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WD 2007/ 080590 PCT/1L2007/000046 1 HUVAN EMBRYON C
STEM CELL- DERI VED CONNECTI VE TI SSUE PROGENI TORS FOR

W b®S0RSENG NEERI NG 5 FI ELD AND BACKGROUND OF HGHEIL2007/000046
| NVENTI ON The present invention relates to nethods of
generating and isolating proliferative, non
ter mnal ly differentiated cénnective tissue progenitor

R e o

applications. 10 Cel |- based ti ssue engineering is an

evoI V|n |nterd| ScCi Ilnar area that offers new

1E ANDABACKGRQUND OF; SINIAEN ons, creating a

tooI n l,gc a 0
B T o
prolifgeative r amrspéranm&lly dlm’féretrimatedxmmdcttn@ nssilbq:rrogrfmtor cells from

i ents on |IS reatly encoura
“@’éw}l% 6%@6@%6 5300%#1% @arbf ttbllgetgeds of
i an
“S?%%%ﬂﬁifl%s;f%%@%%ﬁ‘&ﬁ%?k S e?%*é‘%fy‘% AR, T

condiali-based tiFane enggsadng rsgatme‘eﬂvmg intealiscdplinasy atee that offers
ci ent

negvaci?po Pg’ﬁ? glgbcﬁlg?l?%;w {ofis,y E: tlllilg ggcrql ﬁ(grdrepalrmg agd reptlacmg

damagécememsu dshewitR @tc%gwaalsubsﬁmtwbene gforﬁFé bf §%’dﬁ G@fasplants
have been suggested including primary cel stem

ang ethes exgsrding apwmber: RErPAHSRTS - OB Waibingr Livfergroatly, eacqurage the
deE1bAYe o 1“?1'% ﬁgﬁs Tﬁég{ﬁ? an?eg 4 ok & ?%L%%l{% %fm ombmei cells,

synthetic esi gned, are o pr OV
bigactise amdtrichs emd dﬂmmsallynahd ebivphiyivant deﬁmaalp omvvmg culture

attachnent, I%ﬂa,tlon roliferati.on,

COB&‘F‘P’& ent Va8l SRANesTgEnicot ingst i bRt gasibyimpiolated: | sdfieignt in
nuﬁﬂiélis{ Ofvith " ¢ MpoBikdratidtf %quafcﬁﬁlaﬁﬁcpnﬁ -defined dlfferentlauon

fferentiation into any desireéd type requires
potqmélai dénmmhec af vadhsavfces diesrbesal S;lgg@tgi mchudmmanaramdlls and

tors. d/ or _gr owt dtlons
s SO WAL SR o B RBA O ey gt Siner
bldslbglc@u}f beseitidtiabilp edigied, hitero qﬁ&hﬂe %ecl%&han%l bhesSHE. three-
Connective tissue r epalr and r egener ation are

dimgiiena eenviipnmenensinpertings gtc pitaghnantn meigratiogal proliferation,
dlﬁ&gﬁ&h{&ﬁ a n&%ﬁﬁliz%{(i - ey qg{n?%xc QRORE! | ée&tfooﬁ g Sstemn cell

as bone car € an endons need

proléfecutioh nnd teteratiatiop hﬂﬁ eqy desired ocll typenequies ity idemteeation of
30 dg&gner ative di ease tunor yresections and

chEBif3s AP £alOFRPISS Tactors} al/or grpwih eqndiions e-g., static or
dynSaRNSAMHEE 'cHﬁ‘dIQBﬂs? o\Qﬁ‘i@h‘{' ??& diefd nﬁg orf o HRCdRir c} cell

autografts, auograft ICla stitutes,
ordighjeect ed to various |i mtatl ons. Wil e the use of

cel | ftS|sI|mt J|abl|l d norbidity

cyniGRAFENS it Al G BkRRB TS Sy PR e igRb apfebéarch
withigiclinRhOhedichR! DAY RedisSrde®AtonBttie ftkhes, Weh as bone,

2007/ 080590 PCT/ 1 L2007/ 000046
cartilage and tendons need to be reconstructed or replaced due to traumatic injuries,
degenerative diseases, tumor resections and congenital malformations. Current
strategies in reconstructive orthopedic surgery include the use of autografts, allografts
and artificial substitutes, all subjected to various limitations. While the use of cell
grafts is limited by availability and morbidity, synthetic grafts are osteoconductively

inferior to their biological counterparts, and could fail.
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2 Mesenchymal stemcells (MSCs) have previously been

derived frombone (Sottile, V et al 2002), bone
woraorosesPi tt enger, MF et al, 1999), nuscle PCT/IL2007/000046

(Mastrogi acono, Met at 2005), and fat (Zuk, P.A et

al, 2001), and were capable of differentiating into

adi pocytic, chondrocytic, o3teocytic or myogenic

li e | | S 0

o A88ESynRl IR ATNO TN ey, bRl kSm bone
(S&m@p n@’eret nzg 200 roaki mdrsow C(IPlttHngeil NeF |t ldtIU i1899)e dmuscle

/rorecaro. od o 2 AeBRend B (G SostiasA). amd were capable of
dlff%ﬁﬁa[thﬁ%tlﬁt@'&dlpobﬂ1@@ﬁbﬁdr9®tlct H8Yo3iE of:P'lngé}fl@ﬁhga%gs by

devel 6prment al potential to diffeérent nto —any
cel | Hanggoeenbryphie stameells éhESst hyld, greatpromise rats laysoheveeof cells
effi.ciently of ..s0

fof BT P Feie  HRIre APTRG Tph AT EAT defiFed seleRfeval oan

potaitikig prId’éhBéjrdqairbd ambfSof cBEShSedBRYR RSB BB\ EbnsRuction.
be able to formvascul ari zed tissue-like structures

In\gdditiogr hn ashclareqienized] tong developmeninlgpatential po diffpsentiate into

o S N SR Bl PR AT AR rod M, RRE b PRl deiyed by

mézmns of xamgpicecellGlicldae trafdfer, cestating patlefﬁ@-@ﬁecﬁﬁl invinerie-miatched cell

. et 006 St Cel | 2 | t d
lll’éﬁoﬁb%éga‘éﬁ becit PPBRIALE h%q—ltg) fei e taed s i o pgictures
wid g‘f@wn‘éﬁ%ﬁhér%@&ﬁ’ﬂﬂ&ﬂ} élgﬁlaquﬁéus%aﬁf&as col oni es

("raclures™) until a thick [ayer epithelium was

f or rsdeiphepprezdies ha\ovebéesl)receﬁhler ®e¢rib§dcfbr iseltingiMEC-like cells
f bgg [iumwere further dissociated and routinely

Qﬁg g &d. The resul ti ng cells exhibited surface 20

phe e ¥Remple, OBGRr I Netad., 2006 [Olivier, EN., et al., 2006, Stem Cells
CD105+/ CD166+/ HLA- ABC+ CD73+/ CD45-/ HLA- DR- and wer e

24 éBbfbﬂ%ZQdfcultW@diSP?@a@ﬁoﬂ*ﬁléfrcﬁffﬁlieaﬁ@@g Golls of bESEsIspogies which
Wf%rtg %cﬁq%cp ot B e{fge\éedéfﬁ{lﬁescqq%#gg cguresc’ C&htﬁ‘ arrﬁ}lﬁl;l(o gwlti-layer

e "raclure ne ecause specl
epEﬁﬂisurm veas forndtbitdadst Vi seelap.e dlHer celts FGhe ahiok Ie@ﬁhehum were

oot Rls SRR BRY G arRErbn T Eehge et ihist rurface
phehstdye M@S'such-ras Cﬁtl OwCﬁl%@QmL& %ﬁ@#/@ﬁﬂdr/@ﬁ%:?HEﬂ DR-

nouSe OP-9 stronmal l'ayers and follow ng 4
and ayese Oﬁpab]@-d umw:rcedlffemnaaw 10Dy Gstpadasts and aglighdegtes. However

VBC-J i | d repl at )
thg JE e e (R ekt Mefiod DR Tt Ben B P By e
médlhﬁm@éﬂl}f éiﬂ@ﬂe)d fte BEELloffes thHRud®Bon ! héife F8des c1RD lwyuo'in may

% of the <cells were CD73-positive cells) and byt e

fe@%t@@lcﬁmh@fl defincdepopdaiononf osuse 30 feeder- | ayers,

I r mts the
< GRS 419 OSSR o
sttBﬁiEl fde&&ﬂiy‘dﬂ@ﬁmﬂﬁ)lloﬁn@ hedagpiicoanlias isdlhled 837358k ive cells
e under gone spont aneous

ch hav
(MSC hke cells) and replated them in the absence of the stromal cells. However, this
method is limited by the extremely low yield of the MSC-like cells (only 5 % of the
cells were CD73-positive cells) and by the co-culturing of the hESCs on mouse

feeder-layers, which complicates culturing procedures and limits the use for cell-

based therapy.
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differentiation to enbryoid bodies (EBs) in order to
generate in-vitro commtted cells of the osteogenic

wo povemgrs90 For exanpl e, EBs were dissoci ated i neOI/Hi20¢/®0046
cells and were further induced 5 to termnally
differentiate into the osteogenic |ineage by culturing
themin an osteogeni c medi &m wi t hout passaging for 21

Sottile V, et al.,.2003 28 .(Bielby et. al., 2004
éaSéthﬁrﬁeaﬂpééaﬁp% n‘Bﬂ’czgﬁql ?Sg?p r@?&éiﬂﬁ%"g e‘g’éIS’Fﬁ%Be nﬁp%g?'%eous
di@&entiAoARE endBrid Bbdize EBHdh lopter t&pbRrats iAldirRScommitted cells

obtai ned commtted cells of the osteogenic |ineage by
of pheastepgenicdinepgeact EBs on adherent culture plates and

cul tyr.i e . . a ' .

pas g enAnpSEBR ek EfisGoidsfPBlo Sl et WA Fycther induced
to (2ihimplly Riiffbieytigte imla th&ABkpgeraditdage ibye calturadg them in an

2003) caoncluded that culturing cells of in an_.
oségs%rs@ gifdum HotPurprEsiAG T (Cais Nar ¥ IE%83)_ or 38 (Bielby et
al.d'fof)@)' &ald.at PRt GallihObelld8xPRERAPIASgehiR! InalicROAIE - formed

There is"thus a w del’y recoghi zed neeéfor, and it
mineralidecdbgodnilegghl y 15 advant ageous to have, hESC-derived

mul tipotent. cells for ti e_engi:neering devoi d f .
t he QRS ek oblsfnegnlom aifilroells G e bl Reggec By placing

inA6C BBAI i adller&i cul@Re platédf add eulpirfpetie EBY €6t bPTeabh el &lays
is provided a nethod of 20 generating connective

withogis passpeing éare dr ctal- 805X hEusetro gt dotA9Pp) itiglby et al. (2004)
u | 0 . C e . .
angn%(getﬁ{ec E?F 1Ur ng%c%(gijg P@gﬁ@a‘éﬁg‘}vﬁ r%cghcfi F# ?fgesnltnrglgiog{rEOgenlc
mediumaksudts i terignatipldifaentidiaticets off e se@blrerda Mimehges sue
progenitor cells,  wherein the culturing conditions .
Conpiise Balat g e et b s L@ldpllto_d@‘t’ikf ° highly
ad9EhthSeouiE HERS 1@8@-3&‘%3%@%2&69( RSP HERR B hebdng devoid
eftected no nore than 10 days 25 following initial
ofdhd shovedignitfionhe cells of the enbryoid bodies in the
cul ture nedium thereby generating the connective
ti ssue progenitor cells. According to another aspect
SOMMAR YPOBRIEIR INVERITIONN there is provided a nethod
of generating connective tissue progenitor cells, the
met hderoEdng e sntespeeifithe PiegentimgnEor thsrg isriirevided pymethod of
S ( -in.a cul . [ d turing. 30 .
eiElTe SALRHG BB ahle B R L R Bio i YhicBipd” cuturing
engoidobodies (EBy)C &l lasciltir® malinachndee cultussgi@onditions allowing
rogenitor_cells, wherein the culturing, conditions .
di Sﬁ;%];l@%l ?fa lééqf ﬁl@e enbyygid {)@g?ﬁq@&q pq;glegtinées%ue progenitor cells,
i 0 . r P i . 3 3 it
BEHNL L S S BRORIRE IR U
cellshehemae at fissh pbfsagdayd thel passeighty ineffecdidd oal marei fhgnof0 days

he.single epbryonic stemcgells in . the.culture .
o o SR R B O GETRGE e e Ay 6 frure medium,
thBfeBY 8BhdrAingCBE bonnecAGCHIAL PehgeRitlei@not her aspect of

the present” invention there i's provided a

According to another aspect of the present invention there is provided a

method of generating connective tissue progenitor cells, the method comprising
culturing single embryonic stem cells (ESCs) in a culture medium under culturing
conditions allowing differentiation of the single embryonic stem cells into connective
tissue progenitor cells, wherein the culturing conditions comprise passaging of the

connective tissue progenitor cells, whereas a first passage of the passaging is effected
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met hod of generating connective tissue progenitor
cells, the nethod conprising 5 culturing enbryoid
wWhowi7e8050EBs) in a culture nedi um whi ch conpr i BEBIL2007/000046
dexanet hasone and/or ascorbic acid so as to obtain
connective tissue progenitor cells; thereby
generating the connective t#ssue progenitor cells.
ccordi ng.to s anot h ect esent
o iR RRD R0 Bl ipuii e it i aingle GUF stgp cells in
th€ QRRE beRint, tHGHS, SimeERIAL HRY conBbdtive tish® fIBERGr cells.
conprising 10 culturing single enbryonic stemcells

( ES@9cording, tq et anashareaspeninofiithe ipresomipinivendion there is prowded a

a S | S 0
0T DSPRRGIRE TR, PSS g pRIRAL Romprisin
cubperigg anbirygid belieqiBeyin vailturssediupt wg&hlcbm@nml de&amethasone

cordl to, .an additi pnal aspect of the presen
me%%?rgﬁ? £Rdr & i3 {or Sbiade goRIPCtive gl pregentior cells; thereby
geRé8 Qﬁ’%ﬁfe'c@ﬂn&hv&%ﬁ%%b Rithi &Y€ progenitor cells
resultant of the netho 15 of the present invention.
Accokaording to g amthadaﬂpwtmfa;he asqsanit mménttohdhmees prizvided a
Intg & %%_t%gre i S &rovg olap
A0 s8R nisReRiG  LSEE mePBefE) BlIFoRCmethgn omprising
cuBM N SidbRGeblydfio st dells EESTN)dn RORWMAS nediuef whRdhl omprises
not expressing CD 105, wherein a ratio between the
dexpethasonp and(er assodfic agiflise agfrioktaia conpesiiae HSpG RIpgawiopeells;
t ut 1.5. According
1h§§%%€f1ﬁﬂgﬁk dﬂ?ggh tngud%%gmnﬁg Egpresent i nvention
t herAacciosdmg) tooan aldditienaletgeodofothe pessentaihidigion thaadoprovided an
' the nmethod conmprising cultyrin

. tis t he
isQlpfRm GEH PP IoR IPBEENF HSFUCRIPEIIOF CF Ryl o6 dhe method

of@}fé reheRAcatdPen of cells of claine 20 and/or 21 in a
ure medi um whi ch conprises ascorbic acid and/or

d ex a%@phhsg)to ye2 8n additiona akpeagt ef the pdisentdnvention dhate tfpravided

carri generatln t endon t.i ssue. .
onRBlef ekl RGPS SR s B £ G PRRGST ob e Sinvesineg GRL0S
anﬂraes"eeomcsrw@aﬂdﬁe&r @lls ot lsbqﬁes@,fngf ODID3) gNlﬂaﬁ‘em a ratio between the

extracellular matrix (ECM, the net hod conpri si ng

firgfupanwiatiog oft 4edls @0 ibe spepad opulatiopod gels iobetween Qb@ft 0.6 to
abwﬁl ksolated cell preparation of cells of clains 20
/or 21 in a culture nmedi um which conprises ascorbic
aci diccoftingly $tdl mhngldifienal 3GpdcENdf ﬂ«ecpfedémgntzamon there is

ur.t her fe es |n referred enbodi s of .th
Pr?w%cﬂ% FES’FPO SePe1BERe pdendan tisse, Haétrﬂ%g cﬁ COPPETng culturmg the
coRREBRNE $ikHQ dﬁ%ﬁf%k @&lst(ﬁq%& ge%%tdeﬂ éﬁﬁ&% Merf of claims 20

2007/ 08059 I L2007/ 00004 enitor ce
angfoe dnioer oflturd enecliting U’V}ech'remtnpmsemhsm‘rbrccmpif msder dexamethason

exanet has nd/.or .ascor bi c id to . there and
e G o e AP ot A EGgen esror B Rn R B
stilAcchriihes af fathef %§pécf‘ of NBe JRSEHH Hﬁgntﬂfneﬁféfer &dprovided a
enmbodi nents the single ESCs arée obtal ned

methed, phforaung gn grtacsllulae aisink CBCM), mesmgtbpétcpm@nsm culturing
the connective tissue progenitor cells of the isolated cell preparation of cells of claims
20 and/or 21 in a culture medium which comprises ascorbic acid, thereby forming the
ECM.

According to further features in preferred embodiments of the invention

described below, the method further comprising passaging the connective tissue
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5 enbryonic stemcells. According to still further

features in the described preferred enbodi nents
weeorosisey i s effected under feeder-free cul t UPECTTL2007/000046

conditions. According to still further features in the

descri bed preferred enbodi nents the culture nedi um

conpri ses dexamet hasone andfor ascorbic acid. 10

Accor di do still further features jn the described
ProgeRYiar Pt 1B AHUETRER LRl e hlgh gl patiethasone

anfRIFREdOTEIS abil @b SRIMEY &?Mﬂﬁ%@m&ﬁ@@ tiSHuB@régentibs dellls.
further features in the described preferred

embotiéaeeding ta sidl fusther feagurap it hadesaritied preferpd prbediments the
.ser r serumrepl : ' ] e
SRR, RO SRR F PRl BeRgRa! GERUAE

erdbry&iB6 sehfcetib. @ human origin. According to still

further features in_the described preferred .
embotifseeding to L fysdep features jn dﬁ%fééqr&edﬂeﬁ?ff&fi rfgRiQsliments

LLL r Sed ibed preferred
orflibg i R B @ ol A R RRT, B D 20
Ac coAcianding do stilil fkrtten fedtenes irethicutessritied préferrde smbpdisents the

ol R PR G ettt TG FRaGEe i ho |

deschiReding i¢ 5l Fiathee TOAGI RN dasRaProks cfbbericats the
for at least 20 times. According to still further

culteae medism furtherecogayises netapicelwspleaie.enbodi ments a 25

fi i ' .
t han SO TREES Pl R GETRP il fhe' Gt RhERypd lfBpfimsns the
cuilfige BebinofuethOoingsises sdrt wisagherephdenionti c stem cel | s

in the culture_nediumwhich conprises dexanet hasqne
and/ deceidiag te sl dwithpr foatuiss an Hy qescidhed) meﬁrggﬁ Sdiments the

Eﬁg?{elgfedth{gmtopgﬁjescri bed preferred enbodi nents
cu [ et &

uring 1s ected under xeno-free conditions. 30
Ac coAdéarding do still flrtharrfedteres fie dteudassribad proferd sorbiodimaents the

refe e di ments passaging is effected under
Eﬁéﬁ’i?—#?ggayé itions. According to still further

f eat Weesiding tb R IR&K: RdreR g HRY dR6kiRIbRefARE tetnbodiments the
passaging I's effected under feeder-free culturing

Efendictdfaisiman@rzdn7/ 080590 PCT/ |1 L2007/ 000046 6
Accor,di ng. to, st . f.urther featyres. i h ri .
or ef échgg1ng ntgog}nglﬁﬂher f% tures A He (fesblql't)elgds grﬁ:gc,ﬁr?e% Exﬂggdlments

s the  cConnéctive
pisRaeRistdffecredlel sryCosgaysse a first popul ation of cells

expressing CD105 and a_second popul atjon of ce]ls not
expr éseprAgecoLgs! finesr cfeatugesy " daseribaeh Hrelf?féedlf pinpdiments

pﬁ’s‘gﬁ’%hgﬁ SR cRE (684t 18sB06!ildag second popul ation of cells
I'S between

According to still further features in the described preferred embodiments a
first passage of the passaging is effected no more than 10 days following initial
culturing of cells of the embryoid bodies or the single embryonic stem cells in the
culture medium which comprises dexamethasone and/or ascorbic acid.

According to still further features in the described preferred embodiments
culturing is effected under xeno-free conditions.

According to still further features in the described preferred embodiments
passaging is effected under xeno-free conditions.

According to still further features in the described preferred embodiments

passaging is effected under feeder-free culturing conditions.
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5 about 0.6 to about 1.5. According to still further
features in the described preferred enbodi nents the
w0 s@7mswseb cel | preparation is devoid of feederPCEIL29807/000046

According to still further features in the described
preferred enbodi nents the isolated cell preparation
is xeno-free. 10 Accordi ng to still further features

BN e B e e

cofinectie ms&&apwgemmrncdilb ecodlmr(sel é)é'ﬂstppcqﬁﬁ{troﬁdof cells expressmg
enbodi nment s I.S0l at el | preparat xpre

t |
c 4andc92&§cora£ GomiASoRe! calie ok RTEERu (105 fricuan @ rato
betyReh Yh %rétgo gyﬁfé’ugﬁ %‘f?rcbﬁ@ dn® RS &IcbR4 p‘éﬂﬁlgﬁlé)ﬂ"%f‘%élﬁ Revetween

15 isol ate preparation not express CD45 and
abdiit AR abdocbfding to still further features in the

descy i be ef r di nen s the, cells abl

of - BCREHA TR0} fEdet Fars B s drsteE Bergred pfRRaRS me
isoltéd es1ppepah@sh isHeadia of ®edat cdligast 20 passages in

culture. According to still further features in th

des dracptingfoestidh s fepBuesiarihe dessaibed ereé%ﬁﬁs}e%mb%mems the
150ﬁ2#§%ge§1eﬁ{§gfg&%8 }i‘?ld § are capable of differentiating
|

drogeni c |ineage, an osteogenic
I i neﬂe@erdl@toaﬂilpfmma featurexciaghe dagtribed predamedaerdbodiments the

nt I|n ge ing to still further features
ﬁrFtrPOPH tla%gé? é&P’fﬁﬁ%ég’rlg@d enbodi ments the connective

ti S%t%oﬁfl&gﬁpétﬂpﬁrﬁ@f fe%ttﬁ‘éselnctﬁé’ ABdBibed pf&éﬁé@&nbodlments the
m neralized matrix. 25 According to still further

isdlgead oelbpreparatitecxiresiGIDAA] Cﬁﬁ% end Bd.A2eAB6di nents t he

con cti oge ells capabl e of ..

For g i 530 e ROl el pfT0R] Fppciments the
isdl@8d Uél?ﬁrep{ﬂraﬁ&@n&%%ﬁfdsb@@%V&HQ{E&@}ErTbOdl ment s t he

connective tissue progenitor cells are capable o

for n‘}xcwgrchﬂg txstilhBsther featuraginy g degqribggl pr W%%P%#lﬁlgnts the
ceh?r%tse déa Lk %rftbgﬁlr rﬁﬁﬁ{aﬁfeﬂsin an?t%ﬁ?ergt?\%c Lo ?éiimma‘ﬁgecf ff@l‘éntlated
enbodi ent's t he

connective tissue pfogenitor
steié foradpakd 20 miksapey im cufuee. t endon tissue. According to

still futherf tyres in the describ eferred,.
ombodRENPE (@ Rl R SR Y ﬁhgﬁﬁﬁcrwgé’éﬁ?f? croBpdigents the
I t I Is of
cHRFFRERLE AEuPROLR0; i 43R0 of BEMBILIR, i ol o o
chbodroheric flipeager es ostrogdnic Hesagei veadipeetiedingaze and a tendon and

I enbog]érrents the connective tissue progenitor cells
1MentdE8Pe of forming a cartilage tissue. According

t o shbdordihpid BEIN flrGRE Waset th thealcf@tedi faefdrpd efodigtbnts the
enbodi nents the culture nedium further conprises
copascitye tissusgnogenitor cells are capable of forming mineralized matrix.

According to still further features in the described preferred embodiments the
connective tissue progenitor cells are capable of forming a bone tissue.

According to still further features in the described preferred embodiments the
connective tissue progenitor cells are capable of forming an extracellular matrix
(ECM).

According to still further features in the described preferred embodiments the
connective tissue progenitor cells are capable of forming a tendon tissue.

According to still further features in the described preferred embodiments the

connective tissue progenitor cells are capable of forming a ligament tissue.
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5 The present invention successfully addresses the
shortcom ngs of the presently known configurations by
w@e@vioglisng net hods of generating and usi ng conPEDIL20€7/000046
tissue progenitor cells fromenbryonic stemcells and

enbryoi d bodi es. Unl ess otherw se defined, all
technical and scientific tefns used herein have the

sane neani ng as, comonly underst.ood. by one of ordj.nar
KT SRR Sk EGor Rotssh rns HreTbR) Birtsie FaPGigents the
j o L6 ksl ent
co B o S M ce
or tAsbidigg of stithfirther fanhtes inrfhe descoibed prefersgst embedimgals the
nd materials are described,below. In case of
cuftgrerpectipm fupher compLISes AEXENEPARR i on i ncl udi ng
def iTHelJrodeas indehtlonCsiBédsStully hidrashes thieQihortédiRingR bEthe Presently
met hods, and exanples are Illustrative only and not .
knownentBguratonseby pravidingymethgdspd geneiptingppdpyiipgcegneqige tissue
DRAW The i b on. i T , by way of
prgg(e%f 'S nf%?r,l e%%ﬁﬁﬁléce %l#léﬁlkgigrtﬁoé}nt (Zﬁédg ? g%panyi ng
dr avislgss oti¥itises defirietl] all tezheiceinael suentific tehes dsedvitengis have

in detail, it 1is stressed th t he rticula shqwn
thgrs@mgynq@al}ng)ﬁs @Q@mﬂnéy gﬂ%:ﬂptgg)c? b@fr?ﬂ%g@ ox@l’maﬂj s{<ﬁl 1 the art to
wﬁi%ph lﬂﬁg filehion gé]ﬁﬁgﬁ ShRRoh hiGolN SlEmaReRERaNA G qaivalent
of the present invention only, and are presented in
tot these daseibefl hpreiui cinnbe wised in sthbepraeticsdon ¢estag tdfethgoriesent

. useful anp readi | y .under.st ood, descri.ption,. 0 .

s BT PCOTAG T AT GG P Tt g PFgptlicr, he

pdtéht I PLEAE/AARA Guclifind ideBfitlons, SwilRdentidd. Soxddstidr) ahelhadterials,
details of the invention in nore detail than js

mpithods sad yxdroplesareilieniistive only gad aptiniandedip b limHess
i nvention, the description taken with the draw ngs
maki ng apparent to those skilled in the art how the
BREVEDSESORIPTEONTOR MHE DRAWINGS may be enbodied in
practice. In the draw ng

S: .FIGs. |a-c depi th
char Bee BWeDHRn isrhegqin tdﬁ%"r’z’S?lmté’cY"W Q?pggrgglglo%lyo dﬁé‘ﬁI fefgrence to

' dinp Gl h B deRYEIMeidR tofth@ UFa8ihd in detail, it
thgag{:/vt 45 h&s%rgg{né%’ ?T%E%EESCCS 30 deri \(/)ed CTPé %\S/elre
iscaressaduihus khe parfewlamdshionnt 4re r wep rfecxampichandcfpr purposes of

11{;%;%%%%55% IO{ e%ﬁ;}f&a %?4 %ﬁ%ﬁ%@ﬁ%!(}f é}?ef‘ﬁr?%? hﬁ’\éﬁlﬁ(%/n (%ﬂ?, and
ARG URARIPASHAUREsd OF Plovidind RBaCR| belirueD s byvalse most useful and

triplicated) as a function of the passage nunber.
rendile wiverstieh dasssiptian pefolther riaciples aud copermitalsaspects of the

. passage 20-25 (i e. 9 I 6
BRERBET o, W o SRPIY (4JARD I il BRI e
ifeHfion hethvkelegaCihag ak Inepasaader hofunddneritall@ickmanding of the
_between each cell passa eé% The resul.ts shown are g ;
invghtiers thy desepipiagm \aﬁ%é’l‘gﬁ HEWIREFINRNS BPRIEeN £9 H{?Fgg‘“ ed in

| b _an - { am aphsi e TTAL at
e 1G] B B ARG R e LR e

nmor pio thegirawiaigh:h

FIGs. la-c depict the characterization of the connective tissue progenitor cells
(CTPs) of the present invention. Figure la - Growth kinetics of CTPs. hESCs
derived CTPs were continuously expanded in the presence of the CTP medium and
splitted 1:3 in each cell passage every 3-5 days. Shown is the tripling time (i.e., the
hours between passages in which the cell number was triplicated) as a function of the

passage number. Note the decrease in proliferation rate towards passage 20-25 (i.e.,
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5 conversion to fibroblast-Ilike norphol ogy at passage

12 (Figure 1 ¢c). FIGs. 2a-u are RT-PCR anal yses
waeleprosisny t he expression of nmarkers charact ePCBH1L20070f00046

bone, cartilage, tendons and |igaments at passage 1

(pl) and passage 10 (p 10) of both hESC-derived CTPs

(lanes 2 and 3, respectivel¥) and fetal -derived CTPs

(J 4 d. . tiyel
the inchreea £k ¥ nTioe SRR A 80-  GPRA Sehy o ench sqllppspaee to
abéeBo hd @ Befech QAL Aell fAESIes). dahe shis TR WACA® mean values
cultured in CTP mediumfor 1 or 10 passages,

(=$18) pﬁmrewgmvlme@ﬁermmltm pﬁi@ga& bl anth ¢ -FPhofepRicragsais jof ESC
aelfEf P e L b FCR MRS e HRgTals. b

coﬂ%éﬁ@ﬂi ® ﬁ‘lﬁbblast@ﬂ&’-‘fﬂloxﬁ)ﬁbmy at papageID@idure et e 2b) ,

[
(P gt By Yo VRO fanabieg eniclibe by AU e5) Pagsers
ch%’%oet%fi&fbt (ﬁ%ne Féa%'l%g %@ﬁdon? mgﬁrﬁélﬁy Eﬁ%%gﬁge ICﬁJl;) )E/l%%e pe;(s;sage

agen type gure

10Hip3Qr ef bhtl) hEmr(vEd gIIPRs (@gues 2 ggr ho:axpecmlmr@ flal-derived

C'li%gq Fi g)si)eic? %l?f gc)élfrg) eé‘n‘?urr@;f S&tﬂat%%:ﬁ#éa?gé‘rg lane 1)

and ytfé@aﬁ@e' (neE | Qe 69 @bntr&EC AER Qs (delkiged € 1BR) wel aliNg&Nin CTP
(Figure q), El astin (Figure 2r), Fibronectin (Figure

megiym fedaeicilf resiaspyuodoping whirhcRMBHe Rrepaget eng JJT-PCR

re%%’a S’J(%elr vewsgcﬁggt%rpgg Pﬁggﬁ F} %IhlléJ o?le . Of the Examples

sedtioncwhigh feltives. Blieplested nfdkérdinerd:i CBIF A1 Zﬁguwﬁii) S@XX9 (Figure
2b§<,r%al:| ﬁur C ﬁg%e@yt?fget: ﬂaﬁéﬁ?rere?gs leg$tﬁt:‘(§naeg§1g ré]%\g;lrlg%? ; geopontm (Figure
26% h& ﬁr(Qﬂ‘(Xl? Pl'l(;si)ﬁﬁtg@ Fii‘%drg r%t) @'%?RP Qbuld18), tO/cfP gx! (Collagen

agen nost. abufida
ty}m(l, Faged Rhj), &lol{ (Ecdlagemﬁypcﬁ’(,l Eigsreritily éEﬁ)Mé’C{thurQ 8j), Aggrecan

R A SR AR T el SR G R
2 r@élemS(cOn@g@t ﬂsrpé g Mgﬁmmg D@@&Eﬁ (Flﬁﬂre(ﬁ_}_"ﬁﬂglycan (Figure
ure , I n assage r egul

2o Flastil (Fre 90t Hibrencatinl (Bans 70, henbucin C (Saere 2t and GAPDH
CRARERIRES it Gl i meseligsplp cage LA EL GtEadTka CTps

osp CI um and fornms bo

expeds (hi@hallaeéls tof ,cod Bindidg ﬁet()eczﬂlﬁﬁlt Ht(CBMIaﬂWi’glhe Qb) and SOX9
passag 30 indicating ost eogem c. potential. CTPs
(Figure 2B). sbpth e 15a0ly weRsCHBHEN [FAGRrs s torgilde psajor role in

os&gﬁt Igt]f Ad bRbriddyad 91fPJr8{tf%98hyC§Bo4th%t tﬂ)c’; gg%nééén (Gl

age nmatri x proteoglycan, type X
Figlregce the, mosti nbynddaSCsdaeclivlad pBiPinatwipas saggyniiesaad by
etal derived Ps ar assa 1), ich Ls a )
04?8@?9%9%@@8%%@&% o, slopphia SR 2R i major non-
coﬁQ on@@&%)HP i blet98Y/ &QQQ id ﬁoﬁﬂ&ﬁrkéw £ éPTHRI' Figure

cifying zone of growth ate cartil age,
2gc malmlb'ag @af@ragﬁg dewhich rmlartﬁsmpmmlehmne{m anﬁu tepme fozhation,

y r )
iR pr S abEh: Zbmraise FALPTEARS el wilte Bl pbpsphor to
ca[tﬁkhﬁ dnb FofAP OIS hpdtoRfapefitdart aldiddtcbicd aBON MmBGEH ipassages,
mar kers, such as scleraxis (Figure 21, mainly at
m@ggtg}gg@tepgymc potential. CTPs were also positive for cartilage matrix markers:
chondroitin sulfate proteoglycan 4 (CS4; 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-forming collagen restricted to the
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5 transcription factor expressed both in their mature
and early progenitor popul ations, and ot her

wEaroglsas ed proteins, including type 11 (ColPCT/IL2007/000046
Figure 2m and type XIl (Col-XI1; Figure 2n)
col | agens, decorin (Figure 20), biglycan (Figure 2p),
elastin (Figure 2qg), fibrofectin (Flgure 2r) and
tenascin-C (Figure 2s), were det ect el as

hya%rop@ﬁagehcﬁmgm@r@ Y gblRie gerile e é’nal’t fasss g %@neﬂc
mﬁ@ran arf&dg@élgﬂg fF? 2h Hhidp-e6e HE&*&&QCTE& €3 pas%ﬁgé‘ lfrﬁkey

derived CTPs showing relatrtve
nohicgHagdneue artitagp (nmltmtpmtmnp ulini additigng hOELIM ax@emkefr @ndon
anggar acteri s cC O CIPs

R eGP e et B oSS fBUS o ANl Tevgee 10), a
tra%bkﬁig%ﬁ)hqgctbp exprésed BB WStheir UstHE zﬁﬂtédﬁﬁcbr@gelﬁtbﬁ pbpilations,

eBi osci ence, San Di ego

and pihey @CMsrla(qﬂq Rjoteins3eludom bige (Iis},e(ﬁsi oL, Flaalree’%r@)wandmpe X

(AT sty ey Woodyit TR 2P ety iguee g glastio

(Fi{does 24)e Gibrogattin Q‘R’Dgurh/@ﬁ)l Sﬁ’(ﬁf'e)lar{cﬁl-@l(ﬂ?!g@@lls), ®EAdetected. While

( Phar m ngen, XSF gure Be% ELA ABC fearl
clgsen AP aNGE-C pie O o bt e Revie Sgfanis Was clearly
uﬂ,—;%?ul% d(eBi oscience, Cat. No. 12-9956-71) (Figure 39).

e the positive 20 expression of typical MSC surface
mar K&Gs, 3a-ketaBARS maim ¢IHERG- éerssac)i Thvidewirgietptively high

leval g Pty BUES Rh SRBeratiits SRl FHSLI pEsCs

dPRERICANRI vRirk GulilEd &l CTPQﬁ&hunﬁffOﬁ 611 [Risgky akbere subjected to
confirmed to be high, with two mai n _sub-popul ati ons;

A0S poslypis shink watily S19pSCifig i FEYED rﬁ@BlOacze% %%Dlego CA, Cat.

N%ajlggl‘ggcel ﬁ ﬁ%&é%ha‘?ﬁgﬁéx@ﬁ%ﬁ%n%%}g%ﬁi veCE:gF%gr ;traé No.
Momggeldﬁ p)oemgmgsb? gICD@@ @B@os(:iélrngtgr@elttSNol _12@1@[11 é:l)zl AfFlgure 3¢),
C]()%? d@t?r@%&r Caﬁr@%nM@g@e%‘sﬁg)(F%ﬁFng%ggﬁ‘% %}@Fm’@@ﬁ% Cat. No.
345’§b9)u gﬁigéiess%f eatp L abe! deBﬂ)sme}%H '@att Y Q@lﬁ@wﬂg afFigie 31),

porti [ ositive for 9 (Figure 3k, red
HLABBRI fiepiosmehc€DAt.( Nogulié93$6 7t)e<ﬂanat@e|3g)wg) Nogndhe positive

e)épggs:s%%e?s {gg}ciaﬁgé!sb(,@ '&nggat | e{r{zal&gﬁ%rﬁggﬁ%g(ﬁ §F1§BI’C 3a), CD166
(Pﬁ"_ﬁﬁb by, eCf)fM (FlebrABS 4 aw2e @ligurand),nedahe \tﬁngtﬁfe expression

f( gure 3h, "the major hi stoconpatl bility
(absmrpp)eg glﬂﬁ4|59@mgt)re 3e). @ hematopoighpinearkerheLevel of cell purity was

fer ent of
SR L AL 500 STbLRl B BB f 05
)gﬁ‘é/ssﬁ%-ﬁ' aagaa) @fld MSBEQ{@aﬂvéZ@le-ﬂﬂﬂﬁpi&@ﬁ@O 58 %) (Figure 3a)
CT/ 1 L2007/ 000046 10 were_cul tured in, CTP 9)' ggﬂ .
callsppedadhatdbe AR5 msw sellsarg ipd Bgfﬁrfg{rg 166 (Figure 3h,

I
oA HRIRE CROmAIENy ek yhIRE s Dokl gusacing
aﬁsﬁ@aave)fort@ﬁ%)s}hgmgém greén habaljeg), wWhijethe @105 ﬂcgaltlﬁ‘WPOI'tlon

1s$0$£}zg(g(fqlg8§)@§ (}gllgggl;gf) é@j{ ]@E&gxgﬁ) |agéEDl{4e(%tléu% §1 re%-rlaﬁehng) and

includes the CD166 negative fraction (Figure 3h, yellow labeling). Additionally, all
cells were positive for HLA-ABC (Figure 3f) and negative for HLA-DR (Figure 3h,

the major histocompatibility complex antigens).
FIGs. 4a-d depict the differentiation potential of hESCs derived CTPs to the
osteogenic lineage. hESCs — derived CTPs (taken from any passage of passages 1-25)
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5 denonstrating bone mneralization. Scale bar - 1 cm
Figure 4b - Alizarin Red staining show ng cal cium
weleposstsso and bone nodul e fornmation. Scal e barP€ET/IIQ007/000046
gm Figure 4c - CTPs enbedded in self-produced matrix
expressing type | collagen (green). Nuclei were
counterstained with DAPI (bloue). Scale bar - 100 gm

weigh e g o GTE: e Ay PO ANE V0. ¢ Db beio g srophosphate
(inléfgﬁﬂlﬁ;nﬁws%)ﬁfdtg)nﬁ)lr -4 eRAithbANc 1R gﬁﬂ%&ﬁg andl wRxY glﬁ:{iected to

_Which could correspond to the presence of protein
diffgrentiationt asshes 1odtthe ocogenic lineageal digimre aded pospdvatef the

corresponds to.t e t rati o e .
ST AR & IRTRRECTRT B 4TS oyt ontuce fask
deghepstedting dbofen@idal z@tomBtSdate bat MBdcih! P& &@bCT Rlizarin Red
cul ture. Magnification X 10,000, Scal e bar - 2 gm
staping geawag calchus depogiie andbane nede femative. Skaleibar vi H0Pqum;

. ogt e ] i renti;atian of hESCs deri.ved CTPs t.o
Figtp O TSP Smdded B S btoR e R P SrE duio f ol feen
(gr@Bh). INucldilvidie clartélsdRiel Glitht DAP] Eﬂl‘x’é).t 5@alé B@ﬁdmgﬁﬂg Figure 4d

differentiation of the CTPs. hESCs derived CTPs
- ER% realysis ofbans mpessaliggbionfdetectig salsimyend phespbate as the most
Lo CTR .. Lum.for_10-14 days W thout culture
prGb Mol R PRt e ATl g b S e
présemaenof trabRinsyg AN@E MBS theFrglyr ®efd@en the Séaldie@l 68d phosphate
exam nation of intact cul tures which were grown

. CIP ¢ :
corrRsRendp éhdicorrperivd e oithy hydgxemglitngiitestlh digure 4e - SEM
. X - i a .
SRR Bl S i OB 0 O i
101080 §ede haggelt g Adfpgphes ithese caxpetimagts | denidnstrate nhe in-vitro

of the tjssue (asterisk), probably due to |ack

] . sanpl e { p -
ostspeciig fitieprntiation Ogﬁ?;%%ﬁdweﬂ ¥ 19 fsteellpsty ankihe pradyeion of

min®adrdd W magal € bar - 100 gm Figure 5b -
Picro-sirius red staining detected collagenous matrix

sur FdOadbad temcicdid $n-vioakkomlargenic2 diffprentiatigur & Bz CTPs.

- der.i v P re cultured for_1-20 passages and
eSS et Cop Sl o aRb tstren ol 2n ey Vae g uin CTP
mddvie fbt 109Ul &GS Rwiditut RARYe (shBMing dMANY&ER Subfedled tR:Q}isltol_ogical

MAB8887) denpnstrating fibrous ECM formation. Nuclei
angeémaunesiainers erglyssd. Vifigire DaP! Histological eondpation dfaintact CTP

H - . nost.ai ni | anti. S-100.
culhof SVl B By i CHRERRG et g, 1 Vings round
chbiihocyfalike dells effRelilipd dele@iaeg the®dable petighdr@o$ t1f sample and

ce]ls within the viable chondrocyte-like area. Scale .
mejppologisy GHANEIADSYRATTIRS 6BUBOTCPLFUNDY An gbegester Pf the tissue

satggﬁ(gtséga f%[r@oa Iy E@t@ﬁ@kyﬁigﬁutﬁ%n@ B g@fgk% \?ﬁlsxg%g rri1n static

res grown 1I1nt presence o

cultaie-ddddisiopn| Beaabad- NN Figdle RCRPW2S-sirive rédstamehg detected
using the PCR priners listed in Table 1 of the _
cofgesnphematciipnndng dhe calls! ISeaks,baf 020 piny Higye Sk — ES-derived

| o= X: K 6a), COVR.(Figur.e 6d),, C$4 .
AR P S50 ¥ B OB PR g gt
usinR- begutypel On @flagél eaii®dE aréd;! @emicon, Cat. No. MAB8$87)

demonstrating fibrous ECM formation. Nuclei were counterstained with DAPI (blue).

Scale bar - 10 um; Figure 5d - Immunostaining with anti S-100 protein antibody
(brown; DAKO Corp, Carpenteria, CA, USA, Cat. No. Z0311) detecting small

clusters of cells within the viable chondrocyte-like area. Scale bar - 20 pm.
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markers (Col -X and COW) by 1 week (1w, lane 3), 2

weeks (2w, lane 4) and 4 weeks (4w, lane 5) in pellet
w@e e0ov08i9pr epared from passage 9 CTPs, conpar epCT/mL2007/000046

undi fferentiated hESCs (u.d., lane 1) or passage 9

(p9, lane 2) CTPs taken just before the pellet

formation and differentiatildn i nduction to the

CroROR oLyl P90 oY of BeBESRRS AT ELRS, rovr
in Aht Ogreddnes ,of 1dve Sserudx pFGFgﬂntsﬁ pleBRed raéfuihe RT-PCR was
differentiation of hESCs rived CTPs to cells of the

peiprgnash wifem the P?Remgeere datem inakpblerdrdfethe JExamiplas. segtorf which
folgcﬁ)g% ‘r‘t;(?]r é&?% g )E cgﬁag%h (ééi egm}g' g %ng%?ﬁ ﬁ%l&gre%r ggE t(191gure

6cPahd BLAPTRN Eigues pdyn ??@Ehe?%ﬁdﬁdl l&{pf-lfégdlgti&e of tséléct:tfe@ lcartilage
ou e cells enonstratin

s, EBLKEn G B orvisk: dredom gbr% el Dyand 4

W AWBRES 59f1nt B LaRE gﬁéﬁé?e@ %’%ﬁ{ E 98(“3"1“194 dc%mpared to

seeded wth’CIPs at pass tratl
undiffefantigtetl S8y «s.di, rianco}r)rmfcnassage 9t(p%,siam Do TRt talaen juslobefore

o BRSPS RERIRSEH BEoGEL b et P RRL er

passhBOftal el & OFPs (f, fan%) aﬁchﬁe% vé S6ATRIL (Y. Afine 7) Altogether

i ntermedi ate tissue ke patc esfoIIovvlngaou

thege PP R @em@istramgﬂ dfffezrmua@nnnf GESCs slerived ©dPs io 2@ls of
the'@hoﬂ&%g%ﬂg iihid ﬁlf@g[?gpafggﬁa&érée ti ssue which conpletely

covers e scC g about 4 weeks (Figure

7d Pmegmafﬂ depidt die diR2EDiiaterabEhSTs derd@ AMPs iffodlE@mective
Cross_sectional histol ogi cal exam natjon of

s TN 8. PENAEIE o6 U B DPLAY Flgsirason Arpafihee sfold used
forS %?Eltﬁl gb@le TTHIO0 \Wth dth'él&gel%i Qllgh]g%tﬁltl?l% nﬁfbaécglebalrandomly

st ai ni ng hovm ng extra ar co
Orlﬁm‘-awatﬁl:@rs drigures@bahe BEMalmzhgek of ctlm dalsctajspgm aahofrbe1 scaffolds

raIJ mbedded | t Gs. 8a-b. depi ct
Seq%%d If? ]Else%‘n%toﬂasls’?ﬁ ng(l) %2 fgﬁ‘é?r?tv%%geé’ﬂps dnncctive
tlsﬁEpﬁorm&ﬁ&@ CMbieufiRd bbgnﬁﬁg dilegkt‘#él@eﬂ@l%r SnMEQ k@d}ﬁ% HfiRation
8a) and 4 nonths (Figure wi t hout cell splitting.

folhvgug eabea 7 desie (Bigorspi’e; maemﬁ@atlc& ¥&6R0,ofcdle bar — 5 pmy), the

'Pﬂr 1{1}%@%?1@%.? Ct?e%git: [ﬁ‘(‘ét@ %?\A@%W% outg 14 days (Figure 7c;

maFRRICRRGO X 1000, &Me0bard- DENGARN an" 'tl@ﬁ%% Whedt! @11(5 tissue which
centimeters following 4 nonths in culture.

corpWIP 80699 tlmf:mffgizd)@?ucam@zaboutm Weelgs (F@ared%zkr magnification

ls% %&3{5’1‘ é{% l’5(‘Tll9r E;Em 1335 2 mﬁn&“&é Ogl]glel;?lﬁtg qgé.?qllj@ﬁgnmatlon of
sh&? M&E "’Hsgl?e (ert‘ﬂ ﬁ;ﬂ)@sﬂ gﬁ\%nh%éﬁg%n bR B tt‘1?)0 ,FIFIZ%gHtH&E

I nvent i on. unost al nin type |

(Flggfeéﬁmcatbebﬁirnsl(l ﬁfrﬁ&‘staﬁﬂﬁﬁg sﬁ(ﬁ@ﬂl@%&&h&@luﬁﬁ%@ﬂ&éaﬁ ]‘Bfmatlon and
aped constructs. Note a coupl e of

meé@lq%ymaé@ggeilg rﬂagmﬁ’rlé peraligh eenbgddedaniestcngive EeM.t he

bOt :Pﬁ@& %If li{@e%é&g}a % %% eH!ik%{ Fo’x_;x(néﬂ?lg h'gﬁ!x) ﬁsc@% c(ieeﬁﬁ o msn%TPs
wefeabwﬁded b |CH ﬁ@dﬁiﬁ@lﬂ’br 8Gwveeks (Figure 8a) and 4 months (Figure 8b)
without cell splitting. Figure 8a — Macroscopic view of 8-week old hESC-derived
construct (arrows) growing in a culture well of 6-well plate; Figure 8b — a
macroscopic view of a tendon which grew up to 5 centimeters following 4 months in

culture.
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14 days in culture. At a | ater devel opnental stage

(follow ng 2-3 weeks in culture), wder structures
wowere/ogisser ved (Figure 9b), until the formati orCDIL20&1d00046

defined, tendon-like constructs (Figure 9¢c) which was

observed followi ng 4-6 weeks in 10 culture. Nucl ei

were counterstained with DARI (blue). Histol ogical

& Rl hareranoasa et | i mpnofetning Fiensi S gd Bissglpgica
(Flgfﬁreﬁ%%ﬁﬁfsgsaoﬂthe 1dQdnSefidriRd ﬁrﬁ’tﬁe ﬁE§C§§M1@é@CT§§ %f the

tendon forned in vitro fromthe deri ved
pré8TRsnydntione Imrmmeﬁalmngv\éﬁh piath typidtcellagen (gmeﬁhd@nonstrates the
e co

to i | | -defined.
prasPR s eyt o R B et Shabegom iR Mafk A Foelf PLpAEide
strﬁéth@(lﬂ%thl@maqfansﬁ@ erm( Hegbstord OfF) the Multire plhted (I, Bigre 9a)
TEM anal yses of | ongitudinal sections denponstratin

attaghing {gl the plate side (el OF Figrae §akia tspdang fomprgotellowingnabout 10-
I

14:4 ?g %g‘ﬁﬂﬁgg aArtziI I%Jé?rd%%,q g[lyj%élﬁ?[l s%%e (If(l)lg):é\?lg 2= d%géé\]fst in culture),

w1dﬁt sirwuwes viradibeaved (Eiguteab)) #0il fthé rfbima_lt(omiolk ecblwnil¢fined,

et 3 el B P8 4 gt

cuﬁﬁ‘x@ dNuclef Hefe Q@ﬁrﬁersﬁhﬁ:ﬁr\%ﬁﬁ- b Apr glﬁ %? ﬁ'léib%@lcéll e?armnatlon

nmFigure 11 c - m Figure 700 nm
shcms iosgamizstly aanallsltadgssd tcels, \drélpulngh ngtrix-taadell sﬁtmeéfsgure 9d);

v g p@@dent tensile tests of engi neered
Sqe:%] 1gwe§ﬁa— é"4ge tangent nodul us of 586.6
%1 8. FEGS Zﬁ)aMPQPe S éﬁhty’s&aéiethta Q&ﬁioh QOﬁﬁ&ﬁﬁzgﬁzﬁ'o (ﬂ=e§5$)theolf1ESCs

MPa (see al'so Tabl e of the Exanple
degegct Ca?ﬁs wﬁﬂw@iprmnﬂ mvxg)tlonTﬁ\é)t@ thetsueﬂacet @nggrhplah@if the constructs,

shO B0y Wb e BB 1y IR B yefulgentation of

cel§tiiburkaotyre at a strain rate of 0.02 sec 1. FIGs.

13a-c depict ectopic new bone and cartilage formatign
f ol IHGsndla-doare rE@Mpﬂ%rsgﬁ idnlopgitydipal piesieansydemeasirating the

ulgsltjr%lc&fre M‘tﬁe BE\?B?&H#Ag teRY &N 8 eloﬁzéagéﬂ' &g gﬁaﬂ{e@ with “C”, Figure

MecCroscopi C vi ew of- a nouse bearTng ect
11ay blu:grtednﬁ pusallelr@inmpd Ahd) ssupfouh&SiOwith dlﬁemmdn GuRdles of collagen

Gt FBRGSL G e FoBTR G80586° PCHERTID0aN BEv0RGT Etie 110).
ar RSP STRERY (Y s SOUE bl DA 1205 BOWALRe 110 -

transpl antati on; gure 13b -
200-maYiduratl -of pm, Figise 1 bear0hgms- vveek ol d ect op| c
subcut aneous transpl ants of hESCs derived CTPs Not e
t he §l&dilg-18 Basitrdn-siresn dent sepictipgrarpiastigys arvesnel 4 padppprdent

te@%eﬂ@glp ﬁr[e@fédqgn&oﬁg '39318 ?12 Q&f%aég taROE nlddifN S risBe 6Ne118.7

ect opl C ransp C - a nmacroscopic view
MBh, and Btimekonild s&eﬂigm (OTS) oﬁﬁ%b kart3 Mitd (oud algo ’[Tehie\zajf the

e i i LS 3 200 MRS 8 B wer
2 A LARSRY B mﬁﬁ%§pecg€a9.n 5hE #rde8 chi@fuckshfere stressed until failure at
a strain rate of 0.02 sec™.

FIGs. 13a-c depict ectopic new bone and cartilage formation following
transplantation of the hESCs derived CTPs of the present invention. Figure 13a - a
macroscopic view of a mouse bearing ectopic subcutaneous transplants of hESCs

derived CTPs obtained from any passage of 4-20 passages. Note the visible ectopic
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ectopic transplant is bioconpatible, well integrated
Wi thin the recipient nouse and not rejected by its

w0 povangossystem 10 FlI Gs. 14a-e are hi st ol ogi caPCT/IL2007/000046
anal yses of the ectopic transplant shown in Figures
13a-c depicting the formati on of new bone (Figures
l4a-c) and cartilage (Figumses 14d-e) tissues. Note
t he early stage of mneralized bone matrix formatio

trapplgts e (Marked af¥iBnsarrownd Higuse | d8e) shoxge %h@‘(ﬁ?\‘r“g followmg
tra?x lgrﬁghéﬂ ﬁ%uctta rlgBt P ﬁnignde&t@\%f%oﬁgu% e Halih 8 eek old ectopic

gures ion to hypert
sub«artﬁnebag Gafdplagir eﬁhﬂ&@s dénve]iSC'EBsal Notzaths radiogma@el‘etalsplant

(rrmolgadnlzl}jcgrr ur °p 14b é3l§3 nd eg]atnpg, 6‘}6eHT6§ggf" r(gntéongf tlssue in the

ecfb%ﬂf %ﬁ%ﬂl‘ﬁ{tahﬂléﬁg Bessug n(a‘éfosta&ﬁc AEWOPF an t8-aeR! Altectopic
shown in Figures 13a-c) denonstrating the formatjon of
tramspiemtaﬂollowwdsmtosal(cﬁ‘ sy Natstihe rosmngdishang (gharactpgisties of a non-

ca%lffg(%l%r }nﬁséﬁgvg -Vél l“lllrlaertz%é ae’ctc%)&f: E%&p?an? 2{5&%’5 Eérﬁéé{ﬁgr?tllgﬁfat the
ectlpidi @insphat Sthicdoatpatible, weld aitédragd evithin t@lredpieht meosse and not

tendon injury by inplanting a tendon graft fornmed from
rejepied RESSIMFBIE GEHCETPs of the present invention.

o o s e ORI oo bR of e “Pipie T Sty o
Flgnnesn 1§b@eﬂeﬂ1¢ti¢g thesﬁmmatwm of uietwu bene (Figures. 14E+ogumd dﬁblage

Faits b Rt oNold By ilze o2 Mmcipieaf pois piiily Rigoon

(P&t egh ta?ro@@? hd A Eed sfaéé SRAGhLS oslebB ke strél&ﬁres and new bone
n- absorbabl’e sutures are inserted at the ends of

foomoatgany ﬂhgumma@mgnd a) |in [adgitips to hypgtrpehlg @artﬂaggdﬁsgmml%d ©).

t {a K
Sl Frte G ALRER Effyres 38" CaREe TR AR Pl §Rhe - 15 won
si |igreR. § 5dearemRaldsed foherP@Rfiof &t ®sh- &&ﬁﬁeraﬁt@ﬁﬁue (of the
17b). Full thickness, 3-4 mm|ong segnment of the

echerti¢ Itnae@laré rlowniin Figares 382+9) dempssteaiing tthe fesaptign of mineral

o 0%, SIS i e R R i SRR e
1330 100960 AGHhde! 185 - tze?d@ WD 2007/ 080590
PCT/ 1 L2007/ 000046 FI Gs. 17a-d depict the repair of

a chIthC elbaﬁcsﬂhpme@caﬂlefrmmuth? girgiegy of jroppiring cridea! ngychilles-

a nd f [
BN R S Py s e Bar PR A0Y IR SRS R (s of
thei grseat irfrefitidin. t rﬁagtﬁallamt-emlgardeﬁmy MESCh dediged éltmj mmead; are
to critical Achilles-tendon injury_ (excisign qf

eraBi Witagior Bitish pplithig dos4onyeelshio f?él@s%leﬁfshliﬂnﬁwes i culture
plﬁfgs eng; gu}es 180Kl Q)ngé etubL g ﬁ’ﬁe I‘?i?éd epd Qﬁ&'{e@ naref 'gently
0 ye ow

1es than 9 egr ees Fi gure
rmdvad fioscplpies uvingw oell stiaperi amd\rblllercbto fbrm nehdee nylmders Figure

r af present jnventi d from hES
s Nogab E@aﬁe Sutgifeg gFeingeried. at & R BLE & GRIEgS o Bipigh aflpvers
Figﬂrev b Q EOhsRA 8RIRAMAIHly 19dd S Rendpladtation or kept inside
I'mpl antation into a nouse | eg, replacing critically
custgrornedle Aghplates snade fichom fleblpsilécon tubes embedded in agar plates (see
Figure 17b). Full thickness, 3-4 mm long segment of the Achilles tendon in nude
mice is cut to form a critical gap. Figure 16e — The tendon graft constructs are sutured

to the proximal and distal edges of the injured Achilles tendon.
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10 17d - A view over a transplanted animal follow ng
repair of a critically infjured Achilles tendon with

wo ba7iosnsvo tro formed tendon graft (the tendon PCHEIIL20075000046
visible, arrow). Note that one nonth after
i npl antation the nouse is capable of extending its
oper at ed ankl e to nore thanl490 degrees (yellow Ii nes) .

c e, rosco V|e ranspl anted mnice
g oisid G 58P o N Rl ACh R HRIBR o 7 vvo
foHd)\R/fn‘g tfaggmaﬁ&ﬂ@lp@teaa@ﬁ whth \tv&gefo%@& %Lzz»onf{&ﬁtﬁesazs derived
whi ch was fornmed from hESCs derived CTPs). Figure

Clila Flgurﬁel?ar ans phagnesedpiC | aew qfeagyloratrdnsplﬁeﬁem@mwb which was

surjgcr:rt%gtt c?gzaltﬁ{lﬁﬂes-ttegé%% bﬁ&f@égﬂ%n g‘%ﬂ“ éA% ?‘1 es—’c?{lcfom9 Note

thatehd moegs) is uaabile tove:ayhti ittchlde, yésthing i @hﬁhx@lﬁ@le@(taﬁﬂ)n of is less
goqd | nt egrat n at the si tes of suturing. Figure 1 8b
than ﬁﬁg#gﬁe% §vsl i@a@ém%?) tKiguegol'{h anas BrasrRseepis ofdrd r?f (the g vitro

folthdd tdnfién %P%ﬁt enl& X?ésgﬂtr fﬁvJ:x% F (Brhé&f BHR h]“lS@éNd@ﬁ%édhéTPs).

transpl an (arrow T ng It connects
Figurscl7e -+ o mdveosmnpicevipwi aftthe E)Iz @#ro 1@mad mndompeftofdoping its

the t I d tend ho . .
impRIoR, PGP BB G COPSDR FUAGEY HEVGH ek hillretepdeth Figure
17al 008 &% rRés h- tr§%§1aﬁte@a£r§mal Fo14iRg k8Fair O?roﬂﬁcal?f injured

Figure 19b - 100 m 25 FIGs. 20a-c are histol ogica
Adhullesi spdoroivith the dnsiprarfomded tandom caaft {Weviendan giEfigigrdsible,

a”g?%ﬁ_s g\lcftg b b e m% Fh ﬁ%r Q&Sfaﬁta%gr alngrrrlllomcet g g‘é}g E%g};]g era:fi‘ng its

eg denons |ng

oﬁefmedmﬂtwolrﬁgem}&thdgr&wﬁalo“Fh@sye 20b - a cross
section _of the transpl anted tendon. gure 20c -
| ondfiitsdl §2e4 a@é&&‘qf%ﬁ?%’f’ g Qﬁtamalaa??ééawe flinyong SWEJ_&S of

tr&u@@aﬁt@ﬁ&ﬂ 6t s ik ¥%0%6 éﬂ&érpgr ?Eﬁg i I%Q%églggr{deﬁtééﬁ(vﬁﬁkﬂ was

0O seen on Ccross ectlo
fohmdgfrbmdiEWS dived AITHsF figuee 28xc) Thermnsplasted Qgfttiegtand the

BB SR i piPESeBonoy JVeiSge PR of the
tre&@}@lﬂu@& Q&80 RbrTd 10%0&15 h&e i%?‘@o fdren E&lﬁﬁlersz‘lvﬁh Gndbth edges and

phot om cr ogr aphs (Fi gures and a graph (Figure
gopdcintegadipineat thy sikrs of @hﬁ?ﬁh&n F@llre riéhod ernagngﬁ@i impge of the

tra]nsga%t@h qgﬁcﬁ)% g%l&/ 'Mh" ofoqge L ri?gure aLt 7 1atera? lé/rleev§ at the

copi c appeara graft® bet of'€

trahdplhni@d (;Enafnﬁ @drrow)Fshgwig i? ddhnebisaRsugié &t the anklgljcgﬁf e
21c - a qragh depicting the correlating tensile 5
t est8CGseflBp-b eamigsrseapist inages iaf thediyansplantedt epdons showing

cifcﬁ?aﬁﬁgltg%cﬁtvkﬁgls(in%@ ﬂ%) gral?@tdeh%x]m%% an an(og\rsgeggale bars:

was u as a contr n-vi vo

Fiperedoas- 200 pgigire lbavelOOSmii)ot her edges and becone
stronger. FIGs. 22a-b are photom crographs of
i | 4016 sEehistolagisnl sgetione pf @t iransplapfes: tepdn pEskwn in

R
thé¢ Ehg‘lpﬂzmté?ﬂbl)dod\dmdl the moaselegaativetisstuas. nNiguss 20b — a cross section
of the transplanted tendon. Figure 20c — a longitudinal section of the transplanted
tendon. Note the fascicle-like organization and high matrix to cell ratio seen on cross
section (Figure 20b) and longitudinal section (Figure 20c) demonstrating that grafts
remodeled and integrated well. Scale bars: Figure 20a — 200 um, Figures 20b and c -

100 pm.
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DAPI (blue). Scale bars, 100 m FIG 23 is a

phot om crograph of a one nonth old pellet section
war@rngdowi th  Tol ui dine blue. Directed differpC/II20070000046

was i nduced through pellet cultures (passage 9) in

the presence of |ow serum TG (33 suppl enment ed nmedi um

Note the presence of 15 mati x proteogl ycans (blue) in

the pellet culture. Earlier pellet cultures were not

posiFIGs.€l lp-cs tumi phetbniigetsaanhet(Figvowsnd La-Ocanidea igzaph Fogyren21c)

e HE BRBIREI ReRoRs D P TR yfactBhdon

or FRIFNRESEH adPN Fiérdsdopic dppetitafic2éBgrafibetire i(Biyund 2Thend after
custom made testing machine; Figure 24h - s

anpl e . .
(FighempHy) trsspleniatipn;sFigrtepaic S@ag@ph sigpishpg thes %atmgc%emﬂe
b are oh ) ; e
et s PRARAR A A0 SR eRs o FMIRRIG G DRI YERndon
(giRek) wanasedf ast  eoreail o fipont inanisptantitiidiog tefdonb cerhodrd dodave

transpl antation) of the hESCs derived CTPs of the
smopther RIS FOL RESWRF SHOBEGur e 25a) and the transpl ant ed

ten WAl o 2th s ff iRfiddMRoE&Ese dRill¥e degidtin
CTPgﬁg}F' %%eﬁ Sﬁegg%m;(?m%cm%n% ison 1‘( Fi gur e025b) aer.ebl cpiating
thatuhg GESE dedivedntiliPe stfdheipregentaimsieniiinsexpsesa glifatige phosphatase

N A

Dﬁbggyi&)dealeb@fsg,ﬁmﬁ@n of the newly- formed ectopic
tissue’ Note the brown staining of anti-human

m'ht delo3dris a photdnbiotbgrapieqfi & phqgontheolduprilst srctign stagred with
Y gt . Fi 25 i
B OB bt i PARMER G T8, 895 S s

9)5h B oI sRUTBIGITRS QahladEhdd nidlunk ONYte the presence of
depicting that the transpl anted tendon is of a hunman

matrixgproteoStyshes ve), in10e paliet witpeo 7Egiespelet cultures were not
PCT/ | L2207/ 000046 . 16 FI 6 is,a schematic
pqS}t}VﬁL% faipe ?Oﬁg‘f?e‘tﬂ?é}i‘?‘ﬁ@ é"ﬂe-znél s@g HTssue engi neering
pot efidsabafh 4-B§hbleglaphsdepRen flE’eﬁtdﬁEilé B8t plaebi@dtused for the
a

invention. Note'that one well o 6-wel | culture
bipmetimngmhesilniting abprgineared epystrsts. 2Bigyrrd 243 er@wryiayeef the

hESC cal oni.es ot ept i al gLy r . .
i Bt G oS bR 1 et b bt betucep s grips. Seale
baftemne0 5 passages. FIGs. 27a-b are photom crographs

of sub-confluent cultures of hESC-derived CJIP i ting th
( pasEKge 2a-brrg phetomigiPEERES RE MRRUPEHARIngTalsEs dqmpotng the

' %/ ! (el r R irBnsplantati
5SS e SIRISL 30 Sy QDA prain
(SHRRRRBED tehpORit Vo] Bf The hBREs eletived Cdilsiafrth¢ prasént invention

nmet hods, of generating copnectjve tissue 0 i .
(B aPSSprnile frar ol BITCErel e 13 1P Br v AP 3 efived
ciedi 66 AN PrQbnt BlvediSt GPigure 25b) were subjected to immunostaining
analysis using the anti-human mitochondria antibody (brown staining; BioGenex, San

Ramon, CA, USA, Cat. No MU213-UC). Figure 25a — A section of the newly-

formed ectopic tissue. Note the brown staining of anti-human mitochondria antibody
depicting the human origin of the ectopic tissue; Figure 25b — A cross section of the
transplanted tendon graft. Note the brown staining of anti-human mitochondria

antibody depicting that the transplanted tendon is of a human origin. Scale bars, 100

pm.
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cells for cell based therapy and tissue engi neering.
Specifically, the present invention can be used to

w0 2paiogosand regener at e damaged or di seased ti SBCEILZY07/000046
adm ni stering the 15.-CTPs of the present invention to
a subject in need thereof or by inplanting in the
subject a tissue graft gendsated in vitro by the CTPs

of the present inventjion. The principl and. er at.i on.
of FHE Poincy s‘é&n@élﬁeﬂlaﬁtr%@nc@%a@m tll-Byced fisshie enginecring
poﬁﬁ@zﬂ%'t ShESCldeAvareapd bf‘ﬂlet egeﬁ\.em%ﬁftﬁln NGB VRR bhOell of a
etfer understood reference to the
-\daslhwlwgs phtajccmtammgaxpprcrxgn@tebfc}i £20i mqlsffer@m’haw lgERC colonies,
| east on he |
pofeRaifl BVEPrifd o SRR he T o irtiue® T hDUR R et 20

paggggesllmted inits appllcatlon to the details set

forth in the follow ng description or exenplified by
t he FEtauiTledsare phetanpigragraphp of sul-apribicat cgfures plhESC-derived
t ng._.[r eq..or |
O B s Yigfte o 2700 4ol Bbefi P aSRER EHRAFidle 270
deRBhaFEAL @8t ﬁdéémbﬁthl% mh@@uomgp ((yiRcbaRsg 160 pm)s for the
25 purpose of description and should not be regarded
as limting. Cell-based tissue engineering is an

DIYKPIRON OF FifH PREPERRRGY ERIRAOIIBIRI fer s new
t 00IThk@ireseatpiai¢rntiog iand nre&mldaof g@leraimlgwg,anieomve tissie progenitor
tissues wth 0|Q i cal s tute r
celip 7 BB m G A st GO i Y Gyl iy B of using such
ceﬁ?ﬁ)g QEHl 'b}(&dtth%%b‘f Snd B0 ASINBINR, Sﬁj@&tf'cﬁli’sg Qhéiﬁl@se'i@ invention

ons 1 nclude the use of autografts, allografts and
canbt iuéctoalepainbed retg@neste daovaged o1 dlswmeﬂ élssm@y@émafstermg the

rafts S|I by, avai | abi
CGhot B et G vshit © s uBEEim et by PPN TR in the
subfogi 4 tlééh@g braGRUNLRFPBY the, C’Eﬂ%fﬁﬂ@bﬁseﬁﬁ lidvenié.
007/ 080590 CT/IL2007/000046 17 Hupman enbryoni c stem
cel I'Ehe( prEmirlys Fed @pgiedan obibminsshots oh eawsintig grngdpestissue
e [ ¥ t
it R0 oSPRRESEL P v (PRI iy B e i
refegsiide ltcedmaimmgs oid ablnpamgag dekctiptiomx vi vo tissue
const ructl 0 In addition characterized.pb
BpreRiPE Boloatins Brbgtigient B GraTarBon ft (480 § to be
‘a@}sltootcmgﬁ RE 1&@%1%?% i3te8 TR itY Appladation ﬁ?ﬁl@tdeihllb @c\!thorth in
Yeen efticlent y derived by neans of somatic cel
the ficlleveing tde@tlen or @xeaphﬁgi b)atheelﬁxansxpieszl The mvent10n is capable
mrune tched ce oaches v
of 5B BRI BRI B0 o STACH S0 FCRRURyR  Alsos s
toSheL TRt Sd (HMPER phiak& 6%1 busd fdrﬁiiﬂdl&g%cém foged @éﬁiﬁp |1§ for the
Aivier EN., et aP Aivier, E N., et al.
p2p@e, of Sesompten pad ghpulc_i_gqtzbe]_rggag ed asdémiteg! t ur i ng
spon Ly diff erent | j
uﬁt I(#glg% ﬁ ti@s%?l%g n?egmgf}g gg I%tvﬁﬁ)’dgim%rdﬂﬁgﬁrﬁ rg%!ré(}nﬂhﬁtsoffers
ndve @ﬁﬁorﬁmﬁ@@ ks clirfiedl |a9}z\l1¢2ﬁom&] icedatibpa toell fos rdpairitignadteplacing
thick epitheliumare routinely passaged. However, the
dagepgedorsinsh tssust WEh bislagioel tSééstWef he e SHTEY Spproaches of

repairing damaged or disordered connective tissues, such as bone, cartilage and
tendons include the use of autografts, allografts and artificial substitutes. However,
while the use of cell grafts is limited by availability and morbidity, synthetic grafts are

osteoconductively inferior to their biological counterparts, and could fail.
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nmechani cal |y separate the spontaneously
differentiating cells fromhESCs, which may 15 result
w0 poog/ogseme, non-defined, popul ation of cell s. P@aII2007/000046
T., et al. (2005)' co-cultured hESCs on nouse OP-9
stromal feeder Ilayers and follow ng 40 days of
co-culture isolated CD73-pogitive cells (MSC-1ike
cells) and replated themin the absence of the stronal
cel [Humagoembpnictstang cehls (hEd Gk bold; gieat gorpipe @p @ source of cells
A y| . of -] i .S . nd.ye.2. 9 f
fof (hbETFhint AMeY i g, el Sl o 3ol can

itive ce

- potsmtially provideghefequired abbas dnelivneded &rde viodiseuessonstruction.

ich c licates culturin rocedures and limits the .
in a0, TEBirS pargasioies g delepmarn it anioh i Dt riinto
an§ W8 ¥e b RRAESN{aBRS bmbFyd? Eﬁ&fecéﬁll}gm ke egRMmY defved by

cell's of the osteogenic lineage. Thus, intact or
meina gF eonaid eellofuckss traesfer, creatingipatibni-apackiEc immayeametcyed cell
120 ost eogeni ¢ nedi um wi t hout cell passaging for nore
5% than 21 days resulting in cells which were

t er rdgvalal VpstohdiRs diavé akad rdcantlh dewesibed Bbraiblatihg meaeschymal
[ Cao (Sﬁpra,_zoogﬁfiJ Bielbé (Supra, 2004) or Sottile
stasephia (MpGeBlike clfugom bEYGE-e For rep@ples QlyisrekNo st gt 2006
S0l a i C 5
(OU RSB AL E 20 Y6 RT3 B9 ancously
diffeentiatigeretls iof WESCk @nldngespmdit withiek mule-lpyee epithelium is formed

RT3 SO SR heobh e TR0 o Blum e

rolfifdTy SAREYANT o, GRE luSe BF sEEHPA YRdtRoP2diifSted AY the need to
shown 'in The Exanples section which follows, the CTPs

medhanicellpsapsente therspertenesuslardiffprentiatingrogils fromcklf$ @s, pilghmay

can. be xpanded in cul.ture for, at |east 25 passages
re\%ﬁﬁnea ?Pﬁ?ﬁ’ F‘O%%Fglé?d; R?P%\l'fltll%goﬁcg hginy one of a WD
20078486590, BCE. (RO dLadd&l hESCS oANAGHseVOPUI srumeal feeder
type. In addition, as is further shown in the EX&”R&&%'
lagass ang follgivier 40 éaysovfsco-pHBretimdated GINE-prsgiengells (MSC-like
ce'll@i’grﬂf e ﬂte\ﬁetﬁgmqm?ﬁé’éq%e&fe cﬁ‘tgé St:&HL1 &Flk.n YowRLEr, H1E method is
oSt eogehi ¢ 11 neage, the chondrogenic [ neage,
lirted by dgeextehledy, love pehhotihk MSCHikgawtsn(only &1 %o fdlmicells were

formn ells. In additi.on, P t he presen
CE%%’H?H“&% o) é‘“éstt}’aﬁlg‘ﬁ SRS Hfﬁiﬁr% ﬁfxg_{?ﬁtOE}rf&g‘&%eégiéeﬂayerS=
Wﬁiéﬁ][&%)@?ﬁ@atés"ﬁﬁ%ﬁﬁg Block @Ot ot Us8 fdttefMased therapy.

sca d or carrier. Mreover, when transplanted into
m ceQtheheappishesf wtiliserasgupioid bodient (EHs) vier erdsa plabgencrate

of form | oose connective.tissu a e 1i
a0 o B ORI R TS TG O, A0 g s wer
e BEP ARt prédentd ©f Rh QI dlgehiB MR @ Nwithi@it @ ell papda@itigtfl more
0 met hod of generating connective_ tiss

a . ue
then 3 etiiys sesubiioig| in celih avbiglt Weig tpamiaalie diffaensiptedctgl the optagblast
.Si.n erdr .ok £ S 0 Y di um
ln\ij‘ﬁ%gg klé%oogé‘glp ?aégg&)t%%ﬁyggubi;ahg 0 as?' gglrlgl(éé}bg%i QS%)Z,E&S
t 0 obhway, fo datendetd send inegiod giriegeting BSCeddrived comerctiby tissue
generating the connective tissue progenitor cells.
progenitor cells devoid of the above limitations.

While reducing the present invention to practice, the present inventors have
uncovered an efficient method of generating connective tissue progenitor (CTP) cells
from embryonic stem cells or embryoid bodies. As is shown in the Examples section
which 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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As used herein the phrase "connective tissue
progenitor cells (CTPs)" refers to 15 cells which are
we apabssiof differentiating to nore than one- PBEI/IL2007/000046

| i neage and/or cell type of a connective tissue.
Exanpl es of connective tissues include, but are not
limted to dense connectiveldti ssue (e.g., |iganent,

t endon, periodontal..|igament), areo]ar connective, .
COW@%%}“%S@? dype. \XPlaadlb‘PB’t Eilp g’b‘é@ﬂ shqwigy the E?j@ﬁplgg section which

foli Qs aHE @m%feﬂhémsggﬁ inveRAE Wet c4RABRESE Jii‘ﬁ%retnitiﬁﬁﬁ’ge into the

adi pose tissue, , I_lbone, cartil'age, skin, ]
ostenpeniv dintagey die d®ndiogenicdénsngd, qautilpge dellst itendoyicels,iigament

o<l g et VB 69U o T AT it SE e pres S piaay were
cap£I® oY Foinsins taehtatied kissueasucieRth glceibhall tehdinSwitBout using any

enbryonic_cells which are capable of differentiating
sciffld os gptrierofMeppverhvben Eamplastgdcingemica MeeE$Ps pf the present

inRAPISHOL SPARETH T EARAET R B N0 s o
caftithdestissa@y: woorpri se stem cel |s obtained fromthe

enbryonic tissue forned after gestation.(e.qg., . .
b1 <k Bty StoprRs db o0 PGl P rPIgIE mveRtgy e is provided a
m%t%%@?%%%r%%&écﬁﬁ&&%,sﬁs)sue ?Mg@ﬂi@&dcelﬂk.asltlﬁ%ﬁho&% bffected by

are obtained from a

cuffosing isimgleagrhbrtybwia/stene cghis (EICAtih ancWvag medivas wdéghseomprises

se 2006/ 04076 and. enmbryonj.c germ (EQ..cel

cobfAPL G G BB Hoaet PO Qi GeREFe PRLERiRGhiG el toreby
genBMtiag tHel JBRNELHHE Bigsu@gTb@initoneelRl ef er abl y before 10

weeks of gestation. Preferred enbryonic stemcells

accoheliseg hetein Hiephsasse epnasetiyhissye progepiter g (G BRs)aFeders to

. n..or.nr o I G

o RS G BL B BRRK B, 10 il o
type&fofras corme¥ire? Q8L 0 SBRAAPIPCHF IchAORTiIVOABOAS indldde, but are not

L A e Bl Bl
arEQH ﬁt@ﬁe@&\]@q{s 6., Wih pRRihaRE6S 8885 88chefs Bibson AdLlastin),

as s can - be expanded while preventing their
retieulai crainedivef sseatadiiose tissus, hlaody borsu lcantilage) skini mésaggatebral

.0or ce type, 5 The enbryoni tem.cel the
i BBl ol Gl B o el AU ER N et gl oose
conBbdtive sk sdniidoadmusdiotelgxanpl e, hunman enbryonic
stemcells can be 1isolated from human bl astocysts.

Hurrehhe Phraso Cembryonicestem el ] ps usagh hareiadeferoin embrrgaic cells

: ; pl) c o) : it '
e BRI 00 SRRSO NI s e
er@@Uérnt) Weesdeantany enssaderhs), expandidg tio ah adiffeasttiatylsdtate. The

stage. 10 For the isolation of human EE cel lafs t I(E‘;“szoga .
plpase isatyxenis stenilisdmry sRRrise sepgr!ls oftansdfiqrp dgsgmbryonic
. ' : ( LSy | t i i -
o8 A0 08T Sl Sy SR BB, o, o o
inpylseati@nblastecyt)e extbndeh blhsodyst eatts (EBKIspyhipbrere ebtained from a

PRAEES S  ShoR, Al VOB RHHIES o

embryonic germ (EG) cells which are obtained from the genital tissue of a fetus any

time during gestation, preferably before 10 weeks of gestation. Preferred embryonic
stem cells according to this aspect of the present invention are of a human or primate
(e.g., monkey) origin.

As used herein the phrase “single embryonic stem cells (ESCs)” refers to
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whi ch enables its outgrowh. Followng 9 to 15 days,

the 1CM derived outgromh is 15 dissociated into
W@Larps0set t her by a nechani cal di ssociati on or PGHII2007/000046

enzymati c degradation and the cells are then

re-plated on a fresh tissue culture nmedium Col oni es

denonstrating undi fferenti ated nor phol ogy are

individual |y selected p m cropi pette,
disgrete; &S Cat whichirg Subﬂftemﬁi‘y devaid gt Sﬁf&‘t &H st s‘iﬂ é‘s e.g.
B¢ xk/l?]ich a6 fof &ﬁ‘ﬂa o%’tﬂek i htef of BARYS Sand':e%rsuch can

further deta n met ods préparing 20 humman ES
be@&b:hmied eéhilEhwesmbing thea termmal Effereatiatiototo HpBHicyIA8@]] lineage

ence 282: 1145, 1998; Curr. Top. Dev. Biol. 38:
OTE%WPEQ% Proc. Natl. Acad. Sci. USA 92: 7844,

1999)Ke Rpgsetic Slenpéells of R Aeftion/ €6, bel@hed adifls well-
Gardner et al., (Fertil. Steril. 69: 84, 1998). It

kngjvn| Cdlﬂecldpm aedthedsd Fntexepive heman| gubryanicayie cells can be
1502250 %y on& f 1@1&&%@@05 sca@hgl? n l%st%kﬁs?s le{tseegrggahg Jlﬁéuﬁed from

res i Aivent| on
humiﬂhCziﬁaﬁ%i prélﬁl@[ﬁntdﬂﬁnl\dirﬂrerIMﬂ fionb iy offia fefrtlbmdcﬁlvlFis embryos

registry (htt /[ escr. n|h gov) . _Non- [
ARTRSBib ecHBEIE P TRPIROIb SRR i nandh bof oyt Sage.

Si% gﬂ% S ﬁf@ﬂzg) PRom @39 day-old
F#é%sga 0&&% AsErre n%lf one na? hlé@o&%atc%ggmgfé ge?}I(Ielr at i ng y°
blastouyeicaridvibe tinres well presg €itiNIpis iselhled bydmmgoserigery, in which the

e ESCs whi ch ha e un one
trQRPFaF AR PRl 1S AB TR B o guel Oy, eenilg pipetting
TRSRIMNS tBdNplakd RN AS8e cﬁH@t"ey{‘lhsﬁ doathifhg Q@B@ﬁpropﬁﬁﬁ@ hfedium
t o nor phol ogi cal structures conprised of popul ati on

whith @mhlg/som putgrasythc diollewing ko haviayy ﬁeﬁe%}\ird@rw outgrowth is
429074980 07/ Q0 t
fsocg{e% 1n§ I‘FP%% l‘t%«% g{;\n%n gl%?ﬁaémgag ncg%/sfg ﬁg?ﬂ draﬁ}9 Qi enzymatic
degiddbgse nfinldafHeOEblbd aekileg refjdlatkdren aPriefte rt'mhlley ,culltllre medium.

CHlo A e B g B AR S B bieetl GHIb g Siected by
m%c?é/ﬁget&f nle Pﬁadﬁ%\?lgl iR eiatel 8n: clurkhS andl & Sg%ﬂ:df QiésQl\ﬁ'nQ ES cells

ayé (0] rentiation o numan I n cuture
arankerbroliioely| spkit EBsY 4-1 days. EBy fmhtmcmd@tmés orth aredleade of zvé@parmg

iR RS R S Hhema chaf Uaer et ifEatBE, 1 g s 1145,

1698! Re:. )P PN Bio13380 13RYRO8S Pécbd‘ fwﬂemdaat 56N USA 92: 7844,
human ESCS in culture). referred EBs accordin

1994 5Bongoect abi (Hur Repeosbit 706,50 6n Aiaedisr chalmy il Steri.
), Préadmte (e.g., nonkey) origin. Preferably, in order
65?‘084 Lénge@ate connective tissue 10 progenitor cells

vvhi cn vﬁne)eSa@Efeaﬁlt@i ther comagiallh ex sifbild érﬁb@prmlcismm bef.lh;scan be
cel | based therapy), .the EBs_used the
oo i withdpis epest of e preess h‘%\’eF‘HQ’énﬁ"é‘P?“aE CipPaybe puiidhased

frgx%n’fl'ﬁi Rt hﬁlm?l? re?ﬁl%&@lkﬁl: ysterh h gﬁ&?dﬁﬂ% /IR&:. rﬂﬁ"ﬁgb@d Non-

aspec e presen |nv
limiting examples of commercially available embryonic stem cell lines are BGO1,

BG02, BG03, BG04, CY12, CY30, CY92, CY10, TEO3 and TE32.

As mentioned, the method of generating connective tissue progenitor cells can

also utilize ESCs which have undergone in vitro differentiation to form embryoid
bodies (EBs).
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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are 1-day-old EBs, 2-day-old EBs or 3-day-old EBs,

nore preferably, 4-day-old EBs, 15 nore preferably,
wEBw7dgrshved from a | ater devel opnental stage BCIIL2867/000046

at | east 5-day old EBs, preferably, between 5-25

day-ol d-EBs, nore preferably, between 5-10 day- old

EBs. Thus, as mentioned theosingle ESCs or cell of EBs

are cultured in a culture medi um conprising corti s?
dxféerrdmtmtmas@cg bm; %oh foljpwipg te tesnqyal tody diflgrangiatiofy blocking

-8 he E
fociisr i iy L pERPELEY, Blodle SRk s libwhich a
lay®eB o€ eﬁd@feﬁhﬂlbd:qﬂ,s i dom’mmlg@etheed»dtﬁ' laye. of. the \&tnaﬁhnaﬂse(e g., EBs
dev0|d of, 00£ta§ % ther ceII mhlleEEE%a Iigﬁid d
et dajowing chd €soRT ¢ HEWUWbQ we ERGso i SRRy an
“c@rﬁgieﬁvﬁﬂs’bﬁ CEBIRIHICh Akd %ﬁirh&@nib%l‘ B exic@bive CdiffBRhBation of

I'Tagenase (e.g., 0.1 % for 30-60 ninutes at
ecBidefthal fand nRSGIG Tt obldmmelsd@rvatwg/ pssuqs (e2g EBsdopsedfollowing

sl ey TR i BSCR A EMBEREN Cal “agi tat ) on of

t he pliepeg E@s%@c&ﬂiﬂg t@'thﬁm§pecf ef me ,présynmnp@ttiohmge ofa human

and down thoroughly].. Once dissociated, the sin
orguimhae (¢-gsmankay Pim threferbly.dBIBATTS %?Peliaﬁe“@%ﬁ“é"g fissue

prg eé%t?') e&}{s%jhl@( ale! dubthRE FGho YI:IE&! tﬁerlapaﬂi\%;]aipﬁc%hg e.g., cellhbased

assage of single ce e avol ding t

theapsage ©is a&dl bayr@le mathdd of thipaspeéioof thx pragsew, inwsntion are of a
described in the Exanples section which follows, the
hyspansQiiin. nvent ors have used a nmenbrane with a cut-of f

of 4@[6?:‘?5&1? e EB&“%I%&H B? ktle méﬁlbébﬂ fHis 5{@@&0&”{)1& pieRerlifk@tion

to isolate single cells derived from ESC col oni es or
arEBsdaymld waszwamsbses opGHay 1t EBs ooommrefepablyy 4-fayeld EBs,

pr{{rg I 3@3’3% ﬁWg!ﬂ %}JI & dev&og%ngﬁtaﬁﬁg%ecwﬁ%@a{ ﬁﬁét%r-]day-

olH'BHJSS ipFferdbI§ dbétoveth sszzca@fa@dtm b&Te @c&farab@s betwethé-10 day-
EBs depend on the size of the ESC col onies or the
olgBHds. and neasures are taken in order to dissociate

t he

e 35885k ASTEAAE 0L et sl o
meéiuln SInipiising @ridsud awd/abadcotbyc adi.m | arI y, the strength

(e.qg., as ontroll ed t he nunbe

bf " LRtoricaniRmEam i oA Blo8ies 6 CPaat of T deiss ar

I%‘Pé?blﬁy %1%6@15@8%@%&1%‘1 &fll LIRh®S & hvkn %dime%ﬁblye to smgle cells

preserving cel mor phol ogy "and vi abi i ty. he
(eeppwbichate devmatoftcmtamowgh oitheg eelds while in @i lysleﬁ: n@fiwa Such

ﬁPg‘Fgg l& gﬁ,ﬁéngiss_ﬂgl Can n%?%,vtegfb% A %’hﬁrqf %éas n&g fi@ for
’E%?,lﬁ? ng/gdm(/‘ @Hﬁﬁé:e%éen& &, @81”% FoPBoidoemaritdssatt 97 PP for ESC

viabi 1ty assay (l\/bl ecul ar Probes, Mol ecul ar
cHlonlkee sr trypein (e.£LOLHEH trByin fdﬂSA)S mi@ules at 4 t@glnemémﬁuqﬁ gl &C) for

IS RO R TR ERTIEY. SR -
[E2ChyPige@ihe 0P afi®! dotviPthdrBGehEAS 1Ohce 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
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15 a culture vessel (e.g., a tissue culture plate,
flask, container or bottle) at a cell density which
wWEe@moswsso cel | survival and proliferation whilBCT/IL2007/000046
mai ntai ning the nultipotent capacity of the CTPs. For
exanpl e, a suitable cell density which can be used to
generate the CTPs of the pi2ésent invention may be 1 x
105 - | x 106 cells per cn2, nore preferaply. 5.x
will bg appresiated ghat dhe igcyfisfiop Hﬁle(aél.dgc."}l"%“%%g‘i’b%%& digesii enzyme
&M rJ ) Ge0iot i3S HRI BYC icblohled@r the EBs depend
(e.g.g%%l agtélf‘%sn oéggllpﬁlg)cel I g alt plhaysi ol ogi cal tenperatures
onithe tshe off #RgESOfcobBidsoCtie EBRcrabimeasyys eye takgpdp order to
humdity and in the presence of % td 0
G ee o ESHReHB . Tl %ugga%@%%ﬁ?ﬁﬁo shige cell
witlo§f Bthpdriiéeihll @1 stiBdrd @nd Ryability! USienikug the teepathl @.g., as
of supporting the growth of _the CTPSqoﬁf ,tfie .25 be al
copirairdrity thavwambeioef andripriehphibe ggchapical agitation can be also
roliferagiy | Rt C ihhf$ - wiHE Noréserving  cell
adB5HLIS i St B T, R Flbe PRREILER il xpscrvine

mérpRblugesand ¢lbhitnat itowill obe sppstimtae thas ubh merphalagy, of the
nutrients, mneral vitam ns, i no aci ds

Lei
dissesiated ESr eelenigs ox B o B %061%‘10?? St e
th% ?%‘1%??2 Sf 1 Lel@fcgﬂ'gjecrﬁe%h?edn@}e defedtR 2 SaMplé AF MhEISTE the

ration an Ifferentidtion | evels. For exanple,
Lige/Dehd wizbild9 asegi (Mvlacder Brabgs.t Molgenler Psphest Inst, Fygene, OR,
resent invention can be a synthetic tissue culture
Ui um such as al pha- MEM ( Bi ol ogi cal I ndustries, Beit

Haer@kirurloer 88! Jingl KBS EVEM/6Giie BBk mccbrdageto this aspect of the
Cor poration products, Gand Island, NY

USA) , ]
pr2@a7 inyenbenis pfected bp egodinn inng@Eﬁﬁ‘Emcﬁqrzﬂ% BF‘X?V)%fgtP% §1Bs in
| tr Bi et , : .
o RS Pl I LSBTt L0 it

escCri
whigh EhrBHiesT celPhEhBanahy ,prafiferdtiogr etile moagntainieg tbe chultipotent

casenisi A Chea Yo pUHRE, SxABIE. o SUROG eI AUy SR gen b ed ©
géﬁ%?a% p?er@. s bPfhel 8Bt GRfchiiSP may 8 B&SIP O B xSHOTtdetts per cm?,

or naturally occ rr|Q%: cortispn (a glucocorticoid )
meteprefedatinr imwne)- Wil @heebls pascmhes. g Lk doralispsr gm'). Culturing

K E R TIR 00 e A——
ra%gg ro?%%‘ﬁ?%%?l%fer&ﬁl?, b9 duRfer hlin$difsRARCIn Of préence of 5 %

esent 1 nvention can use a variety of cortiso
Cdmrivatives or anal ogues which are capable of the

bi ol ggi c actiyvit . 0., 10 e [ . .
e it e vt e P T PR Pl ST et nyention
nﬁga&%&%ﬁ» cul@fre GRS Uapslsle | offup¥&ging rthe padvouesSthetCTPs of the
can be ‘used according to this aspect, of the rese

. . P nt ..
presedtunieeitiar vhie thaiohining dheir Pevldemntive and mpltpgispt saRacities.
redni sol one,. et hyl predni one . de t; o
sPalb T e o PRt RELLACHAE (AARAR% combination
of EhRMRcBPhiNess SARS | mtfRings em@erald, witamsy smgoreeidsc sucleie acids,

TR R NG = T € £ TR
n?aslt[ft%f:nting 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-Invitrogen Corporation products, Grand Island, NY, USA),
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of the present invention is dexanethasone, which is
known to have a potent activity (about 40 tines nore

W ban/ognselr ocorti sone) nedi ated by the gl ucocore¢Tui2d07/000046
receptor. The dexanet hasone which is included in the
cul ture nmediumof this aspect of the present
i nvention can be obtained f2om SIGVA (St Loui s,

E’&{‘Fand S rovi ded_at a concentrati on seI e c{7
DS ThdBiclagiealo minpiriss.y Bieh Horieky 1srag, Paamergsdy s the

[ . r I
e
indladdddnghe tuiare medamh of thegnesensinvantgonuare dutistanfialy pure, with a

dexapet hasone within the culture nediumto obtain a
tispeM ISR BYSf erati ve, nultipotent CTPs. 25 As used

her eddyse@HeRliRilfe Rfh FcoriiBbie refebOtot 1 §ynibdticR taturslly occurring
naturally occurring ascorbic acid (an organic acid

cogtisoh (arglucomltﬂlamd sterejsehermesy) whichobikdbthe glucogprtiggidnreceptor
f t . ' .
BRI A e
betdgﬁre@idﬂtddtth@t the giethvdadf thib aspeet bligtﬂe @fesgﬁt?h&nﬂgp ear usefa variety
resent. i nvention can obt ai ned_fr m i
of Lcemsel dwatlmyr amtpgHgY Whic %ﬁ%m?é%e o the DiaEsl aFéY‘.%FF g
eXE; rﬁ?ﬁg er a%ﬂﬁ(aﬁlngaﬁi‘éfrechﬂ’&%ﬁﬁﬁtﬁm Hate L Nbﬁ@ﬁ&tléﬁ@ exam dples

concentration which is seleéecte
offcortivot amxraangsomamus@@hwg/qm bermsed agnoeding abthys as@tscta)f the

concent ich is selected fromthe .ran
progns oNEe 2 DA ST ReE PCprIOS80 AU 048“"1%0‘3‘7 mpre‘}%src’éone

mOh§hRI@RbYone: aﬁe}?anﬁ‘é@lﬂéégﬂé |'(z§zHo|u9 ﬂlOV\ﬁlﬂn§§1 miote $otefd! ®6tafetiikone,
t he ' range of -100 . g/ . For
triemaimolame, alsecaesmsone,d ﬁm@qom&g@ﬁe«awtatwa@w. fpaxygefgicosterone

' ac%é%e(g%gaﬁ a&’le e comst ?gngé 1!15%3 bg%gé E%[ho%fqﬂls aspect

I nventors ave

ofat!i@ Efé@b@t 1ﬂ0¢rﬂ1owl 15 fdbkhrﬁétﬂas@ﬂé twiliieh e kihawa twhaaxbteapcrtexa act1v1ty
5 proljferative, mu ti ot ent CTPs.

(abwtﬁogun@sgnqrﬁ thaniiirocoriosg) g terirbymﬁlﬁwosﬂ%fd ‘Eeﬁ%Pt"f
Exarp) e exg fﬁa’s Whick hs fn%lx#d@%n e Qi R e@aREs EthRsPYct of

t he net I's aspect the present 1 nvention
harmeseapabzle&tlmf chuo bei otgained éoal SN AESY Lmus PV, eU8B) yand is

HIcES 2€ OB Sh S erL e PR ETSE Trite- 1 b -2 Sagst 107
M. SF&QXQE@IJ ﬁgheschhé‘d Ghddr YORnévROMARfaly atd&%xﬁeﬂﬁieﬂ&@ﬁ/lethods”

I norganic p osgmgte such as beta- gl ycerophosphate, 7 M
oftticc ixarapleb sedismaivhich follomsSithgraresent insenters hve uwsd) 10

The .inor hate |nclu iRt
dexam GHW.'S(? qg‘nla{) tlge € geglbl%t ?ag}ghhﬁpl% krﬁl{ \geh multi o[%otent
cPp9l- 1000 nM preferably, at a concentrat| on of 1- 50

mVv even nore r ef er abl a concentration of_ 10
mv1 As vsed heveish |'gpcombifeacidl] reloie tﬁéb‘? syntheticqorpateelly @geurring

8rb gcnggﬁxpg e el &/1tﬂ%ﬂ§8§1dﬁt ?ﬁlégg,easf&rﬁno?&ﬂl\’%n\tﬁaﬁﬁn C,
JEFSeT im or ser um rep acenent (e.g., a
wﬁﬁhlmﬁﬂtable 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 concentration of at least 20 ug/ml, more preferably, at least 30
pg/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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preparati on made of mainly synthetic or reconbinantly

expressed proteins which replaces the serumin a
weeorossonedi un) . Such sera can be derived fr OPCHIL20TA00046

source (human serum) or from an animal source (e.g.,

bovi ne serum horse serun) and 20 can be obtained from

a variety of tissue cultureé&3suppliers such as Hycl one

%}L{t ah, USA), Invitrogen (Gand island, NY, USA) or
neppbmase eraferpblyydia samsontistion Matehls selepied dkomy thegange of 30-100

par athon 0f seru ace L can i ne (2
eBhEREE  Bb R Ble F B T B BRI S0, SRRt and
ExpbimsstaliMetiods’e bithe @bt e ttionskidh Bylldvae thesprogsht fventors

this asEect of the 25 present invention is provided .
hage used SHclestd aasPerbicr agid ewidhin1thesquifureo mggivgp e obtain a highly

1 . 9 5 % nore preferably, 10 %to 30

pr@&fg‘tr‘f‘g‘rggmﬁ‘}rﬁte‘P‘gtF‘g%??P%o %to 20 % e.g., 15 %

Pr ef &y glhywndn [ Rigures gaeﬁhdrid idg:riﬂagd tiln Es:am?@ bf e Etwnples

present invention is effected under xepo-free
seetiomy Whick ollogyse he Ghs genegated bthg methodhpk ‘iﬁﬁr%P%ﬁ PE Hegygsent
. LA ' ' - ( i .
n Bl 030k 908 SRS 1Sy 118 g
the depasitlondefdnineralized matdixi{eg.nedien miffdrentintioprist®embone tissue is

i.nvention is pref.erably human, serum or serum
depis o isnewhite FhEiEhr Rusther R HOUR, BLopHNg. suchygs beta-
gledefhBs Rt Aiich ¥ B0 QDIRRPROMPSIEMaLZRAHLR0MIAES USM. The
~mnerals, vitamns or hornones such as dexanet hasone
ineyganig phoinbate iacludyd by the cplteranediny is pravided; ag agoncentration in

c i t e Welol I i td : '

o QT A o i BRGS0l et e
preferably, ava tehcehigationbsM@-rakescri bed cul ture nmedi um by

either directly attaching to the wall of tgqeggc%l fure

5 vddelerably the culfuye msgung psesacsording tgrtae petnod)ot ghis ggpect of

[ is f r ' h

oG Bl R Mpkon (RO loly WA R ARTRRnL i § 8 defined
prepaciticas mate erfahaingl kgothetfd br oddoastinandly | expfessegl proteins which

foreskin fibroblasts, huma yoni ¢ fibrobl gsts) o
roplafR e PO BB G- Coh SoR fanche BERedriesth < human
sofFR\himARedr@h$ o ARG N AAbhAll sBRHcE (B bSHRP Mrlimt A se serum) and

growth of the cells-of-interest (e.g., stemor
capriggebirined fensn lasyareety o tissher tuesvsupplierssugbwesy Byclopg (Utah,

il | reci at. ur | ondit i '

UL BRR AR Rat R, UL BRISER T et g
IstaBRy A @ffphfagioh f se@ptfapldcoment cdnlte stehihed Gom GilRbEdaVitrogen

fromthe feeder cells at each passagi ng step and thus
Corngratigs (ffxand dsland DY BiSpul ati ons  of cells. -

Pr efﬁ{eaggfrﬁfm S f%?la@%éa{tqisg(g byOtht _t}ﬁetgﬁ e ‘iihiQfas;%] E?}f the

aspect of the presen I nventron is ected u
preeat énveitior is uprbuidied cat coredntdntration Asngesefl 1h&4 ¢brdd Be, more

rase "feeder-free cultyring conditions" refer
o 115 (oo TP el sangre presapy 16 % to 20
%C€kLl 35cf0r exanple, as shown in the Exanples section
whi'ch fol |l ows,
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 (e.g., animal pathogens such as retroviruses). Thus, the serum
which is included in the culture medium of the present invention is preferably human

serum or serum replacement, and culture medium additives (e.g., the growth factors,
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the CTPs of the present invention (which are cultured
under feeder-free culturing conditions) are
weeovplogtsed y devoi d of feeder cells and thus repcEH2007/00046
pure popul ation 20 of CTPs. Preferably, the nethod of
this aspect of the present invention further
conprises expandi ng the CTBg. As used herein the
phrase "expandi ng" refers to increasing the nunber of
mihérelsc oritamins we hormeues pudhgesidesametbhsone ogngk agdeebic acid) are

prciprop bttt i EmpubRy b ST Bl S Mdifieesiet noa of

t hl 9t 381D 86 lapprleciafed thatahie WTHsrvfahé pwserituﬁtzmbn can grow in the
nprises serial passaging of the cells in cu

abpye-gescripboire Mg BY i depthadishingdp he el 6% Fhescuﬁufe
vegs%[] 89% g\rﬁlleeiblﬁ tor 'ﬂf of grbhltHl%nﬁé(/fl(?] g}T IBg afttg&{ﬂa% &P ﬁfeh&e&ﬁbé wﬁ%h are

ers to a erent cel
attwlihedho iiewalhof &mhmﬁuteoveasam [Ebedﬁ cellcaretcelesucbss @tromal cells,

00 %o f b
Sl e, Sl B SEEbreb FSgiehd or
fafz%;ﬁér%ﬂltﬁeﬁéﬂ%ﬂé %&Ipsetcfétéﬂgfb%th Yac%rfs hfd/6NkitAbS asEblpport the

osteoblasts) or tocells wth limted
growflf ef em icelis-ofinprese rieigal stem. of progeniterr edisy owhiied therswith.

restri to a el |
H?)‘ﬁ%‘?&gﬁ Hﬁ dagcqypgec%ﬁ%c%{l}aﬁ 811 gsionla g)\/%hlﬁl{] el oﬁsllee%er cells
ar® wheanhbréad@plichte@ sincetigey feh&u@ thd sepavion oﬁbhn.ltel]&@bfgﬁterest
% of the culture vessel wall, WO 2007/ 080590

fruthe feedoetioansh pessagine stepraad dhungy ISRk in mieedpqpulations
oS8 gr about 80-90 % of the culture vessel wall.

Pre erably, when cultured according to the teachi ngs

of tlhef@dﬂﬂﬁ,eﬂﬂtuirmg &mbd)rdi’ng sutheomethod ndfythest asphet efethiespresent

in the culture o snormr than 1Q.days of th .
mv?ﬂt’fqna}s ef%“é‘&ﬂ]i H et?if ?‘#’é fges) ¢ tur‘ﬁﬁe?oéﬂ(a&&'% &%eusg(z fegein the

{é SRLdcal % «Hﬁﬁ%ﬁg eshnaftioBE” ReefDice chifihgIcindidtays Wwhich are
ture, nore preferably, after no nore than_ 8 days in

demoict Qﬁfe«;deumel@ Fmrefc@nalbl 3s, shawnén tlw&wr&wa&&ﬁmwb@b@llows

| t ref.er aft.e [
e S, BB RGBS L AR i e Atin
cOHARFRNS are '&Bﬂlﬁlétél{/‘ dewdid be faedeif @ull@radd thg rebresnca atirengpulation
cells fromthe wall of the culture vessel using e.g.,
o §PBs.1 V col | agenase 10 (at a concentration of 0.1 %

o BREHT Th Shdud bOVERY Bk 4PSHD! ARSI e

0. 25 rypsin m nut es counting the
c&hprides e&phﬂcﬁn@ﬁﬁ €pPs.t tAsn gsddhbereml ths ph]Jasz “egpanding” refers to
preferably O%I ssue cul.tur.e vesse
b

‘Waﬁ@gﬂh@ “r“ﬁ* fthey conectve fige Eragefawéscsﬁ% ek thesgfigring
p&3d WD bhohpBiind feir H1Pfé}éﬁtia%bn%§ﬁ&it§‘g (e.g., 5 x 105

s per . Preferably, the cell culture
i s sBhiferablyd the rnaﬂhbdlref ﬁhlssa@leﬁtg o vibey pes@t dipysntion Surther
eferabl¥. cuIIur

ises Sed )paasag%so g;ureggé:ggevsﬁ 1’¥mgcogt %eglstso that

tHefk%ug%arh g%v@ﬁe}loﬂﬂ%oﬁﬁlﬁ@fég) OThé hempreesidncy’ By esediterein sefers
performed for at | east 20 tinmes, nore preferably, at

td edensitgy®ftaidherent qells avhich 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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preferably, at.least 30 passages, while splitting the
cells using a splitting ratio of 1:3, nore

wee@iesEh y, a splitting ratio of 1:4. As is SPOIML2007/000046
Figure la and is described in 20 Exanple 1 of the
Exanpl es section which follows, the CTPs of the
present invention were serjally passaged every 4 days
for at |east 25 passages. Preferably, passagi ng

mGe GREREAdy, L Whd eheBEIROEOVEF abbitSSB9PE%t ofothet Qittups es®al wall.
invention is effected under xeno-free and/.or

Préforsblsr, - Whete cobinend; penesding ntoathe teashings ' Hhet RisgeRr invention
su%co&@uenc&i&ft 8 cel 19? @l]ﬁg{r? hgc\{ﬁ'{]lhb %?gg@ rtfigne[@l%}ys ofe initial

a step
se&dn@bathenglish @rﬁ'ﬂ?ﬁ)ly‘ tioed] lseare weallyepasseged ahipr no more than 9
| sal atlng the cell %g/n e effected,at gn ti.nme eemore
days, 1pyfulive, Mergy Pfefsﬁ’f% T R dnprey than § fayp g0 culiur

HorOMaNY ddY8 id Lhitdilre CbielrEfeRAs aidrNboutO4-6 days
pr?@ﬁ%ggmaﬁgr %ély Olrot I’?er céglgtlur e pgssaigrtgg ° Thus, rt he CTPs

1n«:a}hu1be i sol at ed by filtration (e.g., using a nenbrane

r event s ssa of P
' EhSl e uhNE KBRS AfRe 0l P?ﬁ%@tﬁngﬁﬁo?%ﬁ%?ﬁ?ﬁ?md
b}( (ﬁss%maukig e frbi teOWal af tlfeldﬂahu&ambsfell tisiggtigqnymt IV dcﬂl)@enase

. WD 2007/ 080590 PCT/ 112007/ ooooge?)(y 26 Pref.er l{gozs
(atxpgncgeﬁ@m@& hifeifar 28169 remuigsy Hrlleveg by drpERIZ3EPR §Ef!

9 °tp}‘;'1%|{)‘i%} ?rgﬁ 31% tfq/r rr?xp&tegg:«gc?t&@ihg ﬁlelvﬁﬂélh E%&iﬁrgle g gythe cells to 2-

5,eprBicRAdlPdo & tikduRl eul@ird iveRelsi (1& ,a tsbllﬁtlhg uhiso ka)étl\t\k)em order to
passages in ich the cell . nunb was triplic ﬁzc@

pregeriierramecell densily ﬁ%‘%@‘ég@@alﬁf’féln&(@ -Bof° ’13 ﬁé o' per
r%}r 'ﬂ?feegfozi,itgg Seit? u?tﬁﬁ:(g s?lee@teli t@*cuﬁﬁﬂe’@is?aéng:’fevérp% 6 days,

I 'on shown
p&fdj&biﬁ,&u&&rel@a&mﬁmgsoadescavmb&ﬁ |day£)c@rmlver§'24 @fyst he
Exa section which follo a
reve qeggablﬁa?asg%ag a %)r%ngfto tﬁ% @g%o gl}lg g%ect of the present
inQEE RS rf%ﬁnéd"ﬁn%'l&@@@fmfeg”rﬁo@%ﬁ@i@iab@f at RRAsPIEE\BE, more

I nventi on express CD 105 (a marker of endotheli al
pre@irhldy, atllest RO passages, mhdo gphtﬁmg e sdbiosingcespliténg ragio of 1:3,

0109. th i o s
“PB%PIFE‘?R%Y ) f;ﬂ%t)ngg%t ig O | Ve d Cﬁ#) aiﬁqﬂ%l];[fp 13 aB(t"i° éé %eesc ibed in
ER¥mplee HEhb TamplesBastharwhith foltkdwshlthe CBRpofthe 2086t amehtion

Aivier EEN, et al. (Supra, 2005) which conprised of
etk seriglly passagedreyspich flwépyat lepst EDRESRLSEx pr essi ng

cel | Byopd: tifi@tash&te JETRS present
gen e?retfeljgylg/b g %Jrégglﬁé a%t‘§ %Pd%% te agﬁ%tﬁg% %cf) tfllit hagb present presen
ivenget iseffected nadaniena-firovad/oi fellatfreb cwiditiopsepar at i on

O oSO b mebiols o el S36  AHGRe 1 RERED GReray

{)’xﬂngﬁéeqec{j s@f of 1§61L1ﬁ'1t1§ @hecélﬂ)s Ri £P3EaLdRS BE CIMNE6Hm the culture

sue progenitor cells conprising a first popul ation
ncefdlm)l |1soletupy e sihgca@beldictaddt ang awnwhlbotpmuﬁtmeoﬁ goafprior to

l's n t expressin ina.r
tl%engrs'tlcp reRASSHEARS oi%llBWln(ge%e ﬁr\gﬂ %agsa%nr{& O?%%\%ng any
other culture passaging. Thus, the CTPs can be 1solated 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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20 popul ation of cells is between about 0.6 to about

1.5. As used herein the phrases "expressing" or "not
wexpressing” refer to cells having a positi vePCHIL2007/000046

negative (-) expression profile, respectively, of a

certain marker (e.g., gene or gene product).

Preferably, the ratio betwegn the cells expressing CD

105 and the cells not 25 expressing CD 105 is between

abo PiefBrably, CTPE @uherdted andrisobatqal berdaiy tp, thoektedf diioaspect

0.6 to about 1, nore preferably, between about t,0.
of oS S Ph 4t BELBABIOR T Sien [RGBl ERCs ived
C’@%@hitﬁt ﬁyés I‘?ﬂg&ggp@mz 2((}_j e., e hSurh Wef\g&iqkﬁ.{%@é@%s Ry Wiiéh the cell

ana Icted in Figures 3a-k, the CD
nub¥er expiisiiated) of B0 08Ilworsedpingspasepes b6 8(andtafizeld0 hours

| eukocyte ce dhesi 3 cyl.e
OERATERS . TRE T Bl TR St
ot hegs Ramdwnt il G iSRS Fa kOinde Hessiied dn Gahinple( hay itregExamples
CD105 negative expression profile) incl u(?_e ahrrgjrgr |.%¥ 4
sectforOuBiLh Gokhayss, tALES aralyss egvealad gk pboytridcri rihg &1 15opate
C13166- ti l]sS. LLi L Se:

SO BEAG ER ph I i B eties oo
mB&H o 2861001046l1s, 24sd Haopnese ndoghirg nGenBankx gregession No.
CD44 (e.g., .GenBank Accession, No. NP 0006 3, . .
NS D0h hepeegoRBbE0 b 1 HPRIEHIT gL 1O derived MSClike

; : n af€ CB8sdr AN, et
AT R ALTEPE, €55 o) gmas.
al393988, IOONP@%SmmisdﬂPgﬁggesmﬂ_ 100 a¥el rpmcm‘g@/,aﬁg CD105-
o5 S IR 5 6y SR ETPY o RERRR g

to'Vhe 223Ri80s 44 thd 'ﬁe@hﬁn@&tiﬂﬂeﬁﬂ&s&ﬁgmbﬁsdhi&d cell preparation of
expression pattern of adult MSCs. As nentioned, the

comettitedbserpiogemiopar at i on of connective tissue

it |1 ' t ) . .
IDLS gﬁ{;! S5 %cr:cgrrcgl%%é ax?(gtrl%ﬁmrslgefc]@épgi% fpfréeg;egfn I:ﬁ?%r?feogﬁgéelfe I1sS 1’)1'0V1ded an

isolaBed, celll Gréfaestionr of camadetioe afssuli pfemesitor a¢lingomprising e first
than one cell I|ineage,

. € r exanple, as i.s sho [ .
pepyaicasolzglly exproging ERa0F andi bns aaPyia Srihs nobergpessing
C@F@S EXATPLESa S666 | ¥twediteh fr@l hoyHatidHESEScller andedhe second

S’ from vari ous passages (e.g., from passages 1-25)
pepylstissofelik artetwéenadbeo e 0o ebdut hdage, t he

hond ic Li , Ll 1] )
1 ganenteddiereindfia TS oY e ns ofshEOdHe “Rto cell
h3ANA bikide FObF asgdivca- RorSidiepriladsjontifoianpl e @rain
or - e

anpl es section which follows, when cultured
mankeri(¢-g0 geme etrgenp pesskiabe of i nor gani ¢ phosphat e,

ESCs, derined CTER, b P05 ahli $AYRLIs not
con tci ir%g’ﬁ‘é ig'C gﬁlec R Bﬁt%gﬁ glt“g Qélgsp %g#%gg ?I%t ﬁe ey or
eSEBﬂE@Qﬁ?(IDIQS iDbaecen BEsRl0S tol aboadtlBf more, prafeeably, idtieesn about
to difterentiate into the chondraogenic, |i rgﬁgge usi'rg‘g bl
0:h 0 ‘abontals tmergyrseferghlynbriyeerh paes o9 FRertOrbs Pt R0y
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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20 a fibrous ECM (Figures 5c and 7a-f, Exanples 4 and
5 of the Exanples section which follows). Thus, while
WO 0074080590 educi ng t he present invention to prakCT/m2p07/000046
the present inventors have uncovered that the CTPs of
the present invention can be used to generate a
connective tissue. 25 Preferably, the connective
tissue which can be forned fromthe CTPs of the
the pRSEML inventiont éxpress SCRAD c(ng.,tG@mk(Ac@sswla)%Qa JWB_000601.3,

it 0080803, SR bb oo Ly N0 ooty 198 QERARE. e2s

(ntd}ﬁ f Q}elntﬁlEr@m:egsio?lsN@ Nengozooay, NI @9@937 5,SNE. 37689.1,
% forma bone tissue, the isolated cell

N}br?:@ﬂ)%&l,l NP 69686Hel, ORPs3864730 aude HirAnddi andy BAfk iegpressing
ed in dium ¢ g S 1,
UL i " ol LSRRG 100 KexRbas ong,sgas70
le Ui BT NNR d568580.11 anddHex DR, vililell rédembies athemasm pattern
50 g/ml ascorbic acid and 10 nmM (3-gl ycer phosphat e)
ofadult M¥Cs 0 WO 2007/ 080590 PCT/ | L2007/ 000046 28 becone
over g Confil; #Sfﬁﬁ tﬁé ‘1 ate(i hei eﬂ?&%ﬂﬁ%n”@f @oﬂrﬁé‘tnvelﬂﬁ)su%p}f)gemtor

the ‘area o ure d thus form

. cefis bf tHigygpest) offthe pasq:r& nicahtioh aggt ndtéqmma_ﬂty @ﬁfygsnt;@qe@ ealls, i.e.,

m neralizatiaon _a The Iture di um

they; aeesFapAAF 0] SHERPRAME Soargre i ons e R PO gl o s
ADSag aes ﬂf‘ﬁ PI L5 8RS & &scHBtEint FxSsifse ¢ tliEeExamples section
eterm y RNA 5 based nethods (e.g., RT-PCR

in
which lfolmas hﬁSﬂsdclz‘md CHPa fremcrriaupPasseEss (ag) figm passages 1-25)
n-bhased net hods [
)&)66".58 blg'ﬁlg(eg gr. 0p1eQEeTC lfn%a&é utcl:lﬁ TYRR, thq negééa &'rtﬁlg A cells

Kers as c bi nding f
tefliGiN@ells, (liﬁﬁ’{éﬁﬁ celfO¥Ad EQpefokmany beiitjen M@ed)velr) as 1s shown in

F%@E@% ;rlgin (spi]qg%tﬂ)eeo glggé%qrr]m? Srfgt tS% %‘g(lﬁ%a[] ggggtlclnnwhlch follows,
wglgrg cﬁl{tt? 04 i} D&M nbﬁlgg)trésgﬁéy&aino?g&ﬁm lﬁﬁé HESG- d'bhved CTPs

I'ssue can et'erm ned USi ng, for exanp
fozmed Bynensdes(boae Sipar) costeming Q&@&P—P@@Bﬁﬁﬁ‘? dgposns “the major

| ect SE d/
Cgl'ﬁgél}e;lg g glﬁcr g%%%:;%Ysanilp gi%gsgv r {1|CIO<I[11 83g (Bgfg%ﬂlu te d1nto the
@rﬁ@%?g:elu{elajg@ gﬁh@'thQHmt&R [®er”’ méthlaay, emc@ cﬁﬁllved Qmpa formed

van el doorn AA,
a bt @B, (FROGS ivmﬂdﬂz~’i‘;z Ezymplgs 45pd S BRaRRP R Which

fq}i?éf" nnective tissue, the isolated cell preparation of
? 15 CTPs of the present invention are preferably

seedq@uQwhils Fintiah| edddhenkd pessemninver{tingto, prctcafthepdesent
such as an el ectrospun PCL/ PLA nanofi ber nixaffo

intratorwbayel uneqsersk that s (CldisoRl FeaPrasi JAHRNSSE %‘Hd‘?’%f‘%ed to

ex ¢ ve tissue which produces ECM
g@?(?r%tfelayconge&ggglg Ps resuspended in 10 | of CTP

medi pRfeablylyEhd wﬁpb@mmsad whiitth carbbedamed rfrom ghey CPs of the
RS TRFEN andnALORO P 6 Bh v 57 BuEEE: bOvRERS BHE Gjoose
cbBhective 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, 10" M
dexamethasone, 50 pg/ml ascorbic acid and 10 mM B-glycerphosphate) and let to
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about one nonth. The presence of connective tissue and

ECM can be determ ned by RNA or protein-based nethods
wo ooo7/80sk@r s such as type 111 (Col-111) and typer/Hl2007/000046

(Col -XI'l) collagens, decorin, biglycan, elastin,

fibronectin, and tenascin-C, as well as using

scanni ng electron mcroscopy (SEM analysis. 25 For

the formation of extracellul ar tr] E , the
begogs) QY FORRINE SR epRFROPUPY BprechEL 1_@@‘ cf B%@aeaa?f fhe giture
veéggln%{azl' 2% st kiU enuitthl s e (B 8tRsiolnof Be l%ﬁggn@%s%efore

a culture nediumconprising ascorbic acid an
miperefizatiablappedrs o THe xulite sl is pfaasionalboreplaged prask ¢-§ days

.culture (other. periods of ti are al so .possi bl.e
wilfub i Bhstrdinde hE Ties i opR 0Be RGP RORINRd fy roa-
basedm&Bodd e HER TSRER et sifuOR NACRARdHaYibA And RDNK neieloarray) or

removal as 30 described in Exanple 10 of the_ Exanples
projeiathaged methods (og) swsunglggicaldaipmeiiar kome gpecific markers such

] - f ] | t heal ' :
as Sp TR A QB S CREAITOR, BpER c6tdenCORRY Bt Hbotin,
ostabpdrtias paathyreig dlormond tveepioes dATHRA) aDal@bidé pPBApRMase. In
I R
fox?l_ ﬁ%dﬁgﬁle,lgiezg%%é?ﬂgt REPNRopy QEES?eslclﬁi%ﬁé Qle‘ég@ﬁ irflikroscopy

resence of I ganent - f orm ng s can b . .
(SERD eotied chyforNARamapspscepseobrd€BSrendiyngs cssgntiaty feedescribed

such scleraxi s, gn e. | n, F h
ISR e a7 AgE e iocieie ORI A Gk Apglgoom
AReetanpf RYRA Intethce. 2008 Bk 20 2yBI3Y-483t hod (renoval of

sub-confluent CTP cultures w thout pre- collagenase

t r edionethe fomeptionl efusqmageityeetissie.albe iselpled Gell preparption of the

di ConlL . D i he ‘
CTRRH Bk, AEREF Wi e p R el SR B Eironment
(epeld etaffoldicth asne dedttosped BCL/REAI nanofibppkeaffodd)ethat would

Wi th serum dexanethasone, ascorbate 10 2-phgsphate .

supbR #Rst oo S0 e T3 i Tt OB FOREHER dpis hich

| T r ' et { ; B}
S P, BEGGRERAE T 0 RBIMIRCIL RIS Bhdium
MEM: Busisierabraad! railt 15 % uefumt,e1 (o M degdryerhasode, (STSAY/mlt ygoerbic

X col lagen, and cartil age oli gomeri C matrix protein
ac{dpampPyeedad ared crafbd and stawn R dhe Pesersscel b GHF apedium for
h r ' . ' .
bl " RS {OVRIRAL i AR i by
RIVAr érapriotin-bised methddinforanatkbisganke s typesHLECol-ITHumd type XII

CIPs of the present .invention re cultured in. vitro
(Cat- XD s pesgerdseoynaieheat <lasapel ropsingfist feppseipel as well as
i : i ai ni ng al pha- MEM
BRSNSk Ry TRt o .0 2

S, 50 gg/nml ascorbic acid and
10- Forkhel éorarmtivh a exteacellulat uragrix (ECH) ktbptisolased fedhpreparation

| ods of tQ 4 months.in cultur 20w th no
oftsres plind B tontSs st pRips e SO gt goultue
médifRr Compkikid £hcait Acd afl® Pféfél’ﬁ@l@ dldd dxanpliasdhe0fAfidiaabout 4
Exanpl es section which follows, tendon tissues forned
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 present invention are cultured for at least one week in the presence of
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in vitro included organized, parallel-aligned cells

that express type | collagen and exhibit high
wWOoraioros0spo- cel | . rati o. Mreover, such tendon tPCHU2807/000046

exhi bi ted nmechanical properties which are simlar to

the native tendon tissues (Figure 12, Table 3 and 25

Exanpl e 6). Thus, accordingdto yet another aspect of

the present invention there is _provided a nethod of

rc@ntamgne deapiethagon and pgreriintacid §sge 9-NEYt supplenprated

2 ul tur e CIPs of

WIBE Loy b M A rtesioh ol oottt domgresses of
ligASERL BRirRells amiﬁ@aetéﬁwwkmss@ﬁ% rdRaEDaset Inhdih Qs 8Pmarkers

conditions devoid of a carrier er eby generatlng t he
SwﬂEﬁﬂﬁhﬂ@ﬁSmhbwpﬁéﬁﬁﬁﬁmﬂw|ssue The term "carrier’

r ef t o fo [ ' ' )

upn St (A FRANGEE 2L pafieB Aup 8ol Rl e} Eb Sk bloyed
the' cfntaut dlagdr” amethod | @emoed ¢ISe|!ib WRRENT OG0 58ures without pre-

PCT/ 1 L2007/ 000046 30 herejn refers tao any ulture
collgsaRee TRmaHh 09 WHMBNG thenatig [ehem CTH Mefiume psentially as

deSlirfbRE ik Yttete E}é&tﬁ‘;ﬂe§ gégglgé)g?n g e‘heﬂ'@ lchie@Rd nitgtiod @ gﬁerical gellets

carrier IS is I1n sharp ctontrast
which atel cxﬂhumdninrmedmnksswplegen'edaw}n gertlmn dermndtisasoes aseprbate-

Vvitro, S edln I interes
2 Higshie M1 Dol eARPRAIOAr AR fohe SErnle SEuRRY JThe
pré&efde 8f BAILEBtistd Eﬁpbg dEféEteH'b%ﬂSRNAf of PRdtéiAlbased methods for
Preferably, the culture nediumused for generatin

markerd giychrast ﬂ@ndrcgfawntfatet preteaglyesnpr (G¥h, é&r@oXbP@? @m,dand
caétgz}%%hggﬁ}g)qgr gQOQ ; &bMIW ef erably, about 50

sone (e.g., between 10"5-10-8

M pretescabed in alﬁw&karﬁﬁlei sbhtionPwhichrfalibys, el predenndhventors
according to the nethod, of this aspect of the present

hayg)devisadiit opg-teran, Sighadansily Gilivie tﬁ@heew fog é%%fagmﬁfgow ofra tendon
anﬁq bﬁ@ssﬁ% ﬂ?ﬁ Ya GPpY &f the P5ds verﬁlo%e\»ér%ﬁﬁﬁseﬁ Qn vitro
e ra

mont , between 4 weeks to
at FEr etlbrdzbbiyy of e 10 oulltOﬂ reellsfeni? Um the meweasd ofiad Icyllture medium

repl.aced ever a ev 4 days
coptnify piph§ e B RIeal i 13 Mo est P bscdunagatand 107
7 M'dg Qhadohs. S@ﬁlt&% W%}é Bdht F(ﬁ'?gﬁgz Grodd of ﬁb 'ﬂcgh ?ncﬁl?llxé in culture,

attaching to the culture pla de wal
with bocﬁmhuad;phtbmg/m tAs & shbomt mnEﬁxgnrdm&aeb s%acpel 0aT¢;e11a-d and is

e Frnels © ofn b Arsl Fogepattict g endon G Bined
in VIFHNALIQEALC Blga R edY Sarklfl AlignddSEdE @Bt afirksstiype I|collﬁfen and
col l agen anti body), el ectron microscopy (e.g

exhibit g/ matra-josedd) ragind Mer@h@m,: sigh tendpn tigsues nghlhé‘tdwgle@h?@wal
pr@< 5ﬁ‘pﬁ %’21 gle crtgl %ﬁlﬁ%]‘zbo ﬁen%{fivf%o{ ?{d t19§ut%g \&F % rebllﬁl Il“hbele 3 and

Epipies).ated that for engineering of a particular
tissue-of-interest (e.g., a tendon or a liganment),
t he Hiist @esdidingeto gat @Mhhre agpsct Sfnthy igest (lavention’ there is

prg\%ﬁ&f@ method of generating a tendon or a ligament 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 carrier, thereby generating the tendon or the ligament tissue.

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

supports the attachment of cells thereto. The phrase “devoid of a carrier” as used
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shorter) such that followi ng the formation of a

sheet-like tissue (e.g., following 4-5 weeks), the
w@h@ensdspke tissue is renmoved fromthe cul t ur ePOEER007/000046

(using e.g., a cell 25 scraper) and further rolled or

folded to formthe engi neered tissue-of-interest

(e g. tendon, |iganent). 3t will be appreciated that

the cul turin ndi ti.ons cordl t
nef oS "RG0 IR oA SR GL e e
dir8ctly &St cultutchvedbd hwalhbhd Yot © & htrfer (@], @ scafBRY. a'Tlﬁi is in
the sheet-like tissue can be easily perforned whi | e

shasp eonirast fgyall keownmarthods) efsgraciating dendea tisgms g pitro, which are

ba%ﬁ%@egd%gt?eﬂs&f {ihle Fe%{ geaé br?or{ ge Exgﬁf (é(%@g% gell?sg %ntvc\)hal sCCﬁffold
orﬁpbb@%ﬁsuﬁdﬂdEMMng4bﬁnmnmks in the hi gh density
?g: | g{feqag eg}fﬂcr)ﬁr ugeo%E B \5%5 L ssue Se treg rY grdthe lgament
Q! 6 I d
tlsﬁgl é(#rér@ vvg raggcgg% ac @J(e Y b&g/@%rb nl-s-rif(frﬁu ?Sﬂﬂ V\}IBIQ%r&ﬁg Q&iut 50

pgtthl) aag/or d@tanfeeha@dsw(acgt et 8éencl®” alr(lti8 Ml, progahisly ] zclﬁlut 10 M).
propertles of early tendons It will be appreci
t hatPrefeblye Sulipies 2egasding taehe rﬁetb@ct b thip AP é)f the present
P
A S
a fawewledkhdo soferdl encgtths €. gub)theen # werkse th G)ﬁncaul@TPPaj@cenabbd the

i ssue,.formation, re tion and/ repair) us
ol S Rrsar ey RS L acTi 208 A 6 o e fays). Tt

wﬂl%'ap BieRiAShA tﬁ@ 9toeeés,ofsm&or %@@heﬁtalss@ifo%ﬁn&ﬁyégq& as a
or ot her surgical device) to her eby regenerate,

singlsp celt attaghiioto thepanlture rréatﬁusscm@/a&f farpirg &brouspgatrix with a
tertfié rIE(Ie as is showmn in Figures l1l6a-e, 17a-d, 18a-c,
& B U&:c, 2la-c, 10 24a-b and 25b and is
des CIﬂieblﬁGsdnBe @faﬁﬂlrﬁtl&nﬂfteﬁdtﬁl ox dpmhes $s0é ican bahdetdrmined
follows,. the present inventors were capable of
usméﬁattpt%gabstemma EBMUARIREIcRbASSEENE @ YA antirtyng Icgollagen
on I
an-ﬁrﬂﬁneygl trtélggjré ?p}I g@g S Ta%&é | P@Mpr eo Sfé&?{)@% Pl8d ABhanical
evh,lnamm/emng thlastremﬂnant esk, t:ﬂantmtlygasaiksmbné e tHelEKHmmﬂeElectlon
vo as evidenced by the increased ankl e extension
Wlf‘&?f%\ﬂn“ﬁg transpl antation of a 15 tendon graft

i nstiegdiiofe hfjReditedrtBS R NinklRsiie e Qtn{)armhlhle tikddel JF8hterest

reduci ng the 'present invention to practice
(ejgr, @gemtoni anadigaoiest), ﬂoav:eltmp@rcelob tthe@eltSHeascmrM éegi, become

shiyscih St fERp il B fBp R op FSuBANeIuak IS5 Klipvine 4-5
watked the %hdeflhl(é Vigsueels! rehdved frod eicapilture Yedsl dassd eggth cell
in Exanp of the Exanpl es section which follows,

SCIRREN qnﬁeﬁlrtlztscrellaé rqr\f@lsie(tw@m ther angipessech tissugvarintersst (e
t
ol R0, PG SB35 Rl copgiions

entplofed L0om@gy ovehis hdpssiue thepreseseinvettion, wiackdidsuldrin asigssue

descr.i bed in Exanple 8 of the arrp{ es .section
with high matrix to cells ratio, removal of the sheet-like tissue can be easily

performed while preserving the intact tissue structure.
For example, as is illustrated in Figures 16a-e and is described in Example 9
of the Examples section which follows, following 4-5 weeks in the high density

culture the formed sheet-like tissue was removed and rolled to form a rounded
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whi ch follows, when the ESCs-derived CTPs were
subcut aneously transplanted into 25 cdl nude m ce,
wW@ewopssInew bone and cartil age tissues were fRCTHHER007/000046
The ectopic tissues were well vascul arized and
bi oconpati bl e (Figure 13c) and included radi o- opaque
bone tissue (Figures 13a-b)3l Further histol ogical
s of .the e ic tissu rmed the . .
ey eSS EH L (0N S P GRG0 -ahanpd opy Mgk with typical
ult%éﬁ%ﬁt‘ixfé)&ﬁk&terﬁﬁéé drldaa6meHagidaESropdticedf darSSbiRfons 30
according to yet another aspect of the present
| nv dhwﬂcb e tappresiates thap Fisspies edich ﬁlﬁtfﬁmjecbf” Wﬁ EQ@ the isolated

o G} 1. BlesBRNGHahioRYsAeEORRE TR bhi o Be BRARY in o

subjeet opedcthercof (¢.g5 uesubjeay émintal of aaETB-deﬁvémﬁssne efsm‘latmn
invention; thereby jn vivgo formn g conéect ive
regqngrAien W@GW@S@B’@GS‘F‘@W%Q‘@G‘?%GBG 98t (§2--Typang a surgical

to@hgtﬁzﬁeas h ey ¥1° sgB&L &ptulD sﬁﬂfr@‘d&glc@ bi 9lde sYi‘rgﬁ«liHl Nedice) to

Ivin organ as a p ant or an ani mal
therely ﬂ’fgahﬂryte; reptaatmmd/el; repmeﬂ@rtzﬂsquf-mmﬁrmnmn subj ect s.

The phrase ! ect .i need her usgd, her ei

ot P aSplen o HonSSh b 2 BRED 1 6E (R, 18 e RO by SRt 2,
2R3048aM5H snd 13 FRERMbe@fin BxSAPRELSHT e Bxhpls séétid'm wich @llows,

5 tissue constructlon repair, regeneratlon or

the @msantemmtorsmprees@@ﬁwp@ repeiFing aserificak A chilesderdoarinjury in
mg;le;oggéu e%%g%htegetgg&%r }a?tg wérgj Iléltn%gelg& ﬁgg?%@gbfeysé&gﬂent

|cular th Ssue.
blbﬁ@cImMBpidp’éﬂlebl M(bt@oWﬂJ il itpiankee ®odoregrafts wery functional in

according to the nmethod of this aspect of the present
virg e v IdsRCach BY e H&fé??éef? peklgeexiengion; 02‘@@’“%8 e iangion of a

te&&bd@ ﬁ?ns@ém%qﬁé Meurdd AS dﬁ’iﬁes {h@banting the CTPs in the
C u

t can be pertorne si ng nethods known in the
art Wihila falshélye(itd:mgwhs tpee:sen@m@cntlonj te praatige.tthe pEPRy inventors

with as needl cat het er he cel |
hafe iR M Sr iy R higenr AT Phlefied ol & the
methb8-&f thisnh ks (iR Sresent BRNGItioR HahiVea@Rd 01776GHd ¥ell-based
tissue) within the subject (e.g., at the site of the

ﬂmammged 15 or injured tissue) and thus can be used to

repai,r bone fracture
T e R e T R [ e
ES0s-96ii®edCa@¥es of @lhd e@éiit iiveensioh eserenaiyiphated sederneath the kidney

addition, it will eC|ated tG@t t he ceIIs can be
capeiern S GIDLbeige mige A doralied SeksPDSBIAE SorTo Pf lgafel connective

t1%sﬂ§rv@£ séie aﬂl ithdrd ag dés%gggdjlrp xAnpls ot tg«l: ¢x@Rples section

én adm ni st'er to the subject (engineered tissue
whivdr feflyvs, ﬂenTﬂle Eﬁ(ﬁmtvedrﬁ‘iﬁ?ﬂ Welre S‘ubctlthmously transplanted into

(gfn npl.ates. npni t or.i ng 5 .ion, %ener atjrﬁ i
npdsy Blige, SElopHa ey heae g & %%f‘u SYUGH I“é?\%i’ © e ectopic
tisBl %}@Weﬁnvasglﬂﬁrlz'éﬁadﬁal ﬁocorh o (ﬁ?ﬁﬂeomc@fanﬂ NCIR@AE radio-

t1ssue can be nonitored ay an or CT anal SIS
opécqae tome ntitsile r(F@nrea h?@vb)t eerttheIt histolegied ranplysefo ﬁf t egtopic

tlss){les conﬁrmecel tltxe‘? Forhh rma it oP hew bone | (Figures 14a-c, 15a-b) and hypertrophic
cartilage (Figures 14d-e) tissues.

Thus, according to yet another aspect of the present invention there is
provided a method of in vivo forming or generating a connective tissue. The method
is effected implanting in a subject in need therefore the connective tissue progenitor

cells of the present invention; thereby in vivo forming the connective tissue.
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connective tissue can be nonitored by M.
Alternatively, the formation of new 25 tissue can be

werarostsed by physi ol ogi cal assays such as extBCFIIE0070(00046
a tendon, strength of a bone and the Iike.
Preferably, in order to prevent the induction of
I mmune response w thin the 32recipi ent subject, the
CTPs of the present invention may be encapsul ated in
i mmineiphedsat imgivo’s eefersde fetabne artisaiy wibis a Bping organism such

E lati. | o g
T

vehitegshraRddmadiaena apsd tairésM asi used lhetehy réfarsgier a mammal,

flat-sheet and hol |l owfi ber ,manbc{ aﬂes (Ul uda‘gﬁ H.Wg\t ;
preferabiyet hworn hying Bt Atshags YWighisdaneed ghg SHGPLYS BiTue AR as iot

S M oy AP, 0P USARESBc s o

caRisaffeciqa vl discased deganerntéd; injhedan hsolendissyeconmay bemissing a
exanpl e those disclosed by Lu MZ, et al., Cell
Pagiulasdi§5US i on with al gi nate and al pha-

Phefmé%?itﬂmaﬁyb&%a@vea@s@wwcmaﬁ Ok Yérahddyih & oecording to the
Bi ot echnol” 'Bi oeng. 2000, 70: 479-83, Chang TM_and

mbthak af thisssppvtef dekipiesent irveption bshida pene Hesusrapilage tissue and
[ enz%)mss,. 5t.cel | s and genetically engi neered
ORCPIBFGNRIUSHE: Mol Bi otechnol . 2001, 17: 249-60, and
Lu Mépl@itinglthe CAPRGY ee stbjekt @mamnsufoamed nsimg trietitbds kinngn in
phot osensitive _poly(allylam ne

thalaptscle pabb efmitvpIEIenBacEPa e CT8s pitbaswHEgpagfdle, catheter
17 _ . . ar
o2 g3 A AT coenal i sk ..
bérR] eqrtlagaptonabetive tbud)-wiytdn cheysibhact (et hythasity lo4tke damaged
(HEMA) ,. nmet hagcrylic acid MAA) . and thyl .
o Hstiai 8nq RRicen Reaied Kok Sne el disseesd gt damaged

cﬁilagé,sb{ﬁe oPWolndBHGE O5RRS Ul I SwitidBe pptdéididtethat in some cases
encapsu

ated with additional 2-5 mter-polyner sh?gl S
alitamnaitvdesites maj rhgaused.-a Imadgitionsdt Vllbh%?-@ggc%tﬁé Seat thg pellscan be
nd.to mnimz a ' { (g
o e 58] ST BaL L ESRLD SRp I s on s
s@POAPS tBéh diniRisered & thalssbjetQORriRRredBdBustierap).her
m crocapsul es are based on al ginate, a narine

pol y3he chpie invesHpbaRier Aobisialsn FOBLCTY dhg fgpmation,
e ge?rgt}(?ns of fe?gl{r g;?'?ﬁe cdAnRBSSEEss I EA IR inhPRhtatioR 083y exdimple,
665- or 1ts derivatives. For exanple, mcrocapsul es.
tieaforigtid eheve Hodwytitshe capbé yeingoteddiyyXeay engyoe Q&t anglysis; the

bet ween t he pol yani.ons sodi um al gi hat 1d sedi um. 2
ferginton 66 RSl Brdos tmeiae Tpunipee Pl the BSHAILASE a new
B Ei@dfee&%' GOnHaBed Be M dideieivtige theforfdation of new
presence of calciumchloride. It will be appreciated
tishatcan bt kvanaep by physiongicsl dspays sueltasaxdansionmijadendon, strength

AR FEHRe SkED1 11 1y, difrusion o O

Preferably, in order to prevent the induction of immune response within the
recipient subject, the CTPs of the present invention may be encapsulated in
immunoisolating, semipermeable membranes.

Encapsulation techniques are generally classified as microencapsulation,
involving small spherical vehicles and macroencapsulation, involving larger flat-sheet
and hollow-fiber membranes (Uludag, H. et al. Technology of mammalian cell

encapsulation. Adv Drug Deliv Rev. 2000; 42: 29-64).
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properties, and in vitro activities of encapsul ated
cells inproved when the capsule size 25 was reduced
wo eawmodosmm t o 400 m (Canaple L. et al., | nprovPemied 000046
encapsul ation through size control. J Bionmater Sci
Pol ym Ed. 2002; 13: 783-96). Moreover, nanoporous
bi ocapsules with well-contrasl |l ed pore size as small as
7 nm tailored surface chem stries and precise .
mi crethedsy oEprepRERS WMREFOCRIUIG a8 kaQPacBshg)grlp and include for

exigﬁn{l%”tﬁ{m;éocg&ﬁ&e&}g {L%exglg Epﬁmﬁlsenfc%;fsu&%h%ﬁ{h% ﬂnhfé%ld Ripha-

eaut | m cr’opart | e an nanoparticl e
phieeahpinegylidenermediyiatd qolj(ekbgamiedl Bintechaoll diberd. . 2000, 70:

47D o A a0 o Rash i et B TESERRF D RPN B Snoomes.
ceig%% cll g%%gi%l%gn SerrétPinicr¥¥2odR0rhs OBBP Bibtechnol. 2001, 17: 249-60,

T
46 34 The isolated cell preparatjon of .
andTPs MZt ke abs eSenovdl noadhtdnorpsutayion| Bsthodr wsingaphotpfensitive

ceuti.cal conmposition. As e i . }
r R REEE P Rar DR BB e Rir € B GGl 2000, 17: 245
510f one or nore of the active ingredients described

herein with other chem cal conpon%nts such adg
phy sF@| @gmpl, |npicrsrpabseae srepaed by pmplering apdifiedrpgliagen

3 : ' {1 QYHEMAS, methacrylic acid
SRR BISE TRERH 5l RABISLRIHEMAR mthuryi o
(MAB3ahé Methie hestnctylatet(RIVA) aetulting img casiuknthicknessef2-5 pm.

to the isolated cell preparation of connective tissu

Syshogisreaapsulesetansbeofurthige epgapsdafed iwithepdditenah 2ed tpt %w@iaymer

faor.th Q_bi ol ogi cal .ef [ P
s e o 15 Lok G 088 b gimice plasma
profiar AeeeitionC AChia, asdpt etblag  ddultiFlayéredvhindérooapsules for cell
i nterchangeably used refer to a carrier or a diluent
encapulativadipmatciialis00 ThudfPeht irritation to an

or gagjam ﬂﬁ‘%o&%@&les NQfe %Q%éag & difigall Ol OBhRAL polysaccharide
activity and properties of the adm nistered conpound.
(SAmbaif, adjEncapsuldtsl isheb unleliabetrdetreattherge Dittretgse Ehechnol. Ther.

2@?&;5{ g@ég)e(ggggc@ri%g ngeis.pi Hg%m’a@fﬁf r{nfg&c%c%ga ioc%%trblte doﬁel%aéed by the

p&yélka%lytfe%rﬁﬂléﬁi%n%@mvééxﬁtHea}{)él?éhi@ﬁs EE éagﬁlate and sodium
d Exanpl es 0]

I hgr edi ent . np , W thou imtation,

callubospiselphateiwith lid wolyshitompelyareibylgneco-grnidipg) hydrochloride in
ariq dgars and types of starch,

hosphat .
thgarﬁ:sgp es‘gcafe/%%#ﬁ% @g‘, gelatin, vegetable 20 oils and
pol yat iyl esee aghrycialed . thheebhi eneapsulaionf &r tmpm@ied nwizend smaller

adm ni stration of drugs may be found i ."Rem pgton's. .
camnlepnareutisedal  Baysenthes qualir crontiphl mashacabo St bl gHfusion

P L MLk 0 084 RGPl s
wab Y&k ® frofa D nie 168100 (i (CxgdpleoUset al., Improving cell encapsulation
through size control. J Biomater Sci Polym Ed. 2002;13: 783-96). Moreover,
nanoporous biocapsules with well-controlled pore size as small as 7 nm, tailored
surface chemistries and precise microarchitectures were found to successfully
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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25 therapeutic applications such as tendon and
| i ganent repair, bone regeneration, cartilage
WO e@an0g0sad i on, tissue augnentation, tissue PCT/IL2007/000046
reconstruction (nediated or assisted by the CTPs of
t he present invention) such as deep wound heal i ng,
burn wound dressing and skB#n regeneration, skin
fillers, orthodontic.proged res,. sling procedures 1anP
f as&heisolaeshesl prepagiion gb Cle of tarsRigeeht APERtpR fray also form
palftHMPﬁa{mﬁ%ﬁtﬁEP&ﬁ‘ﬁ itRp. articl e-of - manuf act ure whi ch
conpfrises packaging material and a conposition .
conmpsitstdberehea 'gloirapeniticall domposisioal safersrio af prempatiasr of one
the present.inventio | or ith instructions.for
or pypee 8F 10 PLEATEREap, oo e oo o sBBjcaf bort3fhents
sudh®@8 nEﬁ}%ﬁdl@ cand/saftatleptasieneahd MRIFEORT/ 08QEOGurpose of a
PCT/ 1 L2007/ 000046 35 The_present jnventiaqn further
phaoncewtisehcempasitian tip dpefasillipta radminisiratonyef ¢ compound to an
o I sing packaging material and a tissue graft
Oqggﬁgiated invitro fromthe CTPs of the present
i NV eRkdipnhakeang "ativd ingrsdientt treferstd the isslhted delleprepastion of
graft for tissue repajr, . regeneratjon and/or
coRngsfiug ISR PTAEOTHEr SPUS St e DERET ol VF i gpcountable for  the
: gtes the use of the CTPs of the present
bﬂﬁﬂ@gﬁgﬁ%n for the preparation of intact ECM L
( noiHereinafiarj orleel qhrasendi phpsielopically acpertrllpi zeagrier" and

b SREARR R PO 0 FE BB 404 o

caffRdiof aNBlues Ahedoaa Rk canki stntficabd ifisationad ahesrgaristhad does
term"about” refers to 10 % Additional, objects

nohalwagata deeshiologivahesiity frad prenestissrofithradspipissied compound. An
inventio i arent to one ordinarily

ad%qyflﬁqégmiﬂhde ﬁlcl[elh%\lﬁﬁ&gg%’ﬁ%g%am nation of the follow ng
exarpdreis, thehitedn ar'excipteni'ntrefacsedo tam bsert i swbstamgy. added to a

Addi tional ly, each of the 15 various enbodinments and ..
TR R e e e
E)%grpg%[‘?x?ﬁ)gﬁlt Rifaidoh, CoRRBfichR Idtfude! 8di1omumS @aibofske, calcium

nds experinmental support in the follow ng
phexpaimy, esrioEsibRisESd tAGs REferdn cdluleserfiswvatings, gdatithaegetable

follown xanpl e whi ch together with the above
01{?;5%‘&9%1’%@@@P’?%§t rate the invention in a non
I'i M tdcAfiqhess 0 form@Riidh 8dddy adihifsteior nel éfugs enass éd found in
herein and the | aboratory procedures utilized in t

, n the
“Rensnginn’si PhesmasaiictinStigakesroMaek | Pablisting (entagen, PA, latest

i cr obi ol.0g| C [ DNA t echni ques. Such
oA AiS AP BB s T RIAPLe, 03 n°The 25
| iteTldsyrte achindsoof ethanplesent” Myvbmiton aan Cbonisad): foA various

| abor at ory_  Manual " Sanbrook et al., 1989%; "Current .
theepewicopROlicatNe sedh 48 tepdanogyd | Jdepais, | hong LqggRgration,

cﬁla%{eggﬁqgt} réi%g{@e;auéfﬁélz’tgﬁé]n,3&F@yregchné@&f&%éai&é@&oc{s&sted

ogy ]
by the CTPs of the present invention) such as deep wound healing, burn wound

dressing and skin regeneration, skin fillers, orthodontic procedures, sling procedures
and fascia reconstruction.

The present invention further contemplates an article-of-manufacture which
comprises packaging 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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Sons, Baltinore, Maryland (1989); Perbal, "A Practical
Quide to Mol ecular Coning", John Wley & Sons, New
WOeooR/0§05988) ; Wat son et al ., "Reconbi nant DNA"PCT/IL2007/000046
Scientific 30 American Books, New York; Birren et al.
(Eds.) "Genone Anal ysis: A Laboratory Manual Series",
Vols. 1-4, Cold Spring Harb®dr Laboratory Press, New
York (1998) nmet_hodol ogl es as.set fort U. S, Pat
B¥snb pigreniion durthey coniengiaics g a r\v@w@m@e@% which
co@ﬁr ﬁ%?gglyg Igﬁénaﬁ&cf’a gi%%e%?a%t é&@raﬁe(??nzwgé%‘rom@% CTPs of
abor at ory Handbook Vol unes |-
theQedebansg invénti¢h alofgl Wlﬂlﬂﬁgﬂycnoﬂsdbr usmg tlmftlssm mft fortisye repair,

c_Techni que” by Freshney, W/I ey-Liss,
reﬁne‘?go’eﬂ&ﬁ fep%?FiPan Edition; "Current Protocols in
| el p@¥nt MbimtiBastukthbr J:on@ﬁh;blgﬁﬁ the u£ of tldCTP4 99 ¢hke; present
Stites et al. (Eds.), "Basic and 5 Cinical

inyention dPob@ie Preperation| qf @mct EApg) @eareordifigprsor repditiped) for
P %%lg%ggé%lﬁe %g%lf%%ar II%Ermmo Olclal 8{‘?‘("56\? %—F nﬁe@re]ggﬁfaﬁg%%oél ents for

tis6ite regddeyatdéar &nt{-4889 mediviad debdtddeapiphivatiomassays ar e

extensively described in the patent and scientific
literature, see, for exanple, U S. Pat. Nos.

3 79 &g 50, 578; 3, 853, 987,
15 QORGS0 R 50,578,
3 984, 533; 3,996, 345; 4, 034 074 4 098, 876; 4, 879, 219'
771 and.5, 281, 521, eot i de ynthes s"
Gal t&dq%m‘?? %ﬁf 5 @ @%‘Eﬁges P&‘? e ureg %@Flﬂ??&f ipypation
wM%%%meBa p%ent 5 Qb cﬁginﬁﬁlysskﬂied ilEf® art 1989 )examination of the
Transcrlptlon and Transl ation" Haines, B. D., and
folpyiigresad®pled, whichsare poodEnded t'qAbq hmmr@| Adc@upnqu/e each of the
FEreshn i zed
vegs R ge ik gudosspeatt BF Tepapsenl BRAPGHE BE dotitgRgdifiynaove
anlibhL eWiaed Ghothenglaidiesbédon Below( 5984 ) expaimenthb istigsist i the
Enzynol ogy" Vol. 1-317, Academ c Press; "PCR
fobpwingesrEpleA Qui de To  Met hods And Appl i cat i ons”
Academ ¢ Press, San Di ego, CA (1990); Marshak et al.
"Strategies for Protein Purification and
Characterization - A LalEXAW®L§ESCourse Manual " CSHL

Pres 1996); all wWhi c re.incor rat d b .
et SRehERcal P‘owrﬂ?‘{eyt"s%? oo Vibiet FaRENRS: hic Rgther with the

S0 BERbipliGlLNIRRESER B Rivehid il @dhohhindiid %hloﬁlh' S
ocunenP The procedures therein are Delieved to be

vvel | Géneoalty, the Itdmeralatura rmdechlmelpraod ithtelabdratory procedures utilized
nveni ence of e i.nfor

Bresept IH%?I]&OH 1%0%11(%(: 6??}8?%?16 10%5:{181:3:1& brg}lcroblologwal and

E&BE’h@r&CDNAZS SHaNRRAL  YichERIchhigquaNErEH3 d in the
e I—}CDS Cel | GC::ulture - Undi fcf erélelntl at ed hé@@ﬁ“alne in
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m C, e r
A0t BB RUSE REY Db AP . 1.
E€q09%))sAmabelien z(lDNEMreﬂtrRtbﬁob@ll émMole(ﬁﬂllam [Bielogy't, dohmiititey and

20 % knockaqut serumrepl ac n?\/l gl ut arp ‘f %
SepsnBaltimore, Maryland (1989); Perbal "A Practlc Gulde to Molecular Cloning",
John Wiley & Sons, New York (1988); Watson et 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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4 ng/mM basic fibroblast growh factor (bFGF) (all
WO p@m0803v0 t r ogen) . Four di fferent independent BEL/B.2067/000046
cultures were perforned, twice for each hESC |i ne.
For controls, primary human fetal stemcells were
i sol ated from ni ne-week ges¥ati onal age old fetus
foll owi ng vol untary WO 2007/ 080590 PCT/1L200 0046
5, 9,50 e R0 oICHt BBty ey Igok e dopiss 1T
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Mfshdin andv Shitgs g@%d)s ), CSelneted | Methorls speColldge inmwnglogr s p¥y. H.

der| vat i,0 r S, 0,20
e ed E%gn](q g¥ %ﬂ%?flbg@ 02[ gph\ﬁ\gr imru ZO%FT% tyg x‘F extensively
dedcbrﬂﬁﬂt @dthel paerit rands solentitl} ([RradireYs¢, fas examﬂleg:zﬂ S Pat. Nos.

A a8 e ek chshadr e Sk 2810002
3 ?’(ﬂs d thpoyeh & O 5333”‘ 5096 348! 14 Gl @ianes 008, E% Com79 219;

tain a single &elT suspension.” Cells were
5 @Hu?ﬁledndlrﬁjZ&béﬁbd"@hgortulcbsuée Shinthesig" tGaiht M 11 eEsks(1984)

Wikt Ao BBt e SoEian fodDr 0 CHRTR A by O (1989

"IERREAD IS nd! PRAIMEM " ( BaflegoBCab., kiad | Atbgsds! | rses,, Eds. (1984);
Ki bbutz Beit Haenek, |srael) supplemented with 15 %

" pgal Cell Eulturs" Foeshney, By d1, Edef1986D "Bnmohilizad EHpped Hazsanes”

S 0§ LBl ATl A1)

"Meétho O Hizemogfyavallt 1-3 B7, Wadeyik) Bressy ' E(DREPSomeaile A Guide To
i ncubat ed vvlthtyeIVcoIIage ase foll i
ﬂg@ﬁ% Mﬁz%ﬂﬂhéﬁtw%ﬁdA%%B@S%&éps)lgg% Cﬁﬁ‘ﬁ?ﬂ‘?% Marshak et al.,
SRR pRteif | B fath Vihel @Bﬁfa%ﬂﬁﬂlogo LAY rARory Course
sep rat e expansi on of singe cells taken during roufine
Maas A GSHY. Bresk (1086); alj of mmh arn 1moqgjr$ed by seferepo¢ aunfdully set
[1s.(24 . cells into.24 wel of th
folfhytein. dufiedird srrietotone Rengny HehSyb gt e
I%E&ftﬁ‘esd@&eﬁpﬁﬂe%h@vé@ﬁ@kbe WBE kb RWRA thkarfahd afe pradlided for the
ceI ul ar Fhenot ype (assessed by RT-PCR) were
canvehigateed! thRoreademt Adl she infenmzdtionsesintaiesdl therqin igdpeorporated
h% %’ Wllé CTP medi um and passaged in a sinmlar way.
BUC8RELtiVe tissue progenitors (CTPs) derivation and

propagation from hESCs - hESCs col onies were
enzymatically

ested with t |V CoIIageraseé
% | or GEDERARDEATERTALS AN R IEN ) HEGALaR, ¢
h t 31
o Q) 39 B il JERSSSE Y WO I Bz
36Jepersé grown Gal mitotiedlly inaetivatallntoase ambrpméd didranast (MEF)

tissue culture-treated flas t en
feeders, in 80 % knockout Dulbecco's mo 1Sﬁe% eag]e% medlut}lx (BfMlng Invitrogen),

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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was changed to a CTP nedium containi ng al pha- MEM
w@ Biocloggpcal | ndustries, Kibbutz Beit Haei nek, PCEHI2007/000046
suppl enented with 15 % FBS (sel ected | ots, Hyclone),
50 g/m ascorbic acid and 10 WO 2007/ 080590
PCT/ 1 L2007/ 000046 38 7 M d&@xanet hasone. Upon reachi ng
sub- conf| uence (about 5-10 days,g, cultures were ]
interraptioat efipragnancyy pesentiallyory deseriback belorq gvlentigypnt, M.O. et al,
zokg)ypsi ni zati on, and passaged every 3- 4 days.
sessnent of clonality was preforned though a )
sepERBRYBrRamAaNs iTanindfics embeyoid dotly (EB) dornationn§ESC colonies
rout i ne§(i)assagi ng as descri i%ed her ei n

_F
waraehioriel 1 GoRI aellr e BHAteent SriwEd e YER fopdgss and
allﬁ?@%l Whg%}?%a&@ﬁ? 9%%9115‘}&1, 3 8ipdi@h coBMinisS B 9P RAbckout DMEM,
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cultures rom an assage) were re- e at
Indemsies Jibhu2 B IGB kT NI S Ja R argppeted los
di.spens i nt - i ukgs t ki f a5’
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| %serumin addition to &gh; gl ucos Dullﬁaecco' S cllowed b
S59dideyed cuttise vereraarihated) piitE nRE e B whelfpserass fpllowed by
a D ASER% balGesdmeRNGISRRRAiBy WAS preformed

“gf %%9%&%1{, %ﬁ‘lﬁ] ﬁ%ﬁsgge Oé]/gegl %ﬂ% sodi %Iragepyrpﬁv ate, 50ley / e Om.l
tHoligt Brseprnite ckfmisiabol sngeve)Bitaken diudag rowgingpagsaging and plating

insulin, 6.25 g/nl transfersi 25 ng/ ENLANS
o s RISt e LT
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I 'nduced up-regul ation of specific cartilage matrix
kiyeties aslicéilvdar phehotxpe Gonssechby B34PCR) grere §vq;gat@§._For controls,

RT-.P nalysis - Tota ' | NG ARe way.
R OReRERLA AP STHOr AP ot et R SRl BAAFirt e way

accol W Meche 1iSRieTPrIsbARbMT BCTEs)i Bévivationi ond . propdifation from

was reverse transcribed from1 tot al . RNA \I\WE M.V 01
HESCsT-sESEnpeloricp raseezymphed edacsiuhyite sme enase (0.
";;,Cfér Cﬁﬁgé thinlRs e 85’%1‘1’%&9' bgr Qe[gg?e%ﬁk}e SBEch@hical agitation, and
passed through a 40 pm mesh cell strainer (Falcon) to obtain a single cell suspension.
Cells were then counted and seeded on tissue culture-treated flasks at a density of 5 x
10° cells per cm®. Twelve hours later, the medium was changed to a CTP medium,
containing alpha-MEM (Biological Industries, Kibbutz Beit Haemek, Israel)
supplemented with 15 % FBS (selected lots, Hyclone), 50 pg/ml ascorbic acid and 10™
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prinmers and the nunber of PCR cycles was confirmed to
be in the linear range of anplification. The
waeprjosised products were separated on 2 % agar BGEIIQeN7/000046
stained with WO 2007/ 080590 PCT/1L2007/000046 39
et hi di um brom de and identified by size. The identity
of each product was confirm8d by restriction enzyne

di gestion. Sanples not treated with reverse
7 Mniaxﬁsmthq@pa@eggﬁ@ rea@buxgesﬁbws{l&u% ot s ddlaygs guliares were

.. control.s. i B i
oA BRSSP P58y =
4 dBEPaAssdssnhest, of cyalatitybwasipiefirmed skeaighar sepataRCRpantien of singe

Ce{i’_ie?%k[r?l;c i 'Ogsr%gégeggﬁs%%%gﬁtag géi‘{%c}%eggmlglgogvgt io?grt %];entro s, fetal
g 9BUIRaPE QAL hitn (TIZROTLABRRAA-RET Li 20RT00R0AS

) ] primers and conditions Gene Forward
(F) QstebgPuice rdifferemiiation nends mefrdy dosmatioRT= PCR induction of

GenBank NO) 5' --3".

SRRy Bk R A SRR g

ol SEPHoEpHaRFGhordid )ph6&phaees, and(IMMoOE481:8 JoveBEGAfluent £ period
See 215 bp 283 bp. CGCTCCGGCCCACAAATCTC (SEQ | D NO 2)

ofBbjeastH0 daychefaranmerizAPIERREess- C  SOX9 (SEQ | D NO: 3)

260 SRR WS | 2 0 8 % FeoR

ggggxgxgﬂmmz CaAeEEatBEQétiod foxnaly eullegispontaneous” - Sub-
.3 35 h R. TAAC ACTCCT. CTCTGG
capucRiSEES PHURES G0 818 BIEHBS 1IN TR e

plg;'s (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-glucose 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 ug/ml insulin, 6.25 pg/ml transferrin, 6.25 ng/ml
selenious acid, 1.25 mg/ml bovine serum albumin, and 5.35 mg/ml linoleic acid) and
10 ng/ml TGF-B3. This method induced up-regulation of specific cartilage matrix
genes such as Col-X, COMP and CS4 (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



ONEC (SEQ ID NGO 7) 35 58 30 Sphl NM 003118 Onec R

CTTCTCATTCTCATGGATCTTC sec 166 bp 277 bp (SEQ ID
wOe0g)psi3@PN F: CTAGGCATCACCTGTGCCATACC ( SEQ QRMI/(200711D0046

NG 9) 55 EcoRIl NM 000582.21 hOPN R 30 45 226 bp 330

bp CAGTGACCAGITCATCAGATTCATC sec (SEQ I D NO 10) ALP

F: TGGAGCTTCAGAAGCTCAAC ALP3 SEQ ID NO 11) 62 C BstXl

NM 000478 ALP R 35 30 120 ATCICGITGICTGAGTAGTACCAGIC
etlsidismpyrongde pyd iden(iBeEdy siznolhe jdentitpryfiRaph product was confirmed

o S A RIS A AR, Ry APl o

ndXeAhPREATAGIECSORATEN K 4SEG . sd?abNCI ]lib)elnmxg aﬁnmarlzes the

P seponss JE00BIIS S0rib LU0 SISt celbih dompgris, cyele

T kD e _
G ATEARIE S0 HRIE P 00, AP

POR prdButts (Avhg 00thdBe OGer@dRize4d thedigtytedi@odug).
CTGTTGTCCAGGTTTTCCTGGCAC (SEQ I D NO 18) COWP F:
CAGGACGACTTTGATGCAGA 57.5 COWP (SEQ ID NO 19) C BstXI
314 bp (NM_000095) COWP R AAGCTGGAGCTGTCCTGGTA 35 30
141 bp (SEQ I D NG 20) sec



AGGRECAN ACGN F: ATCCGAGACACCAACGAGAC 60 C Sphl

001135 (SEQ I D NO 21) 35 30 290 by 477 b WO
wQe®7/0889590 PCT/|1L2007/ 000046 41 AGN R

GCCTTCACCCTCACTGATGT sec

p NM

PCT/IL2007/000046

(SEQ I D NO 22) CS-4S F:

CCCCCATCCTCACTACAAAC 60 OC C4 (SEQ I D NG 23) 40 30

Pstl NM 001897 CS-4S R ATCGOAGGGTTCCTCTGIGIG sec 34-38
bp 242 bp (SEQIDN024)E§:IZ F:
TGCAAGCTTCCCTTTTCAGT  SCLERM SEQ | D NO 25) 60 C Hgal
292 BK000280. 1~ RdcPER Rimers apfCOrEEOANATTGTAA 40 s e
bp 455 (SEQ 1 D NO-26)—Col 3—F: CCTCCAACTCCTCCTACTES
Fne0L 3| (5mRrd (B MDRZB)se B Befhnbrs (Sid QOO0 .21 |CakarrR \ﬁ?gfclf
) )ACCTGATTCTmAm%'es'e 266 _bp # 138" bp "'(’QEdevme pro
q@gs&a] 0. Al . T OCOCTOAALT. - h 1 A size
NO—Z07) \W. 0] VAU WU'-\I | I\.. 't Sudal J.OD
col | agen @%@ng}( & Xl Qol-XI|l R 35
38pt Y| 414 464 bp Ny119§04370° T C-ZGAC-ZGOQA@]“@GTT@%
(0B sec bp p DEGARRecor F: TGAABAACCPTCAQBOATTIG283 bp
6 Sacl |(QEQIABAYOCACAPABETOSBQIC NM 001L950. 81 Decof
R GAGCCATTGTCAACAGCHGAR) 255 bp 481 bp (ISEQ ID NO 32)
sec Bigly SF?X%’MCMA@N\@@@M@‘F@@G Bl GLY| £5SQ |1 D
NSOZ3) 60 C Bst XI SHQIL:I1 1 BiglysR | 30 | EcoRl
BERRYEIT CA gﬁ féﬁCBBG 319 bp| %SEQ ID 264 bp
—NQ—;’A-)—S%L Elast FOoACTOCoETAGACS-60—C-Bgt
AGOTCCT (5%5&%@%%&%?% @8 Ghseiny ooy [oee | sy
A G Ak Ty [5c| b
NM000089.3 | 01,1 R: TAACCACTGCTCCACTCTGG sec 4Bscgp 476 bp
(SEQ ID NO:6)
Onec F: GCAGCAATGACAACAAGACC 58 °C
ONEC (SEQ ID NO:7) 25 20 Sphl
NM 003118 | Onec R: CTTCTCATTCTCATGGATCTTC oo | 166bp | 277bp
(SEQ ID NO:8)
hOPN F:
CTAGGCATCACCTGTGCCATACC (SEQ 5500
OPN ID NO:9) 30 ) EcoRII
NM._000582.2| hOPN R: 5 1 26bp | 330bp
CAGTGACCAGTTCATCAGATTCATC sec
(SEQ ID NO:10)
ALP F: TGGAGCTTCAGAAGCTCAAC
ALP (SEQI;LDPI‘;Q'II) 35 6%0(: BsiXI
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CTGTTGTCCAGGTTTTCCTGGCAC
(SEQ ID NO:18)
COMP F: CAGGACGACTTTGATGCAGA 575
COMP (SEQ ID NO:19) 35 °C BsXU | 5i.p
( NM_000095) | COMP R: AAGCTGGAGCTGTCCTGGTA 30 141 bp P
(SEQ ID NO:20) sec
AGGRECAN | AGNF: ATCCGAGACACCAACGAGAC | . |60°C | Spil P,
NM 001135 (SEQ ID NO:21) 30 | 290bp P
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bp 482 bp
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G TfolTowed by Tncubation of 2-5 mnutes wth CDP-star

chentdolert PRs@entd ®uhplify RTPCRAIrddust @pis naed eenpeprk osfered to using
Gaﬁanko{uqasmme;r)altwelldm flong 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 RINA
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 Q 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




10

15

20

25

30

conti nuous agitation. The signal was detected using
X-ray film 15 Karyotype analysis - For karyotype
w@paysss) st andard G bandi ng was performed oPCT/IL2007/000046
undi fferentiated hESCs and CTPs (passage 8-10)
essentially as described el sewhere (Amt, M et al,
2000) . Electron Mcroscopy 42 For transm ssion electron
m croscopy (TEM cells were fixed in 3 %
(Inyltueganabide Hipak coreeotration ebdPQmecat sepprding tothe @?anyﬁcwrer s

ts 20 fixed with 0 > 9%
e QoA AT PR Sy e
latRidaeasies prébekpan 84 wabhedriaide for $§! ﬁimm% edchQn agoRfion wf 2X

cut on an ultramcrotone (Leica wer e m)unf??g SF
SSEh il o STt faflawed By 1o Megiesd tléa@@uteaﬁ@h mResplutionof fddt SSC

0. §M‘J' hSB%ZSCW' st%%ct\z\;e?@ R5hoD &' 66 IO Ccroﬂﬁﬁ@(ﬁﬁ agitation.

ture were digitized with
CHVthmmméﬂt | detarwtiom rved sypee fbravied hlsmgaﬂhy Srmrmhﬁmmeacent Dstection

Kif SperAdy Biestione | Comnd Heerics bt S AT, ApERHG R o the
ma(du??c%rbps l?hs%l&idﬁfsar?llléj lndRadedd Werd Bibsedi fd40ag@adidsatvith a

| oned by gradual dehydration in
GAblankihg anhhtlényQ n gBluémggof Hkalineephogphfitaseicanmgated 9epipvidin

i PP TR R 5 O AR R ity mhe
méhbaf&CRpe thel wasidi fogr 6ids, fonsngutts epel, swwte 1X Buffer F and

spect roscop EDS) anal ysi s.. WD 2007/ 080590
mpe;lr/tmczoarrh botisach, lowss Sihnss) s et s COF s

gﬁ&%@% saﬁﬁfat é{;ﬂ’l 8%)? C\%reaéyi‘f @'at (ig(lnhste Efture with

nat ur er ed gradually
codehtymrsafgeahdnn Tetsigmal wamdete@ﬂbesimgﬁ-nam fmar af fin.

Sectlons wer e stalne W.t h Hermto lin a&gg ri)ggl&
For keaupe) aghsotol BhorBg PR shidaroy babdifE) was
pekfrhEd %’ungﬁ@ré}ﬁ%}ed"\@ﬁstﬁegn& QTRNGpaxsskRt 8CL0 ée&s@ﬁtlally as

mat ri x col 'agens, and Tol ui di ne bl ue (Serva, r many)
deaasbeldsam“dlore (Aanib . fmili,rZOQObr ot eogyl cans in

cho Qg&ff ?%' éﬁ%?sﬁé g[HgS h 81%{,&0 %mﬁJscﬁ&p PPEM) cells

walaqwbah@ %%&ﬁt&taﬂ@eh‘?ﬂe 131 11 Wissopluat esodyplatechuiffbe @He— f7a¥, post-
bone m neralization. For inmmunofl uores C s& udi e
@%@d o

fiogesl With 185 ©sOr Prébin 7 o uranypseiaico erashelbh in ethanbol series
m@ﬂ%ﬁ&gﬁ({le%' *?tlllf]fi%;nechlaal ' ﬁﬁra&lﬁg%ecu@fgsd (ut o % ‘Mﬁ hedOon an

ow ng prinmary anti I es In prlmary

ul&ﬁﬁmdmtdmeddﬂeianC(rwmé mauntdd- orh lgmis; sltéymd WltholleaCbchte and
(Chenmi co Temecul a,

thw\m@meg b i e 13 t@smlﬁél%hﬁg%%‘t %%Oicﬁaﬁ lfer 120 KV,
Px@ﬁﬁéseﬁﬁ' I(HQHZM \Qﬁﬁm MegaMé'w TTURA an%tzed IN‘i’th aMé@S‘ﬂSﬂf Software

ant | type Il col lagen (Chem con,
(W&&gﬁ)gmwr@ntl human m tochondri a (BI oGenex San

f or ‘E%"é"é& ?’tﬂf chz:g’tf’é‘irgg‘i‘f}’g Mpr (L)Jg%'i g?@f &5%@11 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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anti bodi es were used for visualization. FACS anal ysis
- Cells were renoved fromthe culture dish with type
wo o7oglshagenase (Wortington) (0.1 % 30-60 ni PCX/ER0E000046
37 C) followed by Trypsin/EDTA (Sigma) for 5 mnutes
at 37 C and re-suspended in a FACS buffer [Sigma, PBS
20 suppl enent ed vvlth 2 % feBal bovine serum (G bco)
and cont ai ni ng 05 % NaN3]. Fe _bl ockjng
per fca»mfaézenwrym alecsrongicxosgopy mEer Weplogr gaw;es cells were

ﬁxgﬁltl 1§88 naﬁgeg Bickrdr0d féﬂnaqnn u%t@&lﬁ)ﬁ% ] ett Sl ahii& and

e Sspecl nonocl ona ar m ngen,

en&JdembmqjaﬁﬁnD/SI&@)om rwea stajied oyith Hemaﬂoxyﬂmy pml Eosit (HKE) for
ant odi es . (.Phar

eBi.o - DAKO),.i.n FA
Bt BRtorRPROIGET o PIRERERS I Qo DR ARG Fasr (5ei g the
de%@ﬁJ)IY %?qn&tﬁkn&lﬁgé:rﬁcgﬁﬁ I'BbLAidMY Bk qRBHAS Cfeﬁﬁ@ﬁ}f)nwas used to
Di cki nson). ch|S|t|on was set for 10,000 events

desapia Deienisdens ncshendesuidulors yagteds] b, By al 2005).

7AAD I
A1ty Ho sténd) ofied REATEE S EBAE phEBhite YERSIGIR ARR plates
as Wi @enbe 1610 bomd riiferalidativg. at Eﬁr mﬁﬁlafcffhubféséeihé isoatidsp rmehm Gvere
cell seedin El ect rospun_nanof i ber scaffolds wer

fixgg e Roraiarmaldehyle iel PRYSPHBIEYRISISH HE00 ﬁPeB%)P@C)‘ Statgd with

Bl P S ol OB BB ) v
huafant kype preplaged (Chamfcohd Intag 50 "ﬁwmdiqulerAl, ad8Aercat. No.

I, S b ey ALt 0

U@AemaNoOMAqmqej atEREhAY . tyse af fmld%émt(cm@ﬁw@ﬁt Cat. No.
cn® squares, gas-sterilized with

MMB%mthamnm@@ddmm (Biofeneyd SawﬁlﬂmnoQAd YIS Aqfent. No

[ to i ncrease.surf phi
MBI, TP P o TRl R Rr b bfk £Sbnaar
anGibbdivg 88re(URas & 08sulzatioh. vvere coI I agenase treated, 5
trypsini zed and counted. 5 x 105 cel|s were

r esuBgesaetrlysis 1Cedisoverememoned fiam the saliereodishy vl fype IV
@t
cgaalil et o] 20, M, Sl gpeons

(Sugma)nfmntﬂmhmfteﬁr et BarCestd regsuspendadah yesFACS Bifidrn[Sigma, PBS

supiiRg Bl HEBHRG I SF L D06 SADBIHEVE O SRR, Fe

blw{lﬁg SPRRNIRRERALSE vy a@c@tlérpﬁ)md%“?ﬁﬁlaﬁpﬁrﬂmn@% £). N&Wl1s were
| ong-term high-density culture technique: conf | uent

profre Gl mmwtqswggagésmze@myre wathethe esgedifie III}OHSPQIOFI@I amipodies

nted b h d Lt
i <R RS cu e WPRIAERS ol e i dibgdics
(P‘hfirngﬁgen r@ibéﬂi@nc@bﬁ@l{@)s iNGTAC K epffef. OrCdII0 R@rad Sakladis twite in
months in culture, with no further spllttl ng

FAGS Nudirnindeamel e g0t FA@SArtar Bowragiomeaisiodciasr Rigkjtison).
A%Cﬁl 9 8?1}16‘ a%fs%ts f({r 1%%0”&?\% Qiél&)[eucfﬁ %g%lgsr {évgfgoé/ﬁﬂlded from

ureé plat es ate
analysis by stalmng with 7AAD (eB1osc1ence) 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 was 500 pm, fiber diameter ranged between 200-450 nm, with
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testing. The construct di aneter was neasured at

several positions along the Iength, wusing an optical
wor@rosisepe (A ynpus BX 60 X500 magni fi cati on)PCHIL2007/000046

average dianmeter was cal cul ated, using neasured

val ues. Tensile testing was performed with 20 a Mcro

Fi ber Tensile Machine, outfdtted with a 35 N Ioad cell

and a special stainless steel grips. . The gri

 postsity 9685 Phe Feppieparatien iy cplhsredings Rratiold PRERRBRIifg 0.5 X 0.5

néﬁc e%rag) S_SS:[QE 1269 %{hoéﬂﬂgg?é‘rg’éﬁ gmg@é el § 4 BE@uMYhydroxide

vvare on acqui sition
anldewflsﬂhlédrﬁd MBS ho Nﬁtnemai;urfaasthydrcqﬂnﬂsnﬂyar Homseeding the cells on

Penti um | d after,,t he

' ||
Scaﬁf‘i’l%hﬁ‘é?%) perg agﬁPsﬁ S vvaseé(a eVHiST SPRARSass freated:
tr@gmrl%eeg%naréoﬁ BP! ¥4 n®’ dep f\?‘/ef%f re&%%en&'éa%gﬁu??of enopt tﬂedlum

ken to e the | engt construct between
se"edlml @tto psch suffohl mmsallosad o atadh fnm310hem@w8|bbfcac digsh medium

a fast MitjonSc
WSt eSS RBHeG P ERBl Poaieehaby et o Salysis.
qum&ﬁﬁll'es bR pYds® phitesdi&e used=Rcofit#bic Ut aneous
transpl antati on (ect opi ¢ transplantation), 30 cdl
nudelmitre ewgineexingsef S ctienah feadappr Sandanse pre S]?ﬁﬁtaneously

t
SRR T R ST 0 Bon e
CgP rtsiilﬁﬁresl(paslsﬁ%esrmgej wﬁfeeréa@tlhﬂyoipht and esunted ddfdre sedding at a
escription o ures 16a-e. ani
dssertpr o el R 6te LGB IO e oty
H%O%noc?lelgu gf%ﬁéﬂﬁ% Ingﬁaegggsu 6{“;52(!% 4@%}’(@? ﬁlegﬁlﬁﬁe with no

furthepsplittags pl ant ati on of CTPs under neat h ki dney
capsul es - Subconfl CIP cul.t

ure assag s and
(P Nrhanieq gt o7 e 08 ¢ ST LOMGRA R APt -
Eﬁgﬁ&r?‘e@ 'Egnétmé{sa%ﬁ‘edréﬁmﬂ esth hthéil %ulﬂn@n te§ aﬂﬁﬁﬂd@atﬂﬁl before
5-week-old CB-17 SCID-beige mce (n =6 Si x and
tetstimed. v@hweellmruaf d@meterr mpnmlm aevapldprsjtionieleng the length,

retri f.i xed i edde
UPiRe ﬁgr%ﬁ ’ch"n ml%rﬁacogg&q][grﬁlé%p P2 o, s%@(fgrg%c tit aiifP CAHCHerage
dRN%RMr Radsi lbulatéll, baAlPhdasiretl SQludd| Dbhdile téS(ﬂidglEﬁEl péﬁ‘ormed with
TI SSUE PROGENI TOR CELLS FROM, HUVAN gI\/ER
a@dicrsFiRer Bensile diachine gptfitted syith eé%%;[\}] ﬁlg ag BGP%?I étamless

s&ael?é1 (ﬁé p[rh% \gr{gﬁ cf’atrﬁgé %’ﬁ?bé 1m&f§g§§5‘)(79 nfehi n¥d %ﬁpb%lrid"(acetal)

I ent unt of cel
The cUﬂlfﬂ(blf 6feme¢1t1meit~esi pbﬁﬁi@md hiletelamd ss&lwmer @nMaﬂab6 ‘and data

i ndefinit ntai ni ng th urlp enc

apEslHeR bioasdaith ARy et BrtaBes B &olﬁ HigLPC. The
15521"&%11%5 zéfo%ma?t@f 18 atth@ffent BEEdchREMbIel ga@ﬁple%nwere moistened by
potential along the differentiation process,

reglﬁkﬁbdapplmng dmps|of PRSI BB grage dengilf W@F taken 40 b@ Hﬂe length of the
stens are

co struct between Jthergr{p% dwhi%htwa% rr?e%gtyr% from {h%rcgﬁ{)ra&%l 1111%1ges 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),
cd1 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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obtai ned. As estimated el sewhere (Miuschler, G F. et

al, 2002), approximately 7 x 107 20 osteobl asts are
wme@deshsp@® form one cubic centinmeter of a new PONBEL2007/000046

Wil e reducing the present invention to practice, the

present inventors have uncovered, through |aborious

experinmentations, culturingtconditions suitable for

the isolatjo ropagat i an renlatl
exprmencl wetoghissliee Brggus Do ecipimal U5E S chis omiitee of the
Té@ﬂﬁ%h@g&ﬁﬁﬁﬁfNagﬁwhgs 25 I sol ation of connective tissue
progenitor cells (CTPs) from hESCs derived errbrg‘fl d
bodﬂasvz(ftEBg)tSPlameﬂwelaxj CJiPs vrderngarie kidiep oepsalesd Socpnijuent
C’ﬁg SR %fs: Igﬁ%)ar%%age§ aten g’ | Eﬁls{cregs;?a%%a Vil th|% gﬂt\;@\ige?gﬁ%gbl shed with
PBI ahd Enplese nageradath theTHdABH bapule WT5awsEkIgldaSB A7k @ID-be1ge

acid and dexanethasone, factors known to_ pronpte
misst@qbIOs 151 28 fPEvenveeksiabier Sansaaalian &5}% wege retgigved,

ﬁ)?eld’ 1n]1%g% ’bug@f‘eldt}gnng‘mf em%%d&ld’ in91304Hin, %e&%ﬂeﬁ f¥€hi8tological

ul tur w thout splitting (p sagln inth
exprrmrone of the CTP nediumuntil reaching sub-
confl uency (between about 5-10 days) and were then
subjected to serial passaging WO 2007/ 080590
PCT/ 1 L2007/ 000046 46 ugixogspyee |V col | agenase (0.1

% 30-60 mnutes at 37 C) followed b si ni zati on
(DISBLAGION D CRNNECAT B ATSSUETRROGINIIOR CRSLRF ROM

pattern of the usly
expandi ng wt h’é@féz‘é’%@s’?g"&z{ég‘&‘@g%p 0 25
pas SAQ&QL seWeE g6t edsdehengiflasingastionnl ot Highiyt pioliveatived while

l'i ne. passage 20 the growth ra%g of the celgs was %
p@m@mwaabmamm Burera, aproamn& fe sulicient capoley o cplly-m Thus,

I{Sth;f%@a{t@ ﬂEQ@Et Which &n & AN&,}EW Eﬁﬁ REH e Qﬁhﬁalﬁﬁfg their

tures recovere fter eeze/t
plosipbtescy, aredentsihdded celhsoweenborpiseld énpimeiiog &logvever, stem cells

differenti.ation potential as or to the freez /.t ha
Log, gt Pt iop iR E o Gnee i e Bont Pl i B8 GhaiR most
pﬁlﬁﬁﬁéﬁ’bﬁ%@ed QifRERRALA Y steiE LHEBRIEO M BRSSAGE of target cells
hESC- deri ved CTPs and human fetal -derived CTP ( ures

obtiaed. oAb)estnﬁate@dmwhm (i@s@@r Gielf iy ald 209Ps apprg yy x 107
%%@i%gsﬁ%ﬁgl)ée‘%‘? gﬁo 0l ﬁ}g&%n’?ﬁlg%f % Y gogl%C'PgBﬂ? reducmg

theapr@bent HBGHRGAStoeyiaLhitd, the PRERAD Ilm@mdre $@and luinogvdrédt through

of fibroblasts (Flgure 1 c). CIPs exhibit cI?zzo geni c
laperiewtexaprimpriationsnel t%)@f@flghﬁéns suffgbledphihgisalgtion, propagation

alg(lf)&l }e'nﬂli offdd gg[iﬁ/egllgﬂ 3} Eé‘get?ntﬁigeqcu o¥wseedi ng

e ce S eac ture wells.
Col oﬁkpérzmaitalkasrmd in high efficiency (22 out of 24
experinents) and were identical, in

ki nefSolaion Qfr cotieetine tsige Mwybge}l%zétgggoggs{st derived
eltbifofdhodis] gEmgn Birb-dafZRARA Nor8 MY SR Alitih oMb Rlon of

I ned assages 7- 8, 14 and 20 confirned t
etdyenalit Riigastion learlyagieyqssival hgehaicalbgifaiana Flag ds:hmdwells were

%ré@aﬁgﬁl ]it)q%?el,g%arjgt CeblTPbase ur%ll Lontainiy |ar§g(()e 'i) N9%¢id and
dexamethasone, factors known to promote osteoblastic differentiation
(Maniatopoulos, C., et al, 1988; Coelho, M.J. et al, 2000). The cells 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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20 26, assum ng symmetric cell division, one well of a

6-well culture plate containing approxinmately 15-20
wapa7osespent i at ed hESC col oni es, potential |y gP@BE2007080046

to approximtely 320 subconfluent 75cnR2 culture

flasks after 20 passages. Thus, one hESC-derived CTP

fromthe first passage coul4$ potentially give rise to

approximately 50 cubic centineters of mneralized
UsEgiEpeRkY é@llazemﬁségég/es% Waagnutﬁmt IniQuellowed by rfvasmb"qatwn
© %BU%S 1ntut1 a?% S’%r)“ T'h @H eneﬁ%ég%ﬁzgﬁlvgﬁl were

coBfldusk tdxpanddl@ wltabumbvﬁxfuscseme@ﬁde\t@ th1255146sapE) GRPI ISR the
cells (CTPs) fromundifferentiated hESCs col onies -

defjpation ebp gniatiye petldingn z Piaiapage 120 Ue gEewByralf oh thy palls was
9 - t
sidei i RRENETE) A she b1d bt ik E Rlouflucht o higher

fraqusmyc(dataembtmbhvnbzl Winbhwresereeovened el qftes Sfmdzd/thawumla and
40 mesh cel trai Fal on) to.obtain a si
shegpd 1Bl e Bikration ang G F R LR pe LA T dp Bif Hepzelthasy
|
cytRe MLER AR08 Ao ahini Rl LA UL WbAMAIL!IR Méiphology
bep@Ehllow(PoTyage bB36-detived E€1IPs angd hemaw fatalrdedived CAGUFigures 27a-

cutu .splitding ( i n.the resen t
b BasEAeT RerBEERTRY . ek el SRR ahciBholoey

re@hmni&lg&hdt%fcfaa@hct@mblw céleMS eI e1d>) taﬁd SIB]‘Psalfrom later

passagi ng using type |V coll agenase 1 9%
paﬁﬁageﬂ ity a mprphojogygeseingihatiof ibeg @%&El@ﬁe (19) 25 %

t I tt :

the ‘S EERE cliedehic PORMARCRRS norEl KonpoBB Ll AR Fbnality

potdmviabo$ tlse IGHSR: edmwaau psdessedSbyp asezh@ singkugdbstaetl inhéifferent

L ol ROt e RS B
anﬁh#éi\@}deﬁﬁail ‘irhﬂlelijreénd)\%thtlﬁﬂéjcﬁg ﬁl@l‘phf)%snaﬁli ?Eérﬁ)'tﬂlﬁee 8k assessed by

cultures at a er frequenc a not sh OMM

RTERNCRr dditiesdipe Kbblandm atnaésfsusetvf CfITPa ordtt dliginey floaspasaagss 7-

5 TBRUR o PSRBT Rl P B PRI BB oA Shovi)
Al t QQEP&Fe, silitaBlelYor 2eNbasddVDRh® blginddtngde MNBtshatvadn Figure
that the CTP cells _isolated fromhESCs-derived EBs or
26, pesuiping syapmetits edlbdivimcongywellipf arG-well sutureplate oniaiping
opfy BT A e, LT G B0RL e
appmmhtegaz%?mgmﬂmm@m%agem lagiat sfidri 20 padsagek5 Thus, one

itio i nvent or have ncovered t hat
Etaﬁc‘rtg %‘T‘ffg %ﬁb ?rﬁ %Zﬁ%massaaeemﬁ tengp gWFF‘éBI‘%aFFHPmmatCIY
50C %hllnc b&ﬁﬁﬁlefe'rss %femﬁﬁ%lﬁ&? rBong - affefAP % lﬁgpﬁﬁs§mque
MAL AND OSTEOBLAST-LIRE 20 CELL

deTlNam@smethd qcfcth@ ptasait infentioe gdeRSeks daulfﬁtédat@ﬁmlnbbf cdhs for

Hr Lt invention
ce -base f1ssue engineering apphcatlon

Isolation of connective tissue progenitor cells (CTPs) from undifferentiated
hESCs colonies - hESCs colonies were enzymatically digested with type IV
Collagenase (0.1 %, for 30-60 minutes at 37 °C) followed by aggressive mechanical
agitation and dissociated cell clumps were further passed through a 40 um 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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differentiate into the osteogenic |ineage, the

expression profile of the CIP cells of the present
WO pwengisen was assessed by RT-PCR, cDNA ni cr oaPCHIL2a07d)00046

FACS anal yses, as follows. 25 Experinental Results

CTPs express osteogenic markers - Gene expression of

CTP cells grown in the presence of the CTP nedi um

from passages 1 and 10, was assessed by RT-PCR
celinaknesiudtureiswitbowmliare splitiing fRessaging) in dheparesengg|of the CTP

express. core. bi ndi ng §actor (<
medhdge b raiE BT gPpane AP o FE0 i B e then
sulgk:@cé!d fo 5&ta? aﬁs@éiﬁ%?u@iﬂgntypéwcﬂollagdna&nw.bBYQ rde@L yimites at 37
ifferentiation. Type | collagen, the nost abundant .. ..
°Cp foltavesl by brapsipizatias (0. %hYel2-? Migytes gedy 764 e growth kinetic
gste ast.s, osteonect i I); i
paflgh Bans BYEnSTRTDaRE Ganp el SERRAE ihon phcHEsdscence
uph® rzlsgﬁgs%@g %%gbfsteli tMOd 20T A ST 2Pt FITE/ kel 2007 /A3qasshge 20 the
48 (PTHRI), I ch regul ates mineral ho ostaﬂs_lis ﬁ\ng ded t
growierateopiviie) asHs s FlowFb down ddatp not shoay);pd the cells tended to
hos Fisik | ' b&hynCamsted RcdPered
foflg ARRIR ARG B BAAGE FORRARD flard RorAb G AL R0
wéll gher frgeassleye sycles) dind shbwed dist ssogepiotiferpiianemd differentiation
| munof | uorescence anal ysis of the hESCs derived CTPs
Podghas i dgy Eﬁeze/ﬁ}?évéﬁ&‘ of the present invention
eXprﬁﬁé%eﬁ{elf,altﬁé" SreXBRS PvnRRS Hotb RienirBtitted 2ha) thndCTP cells
osteocalcin (Figure 22b), markers of the osteogeni

C.

isdlntod afyem HBGSIsedasived TpBw ok [thes updifiormigied; fexf°s by culturing and
ost eogeni.c-like cells -..Jhe . : | i

S PERERELR LT OB IR E SRR PIEF bl et 20

pREBLY)SIiB Wi NGabality IQvife hothal appyetypeyadrel yloh@genic potential. In
ost'eogenesi s-rel ated genes. Th corl%%%glg r Ecri LS invention

additicn, SnpasBHiTER B REBEP YT PH HSHPLPy HoS REEed: iayert

arg)%iéa?ollehf‘bﬁgll-fb%eﬂltis ?ihrgrirlgeegﬁﬁgage 1). Two i ndependent

hent's were per he conplete |ist of
positive transcripts is shown in Table 2, hereinbel ow

Forty transcripts were faqun be shared anong

hESC- deri ved CTPs and hM‘? CTPs, incl udi ng
@J%MME&?%@RRE%%PWESEWMAMSEEUBLAST-LIKE
adhesi on nol ecul es,

and matrix - associated proteins.
A significant overlap of IEEE&nscripts shared by the

threge populations .(i.&., dj f4 ' . .
2R AR by st B BE U SR pion
diffr&htifd in® the weegerﬁé Ap&RE] bt exprepri@s profilgeitbs (TPatells of the
t hough known to play a si %nificant .role in

pees¢rd ogjenéion §vas avsessgl by an@' CR CONY D sroatray #ul lf,f%%%analyses, as

f(glge‘l%e. In addition, CBFAl, 20 type | coll agen, ALP,
3 opontin and PTH R, which were tested by RT-PCR

(Fi gwégsri%anmkeﬁultse, g), were found to be positive at
the h

e oS SLe ALl LTOELD 2l TS S0 B ot v i
tl?eaﬁﬁé%n%g nd gl ETBr LA O 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 (CBFAL1), and SOX9, both are early transcription factors known to play a major role
in osteoblast and chondrocyte differentiation. Type I 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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of presumably undifferentiated hESCs al ways occur,
thus total RNA extracted from hESC cultures

wo epresem s al so cells at different stages of PCT/IL2007/000046
differentiation. In addition, 25 gene expression
profiling of hESC |ines has shown a significant nunber
of markers of di fferenti at48on to be positive (34-36).

| at s t h f f
®TRRD “hichrulaly ek SeBelEn l ehEe ttiaply, fd, bone-
spé’@ﬁé%ﬁ&hﬁé Iﬂfo& HAR8! bl @0 bERL | Shosplio? UWodcGum REPTFESSs bone

where stemcells express all or nbst markers at |ow
hytlewghmtitarvtre aldletestechat oxpawt bisher pissagresindigatiag osteogenic

O?qqutal 'y as t hey di ffe_rentl ate while upregulating 30
p xpression of a limted set of genes (37). WO
200183000 REEhte 20417410 QO UShEIQs Takivel CTEX plemsaé;tmned that
profile of undifferentiated hESCs S Zer \
INéEEI@ ’IgE

thf( P ahthefpaqsant ingemtion expresplkeliee
I / HOPS
os%E&lleﬁFf: L lﬁ%g@gg dt‘? ver /g%one %ﬁe AN?(AE
élg%)@(!‘}%%@tqu r;prpf knngﬁl ETESeriped) | amto@atlaslekeE cAIRSE The gene
CxgERTHED BEIAP OB SFIR TSt SN Gy bR pine «
sefﬁis 5@?8)@%&&3} 105G\ DSEAekIsREaRU Renbs. PTRE @b trﬁME’rlpts were

n Bone nor phogenetic protein 1

coBiviagA Bdmemdﬁﬂfog@mm €TPp (passagsy bt atich 9 tBl\kp@n@wﬁc!sal CTPs

oBane ogenet | t
21, AR S ko A e o
pd\s’%‘{%ﬂgcr@iﬂﬁﬁ showha e gabletd, ﬂerembblopv PF@tyeirmsbripSMREe found to

VG VEGRI n n n Bone nor hogene
be shared among hESC-derived CTPs and human fetal CTPs, including growth

a) and

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, CBFAL,
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). Speculatively, 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 gradually as they differentiate while upregulating

the expression of a limited set of genes (37).
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FACS analyses performed on hESCs derived CTPs from passages 6-16 using
antibodies specific to the CD105, CD166, CD44, CD29, CD45, HLA-ABC and HLA-
DR surface markers demonstrated relatively high level of population purity with

me I.l

surface markers characteristic of MSCs (Figures 3a-k). Thus, the CTPs of the present
invention were positive for CD105, CD166, CD44 and CD29, while negative for
CD45, a hematopoietic marker. Additionally, all hESCs 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, the 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
to 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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54 Tlfoemsfto capactfy gF Bt GTPs ofdhopresasns invenbe i dfferentiate into the

osPET Tk UERa0g, forboilydtioRs SRR Bl RN e R Gaded 10

th¢NPICHAMRER andpthie TIPt 06ll chilu@s reaepiseesstd fof Ty fdsBiade of
Turmor necrosis factor TNF DIF/ TNF-ALPHA p p p (TNF

midgigizedmpiriy, as diepesr 2)
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 1-25 were grown in a CTP medium supplemented with 10 mM beta-
glycerophosphate and the potential of matrix formation was assessed. As is shown in
Figure 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 Results

Induction of CTPs to chondrogenic differentiation using the “intact 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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nnmnmlecule 1 Vitamn D (1,25 VDR NRLII n n n
di hydroxyvitamn D3) receptor Vascul ar endotheli al
xggB\/\E/g:(ﬁ:AL?VFF){Fp grow h fac¥’or Vascul ar endot hel i al
rowt h factor Vasc | ar
CEhasdiven] drter Jacks the liswergs faryey ecg AT DS  Hfestaining

shﬁw%gor%&#ﬁ r#bg@os%-@c%nﬁ%%ﬁl%g R oif]’tlﬁgﬂe%ﬂ%;&g@a DrBoably

duBNiA\ lackrofmutrients and pxygen de@vwenasltaﬂr@mmresccmdnms (Figure 5a).

Agggég\% g@% aér%%zﬁﬁgf Cﬁﬁgﬁg F;%r t§9 %Q\%pl% rounctl1 lt'xondrocyte—hke

ceflERYSE QRRICembRIaed d)| lewlay] rd3einblifg! Eéq‘lfz?\fﬁHllagqa (Pigure 5a).
I sonerase A (cyclo hl|ln£\g Peptidyl prolyl, PPIA
PigvriviGYrRd steiping demonsiraied exfentixg @pl(l)agqpq)qsnmﬂ\tpx surroundmg the

cells Qf“lguye g)b)OI l%munohwtochemmtry using an antibody directed against the S-
100 protein, calcium-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
pellet 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 cartilage (39). Chondroitin sulfate
proteoglycan 4, is known to be found on immature cells such as in the developing
cartilage (40), and cartilage oligomeric matrix protein (COMP) is a key non-
collagenous matrix protein (41).

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

differentiating into the chondrogenic lineage while expressing cartilage markers.
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scherdfdls VS C%Gﬂ: 7a?;gigrmmze§, S@elows.c to the CD 105, CD 166,
CcD44 29,

, 5, HLA-ABC and HLA- DR surface markers
denobisparauedak Ressity vel y high | evel of popul ation

(Fi ohedtiaf (345 4R e At FQORIASILR reoilled B Somneativ

tissa¥ ?Pmmmers xa?e? U'I;PS Gp?fésag@ 1205,) Iﬁ@lspaﬁieddmm acpf CTP
| e negative for CchH4 em
mediukewereAgeiad nesafiglds ane eresin M reee e Mg for
al so St [ hich
ofe OImqut_lg% % rJegﬁné;rl[:(ﬁar‘ @E&g&/&f GHsH O%flc)al %ﬂgly@@gs%bbv%ﬁyan ig

ure nmaj or | st oconpati bi |
nﬁ&f@{cﬁ&lﬁfhhqu-nchh CENRCHSS tlsﬂme datmpaion, with mesenchymal-like
characteristic fo VBCs Level

cellsndlignge dn tp@rqyg rﬁugﬁun%dt with \%teﬂﬁllvﬁ %Jg)a%lP %06{#%& matmx with a
hﬁgjrgxgnarﬁo {Hevﬁaff%l% %0 1RNPasePIie sredrt donstrid sﬁ@ge@tﬁig # has

further shown in 20 Figures 3h-
degreddaDomsums (Elgme @l s Smmmneleé,@tqgaswqm@% rﬂl@ﬁfates the

9 and 4 and neqat i ve
%lﬂ%lpg Hgmjﬁrl){ R @ﬁl %&@g e\s/selv% 4 %;.\ %?gtcggsogolgﬁﬁ%%n until a

ffnﬁf 3004R Al G4t isapsheRRGRI(FigardsOTb- eplesme Atseget bibnyineral
the FACS results denpnstrate that hESé;s

doppite S drmaepeis GORBSBHOROEN NSEREETLEY s Foelpy deta
noPI}{A WIR) ceefe rra n%ﬂ(#hé &%e%nﬁ%ns but on plastic tissue culture plates did

not show any form of 3D tissue-like formation (data not shown).
Altogether, 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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_passage of 10 passages 1- Wer e grewn.in P j
sibelp SRR BE D, e TORF BEE ST oo fgHbe e s aEits Wit =
teﬂﬁén@ﬁ]ﬁé Qﬂapgf ARt ioviPIRiGLRE 848S HEETRS@RNed ASTIsswhich were
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culiusddbire thea presswepof &Py medisio wese] capabihof farpiss p gendon-like
passa , or S j nduc earl ieroat diff ;
BRSNS G R Pt saanssuin
gWﬁ’ﬁ__acb' 7 Aeh@RRS fEIRAFihE ME thdayhsAln zaltia (Réghrs t]) im@-8 cm
15 (Figure 4b), and scanning electron njcrosc Y.
fcgllgmgmg ed-de)merthp| Edpta poE EHSWEDe AHRET o ‘%‘?Sg "{‘ﬁgglﬁ‘f‘%lyses
. reQver. | i1 | S .
L e
eﬂﬁ&sltt%/y@ é foollageyp@igure Oka).agern lakirglevelogupntallsiage (foHewing 2-3
results denonsirate that the CIP . th .
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conponent o one 20 mnerals. t oget her, thes
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Altogether, these experiments demonstrate 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 behavior. 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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subconfl uent cultures (passages 5- 13) were
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strgéé Nibd) BnSUSHEED bira ‘T‘Qé?a@&h%é 1%5&1“1% 'is@t% PR 1887 MPa, and
alfpht) siedeigendier ®.12%)3 MpLel | s ( passages 1-9) were
grown as pellet cultures in the presence of |ow serum
TG-- 03 suppl enented nedi um as described in nmethod 2
of chbegntlgjethiese wispltedemnensiptedthe iformatioppd adepdgmglike structure
o DB BHED SRR Y 0 030RP il
tewdldri3. Tol ui di ne bl ue, showi ng the matrix proteogl cans
(Figure 23). Earlier pellet cultures were not
positively stained (data not shown). RT-PCR anal yses
showed up regul ation of gypgpfkrcs! | agen, chondroitin
sul fate proteoglycan 4 (SC-4) and cartil age ol igoneric
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known to be found on i mmature cells such as in the

h@é‘v@lTBp wete transplented geto 3G ID-hpige @H?Qa iap 54Vt i goneri ¢
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hESC &%%QBJUQQ%%ng‘(@ra@MddEé not shown). Six and twelve weeks post

transplantation, kidneys were harvested for analysis. Both macroscopic examination

G;Ee ,[@gl?et E)gndro etgslﬁ%fdlilffer egltg%%lae g&g us?atf t%? engetﬁ o

and histological analysis did not detect any form of teratoma formation (data not
shown). Instead, a localized sub-capsular 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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mineralized bone matrix formation (Figure 14a), and a later stage showing osteon-like

structures and new bone formation (Figures 14b and c).

CTP derived ectopic transplants include mineralized bone tissue — 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 a 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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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 subjected to a high-density culture to form tendon grafts (Figure 17b) which
are then implanted in the injured mice (Figure 17c). 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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of the hESCs derived CTPs of the present invention to
formcartilage and bone tissue in vivo, CITPs were

subc?gt,‘?gﬁ;;,gﬁ)ayl&hggspl anted into cdl nude mce and
the tofmation of ectopic new bone and cartila

e WwWa .
assedveration, oft BOMvie. vitto CTior diie| tpamaian gfietacellilar matrix

spl are bioconpat i [ 4ly- Iz :
BB S PR W LA P50 s ct
pEHEC Uh aRROYseseh@ siTl antealtinen nfdilrSEsmpesing eascorbic acid and

dexamethasone. After about 4 weeks in culture (other periods of time are also

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 assays, 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 biocompatibile

as evidenced by seeding the dry tissues with different cell types (Human embryonic
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CTPs, the mce were anesthetized and approximately 5
mm | ong incisions were made in 2 or 3 |ocations on
wao b@7hosisko of the animal. CTP cells from a si ngP@I/M2807/000046
flask were injected in each incision. Ectopic
transplants visible follow ng 8 weeks of 15
transpl antation (Figure 13ay included bone tissue, as
confirmed by the radio-opaque transplants seen by
kidkey 293 28k) yad obédvigp e HBbRtioGbIwseo newatiseng, af 2 ppdel for
ectopic, transplants foliomﬁng t he renmoval of the back
allggemic el segfling ( ?’f%nﬁfrsé’ggﬂ ‘e of non- cancerous,

wel | rheassdd @dshge Pt tdized Wyehit®logy, damunsdtsiatngn glectron
that the ectopic transglant i s biocaonpatjble, well .
micrisegpyatmtthei tebilis deveonsuatepithaitthaditdd vakepsntagpin a native

rejected by.its | : Lyed ectopic
foppAHE B‘P‘glﬂ% )56191%%1%1&% grréé@%t%@é%% ﬁ?gsglg Wt\‘]?s sues -
Hi st kdaididlation of X33 - delltemoealt o donerchamjralntvath detergents
reveal ed the formatiqn of n one. (FKigures a-.
sugh cesh$BSr (- bph dneubation dHe (39, F%‘Q“'Sfﬁ%ﬁé’}ﬁ}“i‘%ag &”é@‘) protease
AR i PREqQEribdd h&@dsPAEDIRA NIG., PODOR]. iBiBmed
‘“%’E.Etgﬂsr gggﬁtg}i, an%&grﬂri?t glrecgtlt“g?e ghovyi ng osteon-1ike "
Mafer sResudb()es3and. hhstologyenf clavtron ericiostuyrassaysaboyrigat the
c).. CIP derived ectopic tran a i ,
celvet s poreiept Sepaet VAL ae BT R o
Fi QUHBILARRR EanRksis isobidcbmpaiibis ec tlhensioampatibility of the
non-dem neralized tissue denonstrated the fornation h
aeilular tissuas wae gomprsiraiadi by seeding dgifereny; coll tynes Opfouthe disge, Wit
t he hESCs deri vied 0 re ' ino (d
e A SO Pegescy o oy oS RN Sedine (data not

sifdf)pi ¢ transplants are derived fromthe hESCs derived
CTPs of the present inv

went i on . hi stol.ogj ect i,ons
of t Adiogetherpithe dregagspi ta§d/0\9?é <& Bﬁaé‘é‘%q‘iegﬁltpégem’ed usSues are
| NOSLA o abiSL Seldhing R Sapialy rdibydate (indicates high
e%cﬁ%ﬁﬁ% ?}é&]g’%%ﬁogy. A% is‘%ghomaﬁn }}Fi ujr?ﬁg 25(a, t he
hYRoRRIOZiD)SAEOGNPET (o ey Motodaslard hydregsly 19 s1akedqn injectable
ectopic tissue is positively stained with the
fofAti - human mitochondria antibody, demonstrating the

hU”aF‘t Wi 84 Bppbcibide 1estRPikad IBEM &an Abtcogéitibred by keiic cell
results denonstrate the ability of the hESCs deriv

L ed
tyPERssuoh as skin, gheksta muscleyestdios museles ftFAEHAge, BeRe, ete., to create

BT, MR Ty BCOE R e M eo g
ClteReTh %Egcoﬁmafyﬁmdﬁ% fORRItNED fGhP$rifuary dissue, or by

the functionality of the in vitro engi red tendon .
sepdafg thersseandreell type pptgctle alaradygo OFPives islipyallowing

i ehméglgst éooﬂltegrgt?t S5 Ghd ﬁﬁﬁct—iﬂtlﬁxt?mé,eoe%re Q%rﬂalﬁaﬁﬁﬂﬂ) of freeze-

résént 1 nventors have 1 nduced a critica

iRk lah@sr beheamoviahjuili pedun. Alternatively, the second cell type taken from
the patient can be left to grow on the tissue prior to transplantation back into the
patient.

Purified ECM components - Total protein component or selected proteins is
purified from CTPs or CTP-derived tissues according to standard protein purification
methods. The resultant protein is assessed by gel electrophoresis, western blotting
and proteomics analysis. Such proteins are processed in order to achieve clinical-

grade injectable formulas and other forms suitable for biomaterial applications.
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m ce and i nplanted the tendon graft of the present
invention, as follow Figures l1l6a-e schematically
waeleprogosbhe strategy of repairing a critical Arti/iL2e6%000046
tendon injury using the in vitro generated tendon
graft of the present invention. Hi gh- 15 density CTP
cultures were grown with nossfurther splitting for 4-5
weeks to forma sheet-like tissues in culture plates
(Figure 16a). Next tissues were gently renoved from
pl at craper and rolled to formrounded
cyli fﬁ%’ﬁgwﬁﬁ&g}éjﬂgé Non- absor babl e sutures were
i NSGIESS @t a wivdekfod sonbective tzm&erdae«tlopﬁwntudﬂi&ﬂsl art plueipstent

celf ARG P6rio0 Selporel 8 JTCLIGD AR BHoR (0 possess

viltR{IR/ aﬁmﬁlt&@%lﬁé&ﬁbﬁlﬂwl £hdS uiffeeaﬂlaﬁy@ Poteaiikeddedad been
agar plates. hi ckness, 3-4 mm | ong_segnent of

propﬂsed\dhatl ESGC diﬁﬁ@nhatmm thuelighnthe fovmationpf £Bs mispies ghe carly
oc§Hpbp &R SR P Henst PR LT B PR five mocel o

inkékigate thufehi éhBSohRndssldphiegyrendideding Bepkmitatoisadl studying
Results 25 In vivo repair of a critical

hyseas amlagos @hdon injury using the in vitro forned
ten MB@JJ tif¥he B eﬂfsea?tg\ﬁﬁmﬁavﬁ&h's% celfsQ Iﬁé%ﬁ&“rﬁaﬁ‘ Brigin.

i nduc of a cri cal es- tendon injury t
Boneetissad iniformed enaimgbtheough vt drst1n¢thp110r:esa¢8kIeadochondral bone

resulting in a X|mal. on of SS n 90 ..
fopagtua et BbERYS osrRALRh: PSRRI R R pplis to the
fo%ﬁﬁdhe&’f lofd BRd St waas %hﬁ eb®ry@nkY &é%ﬂ)%ﬁfehi YTHiY bk gih€ when

formtendon grafts ggre 17b which 30 are then

msprblanmédstanm celh élffarpmtraélen agle t@ r:a@dﬁg@owél)ssuecﬁ@eW@nwnt and

|
SRR g O G805 PO
toJofR b @iowihaNat80 Cdaghgesalix ig tied chlbﬁﬁed A0 abEEBEDBYb&Boclasts,

PCT/ 1 L2007/ 000046 63 The transpl anted tepdon
followed avitht spssylan davasion §1d replacempiinyith mSE?ﬁE rﬂ%ég?one tissue.

r I t
I‘{?%%E'rb%@% %: ﬁl:étﬁ)t‘ffe é%s gcr) A ?E&g&&m& &'n%zgol%ﬁ%? difRtly from
miesenelyyradlicells wﬂthbwmnsnteesedlﬁryalattuagmgus(d?:ffgn@n‘eatlobz{3994)3,)
with Lrculating bl ood vess nvad t he
CFi ot G5 S b Sresiod B n e B olpaelra e i el R dgvation
of Q%oﬁﬁe@ﬁ%@ kl@ﬁfeeﬂo?érﬁf&%eﬂqmnﬁ'&hmst hatowh ey M pieSence of
renodel ed and egrated well (Figures 20a-c) wth
medivot hextaiptge Sic{dEs @mptyg @ 1pramioje oftewhlsss rphenotype, the generated

testi usi t.he S C
o kR do b Ggees SRt PURRs E el RO o bESHITRERbe into
telas&ayds@fhbﬁﬁ% bdiBtruel d Pirifitaidn atiteRparsicinsithadésideivell type from
resenbles that of a  native rat tail tendon (Fi gure 21

the mizedpepwationeofperovansnEBs ist sheres) hallgnsedn hRSCHrepgaagh. oY arious
g AR TR A s A SO o
s@iing hendt s&aggtioan (EQCS enAaasyr aid Leneticc memspudaivisonwithf either

t he transpl ant ed .
inserting genes of interest or silencing them. In contrast to these strategies and
without the use of such manipulations, the present inventors have generated a stable
and committed cell line derived from EBs, thus introducing an easy, efficient and
potentially innocent method for cell isolation and expansion.

The cells are named “connective tissue progenitors” (CTPs) since they are

non-tumorigenic and committed to connective tissue derivative differentiation.
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tendon was subjected to i mmunostaining anal ysis using
the anti-human mtochondria antibody. As is shown in
wo-2@ang0s2bb, the transpl anted tendon is positiRE/IL2007/000046
stained 15 with the anti-human m tochondri a anti body,
denonstrating its human origin. EXAMPLE 10 FORVATI ON
OF ECM AND ACCEL ULARI ZED MATRI X USI NG THE CONNECTI VE
TI SSUE PROGENI TOR CELLS 20 Experj nent al Res(%h_s - d
IniHallyrptasumed fto bensterpiageniéors, they shoyged 8 e gHiigrentiation an
tracell ul a trix (ECM, the CIPs were plated at
deﬂ‘%iﬁl?fn e[?il OtefntlaPBS 10 x 105 cells/cnm®) in tissue
cul tm{eeplamcﬁyec& mnltipbtenpy edarseebbifts shas beenrsbowndinutie adult.
conpri sin ascor d 25 anet hasone f 1
s ook Rty InEARERES 7 Sy Bbmenta

po?éﬁl%iglf @ﬁsédnbbg)lnmﬁt t‘oI Hif&réﬂtﬁ&u ﬁlt&\ﬂ}“stefoﬁfam@d chddiocytes and
I'ke tissue was subjected to freeze- ryl‘;f_gl ©). The
S

adides (&el4), simitwvial bonEmespasv-detjyedgnesgachysind
prééggth %rg'fe!gt I l e tlgl%g?tysev gesglépﬁ:sorsgeéﬂ t?na{re talél%%' form a
wé’lﬁ-hﬁﬂeral@ze@fmatﬁ?@diﬂaééﬂl ¥ Blatter tipdusd ay Sornh Begeraledthen tyges of

the risk of cell-based tunmor, forngti 30 a
congalioe ! Srie CHGIERNS | SBUSTHPE. BT OENATPERES. B anle 1
he%%ﬁ%?u(}%% l\fr%k%ﬂis{e%éfagtsac}f V(/I‘ﬁgﬂp L ?W@é'll@ta% ﬁeéd@d % Yorm one cubic

bns t1ssu ormed was found be
ceRliRRIIEH 4 hiele bors @nei HERCetiribyd SERifrogn tthe ﬁjstypassage could

h diff b
AT RTI4TN T T

z@ﬁg &%Derw ng the formati on of secondary new tissue,
del for allogenic cell seeding (data not

showffike efth@edulaednatrlscs(E@ﬂ/\ﬂﬂéE@mG@‘éw&Wffﬂds In contrast

hi sto i nmun ai ni
P oS S TR LA A oo
tHeN vBIuRRL Iofecomeb@FdNtisSudPebidifig ¢ff chaigifoadtionel Ialléracnt - the

activities (data not shown). Acel.l ul tiosz
extracellilar omevealEGRD done GHEHFIE 1576 KT oD% gl e and

c%g%ﬁﬁ\ze mD%a%l?ca t{ Bssdd] Of’@gfg)'nqg tdah it 2R réﬁs@é& B hano-scaled

ease I'brtors, essentially ‘as
fiRe fpr@t@dlsl(ﬁol%éhﬁdbd;tlm,Swhda Gtoﬁipmssm 1$ opg@&@d by, water-soluble

Biomed Mater. Res. 49 4- 40
Pﬁi;tglrg?}fcéﬁs rﬁug}:l o@c%%%}ld%é%fé‘lé‘ﬁmﬁéﬁ at Bm %%W%‘g PG S @

hgrhgﬁ lﬁs/dfage(f: %QP'I]?U el ¥ o@&E shibtaHce" WRT WRichhg@ieEfMouS proteins are

| arized ECM tissue is bioconpatible_ -
el’ﬂbeddﬁdo(ddyrp Scaffolds uyedoin tissie eagimerningpret desianed togpgovide cells

\7\{1‘&15% é@t gq%rgﬂmg 3%%8&% t?)l £ gtﬁqg%en%né# llfdﬁg)\?lv Mt cﬁff@xl%ﬁhatlon

I ssue

wWile®mPRAR! thER Al ARERNE Hislokicalersidny T}d@t@nﬂ&t 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 extracellular matrix, providing cells with
the most "homey" environment. Thus, considerable effort is being made to create an
ECM-mimicking tissue-engineered scaffold. It has been supposed that nano-scaled
fabricated surface topography 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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shown). 15 Altogether, the freeze-dried and/or
de-cellularized CTP-derived tissues are easy to
whasdlogosamd shape, suture retentive, can rapi dPQI/IL2007/000046
re-hydrate (indicates high hydrophilicity) and can be
conmbi ned with standard hydrogels to nake an injectable
form It will be appreciated7that the intact ECM can

.be conditioned by specific cell 20 types,. such_ as
IrgfepiQrs 31@@? Shpothigef othat, _&?ﬁiﬁrgap% él_enfeé}/ber abiodeggdable rolymer
seHPFOds @Eﬁld’su ort hERESlerived S %9%%4122&1%11 & Ebtﬁ\%l&% tissues.

intact ECM tissues. This can be ne by co-culturing
Tog pgessint invehtors baonshoyel that W&/ BeAoranofiher $affobtsi momote the

the. pri tissu by .seedin he s nd cell . .
g%"yg‘é 8*1 ?(g{- }%{Sh ep’%?lv}(g% 3{‘%?‘0 géti?s & @%ﬁhﬁ‘g‘r P@g@“{‘i g%ru mineralized
eRirdceilBfmatrBeproehdtiontadd icBin@lexaissid fofmbtis. | Itad@itioE@Me present

tissue, before secondary round of freeze 25 dryi % N .

1L cou

sty damensirpter thepseacesyfyl| fosmation of| @ eshpgitlikpetigsues

I i
PFERAN B8 PR ANED LB L0588 GRO, Ay e Shbranani
comtfimctster clipadal epplicalous. f i ed ECM conponents - Tot al

protejn, conponent or selected proteins ifi purjfied )
f r om EEBLeHS CaTpLops i \AREORS A8 detenit EBRupngpInectsedtvays that is
&b OLEHI8 foJfHeft{é%@ﬁﬁs‘éfbg cﬁqgf%tm{i’ SnustRo Rl [S¥Mies of the chick

protein is assessed by g el ectrophoresis, western
epbgia havg shownphoembryoos tanddnytoi ke mSnthcadubarevitistyped collagen

IS e T B ER. AEB OAGEy e e
stphTeah@y idakind Ridvepinei 849) WOC304:6h0885I90n tendon are packets of

PCT/ 1 L2007/ 000046 65 1al ysi s ‘and Di scussi on hESCs )
hglicallyitsersid pretofibeitn ebgnedantriazaigh ank Jefinsphe mechaigab@soperties

[ I riev f ' e .
oF 8 B4 PRAP Yo SR i IR RATL0nd b Chdgied vt
itvhastheerh klyowmntHanatiatitepdal pfogemitare areadenkiated @ynihteraction between
differentiatign potential. It has been pr.oposed that )
tiespRni§Flp s o th eP RIOBHHSHY P184iRe 1Uhs rlgYSloping e i a spatial

pBiifTb& Sthhh @185 ! the FRNIE|AR "B @hattl ag&ﬁel WenP%f the functional
enbryogenesi s and can serve as an alternative nodel to

njusoweskeipile systaein @6br yoli cthdewbsenperenf , cartilage d diffareptiation,
he, limtations of., studyi h n.enbryos (42). .10
ceifrebrbiir Sl st Bape RT3 nHa Heinednbinf bddpus ond
1ighmBRS QeefsEdre X prfiibe to BRIl of 8atdnithictios AREiciR. NA Yiumber of
through two di stinct processes: endochondral bone

celdr tyREs ohavendeemt piligedh femdhis eyEnose.c aviflonbone marrow-derived

i ticati i Con. of
SRRty L NP R 9 Aol
gldwiag blegiwisd yé eboutmilse nepyfi@ice SbE Meshhhical stimuli during tissue

differentiation |eads to cartilagi nous tissue .
dgeslenms  remoqleline, shopgy fouimarayy thet langtingekichaapigristics of

eB5iR%E-B 3361819938 N dFaloud BidEAE A1 Uy nilRAL ALOSHLES have been

utilized for the repair or replacement of damaged tendons and ligaments. Different

tendons and ligaments differ chemically in the amount of collagen,
glycosaminoclycans and type I to type III collagen ratio (52). The present inventors
have postulated that hESC derived connective tissue progenitors could be used to
generate tendon-like tissues. Applying a long-term high-density culture technique,
the present inventors have successfully generated self-assembling, cylinder-shaped

constructs, which morphologically resemble early tendons. Mechanical testing of the
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to forma growh plate. Cartilage matrix is then
calcified and absorbed by osteoclasts, followed wth

WO a®e08@P0 | nvasi on and repl acenment w th ost eobPEBHIIR0emMH0046
bone tissue. Intranmenbranous ossification applies to
the formation of flat bones, directly from
mesenchymal cells w thout am8internediary

cart|lag| nous differentiation (29, 4 20 In_th

cagsiugts demopTiicshan avstasstengenhmodulye ﬁf)%@q ta0ddPe. hEhls is in the
t

SBECLELEDE o ', BRBRIOSE B4 L L3 cndon, e o

be 632 Pl (51)c ohdditionally, filec derapekwltmatet tenpteostmngth (UTS) of the

PSR BUE Gk YRe, A0Sl ghed el Lo showbot b o

ngsaR! & il tedtGRHMR-EFGRAPIE RAMER U@dh'ﬂ!&tt&idons showing pick
Purification and expansion of the desire cel

S e O s o et s oo ot fom
Aot 388fon] Rl iaced a1 lemdfRl o SonRIROEeBlify Hfhure

taﬂiagmsewlm-zatahgmhmﬂm of 13MPai abd @NSl oS ePA(SDN THeACSults of
g genetjc mani pul ati ons, with either
theri%ré’iem #Y @éwéso%fan.%@eéwé sagainds greaisr Mynithe plus;reported for

tkfeoga%ré?l fneEt% t&ﬁéﬁu&& r ﬁ.ﬁegig alf c-EOR {h8ortS ﬁleglflamcally

su ni pu atlons ent inventors have
regembkeametxdraar%habhm mrrmnde demiami;t dhesebdnstnucte cdeld seade as a

r nt roduci n n eas ef.ficient an
s BT oy o LA ST ol s Rl paittst g opCapiytowerd the
n@Bfamqfngir@h efigift Qe RABOh sRARRSEL | ve tissue
progenltors Since they are non-tuinorigenic

-and Bbwmmnaéu i tbl@ nﬁBéY ithe nresestdnewiary shaveedemonstrated the
i.0 05 / 004
S‘?Aﬁ%{siﬁgld?ébgioéls%nce\é%& ls%ugetp rg% rncl)tggn 2 z'/o Oléy Sh efggré{ onic

s@ngf@lat(ﬁlFSds)};f Blrof%i’dimgbmhnwﬁﬁﬂly Fﬂ%ﬁit@bﬁﬁﬁb@# of cells as building
enti a The plasticity or multipotenc .
b@@f@esm cglrbased syye cneuReine.i F1Prarashawn b pgigasily isolated and

eﬁ%a%ﬁ@d: ulv?cgep& eos‘i&fr%e}{ﬁd Igcﬁldhﬁnmgﬁlm&fﬂe hﬁzﬂﬁﬁg Sotentlal The

vitro devel opme pot ent d can
praseiideantoss bivef endntddatamofibercscafoldnigltasteate 3D sheet—hke tissues,

o PO DB a0 B bliee el (@ sSomie 315 Bonstucts

rRERB ox'i% | darertbRms Cidsh  WgthC @tr@aﬁﬂaﬁ%y BhE ablwhfs%‘c%ﬁybl ©These

oste asts, are able to forma we m ner al’ zed
en@mragxnamulﬁamab gerfva ito h@pomﬁmbgdeffqrtsf towm(b@heraaterlzmg these

hﬁgge CIIVX(P Iy gxpgonnegt% v& qsp?ﬁje eélﬁi cgl@trolllng their fate,

I on,

dbel&ing lplme;rmy 510 @ﬂglﬁ@érﬁigbils%ﬁéés a@ﬁvemscbro%d&ngl Q7gregl 1081 for
are needed to formone cubic centineter of a new

siyériag byman geatopmentved CTP fromthe first passage
could, {% F‘rl’thedgi %ﬁaﬁﬂ t%/eoftt?ss&% R6P ﬁh%ﬁ&kéﬁo%%lﬁé"@oﬁ( not
ers o d

centine mneralil ze

ofilyehelds rgrest| prohdise ot i potehCy aﬁkﬂmﬁéﬂxﬂsﬁumbcw ﬁ@lls for tissue
scaf fol ds - In contrast 15 to rench or gans,

eRgineasing: Lubelsn yugEssisuf agredin éPO# &t INYeS la?%n& rb@man embryonic
d6Rl1dpnentOSt  Of

It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in

combination in a single embodiment. Conversely, various features of the invention,
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t he vol une of connective tissues consists of their
functional elenent - the extracellular matrix (ECM
W@ 2@y/08iBennect i ve ti ssue ECVs cope with tensilBCHIR007/000046
conpressi ve nechani cal stresses. Tension is
transmtted and resisted by nano-scal ed fibrous
proteins (collagen, elastiny? while conpression is
pposed_ by wat er ] e 20 pr ot epgl ycans, such as
Wi AIP ofoF DF VAL ‘éﬁ?&‘tlé“f e C?%@X i eiBgleyreihed aF mgy so be
pﬁ)Vle‘d% hé&at@%r%ﬁgy sitl@btd éu'B@omSi‘hQH(F}g substance” in
e fi'brous proteins are enbedded (47). -
Sc af Mthdsglugb@ inventiog shes beryi demrnbn@ iar eonjmsqt@newnhospeciﬁc

B Seniusiferest it bdeche o Sy HRRR Bbs, RoRHOS dndgtintions

wWe ek lapﬁaréﬂitﬂb thd¥e skilled @ @e @D dAbd:cﬁHﬁglyC ali 1s neestfed tdRErace all
can made of either 25 natural or synthetic

S‘bqhoﬁé%%w&bl modcgtianssand; yeripipns that 4 ﬁ@ﬁmaﬁl@p sriFifrgnd broad
sqflo e Al afE, AV HRARGGHE WO Bitcht hoplications

nnyienaiain thisr apemtﬁbamf are H&rmmhmooepc&mbd ae dhditémtiretyetiy reference
roviding. cells t he npst mey.. .environnment.

i e Spsiichfin Jnithe S FRRORLIG G RIS R G Iony Fetent or

Et@Mf Hbm&ﬁbﬁ‘ Quds! ﬁ%@ﬁ‘cﬁﬂﬁ'ﬁﬁefrﬁ%é&ﬂl&f ﬁﬂdﬂ:ate'dt 188 A6&Porated

posed that nano-scaled 30 fabricated surface
hmpo by apfieyenoé. dn sdditiont pttatgmamf wledtifaentiod dfeanyerefaremdecin this

V. El ectros n st co
ol T e st e, PO ol sl D Vb as
phBE 4tk Yo theQleseii@a@itibi. an el ect ospun PCL scaffol d was
shown to support mnesenchymal stemcell growth and
differentiation into osteoblasts (48). The present WO
2007/ 080590 PCT/1L2007/ 000046 67 inventors have
hypot hesi zed t hat el ectrospun nanofi ber bi odegradabl e
pol ymer scaffolds would support hESC-derived cells’
organi zation into conplex 3D tissues. The present
i nventors have shown that PLC/ PLA nanofi ber scaffolds
pronote the growth of CTPs, providing themw th an
excellent platformfor mneralized 5 extracell ul ar
matri x production and conplex tissue formation. In
addition, the present study denonstrate the
successful. formation of a sheet-like tissue, which
could potentially be further devel oped toward
cell -based tissue engineered inplantable constructs
for clinical applications. Engineering tendons -
Tendons are a dense form of connective tissue that is
10 responsible for the transm ssion of force from
nmuscl e to bone. Studies of the chick enbryo have
shown the enbryonic tendon to be mainly cellular wth
type | collagen to be the principle ECMfibrilar
conponent, while the matrix/cell ratio increases
significantly during devel opnent (49). Coll agen
fibrils in tendon are packets of helically wound
protofibrils, aligned in parallel and define the
mechani cal properties 15 of the tendon. Wile no early
mar ker of devel opi ng tendons had been described yet,




it has been shown that axial tendon progenitors are
generated by interaction between the nuscle and

W@ a00v/08@ge progenitors, placing the devel opi ngpCENROT/000046
in a spatial position that allows the final and
coor di nat ed devel opnent of the functional
nmuscul oskel etal system (50)70 In the absence of

cartilage differentiatj ndr opr ogeni tors can
switch fate to tendon %E%Flﬁvégge engi neeri ng of
tendons and 'mmhingjem{césam%@%z%@m se to the

-field of reconstructive di clI ne. mbér of cell
1. typeantll;}a‘l?e&kiwgemﬂ Kl%@hLﬁmetBM §I§ﬁrr9ﬁ6§e wi th bone

2. oS, B HESe BT GOl By B Pl BAADC i g

3. km%ltﬂglg@} pbmkaxhla@ CpoGtigieel @. (08ed) IrB@r! JohdtiSug Am. 86,
urlng tissue 25 developnent and renodel i ng,. shown to
i AptloV@5& he functional characteristics of engineered

4 LA 2R R AR M R B B o R

5.r B@t@RMQOOZ}fOM@ed WesibdrsS7and | i ganents.

D£y2m3{00é5“2 Wiganon. 1B E0UR 8 R GRS RS S a5, 325

8 ype Il collagen ratio (52). The present inventors
3 ave postul ated that hESC derived connective tissue

7.pMugehliet, §3.5. &dldaird .1 £2002) leﬁuﬁ@p&@a&@mﬁﬁq i ke

54 SoRHE Yoo TR S, BebR% O LRBb N, dE8Skdoh, SLLEHTA pone 50,

ggper/ahed sel f-assenbling, cylinder-shaped
constructs, which norpholo |cal ly resenbl e early

0. Siltaser, MiSchbarleat A bt Berks 6FCs Haiswid. Fot/10@esidso R.. Mosca,
I 0
a\c/;efé ag\é&?é{rﬁa&é%' ﬁrﬁ us o’fsr]%%’ %E{\T/?és&%%aﬁnpnlzt r?<1e999)

S &enos 0%, 148-14figni t ude as that of a nodul us of an

1BakdptsRann, M.nBeaVeisafdtut fiseads B D) Bk Phksior 204

(%§)609f the presently engineered constructs is 105
MPa, which is in the same order of 5 nagnitude of
lf aﬁdkuPe‘\ 1 B, Mg ddiiztugo, HbpUnaregd J§ FutrpllinalY,.Ac#iz) Ads Benhaim, P.,

donsﬁ[g*&ggﬂ@gﬁ?fg{iﬁhﬁﬁlsﬁsﬁﬁ?ﬁ gﬂgé a 23 vagm r at

ll\cﬂﬂoﬂsgﬁ 1. e daskVRZ 1S NS SHapieo, 35 ) ﬁWaﬁnﬂtZ’l tM A., Swiergiel, J.
constructs resenbllng i mat ure tendons

a
tdn@émhaiba/ulsu& Tsmes, n\dpél%bjsmeo’mzll\ﬁ%lé%) The
t taSt g f
M el PR LD 008 0 85,61 g .
ras&orapg{ I&BEEﬁbnMﬁN.r(D@G(BMSMAg@SI%mgSt hat CTP- der i ved

1 Rttt UhaUasier Deckoune ity b Mlfoa: Doy & Bargenisty, N
9r@%og%@éﬁbﬁ%ﬁ@'semﬁﬂrwf H!Iid‘iefl budy, applying

engi neering concepfs toward the devel opnent of
15, Fiwahg) gV Sa) R@h;gi helbsee B®. (’Cet’ﬁ(‘dmg, SEbsKivous BPK., Kitap S., Kim, S.J.,

s Wag BuoRl S 15eacob es F (FURLSFGHH B DF /-1 783
lg.%géﬁrg,es} HESME NOE O8R! BY Roké&rtPRIB.f @\ lisiMidbr, J. & Langer,
R. (2003) Proc Natl Acad Sci USA. 100, 12741-12746.
17. Gerecht-Nir, S., Cohen, S., Ziskind, A. & Itskovitz-Eldor, J (2004) Biotechnol
Bioeng. 88, 313-320.



stemcells (hESCs). Providing with virtually unlimted
nunmber of cells as building blocks for cell-based

wao p@3ngsengi neering, CITPs are shown to be easiP@I/IL2007/000046
i sol ated and expanded, with both osteogenic and
chondrogenic differentiation potential. The present
i nventors have combi ned nan@fi ber scaffolding to
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caEnpyishgg cmﬁﬁ;m'gmmbrymd bodies (EBs) in a culture medium which comprises
dexamethasone and/or ascorbic acid so as to obtain connective tissue progenitor cells;

thereby generating the connective tissue progenitor cells.

4. A method of generating connective tissue progenitor cells, the method
comprising culturing single embryonic stem cells (ESCs) in a culture medium which
comprises dexamethasone and/or ascorbic acid so as to obtain connective tissue

progenitor cells; thereby generating the connective tissue progenitor cells.

5. The method of claims 3 and/or 4, further comprising passaging the
connective tissue progenitor cells in a presence of said culture medium which
comprises dexamethasone and/or ascorbic acid to thereby expand the connective

tissue progenitor cells.
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connective tissue progenitor cells; thereby
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The nmethod of clainms 3 and/or 4, further conprising

passagi ng t he

15.  The method of claims 1, 2 and/or 5, wherein said passaging is effected

for at least 20 times.

16.  The method of claim 5, wherein a first passage of said passaging is
effected no more than 10 days following initial culturing of cells of said embryoid
bodies or said single embryonic stem cells in said culture medium which comprises

dexamethasone and/or ascorbic acid.
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passaging is effected under feeder-free culturjng
claighddt wheisin sapsl connestivg sue) PERgENites, Ghla campEse efﬁrst population

of Q1Y %‘ibfegﬁné CGFMB RICPShE, oﬁﬁﬂa{ﬁn of cells not expressing CD105,

wherein a ratio between said first population of cells and said second population of

cells is between about 0.6 to about 1.5.

23.  The isolated cell preparation of connective tissue progenitor cells of

claims 20 and/or 21, wherein the isolated cell preparation is devoid of feeder cells.

24.  The isolated cell preparation of connective tissue progenitor cells of

claims 20 and/or 21, wherein the isolated cell preparation is xeno-free.

25.  The isolated cell preparation of connective tissue progenitor cells of

claims 21 and/or 22, wherein said first population of cells express CD166.



resultant of the method of clainms 1, 2, 3, 4 and/or 5.

21. An isolated cell preparation conprising a first
w@opalstshon of cells expressing CD 105 and a BED/UORM07/000046

popul ati on of cells not expressing CD 105, -wherein a

rati o between said first population -of cells and said

second popul ation of cells 1% between about 0.6 to

aboyp 1. 22.. The isol ated cel.l preparation of .

conibct | uhe, Folafrd GsESsRisaipT SbepBAeGYS Bpipfprdgenitor cells of
INRETRI dRR 1D, GRRRSE teVRolhlcd SR (RER@RMINt préaed344, CD29, and

conprise a first population of cells expressing CD
HILASABGd a second popul ation of cells not expressing CD

105, wherein a ratio between said first popul ati on of

cells and sai d second population of cells is between

about7. 0. BTHenisalaesdt cell prep@@tio o€ commdctive disoel progenitor cells of

preparation of connective tiss progenitor cells
cleifnsi b OB A fherein thhasolitsi PR R OB PSS (a5 and

eparation is devoid of feeder cells. 24. The

I'solated cell preparation of connective tissue

progenitor cells of clains 20 and/or 21, wherein the
isolagted cell preparation i.s xeno-free. 25  The .

| sol Btca L fofpiehSb preparatipn &5 Ftneig pis enitor cells of
clPRRI8N! 4 orC ol ] Swifein Cthel &8s 2dreabifable 3R, beipe mediftaimad din a
first population of cells express CD 166. WO
prbiferatogosgstepainally diftrempgalstate for ap astilpassageninegpiture.
cell preparation of connective tissue progenitor cells

of clainms 21 and/or 22, wherein the isolated cel

pr epag.at | Phe @optes selClipdeparaGioR B cvndective AisdBCpraénitorheells of
i sol ated cell preparation of connective tissu
clginsgdhppdlpr 2d WheIgm said goprectiye élﬁ%»eol?m%%}t%%ﬁse pYs gapable of
A Y | r t i T-9% . . an
R BR, 4t B0 B £ LSRR E EARE, P ouinic lincage,
adipeuytic flinvapetdand sutendimoperlighmencladeage.of ¢l ai ns 20

and/or 21, wherein the cells are capable of being

mai ntained in a proliferative, non termnally

di f f gg.ent rgt eghiatalksll frﬁ’épa@étiohe@fséorﬁ@ct%_sﬁs@ﬂ@?rdgrénitor cells of
culture. 29. The isolated cell preparation o
clomn 2@ ndler 2il s whercin sy rronngctive tissuegprogeniter pgllpgre capable of
fand/ or . 21&1’ V\,her%i.)? sai d connective tissue progenitor

TR SYFE E%%gglé'of differentiating into cells of a
chondrogeni c |ineage, an osteogenic |ineage, an

adi pocytic lineage and a tendon and | |ganent |i neage.

30. The i dbedslaicd opll seRagion: PlorPIBPCEENEEE ijRESPHdstRlls of
RIRI9D h8or 98! Wheflin stitialofBete Q{%glﬂé)?ro%émitd@*h%ﬂ? lafe 8fplable of
connective tissue progenitor cells are~capabl e of
féraming mpomd tidnal i zed matrix. 31. The isolated cell
preparation of connective tissue progenitor cells of

32.  The isolated cell preparation of connective tissue progenitor cells of
claims 20 and/or 21, wherein said connective tissue progenitor cells are capable of

forming an extracellular matrix (ECM).

33.  The isolated cell preparation of connective tissue progenitor cells of
claims 20 and/or 21, wherein said connective tissue progenitor cells are capable of

forming a tendon tissue.



clainms 20 and/or 21, wherein said connective tissue
progenitor cells are capable of formng a bone
WO 2®30805982. The isolated cell preparation of PCT/IL2007/000046
connective tissue progenitor cells of clains 20
and/or 21, wherein said connective tissue progenitor
cell's are capabl e of formi gy an extracel lular matrix
(E 3 ol at -1 [
oo prosetieki il paogfion BEEBREH Oyl SRRAREH s of
clMherX andséi 2, ostivreiat saite corinestivg: ti4s0g Pnogentto edllssararcapable of
capable of forn1ng a tendon tissue. WO 2007/ 080590
fopng i ligaerbidod®6 78 34. The isol ated cel
preparation of connective tissue progenitor cells of
clainms 20 and/or 21, wherein said connective tissue
pr og¥ni t dFhecisblagedagad] p@paiatien of cofugsctivegissuel prgaerdior cells of

t.i ssye. 35. Th i sol ated cel .eparat i on of
ol e 71 <xae L R ESriEliREe goeBlgl his e capable of
foﬁﬁﬂ{ grcaaﬂagé/ﬁggﬁgl n said connective tissue progenitor

ﬁs are capable of formng a cartilage tissue. 36.

A nethod of generatlng a tendon tissue, the nethod

co sin u n V, s e

col 138. ot "Hrymeltolt bt Anbrdfind ARG skl 25T nRIRE b fising
cultutingeheXdnaedivetisie progemmn lcéllHﬁ the iholatedndriligreparation of cells

conprlgfs scqQrhic acid an xanet hason under

ofcelpisy G B1 dnc: bR Ao i FemprifgieasepRpic acid and/or
d&ﬁﬂl@flﬁngPGn&elP %ulthﬁng&{alﬁdrﬁsd@mdggf afafirh ety QMg the

an extracellular matrix (ECM, the nethod conprising

tegddnttissiimg t he connecti ve tlssue progenitor cells of
the isolated cell preparation of cells of clains 20
and/or 21 in a culture nedi um which conprises

ascoyhi ¢ ACHEtholhefr Enih®ral BErdcBRulkCMatdd. (ETUN), Nk haethod
of claim 37, wherein said culture nmediumfurther

COERISINSS sultaring, vea [eaBagstive tissue progenitor cells of the isolated cell

preparation of cells of claims 20 and/or 21 in a culture medium which comprises

ascorbic acid, thereby forming the ECM.

38.  The method of claim 37, wherein said culture medium further

comprises dexamethason.



