to form one cubic
centimeter of & new bone, one hESC-derived CTP from the first passage could
potentially give tise to approximately 50 cubic centimeters of mineralized bone after
20 passages. '

The extracellular matrix (ECM) and ECM-mimicking scaffolds - Tn. contrast
to parenchymal organs, which are mainly cellular and function via their cells, most of
the volume of conmective tissues consists of their functional element - the
extracellular mairix (ECM) (45). Connective tissue ECMs cope with tensile and
compressive mechanical stresses. Tension is transmitted and resisted by nano-scaled
fibrous proteins (collagen, elastin), while compression is opposed by waier-soluble
proteoglycans, such as chondroitin sulphate (46). The proteoglycan part form a
highly hydrated, gel-like "ground substance" in which the fibrous proteins are
embedded (47). Scaffolds used in tissue engineering are designed to provide cells
with a 3D environment, promoting their attachment, proliferation and differentiation
while meeting their nutritional and biological needs. They can be made of either
natural or synthetic biodegradable polymers, in various shapes and forms, such as
fibers, foams, hydrogels and capsules (1). Ideally, scaffolds should mimic the
chemical and physical structure of the native extraceflular matrix, providing cells with
the most "homey" environment. Thus, considerable effort is being made to create an
ECM-mimicking tissue-enginecered scaffold. It has been supposed that nano-scaled
fabricated surface fopography of a synthetic scaffold would better mimic the native
matrix. Electrospining is the most common and practical way to fabricate polymeric
nanofiber matrix (26). Recently an electospun PCL scaffold was shown to support
mesenchymal stem cell growth and differentiation into osteoblasts (48). The present
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Table 3: Stress-stress tests of in vitro engi neered

tendon grafts. The initial |ength and.dianeter of the

tendons were 2.4 mmand 0.2 nmrespectively. The
WOor2edismso8onst ruct s were stressed 10 until f aiPICHAB204T/0G4046
" strain rate of 0.02 sec-1. Shown are the Young '

nodul us val ues (MPa), the maxi mal stress (MPa) and

the maximal strain (% . Thé”average tangent nodul us

iml(%ii%?ss%% e ypf)thefge:g tk}%n elelé E)sprlrj‘ﬁt }eﬁmﬁ g’fég{ Iﬁ’z?dq tgliaﬁ@r n!gt% hpolymer
scafsid. Wpulleappsit hESE-defived osllBbigniAfion hR edamléd KB tissues.
structure 15 with excel | enltP hanl cal. properties

Thearresist imotorn b2y Shogmythat A reBefihersaiiinlds promote the
erb®d s e TEXANR Kiirls %Emcﬁkhsadf%ﬁ‘&\"\ltﬁ%éﬁ@ £ Iralized

I N VI VO 20To assess the conm t nent N
exfrestiylag mhvenromoe@nﬂ somplex tigsusdpmeadiony &n eddstéone the present
i n 0 ne, t
sy 300500008, M A I BN o sovl
potensinip ltenfugitiet dee:l@peBGoBralit |cgk£nbmedetxssae ehginlsmw implantable

CIP cells, ar nturrorlgenlc:ln vivo - CTPs
COPWE‘&JQ aiﬁﬁgiﬁ‘ O%er e i npl ant ed underneath the

kid iRePHg tendfns 5 TUREHEUrél 2 Jehde BRL D¢ BhfeBiivdBis08 that is
this 25 animal nodel, the present inventors have

respoasiblsfor shestrmmwatof dergr firost snwsela te bons=SBigdigs of the chick

AREFPLE S LML D DY e
to rt&r thesprﬂmpi@ IEGM ﬁl}tﬂms corBminentyaehikstho rma:tnefica]ﬁnmm nzlmaases

s caplh R B8, e PORRER ) n oo LR AP L (Bl o packets of

heh@sﬁ@ Wéad ﬁui@ﬁﬁﬁ[&s la!lh@fed fi® bﬁiﬁnbl%dcﬁeﬁh@ EfeCmehanRAlt ﬂrﬁﬁemes
ti ssue was 30 observed wi th no evidence of other

of thestendon. y Pbule agearty srarkss @Myveiwn& tpngenschaghhgen describedsyet,
it BRSRER lsﬁov(rxg%tféﬁ Q%%f Endd r Y’ﬂoi’soarg %@r&@&'ﬁ? §@tbraction between

pot enti al der1 ved
ﬂl€2 00BELIe3aBI0 oRriELE LI@O)@TIHGIBO (ME@H@_ the develdpinggenther jn a spatial

poh R A ST LS PR S Tuna
museﬁlbsltellélﬁag;@stbﬂﬁ \(50)3 BXAVRY EatsehdsT beCEbﬁﬁgEOﬂMf&&tiéﬁon,

CARTI LAGE TI' S IN VI VO To assess
ChpRrERTOR OBy Caﬂlﬁé"“ﬁkgt% tqigRdaned LTFisSUseng ReTecd depdons and

hghﬁné&t@ LERR 4 SediQiinGRYd iHeaid 8 LcORRGoVeSRbfcihd] K'n‘éﬁzber of

Ps- were subcutaneously transplanted into cd
ceﬂn tweanbavehdetwr niilizedn foaf thist ppiposen ew1tbo benearmarrow-denved

me% cthgl'r%‘g StehP'2e Ifss Ssege b%L%%C;H ; %V\g’uo If% 85—%49(3%1131'6 is also a

transpla S are

grmbg kmudiy laBegt thes &8sortintd dfaﬁieehaﬁﬁlﬁﬂ Ugintadin@uring tissue
tissue - For Sqléﬁ§Ut aneous transplantatigon of bESCs
deyedoren BfpEm Wietoe ItaPrEYE Rlat funsong (rharacteristics of

enBRPIEX 138! 55-§6Waﬁ9& bid g%a? Bad \Qﬁ{tﬁeﬂ%ﬂ‘% fitted HAVe Been

ocations on the back of t ani mal s froma
uﬁbmdgﬁe tiry Bephir o5 kreplesegnenh p£ damgadrtee@m aid digatoms. Different

Pi G4t nt i sible. follqw 8 week
te %ﬁ%%sp antl '}Iﬁ%h%( @5’% g ca'ﬁ%cllﬁdgg b&ﬁguil sgﬁ co%%gen,
ghyeosdnhinogigedny ahdh eylfc&db QyPHD bl deb R ARl (BD). STEEBRsdIY inventors
X-r lysis % ure 13b). C gose exam nation,  of the
hayg, PB%lﬂét‘% s RF S iy pmeﬁ@vq Resug giegraitosfeoukl by yegd to
geﬁfht@ tEﬁi&QH&dﬁstsﬁé‘s phgéfg{h“geia:@gngtgﬁg ﬂ‘ﬁ%lﬁﬂ%ﬂﬁ% culture technique,

|l -vascul ari zed nstrating
’Ehet hrgsent Havandere giave tsnmsqﬁﬂégn gemesatbd @d&mmbbng cylmﬂﬁmshaped

corrlsnetlj'ug { :éxcg mqw@ologm%[ﬁre regegilg I en y tRdo C%@e o ngtastmg of the

ectopic transplants i ncl ude bone and cartil age
ti ssues - Histol ogical anal yses of the ectopic
transplants reveal ed the formati on of new bone
(Figures l1l4a-c) and hypertrophic cartilage (Figures
14d-e) tissues with early stage of mneralized bone
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WO 2007/ 080590PCT/ |1 L2007/ 000046 62 new y-f or ned

ectopic tissue is positively stained wwth the

anti-human m tochondria anti body, denonstrating the
WORIB0P i gin of the ectopic tissue. AIPCTGRRUGE 00046

these results denonstrate the ability of the hFSCs

derived CTPs of the present invention to form bone

and cartilage tissue in viéd. 5 EXAMPLE 9 ME I N VI VO

REP. OF | T) CAL ACHI LLES- TE UR A, .
coR ISR 4 P Bt AR RS QU iy o QR ¢ B e i sin he
saind @rded BE fria@Ridddel 3 thi dhembduiyd 6 £ ARW LRI AehdoBNEPBrted to

graft fromthe 10 hESCs derived CTPs of the present

bei ReMER &7 addditiondlivpdle pverageaHipmategensiie strpeth AVA) of the
pr%s%ﬁtll)ﬂ@ Qred B&%%J%Sis hﬁ‘)\.ée:h!lﬁdlvﬁ’g,gw@' 'E]r fsti'ngtg!e tSﬁIéle order of

€s-tendon Injury in nice an r?p ant
‘magsitadmofgfaifute test rehdispeestedtfor humean Achilles enfloty, shwwing pick

P R 2080 NP RO Hf el efiion CPDPG et Aope

Adhlilegi tehdong eRey dididded a0 daserghlafihiootorishbctprieseditling immature

i pvent.ion. Hi gh- depsity C UP_cul tures re_grown
terfloph VHE! # tAne r"ﬂ@%{?‘ﬁ ¢ ngvﬁ’aranglé“ bk Mﬁao(\gﬁbr Theyresuls of
thel,s\gx%ﬁ‘ént bkt atd BoiHGA ordbr Of ndghRudd 0@5&& i SHB1ukS Fported for

Xt tissues were gently rénoved from pl ates usi rPg a
the @at| enginearsdr canstiuetal supgestivgf banCl8ulvwfiedd dsddongl emeshanically

(Fhau 6 - t LJ t
coieb et pltor ¥ BARAERE Bl 2HRR, AER RREA BEE'as o
grdb sutinggoiit focfustheestady, Appigingttehye atgaaedind concepts toward the

transpl antation or kept |nside 20, custom.nade
deyglppinent ate higlogieal srginfessd RAOnbRItES L ubes. enbedded
LI N agafmday.ei thidl sud kKRS8t BrvnllS heno deREARMIed the

of the Achilles tendon in nude mice was cut to forma

sugqessfiyl dgrivagine (fogueciive Hiayre preseniters (6T Psidtam Waman embryonic

SSHHSIFSC 0,350 8 B SR 20 L o i

bldREs dirt @llABkerl tisswe engimaetingof CEPL niet shoah to be easily isolated and

Achil |l es; t on.injury usi he in.vitro formed .
bt P a8 ot Rety A oAt G ngahorh Rosrgtiph e
présBituftentis BiveoibidddGino At istdfRidih€ RAGBate BDWhYetIHRE tissues,
treated mce are unable to extent their ankl e,
angd gppitad; thg lopg-iere Righelengit eHare meghod Wsassemblg TP constructs
208 ' 7 TO+k €RA| [ ]
m%%?iﬁ%%dez%?é%d?g}’ S S%Jthecltgg% fﬁgjcgnﬂ .BS h%ﬂge %&?@Qjﬂgu fur g’h o8¢
encardgmgnesdtsdoay gerat ts syBog dnehet Bipriswio wedrdSchasacteridmenthese

' ant in the injured, mce (Figure 17c). e nt
PRIV ST, oot Hief b Rt real s TP ot
deadloptnd phaonts e bligih@fin tishued ¥k pRosli@AS ia08reat tool for

reater than_ 90 degrees (Figure 17d). WO
StusiEng dersion™e$007/ 000046 63 The \
transyp : - : exhi bj
exon] TSROl MEORE ik oF e lss TR G Gipattrt Wl Yok not
onlye bidds freatr prospdeaitrasi prentialy wnlimnitdl snired of eelofor tissue

rafts exhibit good integrati at the sites of .
eoffEn G111l e E ek oo R bR Tt ebryonie
devedGigdng. | nvadi ng the graft (Figures 19a-b). Further

hi stol ogical 5 evaluation of the transplanted grafts
denonstrated that the grafts renodel ed and integrated
wel §; ;6 Ei -ge).tam' Jat ggﬁé ' e .
21a!tb ah%&[riﬁ";egftﬂ I onec %%%g tetg‘tglil}l‘g usi r‘lélﬂt*ﬁ%re’ for clarity,
descohed lim thes tontexthiofiesepfiagu cebodikents) migneist bat pdvided

at .t he stress/shain hehavi or .of the tendon af.t .
coicn o BRI Ao e SRy P VAU P TR U8 ihgution

tail tendon (Figure 21c, conpare the pattern of the
bl ue graph with that of 10 the green graph).

The transpl anted tendon grafts are of a human origin
- To confirmthe human origin of the transpl anted
tendon grafts, a cross section of the transpl anted
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25 dexamet hasone. After about 4 weeks in culture

(other periods of tinme are al so possible) sheet-Iike

tissue was fornmed. The sheet-like tissue was
wogpj/esei%ed to freeze-drying and/ or cell renoWP&IT/AL2607/000046

Freeze-dryi ng was done using standard |yophilization

device. The resultant tissue was conpletely devoid of

vi abl e cells as detected uéPng e.g., standard

wigh By SR i Bopbitt i b8 WAk Fndht, eboPimept, gy atso be
prbviedSevhiatehSol€in aay emtubmmnﬂlbmﬁi@ Dry tissues were

stored at om t enper at u dry conditjons. The dry
ti sshithaogh g %%ﬂﬂpauﬁf& beny ge F%%ﬁ’baﬁo%iﬂpféo%émh specific

 ofaBaRetheRYE %ﬁ@emgmtmm%ﬁm b diBoslidhl i Mriations

cell types (Human enbryonic

wiOgrroees0o pewe skitipd 1n MGA@WM@IM; iig@nded tosgmbrace all
t t

A, RARLTTE. 0 AaREORHREN, A5M bS89 o

scfﬁlme ofl |thee ﬂbliendiesiu elaimer e Adlh puitdichidorisz p&teﬂﬂ:y ant Saddno gapphcahons

i,nin electr n1crosc the.res
CERO T B tpefaficr e e GORBRRL] it et St by réference
mﬁalhb ViBedPidaibml) to IHOBANS bR@ntDAsO @adtCARlIvidIal Phiflication, patent or
activities (data not shown) Acel lul ari zati on of

Paegl/ applEatipn reasp specifigady @@ﬁ@némaﬂhlm@ww‘i Ko be incorporated
u
befish Sagesg%}élgg ngﬁneglté%sﬁ{tﬁwll &oalggﬁ}%]éﬁﬁ%ﬂ gp aﬁgf Wrereledth this
appEsatioh ishall yotde cabaslmadtmchnl atlnCssidohd SU@]Srefaredcd)ervaﬂabIe as
Bi omed Mater. Res. 490): 134-40.

1M¥F§F&P%S§M§Wﬁ‘EW?€PPon m croscopy assays show t hat
the 10 resultant tissue is conpletely actellular,
while the ECMis preserved. Acel l ul ari zed ECM
tissue is bioconpatible - The bioconpatibility of the
acel lul ar tissues was denonstrated by seeding
different cell types onto the tissue, with the
formati on of secondary new tissue, as a nodel for

.al l ogenic cell seeding (data not shown).
15Al t ogether, the freeze-dried and/ or de-cellularized
CTP-derived tissues -are easy to handl e and shape,
suture retentive, can rapidly re-hydrate (indicates
hi gh hydrophilicity) and can be conbined with
standard hydrogels to make an injectable form It

wi |l be appreciated that the intact ECM can be
condi ti oned by specific cell 20 types, such as skin,
skel etal muscle, cardiac nuscle, fat, cartil age,
bone, etc., to create tissue specific, specialized
intact ECMtissues. This can be done by co-culturing
CTPs with the second cell type before the formation
of the primary tissue, or by seeding the second cel
type onto the al ready processed CTP-derived tissue,
allowing the cells to interact wth the intact-ECM

ti ssue, before secondary round of freeze- 25 drying
and/or cell renoval will occur. Alternatively, the
second cell type taken fromthe patient can be |eft
to grow on the tissue prior to transplantation back
into the patient. Purified ECM conponents -
Total protein conponent or selected proteins is
purified from CTPs or CTP-derived tissues according
to standard protein purification 30 nmethods. The
resultant protein is assessed by gel el ectrophoresis,
western blotting and proteoinics analysis. Such
proteins are processed in order to achi eve

clinical -grade injectable fornulas and other forns
suitable for biomaterial applications. 65 Analysis
and Di scussi on It ESCs as a nodel for connective
ti ssue devel opnment - hESCs are pluripotent cells
derived fromthe inner cell mass of the blastocyst,



5 virtually unlimted proliferation ability and
differentiation potential. It has been proposed.that
ESC differentiation through the fornmation of EBs
WOrResesI he early devel opnmental stages duri n@CT/AL2007/000046
enbryogenesi s and can serve as an alternative nodel
to investigate human enbryoni ¢ devel opnent,
considering the limtationd of studying human enbryos
(42). 10Connective ti ts are derived from
stemcell s of msoder@ﬁﬁﬁ' . Bone tissue is
fornmed mainl yg Wﬂmﬁmﬂemdmm@sses:
- endochondral bone for%n and rf nbr anous
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mesenchynal “stem’cel The presently dérived
OiﬁgpgﬁﬁtéhiﬁhbnotyplcalIy resenbl e osteobl asts, are
able to forma well-mneralized matrix and can be
further induced to formseveral other types of
connective tissue derivatives. In addition, as is
denonstrated in Exanple 1, 10 herei nabove, unlike

ost eobl asts of which 7 x 107 cells are needed to form
one cubic centinmeter of a new bone, one hESC-derived
CTP fromthe first passage could potentially give



68 constructs denonstrated an average tangent nodul us

of 660 th 50 MPa. This is in the sane order of

magni tude as that of a nodulus of an adult rat tai
WOervdsmoor eported to be 632 MPa (57). Additi @GAITL3p07/000046

the average ultimate tensile strength (UTS) of the

presently engi neered constﬁucts is 105 th 10 MPa,

which is in the same order’ "of 5 nmagnitude of failure
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scope of the appended clains. Al publications,
patents and patent applications nentioned in this
specification are herein incorporated in their
entirety by reference into the specification, to the
sanme extent as if each individual publication, patent
or 10 patent application was specifically and




11. Zuk, P. A, Zhu, M, M zuno, H., Huang, J.,

Futrell. J,W Katz, A J., Benhaim P., Lorenz, HP &

Hedrick, MH (2001) Tissue Eng 7,211-228. 12.
WOTheovsaessy J. A, ltskovitz-Eldor, J., Shapir ®CTSL2087/00046

Waknitz, M A, Swiergiel, J. J., Marshall, V. S. &

Jones, J. M (1998) Sci ence 282, 1145 1147. 13

It skovitz- EI dor, J., Schul & ner, , Karsenti, D

3538 il aDa O £ Loy l\ﬁgzﬁ poldgigho, N, Fisher, T,

Sabel-Hirselr, ,J.,MBielofain Bk 2 OsBibetd, Sk p Batad; B).0Gktz, 3., et al (2005)
@é& gﬁ. l%§Benveni sty, N (2000) Proc Nail Acad
Alg71471997- 11312, " 15. Hwang, WS., Roh, S.I.
36 LEﬁntta&a%a, Hé%ra,sf KB{arMbrgéP f& ’Méﬁdﬂl J St_wo, K My ) AX,
: Kwon, :
SorlingdL. 3@gus L7 Phie, 2., Avet M@t@h@@w Blapd 1%3&@6—2964
) Itskovitz-Eldor, J. &
37'L&gﬁge’r @F@OE Blgto%? rg%%% 8ﬁi §7P{}cad Sci USA. 100,
38 1&&41161&2@14@;)0111@'11, G Meakigli Nb.r& Milas, Co(1688) E‘atholZ{@ Wirarcdl 183,
A7 tskowtz El dor, J (2004) Biotechnol Bioeng. 88,
IP4:%% . 71 18. Cao. T., Heng, B.C., Ye, C.P., Liu,
39 Hlelch'Eﬁber oY E,,A@@&w wolt der Mark, R, Stb@ng}i &YBEh111¥g W. (1991)
St ant on L W 2005) Ti ssue CeII 37 325-334. 19
é?"é’l%‘?” caccini, Pol ak, J.M & Buttery

ol 108 B s AR S

410@¢db91115 E,1Agton%m, P1. HJBEPIEbe%U Aes'bhthﬂ,IID.s Palilsddn, M., Rosa-

el SafpBitoF el Mnolitied o €l e thoon s

Iﬁbl@ﬁem@ﬁ'?ﬁlBM%tz M A. Itskow t z- El dor J.

J. A (2000) Dev 13i 227, 271-278.
2 R B0 R B R TR BT B asicon 18,525
@z,gl etta, C., Zanbel li, PY., Hohlfeld, P. Leyvraz
ile ate . L. &Plolettl, D. P. (2004) Bone
43 é‘éisﬁ'x:s@ &3dikosDA. G KB%?S) Mids BioghwamBng Riog:chnoldd, 122,

44. Iélﬁsl’sg',’eﬁsp, }k?’ R(g%ggl}l ’3?2%@%@#1 S’ 2:# anﬁ%nl%ér %{’STua.n, %S'

r@mzagt(hﬁ;opmﬂszove@@ 1069. & Cstergaard, K (2002)

L tis 10, 3 6 ,
%Stmie B%@(ﬁi\(@%@% %‘@% 54@ E3937] ssue
46. @&erc,lﬂﬁ (1@(13)%@@?&817551#\/@95%@011! os, C- , Sodelc, J. &

Mel cher, A Cell Tissue Res 254, 317- 33 O '
47551 fupetions, Call edb&szpmmmeﬁxmqum ar M0mgx (1994) in Molecular

Hi0HR) §F iR G bas, mggéﬁo%b%g%gﬁ%%  Raff i Roberts, K.

1K) Waltst,dl. (Gadand. BubBeing) pp. 9&’M9950 Keefe, RJ., Stein,

SR e N T YN

BDioaf- z'iggnspl ant 15, Suppl 66 88. 31. Bellows, C. G,
Aubi n E. & Heersche, J. §1991) Bone M ner
49. F@ﬂm% & JadlegoRdk, (2002) C@mt;s jocherg, Alyieled MelOntegr Physiol
Nég)oggi)g 5t Rev Oral Biol Med 11, 279- 303 33.
nnst adt , Juppner, H & Gardella, T.J. (1999) Am
50. BréikiyAiRD) Scm%%;tzd?ﬁES&Fﬁm GR Q283 Ogitrl 13,2364248Chen,

1. gtoh 12 Totomn 5o B0 o Bigsy st 3265 - p. o

| U
52, iJS dggﬁgﬂﬁgghéig%c% (A@l@ﬁ & ;Ir?ﬁrﬁa%!gﬁl g@%@ﬂhﬁcb I %é‘()@h@gmnu Rev

Bigmed Eng 6.chtl- N& S Arrarl glio, N, Fi sher T. ,

- Jacob-Hirsch, J., Bi el or ai , B., GCsenberg, S., Barad,
0., Getz, G et al (2005) FASEB J 19, 147-149. 36.
Bhattacharya, B., Mura, T., Brandenberger, R,
Mejido, J., Luo, Y., Yang, A X, Joshi, B.H, Grds,
I., Thies, RS., ?unit, M et al (2004) Bl ood 103,
2956-2964. 37. Zipori, d. (2004) Nat Rev Cenet 5,
873-878.




38. Karabel a- Bour opoul ou, V., Markaki, S. az M]I as,

C. (1988) Pathol Res Pract 183, 761-766. 39.

Rei chenberger, E., Aigner, T., von der Mark, K
WOSpws0s9M. & Baffling, W (1991) Dev Biol 14&CT/IL20807/000046

562-572. 40. Levine, J.M & Ni shiyama, A (1996)

Per spect Day Neurobi ol 3“n245'259' 41. Hedbom E.

Antonsson, P., H erpe, A, Aeschlimann, D., Paul sson,

agpPi t omma;v Y: V\Ang!,e Mowi CA

>3- gagbﬁ?% E. gﬁ%gkg%e%ﬂ§ D. (ﬂl&mg WJJ Bi ol B(I%ﬁem k’ '

6EDUE 185, &mmmmﬂﬂ) Tes@eingH, 893-P03.N, (2004)

so. Bo8l, §1 e R O RSP RUVBRCk o838 1 %m’

mmeﬁﬁE@wﬂsz%lM Noth, U., Osyczka AM

Tul i R ,_Hicko Dani Tua . S.
55. GreRign b R éei(ahé@%ﬂ LAG60% 400 Caan. By BAT, & %e’égemn
S gurteb], WuBey FoR, et P 9%sue E
?%gm%gggg?’%ggéh?g%%g?&? PhyS|ofé§%3 g%S g§§$§47sue e
&¢] 90-3@fhct i ons, Cel|l Adhesion, and the Extracellul ar

5 L0 RS L, 0, ., 0 e s

Redes) Bsomaferials X&) 1261-12F0. (Gar | and Publ i shi ng), pp. _

971-995, 48, Yos Shi Y.M, Terai..H &
&éggﬁ:ﬁ J. SJ‘érP g%go&gp%\:tﬁ‘&ﬂeﬁr&gﬁ?ﬁésf&g{%%@z 49,
58.GRRLYT. AE lﬁnds%y,KBqU%eau eEG.4.2003)erCOM (P003g A8l Biomed Eng
Physiol A Ml Integr P yS|oI 133, 979-985. 50. Brent,
RI1E/10-Bohwei t zer, R & Tabin, C.J. (2003) Cell 113,
235-248. 51. Brent, A E., Braun, T. & Tabin, C. J.
(2005) Devel opnent 132, 515-528. 52.
Vunj ak- Novakovic, G, Altman, G, Horan, R & Kaplan
D.L. (2004) Annu Rev Bi oned Eng 6 - 131-156. 73 53.
Van Eijk, F., Saris, D.B., Riesle, J., Wllens, WJ.
Van Blitterswijk, C A, Verbout; A.J. & Dhert, WJ.
(2004) Tissue Eng 10, 893-903. 54. Calve, S., Dennis,
R G, Kosnik, P.E. 2nd, that, K, Gosh, K & Arruda,
E.M (2004) Tissue Eng 10, 755-761. 55. Genier, G,
Reny- Zol ghadri, M, Larouche, D., Gauvin, R, Baker
K., Bergeron, F., Dupuis, D., Langelier, E
Ral | e01. 111, D., Auger, F.A et al (2005) Tlssue Eng
11, 90-100. 56. Lee, CH, Shin, 14.1, Cho, LH ,
Kang, Y.M, Kim 1A Park, KD. & Shin, J.W (2005)
Bi omaterials 26, 1261-1270. 57. Cartnell, 1S. & Dunn,
MG (2000) J Bioned Mater Res 49, 134-140. 58. Wen,
T.A., Lindsey, D.P., Beaupre, G S. & Carter, DR
(2003) Ann Bioned Eng 31, 710-717. 74 WHAT IS
CLAIMED IS 1. A nethod of generating connective .
tissue progenitor cells, the nethod conpri sing:
cul turing enbryoid bodies (EBs) or an enbryonic stem
cell (ESC) line in a culture nmediumwhich conprises
dexanet hasone and/or ascorbic acid; and (ii)passagi ng
cells of said EBs or said ESC line in a presence of
said culture nediumso as to obtain connective tissue
progenitor cells; thereby generating the connective
ti ssue progenitor cells. 2. The nmet hod of
claim1, wherein the connective tissue progenitor
cells are capable of being naintained in a
proliferative, non termnally differentiated state
for at |east 20 passagesS in



cul ture. , 3. The nethod of claim1 or 2,

wherein a first passage of said cells of the enbryoid

bodi es or of the enbryonic stemcell line in said

culture nediumis effected no nore than 10 days

following initial culturing of said cells in said

cul ture medi um 4. "he nethod of claimi1, 2

or 3, wherein the connective tissue progenitor cells

of differentiating into nore than one

“ﬂiéﬁjgﬁi%REG%ﬁg'selected fromthe group consisting of a

chondrogeni c | i neage, an osteogenic |ineage, an

adi pocytic |ineage and a tendon and |iganent |ineage.

75 5. The nethod of any of clains 1-4, wherein

sai.d CUA kigthbdgf gehemfifmhasitivriders prageuitr cfliseéie method comprising:

culturing conditions..,. 6. ) 0f - -

cl&i ns Ci’ﬂ%‘?ng\mf%qlﬁg%déﬁsgﬁ Bhef & %ﬁ%ﬁ%%&gﬁ ?1{1 fer i n o citure
medif WRich $&Bpriseicganétbasphomploatseorbic acid; and.  The met hod of

any_of clains 1-6, ein sald ltur [ : .

F UM herPeeaER Pl B0 T of ~REb T UG RoRER| o i guture medium
5o as & obldecoiBéciackisofic moyenatbr cellgi- s 1-7, wherein said

culturing is effected under xenofr condi ti ons.

9. therply Q?E‘frﬁﬂ’éﬂ?ff <o, V%B? AR ‘g,cgl\%fwer ein said

passaging is effected under xenofree conditions.

10. The_net ho f.any of clains 1-9. ' j bl
passagi g Wghog‘f(%&ﬁ“@ﬁ’ W&%TS‘P %?eecé) et -“fertYegg‘?e::lﬁP% i ??ljnégéus e CopenE
 of bef@ RirdiR¥ASE a proliferative,ldon témirdaliy Hfeedtiael statp faz phlesst 2opassages in
generated according to the nethod of any of clains 1-
cultw’fy  wherein the isol ated cell preparation conprising
connective tissue progenitor cells being capable of
bei ng mai ntai ned. i n roliferative n ] oid
di ¥f er ehftéi : tcchﬁ]%ﬂf %rz NS gg%%sggf;@cpﬁhﬁ e embryol
bodics ¥} bth€emSrddrik aomREL lihe/@ shidsaliee prdigens tifectalglolngore than 10 days
conprising.a first popul.ati,on of..cells expressing
fouo‘@mﬂﬁlaéﬁ&%ﬂﬂ% S8 eﬁ%’%ﬁ?ﬁfﬂ%ﬁe Br%E| | s not expressing

CD105, wherein a ratio between said first popul ation

e

capal:il@ Qfd(ﬁffaént&ﬁhé i 7 %\gﬁfgﬁﬂ Oiie @’? p;ﬂmé%e sdfcjt@bﬁmn dlhe ngracomng ofa -
endon, .. The-isol at.e e repar :

chondrpggmi, Hopaggs aﬁé’,‘gte%?@}ceﬁ?a%%ém iBPAPs ém?:%lel &grag%g%t iﬁ{()inhgamem
lineages devoi d of feeder cells. 14. The isol ated

cell preparation of any of cla 11-13, wherein said

first population of cells express. CD166. 15.

The isolated cell preparation of any, of clains

11-14, wherein the isolated cell preparation express

CD44, CD29, and HLA-ABC. 16.- The isol ated

cell preparation of any of clainms 11-15, wherein the

i solated cell preparation does not express CD45 and

HLA-DR 77 17. The isol ated cell preparation
of any of clainms 11-16, wherein the isolated cel
preparati on express osteocl acin. : 18. The

i solated cell preparation of any of clains 11-17,
wherein the isolated cell preparation express markers
of osteoblast differentiation, chondrocyte
differentiation and cartilage matri x. 19. The
i sol ated cell preparation of any of clains 11-18,
wherein said rati o between said first popul ati on of
cells and said second popul ation of cells is between
about 0.7 to about 0.9. SEQUENCE LI STI NG <110>
Techni on Research & Devel opnent Foundati on Ltd.

It skovitz-El dor, Joseph Cohen, Shahar <120> HUVAN
EMBRYONI C STEM CELL- DERI VED CONNECTI VE Tl SSUE

PROGENI TORS FOR Tl SSUE ENG NEERI NG



<130> 33277 <160> 40 <170> Patentln version 3.3 <210>
1 <211> 20 <212> DNA <213> Artificial sequence <220>
<223> Single strand DNA ol i gonucl eoti de <400> 1
ccgcacgaca accgcaccat20 <210> 2 <211> 20 <212>DNA
<213> Artificial sequence <220> <223> Single strand
DNA ol i gonucl eoti de <400> Zscgctccggcc cacaaat ct c20
<210> 3 <211> 20 <212> DNA <213> Artificial sequence
<220> 23> .39 ng| e INA 0l a0 &7 0 Urded feeder-
at%gt ga 5%@%5%@%%%@&» h% e%%%?g%%ﬁgiﬁ DNA

free cellitidg cdditiohs.ci al sequence - -

6. The method of any of claims 1-5, wherein said culture medium further comprises

inorganic phosphate.

7. The method of any of claims 1-6, wherein said culture medium further comprises

serum or serum replacement.



<220> <223> Single strand DNA ol i gonucl eoti de <400> 4
t cagaagt ct ccagagcttg20 <210> 5 <211> 20 <212> DNA
<213> Artificial sequence <220> <223> Single strand
DNA ol i gonucl eotide - 2 <400> 5 gcacacaatg
gattgcaagg20 <210> 6 <211> 20 <212> DNA <213>
Artificial sequence <220> 23> Si ngl e strand DNA
ollgonucleotide <400> 6 taaccactgc -tccactctgg20 <210>

<211> 20 <2 Ar .
< §2 3> gqu ?l &F%O %ﬁﬁﬁﬁé r |7g a’%ﬂgge:lﬁe:%atﬂil d‘-'gﬁgl%ﬁ %ﬁ‘g(ﬁgdzﬁﬁer XEeno-

- free c@@@igaRat ga caacaagacczo <210> 8

o, The method of any of claims 18, wherein said passaging is effected under xeno-

free conditions.

10. The method of any of claims 1-9, wherein said passaging is effected under feeder-

" free culturing conditions.

1. An isd_lated cell preparation generated according to the method of any of claims 1-
10, wherein the isolated cell preparation comprising connective tissue progenitor cells being
capable of being maintained in a proliferative, non terminally differentiated st;ite for at least 20
passages. in cul‘cure said connective tissue progemtor cells comprising a first population of cells
- expressing CD105 and a second populauon of cells not expressing CD105, wherein a rat10 between

said first population of cells and said second population of cells is between about 0.6 to about 1.5,
12, The isolated cell preparation capable of generating a tendon.

13. The isolated cell preparation of claim 11 or 12, wherein the isolated cell |

preparation is devoid of feeder cells.

14, The 1solated cell preparatlon of any of clalms 11-13, whereln said first populatlon
of cells express CD166.

, 15. The isolated cell preparation of “any.of claims 11-14, wherein the isolated cell
preparation express CD44, CD29, and HLA-ABC.

16. The isolated cell preparation of any of claims 11-15, wherein the isolated cell

preparation does not express CD45 and HLA-DR.



<211> 22 -<212> DNA <213> Artificial sequence <220>
<223> Single strand DNA ol i gonucl eoti de <400> 8
Cttctcattc tcatggatct tc22 <210> 9 <211> 23 <212> DNA
<213> Artificial sequence <220> <223> Single strand
DNA ol i gonucl eoti de <400> ? ct aggcat ca cctgtgccat
acc23 <210> 10 <211> 25 <215> DNA <213> Artifici al
~sequence <220> <223> Single strand DNA
ol;hgon | G € GRend 1 Ca6, cat@ddin the isolated cell
téZ?CZEﬁE%}&EgﬁiﬁAf e e S vt 1 T o
prepasBgUERses esRROaciR223> Sjngl e strand DNA -
"oligonucleotide 3 <210> 12 <211> 27 <212> DNA <213>

Artificial sequence <220> <223> Single str nd.D@ﬁ_
oIlBgonﬂ&leefml&tgfe cell preparation of any of clairgs 11-?’}, v?herem ¢ isolated cell

preparation eXpréss markers of osteoblast differentiation, chondrocyte differentiation and cartilage

matrix.

19. The isolated cell preparation of any of claims 11-18, wherein said ratio between

: séid first population of cells and said second population of cells is between about 0.7 to about 0.9.



<400> 12 atctcgttgt ctgagtagta ccagtcc27 <210> 13
<211> 19 <212> DNA <213> Artificial sequence <220>
<223> Single strand DNA ol i gonucl eoti de <400> 13
WOHEHSEYca tottcatgg <210> 14 <211> 20 <212 PCHR007/000046
<213> Artificial sequenCe <220> <223> Single strand
DNA ol i gonucl eoti de <400> 14 gcatctcata gtgcatctgg
<210> 15 <211> 20 <212> <213> Artificial sequence
<220> <223> Single strand DNA ol i gonucl eoti de <400>
15 tggtttaact ggagccaagg <210> 16 <211> 20 <212> DNA
<213> Artifici akoosRguenes <220> <223> Single strand
<H0> onucl eoti de <40Q0>" 1q: cccaccatg aatttatatc20
Iﬁ% ‘g STITS S ZER s B ES Artificial sequence
<22@mm<2@@a:8|ngle strand DNA ol i gonucl eoti de <400>

<azd] BEG AL ASC ool EAURLEy Condibrredt 1380k UockRiosd 11> 24
<2 12w ridiA sRd@risArti ficial sequence

<130> 33277
<160> 40
<170> PatentiIn version 3.3

<210> 1

<211> 20

<Z12> DNA

<213> Artificial seguence

<220>
<223> B8Single strand DN2 oligonuclectide

<400> 1
ccgeacgaca acegeaccat : 20

<210> 2 -

<211> 20

<212> DNA

<213> 2artificial sequence

<220>
<223> 8ingle strand DNA oligonucleotide

<400> 2
cgcteogygoe cacaaatcte 20

<210> 3

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223> 8ingle strand DNA oligonuclectide

<400> 3
atctgaagaa ggagagcgag 20

<21i0> 4

<211> 20

<212> DNA

<213> Artificial seguence

<220>
<223> S§ingle strand DNA oligonucleotide

<400> 4
tcagaagtct ccagagettg 20

<210> 5

<211> 20

<212> DRA

<213> artificial sequence

<220>
«223> Single sizand DNA oligonucleotide



<220> <223> Single strand DNA ol i gonucl eoti de <400>
18 ctgttgtcca ggttttcctg gcac24 <210> 19 <211> 20
<212> DNA <213> Artificial sequence <220> <223>
WOS08186598t r and DNA ol i gonucl eo i de <400> 19 JF&dgba§deao04o
ttgat gcaga20 <210> 20 <211> 20 <212> DNA <213>
Artificial sequence <220> <223> Single strand DNA
ol i gonucl eoti de <400> 20 aagctggagc t gt cct ggt a20
<a06210> 21 <211> 20 <212> DNA <213> Artificial sequence
geag oy 9d293299Sj ngl e strand DNA ol i gonucl eoti dé® <400>
21 atccgagaca ccaacgagac20 <210> 22 <211> 20 <212>
zﬁ%f\wo<213> Artificial sequence <220> <223> Single
553 rAnd DNA ol i gonucl eotide <400> 22 ggcttcacce
<21pc aptgatigt 2Ques@]1 0> 23 <211> 20 <212> DNA <213>
< Btificial sequence <220> <223> Single strand DNA
<226} | genuckent nde1sdfd=o23: cocccat cct cactacaaac20 5

<400> @ -
taaccactge tecactebgg 20

<210> 7

<21l> 20

<212> DNA

<213> Artificial segquence

<220> ‘
<223> BZingle strand DNA oligonucleotide

<400> 7
geageaatga caacaagacc 20

<210> @

<zll> 22

<212> DN2

<213> BArtificial sequence

<220>
<223> BSingle strand DNA cligonucleotice

<400> 8
ctictecatte tcatggatct tc 22

<210> 9

<211> 23

<212> DNA

<213> artificial sequence

<220>
<223> gingle strand DNA oligonuclectide

<400> 9
ctaggcatca cctgtgecat acc 23

<210> 10

<2il> 25

<212> DNA

<213> Artificial seguence

<220>
<223> gingle strand DNA oligonucleotide

<400> 10
cagtgaccayg ttcatcagat tcoate 25

<210> 11

<2il> 20

<212> DNA

<213> artificial sequence

<220>
<223> s5ingle strand DNA oligonucleotide

<4{0> 11
tggagetica gaagchcaac 20



<212> DNA <213> Artificial sequence <220> <223>
Singl e strand DNA ol i gonucl eoti de <400> 24 atccagggtt
cctctgtgtg20 <210> 25 <211> 20 <212> DNA <213>

WO isII®P al sequence <220> <223> Singl e str a®@TOHNRI7/600046
' ol i gonucl eoti de <400> 25 tgcaagcttc ccttttcagt20
<210> 26 <211> 20 <212> DNA <213> Artificial sequence
<220> <223> Single strand DNA ol i gonucl eoti de <400>
26 ctgcacagcc gaaattgtaa20 <210> 27 <211> 20 <212>
DNA <213> Artificial sequence <220> <223> Single
<218t r’ignd DNA ol i gonucl eoti de <400> 27 cctccaactg
2 it act cg20 <210> 28 <211> 20 <212> DNA <213>

<21y tacficpiial segegrgence <220> <223> Singl e strand DNA
<@ 1 gonucl eoti de <400> 28 cgggtctacc tgattctcca20

<2282 10201 2 Qerai] thie 2 Qoma@pH3IPNA <213> Artificial sequence

«wos22(> <223> Single st rand. DNA ol i gonucl eoti de <400>
atc2 QG gepiggaccigat t t ggt t 20 27

<210> 13

<211> 19

‘212> DNA

<213> Artificial sequence

<220> )
<223> 8ingle strand DNA oligomucleotide

<400> 13 1
. cacagcetca tettcatyg

<210> 14

<211> 20

<212> DNA

<213> Artificial sequence

«220> ]
<223> Single strand DNA oligonucleotide

<400> 14 20
geateteata gtgeatctgy

<210> 15

<211> 20

<212> DNA

<213> Artificial sequence

<220> _ .
<223> Single strand DHA oligonucieotide

<400> 15 20
tggtttaact ggagccaagg . .

<210> 16

<211> 20

<212> DNA

<213> Artificial seguence

<220> .
<223> Single strand DNA oligonucleotide

<400> 16 ’ 20
goccaccatg aatttatate

<210> 17

<211> 21

<212> DNA

<213> Artificial seguence

<220>
<223> Single strand DNA oligonucleotide

<400> 17 ; ”t
ccettttige tgctagtate ¢ )



<210> 30 <211> 20 <212> DNA <213> Artificial sequence
. <220> <223> Single strand DNA ol i gonucl eoti de <400>
30 tgtggaggca atttgtttga20 <210> 31 <211> 20 <212>
WO /080398> Artificial sequence <220> <223> Sik4dIme2007/000046
strand DNA ol i gonucl eoti de <400> 31 t gaagaacct
tcacgcatt g20 <210> 32 <211> 20 <212> DNA <213>
Artificial sequence <220> £223> Single strand DNA
<@l i,gonucl eoti de <400> 32 gagccattgt caacagcaga20
<2152 19> 33 <211> 20 <212> DNA <213> Artificial sequence
jﬁ%? 2 52232 aeh 0l e strand DNA ol i gonucl eoti de <400>
gcagaacaa cgacat ct cc20 <210> 34 <211> 20 <212>
<22PNA  <213> ficlia uence <220> <223> Single
2 $ﬁ%efﬁﬁﬁ¥%#§% ﬁc%ﬁ%??ﬁe <400> 34 ccaggttcaa
<m c@act%ttzo <210> 35 <211> 20 <212> DNA <2137
LIRS (PR dtience <220> <223> Single strand DNA

oll%onucleotlde <400> 35 gctatggact gccctacacc20
<210> 1

<21l> 20

<212> DHA

<213> artificial sequence

<220> .
<223> BSingle strand DNA oligonucleotide

<400> 18 :
caggacgact ttgatgcaga . 20

<210> 20

<z1l> 20

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonuclectide

<400> 20 .
aagctggage totcctggta 20

<210> 21

<211> 20

<212> DWA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 21
atcecgagaca ccaacgagac 20

<210> 22

<21l> 20

<212> DHA

<213> Artificial sequence

<220>
<223> Single skrand DNR oligonuclecotide

<400> 22
ggctteacee tcactgatgt 20

<210> 23

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223> 8ingle strand DNA oligonucleotide

<400> 23

ceeceatoct cactacaaac 20

<210> 21
<21i> 20



<210> 36 <211> 20 <212> DNA <213> Artificial sequence
7 <223> Single strand DNA ol i gonucl eoti de <400> 36
agctcct ggg acaccaacta20 <210> 37 <211> 20 <212> DNA
wOo2007a80580t i fi ci al sequence <220> <223> Si ngl FCIAEME000046
DNA ol i gonucl eoti de <400> 37 ggagtcagct gccaagagac20
<210> 38 <211> 20 <212> DNA <213> Artificial sequence
<220> <223> Single strand PNA ol i gonucl eoti de <400>
<138 @gacacgtgc acctcatcat20 <210> 39 <211> 20 <212>
<2:DNAra2d:3ss Ardehdei ci al sequence <220> <223> Single
st rand DNA ol i gonucl eotide <400> 39 cgtggagtac
<226t t GlfagaadOms 21GomdGosidd 1> 20 <212> DNA <213>
-(40Art|f| ci al sequence <220> <223> Single strand DNA
ggﬁeQé&Lge&gl de <400> 40 aggtaaccgg tgactgatge20

<210> 25

<21l> 20

<2312> DHA

<213> Artificial seguence

<220>
<223> single strand DNA oligonucleotide

<400> 25
tgcaagectte cottitcaght 20

<210> 26

<211> 20

<212> DHA

<213> Artificial sequence

<220> )
<223> Single strand DNA cligonucleotide

<400> 26
ctgcacagce gaaattgtaa 20

<210> 27

<211> 20

<212> DNA

<213> Artificial sequence

| <220
«223> BSingle strand DNA oliigonucleotide

<400> 27
cctocaactg ctectacteg 20

<210> 28

<211> 20

<212> LNA

<213> Artificial seguence

<220>
<223> Single strand DNA cligonuclectide

<400> 28
cgggtctacc tgattcteea 20

<230> 29
<2ii> 20
<212> DNA
<213> Artificial sequence

<220>
<223> §ingle strand DNA oligonucleotide

<400> 28
gtgectggac tgatttggtt 20

<230> 30

<2i1> 20

<212> DNA

<213> Artificial sequence
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<220> -
<223> Single strand DNA oligenucleokbide

<400> 30 .
tgtggaggeca atttgttiga . 20

<210> 31

<211> 20

<212> PHNA

<213> RArtificial segquence

<220>
<223> Single strand DNA oligonucleotide

<400> 31
tgaagaacct tcacgeattg 20

«210> 32

<2il1> 20

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 32
gagccattgt caacagcaga : 20

<210> 33

<211> 20

<212> DNA

<213> BArtificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 33
tgeagaacaa cgacatctee 20

<210> 34

<211> 20

<212> DHA

<213> BArtificial seguence

<220> .
<223> 8ingle strand DNA oligonucleotide

<400> 32
ccaggttcaa agccactgtt 20

<210> 35

<21i> 20

<212> DHA -

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 35
gctatggact gecctacaceo 20

<21C> 36

<21i> 20

<Z12> DNa

<213> Artificial sequence

<220>
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<223>

<400>

Single strand DNA oligonucleotide

36

agctcctggg acaccaacta

<210>
<211>
<212>
213>

<220>
<223>

<400>

37

20

DNA

Artificial sequence

gingle strand DNA oligonucleotide

37

ggagtcagct goccaagagac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

it

20
D¥A
artificial segquence

single strand DNA oligonucleotide

38

acacacgtge acctcatcat

<2310>
<211>
<21Z>

<213>

<Z20>
<223>

<400>

39
20
DNA
Artificial segquence

Single strand DNA oligonucleotide

39

cgtggagtac ctigtecagea

<210>
<211>
<212>
<213>

<Z20>
<223>

<400>

40
20
DA
Artificial sequence

Single strand DNA oligonucleotide

40

aggtaaccygg tgactgatge

PCT/IL2007/000046

20

20

20

20

29



