10

15

20

25

30

WD 2007/ 080591 PCT/ | L2007/ 000047 1 ADULT STEM

CELL- DERI VED CONNECTI VE Tl SSUE PROGENI TORS FOR TI SSUE
wENBNEER NG 5 FI ELD AND BACKGROUND OF THE | NVEIITIION)7/000047

The present invention relates to adult tissue-derived

connective tissue progenitor cells (CTPs) which

exhibit high proliferation Yate and nul ti pot ent

; 9 : b . !
LTSI SHLEER R ot U e g pon

of generating and using HEY 'l based

therapy and 10 tissue engi neering applications.

Cel | -based tissue engineering is an evol ving o
FIbrh A A CRGRAIUNDY 6 TelifhvPEAGIGN new oppor tuni ti es

S, CI eatl ”g
r epdihei pgsandinveptiac i vebptesd aoregimtt dissueodstrived ssanmschisiet Hissue

bi o] ogi cal stitutes. .The shorta f organ .
PrQERRND |csﬁi SR Vel il *th RiBErton e i gnfipotent
diff@LdtiaRBn ! poidiia0vaakh Ys GhaRtalREC ok NR 1bast OB phoap®Ntandf more

this frel'd. The fundanental s of tissue engineering

pationhailyetocmetheds obgaratating andasingsuch eglls forneeH bagerl yhespry and

. bi 06%2?{1? cal%ﬁ).detfi ned in-vitro culture conditions.

USgHG, SHIRE WRHCHM ng, cell's must be easily isol ated,
suf idefLigRed tissue BaERRESHg W dthevoldihg afitefliwiplinarahieahat offers
capacity and a_wel|-defined differentiation_ | )

nepapAtthaities o elinisel appiicaiions, ersninge taphir gRaiing and replacing

. . I o

aHRESL B ARG BRI SR AR PREERaR STEE [dnsplants

andf thevtxdeeding euhbar of hpavieoigi oml Wyitiog Bstmt dredtlyc @btqurage the
desi gned, .are _to prrgvi de .t he mscEani cal cues a

nd ..
deyelppraentapiiliis figldal ThaRRdARROIALS oF H5p: ieyotig combine cells,
biddchiC MR Rices M alhb@iballpr ahd f GiophysRAlly dbfihelr GRlAS | Qilture
"~ and organi zation into conplex tissues. Controlli n% L.
cosditimmg el For pisolei frgintdriog, anlds dnist chee gadiby isotptedat gitfigignt in

desired. cell type requi.res the identjf]j ' Of: -
nugﬁ)g}:ﬁ, C\g}tg 2 egra% pﬁ,ﬁ%&%g%% cgﬂ%letar and 2 fvxéegl?%ér I dd azrl]lg%gerntlatlon
poBn@it. NA GRIAEHeF bPBEl1 §Rurebs, hast BbdrCsupiestélyimalidingCptirhanyicells and

conditions), which regulate the differentiatign into .
stanh eeldrewhichcire elther host-tar dopar-deiiee b iWide £118% eg maggs.y cither

and. . o ot . e " ]
b RRF B SRR GBI B Bt MERBLIRICPERA & three
digemsieil i ¥evifonssnes suspotting sceblormttachmdéht c anigrdtage probiferation,

.Lendons need to be recaonstructed or repl a&edtﬂ(ﬂge t(% 1
differgpaiione apflj BFeRBEALYR B A diSS¥Sses’ O pg stem ce
prOREEfoh AT dARGeRAMIA Rib Bhy WBifaBR RIS quitddih&ientification of

strategies In reconstructive orthopedic surgery )
chemidalsde. g Hormeresahd amv wir fattoss) and/ogg@tls corghigons (e.g., static or

artificgial substitutes, .all subjected to.vario .
i i Bime Sonion, RbidhdeeuRe e FitsnsaHR b s desired cel
orftfedild. L2007/ 000047 2

Connective tissue repair and regeneration are subjected to intensive research
within clinical medicine. Damaged or disordered connective tissues, such as bone,
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
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grafts is limted by availability and norbidity,
synthetic grafts are osteoconductively inferior to
wo b@i708i3p ol ogi cal counterparts, and coul d fai | PCTI2807/000047
for cell based therapy and tissue engi neering
applications, methods of isolating and expandi ng stem
or progenitor cells which gan give rise to an A
unlimted 5 anount of connective tissue cell |ineages
grafta patitnited byf avaitibilitycodmeerbidity, synsbetis grafty ateresteogprductively

. highly desired. Various, studie ttenpted to identify
infrigritp ¥h‘iﬁrgb18 el ?Qﬁ‘ﬁi.er%“sc?fl c%?r\l?%%ﬂu sed to generate
confgpd iHE cdll $add théapF ahd Gksueadgmeshing bpslicatibng, methods of

unlimted igpan5|on in culture and differentiation., .
isoptingrand ixparsling: bem @fProgRRiten Aellscriigh cpn g8igdTise; t e gudimited

10 Faor exanpl ng 1 ' C .be: -
T L R
are&u?mgzqggfgdeg W th Sﬁl‘ um However, 3I t hothh ge:cl s

cul'tured under such conditions and isalated. fromthe

1T Sfariahe S@dts sUopREII0ANIAE G GEReisRtig SypiciShe BE usea

to ggﬁ’&%}e ecog{xecgflvtaft%rsl?entni LhiRE deNb Quiidie R bR ARMbdited expansion in
ondrocytrc, or osteocytic lineages (see e.g.,
culie taad differetiafiontpohtial 10 96l)s oftthecannectofe tisgahlingsEes i n
ti ssue engineering 15 I ONS_ suc fa I 03
1 39 cERSR RSt e AERl SR R B LR i

(e.g.? TSNP b enhht@D QithSerdh Udowed:] dlthough calls cul@ed,under
ul tured hunman trabecul ar bone-derived cells in a

suchubenditéonseai isnlateh framiba dirsteand eeand HasHEe B SEIHUIg Mg phown
factor .(FGF-.2).. . V. e ks

R e e

e.g. N@itterioet, ap.V ebty aly| DI99Dr dlhd fuse adfi eurhr a¢les in tissougingineering

cells isolated fromthe first passag{e coul d be
apphientioag sueh st foar Bati a0 sANSITEEOEL BT Jsingture tissue was never

dcﬁﬂ@&%#&fytes and adi pocytes, their low proliferation
rate Trmts their use in cell based therapy and tissue
engilnempiheg studp [Hoitdet étahs 2002 caltered duman tppecul, bameplerived

B, 4R B SERPT iy RRFP L8 Ko
H&F\gé\;ér',rtﬁe PR D dBVEM:hedSstRBlueRE érd aftért 10-3@day®, demonstrating

wever, although the cells could be passaged 13
their melstively Bloivr profifiratiosy rate. oflthened olls 1@!@%&%@@ Figsk pggsage

evi denced ] | passagi f ' . .
A ETRRaP M R B RO e o
loRARABRatiNE ke dibpiediRirodsedinf dolr bastd ahdrmgy bmd distuveengineering

adi pogeni ¢, chondrogeni c, nyogenic, and 30 osteogenic
afiplinatén®eés, their low proliferation rate linmits their

use for gk d el S 108 BfdcBged lipoaspirate (PLA

app| Mcanofticr st 37k B, et&?jb?mmg&mzroogofao%slp@p irate (PLA)
cells S §hixte swere meblandd ofroirs dhtttissgesadul ¢ stleme wedinm f(PHMEM)

oSSRk, o MR L Bl

thidir proliferation rate was extremely slow as evidenced by the low passaging

frequency (i.e., every 12-13 days). Thus, although PLA cells from the first passage
were capable of differentiating into the adipogenic, chondrogenic, myogenic, and
osteogenic lineages, their low proliferation rate limits their use for cell based and
tissue engineering applications.

U.S. Pat. Appl. No. 20050260748 discloses a method of isolating adult stem

cells from an adipose tissue and culturing them in a medium containing N-acetyl-L-
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cysteine, an antioxidant (e.g., vitamn C) and
ni coti nam de. For induction into osteogenic
walpdof7esmsnt i ati on, the cells were cultured in aPEEUI200M000047
cont ai ni ng dexanet hasone, L-ascorbate-2-phosphate and
bet a- gl ycer phosphate. In yet another study,
Mast rogi acono, M, et al., 32005, cultured human
skeletal 5 nuscle cells in a culture medium . L
cystimd, adnn Bnigoxiddnt o(blgasvitagni@mﬁh apd cnigptinamiye. 2) Forn ipduction into

oA Rm ARE SR e P CHet  cRRARECRE & "mlfh Fcontaining

dexBidciRE6/Y, T ads8orbateVi-phidsphatt and baagtmqjhogﬁmec
ost eogeni ¢ _and adi p?ﬁ%@m c cell lin

pot Brydtanoder sisdhdpirogiacomer My &y ak, CORS et S et
muts?rlg ecrélls I %hcﬁ@?éj IdedfRF chftbint o%ﬁﬂd@g %?dj’%h“?ﬁtg? ¢FGF-2) and

ro was never s ,
demmﬂmabﬂl mnd\fallld)\aﬂng awoupassagein seehhodediin theenliseners fugher
. hot teach the .in vitro,co uction an e
md[up%(g{g)é? g gregtiate 4 Wikia ingo the §E?Ré#°$eﬂ?l‘i> ﬁéteg%egléc% N %418(%61110 cell
hn gf ?—io@% Vglart é Bteﬁﬁalaof(iﬁldg RHRPQAE i vedOdter XRIP kalturdd nader
the abové- cri bed net hods enables the formation

suc:hf conditiabs fe geaerabng enginaeeed tisgegsdn ivira W@%H%YGV\PWW

213\3 n| éﬁ% ﬁlgr??e lyL:agvr gaﬁﬁg?l:%&rglm t%o@% %fr]%t éélls gé not teach the

in $8td SodfubtiROaiuhdihgeée isue CEE), 2 mAaUuﬁd‘ltmue) ﬁuthbaakbbcmce of a
for tissue englneerln devoi d of the above

scaffaldtcarrieses a ol reXEmpIQyERR BrInRREASHE e mBifRods
enﬁ%ﬂtﬁ% f(g)r%nattigﬁ 0?5?1?3%5118 hdeRtden there is provided a

generati ng connective tissue progenitor
cel ITherec QMu@mgmdeﬂlyt wecoguizadiuieed sfogmané| dtswionld e highly

culture nmedium which conprises d
AdSARAERDIE PO SOt O PPTE A LB AT GgH plipotent
ceﬂgﬂﬁch%}@ i@Ble! for 1580 ehflReFRBABGHIH \WE tHe FHOVE liRfiRgEHy. t Or
ereln the connective tissue progenitor cells

are capable of differentiating into at |east tw cell
S [ éﬁe ti ssue; thereby generating
i 25 progenitor cells. According

to fAddoRBAg featduspection treéwnt @eettivpatientnpvafedtahaethod of
i nvention described bel ow, the nethod further

gew]atmg sommgepesEye pEpeeRkorsHmCompring WiyEne alyhrmgsils in
a (&Lg melam?% RV P(ﬁrﬁ}%ﬁges td@)@angé{hésﬂﬁg al® %dﬂ)%l%'cﬁhso as to allow

r ses dexane one ascorbic acid, wherein a
differestiativas 6fdee aflult Benpaskaditoghe soehdotive dithsuD pmgeeltor cells,

than 10 30 days.following injtial cultu P to at
bR 08 coRRGSENY ISPy PRECTE (Bl eireeraRE ol ot into a
Tt b cL1¥ [155%%&5?3%&&%2&{/&1&{1@ tﬂ&é FQ%%tHngﬁ@ Ebfdctive tissue

enbodi nent s ast two cel I neages of the
proganitectéelise ti ssue are sel ected fromthe group WO

2007/ 080591 PCT/ | L2007/ 000047 .4 cons

ost CARHIBE] o liE” 12RO BTl PrRRUpRChe e invention

JRSRACKLILE, [thOGRGRoA Fdrthed EdPRISHRMA @st'aglﬂ’gl B8t cdninB@Bgetissue
progenitor cells in a presence of the culture medium which comprises dexamethasone
and ascorbic acid, wherein a first passage of the passaging is effected no more than 10
days following initial culturing of the adult stem cells in the culture medium.
According to still further features in the described preferred embodiments the

at least two cell lineages of the connective tissue are selected from the group
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According to still further features in the described

preferred enbodi nents the adult stemcells are
w@bdoaiosisgl from a fetal tissue. 5 According to BCI/i2007/000047

further features in the described preferred

enbodi nents the adult stemcells are obtained froma

postnatal tissue. According to still further features

in the described preferred enbodi nents the, fetak d
consisting ef isositnEanisdmengss mehoRiragat incaghranpdipqeytic lincage an

ammi ot | ¢ _nmenby. cord blood and/or chorionic villi
a“?gﬁb@%iﬁ%%@§ﬁhﬁ%%ﬁbcording to still further features

i n hbeord@eas istik duplhie ffestned e tieodtisoitredsprefesred sotodimaents the

tissue is obtained fro nbilical cord, cord bl ood,
adulioyter ieplis MBS%@IQ?Q%%E%‘ WY fat tissue, connective

ti ssue, and/ gl ffek Bathiis iABROdRbMeEd grefebiellenftisdimets the

features 1'n the described preferred enbodi nents the
adutesttncellsiart lobtairedrfpom gipostnatebidssté-ng t he connecti ve

tissue progeni. ells in.the . '

un axreebinpotl Hubd et ih AR deoiBl bkl Mments the
fethlOiQRE & dbidhed GO a Bladenta, LAGhicONES @hnktict msmibieane, cord blood

progenitor cells froma single cell of the adult stem
andfet thworionid Gl WPRAOEAYSR0 passages. According to stil

L%%@?@%}e@o%&iﬁi@hﬂeg fégtuge%siﬁ rth@&&gﬂﬁ&{ ef&fkd embodiments the

uring 1's effected under feeder-free
poStihtalifissag i< obtdintd drom uRbilkat cord] caydthbocst, ifpteslfing bangrmarrow,

features in the describe eferred enbodi nents the
blaagh f@ﬁltlés%ﬁﬂnﬂﬁ‘?qvﬁﬂsﬁ‘?ra"@gﬁgw &% nor gani ¢ phosphat e.

ACC?A&BH%[%& sst%]! fthE M ReEs FaRs HERSIbbd pidiardlieanbidiments the
preferre nmbodi nents the culture nedium further )
methop finies compuningrexpending rtep corwrtive tismecproasmiprteglls in the
till further features.in the d i ar. :
e S 5o i P60 SRS Bl ot o

ledHABN, Q09 SihectheCsM PibekRitcitdelll fiout & Bipld edl of ths adnlt stem
t he descri bed greferred enbodi nents passaging is

cel§ fadlowang aboatt YU passagpgys. According to still further
feat yures..in.thed rJ ' di
pasSAFRYE & esﬁ Pl ea% ? %?‘ng% %Itl ggi;a gicgﬁg?%ergﬁﬁg% embodiments

culeEaE & dfftcted udtled feedemftdsenltidag comelitidng. t he descri bed
preferred enmbodi nents culturing is.effected. under.
xenoAsqogding imafilt st febust B {hg teesriEf |Hf‘%%‘i5?‘l FEpSdiments the
oGRS el frhdoREL RethaRlgiRSsipe, embodi ment s

passaging 1s eff nder xeno-free conditions. WO
2007A680Eg tPETI Firded Té0ee9 i theslesuthed direfgrred emppdiments the

mﬁﬁ%%géa@%ﬁghﬂégggégphg§¥§%2$%%%ﬁgﬁg%ﬁ%géhfgeder-free
cul t WELdIGinG 98 Hill r@Btfer features in the described preferred embodiments the

adult tissue stem cells are of a human origin.

According to still further features in the described preferred embodiments
passaging is effected every 2-5 days.

According to still further features in the described preferred embodiments
passaging is effected for at least 20 times.

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.
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Accordi ng to another aspect of the present invention
there is provided an isolated cell preparation of

W@ oviegtshve ti ssue progenitor cells resultant PET/112007/000047
met hod. 5 According to still further features in the
descri bed preferred enbodi nents the connective tissue
progenitor cells are capablse of being maintained in a

proliferative, non-termnally differenti a%ﬁ(le% sta%ed. ‘
f or Aetorlliegsto 1l farthendeafusen ig e fegcribed pretrsg grbodiments

pasSiaiaisletet R Lo A GHUL Treb BulelifnRRG iR pref err ed

connective tissue progenitor cells
eX PABESdfaR1Q5an it s pedt¥ithe GRR@na ulvertion thereAB@rovided an

According to still further features in the deschib
isolptestasi peepoeisa FRRRSEHTH B5suE BiRERL TR AsTs FEET of Heiethod

progepi i A0F 8§ RO b doprdferleA-eBodiments the
Acc%r%gérﬁg{gttgesglisfflﬁ&%ru@t her features in the described

corpieetier tigsde @nipeditorecells arh eapableodfabeine swintaiged ght Hr olifgrative,
is devojd.of feeder cells., 1 c I F till
nop-Trremn vrierspEaed FeEne 3elrrEESiRe el
enbadi sRMHStol il fulthél Rh@ebsGR the ddsepbedprefimredsembodiments the
xeno-free. Accotdin% to still further fﬁﬁé@{%3%£¥ t@(@&A
comtestive Histiemregamitor geliseauesierp 03 {d)16% 0| s -
Al%;eogeni tor cells are capable of differentiating into

Il's of a chondrogenic |ineage, an osteogenic
| i neagedidntoadilpRediti faturesciaghe desctibediprefarad enplgodiments the

l'i gament |ineage. According to ' f features
copectivietigRs PFLFBHOTC Fé?treéf@geéﬁlﬂgmlrﬂ“gﬁfe&ﬁé& i sol at ed
foll Ag(iwgﬂﬂé?é gﬁtﬁf flrestcatPe RS EERribA] pHYférvddEerBb®liments the

capa erentiating into cells of a
isotdted celbpreparation iselryeid ofificedst exdigeni c | i neage, an
adi pocytj.c lin e, a.tendon ..and |. '
O Pt by Q5P e AR R g Db EATRR L OEBAEmRS e
isdlhel 86l ppsahiod isTRRb Frdehe  connective tissue
progenitor cells are capable of formng %;ngfalkaﬁd th
mat rAscording twstdl figthen faatures inf the deeribed REipEed PROPHIENTs the
described preferr og| t kih¥€intd LSU$ of
copfegeh EopE JBPFai G <BIE i B I ARRASAEHKCInld ISHE of o
chOREREEHIB JireBe&tanl bstéagehivelindaga; am edigonytih dinckgse @i igadon and
_preferred enpodi nents the 30 connective tissue
liggmsgelhineage- cel | s are capable of formng an
ext rﬁgc“?)lréiﬂg% sttPRlttgr )ﬁ,ﬁﬁ@@in tRCERE G ADrbRrel ehdbodiments cells
further Tedatures 1n the described preferred L.
iseleteddbli®ning thdat leasoPh passages it celéure aper eagabli 06 diffsentiating into
are _capable of formng a tendon tissue, . 00: 0
oot DB HPETURAT 56 TRABPATHE [Py 1 1 FRdedee  tdon
mﬂﬂ%%M&%?ﬁh&lEhe described preferred enbodi nents the
conhecti ve tgi ssue progenitor cells are ca

[ : tpabl e %f .
f or mAncprdinkitg ati forther feapares in the described preferred embodiments the

connective tissue progenitor 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.
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According to still further features in the described
preferred enbodi nents the connective tissue

w@e@gesistor cells are capabl é of form ng a care@T/HQe07/000047
tissue. 5 According to yet another aspect of the
present invention there is provided a nethod of
generating a tendon tissue, the nethod conpri sing
culturing the connective tissue progenitor cells

of
t heAc&mdmgdd stifl Ifirthar dpatvigs imthei deseri Hrgfeg‘eﬁ@g}hgfhments the

bi
con@ﬁgévre tbgﬁ't‘finﬁr‘)ger&g)ﬁ&a Orecgp gg/em &3&3{2 L @F{Er ther eby

gengeadriing tb fsﬁutfaﬂﬂ&rfeatu@s (i theldbsédloslr stefogret] @nshodithents the
anot her aspect of the pres ntjgpventlon t.here is
congediNedisquaprogenits gy arf SRRRCHL AraipgALREilpgl WSt r i x
(E hE Presdht Rentidif tHeRREFOVIMEd
ti g%@ﬁeortg?‘ geg‘rﬁ %ﬁo@gﬁg &gtheLﬂlrsol at eence ol :
meﬂfoapﬁrgahetmﬁng)ﬁ tenebh sissue, the nmnhQanMnglmng tihe connective
npri ses as

ormn
ts B BPERTHGT 508 OF 1he TP SRTHFUON 1 € S SCHH gy which
corﬁ 8 dsEHoRMRAd 'aﬁ&%} Yekdifethdsdn Giided E@ltuFe dotaitibns tbedid of a
npri ses dexanmet hason. The present invention
camamlwslﬁwgdnﬁraamgrﬂ@%@eéolmﬁéu%hort com ngs of the
pre ent | n nf i t S :
36t ARk PO BB T R et o
me@lﬁid' St fo‘%ﬁiﬁgaﬁw bitracbBalat glatric (REVSthe Oﬁé‘tbdidl\/b&ﬁpﬂﬁﬁg eeldyring
all technical and SC|ent|f|c terms us E herein have
the pennsetivee tiswe rpragenigr &8ll shiisnisplalifesls pEparasipn dfecellp in 2
[ on
oo s Rl M B i
eqUIAbabﬁﬁlﬁg twstﬂhﬁmher fhasicesi inable Hesceibed pmﬁerb@ erakaefliingnts the

the practice or testin he _present i nvention,
cu&%netr%&ﬂ"@nml%&gﬂmﬁaesrf%i‘%‘?? ¥ e described below. In

C as erf, SRR 1|rl'v&{tlont§ﬂ€cdgﬁﬁjﬂ hddrefes ttel st aftédiings 6E1hd Girddgntly
def |n|#)ons wll control.”In addition, the materials,

knmmIiﬁgura@@sahyoprexdnm naethodseofi generating pnd, using Fqnngpldve tissue
not . ed t lim,ting. WO 2007/ 080591

PregeR)t Pt“’f@é%%é‘%ﬂg‘% %’r&? EF DESCRI PTI ON OF THE DRAW NGS

UnllBg Jthsreitel Rfink@ diieketinicatl &t sdidigidic tbxynywd hibre hagel the same

only, with reference to the acconpanyi.ng drawn g bi
meanirg apeenmoplyr widersordeby 0 06 ordigaryy kil hydhs Art 4@ vfyiph this

t
o Pty 5o

de%rﬁ%dsﬁdr&ﬂ &fn bhaispd éh ahe eoactiod anti testittgs obfthe Ipecspmteiwantion,
i nvent i on onl

, d . ted in th f
sualel masthefls sk MisTigls ate JESPIBE] DEIOVhe IGEE Qleapilictathg patent
spéaﬁgét gflﬂgié%ée@%lﬁ Wll@'i:bt‘i’c?oIOfIntaG§1tiféh' ﬂl@'rﬁ&t@ﬁal@ﬁgethods

concept U cts o Invention. In this regar
and@xamplespte illastree onty mdawt gttendeti vo bé lidting. | s of the
invention in nore detail than is necessary for a
fundanent al understanding of the 10 invention, the

description taken with the draw ngs maki ng apparent to
those skilled in
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the art how the several forns of the invention may be
enbodied in practice. In the drawings: FIGs. la-g are
wOo-20%0s0%al yses of adult stemcells -derived CTRSI/IL2007/000047
(generated froma fetal tissue) show ng high | evel of
popul ation purity with surface markers 15
characteristic of MSCs. Adult stemcells derived CTPs
were cultured in CTP nedium for 16 passages and were

‘BRBH@DESCRﬂTﬂﬁnF4__Jﬂﬁéﬂ&éﬁﬁﬂﬂﬁﬁ ng anti bodi es specific
CD105 (eBi SCL
12 "lil@giﬁvepot}) n(g; ?S%lbé%ﬁf@%a}g? % lg%}l rﬁfer%’e to
the HROmMfadYing N@awﬁ{glﬁzmpeéﬂﬁb @é!tb&nb@how@@ﬂﬂe drawmgs in detail, it

(eBi oscl ence, 10-0441-81 (Flgure
is s@gmedtth@t th@a:[arthqéars FiRW0 265 Py (TR 9% @xp@y e ggi &zgnposes of

111u§téagfxlfg gé:scg%édg o%% p@ﬁ%rre%%?@%%%‘g%f b] %;'fh? Fﬁrg%ﬁe 1Hbé1ti%%%nly, and

are fﬂr&eﬁﬂé’d (ie Bho saiserufeproGding what i§ belioGd- tbll)e (hél lgutﬁteusmﬁyl and

te the pagsitive, expre S|on of  typi.cal urface
roadit REHSSIPRCHERRURSTOFe. PRRgEiee did Sonsipirap Mot of the

1nv!almon CiRf 4nis HeBHd€ o Q’r)cerﬁ‘ﬁdls%@e &1 Bgte structhral @Bﬁlulb h;ff the

negative expression (absence) of CD45 (Figure 1
invirgtivet mpnmoei dcialhihm‘:‘ is n¢asvsaly dor Qaim,(bimenpﬁlj 9rsm§1ng of the

1nv51§§1fnll, H‘}e Gﬁg}ptﬂ[l Ahke%é@tf?g}dl I?‘glnnl%lﬁl Arpgé in{ ﬁ)@geeskﬂled in
the 'd%o@ﬂh@ BEEdl Foths oft the inRheén Miag be @ﬂﬂﬁpaﬁed i piatctice.

conpl ex antigens). FIGs. 2a-u are RT-PCR anal yses
deplrdﬂlﬁdgﬁwlhgs expression of markers characteristic of

bon?l%s 3” | L ageach %%Q% dl’ﬂ %@1@%&%@ -8 RASSPBE (denerated

ssa e adult stem
frofieh | fotall Ekduep @hﬁﬁ’@ liigk rlevatcﬁopdputamnh uneity fvathabutbangemarkers

chetg;[chgrlfs(cel?c !gfgSanss ahdu ggteglrcgglf) agre 2 quY’EI%sy x)v%%%g{llg Cl:l"__l gZ%IP' mec%um
foruféj ngsgéﬁ‘g %‘fd%@l@c Ut ﬁgged( g F’ACSI A8y sk uang aneBGtiésy §pemﬁc to

Adult stemcells derived CTPs
CDWﬁe(eBmscmnmj sam Olgzopdih ufnt. dﬂo | 12409730 (Fieneo 591 CD166

SSULERSSH PN (10, AERIOSS (LR M) e

Ca%‘ SN@Qotdlm (pi@ufwos CDS.Q Qsterbtec Tas NolM(BAIMF) (Figure 1d),
Exanpl es section follows. The test ed mar kers
CIsr @haopgen, Cat-gle- e’»4é&99) (é(wege @p Bl ARS ( GBGB%CIQHCG Cat. No.

Ry %@Bﬁ&@eg [R5t ins0Shon e 10
Nt ghe Gpoﬁﬁi/e ;Eii’é@éégﬁ Fdfgtylpii:alE MSC Gnhfabé( rﬁ@kbﬂsagmﬁudly@ eCD105
(Fxggm:lq);:%[&?,éé (Jjgure Abb (éQ%fL (l%%&%u né%?DE%gﬂlgPﬁ b and the
ne%:%t?\re egﬁlgegsﬁgﬁ( Ea%férﬁ'e%g{ @(A)Zfﬁ(ﬁ&%@ leg Lénhegr%gﬂﬁi&l?cnm%?kgﬁ r Leevel of
ceR @urityDeanconfirfred gorbe high)., ABdgﬂoyd@n allRiefs veere gysitive for HLA-

R R S TR R T

co%mnfugér%b. derived CTPs and hESC-derived CTPs

FIGs. 2a-u are RT-PCR analyses depicting the expression of markers
characteristic of bone, cartilage, tendons and ligaments at passage 1 (p1) and passage
10 (p10) of both adult stem cells-derived CTPs (generated from human fetal bone
tissue) (lanes 4 and 5, respectively) and hESC-derived CTPs (lanes 2 and 3,
respectively), compared to undifferentiated hESCs (u.d., lane 1) and negative (neg.,

lane 6) control. Adult stem cells derived CTPs were cultured in CTP medium for 1 or



10

15

20

25

30

express high |l evels of core binding factor alpha 1

(CBFAl; Figure 2a) and SOX9 (Figure 2b), both are
weanrgsaseranscri pti on factors known to play a negDIL20@1/0®0047

in osteoblast and chondrocyte differentiation. Al so

note that type I collagen (Col-1, Figure 2c), the

nost abundant extracel | ul arg protein which is

synt hesi zed by 15 osteobl asts, osteonectin (Figure 2d)

10 %ﬁgsa(géé eRpioning) wWhith) RIGA 2e/as rpiepﬂrgd ahd pRESRALR dytions weere
j or non-col |l agenous

perfua s o ROREFeLSBOh TEb1q PAtane Epiggleg sagion which
folﬁwngg’%‘?@ttesl?e%sﬁla lel)veré“’f@l@ﬁA[ qo1dudd Q§) HORY qtagure 2b) Col-1

asli s and one ornatlon and bone- speC|f
(Calldgad kype Iplﬁmgmh ack SsteoALRin @igwe @d2fQsteagontn (Flgilﬁfd%e) ALP

(ol ne tseheren t §i5t Zha SORT; GERE Sy COPRPHidilaen 350 1
Flg%% 109 @BI-X Mlﬁ%@ﬂ Sbe XAWudire 312000 (Bigderdjy exgg@baa (Flgure

were  al so positive for cartilage matrix narke

2kx l@ﬁﬁfﬁlgmnerﬁl)s Lﬂcﬂqmgs (¥ igresodmysapl-Il ((¢edlagen ltYRj’uIrlé Bigyre 2n),
Co?')ﬁgg(?%l aﬁgg t}f]rr;gct I i u% %88 L%&gﬂg)d?}’%‘ﬁe 5%): Cﬁ@g@ﬁ{‘ (Figure 2q),

Eldﬁﬁﬁ (Fidre |H2r)‘ thbitonlectﬁtf) (Flgglen25f),e§“bnaschleﬁi (Rigurhe2t) and GAPDH
ertro | C cal ClI I N Z

(Fiehr PRmgote et cth el Graigerard LT pd nESGrdiriyed L TPs
exﬁr)%!\’ﬁrg}(ﬁ'e%ié of %o:fe BRER Yfaf:ﬂr %lphqer (@BHAGT Ppué 2BRESRSOXI

ey non-col | agen cartilage matri x protejn.
(Fllgnreadti) tbath, are aaadytﬂnmsemmces gactors dfnoven o plasng major role in

ost.@ Eifedin gidrosates aFrapton” KR TR 7 ol fool
pr €83 eﬂe bioht 1aBuiidi@t rexdREelBaraPpeotei@r hhight dgesintiesized by
opul ati ons, and other ECMrel ated_proteins,

ostenblaSIGJ ontcanggiin (Higure 2d) and psteqpogtin &Fi I,BH‘)e Xndnainjy et pessage 1),
tw% pl}IaJOB %cggﬁge(ngﬁs; %roéé) ) %ﬁcﬂn e‘ﬁ&%péh p?x%ﬁgﬁ(‘glg Igdr:rﬁnﬁﬁé §eceptor 1
PTamR19 g@g‘drb |2g£I fiafly at gsssageahd wtﬁdﬁsagumtﬁ ofrerpl rhemg:pgtams and
wer e detecte FI Gs. t
boer ouBaia mdcmmespewﬁé ikl SepaDhr oo 2 Blegd aDsayhich
SR Sl Rl AT
high phisgguse iklicatiGg Bstebgeﬂm: pa’&sh@e Adult:stgm eeligderivest s were
fr Fl Gs. 4 ]
a&%@aﬁ%ﬁé@?@r@aﬁ i s oo BB P e R s

Fl% fé\éﬁfiﬂ&g?&aﬂfx bfb@edg'[}%ﬁﬁ niyfbm%llbgéh (F—Tg@b‘r}i ‘ﬂr&urﬂy at
s post ~ surger Figures

b and c - ng’@ gy
papsrg ls)u rgfeely ;is Ronen-fihl-freénn é@llqgenrr@arlsteépt@q pertrophic,

aﬁq@é@é zg)ﬁe[ \r??\%g\y@ll P 8\/%3 tﬁ%r? !? ngenich %alftffa[%aérl%%}%é?fc Pﬁﬂﬁ( protein

doxps Biamné af,imanlyHetas defided CIPe appadsags t), cagkeypilml ~collagenous
depi ct i ng spontaneous tendon formation by &
camlgg@ enaj@x.m@tgmcﬂhg ad@@ggag@te 1the W@WS%}% éqftt9n on and ligament

f f
s b TR R BRI o i R TR RO hnbton
faotodl Spessbatigbdifl iavekirt I’ﬁatu&u aﬁmearlpfprbgmutou Ipopvletiphsatand other

gure 5b, focused on th urf of, .t he
E&M-related proteins, including type ?II (8 ﬁf,n Fcigure ? and type XII (Col-XIL;
Figure 20) collagens, decorin (Figure 2p), biglycan (Figure 2q), elastin (Figure 2r),

fibronectin (Figure 2s), and tenascin-C (Figure 2t), were detected.
FIGs. 3a-c depict morphology of CTPs derived from connective tissue of a

fetus (Figure 3a) and from adult fat tissue (Figures 3b-c); Figure 3a — CTPs from
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plate). At |ater devel opnental stages, the structure

progressively becone wider, |onger and well defined,
wawndohosesadon- | i ke nor phol ogy, and el ongated  PCT/IL2007/000047

fibroblast-like <cells growing in parallel (figures

5¢-f). FIGs. 5g-m are photom crographs depicting

spont aneous tendon formation by 15 fetal-derived

CTPs, passage 10-14. Figure 5a - | mmunofl uorescence
pasasigdd ¥SFigueé 3bheCTRpGrotmpases ¥; Fiawmedctekddls fipmsprssage 5

usi ng_ Type-1 cq]l agen antibod m co Cat . : .
i1 B0 10 e BS R AelEi oL B aw Bttt (ectopic
mo%E REANERUSE-Yefi I ®UPS 8MHEO PrestitifviRition Filfues4dt 3 jveeks post

anal yses of the spontaneously formed tendon, tissue

surgefyprliguicds 4haaridons Sanentbs BEOsyBeuNotehy PESENR afgagjo-opaque
. (Figure 5j)]: Figur A . . '
o TR PR Bl d Bof0 TR R § Sk
or BSOS erip@EFphEtieepi cting differentiation of fat

ti ssue-derived  CTPs (Fi %ggde 6a) or fetal - erivefd C1;Ps b

(Fi dlPe Boh arerphotomicHes lepiefigg [SROIEANEOus ; faﬁlpn ormation by

642 f BlastiRy 1 : ittefl e Qiul Rt te th

fatianS? o) g%ﬂ%}gcy %éﬁésﬁg%[lfr'gﬁg%ggfﬁyguﬂgi cal staini r%@m ? e. °
forfkAfiionsdfaa fiéw gpll ofide estrinig-liler stvedur€ T PiguhiSeh arising and growing

differentiated ipto 5 i pogytes. FlGs. Ja:

oo e G e R RO 65 b T Fidh e or e
pléiﬁ}?i&tt Beley dEMpIﬁé}_ﬁala&h%és, Fhe Rraates peipiéseinalyChBonod wider,
tHe present invention (fromfetal tissue) expr%ls;s )
lotzdek ahd n@llpcﬂﬁfgpﬁawgbéex(dqgﬂ,lke@plfp@om@ ant elopgated fibroblast-like

nti bod R& St nc, M nneapolis, M, USA,
Ce@%@m@%@&%%@%@%@m 7a) and osteocal cin (using
t he 130sa5d-in astphotmhiciographt dosidyng HkbtanCats tehibon fdbBation by

fe’ll]é]iéq?r)i‘(q&l:é;’g%, e;ggsgl?gé lblgllglls %E%V\grsgr 0 ug%g;fﬂ%%iﬁged avflﬁafyrs]is of the

' 5 ' iR, Cat.
oGSO AR08, iy P S sk Camhicon,
NETRAB3B0 ) Meg@a 5h -mAcnasesppic wewwiafspomaneaistyufosmed tendon

, rated_f. |t d trati d,.
tistiiok GRS aTion SEVE Analysos ot Mo ST EaPEY ) ntdy BN issue
[nRedifRhabmy 5‘1%_7?“5_0@1'@1%}5& tS0r ghd( Keﬂmoagegué ) Frlusds 5k, 1, m —

ti'ssue) confirmng t resence of m neral i zati on.
TEVgueakysBofthd spentroseushnionged ipadgs fissugi t h t ype |

col I agen em cqn, . Cat. . i .
I ST W e

C@P@@”@h@@aﬁ pofadleledived ETDs(Rig@d 6b) SEdhdipatytsd. sFighre 6a — light
fetal derived CTPs denonst ratigf&, m nerali.zatio

micr@sopp Aftateped CHES PG SHETENiBH Bifo Aflipocytes. Figure 6b —
di f.f i.ati . . .
it S A BLERARE slatindy ol bivod EFpS YATIF AN Rnaed into

adigssteaul tured in  CTP medium for 10-14 days without

culture splittipng and were suhjected to . -
FIGs. 7g-b are ph(gtomicrographs oP tﬂmnuno?luoresce:nce gnalys1s depicting

that the adult stem cells derived CTPs of the present invention (from fetal tissue)
express alkaline phosphatase (ALP; using the anti ALP antibody, R&D, Systems Inc,
Minneapolis, MN, USA, Cat. No. MAB1448) (Figure 7a) and osteocalcin (using the
anti osteocalcin antibody, R&D, Cat. No. MAB1419) (Figure 7b). Nuclei were
counterstained with DAPI (blue). Scale bars, 100 pm.
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hi st ol ogi cal and i nmunost ai ni ng anal yses. Figure 9a -
Hi st ol ogi cal exam nation of intact CTP cul tures

w@ genesEbed froma fetal tissue) which were grPeEIL2007/000047
suspensi on. The H&E stai ning show ng round
chondrocyte-like cells enbedded in | acunae, at the 15
perlphery of the sanple. Scéle bar - 100 pm Figure 9b

- Picro-sirius, red staining detected ol | agenp
mat FIGS-s$i¢ SleRist ﬁ@? g 0§ bose JPaBiafiom B8 Fiultpstem cells-

deri%ed ETPs.P a% gr ptﬁ{l]&egrbo?fc AeRWFE @’?Ptctﬁltﬁted(geﬁérhﬁﬁ from fetal

sectl on st ui di ne blue. D recCted
tisslie) lememdtiating omhamed mirtudzdtiomatiergl presdges. Eigura$tesAlizarin

ReGEERERBS P Rl oGt e Tl EREE SRt i rgponce of

: mlﬂélﬁhﬁeﬁﬁhyF%ﬂﬁe §d! Behuhsstdifiag Rahlysk with iy@é ¢ coE@gdnl (©hemicon,

| et cultures were not p05|t|veI1%/l stai ned (data not

Ca hHﬂnMABé%ﬂlé dsanonstrgigngnherpresence 10fasalf-praghesd. mairipin CTP
cul (%ﬂgra{e r@é}s?o lf ?th] W i t?EN/F %hé‘l Elgtdfo%téﬁ derij%g CTPs

presen |nven I on
dcnmaﬂﬁmmgdmnaph@nmmeM/of a nouse bearing ectopic

b t | ant f fat .d d. CTP bt
T orHl68 S piclig - oo hopp e JuLsrnstien o e f P Adul
stef?x‘fl:? rfvE&‘@SIFP‘s gf KSHpadshdL G128k eWeedy! 'v%t‘é Bultured in

own 12 wee ol I owi ng tTanspl ant at ron. ure
CTR tmechum forad pddc dpysc withewt @fultarelzphmgg andl veezrc ibjected to

anspl an S d scribed in F follown
histERER 15 oA ERERBE AR Pk g s FitRineRel s??fgw%%n of
inabt @TPROItERE ¢RRkted IB&SA fetaltlskudjasicith ek gﬂ)vﬁﬁhpﬁispenswn

transpl ant nmass, shown separated in Figure 1lc

Thedh&Hsttaining o vt ropd lmdmﬁyae tikeapplls| caphedded trhlecww qt the

ool bRy b e Sk P MR B8 e I AL g g
defRERoAREENBAS nﬁﬁi:@&ﬁr@@n&)ﬁg Itﬁescetlmaﬁe S¥i51 BMmWO

2007/ 080591 PCT/ 112007/ 000047 11 FIG 12a-b are . .
i magFeI§ af i @rmlotqrmsmrafpbrqfsﬁommmuﬂu old melivesactine stagned with

r. ant fool h at der ed Ps (
TR Bick P Siertialih S gt RS, (e Acf EREI O ssuge
9)an fHe%@sfén@@Git l'oQ/nseﬁfm N@F- ?? G A tEEthelifuds Uote the presence of
denonstrating the formation of mneral deposits.

m&dal wotsaglycard0(biwe) Hngthe epellethcultuné.s tiidrberi pellet subutes rverg not
a E i, n e formation of bone
Ix?ﬂgggegm¥$%£b5$§§d%‘?§ éﬁ%?b@gHFQPHEpict the strategy

of rEpRI 11408 depict keBpicATRW |bl)1@eS forhRR6R rfoll@dvh'lgytrath)éplantation of
implanting a tendon graft formed fromthe

thel éatidedtledCCAPs of the presqut éxvention. nbigntd bin - Fingpgrascada view of a

d hES t
O EHPANE S PR, EprRR g epthienS 1L B o fillined from
anz:}ﬁ@iagk iofe1-20 E@dé@gesl NéwW ke U gibld eqtbpit @fansibite (Badl@d with an

ce sheet-like tissues are forned, the tissues are

argent Fsgurer éﬂr@vélepwm o megkse dolipsying tzansplantalienafigurarddb is a
Léc%g &9&9 ofd Eétg %rt‘? nsgfagtJ 'ie%%hdelsgﬁ ed u} Fi igure 4)

Sol's ures ar e e en
followaigr Mﬁiovhlf‘ﬂift&ltgh Bbte tihay‘@ﬁﬁl shape (characteristics of a non-cancerous

mass), well-vascularized ectopic transplant mass, shown separated in Figure 1lc

demonstrating that the ectopic transplant of the adult stem cells derived CTPs
(generated from fat tissue) is biocompatible, well integrated within the recipient

mouse and not rejected by its immune system.
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Figure 13d - Constructs are inmedi ately used for

transpl antation or kept inside custom nade tenplates
woraae/080sem f | exi bl e silicon tubes enbedded i n BQUHIL2007/000047

plates. 15 Full thickness, 3-4 nmmlong segment of the

Achilles tendon in nude mce is cut to forma

critical gap. Figure Be - The tendon graft constructs

are sutured to the proxinmal and distal edges of the

i nj Bred 126bi hiee sSmh@rdofl. bdnkeCeissut4 formede foliiwing esubeptangous

of a critical Achilles-tendon injury Ln Vvivo.. .
traSplanisHOR § Chn b P HHRCR B (51 desot st tidessTinign of Jises 4
and( {]le}y 'ﬁiéﬁe&ﬁ? My h s&diR of #HnRhliSerf®sdiMBGudddisonstrating the

generate A

romfetal tissue). Figure 1l4a -

' foriaa 60 S afihaalvdepositd. Sealedrrt Ghpml. Figuee 13bi-nhistolggich section

was subjected to critjcal Aghil)es-tendon injury
staingsk ity E(ﬂ‘emtoﬁétr%’é‘ﬁid"? &‘-“E‘B?Rﬂ‘éﬁ ODENISFE t hat t he nouse

IS pgol @aieoscﬁ%ﬁﬂ%ﬁ&aﬂyt §<§ﬁ&kﬂh€astrafe@§ Wt jepsiring cRitiealX AoRilles-
extension of 1s less’than 90 degrees (yellow |lines).
tenBow injerylesbimplastinge tendom giagt foiread dfom His WS deryed CTPs of

f d. .aft fol |l gw [ [ '
sl SRR EREER, 8L AL AR R AN B

erddaWitheso Fafe @plit’ﬁ'nglsfor I Weekle i EdrmiTelededfikeo pissuesiirwulture
(Figure 1513j and SEM anal yses (Figures . 1

. b-1) of
platasee Figue i 188 erfdnasethcstilike dissnes e rmﬁdﬁg’ﬁrﬁlﬁﬂé‘f& appgently
FIl Gs.. 16a: f ar ( .
rergi st Bl iy R BBl {mep IO Rllrs, Figure
13€ngidiesssebableSatiges deirseael dtrthereddstof GTesstiuet dupegh dblayers.

30 16d, 16f), and the carresponding tissues.wthqut, . .
Figisedad c&ianstryqts gtf é@nﬁgl’teﬁléaeg |£g)tr’ans aniation or. eﬁb inside

A Lol I AhdsenBidieNaR08r plates.
C“%tu ss‘ﬁké‘?ec%%%’%g%}g@%5‘6#?%5‘%%?%0054711 12 FI Gsag praes

FullGicknesse34i mtmlongi segiesteet honischillest fsad@om pedeamice is cut to
enbryoni ¢ ki dney cells eeded on_t.he f e-dri

rofng: FOBkd by DB s JBE PR Pall S 88 g g o e

pro:QWa RN hEalseo8r hidiGRY; Adhiltsarendb@h - hi gh

magni fication (X 400). Note the  presence of the 293T |
epi tH6ki afla-beddpictathe tenair Of 2 geiticdle ACHERF-(SREPR S WY 12 Vivo
[rows) . Fl G ' i et i i
e on o L g JBGF G BBILATE 1 Baplhy s
cel€tbrivRaCERs @Bndrived fioaefeal dishedl Bipgiablr-ed magsseopic view of

e S 5o Ty TR
(e%ééﬁﬁﬁ' of tl%eAEPﬁﬁgs-{eﬁgg%)fe afg?tg;liﬁ@t-the FlRIYE BSudd®io B extent its ankle,

Croscopl ¢ appear an e acel lularized engi neered
redultiisgim a mhRinkl gutersiaBof is 1eigREhat 90 dégreesdiyelheelings)adigusel 140

engi neered tiss fromf deyjved CTR Not.e t.he .
- RireoRE R PLiep DiRdPre (e ot fnlleBife e fpplapgtion
infof aeﬁﬁ%ﬂﬁg?,fre%lha_ﬁg eticdHGYhjuFdONER1IdB@ndord. | bronect i n

I muno ochem Cal staining [using the anti .
f i briiisc 1 af depti¢thoatyoschpisgies (Figuri 93y ndFEM ppadyses (Figures

S). Pl easant on, CA. .USA .Cat | 3] of the
1 % IO% fiesas %beg e@ﬁié’le?fgg pisgper dLved ;fr i Sa&r € 18e - Type |
col | p@RN 16a-f are SEM analyses of cells (293 human embryonic kidney cells)
seeded on the freeze dried engineered tissue, derived from fat-CTPs (Figures 16b,
16d, 16f), and the corresponding tissues without seeded cells (Figures 16a, 16c, 16e),

demonstrating the biocompatibility of the freeze dried engineered tissue.



10

15

20

25

30

15 i munof | uor escence anal ysis of the acellularized
engi neered tissue; Figure 18f - Type Il coll agen
WO povafsfsbuor escence (using the anti col | agen tR@EEIN2007/000047
anti body, Chem con, Cat. No. MAB8887) analysis of the
acel lul ari zed engi neered tissue. FIGs. 18g-i depict
human kerati nocyte cells (HACAT cell |ine) seeded on
the acellularized engineered tissue derived from
f at FIRIP 694earb distol¢dica) se@dnd 86 thet P93 dunfin eptbryenis kidney cells

Figure 18i) fol]ow.,ng seeding,the cells. o he .
scoglod o fha e gty SRR e dsriien e o TR  Spigure 162 -
'~§«vq? eH; Surtl ST R i g]li\fm 4oy ( BioZe th
kw@&@kéﬂT%mgg ; %?53?%“§éﬁm? é%%?g%% ysigagggau??iéle )
presetdesftisi 265 Deplibelial weldmird the GTEndqrivied ECN dmatked Gy fyrows).
Fi I. - H&E st aifj of .1he. ed.cel. .
ncoliGh 1isan RGOl U e BRI EPR 2 Ele 203
hurHaR embN drR@ &idaeY cell b&sgled bash¢ fivettedmsisénpiteerddnigssu®Shown in
bi oconpatibility of the de-cel|ularized engi neered
Figures1fa-h, pragcinegsng sepdeingéive E&Mpl ant ati on of the
aceld-ul ar| d r 0 e efrbMetht-
R aTGE bb? ANTAT el Bt bk e

Figurée28a8r ieghatioscpie iappeadrner ofdhe hedlgdrized ¢nginestasi tissue.
in the skin of an

I CR . Fl 19c-d - .
Figye 86 c SbE siispBa PaACUI e SnEMSHE] B HEdR P TR dfsivgR £ TP
NREBe %l%leh&: b NSheRY ok oA ReBMbAtdBPondatsdatidehe Po&ehce of fibrous

I'stological sections of the transplanted tissue one ‘
EGMekFigotel 394 ng fitranestina roaunolstoekantied waimingdpsingghe anti

2007/.080591. PCT/ | L200Z/ Q00047 ;13
fibppee HRRERP ¥ %Rﬁ%%ﬁcﬁglsgp Lgsg%t WRSEH elg%ar!?gl}lé gg},%, Cat.
S tgenenahiing easinestd viestel Fogiee piegeyperl collagen

cells CTPs) fromadult stemcells and of usi ngePsuch
impayrofluprescanet |anplysis it ther agsiiulariaed engiaerred digsiradiewg. 18f -

Spegi ficall v i oy - ALy
o8 PR il RBRBLERERL, (AR Le ORGPk 1P pchody
Closhiicon, T NAMABSSEMRmalyistofi ¢heprceHelntized engreeiedriissus. a

S k. e GG aerginody Bt PAACIRE BLGS ety e
acggult%ﬂge%%kd' ANEOEERRA FHR RALCTPS BASRod HigRP& Bgl BNor 5

of generating connective tissue i
days ¢Huid 08i) delldveingceating tie cablstanethp ragelbarized\anginegyed tissue.

. b d d with . _
o AR ST o 500 BEREE U - 1
}L@Zﬁgg{lﬁi 1{?1 akpheagdly 9o ef aRIRsE BBIN uhhg KheO0NMESifioatidnN(size

is to be" understood that the invention is
barot 20i prn).eliginre 18is- BB istaing oftthe steded eells los thetacellularized

forth jn the follown escriptiaon o exe i f.i ed
en%e@aﬁfﬁuéémam@wwe%t f%ﬁ iéﬁ%@g‘}f& es%fe%ﬁ’l(‘% 8?‘“0“5%6 the

. | R [ 6l se&fQnecarried out in
b@gaﬁg%gﬁggéga&xﬁiggﬁkﬁﬁfgE%%Bto bg u%derstpod that the

phr aBHeH. d@y-fafegict erniplaitaipn ehthl eydinlimzedi tissie (geveratadefrom
fqrtJeﬁ ng?ll%g% %TTP%)e?nC \r)zjvg.t IF‘l)gurgsn ?9&?-{; o_u{h% a%gﬁulgﬁzerdeﬁgerzgecﬁiieﬂstissue is

inserted through an incision in the skin of an ICR mouse. Figures 19¢-d —

macroscopic appearance of the transplanted tissue one week following
transplantation. Figures 19e-f — histological sections of the transplanted tissue one

week following transplantation stained with H&E.
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Cel | -based tissue engineering is an evol ving
interdisciplinary area that offers new opportunities
wo 200708051 cal applications, creating a tool foPCT/IL2007/000047
repairing and replacing damaged or |ost tissues with
bi ol ogi cal substitutes. The current approaches of 20
repairing damaged or di sordgred connective tissues,
such as bone, cartilage and tendons include the use
DESCRPTIONaF SHEEPREBERRED EMBODIMENESal substitutes.

However, while the u f . cell fts is .ted by .
availhg lﬁrqsplﬁt)ln‘éf‘ﬁﬂloﬁtﬁ B‘?‘&P‘?‘?ds’ %é/%ﬁ“g g cgpuge lg%?séle progenitor
cel%sﬁli%y RRuUE Edhﬁ@étéf ' &fl? 'éh&’ bf hﬁn%_lﬁﬁé}{ cdMsGhPERIEBAsed therapy and

parts, d coul for cell based
tisueeermiryeering. tslmlﬁasaﬁyi,gthepemesm inpsition aganobes Usese it érpair and

of 25 . sol and .ex |n stemaar pro r
regegeate We %Cgrn bsf:%sgdrtll% administe terﬁl ng égrﬁr%)u? the fpresent

inveAf o 6 'aVs‘%lb{ebﬁ i/ Recdiethbrebf 6? 89 Qﬁlpl‘a’mﬁﬁg lig ties sibgeavianigssue graft
connective tissue in vitro are highly desired.

genernied irs vigtou fb@ CaTtHS@ﬁﬁteeue&eat YeRiq¥ v cul turi ng

condi.ti ons. e LdiNg

T oot BREHN f Bdeig BRRfe niohcdlhORARFRIARRLINE fissuc
préPERAns cells atﬁﬁrdmg g6l lthe) peesentdinvéniton mxj’ll‘tbl better understood with

fferentiation potential to cgell.s.of the connective
rekrwg@thﬁﬁé@a@égsafﬂ%g eMPAIIREEeSCHBIOSy anpl e, cul turi ng
TeX& Snd/BaBodithefit otk ineRtio® B dBRAiL, it is to be
sup?)?éggrrrgnt Et[f%?ﬁ{ser u?n seg e.g. (,) Pittenger, MF et
unabnstobﬁaﬁat the nvientior rsglobhrrbt@den ife epplisatiow q theidstails set forth in

ur.e di um cont ai ni eryr nd f
o e T O S5, ML S 8L AR i cpt
of 0T edboliPtd bi€of Bingdracticéd @Zbarrl‘éd lotrtini vagioa$ ways. Also, it is

processed |ipoaspirate (PLA). cells in a cul

to f*@dumﬁ(t@l‘ﬁmat ihﬂaph@ﬁ@méfdaw faRmeRg B, grzgpyeqislﬁ;gem it for the
p%(aﬁed)ﬁ]% quo% gn(i u?@nc?‘%ieﬁgéa‘fd&?e{s 4GS nglem cells in a

i ng ace cystel ne, "an anti oxi dant
( e. gCell-BhdedrtisBudIngiietring dobin I&amlvd% (lltdQI'(ﬁSCIPhllaryAp?@I that offers

No. 5 20050260748); and cul turi n% of s]fqel etal . % ]
nagePPEDTIURItis doN EiHe FRBRGIHPED SR Ao b FepBiTf ahd rEplacing

dﬁ%{ia%\éﬁ Nod ?o%‘i Qfsi‘.&é: ith) b1§ﬁ%le‘3ﬁ %APR{as ONTRVREHERI b OaBhes of

al t hough cells isolated
ref)ﬁmﬁgenmmygeﬂaﬂsdgeme(ed gonnepties tiguled, sch2ys dpne,sepstilage and

teﬁgért@%%ﬂg Condl t q (Egora I%lb 1%511%%‘ gglgggt?fic@t suggtlt?lﬁ However,

wﬁﬁé fRARALE celpgﬁﬂg [OgRChRahilaBilinpgRNI6rEdLY, syithehgesfts are
the 10 differentiation potential of such cells from

o:*.twoendlgals/slafge&rl@umﬂtha@ bisdegiea) sopwerpas, andweplddpidbwn. | n

addi cul.turin
t aug{q uso)f rSfj qFP‘?Sgd t ?rap}gra 5 ?g%ﬁf%gﬁlgg%ﬁ apllnﬁ%ﬂ&% methods of
1s@1at1ng 208 bxpaRigiy §tedd drrprﬁédh‘ivop célls Whichichngiveatise tofantthﬂnmlted
ells which limts their use for therapeutic _an

arphmtmf@echw tissyp (Pt Hinragss capublect\ferming reuneglye B?Sue in vitro
5 r}H |ng conditions for the construction of
a&ﬁ‘éﬁ ere tlssues (e.g., a 15 mature tissue such as a

t endyaribus stuétes lattembtmabs@améy ofiltwief daplddions vdach car be used

or for cell  based therapy never degP sfl :’f\
to generate connective tissue progemtor ce s that are capable of un 1m1ted expansion

in culture and which exhibit differentiation potential to cells of the connective tissue
lineages. These include, for example, culturing of bone marrow-derived MSCs ina
culture medium supplemented with serum (see e.g., Pittenger, M.F et al, 1999);

culturing of bone-derived cells in a culture medium containing serum and fibroblast
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VWi | e reducing the present invention to practice, the
present inventors have uncovered that culturing of
W@ ovegtshve ti ssue progenitor (CTP) cell s i sol B EUL20070000047
adult tissue can be performed in a culture nmedium
whi ch conprises cortisol (e.g., 20 dexanet hasone) and
ascorbic acid and that cell;g cultured in such a
cul ture nmedium and subject to serially passagi ng can
grdyveth Exqpan@er-2(Settile,et hbr2062); enttedngef prockssef ligoasprate (PLA)

colir Ao nerciuer BIEND | GRPIsGEaR, it Se 2 P et ol
205 ro?tltﬁﬁﬁ‘é Rosd AeAVEL stedi WEllL$n W hfeliva® @Entaining N-acetyl-L-

xanmet hason ‘and ascorbic acid in order to induce the
cymanm malantpfiflentetetd. avitaminoC) tand picoidranide (Usk| . Appb No.

20@@2@@2&% %%gl Q sﬁaII%%l ‘rﬂ,gglgfcg{},s ﬁf% %{lgrﬁe nmdiym c?ntaining
ﬁb%blasl9%8wﬂ§q§dtbﬂ EFGER) adnd, d30RRthdsoiS. (M%atroglémﬂlo M) et al.,
20050260748 and Zuk, P.A., et al., 2001)

) is
- 2009). ¢ Hevexemplteansbeells isalajd; fzomearly awagqsr{@gc?pgsage or 2) of

su&? rb%{tﬁltlgg coﬁﬁﬁﬁﬁg h«.fl@nﬁlfédt RegirRldngiod ptotb%qu ?ﬁt@n(/anocl)ls cell

'nven roliferative cel'l s and can
lidegges xprhded then o@wd)gemae dtmndmgemeaand amppmsagéi lisieges, the

aiffreriion: PG oreholy g By DI tire Lo RBARRYES 20 vas

cal e 'd%ﬁdtl%ﬁ Se.f tHokhe thile, et
e O St Ch el ol Su, (e, CIP of. Che ¢

alpPeg2and ZukeRtA.oet alxer?é)%)ammt@l mf Slde reliferationt miggofi the gells

b R SR Bk S AP ins, Mg o
uski JTERER cuRadihg Icaﬁﬁu@xeé Fdi)the tceﬂdﬂmuam &flengmpened tissllitea(g% a

(tendon cells anent cells) and ECM f cells
matprealdsgie ek, asc,am@g@tf tissye) inghe sbyRoce AY aso éfﬂqomer or for cell

ba%gcpf’?lg}ag)g?{as ng(,épdggm%sﬁﬁg&‘tl onal tendon without using

or carrier. Moreover, when transplanted
i Nt owiiile e@eduche BERsewht ﬁﬂmnpmreaeptacﬁce, rike preisent imegngors have

ur?cgg%gtlé%ée}%gcu&c%ggn%n Iq%glﬁ%%t?/gggsglgen Sﬁ)tgl\gv t (frlﬁ’:j cells lsocfsﬂed from
adRBCHRLHE R tbe a;%%nﬁédp%ta Slitutd BrcBRRS SHHicH BUxﬁBﬁée@ Neoktie! €e.g.,

I'S provided of generating connective tissue
dpaogthasdme) aoélaberbitheidrandhtat cellse¢ulwedetn Wh acepliuge megium

ar%oﬁuh oo MRt Ee b iy B AR iR ek B8 ot ime
i f Iltefeﬁsﬂt’l(ﬁ?hﬁﬂgééj ahdd anﬁﬂﬂdint thefremulpblent idiffeentiation potential.
connectlve i ssue E enitor cells, wherein the

Tlis ihincshayecantesiute qshesgdifliesowhich used é@?@ﬂ@ﬁ&é@l andygscorbic acid
d' f e eni/n'd%%é e ! tglin? tpdl éiLf?e"ilér}nahM . #Jh%%ﬁ'@(?rs céﬁs_ hﬂg the

i sSue, generati connecti ve
oétd:d‘g%hh@ Ieage(tet Gir sxahipte, Ms&trugleebxh@ rML ret hh,eQQﬂS[ Bitenger, M.F

‘connective t e enitor cell P
I R L N IR e I
1“1 one cell lineage and/or cell type of a

c’onn Ctive tissue. Exanples of connective tissues
i ncl Adds shutvnainetheoExamples section which follows, the CTPs generated

according to the method of the present invention are highly proliferative cells and can
be expanded in culture for at least 20 passages while maintaining, even following 20
passages, their differentiation potential to any of the connective tissue cell type. In
addition, as is further shown in the Examples section which follows, the CTPs of the

present invention were capable of differentiating into the osteogenic lineage, the
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limted to dense connective tissue (e.g., |iganment,
tendon, periodontal |iganent), areolar connective

w0 e@30gsfe. g., with protei naceous fibers such BSI/IL2007/000047
col l agen and el astin), reticular connective tissue,
adi pose tissue, blood, bone, cartilage, skin,
intervertebral 20 disc, dental pulp, dentin, gingival,
extracel lular matrix (ECI\/p form ng cells, |oose

ch&ahogmid Migeaé, s&u@lagm tinesage Geartilnges tcblds),thdicsn arRt gamend lipeage

(onsietor ament calp g BEVERITSI e a: MR, KPS Of the

‘ prés@ﬁtsfnvle n W@fe aﬁfeeéiahirﬁnn%ma fug&sdnat RGN Wbt usmg any

prefera ast four ce | i neages or cell t
scaffold loe cwslleeog/kncwelr,l wheryeansplapsddhionaicsgthsi €IS o epresent

._an .adi pocyti te
inGFRah o St oF Ve ing L ROR By, s BbgreChssf, and o
caﬁﬂg,%&gsu@ﬁbu,ﬁo_st emcells" as used herein refers to
cel obtained froma fetal tissue (i.e,, ggken om 4
a c&i@é:p%%rdg%ﬂo ionp| agRechof Jhe BEISERt BRVERIPR realspB‘?tVI cd a
I )
AP T (o) AABSHRR ARG BB it o

cultotifg Qcﬂthﬁ‘ﬁtemeiells fity p&altml&dh@humeilfhlcﬂl COBpIgEs cprt@bbma:basyorbm
t he adul t ceI l.s. ar

e a dfro
ackl, S Ty ARG, T F0r sy S 8 R e e
d QBnfedivbalissaE for nelig! areueEpable of
prgge%“!“%r e 2%%*8‘%3&691 e S opator e The, adul {
dlﬂ’exerrtmmigj gntof att leastprws egell lincagas | dntheasprmectivsoltigiug thereby

from vari ous i cal s which contain adult
Y QTS g}el cgnﬁ‘?cuge? éf'%lprggengoggéé natal tissue.
Non- ki JddinReeig¥aiHraR “@bnidicilogisaabrapanivraslle (OTR)Nrafers to
adult stemcells of a fetal tissue which be usg)d 1
cebls ovicinarencaprblern figigrasfiating © mOFelaNGme gl Wheage Andior ce
tyI DVnt | Jﬂ}pétwep figéﬁl‘ée Exﬁhﬁl‘é% B Aonhd %é‘ %s!ﬁb‘sqnclﬁa@ B8 are not
B%t i hé roma acent i opsy o ongoi ng

lnmtecg nandeyse @bnrieratlt/@wSmg: fe.eghmament; etcmdomatpeuﬂdquﬁdl hgament),
., a syrlnge

dl e
S I SR BT LR S s
roRERAP Bt ek REGWRE Nadiftfte Ustt ‘B’Rﬁ’)ﬁ b&e, sk s, Biervertebral

inserfing a catheter through t cervix or a needl e
dusmt dentdh @uihdisntin, gindivab mmcﬁgluéargn@m E4i)-forping pells, loose

| acent a chor| oni ¢ villus); amiocytes which
C“b‘@tlfﬁﬁ%?lﬁe‘fwﬂg% %}Lnt esis of an ongoi ng
Pr egpaifsibl Sﬂ@'doﬁn&ﬁfiv%ﬁﬁld ]%l@géxﬁtolﬁ ckls bhtheZedeniidebntidn are
gestation (can be also perforned on a !@ﬁter

capableaof drf&rem;@@ng intp thlsast: twRy motenpricsally &t legstothges, more
bdg 0 u I I S

PR e, P S, oPESR GbhBIB i, o

clﬁkfrﬁl%g%ﬁféyhﬁ@fge any asicatic dimesge kedduinl calisn gljlgallnentlé'dzlh areolar
week of gestat |o}¥z3 by .15 inserting a thin needle

cemestipsisheanhdeleforaree ¢rlri ne walI's to the unbilical
cordipye %m('}f SQUL GuIMERR &R WOhSE GERIPRIGE S IERA obthREH From a
term na pregnancy or immediately after birth by

fatsiningad (if, thlten fomintdrcestas post implantation until birth) or a post natal

tissue (ie., a tissue from a newborn or adult individual) which are capable of
differentiation into other cell types and/or cell lineage. Preferably, the adult stem
cells are obtained from a mammal such as primate or human being, preferably, the

adult stem cells are derived from a fetal or a post natal human being.
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Non-limting exanples of biological sanples containing

adult stemcells of a post-natal tissue which can be
waie@dosiseng with the nethod of this aspect of PEEIL2007/000047

present 20 invention include Warton's jelly (the

matrix present wthin the unbilical cord) and cord

bl ood whi ch can be obtai nedgfromthe unbilical cord of

a newborn individual shortly after birth; foreskin

cel IThe(lult. sterh aells kif rthé ipbesefit m%xst)om\bambe dsolatbd from various

obtained froma newporn or old d| VI ual

bielpgiea) eyl ?§nWh1Ph b%o%‘i“hé@%“ s?etnaﬁ il gpa HQSEQ?}&‘ tissue.
r 1
NGEARI ¢ PABIEL S L aléﬁ%fsﬁ*ﬁggt% o o

tisyvel whick am bseu@ﬂta@nge&dlﬂathean@tha@ of Uy arsge(et o§ th prgeent invention
bon .marr was i r.at the |

1n(¥11é$ﬁ) Qqnﬁa} sueS m' cpn k?e o ebs%ltnﬁci rom & Ip cel?tgl %[ ?§g of an

on%@ﬁlgtﬁrégiﬁﬁcw\’@k E8l1dvAng 9&3g‘ﬁbﬁ@l teARinbli TSRS Htga I’a&@lﬂmge with a

reast or erirenal sites using Iij pOSUCtI on surgery

nepdle) e¢1mr1@m<>e el rapmple KG¥SY i which  @aybe @biagned (19gy @nopngomg
pr%él%rslgye eg\gal niﬂe e 4 {Nggﬁé m%%g @S‘%}b %%ﬁlg %Sééﬁaeté/i‘f{hfdi‘lgh the

ed "usi ng bt ai ni ng
cef¥Ek bpaseedht inty thk:@bddnhém adedevh% aash]zhlt sadennt thelpdacania (i.e.,
preferably isqglated fromt bl ol.ogi cal

l. .
choBARIS Tl IR AHEPGSS VRIGE KBYDS GPIAInes it RHBIOSERIPYS 8f ahpreoing
prgﬁi()Séy ?sﬁalp; B¥veeh thE h%thaw $hanghi Q@él@ d€, geb@tio®X@aP b8, also

sed in http://ww.worthington WO
pe%ﬁﬁéd)&ﬁ)E%tengéﬁatlm GVHeBDb)I)mEGrtmg a thin needle through the abdomen

m@er %hlﬁén%lcls:,g{:gr ﬁl;l&ci lts?ﬂqlt%l]rcﬂn l%clépr 2 r% (?bq% <? Neh %rﬁgce%@e%ls of an

ogue no

1%59%31?1@&131 %r(it%&ggémnsh Qf@déﬁﬁbﬂ@%ﬂ@oth@qf@twwk)of gestation) by

i son Ti ssue- based stem cel | s:
ingerting p dhingieede éhr@ilalg theabslomentasd Ué%rar&ewallﬁ fPatbﬁ gmbilical cord;

200 200 54 0 , y
s g Ry of R ohan o7y oo i o RGO pRRRARS o
ind0&Bat3l (akder bit@- tgf7r]emaml dEahd amsiotidsac. et al .

[e||0,d? nt@1;1f1lgﬁgéé g)ngﬁl%gpq g% soL‘ggcagn Oflesh Contain I{goetscfu?t sfem cells of a

A LA S R0 0 byl s

vaemﬂch iecladeWhatoain jekdy (the afiatex fpetsaht withia the smbiligah ICOTd) and

ue ch i ncl.udes ens clated
el TR S R B TGl SRESH 1550880 ndviaun
s}ﬁﬁ;‘ﬂl}l afeMbirtht M6rebltin %BBS g@@ , Berekitih SibroblAg§dwHEhNGnabe obtalned
scal pel or a razor e to small pieces (e.g., tis

fromum hstfﬁrnzorB)ldfm lndwaduabmawgrwm%ﬁom,w‘ébrpblggta ofiagy connective

tl?ﬁg ﬁge? d t§0 8 Rte II%&%/ gagﬁﬁg s%?gsﬁil? n?)};;b@?S ai?llf?eqlﬁfgﬁon 73:

4’M—83)Vboné ﬁMﬁ&Wthlﬂlabaﬁ Bé offthiabe asany aeasingzesyringpabedle (bone
Di gestion enzynes can be obtained, fromvar tou
marpp| aspirgtesl pmathe gligergrastt femeta. dibiagnspingayib igother medullar
r & ' :
st L whlch g e cbifi BORLBLAAGOL, hask Bl BN sites,
usih® Ihpgsucﬁbn sagpilyeorC paﬁrﬁclﬂecrtgmyheomﬂctﬁ\te tseer(egl lse sr dense

CATGSRES WS HER 85 PR RITPEIHCH e AL R B opbiopsy
oSS mBGolde

Prior to culturing, the adult stem cells are preferably isolated from the
biological sample containing thereof. Methods of isolating adult stem cells are known

in the arts and include, for example, those disclosed in hitp://www.worthington-
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suitabl e enzyne for each type of tissue. For exanple,

for the digestion of tissues such as a placental
wao e@snogschorionic villi sanmple (CVS), ammi ot iBCT/IL2007/000047

menbr ane, foreskin, 20 bone, adipose tissue (fat) and

| oose connective tissue which include collagen, type

Il collagenase may be used.7On the other hand, for

the digestion of a tissue which is rich in elastin
bivahdm asm!deaitamd on’ provededy alofg t with uthibi Célt dboleidord Optimizing

el ast ase. ma a, bi ol cal
ST road D 2o leT B B ghrieab Liotham Gl Alison
MEKS[TiBhRAREE Bbtefl &Hl b'eAB@Wdufé biterMORLANGke 641tk stage. J Pathol.
foreskin, bone, and | oose connective tissue) can

2003 20%8p 64&5@& Qas,u hgt aly ;ibiemlf}mg araigfe@ésm ngurgl stem cells. Blood

C%isn ﬁé}]{ b’g?' o er a {;ﬁ grl]ﬁ_%gj)]ang ?81%%P ur eggi yé]:aentlﬁca‘ti%n and

isdfutiof cﬁi hlﬁﬁ:ﬁf eraatity epieieNab BtedBcd(s basecinealphaitietd(ll yintegrin
at 37 i ncubati on serlods whi ch may be effected

ei(l?l’é‘fﬁ%jﬁeﬂlﬁcégof)b VAWAS386P172)i | | be appreci at ed
t hat Btrﬁﬂg r{rﬁrecf%{ )t’(lb gs%g%@tanﬂ@ sWin Refid'6e g'fgﬁftok %np(\f;\sh‘ﬂ ﬁ\éfﬁ‘? tissue

depends tissue. For exa
which adiydes dedsesnateix dbs@idtedios coﬂneattlgesitotans &sweh as elastin and

S ffici nt for bone tissue, conplete.digestio

plagsnt dhd gisse (9P Dt RS e 4 saiRg) g i tazof Bladeto small

pﬂa‘cgse&tg onssaé chbks 71288 @it V%'foll(b\ﬁﬁgewhlé‘lm&ﬁdsﬁe RS @RRL to an
l e is incubated 2007/ 080591

emmatlg 900084 an E8zythe Ruchies disnges tcobagenase (e type L I, III

YRR el PRSI oA TG, i

fitohev@wmlsapplsers mubiatssagin@(&mouﬁn M@ VSR ahdd @V@iﬂgﬁ‘@tbnomt will
enzyne, for di glgstl on_of | oose connect ive tissue, the

bg aﬁ?ﬁieélatfi(%thahé eHad o her Hipe ot digesiont %Y@Fg@§t41§§ﬁCIatmg the
I

TGN bbb PARS! ACECATT, dodd TSP SSmostion o

t]mh gt@samsam ‘énazt;smm ami thoeé of akillyd igpéref @t medcapabllerof selecting the
ation 40. RPM u e.noted that
i B St oS thoneya P s B R es such

a§ea| bla@&ﬁéle&%h@scﬂoﬁoﬁﬁa{/ﬂh %ﬁﬁibleC{GJ\mS aanitiehRbARhe, HRskin,

single cell hanpering the cell structure and

behesidifosy tlssue (fat] andol@osqapxpme@tn\@t tirgue Wéncht ihelude epliagengtype 11

of,. t he di RS at [t .St e
oSedsfoegnin BF 1OkP T oA oot B on o e a4 Hghg b s
richén elaktirBsuehns iR WhaseH'RIIPY teulhkihtd] Rerda claaR lﬁajbf)e used.
the cells to the Live/Dead viability assay (Mol ecul ar
Pr obd'sr exayppleca biglogipa rample epitaining pappdultisue g, an adipose
f e
t]g%l%r gfg\?% a%‘lacefn?ehltie%\é\ﬁeg%gﬁﬁét dgﬁ‘fe (lr:ifbe%{eg %tcﬁ Ias%lﬁt bgPe, and loose

cORiictivé igaie) O:Bn&ﬁ: dlSsdcialtddlﬁsflngleﬁpH IIbédllatgeh@enatnai evncehfration
Alternatlvel% isolating adult stemcel]s fromtissue

Hresn k0 hdcH, gredergahydi-ot-00f Yo mash PEIHBRY G- § s itctﬁﬂmerawres
RPN 55_8h °%,0 r@i@&% y %H&g: @33305?(5 @bl oqd Qfé:r%h‘?f{} at %7 °C, for
marrow, —can orrre y dlrecflys | ec

1§(ﬁﬂ’5@ﬂ1<&1 peruaisdwﬁiﬁlem@yt bakffeaad flohUgamiantes 3¢ Q9 ridxunsg It0w111 be

known technj ques as descri bed el sewhere [ Hal vorsen,
apprecigied4hat }ugpf{ne of ?ncu ation with the digestion enéyme depends on the type

of tissue. For example, while for adipose tissue, 1-3 hours of digestion are sufficient,
for bone tissue, complete digestion may require 18-24 hours or even more. Similarly,

for digestion of CVS, placental tissue, amniotic membrane, the sample is incubated
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2001, 50:407-413; Hauner, et al, J din Invest 1989,
84:1663-1670; Rodbell, et al, J 20 Biol Chem

wa 26/ oset 130-139]. Differential centrifugati oPCHROE00047
performed in a culture nediumor over a (¢radient such
as Ficoll or Percoll. Cells are centrifuged at speeds
of between 100 to 3000 x g nore preferably 200-1500
x g, nore preferably at 500 x g, for periods of ‘

with giergigastibnnértzyine, for digdstion of nthe samplsf sringitbpted fop 11H) bours

1 hut es, . f ly. 5 i nut .
o 5 BB B s TR e
nigflfﬂ'\@ftﬁ kiablige@onazfme, Hok digesitdd 6f Iobkd ormbitbrentidsie ahy sample

solation of adult stemcells fromamiocytes can %eh
is ipewtfatadnevkrinighti wishtthe digestiien ep#ENS. hdt Hiithitst 3RPreqigipg that to

. Le t trif fi i ch
incfep B Ra T b AR e o i, BEPARAUER CrofmE & bibferably
perfciBleatidet Agitatidhl(e.g5beMCRPME. dit should thermeded thahmeasures are

culture nediumconprising cortisol a orhic acid.

takeyDipgrd ey toghissogiatedhy aE%E?%/ HEERGAES ?%m%g F%EF Ufpps O greferably
t : i ' tvighilithe It will b

to S oBHP TR B g g L SR nau

appibeined ehdt she mogpholdgynfehe disswfiat¢dadplt stamg qels gan bemagpitered
plate, fla

. k,. container .or bottle t e ensi
USIR | A0 IOYFE tnélgroa?qgee?ré{]{ eaﬂagﬂlt%f()f tt%xg c%g% u({ali lget g?dﬁaglﬁed by
sutgséd d Blnfh16 QP ARCEINGo the SR/ MéAA0eRbilior assey (sloldolah Probes,
re

apabl'e of 5 proliferation in culture while
Matedubardrobasginch &ugena OR, pbtht capacity. For exanple, a
sui tahl e, cel ensi t ' ugged eferatgl
the&)#gfb f %(H]g’wﬁl?%s%n |aﬁ€e§%&6tn%’ n§§ g)té&(l)gx 155 %16 Sx e

subiBée& & diSfeRMtialcoeRtrifiptnps &f farthbl descifbed HeGGnunderx 106
cells per cn2

] ~(e.qg.,. 5 x 105 cells, per cm. | furi .
condilierggiyelys w&fqtlygiaﬁellt e F‘?i]élfffﬁ? itléﬁ"ecﬁa“ﬁﬁ? V%g]itl Y (g%md
hysi ol 0gi- bt f SandBore ,
Of?’ﬁﬁ‘fee‘#og‘g%lg@ h%%ﬁ@*‘% s EolAdin, HentsR sﬁaﬂgoi N the oW
capbesgnfoemed ty Giracflg sthjectug ther samplditerh diflseenbigl eondrifugation

t hod of thi t of th t oo ' .
acg%gln%l}p S(gp@nl Y a‘sgﬁlgé%(geﬁprébeglf&éeﬁﬁggﬁ Eﬁaﬁ%&?ﬁﬂégg ra(l_),&?%ta@@mm
20?'&,65@16’&49?; Tk Ber, % 85 Otk IWREE 1989, Bhilb63- 1670t Rodbetiget al, J

elr proliferative and nultipotent capacities. Such
Bial Cheért (1066,78di13Mh138h be a wat er - based medi um whi ch
i ncludes ombi.pat i.on 15 of susbl ©
nut rﬁ’g’%f?%aﬁ‘ncﬁg?ﬁﬂgg 108, F%Pﬁg gﬁggﬁn&ﬁy gé}lugg&hrr?ggﬂuei g v
gradibiiSsuch BE TLRIING Pl aGeltydro kbmeisugedranapdreds af betveearl§0 to

hor nones, all of which are needed fo j nt ai ni. ng._ CTP
30900t 18t prsferabin 2001 P& &1 mTs SFeLPaDY & D0HGy BelpnpfTiods of

cul tur di ' bS1 AskRGEs. Ofndr@®referably 5
be Y el tml{i?l%egﬁ)t * gﬁﬁh@gﬁ&%ghgﬁg@{ Ete}ltoi 105at [ ssuse’ cul ?llﬁ‘ eeml Y
mifREsURY Sdigferatresl dittervEdd {BoI@gpreferatily bebtacne)-4BE, more
Haenek, 1 srael %,ésuKo 20 DMEM (G bco-1nvitrogen
pr€ferabdy at 201C.ptoeietlls, G and |sland, NY, USA),

Still alternatively, isolation of adult stem cells from amniocytes can be
performed by directly subjecting the amniotic fluid sample to centrifugation which
separates the cells from the amniotic fluid.

As mentioned, once isolated the adult stem cells are cultured in a culture

medium comprising cortisol and ascorbic acid.
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DVEM F 12 (Biological Industries, Biet Haenek,
I srael), supplenented with the necessary additives as
w0 go0708asher descri bed herei nunder. Preferabl y, PEI/iL2007/000047
ingredients included in the culture nediumof the
present invention are substantially pure, with a
tissue culture grade. 25 Asgused herein the term
"cortisol" refers to a synt?letl c or naturally

ocCigufthAfe tHedultSRn CalsdHcuedamnR toithiRiadpet of tcchrbsnniave)tion
whi ch binds the glucocorticoid receptor and i

is effigstdsl by oeeding thedidulf crpselndn ﬁ}aﬁumlﬁ vesael (i ; tissue culture
pla?ehfﬁ ﬁﬁfcﬁtg ‘f‘nto;; O potR] &a ée@ cYé‘Tn's tghwﬂfchg;‘}%‘é&b A 8Gedtion of the

s aspec ent I nvention can
adwl$ &stén Vadliselinto @nne@ivei fisdued pragmxtorv edllorwlictal a;ug u@pable of

whi ch bl f the.bi tivit
orlipaon ycepe Wl TR EUTE e IPRGPPLEal Fatarn: Fap piible. o
suitdtid €31 d&ﬁﬁg 'w&%@gﬁ%@@w& 88nerfk (ROCIPS OF t rbéé@& in%@#tion

or ana can he used accordlnq
mayseck 16f —tlhel 0°melis perteni nmowlerefﬁ}?@hlnci)xt psdn@ 10 cells per cm’

(e 80071 380595 et -0 b PG S it MRS pEMle WEhiasion of the
ce@@%ﬁ% B2R0RE tdnBRPAred th hie PR BIRS- m(ﬁréﬁerably, 37 °C), under

asone, ‘trianctinol one, becl onet asone,
hufﬂldndyambmtthe;pmsemeefét%céhd deoxycorti costerone

t Pr ef h .1
byt crsrambap e bR Dot Ogpf i AR TR P iiEHon
mays b&l X r&lthﬁsl%e&mnwfaa;ﬁmel Sf &[p@%ﬁnfgothbagtewﬂl pOtENCTPs of the

act I Vi (about 40 times nore than hydr ocorti sone)
prmdt am@utl«my whils grainsaieie t theis; pToliferatiyegind mpffgpotent capacities.

Sué; atcfﬂ télr §10e8 Wh}f.lcge{ h%va'té}cﬂagg(f thelifind Qﬁu&uﬂnt:hﬁﬁgse Tedin¥fRation

fesent | nvention can .
of GRb&hmed sﬁcﬂf)ﬁﬁ ﬁltgﬂmtﬁéiits Lininiesals, Wamhi&ﬁ\)mmrdadiés nucleic acids,

provi ded at a concentration selected fr ran
protgins._sygh gs gytokings, grogyth G}Iécatg{s _bprmppesz 3 og qqgg&)ed for

m%gl?aﬁrg gg %dl'll“ Qﬂ'@ﬁfek AR S| 1&“@1’&&1‘&@&? 1&Re, Prig réxﬁﬁl'ﬂlem a culture

e Exarrp es section which follows, the
m@dmmemcordm@m this abpeet ofl Shedpregent 1M'en<1;len zmmh@a%; syrshetic tissue

ur L hl:ngglfug}e §u\c(} as %W@H&o@%&ﬁﬁ@“ qh aemek Israel), Ko-
DMVEOF, @i’lﬁ‘coalﬁk/ﬁrogéﬁf €%fpdeatidnh Eprofiitd) etdan®r Imtdur alY,y USA),
occurr| ng$1l ascorbic acid (an_organic acid wt
LY

DMHEMEU2d lqgrczalaeIm«this&;rrse;sa Bigts blagmekn Iszaely i &uaﬁlieﬁieeted wifh the

whi ch i bl
AR A L ST PR, Fe s
inthded W ﬂiér(ﬁltﬁiédhbdﬁlmfoﬂtﬁepféeéd‘d Galvedtion Tai‘H ﬁlbampBMIy mire, with a

the present invention can be obtained fromSi gma (St
tissgeralturgsgradgsa)  and is provided at a concentration of

at | ﬁ‘?g:%?c?gerg{n”tihe B <o Fﬁs%!’efe"l‘&g Yo a&ynth8AS br ﬁ&ura@l?rrﬂccurring

prefer a concen ion which’is selected from
cdrtisonr @\ngac@forti’@ic{é 6Rra2@ hgfmdbne) mdiieh pirels ghalglugocaticeid receptor

SR e TR R
bl ihRd Rk Bl Benbd 8MMniNRpEA Rt restBt #8ntion can use a variety
of cortisol derivatives or analogues which are capable of the biological activity (e.g.,
expanding CTPs and maintaining their differentiation state). Non-limiting examples
of cortisol derivatives or analogues which can be used according to this aspect of the

present include hydrocortisone, cortisone acetate, prednisone, prednisolone,
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g/m, e.g., 50 g/m. For exanple, as described under
"General Materials and Experinental Methods" of the
waEx@mosEs1 secti on which follows, the present i|iPYVEN20673000047
have used 50 pg/m ascorbic acid within the culture
mediumto obtain a highly 25 proliferative,
mul ti potent CTPs. As is shogn in Figures 8a-d and is
described in Exanple 3 of the Exanples section which
mdtippredsisolohe EkRmetmsarcataboutby0 ttimeesmeplodoisht)s h¢tamethasone,
.aspect of the present ,invention are capaple of .
tigTabiny R S RIS B TFOTPRT cPORtAts B Srpgegorfgosterone
| rﬁgﬁ? t iht icoRi j Ed 8¢l tiPieinod (oF 1léis aspect
ac{l&ﬂgrg if@ér%ﬁﬁ@??’gﬂﬁicg?gggaﬂ%@%ﬂsgsug is 30 e p
of dlespreeah) invehtion iy dexamethadonemvihich isdenowactolpyg a potent activity

i norgani c_phosphate such as beta- e

(g 47 Bk e BB kO PofiD anghiloq B HRSHRDSTRA Eygpror
The THeRkg@BIhEsMB s Sintngéd i Hetheicaltileanedilinufehis aspect of
mediumis provided at a concentration in WO

the poFeOs O 9atierCTA beoehtrinehdiom Sigme St Lawge MP, USA) and is
. 0) f Vi s ator f -7

o0 A LA cBECTI P 0, b

Mni¥lor Rrathpleal desctibel wndet iGenerddViateriasenid diperitienigl Mgthods™

the nethqd of this aspegt of . the present invention ..z
of @F_tE@mﬁg%ﬁrﬁ?qt@gswg‘éﬁLﬁﬁB\Nsﬂsg‘r‘:uﬂﬁef‘gﬁIlﬁgeetﬁ%tﬁ?ha_(vg. ged 197 M
ded&hEREDne it L BR RlthRMORES 8 b A highsy ol fratbrePmultipotent

reconmbi nantly expressed proteins which replaces the
CERrumin a culture nediun). Such sera can be derived

froma h n . spource (huxan.seru ' .
soursetdl Brteing gor igieci et i B Binhg e B Becuring
as6bR) 28 (dor @B waidi witly agoxidam$ Peopettles)) fatsosopini ardtamin C,
such as Hycl one (Ut ah USA), .Invitrogen (G and
whish rritaily for sghipriag cellsfe ggistciile PrgaeiPtes (Bi et
Hae | | i ' bd of
can B SEPCRGR ol PEERREA B SluRe iiune Bl AEAHERb o
th{sGspéud of tHegnesent\MiveiBn cafitve obéained Homsgma(Btepdas dMentUSA)
used by the nethod of t hti S asp%t of the resent
andriy greVided pisa GPRRPPHBOTe! 3 leas 2Onite/ mli BATS RIREREARY of legst 30
t0.,40 9 r pref Ly, 0. 9 r _
il B, o2 EoRbBRYY il Seip@edb relR fe gangs of20-500
nd/ml Yo (Heferably, % a Rofdcdfraftywhietli§ telédied Aomahe rdige0620-200
hi's aspect of the present invention is effected
pgimdemonegmefefably at alcourentratioowtichiipsdected om the gamge of 30-100
condi tions which _are devpid f agnimal ., cqnt am ts.
ng/mlge.g.a lh"&(n_“lpat _ ag?éﬁ@PEeu@ﬁ d_?f§crf‘ r BRAeF U §‘)3r.a?%ﬁ%f§r,1als and
E}E}%‘?hﬁe%ﬁ MethDaLbiRe EQ%M@? 6kctiBn tvf}ffclp RllfoWsetheBRitsem Blentors
the present invention is preferably human 20 serum or
h&er used r §p lpghehrasdorbiandid withitr ¢hereditwrm mediimi tesbiaen g. highly
the gromh factors m nerals, vitam ns or hornones

prolitaiatiie, H’é‘%&??é@q’ﬁggjﬁe and ascorbic acid) are _
pr efegggg }sl%(qv@ggﬁ PRt $Ld LRE VRIBARL th EXBREIS SIS the H¥latples

pur
section which follows, the CTPs generated by the method of this aspect of the present

invention are capable of forming mineralized matrix. Preferably, in order to increase
the deposition of mineralized matrix (e.g., when differentiation into a bone tissue is
desired), the culture medium further includes inorganic phosphate such as beta-
glycerophosphate, which can be obtained from Sigma (St Louis, MO, USA). The

inorganic phosphate included in the culture medium is provided at a concentration in
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It will be appreciated that the CTPs of the present

i nvention can grow in the above-described culture
wore@7ososhy either directly attaching to the wabdT/of20071®0047

culture 25 vessel (e.g., the bottomof a culture

flask) or by attaching to feeder cells which are

attached to the wall of thejculture vessel. Feeder

cells are cells such as stromal cells, fibroblast
theCRInkS of .00~ 100001mB/$,k1i>rBfehiHby ot laasdnsenthution rofelvb0 wovij cven more

fibroblasts) or hu | opi an epithelial cells,
prejpriably, %@cﬁ“%‘f’%‘“@aﬁ’@%ﬁq é’éﬁor s and/or nutrients and
Sup @’%f%rablﬁg theIEd nﬁfhutrﬁ‘ GseBlcbSranfy tb%@fn%ﬁiod(c%‘ 89'15 aspect of

stemor progenitor cells) cultured therewith
thd-pnesans nnventlomﬂlﬂthetyszoammsasm@d)rt S@Htm cenleagmient (e-g., a defined

condi tion feeder I
%P&ngﬁoPc’Qta@%mEﬁH@Ef ﬁé}}ﬁ&gq?ﬁ FE e asnglﬁaer%%% EF{{?E? which
reflfitds Sh&keruft BY £Thltuder 1Q6ALMS. fSi’lBH 8eraC&nl e dérnead’l‘om a human
passaglng step and thus_may result in m xed
(hEpapyesumber fzem|ag aniysl 3ouree (B85 Hqvine serum, horse serum) and

c P%T/ (##t%g L? %9 Jatrheﬁ?}z oFiRhRr 01‘ ﬁgﬁﬂlfei‘g 59 ACAYEIRLOYULah,

aspect resent I nvent1 on
U$§) dghvieopad (Grge rlslfaﬂdgdéﬁ(- US29 muBtinglwarj] Iodusttiesi (Bnet . Hakanek,
used herein the phrase "feeder-fre

IsB6hd i PRSP OGN PP R RGO B PEhoRh  Lipodpytrosen
For exanple, as shown in the
¢ Xghﬁngﬁgé§?$%%1$ﬁ$gﬁmgolIoms 5 the CIPs of the
pr esﬁm sarwmemt segum( neplacementaised by uthe dnethed of this aspect of the

.ee culturin condltlo Let.el 0

PrEEg0; e Btion cegP BN 1Y Saavan@lPl gl B D8 B0 % more
prERRIMIAt B 38 GhiBse prfeitey.ald %, totiilﬂ)e%nﬁbprteﬂi‘raﬁlhllé % to 20

aspect of the present invention further conprising
%pagséél/mg the connective tissue progenitor cells in a

pr es’le ab?% LG Oa&&){r{[llﬂé ?H H e\ép'o‘f’q eh§ §fvention is

cortiso one ascor
effd&ﬁdeirﬂeﬁxénoﬁﬁée pdasageonditivhs 7. pasmd@ crmgdltlsmefwﬁmdlt arel devoid

no.nore than 10 daysfolovvln iti cul turij f
o dontanara (e Al FRERR SRS RER GHipes T T serum
whiaﬁ%ﬂﬁldag 1@&16%%&:‘1&5@1\151 SEhHE pReshi? iRRInkibh i§1erefdifbly human

I's so I's can grow beyond confl uency.
sefine or eemmt na;;ﬁafcbment; ythd gslturs exediem eidditives &g, the growtifactors,
den |t¥ of. adherent cells

It
RIS PSR o PETURERcT R0V FOTOR DGR (18- B g€ acid) are
p{e’fe@zﬁ‘t%%_gﬂtﬁetld 4t reEFEFinARIyRIxPYREId Hibldly ufd fdeblesat i on of
he

present invention to termnally
di f fbﬂ’elﬂtbea@mme%@ﬁql that sheyCTPo of Estprgsans ynvgptien C%gmv in the
Wi th diff e
ol Gl h L e B b Bhg A7 vall pf the cultue

veésbél§R@QE)the bRohi 6154 cilass dBkkigoroee uita:hwtgefo febd%r(nellh svliich are
the culture reach subconfl uency

atisgheckiobo evallajiibe 7S 0esteby Fader edisiis eellsouchps mmai cells,
ﬁgﬁﬁ)?ahp cél { | Yoresidh) %r&lfl?stg gluln? s %ﬁ&oﬁ&oﬂf)ro%pasg? or/°human

‘e vessel when ur ed
feiﬂ@p@h(épn@eliab célhrewhivholcmetszrofti faetopy eeléortnuimenésdridampport the
subconf | uen? %f the cells
growth of the cells-of-interest (e.g., stem or progenitor cells) cultured therewith.
However, it will be appreciated that culturing conditions which rely on feeder cells
are much more complicated since they require the separation of the cells-of-interest
from the feeder cells at each passaging step and thus may result in mixed populations

of cells.
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in the culture occurs no nore than 10 days of the

initial seeding of the cells. Preferably, the cells
wae@®79805pnl | y passaged after no nore than 9 daRGI/iI2007/000047

culture, nore 25 preferably, after no nore than 8 days

in culture, nore preferably, after no nore than 7

days in culture, nore prefepably after about 4-6 days

in culture. Passaging according to this aspect of the

pr ePesferablyy @nlthmng aacording perthemeblod lo§ thiis ssspexit atfi thg present

cells fr he c Iture vessel n
i 1 LGP quiEs Jo<eies, A EPIETBRF of b e igin the
phee 69eabAREE TUlthRhd QUREHLBYs"t ereﬁ§|t8| Gdiutiap c(oﬁ&iti@ﬁs Qvlﬂ5h are
30 %trypsin for 2-5 mnutes), counting the sin
dewd lo§ fegder eoplsi Foi ngmm@ ag éhawn ingthe Famples éwékoamf Clt Pllows,
S8 S TR i I SR cun
cohdi€lbhis) iafd édnapleBedivoi ¢Bfegder cbllxarkDhus re}arGSeﬂl@Bpure ipbpulation
per cm. WO 2007/ 080591 PCT/ 1 L2007/ 000047 23
OfﬁrTé?ﬁer ably, the cell culture is subjected to culture
Pas AGLNGIEY fleY mitkbd @fsthls %’é@é Er@Plite rédeht! r11“?Vent10n further
passagi ng ‘6ccurs every 2- e.g., every 4 days.
coﬁ’npﬁfsmga;bﬂsya,gms]wgom@pcaw cbussilengrogemtdrecaibtmw ro¢senes of the

ect .of t pr esent ion. s faor t.
cuftifropiedibin PR SHERDopBREPALt §: dateahsPngend Risgfic acid
Wl‘i@?élﬁ a ﬁrspf)%fsﬁéeagf the ksagBRSIK e@l@cﬂé@ﬁfé&ﬁ@& th¥d 10 &lays following
splitting t | I's using a splitting ratio of 1:3,

nitet elpriog of ot ahlcop Il fy GRUTMBUT 4 (o pl i i ng
\r,vﬁ,t IC ]9 %F%lé\%ssa@ﬁlgd %Slécr Iecl? ﬁglieht{]retf%}g S:[gn ﬂHHl e&l %%ﬁ§ '58 r‘Ehat the

ceHe thlloyy bHRBE QaHuEe! I teray Scd@]lileﬁty”lasastd Bé'rem refers to a
pass

Pr ef er ab] assa acco to the
dengitocadberan p@ll%wb@étw aﬁﬁ%wgq%g"e‘ﬁ%l ok Shlire ETS hoger 100
o eff.ec
Aaccgf]; | gttr?% ng’?&?fabygﬁ) o‘;cfe? % ??g/eﬂrrt; tthh Qfgﬁ%m{lal[%cﬁg cgsthg chPoSf of the
predeat prvestioit td mnamally rdﬂffcreﬁtmtabbglls (e@yprsteblasts) Qt e(pCde with

t he CTPs ar at
il Pt e 2o PG ORRE WRR et ST P FOREU cel
lltféﬁg@nbhetﬁrgﬁpdé@b{éu?g bcﬂ:u%héﬁ @16 c8l¥in thB ciliiretr@achtBconfluency,
first cul ture passagi ng, owng the first culture
1q@,awhqgﬁhngells coYay| abowi ?@9@1% Oﬁ_ Qfledt'-&f@re ¥esselural, more preferably,
W, erq fhre enlg ncog;gru ébout% %Br@g o‘fﬁewgl?lghrg qlm%e? %vaggegéen?rablgrh when

cil@setiedBodingdbHhe wﬁ&uﬁg’s’i@ﬂ 1:3 pfb@élﬁa@&nﬁf)n Eiﬂ&oﬁﬂdd:nd:m of the cells
and/or by centrifugation of the cells (e.g.,

incthei ediure iseus el Anarg ghien o9 devs1ghehe kil Sqﬁtdéﬁge Pgﬂﬁ?,ceﬂ&
f
P EL B35 PR BRShaa SRR3R O AL Gur, more

plafiably dffeenp h[cﬁs ¢hahex g i ogture, ahee préferablyn afteasd mgre than 7
the nunber of the nnectjve tissue p enitor cells
dayg én oyl Hlsse,cravr@mﬁ%&%? lfsr ghowidrh 8ot 1R éEHl&g‘F] ng their

di f f%@{gl ggbégg%lggga%& Yis opeEESf ﬁ{eﬂﬁbé&nt RS ALER! B F&formed

and 1so Ing t e met of this aspec
by dissociating cells from the wall of the culture vessel using e.g., type IV collagenase

(at a concentration of 0.1 % for 20-60 minutes) followed by trypsinization (using 0.25
% trypsin for 2-5 minutes), counting the single cells and splitting the cells to 2-5,
preferably to 4 tissue culture vessels (i.e., a splitting ratio of 1:4) in order to preserve

the same cell density of their initial seeding (e.g., 5 X 10° -1 x 10° cells per cmz).
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of the present invention are highly proliferative

cells. For exanple, adult stemcells- 25 derived CTPs
wexdriostsed a tripling time (i.e., the hours berP@EHEIR2007/000047

passages in which the cell nunber was triplicated) of

80- 100 hours during passages 1-18 and of 120-140

hours during passages 19-25;(data not shown).

Preferably, expanding of the connective tissue
Préfe@BBNI ther célelcduftulen id abjected utoe cakgte Upassading hevery 3-6 days,

congrises cortisol (e.g., deanEthason%Q 2gp ascorbic
preferably, sulare passaging QEHE AVRLY Z307axE. §-@aSYerB48/ays-109

con ' ' oY e r & ent

. %&{efa\()ﬁ'l, tﬂg?s%ﬁﬁ%gﬁcggﬁﬁéé & tHeChbfhod'dF @R AlpB&dof thePras

single ce stemcells follow ng about
inAtipa sspayfameddor at lsdmdRA tinmesFingue pefdrably, airldast g5 times, more

i bed in Exanple 2 of th . ] L che
Dbt taS BBy S p et R Drind ErpLeRedfif B,
mé¥e ‘i)?éf@liaﬂgr, b apMngQatis 0BEYL BEtink!r68 6f QAYOHE dedéribddein the

method of this aspect of the present invention express
Examplasesectior [whidhu folkayes, ¢ (0Fs gfathenpragnt drRveatignt Wee sgrially

pa%%[%'ﬁ)%gvl%ﬁ%f?sn%g%g%git%dp%ggg%&- GenBank Accession No.

activared | eukocyte cell adhesion
ol agefepablyl BesdgirpvaccdsdinAlidCAd medroBaokthic agesi of thdopresent

_ NP_001618.72), CD44 (e.qg., Bank Accessj.on 5 No
inxgufign dsefiected Wemi%ﬁa@%d%r%ﬁgéﬁr@fsﬁi Hons.

NP_ 1.~ : S 0 _
N

coblprided 888eplof NBlEagaBe CIPsNRB96epTating e Q8B Ao Yheapuiture
HI. A- C, On the.,other h t he Ps of the.present .
mediEhe 1FOkta8 el car be Shpaeda p T ile i Sk ERE prior to

' 0@ fdding thd\Rrsh Cobiafd 606 T lodwi
th?‘%ﬁ%é&g%ig% O?Si%{%g’nd HLAEI%R thus res eri}%slsiaﬁr?nét he e Ay

otberprdist passagiog Thuss thet(ikls caselsciseljaraby SlierHonleigs, using a
L LS. | 4 e oL

miyfng Sy s RS fls BN oA PERP HESARIcHRERRR e pitim

arflornggahirifagdtion exhe eslts @I.,arsofg 4 eonicad splectaniifugatiaf atel 500

certain marker (e.g., gene or gene product). 15 Thus,
M@-present i nvention provides an isol ated cel

pr eppfegeg%i‘tgﬂ ?l{;]e afithbd S§EMis CROLES of ARET M@SbnETRYention further

Prefer e connective tissue progenitor cells of
cdoymrises ekpdrelihg thel CTPs.e iy atddoheraimethe gpatree expasbingigrefers to

e SRSt o 18 LSS Pl hobS B o e ot

p&iddtwiifout RARpRIHASSIr diffitertREibh Bapdcity di f f erenti at ed
state"” as used herein refers to cells 20 which are

c _apaBlleﬁer@lﬂydCTP pgenerated ﬁnﬁigs@lgt_edtacq;@éigg t s r@@thd of this aspect
of 8 SERER: iRkortiom 1 BIEHED biof erhioetfisS YL oLithp8 4t &bkn cels-

ddrival IEEP s28khiBitednPiripfingl €iser qz'. bethd lourx Bemleen Pagshgdstia which the
Exanpl es section ich follows, adult stem

cdenumbefeyhs, Beplicred) pf 808 oyt dying pasagceel-§8 and (f 20-140
nBAS IR pss it 18293 @3 nIPLHESS.
Preferably, expanding of the connective tissue progenitor cells in the culture medium
which comprises cortisol (e.g., dexamethasone) and ascorbic acid is effected such that
at least 3.5 x 10° comnective tissue progenitor cells are obtained from a single cell of
the adult stem cells following about 20 passages.

As is shown in Figures la-g and is described in Example 2 of the Examples

section which follows, FACS analysis revealed that the CTPs isolated according to
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of osteogenic |ineage, the chondrogenic |ineage,
cartilage cells, tendon cells, |iganent 25 cells and
wEaMrogrsei ng cel |l s. Moreover, as described i n PEEIL2007/000047
Exanpl es section which follows, when cultured in
vitro in the presence of inorganic phosphate, the
adult stem cells - deriveg4CTPs fornmed bone nodul es
(bone tissue) containing cal ciumphosphate deposits,
thd lethodjoOthis @sﬁacmﬁ‘rthe plfesdzm) mevendioe eaprsss amtheid ¢t Ferface CD105

when in ate
(o PRl pRihgya 6l o oV s R Rl G RBALh, A capton No-
NIStOQm@eiS) @Dlé@%ﬁ@ﬁe@@%éﬂé eyl adhéshdii{ fédech@Malso known as
Figures 9a-b anpl es of the Exanples section
AME\AM; GaiBaoksccesDr o7 NEa0%wi 8P TC D4 (08 formdipnk Aasession
Thu ur t nv [
A RSO0, SRE QB8P LTSI opon.
NF kl)@l@m%@mb memr bjgsgthanBﬁtﬂcaﬁrccbmmsé{b tNP_| 0022022

t t t
NG TP L1908 LuNPcHd SRR TPt Soee s N Bfiev i giLa-
A}%Be OI? I 8&1%%511&({“4&@@1% dr$hé phQest itn'vé'?tﬂ)% (ﬁ@ ngt express CD45

Sseous tI Sssue a connective tlssue (e.g
(PtrBaneetg V@ertBakuycession dot Nt O0R3A%2, Nﬁ_tfrﬁ3§7? ECN}P 563578.1,

tendon |sse aent tis nd a cartila
i 06880 LS s B R el e B  ReGRoh, pHfe of otter
m&s%ﬁélﬁrh?ﬂs&ﬁ{éeu@q&g@g@gl on of the CTPs of the present

Inveition are cultured in a nmediumcontaining
dexahe ek bersin thecphbses “expresding’ andnoinexmyasyng” refer to cells

i R R s B B BRREEEh gt Rt M cpreain
mﬁ&elgdeyg:e%]eﬂee,s g&&tlﬁ))dm)j let to becone over-confl uent
. e. t

occupy nore th n 100 e area of
cul t T, thecaresent WNERUOHRFOVRGS aH &Oét‘ﬁl{ﬁ# Prgpapdgn ‘Pfcﬁ‘ﬂl { stem
e?lgr 'd%%vgcﬁ LI'_‘,ﬁ(P ﬁ]%Petrab]lQ e %Sndeehies ﬁssug‘pﬂf‘greﬁ ftbrZ@dlls @B the isolated
‘mediumis occasionally replaced
c@lvpxreyaréﬁ& dayy saphblonbf heing maihtained ipas peqjifergtiveheon terminally
resen of one t| ue can .be ﬂeterm ned by RNA-
5&6@8@1 £ @%le@St REsPER e |, RNA hybri di zati on
and ¢ LC QR efMinalV difRrOltRitdd faseds weddssin(refeds to cells
i mmunol ogi cal staining) for bone specific narkers such
whishcwe eapibheliof ghﬁ%r@mtmﬂngltpf?é lqas( twPmell, lisages, of {hgecopnective

colla osteone .
5 ST PP ot SRR FoRREE N o i figures 22
uRh@sPhedcAsed id Bxafplrdribf iHerExahntiessdctiaus tahich fﬁl]abvsaatﬂllt stem

chem cal data of bone tissue can_be determ % usin
celrceedliés fmenayousmpves; (s o ERERED  LDEBress Tharkers

nni.n Al

OB D ARt SEMgE L il oo, e
célRsmiHEd- foﬁhﬁ@Vd&HB eMdde®len ke rdefribedtin e, Exain}ﬁ@sr gatiore which

Sci. 2002 Sep; 47(5):940-3; van el door n et,a
follomrssyhen ﬁlﬂl@rrﬁ%eévm’zde ghq\pgesepse QE%OF%@}%B&QAS@@%B? aly]t stem
cél&r-rﬁéh'v?&] Cbs %ﬁs%%hg BollISS Wone tibie) eQltAhRE @Rfikm-phosphate

preparation of the
deposits, the major component of bone minerals. In addition, when induced to

differentiate into the chondrogenic lineage (using the “intact layer” method), adult
stem cells - derived CTPs formed a fibrous ECM (Figures 9a-b, Examples 4 of the

Examples section which follows).
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CTPs of the present invention are preferably seeded on

a suitable 3D environnent (e.g., a scaffold such as
w@eooglogisvr ospun, PCL/ PLA nanofi ber scaffol d) tpet/meoeulood?

support their growth and organi zation into a conpl ex

connective tissue which produces ECM Briefly, 5 x

105 CTPs resuspended in 1095 of CTP nedium (a 30 MEM

suppl enented with 15 % serum 10-7 M dexanet hasone, 50

g/ Mrhagcwhilk urtleeei wuang tise pnbsdltomvmtgmatof ptagtiegathe present

rown_in the presence of Prred m f or.
inyeioeh havn engessh BB df D Ve 2R e, 38 0

detenniiaed 8yeVWO 2007/ 080591 PCT/ | L2007/ 000047 26
ge%%l% or pr ot el n1 based nethods for markers such as t

|11 Pgeotably, I)e combectiysotiosns Whidhopampe forms e iae CTPS of the
pr%gﬁtgrg}ﬁrﬁlo& 19 géo Tlsfsuggsé UQSseMsb[{Sg uﬁcé E&ﬂem tissue (e.g., loose

sing scanning electron .
colh&ekios ﬁ@ﬁl\é? ,(PEMtraaa1dllySinatrixF@BCNIfl @ fendomtisson, iigament tissue
extracellular matrix (ECM, the isolated cell
anéla@pﬁﬂwelt@ﬁue 5 of CTPs are plated at high densities in

tisse, )?éﬁln% 14 6 BhALSInd Esstug Ghe ds%?a%l?@el%reﬁar&ﬁﬂd &ftRe CTPs of

medi'um conpri si'ng ascorbic acid and preferabl é al so
thél pre3emit inacnion. arAfchhﬂred b at mddlummammg cleikxpme a%(@lehéﬁcorblc

eriods of tinme are possib shee i ssue
acfdomée@orgwfsqs@&tﬁ K?p %e Of %1%1 ‘ﬁ &P{"hlg’r % #0%7
eeze
der‘-‘F“Buﬁl}%%Oz“fs q '71%& %ch)/r ésagfdl %nc{ (TUD&{I%( g%?/ceﬁsl}%‘éﬁhdt@ and let to
beE&ﬁ%{v@ﬁctx&ﬁﬁftehm el %Mdr)]@hpi Qidm%ﬂmn U, oftthe aE@Mfctm culture
e intact matri x ich c e freez
vestsh] Wl G0t QUBCETD UPHIALBEE) R FoPoREH el [Fds D davs before

S p' | RGQBEIASed dvieBBUS d
m?r{égia um{ %%t e |Tk§ea‘§d1§n@a‘}‘18§‘l“?‘fg?§ﬁ&g@ aas}so ubl e Ig e

wi/ﬂmmhuhm passagitme drlaafspzanencn joé bt)mbtlssum@ bee gletepgined by RNA-

baspd BB s TohHCEnd o1 e A 85 b R e BR R o) o

pﬂo#egﬁ ABRRH rﬁé’cﬁ&ﬂs‘@ %iei IdrfundifBedl Seligih ﬂfo@ @bhe ppe&lﬁir maﬂ«ars such
he CTPs of

present inventi on are cylt U{
satort bitglingistondbar hUCRRAr SORDaves T colgengolDy ssteotectin,
cont aj.ni n th I
RS AR AR S
a&ﬁudﬁg hind ulﬁ%ﬁﬁfd&h@l @l dhepmichh dataroébem:ﬁssué can be determined using,
i gament-formng cells can be daé)é;)zed
qur@qampiﬁ, [sastey HEPHHIS SPEHIONERe G‘C@lﬁ%‘}g g offon Microscopy
(SEMY faﬁcg’ i dn @L&&Gﬁ@t o ) 43y sbOERAL AN &fdederibed

I'Ssue, two naln s can be enpl oyed:
els&@hdre @Ubaakérdm; &t alred Fortngic Seb 2802 Sep:4i() 94931 yempeldoomn

CTP cultures w t hou e treatnent and
Adylet iy 9ﬁ@t?rﬁﬁcﬁc£0q%a@@rrffk 239’ medi um
essem)f "[’ilré Yorﬂlscltloﬁ‘ &TConREdive Niskhie th a5MAe8 cBB Giregmatioanof the

t he et culture" nethod (spherical pellets 25
CPis aif the @re:sahtt mweunomarnausﬁm pqzﬂdé?hﬂﬁlt & uifigbler 3Pesnyionment

dexanet ascor - 1d
(&8s @ntRLP ‘{/)S uh gan g f‘t?ifa SR ?&gﬁ@ ng@isecg: ﬁ%%d) tpat, wou
support their growth and organization into a complex connective tissue which

produces ECM. Briefly, 5 x 10> CTPs resuspended in 10 pl of CTP medium (a-

\l

MEM supplemented with 15 % serum, 107 M dexamethasone, 50 pug/ml ascorbic
acid) are seeded on a scaffold and grown in the presence of the CTP medium for

about one month. The presence of connective tissue and ECM can be determined by
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presence of cartilage tissue can be detected by RNA or

protei n-based nethods for mnmarkers such as chondroitin
w@ o7 asm@s9pr ot eogl ycan 4 (CS4), type X col | agenPCEHIR007/000047

cartilage oligoneric matrix protein (COW). 30 As

described in the Exanpl es section which follows, the

present inventors have dewgsed a |long-term

hi gh-density culture technique for the formation of a
RNﬁlminﬁotemnmetﬁ methngs, fot nerlETPsudf ag type Jile@idlll) and type XII

(ColoBh eeigsts. sy i SR BB TDYsp s Y oR s Wil as
usﬁg ls&a?{nﬁ{?elécﬁrohﬂﬁmﬁfs@e?&n@l\@farﬂl i ture medium

ntai ning al pha- MEM supplenented with 15 % FBS,
g/ niForgteoobnatierviexragehdarmpfrie(EAM), Hag isakated el Hrelraééﬁon

of gﬁ&’ts a}l:(ee Liek othlgglrggnf f ?# ﬁ)lq%sﬁ)ei cutll't?lré n}gaéismﬁ% Iﬁ%sbﬂce of a culture
mddi@H cBfmphsing asdibicsacttbsel pr’éﬁiablj‘rl alss alepiracthaohe hPﬁfter about 4

Ex I 5 t - which foll t
ety RS @ BrDOTHSs oG o bls, opsiRe Bk BERR i Soymed.
Th%e%heét—ﬁl{éaﬁssﬁ%( REE R, ﬁl%ﬁ@fl\}élbg&{ kR 9RE, AN i b cdll @fhoval as
matri x-to-cell ratio. r

over, such”tendon tissues
shewhiihi RigaresreSheh andilis desspbed iite Exatmiptsh 1@rof the Hixaplascsection

O B S B LSS oL P S ASSEEE, W
subjcted OtdP ra@Hl'hﬁ%@zaﬁoﬁe F410durtter 98 QE abigifbefing ASIMNTatibrEss Uissue

I'n vitro. The nethod is effected by culturing the CTPs
repliceniat, mssscemparrmnéﬁhcr bke.jandéer itceanihersqtalle HeMvRieh can be

S8R 355 BTG S 25 PR GR S Fpscemcn,

u@@ﬂ@pg}aﬂgﬂkhﬂmtendon tissue. -The term' carrier"
refers to any scaffold, bead, polyner or trix which -
15 Sispgbe fermiaen Al sHOR{oTBHnG 671 it @P@fr% cefhareparation of
th® E’Iﬁ%f £ ueﬁ[rgéegrt gfveﬁ'tuﬁ%% lfify re@?’oﬁ’a['i §&hst SRS REdk iﬁffﬁ@{)ﬁzg%ﬂée of

any cu re condi trons which enable the attachnen
médiemCIgainthigr éelamethiason ad castorbice acids@e., weVIEMarsupplemented

to a carrier (e.g., a scaffold). This is in ,E}%ir)
withif Paseruny W1 Midrsamethesnsd 30 #./rpledermiG #adk e presence of
11%aél?qn§ %}rﬂl{fg]geéts cap b%@e\%%teﬁ%grrglg%%? r&gﬁpﬁiagﬁdo %Q%hods for markers

sweR lab Sdleraris@na tRafEsllagen20 or a pol ymer suitable for
tissue formati on. Preferably

, the culture nediumu .
for Fanibedormajionref 3 ewtilage ttrS‘é%eu EWO IR rrrl%l&rﬁe gﬂ%qmep oyed:
thi Cdrrﬁ abf1 legfer” %&H@f retioval g t @bl r@ogﬂﬁéfﬁf @Tﬁbclzlﬂturé?sb %Ogﬂo pre-

dex asone et ween -
cqlragé@sahieyunmbanld cﬂ](ﬂurmg\/ﬂle 1ﬁaﬁfleyﬂbhya, C’EBIdelmngessentlally as

GBS 205 TEL0 o8 SRl LG LERIFNLEEH s

wh ci1 d @Qlt%%h@%edﬁﬁﬁ lsupAsRagtd Y itheran) dé}tﬁineﬂlasdiﬁr hdsbate-
vary etween a few weeks to several nonths

2{pho@hatebmdrﬁﬁf A3wesskatidlly ascdesoribeds)n the Examals gectione The
p%gelaptcg ro? cartqage 1|sssueoc%(r:1abSI gquclztfl:c}/ byefallgc pro?engJ based fitthods for
markers such as chondroitin sulfate proteoglycan 4 (CS4), type X collagen, and
cartilage oligomeric matrix protein (COMP).

As described in the Examples section which follows, the present inventors
have devised a long-term, high-density culture technique for the formation of a tendon

tissue. Thus, the CTPs of the present invention were cultured ir vitro at a cell density
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days (e.g., every 4 days). It will be appreciated that
the process of tendon tissue formation begins as a
waemglgoseel | attaching to the culture plate siBer/n2067/000047
formng 30 fibrous matrix with a tendon-1ike shape.
The presence of a functional tendon tissue can be
determ ned using histol oghgal staining, inmmunological
assays (e.g., using an anti-type | collagen WO
of 2Q07% ma%&&m/caéﬁhltha @ﬁ%émaﬁéla?culme arediupo dgytaingmealpha-MEM

&%%E%Swe 55 b B 0 el Bor Rl e e O 2 3L drepgthgpone.
9 St 'l@g@fdrr‘lohggneﬁﬁm t§QFhio‘ﬁﬁlsW'ﬂ' &ﬂluf‘@'v{uﬂﬁ{\fﬁo flfther

e appr eci at t hat engl neeri ng of
splptang i Axlisshavwsmigoks Satf @méﬁt des¢ubagl. in Exatn@im@ af the Examples

oL e GHLAFLDR R0t RSl ey e

alif IO tha®f expresbaghe ITi K(ﬁlatgbﬁsd#ﬂ E£hibit , hlglolrhﬂmng-cé}l Sratio.
weeks), the sheet-l1ke tissue is_renoved fromt

Maradvenr sichesadsin {issyenexhibiged machegical PROPPIGE My lqhare similar to

urth rol. to formthe engi neered
thet‘?eglé’ug ngfmuﬁ?%rsgé)fgn?%g%?, tendon, liganent). It will
be ampkeataididgtfayetdarothe hdpec lmlftﬂneup-rgseub ridventionsthere is

enpl oyed accaording.to this asBect of the present
prmﬁ%lrﬁ mgthod o generating 4 tendon 4Sspe &&Vji&940 with hi gh

Mat X ﬁthhSE li§ %ftE&Eél By cruﬁﬁﬁi{élth@tﬁ’? Fhe ptesbitki@ivention in a

ti ssue can e easl | per or hed | e preservi ng t he
cultmteamedmnssmmhsmmmaas @scoEic a@)dampi/@r desamethason under culture

illust n Fi.gur.es ,13a-e is d ed in

consipt A6 o & e O ERep 2B Eally tlc YRR e
f ol I RgmA«Rri&eksfdrs té gy hcgifolde Bead, Ypolytiért o meitﬂme which
formed sheet-like tissue was renpved and rol.led t

suppmta theratiaplkraent1ef eofisithereto. The phusse(‘devoid pg ﬁo‘iﬁ‘ﬁ“er as used
hefﬁllil ﬁe{sr PELE iR 85 FHEENER ne?%f)%cﬁé’at ﬁxheﬁty(f?ﬂ Rl CTPs

UCtU e C arac erIStICS an I OnecC anlca

diRCaPes ihe sulfre a@tdey watinahdnisot tbta ourtiér (vez.op pcﬁﬁll@; eThis is in
that tissues which are forned in rom

SHpaatied 0GHFSRCTE FBOgF 66 SHETT T RO TORygpeRhich ar
ba‘;s]éégﬁ‘ ?e%hmé%u% Q. m’éfegﬁg l%'bjfﬁghfg@h&ftany nﬁ)dlﬁéatueﬁ@t orlt® a scaffold

i n need of deri ved
Ortai}ﬁﬂytﬁelfmtahlblfomtlssﬁ@fmﬁ@&%r ation and/or repair) using

LA <R bRt N Bl (e URBRRe SHE O} Rby tissue
co%epr @%co?]%; oblﬁa(’e odahgeh 1900 Lb RIS PYrEreE ) nﬁj’o@t 60 ug/ml) and

ace a r repair the tissue-of-interest. For
d@amﬂiaeonea(s g, desian  07°Al OF] Myupreferdbiy, dboant)” i M)descri bed

n Exa t he S se 0 vvhchfo
Ithe ey, vilenedreoBEd dhaeredgr shuiing flndof gasue of
ﬁtpk&aé)f Aeirbicas i RAAOR id Bifsbidd WithFhiCesll ﬂh@@gﬁﬂ% lf@ culturing
nted tendon grafts were renodel ed and ex ited

le‘l(IdS iteett vary detwedeard ol wesks pepaviersd m(mﬂpse(@\ger ety 4 weeks to

6 B da by hatt s Endy SELRRE e B g 27
d:f}fﬁjaﬂgfggg@%r:ﬁw &iyspf 18 Wik i Qtppecadidd s ttiea froebsst dﬂ@tendon tissue
formation begins as a smgle cell attaching to the culture plate side wall, forming
fibrous matrix with a tendon-like shape.

The presence of a functional tendon tissue can be determined using

histological staining, immunological assays (e.g., using an anti-type I collagen
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tendon. 30 While further reducing the present

invention to practice, the present inventors have
wap@owgrsed t hat the connective tissue progeni t PCT/O20078000047

obt ai ned according to the nethod of this aspect of

the present invention can be used for in vivo

cell -based therapy. WO 20G¢/ 080591 PCT/IL2007/ 000047
29 As described in Exanple 7 of the Exanples section

antbiash, SEV Madysesyhbsetiohenicrdenty, and snechatdedl evdlud@ims uging the
the present inventian re. i ant ed under neat.h. t.he
SuRSP Ay EtpsP DD 2SariSDu (R RRMBIe SRHR UReh Toll0%s
subye %\Rg %e?épﬂr%’(%%& 195 RF cheRS&ring oNRACFdrtividal s MaErest
. a

observe Ition, as described in Exanple 8 of
(ezhe tendeanyl lesueet) thereulbmingpariod afitbe cellsanast Yaey Aeigh become

[ -der i CTP . |
shirigis Sech b iee e prapial BEd AORIHE thshd PIPPLARNGRy 4-5

w8 YRS sHERE-BkE AfsBRdis EhRved fiopi thd belauesessel ¢usivd b.g., a cell
vascul ari zed and bi oconpati ble (Figure

s.11 a-c¢). and
sciapet) addfurthen wllsd i feldsd ie fprma dhe epgipepisd tlﬂ%l%e-q?f-)apﬁef?@} (e-g-,
hj st ql oqi cal WS ' ' ; .
teold sBfistPon TprHolE Bpiselif AAPAE 1 SO TERRL SoBions
eniPlPRIdt dcephiig eattis haget ¢hibk pFésewn inventay eghiclT msslt in a tissue

according to yet _anot her aspec f th resent .

with gl iBairixnt gells ratig of\?mé—f@ 8% ﬁg‘? r?ﬁi‘aee‘éﬁ“’i ﬁs%‘f"v%a“ be easily
' ihB Sntdct $RAREEG UL, t | ssue. The met hod

p%ﬁﬁ%%?%@?égﬁgﬁgpgﬁpiné in a subject in need therefore

t he Barmxaoiplyastis #bweated oyBigutasr13acemdsisgleserthed jp dxample 9

| pvention; thereby, i ,vo_form I Lve: :
of e el rigiopich 1Ko USWAG 415 vRERY B e ieh densit
culliusS W6 WhrnktdN sieet-liké RBs@ ganireioset And aslled pd dotm o raumded

animal, preferably in mamual s, preferabl [

: h :
cddprecthe reppbingHpadan tiguerupplE Ry inflerribaged RoisBFS. Wh typical
u]‘g%?etgugc%g% %1&%}2}&%133{0% ah8 bR AR P cRiRorBAYy RnlsyERN

e who I's 1 n nee a connective tissue
suchrtasilf ¢ appreciatahaicizstesuchichare fapairin viteg&oer tiei isplated
or replacenent, For. exanpl e, such subj ect .20 .ca .

Cd8s fafrthe 3psent Yreatiod z?ngéff?&%’*ﬁle?%%‘%ﬁ, Cai“n%"ﬁ &‘é‘g‘% rt T%’It(eedn ma

; t e .58 e@ inPRkli U @TPLd3REE tissue formation,
S@ljéec?gﬁa F‘;lz tﬁée}e(ceo neg?lig\e/e tissue whi ch can be fornmed |
rdgenaratien and/or chpaiy) tsing teshnigeeshlapvof it Hiesarh §p@c tisipg atsyegical

ool SS6h oy iAot by s AL g “This Qe devieo

tHetdby rbferechfic, SHRh&CndfR e thetifeEdntefsy Met hods
known in the ‘art such as by adm nistering or

i nj e€oi axprple, wTEshoivain Figes Higeb aadd descibidhin rample 9 of
la. Th | i ni .

A5y RS PSR G B s D6 ing o

cEAbeAthiMes-teh8senjuiyt iinficé. heTlaushjtlee implantpd, teadort igeafts were

resrilct)deelgdf afntc]le eggig?cgg dexcellent biomechanical properties. ~ Moreover, the
implanted tendon grafts were functional in vivo as evidenced by the increased ankle
extension following transplantation of a tendon graft instead of the injured Achilles
tendon.

While further reducing the present invention to practice, the present inventors
have uncovered that the connective tissue progenitor cells obtained according to the

method of this aspect of the present invention can be used for in vivo cell-based

therapy.
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or injured tissue) and thus can be used to repair bone

fracture, diseased or damaged 30 cartil age, bone or
w@ovnestshve tissue. It will be appreciated thapCT/IL200m®0047

cases alternative sites nay be used. In addition, it

wi |l be appreciated that the cells can be

adm ni stered as an isolatedgcell preparation (cell

therapy) or can be first seeded on a scaffold and

t hesatdniritied tie Fxemipte T e theulbyasanley wetiom adidulollowsywhen the

t.herapy) .. 7/ 080591 PCT/ 1 L2007/ 000047 0.T
Ay ST hT3 0% (L HESSIE SRS <08 tnghnied wbfhcath the
kidn@) "BbsR8 of SEORBERAIMRE DNlodatiped sublapsitar cfornaddr v loose

tissue follow ng inplantatjon. For exanple, _the
cofirgetivg itigsneovan st tInsadditions mspdespbid 5t Examplex s, of the
and{ or CT. an | 5 ' f s ReW i, endeqp
E}?]ing eﬁeseg%lr?gbg‘h%{r%ln?f? %2?‘2% g{/}ﬁk/&?ﬁé ?cﬁhelﬁf olr rrate(}/g cr)ln of a %eyV&m
subcutRRoety iteasplamsd dntoacd lbeudomitgretofy kRl bone and cartilage

Al ternatively, the fqormation of n ti.ss can .be .
tisops VUt GRTISYL SRR PUPIG s it pelleyrerldased Ard i cpmagible
(F%B}egn(f?ﬁlc) tdﬁglt%lﬁedo‘cracﬁojéﬁ&ﬁlea%né hgsshé Kerigde W41 | Hagther

preci ate e CIPs of the present inventiogn can
histelogieali wedyse rafrtheiectopic Hemes sgoiimmedothecismetiem ofgiew bone

sel f _hon row cel.l s, ,.self cord hl.ood cells, 10
(Figgres lgﬁ'rbgﬁrl? hy%eéﬁr?ﬁu%%drrflfég‘a ﬁrboggéowgs%sﬁlé?& or from
al | ogrReiaEcordidl CRS ysiuahotAs: BsiRet BT theVprestdnenvention there is

unbi I'i cal cord, cord bl ood, connective tissye or %t her d
previiéda dwihodeef iftvéie lRonngAIEsPOGHNS 2 sopRSHYS tisiuRc d he metho

s

- celigeNthd py@kmriadertions thetebe in tieo foriding theeodnestive Giwict i on

of non-autol ogous cells. These include eit Iiler . ch

suppkissaitay TR aves rFigrs 1B TRHRIne fiiec Wi, gpne organisi St
as%mﬁ%&‘ Llﬁ‘%hi%l,t Ere PR AU AhRIRUSre&SALP, Bhubdaf SUEiScts N

| noi sol ati ng, sem™perneabl e menbranes before

t r anElyl plvbse ‘o ubjErtdapsed dhéreel tascisail dgesin aefers to a mammal,

ner al classified as mcroencapsul ation,. I (RYZ
by & Bl CEe A ATE P VIR GF RAEPOShR SpUC s Hir e st for
tidsY BbtBtid R k&R, FdgBherafi®ebr repideiioht Qrfeikh@ple, such a subject

menbranes (U udag, H et al. Technol ogy of mammalian .
capeiuffer ﬂcmeméiamm%aleg@matﬂdwnjmslgordﬁpke\n tREYe oY be Jaissing a

2 q%'?t Met hods of preparing mcrocapsul es are known
PEHCYHEYS s and include for exanpl e those disclosed

by Lpreb¥fablg!thakonneChid tigne aybiall aniterfomnddinali azpeliagith the
al pha- phenoxyci nnanyl i dene- acetyl ated . 1 . d
mgiog (05 |th1§, psperifithe presed élh\fmpmyrgéﬁgbog@ @gs’uewﬁrtl age tissue an

loégegéo%%ectmqg oM and Prakash S. Procedures for
m croencapsulati on of enzymes, 25 cells and

genelmpsiahting the g Thsdn de subjaco cargaanpes frsmedubinBinateedsiaiown in
2001, 17: 249-60Q,

.and Lu MZ, et A novel cel
therieleyish Pa Oy GHMIRIEREEE 05 IR 6‘9%§iﬁ_§ iifi LS e Gl catheter
oPAMGR! | PHeART eareagféhﬁa‘tﬁy aRGhiSeRMHhAsNRase kRd-Bl-interest (e.g.,

croencapsul . 2000, 17 245- 51. )
bone, cartilage, connective tissue) within the subject (e.g., at the site of the damaged
or injured tissue) and thus can be used to repair bone fracture, diseased or damaged
cartilage, bone or connective tissue. It will be appreciated that in some cases
alternative sites may be used. In addition, it will be appreciated that the cells can be
administered as an isolated cell preparation (cell therapy) or can be first seeded on a

scaffold and then administered to the subject (engineered tissue therapy).
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For exanple, mcrocapsul es are prepared by conpl exing

nodi fied collagen 30 with a ter-polyner shell of
wQ20wydswsyet hyl net hyl acryl ate (HEMRA), et hacrpeT/IL28€7 00047

(MAA) and nethyl nmethacrylate (MVA), resulting in a

capsul e thickness of 2-5 m Such m crocapsul es can be

further encapsulated with agditional 2-5 gm

ter-pol ynmer WD 2007/ 080591 PCT/1L2007/ 000047 31

shelfihs presertdenivention nfimther acontgeplates| ymooktaring dthe nontation,
surface and to 'nim'ze‘P

{ .pl asma ratei.n absorption
regensipton of Rpagroldhe caserivs Syur Sulfowiog yinRefol Faf example
the%#naﬁ&f@f‘ﬁéb' lbBhd QEsuBlcRBE eidntofed WBORZa? And B4 L ToMalysis; the

er m crocapsul es are based on alginate, a marine
fopeitipaadahew tados tis®arden biesnomitorgh by PRI dhe formafigp of ppew

di ahetes treatpent. .D Th . : :
copstgs Tare ta HeAPArT el RF ailhtiivelly e forfiln of now
tisGR R DeRVERAEE By Riydibiogicpidsyslsaath al eutensiomngflacraddno sirength

bet ween t he_pol yani ons sodi um al gi nate and sodi um
of edong b thedikephat e with t he pol ycation

pol | L0 i ie i derived
pr eﬁé ﬁgfé I%\é’f @@gﬁcga?%%&%ﬂ P%r ?ggs Bg g{elo]‘[?@\%mé?l{t llﬂlsgeghﬂn chii®e derive
frpRitRe Aiiddgisaiounet kuchrusapki Bomt inravs célit self cordvbled cells,

smal | er capsul es are use Thys, the quality can I
scltderssiin call STASROE oo arriren AoLepr g saPire ich 2§ Jae farrow.

bo%%,t ﬁl‘ﬂbﬁ'ﬁ:ﬁﬁi Ydrll] E5td MlocRNeamREiA B8kus @ lother BN erivedhedm non-
the capsule size was reduced from1l nmto 400 m

avfdlagapl wukceset Shice nohrpiadegavg aells Imash érdyse | agy jppune reaction
hrough. si ze, control . J BiQ ' y, -
bt UG BRSBTS R ey e
liMgihbo# 8n Félj]éﬂti!oﬁd)f poheukld®uaselraThesaincduduriticaisigpresing the
surface chem stries and precise m croarchi tectlfjr es .. .
regipient fipgmmet gystage @ésqglp@pqugptmgnqhﬁmng%*t@pgous cells or tissues in
. M croenyi r opire {Jeb AR
“‘BE%‘??%F%& Q%ﬁlg%%%%?{ei @%Bgﬁgﬂégﬁﬂggfg?%? e technol ogy .
i n nBaéapallatiayitedmiqubk darBegércenllfe chassified a9 agcroggeapsulation,

mggﬁ/ gé.sggﬁtsrggrléal Vg%l%%gglg rg{fﬁ%{eh&%sﬁéﬁ%ﬁ{&%@% (faréfg%rl flat-sheet
ar-lg' %él} %Qgrf%r trﬁémﬁl%ﬁésﬂf PUludipe H. sa! At achllbgyplof nan@inalian cell

e present invention may also form part
emfapsulgtiva. tedy @rug Celiv Fenpd¥0 #a29-#. used herein a

"pha ceutical conposition' refe . r.ahi:
o NG o B R BReY ShehRab i L BRE5RY e o
RBRAIE otk UicREEDy EHNT Cétlal cOBD enipbslatiGbwith atpimse and alpha-

physi ol ogically suitable carriers and excipignts. )
phenopyeienashylideppracstulatedt pelalallylmynek Bigiechudl; Bloeng. 3860, 70:

05 TSI R 5o RS PRI i of s

refers
cb1®s Advegdnsatalyashghrbled phieprtgdnins. Mol Biotobodli 20,1155 249-60,
progenitor cells of the Present inventign accoun aple o

angrlw hMZ, et al., A novel cell encapsulation method "using photosensitive
poly(allylamine alpha-cyanocinnamylideneacetate). J Microencapsul. 2000, 17: 245-
51.

For example, microcapsules are prepared by complexing modified collagen
with a ter-polymer shell of 2-hydroxyethyl methylacrylate (HEMA), methacrylic acid
(MAA) and methyl methacrylate (MMA), resulting in a capsule thickness of 2-5 pm.

Such microcapsules can be further encapsulated with additional 2-5 pum ter-polymer
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30 biological effect. Hereinafter, the phrases
"physiol ogically acceptable carrier"” and
w0 pivanseeut i cal | y acceptable carrier” which negr/bmeo07/000047
i nterchangeably used refer to a WD 2007/ 080591
PCT/ 1 L2007/ 000047 32 carrier or a diluent that does
not cause significant irrigation to an organi sm and
does not abrogate the biological activity and .
shefls aperdet esingfartt eegativily charaedsimeasuifact andrfo maigjroize plasma

IS included under se_phrases,. Herein_t.h I
proéciy ¢ pogRfion r@& stslti\g att ia?feﬁ\?ul&]]ﬁg?rg%cén lggﬁéé%uglg for o ell
endBPNARMEBIbIafiaEOPI0S13:18a9-569 further facilitate
adm ni stration of an active Ingredient. Exanples, )
wi t Bther mipocapsilsn, atsf based rerlginpige| 4 BapB$ cpeffsaccharide
car bonat ' . ] AOGn
SR8 2 TPl iy e A AT, WEHENS IR TAMnoL. Ther.

2003k Ge66D 8 or i@ daivativesp dloy exdiyplenmicgboapsiles ca'ﬁdmlmémgisby the
for formulation and adm nistratian of drug

b .
polelapiaolyie coropleRasiomRASRET, T BYNAEENE PodlpSRleiieeand sodium
celﬁ(ﬁ%ﬁﬁﬂﬁla{es\bftﬁﬂl 1ycaties pOR(mEhylch@ b6 Shani@e} hftftochloride in

€
I'S 1 ncor porat'ed he?eln by” r ef er ence. us, the

- thetpreseheagicabfiumbvblouidesent i nventi on can be used for

various.. therapeuti.c..applications such

i gdfm¥fil Pe ﬁgpﬁgflaggn@a?gcﬁgng}cgf’ ?ugfﬁfon clzsa?r?lp {ngg(go‘ph&p Smaller

capBR8NelAkQl), The$UtheadOMaRt dbritel, nhdchani€al stability, diffusion
reconstruction (nediated or assisted 15 by the CTPs of ,

prfi)méiqs;r @@eigtVifzm paiviticsof caenpulaisd selpinserrel waeh th gapsule size

ur n ressi an n. fegener .

wabifr et i 1 e 8 R R L0 R Mne i) Bncapmigion

thibBSIE Isirel B6RAIL TUBfonfifer Ibie PRlyas €. 2002613t | T83-96)r t Adoreover,
contenpl ates an articl e-of - manuf act ure whi (ﬂw 7 tailored

nan@qycpussblgcg?ﬁ]@ag,yﬁg w@ﬂt@mrgllecb@greasggﬁﬁ(,?ﬁlet g%, 7 nm, tailore

rising. S : e
PPN 0L RS PR o st
imdE@olsolage! hicrdxasionmées afiy, celiss (Wélliappaild., Small is beautiful:

igrapORRe i BAOPBHCRIF CHRLO o Brireh ds§Tesh MEX Devick fechnol.
19361 1 (@). 669‘3- g%@af ap T RO caGRTPEbiRioMeEyP FK agtindbatic cell

material ‘dnd a tissue graft generated in vitro from
entdsulalips. dperttOmn Bidskher. 200%eht638r#62 ong wi t h

I nstructiong for using t LSS raft f IS
repaitle, isf’l??a rCS_B ShEPH ’%Bnoqg(r‘{fc}})so?ﬁﬁg g)lregsg}étrrlél%r}t}o?hrgw also form
palf TG MarthA6aéd]l @Bmbdifilier contenpl ates the use of the

CTPs "of the presen invention for the preparation of
i nt bt urdNietein - pbaanace@irali compesinn Rl htaparation of one
certain.cel l.s such,. g ak i | .
oSGy St THELETy RBRGHRLWERH AR g emical components
suSPesy YPhiyZiothgidaliy Usnitable Rarridrd Qiivdr egeipinat | ofthaspwpbde of a
as purified ECM conponents . 30 for tissue
phasgeseetienli ermpasiion- #gih dasiigicc pARITEfatoRgof a compound fo an

Orggrﬁgrhcat i ons.

Herein the term "active ingredient" refers to the isolated cell preparation of

connective tissue progenitor cells of the present invention accountable for the
biological effect.
Hereinafter, the phrases "physiologically acceptable carrier" and

"pharmaceutically acceptable carrier" which may be interchangeably used refer to a
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As used herein the term"about" refers to 10 % W)

2007/ 080591 PCT/1L2007/ 000047 33 Additional objects,
waodwanseges, and novel features of the presentPCT/IL2007/000047

invention wll becone apparent to one ordinarily

skilled in the art upon examination of the follow ng

exanpl es, which are not ingended to be |imting.

Addi ti onal | y, each of the 5 various enbodi nents and
car@isPor b ¢lilaénttthet doee aemausan slgntﬁoant mstatieh |tqn eatoegamsm and does

LIS RN SRR X
adfft’s??rfmé ﬁéludwf!rﬁ%se ibﬁra?é%f er ence i s now rrade to the
0

w ng exanples, which together with the above
des Harqanl thes feril | Jexaipient"t péetsnigermni énerl gubstensg added to a

f
o, TR TOREP B RISt
ExB@RaN twitHoue MirhieRion Gf ugheipiohte Cintlade  dilcihe arbanate, calcium

ni cr obi ol ogi cal and reconbi pant t echni qu ch
phpmhﬁ‘m varians spears At BRgh L stasep %ﬁl e dgriyatiyes, efatm vegetable

I | 19 r exanple, "Ml ecular d on| ng: A
011 y& li\?a%%?ycioisoSanbrook et al., (1989); "Current

Pr ot’mmnqmsnfd&/bjroanu]aaon Bind| argmmsVatlmmﬁ drugs magube feynd in

“RPF%@%%PSPCIP‘HH%}%%EE%I Qgg%%g{ c}g@@k IPEBM“ y oy Easten Lhk latest

edﬁﬁa’n %1 @6&@&%&&% JrefeP@icBal , "A Practical Cuide
cul ar oni n ohn Wley & Sons, New York .
(198181)us, Wt oachitgs abf the Reseesmbi insientiopnsan bscuged i for cvarious

Aneri can Books. ; New, Yo ¢ ( )
A
cagil @gé&raﬁﬁfnl figublanfaenthidg tissue ryconsescionNaediedor assisted

net hodol ogi es as set forth in U S Pat. . Nos
by4t}@6@)1‘ggg>f the gaesepipmventiqry 1su5}3 s dagp fggurg%beaéwg bum wound

dr% ﬁm an%5¥m? re[(é%h%eﬁnplsﬁgy fillés L@tjﬁgfd%%@ dé@dﬂﬂgéj Qking procedures

"Cur r ent
andrfadoficebsnstmctionunol ogy"” VoI umes 1-111 Ool igan J. 25

5' i nT%pse%q?ﬁiﬁ%}wngltgbtﬁ%tgeerLc%ﬁeqlé%}ﬁ an %galls ({%Z-}Ha%‘fi%‘ﬁre which

olhgf ﬁ%%ﬁé&m&l%ﬁ@ e} | comijsbstetdin @bmf)ﬁﬁﬁé the 1solated cell
el ect ed I\%e

in Cellular |Inmunol ogy",
preparatiemoffd’ Pewf ther\lpwse;tﬁrmve(lmgg@ylengawgm1355{1@1:1%5 for use in cell

bag%%ﬂ@gq%zziﬁ Se ?JH% rer)é%xgl?s {‘:foﬁ/ rgege%%rahgg cdmd/gr Eﬁic%ﬁiﬁtm
Pat . Tlfﬁ)gresé’nﬂlﬁierﬁi%ﬁ fu&h&380rﬂt51ﬁ lafes &m0arti 52& of&n&iﬁa&ﬁl& which

3,853, 087, 30 3,867 517, 3,879,262, 3 901, 654,
canesB@rarkagng gmia i and agosesersft genergied gy yitro from the CTPs of

A f
the agesgn ntn c? %P%Y g@ﬁ} ju grsrﬁcltﬂonéér ﬁﬂ‘%l tRe ﬁ?sjue%%;ﬂ or tis s41$e repair,
regéih&btﬁiﬁaﬁ%rdeﬂib’@tﬂeﬂt zation" Haines, and
Higgins S. J., eds. 1985 “Tran cr| Dt on
Tr an”gh%pyeéept 1p.1égnﬁgg furgher gof teg)mptﬁ §ius gt%e ?lfkds%fst_he present
i EAR for'¥e 2[9&72&&%%5&11&&-{/ EGIQ{O&%%Q%Bned or conditioned with
certain cells such as specialized cells, e.g., cardiomyocytes, keratinocytes and the like)
for specialized tissue regeneration/regeneration as well as purified ECM components

for tissue regeneration, anti-aging medicine related applications.

As used herein the term “about” refers to + 10 %.
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34 "Animal Cell Culture" Freshney, R 1., ed. (1986);
“I'mobi lized Cells and Enzynes"” |IRL Press, (1986); "A
woeaeosisad CGui de to Ml ecul ar C oni ng" Perbal , PGI/IL2007/000047

(1984) and "Methods in Enzynol ogy" Vol. 1-317,
Academ c Press; "PCR Protocols: A GQuide To Methods
And Applications”, Academ g3Press, San D ego, CA
(1990); Marshak et al., 5 "Strategies for Protein
Purification and Characterization - A Labor atory

. Co " GCS 996
o8y Tt Y i A0

w1ﬁ %’e@btﬂe %}Q{%ﬁt 8684 aldinefigrsRiikaSinaghe 42 Opérdeghmination of the
hroughout this docunment. The procedures therein are

folb:@lnng%@mpbs behigle pe IMGWﬁndW torke limitingn dAdgidonsilyy sagh of the

convenien

varifls BRSPS G SRt e B lventdin o dfingateq percinabove
andl €4se cRihyd ﬁﬁftﬂé ect‘l@nhs %NERAhelMTERﬂsAleSpdkmbntal support in the

EXPERI MENTAL METHODS Connective tissue progenitors
follgyyipg px@@Ples-at i on and propagation fromadult stem

cells - Adult stemcells derived CTPs were generated

fromfetal connective 15 tissue including bone,

nuscle, cartil age and | 8&x&BbKSective tissue, from

ter ation, anci from 9- 16 wee
gestifiERce 1Snn% g‘?ﬁ%ggﬂ qﬁ%\%@‘ﬂ?“’% SHATRISSS Y, E‘bclh (oggfher i the
ab¥Bd GesHRPESARL BRsk4t MeAtrtiohiis & Wen liRtting fasBiohor eski n
froma neonatal individual) and fat tissue (from

20- K?TW@W gledlonmwm@m@)hemm anchtm 1@b°5atpr5bﬁf§8‘?§’(‘%r%§r+1tlllzed
in 1 P
5 orint S RERE e plt eyt ety i RPIIbARA and

age ase
reé’dtﬂlﬁﬁ&ﬂtODNfAQ techniubQu r&;chﬂeehmqlnesnmie thasomighbr efplaioed an the

was then separated fromthe adi cells "
ltghre. Bksdor S "MAHEE COung, SsbaEpRoMau; Spmbrook et

L
ala?ac X ?“m‘(ﬁtrre 9rJt§ﬂBﬁ’ £ PRMCAR: B ILEY! Wﬁ%ﬁdq IﬁaAuﬁQJ'el R. M.,

‘ons. S were introdiced with
emew%m AlEsmbelfcﬂJ rbsKiurte®T Psgtodads sidotectilas Bikdogw J wgsWek@y and

PBS sql utjo the tj ue.scti ‘o

SiptscBalimogs iyl S b LR ROl yop%?ﬁcﬁlfé ClBling".

J ofﬁﬁ WAgERES s dNQ@ Stdr (1 d8@§ WYRHRM 4]}, "R Mpibiaalt IDNAGSeientific
i ntroduced with CTP medi um Forfetal ti ssue CTP

Afetigdn BogkydVevasY anlsis Bicennpt ol Kwls) {Gleneme Anakysis: Hy Laboratory
Vb5 il ok o St ETLALSCEGogRY, BRSD ROISH b
metheasloght - asAlséte_fmt iity & 8. mr Nost au,mjm 4,6188 z(m;a4 801 531;

ti ssue was cut into 2-4 nmp eceg %@gg \rb(;(i g LIII
548262 aph $3950d; cliell Lﬂ@lqﬂyatl’eé ?F&tqf}ﬁt qifymes
C%Ehj;??’lc)n %19@%};%@%@0‘?@% g 1Bqﬁﬁ1m&0?6ggg ﬁ]cﬁﬁ}ﬁe@m Obligan I.

ction m ner a tion,
Ewesde (prodynStidet fet GIT F{eﬁﬁdi'Ba&us app | Eirseel ddnn\uutolhogm (Mh Edition),

Appleacminguarreals FaApo P Maf o St e oBPisg Shethoas

- d t b
1npg¥§‘1]%§6%%1ﬁ1000 ;a{)\ééﬁ IFREEnRRP R To. VWedOV 6108158, available

immunoassays are extensively described in the patent and scientific literature, see, for
example, U.S. Pat. Nos. 3,791,932; 3,839,153; 3,850,752; 3,850,578; 3,853,987,
3,867,517, 3,879,262; 3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074,
4,098,876; 4,879,219; 5,011,771 and 5,281,521; "Oligonucleotide Synthesis" Gait, M.
J., ed. (1984); “Nucleic Acid Hybridization" Hames, B. D., and Higgins S. J., eds.
(1985); "Transcription and Translation" Hames, B. D., and Higgins S. J., Eds. (1984);
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Chondrogenic differentiation Method 1: the "intact

| ayer” nethod, fornerly called "spontaneous" - Sub-
w@oemilsisat CTP cul tures (from any passage, e. gPCT/I20@7)000047

were renmoved fromthe culture plates (wthout

pre-col | agenase treatnent) as an intact |ayer, were

pl aced in 5 suspension and sere fed with the CTP

nmedi um descri bed herei nabove. This nmethod generates

*Apilc@] Caltuil dgshncy; Bk 64y(1986); AloemobilizebCplld anst Enzymes"

R et R N eenehia e A MR SLCBEE) Pratpl ¥ 1984 and

"M&ZhSd4SR Er sl oRlgy A VAENSH 17 Avhdenix PLESs; "RER [Psdtbtolé:tA e}mde To
density can vary), dlspensed into_15-ml conical tub

Methads Apd Anpligetiprs brAcedemicRiges San Aliego, E@e(lr%m,tlﬂa%@w al.,
“Sﬁ‘ga—:gfe's R PD e]u?tﬁmf-g %lnhe@ﬁargl\ﬁéﬁzaglgﬁt hel Lca‘%fdﬂ&&dCOurse

medi um co alnlng % serum i n addition
Mhm@h" OB HE dxessu 9@ alb of wirtndli dre md:or;ﬁa@édabﬁ r&fm@ncmats if fully set

suppl erent ed with 10-7 M dexanmethason
fogtb HBrei: SbeT BB PEnCarchy FHTViE D BT Jehaut dsndegepent. The

proQeiu ) tHé/I%HlV@fE %ll@\%dﬁg/ v wélTﬁfT(P\Klﬁ'iﬁ the e(rpﬁllld aRQIralid¥e for the
Bi onedi cal . g/m insulin, 6.25 g/m transferrin,

co@v@ﬁem:g/ off ﬂl.’@SfG@éfbrenMuﬁieametmallOQ ontpined thexeimeas dnoorparated
aIb and 5.35 ng/nl linoleic acid) and 10 ng/m
%’ %f TPfifs met hod i nduced up-regul ation of specific
cartilage matrix genes such as Col -X, COW and C$4.

RT- PCR anal ysis - Total RNA was isolated usin the
TRI zol GRA MTWMBQ@H) E&’IEIQMQNT@ME

acco

e PP ohiaE SRR, (G ?’e"l%bz{@%@%@%m@%"”
st&ia\cells e TAduls siemptalsedefed e, w&mdgalem;ted\/\frotd%)al de@Rective

condi ti ons wer e timzed for, each set . of rijrers and..
s H elpriseg Do, oy ridass,ead log Fannecdisste. ffn fratiination
of pBERncledTEin ®L 16 JFBLS bf s&kdtRA: ThhRIAER, lafihie @teﬁ{ eélucddived

were separated on 2 % agarose gel stai ned with

C@Phwdrelgﬁnbnam foam adlt tiskan didluding fyreskiin éfrorrmelep@péaitmdlyldual)

f d
o] LTRSS RS I P R BB R BRE BRen,
acﬁﬁ@,e&ﬁémdowassﬁraﬂﬁd wiflOPBE ¥plufibR a@ fitnassibjeeted to $)e1do as%, type I
controls. Table 1, hereinbel ow, summari zes the

collegenase digestignoieg v ayrs. h@h@ stesppl vBsqudy fractiah wea ltlileﬁlgseparated

e C
fr{nglg[ﬁg %@i&)?%enéeélﬁ % éeﬁtrlf{l] I \ilcellrflé T tpﬁlhﬁE%e‘E tﬁ% ;))lltclgfc e}%‘Perence
toR@ﬁopé odmammatlag mtglomﬂbartdeﬂ fmcnem ekxs cdks wadre tifteoduced with

BT Skl s R SRRSO

the tissue was cut into 2-4 mm pieces, and then subjected to 0.1-0.2 % type 1I

collagenase digestion for overnight. Next cells were introduced with CTP medium.
For fetal tissue CTP, fetal tissue was washed with PBS solution and the tissue was cut
into 2-4 mm pieces, and then subjected to 0.1-0.2 % type II collagenase digestion for
overnight. Alternatively, for fetal CTPs, the fetal tissue was cut into 2-4 mm pieces,
and then directly seeded on tissue culture plates and introduced with CTP medium.
Osteogenic differentiation and matrix formation - For induction of
mineralization, CTPs were grown with CTP medium supplemented with 10 mM beta-
glycerophosphate (inorganic phosphate), and let to become over-confluent for period

of at least 10 days before mineralization appears.
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(CGe~tBatzk Forward (F) and Reverse (R) prinmers (SEQ
Cyc. Ann. Restr. product Accession No.) ID NQO)
W®20078805Enzyme si ze CBFAlI F: CCGCACGACAACCGCABOKIL20GHQO047
I D CBFAL NO'1) 62 C Sacl (NM 004348) CBFAL R 40 30
sec 215 bp 283 bp CGCTCCGGCCCACAAATCTC (SEQ I D NG 2)
Sox9 F: ATCTGAAGAAGGAGAGCGAGS SOX9 (SEQ ID NO 3) 58 C
NM 000346 Sox9 R. TCAGAAGICTCCAGAGCTTG 35 30 sec
Ec o FCkorglsagamic differmtiaiomO, 4) hCOL1 F: Ncol COL1

noort PN el et ey i oS> Sut-

co?gg@t:dg INDIGesAGdopanhesag, ¢ GOACTATGATAAMAAGNIE (INBre
7 NM 003118 Onec R
VOREkFOaeFERP CUrsDRS B8 o Ongt dosrpyvere selgsed in

suk% BhdRFEN e witly RCCEATEAG N GEE AR I eifiable Oiisl Aethod
55 C EcoRI | NM 000582. 21 hOPN R. 30 45 sec 226

gelnpraB30yhpal cCOABGTREAGTABIDEATCAGATTCATC  (SEQ | D NO: 10)

P R ST YA .- s

copPus@RC P Quibied FRork ¥n - phss )|vﬁbré~|€é-lli’s))eﬁtfé'ﬂl'ﬂt8 density of 2x10°
CACAGCCTCATCTTCATGG pt hi/r NO: 13 60 C Sac¢

coRRIGOB S PTHTRTT, dBBesed i 1548l Qopioal Abes and conaifuged for

W@ sﬂoﬁggai Belbé%. 'M’Q p&gtsssv@é fRESY Qiddired in

medium containing 1 % serum in addition to high-glucose Dulbecco’s modified
Eagle’s medium supplemented with 10~ M dexamethasone, 50 pg/ml ascorbate-2-
phosphate, 40 pg/ml L-proline, 100 pg/ml sodium pyruvate, 50 mg/ml ITS+Premix
(Collaborative Biomedical: 6.25 pg/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.

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
ethidium bromide and identified by size. The identity of each product was confirmed
by restriction enzyme digestion. Samples not treated with reverse transcriptase and
no-template samples were used as controls. Table 1, hereinbelow, summarizes the
primer sequences (along with their SEQ ID NOs.), annealing temperatures, cycle
numbers used for RT-PCR, the restriction enzyme used to verify the identity of RT-
PCR products (along with the expected size of the digested product).



(17/11) (SEQ ID NO 15) 35 60 C Sphl 520 bp NM
001852. 3 Co19/2 R GCCCACCATGAATTTATATC 30 sec 330 bp

W@ SEQU$@INC, 16) COL 10 F:  CCCTTTTTGCTGCTAGTRTIIL20GHEQ047
ID COLIO N0 17) 60 C Xhol NM 000493 COL10 R 40 30 sec
194 by 468 by CTGTTGTCCAGGTTTTCCTGGCAC (SEQ ID
NO 18) COVP F: CAGGACGACTTT®ATGCAGA COMP (SEQ I D
NO 19) 57.5 C BstXI 314 bp . (NM 000095) COWP R:
AAGCTGGAGCTGTCCTGGTA 35 3d48&d 141 bp (SEQ I D NO 20)
WO 2007/ 080591 PATACRDimgooouiconditionsN F.

ATCOGAGACACCAACGAGAC AGGRECAN ( SEQ | D N0 21) 60-C Sphl
47918y NItoRR:EA5 Qv Rec RGFHOAGERT CACTEATGT 35,30 | #dPCR
pAS ot 'g[‘ $EQ 1 D NO & F:  COCCEAPCETEAET P product

A@%%"?u&sﬁ 8 NO 23\@@“0@5&! NM-001897 £S-4S W size
ATCCAGG;T (gr % %??ﬁﬁ%& 8 242 bp SEQ | D
N@Bgﬁ) Sql er F: Gl SCLE(BOQS Eg’aLID

| (N2 @2348§Q- C Hgal  BKRPOZBO. 11 Scler |RY | 350 |215bp| 283bp
CTGCACAGICGABATIBIAR M A3GCTESIROD bp 455 bp (SEE’g 1D
NG 26) Cql3F: CCTCCAABDATCCTACTCG COLS|(SEQ | D NOj 27)
60 C Bgll NWBO@IE@A%A@@I&GRGW_CTACCFGAT [CTCCA 35
35Q¥c 246 bp 439 BERIFNEA | D NG 28) 400! -%°C F; o1
A CACTBRART TSI A H I TCRSGAGLITBagen, | t3Pses (SEQ | C#64 bp
NG 20) (SEQ ID NO4)

7 hCOL1 F: Neol
COLL GCACACAATGGS(T)TS?CAAGG (SEQID s | rec | 590
NM000089.3 | | 01,1 R: TAACCACTGCTCCACTCTGG S0sec | Bell | 476bp
(SEQ ID NO:6) P
Onec F: GCAGCAATGACAACAAGACC
ONEC (SEQ ID NO:7) 55 | 38°C | Sphr
NM 003118 | Onec R: CTTCTCATTCTCATGGATCTTC 30sec |166bp| 277bp
(SEQ ID NO:8)
hOPN F:
CTAGGCATCACCTGTGCCATACC (SEQ
OPN ID NO:9) 50 | 55°C |Ecorm
NM_000582.2] hOPN R: 45 sec |226bp| 330bp
CAGTGACCAGTTCATCAGATTCATC
(SEQ ID NO:10)
ALP F: TGGAGCTTCAGAAGCTCAAC
ALP (SEQAIIIJ)PI\LQ'“) 55 | 62°C | Bsixi
NMO00478 | f pCTCGTTGTCTGAGTAGTACCAGTC 30sec | 120bp ) 435bp
C (SEQ ID NO:12)
hPTHR F: CACAGCCTCATCTTCATGG
Hpth/r] (SEQ ID NO:13) 60°C | Sacl
NM 000316 hPTH/RI R: 35 | 45sec |148bp| H17OP
GCATCTCATAGTGCATCTGG (SEQ ID
NO:14)
coLo s | COBRF: TGGTTTAACTGGAGCCAAGG
Wy (SEQ ID NO:15) 35 | 60°C | Sphl | o0
NM 0018523 | C°19/2 R: GECCACCATGAATTTATATC 30 sec | 330 bp
- : (SEQ ID NO:16)
COL10 F:
CCCTTTTTGCTGCTAGTATCC (SEQ ID
COLI0 NO:17) 40 | 60°C | Xnol
NM 000493 COLIOR: 30sec | 194bp| 468 bp
CTGTTGTCCAGGTTTTCCTGGCAC
(SEQ ID NO:18)
COMP F: CAGGACGACTTTGATGCAGA
COMP (SEQ ID NO:19) 45 | 575°C | Bsxt| Lo
(NM_000095) | COMP R: AAGCTGGAGCTGTCCTGGTA 30 sec | 141 bp P
(SEQ ID NO:20)
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XIl Col-XIl R 35 60 C by 464 bp NW04370
TGTGGAGCCAATTTGITTGA (SEQ I D 30 sec Styl 414 NO 30) by
W®e@e080591 TGAAGAACCTTCACCCATTG DECOR ( SEQ | D NErBIRpOBD0047
C Sael NM 001920. 3] Decor R GAGCCATTGTCAACAGCAGA 35

30 sec 255 bp 481 by (SEQ ID NO 32) Bigly F:
TGCAGAACAACGACATCTCC BI ALY @BEQ I D NO 33) 60 C BstXl

1
q
8Bgl I~ NN

—NM-001711. 2 ST ECAA SACTGTIT 35 30 sec

477 bp

FE
>

10

- K FanLALL
30~ SEC 349CHYs B ECIPEATCOR FHAAKGIAZS) FI bro
GGAET CAGITGCCAAGAGH, 18118583 ( SEQ | D NG, 37) 6060 <:36<ﬂo| NM
RUNBD7 Fi |bepasR: ACAQKREIGCATCTEATEAT “35 | 30 seet 438 | bpz vp
482 bp (|SEQ | D NOSEBBID Ne)F: CGTGGAGTACCTTGTCAMCA| TEN

C ESEQ | D NOegDITGEBAGCXRICTIVIOAGT60 Ten R:
A GACTGM%@@BN%S)sec 252 bpo4385%F éfsgb | D
REQOUISP- LT gp Peder R C“ﬁ?’ &%%%‘* T&Téﬁm i fy|RPSECR2bp| 455bp

nroductc Af +ha
© S

GepBank Acc%ljsﬁ"gﬁ"‘%gﬁmimg%‘*&*‘% o4 5 n i {hy phe

™ g N

e |01 i c'fﬁz@@ffdm@%ccﬂurr@ér D o Iy ¢! 29 by
(Cyc.), tlhe size qéedfghdrgpducts and the restpiction
enzyne (Fascnmwtnwﬁ@mm@m@mrpn ) |Olr00uc‘caI Used

ogstetypd Y| t he i densid p wh2e)he RT- PCR prod&)c

M ctibarr dy anal ysi s Col-¥0R: cDNA mi cr oasr ay Oaﬁalgy%ﬁ, 464 bp
NEIOP0437%0d |t FERCCRNACAATBIATIAGAISEQ BNt|i at ¢

(H9 2) _fletal CTPs (Nﬁ’éﬁﬂhnp 1\ and _HESClderivéd "BTPs

grown i n |t REOpF:ISeAGE A&ICT ﬁ%c Tedi um I(\/E)assciges 1

N@R&C%Pﬁ escaﬁ‘( ‘,EJ @“o‘ﬁc‘% i gl Sl o

Brotimn=16 TfoX iy CAA ACI ('J'I*Cd‘x' ey ) —The—art-ay
n@i@p@nes ra Xs uman Qst edggnesil esene
NFY 60ay1155- {026 ﬁmwrrr@xm@@@mmﬁﬂe GOr . 30 sk ORI, 319 bp
WO 2007/ 080591 PCT61¢ 200356900047

Elast F: GCTATGGACTGCCCTACACC

ELAST (SEQ ID NO:35) w0 | 60°C 2%%11
NM_000501.1| | Elast R: AGCTCCTGGGACACCAACTA 30560 | 400 p| 3710
(SEQ ID NO:36) P
Fibro F: GGAGTCAGCTGCCAAGAGAC
FIBRO (SEQ ID NO:37) 35 | 60°C | Xhol
NM 212482 | Fibro R: ACACACGTGCACCTCATCAT 30sec |215bp| 482bp
(SEQ ID NO:38)
Ten F: CGTGGAGTACCTTGTCAGCA
TEN C (SEQ ID NO:39) 35 | 60°C | Xhol
NM 002160 | TenR: AGGTAACCGGTGACTGATGC 30sec |252bp| 438bp
(SEQ ID NO:40)

Table 1: Primers used to amplify RT-PCR products of the noted genes (are referred to using
GenBank Accession Nos.) are provided along with the PCR annealing (Ann.) conditions, number of
PCR cycles (Cyc.), the size of PCR products and the restriction enzyme (Restr. Enzyme) and digestion
product used to verify the identity of the RT-PCR product.

Microarray analysis - For cDNA microarray analysis, isolated total RNA
from undifferentiated hESCs (H9.2), fetal CTPs (passage 1) and hESC-derived CTPs
grown in the presence of the CTP medium (passages 1 and 9) were reverse transcribed
with M-MLV Reverse Transcriptase (Promega, Madison, WI USA) using Biotin-16-
dUTP (Roche, Mannheim, Germany). The array membranes (GEArray Q Series

Human Osteogenesis Gene Array HS-026, SuperArray Bioscience Corp., Frederic,
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38 MD USA) were pre-hybridized for 2 hours with
heat - denat ured sal non sperm DNA (Invitrogen) at a
wo covabsesencent rati on of 100 gg/ m accordi ng t oPCTIEL2007/000047
manufacturer's instructions. The nenbranes were
hybri di zed overnight with Biotin-16-dUTP- | abel ed cDNA
probes, and then washed twyge for 15 mnutes each in a
solution of 2X 5 SSC, 1 % SDS fol | oned by two washes
MIPUSH werapiehytaidized for & smiruwitbrheat-dgatxedsimonepgmyPNA

SDS. All steps were perfo d 60 C Wt ontin
(negpee) i ﬁn@mﬁcmwmas Sel weimcaegiitigdd TR mapiiRlficers

usi.ng.th Rat§ K twifhSwetid 6- Y TP-
InSEICHOLS- en?e% ?%?P%ybal\%/% USA %lgcor“gl ng to the

labsled sDaY probes, smd me¢ tsice Torel Tmirtesrragh fies golution of 2X
bl ocked for 40 mnutes wt

556, Ul Sam iy RasholhRmisues el i Expaiseore1RssC,

0.5594 &fd@Vi dp sté}&@sw@fér foerromskdd it l(m:lﬂblatwng cofwtnuous agitation.
menbr anes for mnutes in a bindj n% buffer. The
Chemitsmineecenivdetsction wvaaa@hf@tm%uﬁmsﬂh% hemdlumingseeq RRegection

.each i th Buffer Lpse €ho th
Kit CPBPA By TS0 Bn. BeosiE L 3al, bbb o the
maalieBiukdt IResERivhs. S Uit meinbrands twest dpacke for 40 rihimuipsdwith a

Glfsﬁlgqr)&(ll)rrlng,vgglnggé 2}2? a}egn%}mgé R)é ail( i O%pﬁéh% %3?@%’%@%' strep-EQ\%din
wa\%gggrféﬁﬁe%flg i ngzhﬂlrg%gé ?ﬂ%ﬁlb’i’:ﬂ@k Y&eﬁ) mﬁiu@é%qg rathifaling lbdfféig The

t stein cells derived-CIPs (fro
mefnﬁira’aestwas tken wased\Viewetimes for @a@g@g@ egaly gvithy 13 ,ﬁqf@g F and

tissue, CIP sage.14) e
ot Epebodth Bl ERMRRRY Wephdbn 7 LSHBY  cp
ch&h §Gh G %ﬁ@ﬁ&@@y All 5R¥ps th@é‘ i fofrhen atkéwh rtemperature with
m croscopy (TEM cells were fixed in 3 %

0091““10315 atitigiopdd hlen‘lg.mattwm @Qﬁ%ﬁt@ﬂwse%ﬁ%orw 5l8- puffer pH =
L d. it |
ace gsty@q, e{ldllﬂlZ‘f s, - E%fléiég %%I fnitl Q %al{ﬂéi{ia@’ banding was

ano series and
petfioRAstied AduiEpem 8&1& déﬂiﬁeﬂéﬂ]’ﬁm (fe@nt fietah Sis6) @’BPsecWemTfrom

pogaea 16 o Gas LRSI PPN 195 SHBRLL i Rgoed
el%a\xgxerea(&mgi?\'}\\?ﬂ e%l% Jdpppism ssion el ectron m croscope

‘ctures were digitized with CCD
I\/legamuem;t | Micaosdopy al Earedanmnmqm gleyspis migraseenye (TEM) cells

S OGS L SN g
ﬁ%éd b 9, st %M@ﬁ 8} ql%h?/ld&eta& QraluMl @aiydmt@ﬂmmﬂb!dmt geries

er pH = gr adual dehyd tion
aﬂdﬂ eﬂibhd\dﬁdl uanEp(m yﬂlﬁg u@ltr?@hlhe&%ﬁ@mh)m@l tq 1982 cut on an

oSS A3 SRR BB AME M K,

th]g:'H ARhmbfe® Jvitﬁladeéﬁas SDOfRarkaAR NN @eet@r ttiansaupe rosleop20 kv.
or imaging a

Pictures were d1g1t1zed with CCD Megaview III and analyzed with analySIS software
(Soft Imaging System).

Scanning electron microscopy (SEM) — For SEM, cells and cell-seeded
scaffolds were fixed in 3 % glutaraldehyde in 0.1 M sodium cacodylate buffer pH =
7.4, followed by gradual dehydration in ethanol and drying using
hexamethyldisilazane (HMDS) (Sigma). Samples were sputter coated with carbon
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ener gy di spersive spectroscopy (EDS) anal ysis.
Cytochem stry and el ectron m croscopy - For

whe@®voswgi cal anal yses, cells were fixed in 1BCPAL2007/000047
natural buffered formalin, gradually dehydrated in
et hanol and 5 enbedded in paraffin. Sections were
stained with Hemat oxylin and? Eosin (H&E) for general

sto hol crp-sirius,r (Gurr-BDH, Engl.and)
albda‘é‘ewgg yhdes L) é‘leﬂd@f@é@fléﬁwn £F17oR RiTPsERA £or igging and
enl %r;fa@pé}avbbﬁb%t&&%ﬁy FEDSFhENYS. Was used to detect

| X' proteogyl cans ‘i n chondrogenic cul tures
(Hyl Cm@mzw&y Iand elecaon Zm@E@swpyAl Far histologleal {nSlygesyells were

A ot P b o Rl TR, B SRS 72 sthop an

erfibédde 0Nt PRI SEEOAS Fefel ﬂﬂh&ﬁwﬁﬁ&lérﬁa‘c&%ﬂi@l anldi Bth g{&ﬂ) for
% par af or mal dehyde i n phosphat e- buf f ered sal i ne

genstpl rigpmerphplogh.  Pieeo-sigiue aod Kguisrilady Pnalendhoas e@ed for the

L e e e

dePéct misiAx pmteogiNoans MABB(&Ei]:()genantmlﬁtheHyld?és[@lL e et al 2005)

BSOS PRt o S0 Bt AR Y5t e
asC @Hi@&%nfo@ 81 hPBraliCRion. Neor idYRERSG rescEhtd stW@Qs,uée?l‘g were

for nuclear counterstalni ng. Approprl ate seconda

ry
fized inp® & paraftemeldgbyds ingrhosplatabuffertd calineFRBS) canall yyaingd with

| t ish wth .

e ot Rty ARG icPr R T Sitat SusfPogl it b¥AGy: anti-

hddarO)typo |1 evtitbehy (Tiexiison)/ FRTIA In0 TedlegilB) dALr [@A cat. No.
m nutes at 37 C and re- suspended in a FACS buffer

M/ i) amBdusmasolkatineibasaiiatase 2RED, Syatems due.rdinneanatis, MN,
SR 50) ST D0 il MU, e PLOREAREN" B o

1\/@838887\)\/6 rIéAPD e atsed dbr 3lcleamediesersthinirgo MApPIqeTasd vécdndary
the s | fic ocI onal anti bodi es (Pharm ngen;

at@@" IS st b e Iﬁ%ﬂ(@f AU appropri ate i sotype control
ant i podise §n@l§s:§ Phegid PRRN rerfRcASELANGE; cu@ﬁ%%o)ehrshnwﬁlg%e v

buffer. Cell were washed twce in FACS b
callagbnase dWimsuu@ora (FACSA30-60 Tlinwtecatt3GEY) dolldvBeichyoTirypsin/EDTA
@&‘H& g)son Acqui sition was set_ for 10,000 events per
( periputesaf 7wk and ge-purperder; gng Fd(ey puffer [yiema, PBS

%’t@ﬁ&ﬁ e Witk B of RAR ﬂo%@ ORGf g‘.}vﬁ%go) Qfﬁttj% Y@ﬁg@%' ‘%%\?a%?»] Fc

soft war e (Becton I’'nSO ment's
blaekiag pmsf perfirched nbyd agditioatefsd 93 Gaaf teluth (Sigmla): at@Cedls were

P T ATt ropm, eGIRSBHE JEy Bipgride frx%%gcoc'p%fyntibodies
P@ﬁﬂniﬁ%&ﬁl éhﬁ‘é&b&ea%ﬂﬁb)( gll"%}l gﬁphgpna% qgcﬁiﬁbt %F)gtkblogﬁ’t Bodies

descri b al "2005) ) aver ag ness
(Pchannimgemalﬁommso HHKQCM IHAZ(OS) HuBfRR04Cell Arevegshed twice in

f d fib d b .
PSR O R e Tsirisos ryACsTATE oy BAfREeE Farien pikinson).
AtQiisi€igh lwseRdifqg10 Wwéﬂtﬁp&aéanﬁ@é ‘Débd IcBI® werd excled from

analysis by staining with 7AAD (eBioscience). Data were analyzed with Diva

software (Becton Dickinson). Experiments were performed in duplicates.

Scaffold fabrication and cell seeding - Electrospun nanofiber scaffolds were
made of a 1:1 blend of polycaprolactone (PCL) and poly (lactic acids) (PLA) by a
process previously described (Ma, Z. et al 2005). The average thickness of the
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cn? squares, gas-sterilized with ethyl ene oxide,

imersed in 5 M sodi um hydroxi de and washed in PBS to
wo presisel surf ace hydrophilicity. For seedi ng p¢EIICQEIVE®0047

on 5 scaffolds, subconfluent CTP cultures were

col I agenase-treated, trypsinized and counted. 5 x 105

cells were resuspended in 20 | of CTP nedium seeded

onto each scaffold and allowed to attach for 30
prepamdtsestftidf wae 506 gah, fbeii dismates raugrdabetwesr L0P-430 wsrewith

d h St
Porg?flé)P G5 iR PR et g RS st o 0505
%&Q&t od-stedRzddwith ety 1R BxIRS ﬁmﬂﬂrs@ﬂ ifi Yridt sodhmh hydroxide

dons - Tendons vverepgpont aneously formed_up E
anchwmsbﬂdwglﬂﬁf@ ﬁewqr@ﬁ@s ref RYYR p@@ﬁl@rtyFOéLﬁeF@Pg the cells on

soafBf BingEE Qo 1 e cHSny S MR REASEDRFpeide] and

coltite) sl&nm)® tc}ﬂl@ fiveﬁ';' Buspedddd iadlol 8/ of I o metlives seeded| dniy each
plates in the presence of CIP nedium ltures were

SCﬂf@M andralloyed e pitasdis fast 3Q pniputca Qefe Hieshnmediop, pgs added.
th no I [ 1
Cu¥¥Hre\§ were méagm&#ée&e fbg 811% mdnttﬁ Bcgfgliee%\geﬁ giﬁ‘tag&l_?ﬁﬁ PRiPEultures

on%%tmgﬁlt@dvérensédasmbﬁtrmer e renoved f r omtheir culture
plates imediately before testi he. const ruct
di adBtvéro GHEMeEHYE roér(j "éfft‘%'é‘(;etF'é‘il‘mgom ENdgls et popigeously

fm&@é%l RP&@P@ ﬂe@%ﬂ&ﬁt@‘m'ﬂlé}f -QS1AP Sulbit Yéliﬂﬂﬁlug)ﬁuﬁ&)nﬂuent

i on average 20 di aneter
C’ER&bulmiras gmssaggs rzgzlr}sa@g rreghlméy gplét, anrepminges b@@ﬁ srgdipgsat a

SBHTIH0R P R e B et
j@h N @ffuresSiveR! kept FdtSond Peri@si dfsupcloadmeatiishia culture, with no

speC| mens by jaws machined fromDelrin (acetal). The
furtkmtSpbttmaf machi ne was perfornmed by devel oped sof tware

Nat i ﬁqaanltcr{l n?esg t%f %ﬁql&tﬁd téi %fhe@?erdf g{ d)N' tteﬁdon grafts -

tru har dware 8n a Perti um’l
Endndegsad ccﬁstrhcmfaserz acmededffioar thdie ctdturaqﬂmmnmmﬁdle‘@bh before

tesamgglsfhﬁ ot 8° PR Fhee R e g s A0Pk hd Rneth
us r@ns 1 0p gf:?%lt ﬁf‘cro gl HalplReBXesn 3508 Iﬁﬁgrﬁﬁeati&ﬁ) chamaserage

romt |brated i mages a fast
dmthéﬂeans ogieulﬁléﬂw ummasdfed; vauese r'Een@tlm tﬁﬁﬁﬁ%ﬁ’aépeﬁomed with
nst t e of
g&l "ld %d mtg Rs aqé A? i ?egl‘r:] §ﬂeg1a}’ stdfRless

stée‘i anrpp!| ané @hb@@])ampe& @He Jpeeihelts B jWVRY Baciesl fﬂ@hlﬂe&dn anxétal)
appr oxi mat €l nm | ong i nci si on was nade in
Thmmtrodm 1eAe mewa’ﬁamtf%meﬂlbéf denpleasd s fqnol}ﬁ%‘fi%% and data
qm pas 12-1
RS HT 06 A TR LA AL on o peptiumif PC. The
lo&@ cdilwat L&BeEsftmah€atiathinent etbatinsamplb.e Ssmbles varemoistened by

pouch. The nethod for critical Achilles tendon,i
regulagy appin GOPOAL P15 EaReR Nl YAk e GHEg of the

co&asgugteosegz%ge% tfle ofibd, vV HRhs ERRSEL IR hahe BAIRKRER hrﬁag’c\,‘% 0% 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. CTPs from fat (from passage 12-14) and
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by the Animal Use and Care Conmttee of the Technion

Faculty of Medicine. 5 In vivo transplantation of CTPs
wanaensisat h ki dney capsul es - Subconfluent  CTRCT/IL2007/000047

cultures (fromfetal derived CIPs, passages 5-6 and

10-11) were scraped off the culture plates, washed

wi th PBS and inpl anted undertheat h t he ki dney capsul e

o P D S bt 48
po@hl iEheatlethbd X tritidalLAcSUEARIEE Eﬁ’@'e} ﬁepﬁﬁ?l?&g fleflscribed

in 10 paraffin, and sectioned for histologica

instog HeseatpHion of EbgapmLiBade. | ADRMMARKISFNGOMUBETb s FeBSigBroved
EM S cel |
O ep Do it Cale S bl Sy e gt

pr ol Irfj eivattralsp?sdnkdt&m @hETP ymierfﬂkdtﬁllﬁidrtéykap&dles\/i Sﬁ&gnﬂuent
oviding.a s i.cient _ampunt of cells. As estimte

CBpSHlis e pmiston g ved P pissages Soeng 104 sttt the

ctlltute pfafesO SRR b PEY %ﬁﬁ%i ed bRAdRLAM %ekiﬁgéyeg%)rs#le of 5-

centineter of a new bone. e reducli ng the
wieelreldt i@Br17 0 S(IPdustigec apicehén pr e€ent Sixvemt amelveawseks after

wvered,, .t.hrough | ghori.ous exper] atjons,.. 20 .
il RHRE: 1o Tein s toRiadabReioD el Gthain, embedded in
paafiged stoddttfod histR6 80 eRdrhRALG. connective tissue

progenitor cells derived fromadult stemcells, as

follows. Experinmental Results Isolation of connective

ti ssue progenitor cell SB%X%T ),Ef omadult stemcells

Adult stemcells fromfat, toreskin or fetal tissue

\gf_ewomfmm %FQTDMHVEWYB’E’H@ PR?G@_WMR @JMD%FRQM
i gestion and ag rgssn ve mechani ca agl tation. e

derived cel | s weddUMAN GUALT STEAL nce of a CTP

medi AMgPRb&cH| B9 i liflecdfnipd ighet i i
factors known t 0 grgﬁt%gélg%%gb?@gﬁ gggﬁgﬂgré}%ﬁ?ﬁ fvgnWhﬂe
phevatypisalp sitdbls in @rro, etovading 2% 8iciGoelnmant M dellset Aatestimated

0).. ~khe.cel r tured . without splittin
clfoflieke, (VEeRR G, 5 B 2Bt it 1B stroblaiioee needed
tor foff kind Gubid keBlne@N bf 486K Yohd EWMER T ARMY the PElefd¥Sdntion to

and were then subjected to serial passggl ng using

Pipgtiss. the pispand deyratess heve ungoverdsthrenghulaberiaits Spetinentations,

. i ni zat.i 0.25 % 2-5 ninut. . 37
el SSiaon AR, 2 Bllb o it ol Yftelodd of
coneediWAHsRB0THb fE 1GR9 telREkriveR B0 AARAEM c4R, &opilbRYoUS! Yy

expapdi ng W t hout obvi ous senescence up to 25
passé@%@,’”%@@@%’l"gﬂ the derivation of a putative cell

| i nezso o35SR fede! 10 S ddurl 35
e iR SO P i o
Addt stemi qells ditoinz &di, fordskinreeSetal tisgue Weghdiksobiaegueitic ¥ co@dimition
of 9} shtovvlég. tCul tures recovered well after_freeze/thaw
C%Vl’élg ic . e .bonS r?sﬁge% arBE%qgfthcg}.i dhe degved cells were
culliufdderigNHeA tpreRnBOt 6Ntd ATRSRENA] dAtdiiGe ascorbic acid 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

using type IV collagenase (0.1 %, 30-60 minutes at 37 °C) followed by trypsinization
(0.25 %, 2-5 minutes at 37 °C). The growth kinetic pattern of the cells, which were
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freeze/thaw cycles. In addition, adult stem cel

derived CTPs fromearly passages exhibit a norphol ogy
wo e@enokishng t hat of nesenchymal. stem cel | s ( MIBST/IL2007/000047

Figures 3a- b) and CIPs from | ater passages exhibit a

nmor phol ogy resenbling that of fibroblasts (Figure

3c). 10 CTPs exhibit cl onogéhic potenti al and nor nal

karvotype - The cl.on otenti al he feta
LAY Erpondit GeGHE ohibus BByt 2 PErhEreoearyed the
deaaifioh of edPﬁtﬁﬁv@ BE1L Giubt UKEpBAdeS25 R SRIVARR MRS &F 12l diRe was
in high efficiency (20-22 out of 24 eéxperinents (data

slpwed dRwiata mat slecven);ce b el tendedtteifprny mingrhlized cultures at a

oo —
addb shewed thiersame dplﬁﬁt%rﬂuﬁi and Qﬁffaieﬁ&ﬁl(fnr @OlcRESIS a9 §Fiop-10 the

and from f et al rjved Ps m passages 7-8, 14 and
SRy B IR AN, e SamLn O LBy fipith st prssages

exifiBit @ mdpholSHPIRImbETS ﬁla%iemt%ééhaﬁglg {e% c%lg,: (:M§’@SS §9oures 3a-

ti ssue enhgi neering - Assumn
bYiand €8x froax lates pessagescexhitiog Irlmpfmd:@gy meemblsmgmlat of fibroblasts
(ﬁé&%%ﬂ tor cells are obtained froma 20 single cell
he”“adult stemcells follow ng about 20 passage.

Thus CTIPR eexhibifl URnogeniv %rmamhh%m{athy&ﬁﬁsenrhe clonahty
i nventi on generates a sufficient anount of cel

petential jpf dheyfefal derimed fdiPrrells M‘ﬂg aggspbadcht mdmgﬂsmgig @Elhéecqch in

t t hat P
AR SRER Wil °PoBFes e CRIRNBL L Tpb ey Frg Sinar 24
expesisggisidatmot Hewa! Bn&ﬁdareﬂaibﬁtxdal bi fheir gpowihdlinetics, morphology
o B85S0, 53 B b
cARt &Mfve@IcTH Huﬁgldblsthﬁ@d ffo?t? PE&Q%@%% -6! SMMCRLR' tap Qi\éﬁved CTPs

uncovered that the esent |nven Ion
fromi passiges 7-8r 14€and Z(basﬁmd dstithe GTRy are &niyotypidAldy normal (data
@8 0591 PCT/ 1 L2007/ 000047 43 EXAMPLE 2 CTPs
R MARKERS OF MESENCHYMAL AND OSTEOBLAST- LI KE

CELLETPI Qré 8hitaBIb FoPOsIEPASeR | tisShe LhSindslig - HBIMER! &Pnmetric
derived CTPs of thegjpresent 5 inventionto

ol divisionn ef leest 3.1k d Of Kennsstieniesne @rcrgené@g@ellswmobtamed from a

S o R el s S0, R o Py Lo e
dérn@Bomnatlyslesf, tharésehd m’w\&moE)géﬁéﬂaf& nf flffiestUdrhSurfebPsells for

e@ggregs ost eogeni ¢ markers - Gene expression of CTP
sbased Yiygusngineering applicaiiodsence of the CTP medi um from

Passagssetier2ifl esehPIntifstS Hole PeerBisERBd that the CTP cells

isolated from adult stem cells by culturing and passaging in the CTP medium exhibit
high proliferative capacity (for at least 20 passages), in vitro stability (with normal
karyotype) and clonogenic potential. In addition, the present inventors have
uncovered that the CTPs of the present invention are suitable for cell-based tissue

engineering.
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analysis. As is shown in Figures 2a-u, CTPs stably
express core binding factor alpha 1 (CBFAl), and
wWED9/0sdsot h are early transcription factors knpowiit2007/000047
play a major role in osteoblast and chondrocyte
differentiation. Type | collagen, the nost abundant
extracel | ul ar protein whichisis synthesized by
ost eobl asts, osteonectin and osteopontln 15 two nmj or
non- col | agenous bone naEXH%16¥ 2ei ns, parat hyroid

ﬁ meo&?ay S me fﬁr rTHtI on %L@hﬁ- speci Fﬁ&%lLIKE

al kal i ne phosphat ase, V\:hl C‘ELM,Snds phosphor to cal ci um

and forns pone dr ite, e al.l cte
t he kersst mpptea%l £ bl g‘t}% e ﬁ Ser:nngﬁd &t "present

mbém?éﬂ%' dlﬁ&%ﬁﬁ@cg Ciﬁtoaﬂ‘l@l ()é?éo?el‘ﬂfz 1if3geadHé tex?x‘e?sﬁ%& %Hﬁie of the

deri ved denonstr d that the fe | -derived
CTreellodf thhqorpﬂeetsmncnthmvwaﬂ assessedk py RE-PEIRc §DIN¥e microarray and
Fé@ S ﬂgtase LP Figure 7a) and osteocal cin (Figure

$ R he osteogeni ¢ |ineage. Expression

pr ofE)Cﬁ,,ﬁéntg}TIPesdwl ved osteogenic-like cells - The
gene expression profile of the cells was detected

usi ngT RORIprasscoséeageniy ryaelieyst Seps enpressionpst 64 ¢glls grown in
th@%pgsgﬁ(éena{tﬁle bT@x?le@iﬁheﬂgﬁggﬁ%éa%eg ¢l 3he® %%EE%S ssydeoy RT-PCR

transc S Were c ed betweé err've
analijisis. (feisshgen In Biptrd3)2atwg Cillitsestatfly tapreSTdese b(nriagsﬁaglar alpha

1 érlwﬁféncfgé%%o O e b e ription oo Nng et ke major role
mT@s@éo%la%t ah® R IHREL é)@é’\’dlfféi’éﬂtiéubﬁanﬁﬁe' PLSIAYEA, eth@qaaéi dbRndant

be shared anobng SC-derived CTPs ‘and huran f et al
exOaRsl [ularmrdtgiti wlglcg iosynkhesized hy, psuegblaml, asteoedtintand osteopontin,
rml ecul es, ﬁ)e3| on ol ec a%\r}g, rrg ﬁ eceptor 1
WO BT S W5CO %E%}}Oé‘F gne A{“%tf‘énl?‘f’ &‘E‘ntp FPp" YR recep

( CRTRELS refiaiesl rivietal ehoiibos@siBOsdl 8bh® Termidtiod, ,and bone-
undi fferenti at ed hESCs, hESC-deri ved CTPs and hunman

speeifig| alicatime) phesph¥psge rw,kg@h bigdsoplerepbeptyg galcium and forms bone

h}Pd?(-)r)ér}J ? g7é%%%g%[gﬁcéé % oug nﬁf‘mat?lﬁgr thoéé'nwﬁé\téﬁtpaﬁs
i'w-g?i‘”ﬁ“é“mﬂ“"r“wﬁe' NESC &t age. Tabl e S‘te?*‘ Eeorgsslon
%’PQﬂSFfPfég bty e dptabiainedetTES ab e, Beroestrigveioa BofpaSs Sofpline

pﬁo@%&ﬂfb@ CgefL‘i:"r ?@u‘r@ﬁ’?%ﬁ%@%oﬁ@ﬁt @%@ggﬁ I‘i:ﬁee%f%ﬁs 6T bR {BRDbenic

ne Name diff- hESCs
llm'aagc,rl ption ALPL AP TNAP/ HOPS p p n Al kal i ne

SOSRUELSE phlsl RIS RS LR, o8
eﬁ;ﬁ&@ﬁﬂrﬁgﬂﬁiﬁﬂﬁé ells was detected using cDNA microarray analysis using a
set of approximately 100 osteogenesis-related genes. The common transcripts were
compared between hESC-derived CTPs (passage 1 and 9) to human fetal CTPs
(passage 1). Two independent experiments were performed. The complete list of
positive transcripts is shown in Table 2, hereinbelow. Forty transcripts were found to
be shared among hESC-derived CTPs and human fetal CTPs, including growth
factors and associate molecules, cell adhesion molecules, and matrix associated
proteins. A significant overlap of 36 transcripts shared by the three populations (i.e.,
undifferentiated hESCs, hESC-derived CTPs and human fetal CTPs) was observed.
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RUNtTrablebalietDNA array membrane (GEArray Q Series Human Osteogenesis Gene Array
HS-026; SuperArray Bioscience Corp., Frederic, MD USA) was hybridized with biotin-labeled cDNA
prepared from human fetal CTPs (fetal, passage 1), undifferentiated hESCs (H9.2; undiff-hESCs), and
hESC-derived CTPs at passage 1 (pl) or passage 9 (p9). The presence (positive, “p”) or absence
(negative, “n”) of each of the genes in the array is indicated.

Adult stem cells — derived CTPs are CD105/CD166/CD44/CD29/HLA-ABC-
positive and CD45/HLA-DR-negative - FACS analyses performed on adult stem cells
derived CTPs from passage 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 surface markers characteristic of MSCs (Figures 1a-g).
Thus, the CTPs of the present invention were positive for CD105, CD166, CD44,
CD29 and HLA-ABC, while negative for CD45, a hematopoietic marker and HLA-
DR.

Altogether, the FACS results demonstrate that adult stem cells-derived C1Ps
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.

EXAMPLE 3
CTPs ARE CAPABLE OF PRODUCING BONE MATRIX
To test to capacity of the CTPs of the present invention (from fetal tissue,
foreskin tissue and fat tissue) to differentiate into the osteogenic lineage and form
mineralized matrix, inorganic phosphate was added to the CTP medium and the CTP
cell cultures were assessed for the presence of mineralized matrix, as follows.
CTP cells produce mineralized matrix — To test the capacity of the CTP cells

of the present invention to form mineralized matrix, inorganic phosphate (beta-
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(or cysteine) proteinase inhibitor, SERPI NHL
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menber 1, (collagen binding protein 1) Serine (or

cysteine) proteinase inhibitor, SERPINH ASTP3/CBPI p

p p dade H (heat shock pretein 47), nenber 1,

(col Il .agen hi ndin prot ein 1) SRY (sex_ deterni ning
glyegspphipsahate)s wasgad% sbsotheI Pumedipn. | Brefly, £ TPs Sippoawst passage of

) t e r a r.qt , )

PEhER TR B AR, B°ETp AL gl HRGLEL SHALTB M beta
g@mroﬁtcxsﬁhq]h asp theprotdntiahofl matSRAbrBiNBRY WEPlss¢ssd. NAs is shown in

Fi&ﬁSt Opo{btéalnﬁ%cl Prglgteafagzelt ?(l_p;) 3@%&; I@(%?} b\glggg l_{t)l/ac-rr(;scopically (e.g., at
DB ] NS D Oy T v
camtigels Y ineTei-@ior Gaslspnfirped b dissfio Msigriging( Eure 86), and
scanning electron microscopy (Figure 8d) coupled with EDS spectra analysis of the
bone mineralization. The EDS analysis detected calcium and phosphate as the most
prominent signals, in addition to carbon and oxygen which could correspond to the
presence of proteins. The ratio between the calcium and phosphate corresponds to the
expected ratio of the hydroxyapatite mineral (data not shown). Moreover,
immunostaining analysis demonstrated the presence of self-produced matrix which is
positive for type I collagen (Figure 8c). 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 adult stem cells-derived CTPs are
capable of differentiating into cells of the osteogenic lineage while producing

mineralized matrix.

EXAMPLE 4
HUMAN ADULT STEM CELLS-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
CTP medium. After 10 days the tissue was harvested for analysis. H&E staining
showed round chondrocyte-like cells embedded in lacunae, at the periphery of the
sample (Figure 9a). Picro-sirius red staining demonstrated extensive collagenous

matrix surrounding the cells (Figure 9b).
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factor, beta 3 Transformng growh factor, beta
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receptor type Il-1like kinase, 53kDa) Transform ng
growh TGFBR2 HNPCC6/ MFS2 n p n factor, beta receptor
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DI F/ TNF- ALPHA 9 TNF superfam | menber 2) Tw st
hondndgction A€ b’eétpﬁ 'y!rygi@raé %re"%wlm"s'mff peltetzuffure

BRI LD
pelki aitture By§tdm2&f chlﬁilard‘gﬁtﬂcl duﬁfemntlaﬂomytsl rposbolistiedaetbaw!og) (24)
A D i 3

ofBR o8l vgjn 9{1 P@ﬁbtf anateés B t}(g%t@séfké—‘loﬂ—/lwpserum TGF-p3
ascul ar “endot ppp %rovvt factor C PUC 18 pUC
sujbﬁlemented nRdGim 8s BbssuhedinDhgthodof shcpnd@mnrc difﬁqrepty@:ﬁopsm the

Gwe@:ﬁ/{?{eﬁm nﬁf H%penmgn%ll@[e&xogs, here ab%@e as%gh& Fhe-Honth-

old pellet culture was stained with Toluidine blue, showing the matrix proteoglycans
(Figure 10). Earlier pellet cultures were not positively stained (data not shown).
Altogether, these results demonstrate that adult stem cells-derived CTPs are

capable of differentiating into the chondrogenic lineage while expressing cartilage

markers.
-EXAMPLE 5
ENHANCED MATRIX PRODUCTION BY CTPS SEEDED ON NANOFIBER
SCAFFOLDS

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

Experimental Results

Seeding of CTPs on electrospun PCL/PLA scaffolds resulted in connective
tissue formation — 5 X 10° CTPs (passage 10-12) resuspended in 10 ul of CTP
medium were seeded on scaffolds and grown in the presence of the CTP medium for
one month before harvesting for analysis. Histological analysis showed an high
matrix to cell ratio (ECM-rich) connective tissue formation, with mesenchymal-like
cells aligned in parallel, surrounded with extensive fibrous collagen matrix, with a
thin remnant of the scaffold at the basal side of the construct, suggesting it has
degraded over time (data not shown). Scanning electron microscopy illustrated the
beginning of matrix production and a progressive tissue-like patches formation until a
firm 3D sheet-like tissue is generated (data not shown). The presence of mineral

deposits was confirmed by EDS analysis (data not shown). Cells grown in the same
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ACtInp Acti.n, beta Table.2: The.cDNA arra
CTierith bbb iriaioh 48 TPER THREHAS PRISoAN ot patches
Wy@%g%?%ng%ﬁsca%ggrArray Bi osci ence Corp., Frederic,
USA) was hybridi zed with biotin-I|abel ed cDNA

prepared from human fetBXAMRMGE 6f et al | passage 1),

un%‘é&ﬁ%&ﬁﬁd ??g@@aévq%}}f)or passage g"{ pg)

The TRy ©S8RE %1(1?&514 thé ¥@ult st@n eelds dabee OTPs b tl(en[ﬁg&tnt mﬁntlon
"n") of each o he genes in the array IS |ndh<c:i
to ,Lﬁqml ta mosencemppe andjesepgiged dissie, dhg long-term hig en31ty “culture

0s/ | LA ABC- positive and CD45/ HLA
tec%%@%é‘%?oggén%A@ﬁg%yses performed on adult stem

cel |GTP dells meccapdble of fommipgssiagdori-Gke gssug -altie loogitam high-

speC|f|c to the 105, 166,
depp: uereh g BRI ET- e Of D GHiATP RS taped constructs
witilh ﬁ{drﬂl%lbfg@alghresemble early developed tendons. This process begins as a

single cell attaching to the culture plate sidewall, forming fibrous matrix with a

tendon-like shape. Adult stem cells derived CTPs from either a fat tissue (Figures Sa-
f) or a fetal tissue (Figures 5g-m) which were cultured in the presence of CTP
medium were capable of forming a tendon-like construct following 8 weeks in culture
and a clear tendon tissue which grew up to 5 centimeters following 4 months in
culture or 6-8 cm following 4-5 months (data not shown). Further immunostaining
analyses demonstrated the progressive assembly of long, cylinder-shaped constructs
which express type I collagen (data not shown). At a later developmental stage
(following 2-3 weeks in culture), wider structures were observed (Figures 5c-¢), until
the formation of well defined, tendon-like constructs (Figure 5f). Histological
examination shows organized, parallel-aligned cells, with high matrix-to-cell ratio
(data not shown). Additional SEM analyses of the tendon graft demonstrated well-
defined fibrous structure and parallel orientation of elongated, fibroblast-like looking,
cells (Figures 5i, j and data not shown). Thus, these cells formed a well organized,
highly cellular collagen-associated mineralized tissue, as evident by histology and
electron microscopy (Figures S5k, 1, m and data not shown). Altogether, these
experiments demonstrate the engineering of functional tendons from the adult stem
cells derived CTPs of the present invention.
Evaluation of the mechanical properties of the engineered constructs

derived from the CTP cells — Three-month old constructs (made from fetal derived
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EXAMPLE 8
CTP CELLS FORM BONE AND CARTILAGE TISSUES IN VIVO
To assess the potential of the adult stem cells derived CTPs of the present
invention to form cartilage and bone tissue in vivo, CTPs were subcutaneously
transplanted into cdl nude mice and the formation of ectopic new bone and cartilage

was assessed, as follows.
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demonstrated the formation of mineral deposits within the ectopic transplants of the
adult stem cells derived CTPs (from fat tissue). In addition, H&E staining of
histological sections derived from the ectopic transplant confirmed the formation of
bone tissue (Figure 12b).

CTP derived ectopic transplants are of a human origin —To verify that the
ectopic transplants are derived from the adult stem cells derived CTPs from a fetal
tissue histological sections of the ectopic transplants were subjected to
immunostaining analysis using the anti-human mitochondria antibody (BioGenex,

San Ramon, CA, USA, Cat. No MU213-UC). The newly-formed ectopic tissue is
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CTP | s ‘are capable of formn

Froordehs kg o egssrsaper T roic Srom Igged eingbsyFigure 136),

N%?/’Ia{) lg'(}btles R Bléeg %erlﬁ ggs?egtie a& I}ﬁe %311{1 of 33 %gpﬁlrl}(ct CHIIOI%IQI all layers

(Figge sty e?@hbt)fuo@h?\l@fd)ﬁ@ﬁedleﬂé@oﬁﬁed fﬂﬂlt&n@pl@ﬂaﬁ@n be@eplSmmde
as a single cell attaching to the cultugfg) El ate

cwqyemdp templaigsrigads Gpmyderhler silican tubeg © QB 2garlates.
pﬂﬁ&ne%‘égli it ﬁglgcs%%n%ntd(ﬁfth %Q:h ?%etfcfoﬁ'ﬂe Sl &lic@wh@tut to
| Ssue (Figures or a fetal tissue (Figures
fobg- arpritidal ghp (Bigarec 18d) LNkt iconsthetpwesesutwedfto @FPproximal and
Jredi um wer e ca f fo ndon- 1 i ke construct
dlﬁféf?‘gﬂﬁf \Agthg lﬂlé‘&%s‘l‘&ﬁl?ﬁ}ﬁ‘{ﬂnégg%‘ﬁ%ls%)cl ear tendon
ti ssEspm‘g,;}agnggslp to 5 centineters follow ng 4

nont culture or 6-8 cmfollow ng 4-5 nonths
( dat B nivo reprovvaf a driticthdchillayetenden diviviry gsing 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 14a). To repair the injury, adult stem cells
derived CTPs from fetal and adult tissues are subjected to a high-density culture to
form tendon grafts which are then implanted in the injured mice (Figure 14b). One
month after transplantation the implanted mice are capable of extending their leg with

a maximal extension greater than 90 degrees (data not shown).
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20 anal yses denonstrated the progressive assenbly of

| ong, cylinder-shaped constructs which express type |
w@eiozagsm (data not shown). At a | ater devel opP&nII2007/000047

stage (following 2-3 weeks in culture), w der

structures were observed (Figures 5c-e), until the

formati on of well defined, te&ndon-like constructs

(Figure 5f). Histol o% cal _exam nation shows

or gahfte e@anqgéqrgfu( elendon #afis carq Jemgpleled nang exhibit excellent

t
SR Pl ESIERABO AR o NGl ) P
tedddn grafis fekbibituspodtintegtation adfitt ptes aifIseturiog i(dath awoi slovaf), with

B oo Rop Sl erfGe e B8l P Birotosical

eVibldtiof ! @aN ke Gransplagfally ge4fts! L(géﬁera@dll ﬁﬂﬁﬂ ﬁ&ﬁ!oﬁbﬁ{r@ﬂ CTPs)
m neralized tissue, as evident by histolo

denastisd cFosuafly ¢ ginunbnianich wl Thate mon shown) wit
s HRHD) saflst OUSHREL :5NEAEAD0 FARRE TBNE SHESPRAR! (8 Snachine
e engl eeri ng UnC OnS rom e a

dahentrated|ths the strm&txﬁiﬁﬁ&hafaot bﬁ ther teadont gnaﬁ\(gaidramd from fetal
Eval n_of the nechani cal operties of
d‘éfh"é’Fl @iﬁrﬂg A S RISP BIRGOn AFRPISS (R SHh et t%lﬁrqnéon (data not
e-nonth old constructs (nmade fromfetal derived WO
2007/ 080591 PCT/1L2007/ 000047 54 CTPs) were renoved
f r ol hadrauvplontead pindoe gmfls wee &f puthiimiro ogigius{lonronfirm the

et b B B0 - TR BRF ot SH it B35, 57 3P0 Bl o
cokd SEibARST, the RRSSpIERSH téilo exmNSibj@k&l thBnhahsskih@B hlysis

a tendon-like structure 5 with excel | ent nechani cal

ugipg ther antebumpars antsicherfrianantibedy. mdihgrteansplenied tensdpn is positively

el e R B R B S e Bt

(dabenatehavivi)rent of the adult stemcells-derived CTP
cells to the connective tissue |ineage on one hand,
and to examne their tunorigenic properties on the
ot her hand, CTPs were tE?(?B? pptpd into 6 SCID-bei ge
mce, as follows. CTP c S are non-tunorigenic in
vi VORMHAFI QN QETE QMo XPRPECECED ML gL 3 AL RIX USING THE

10-11 were | ' sul e of
5-week- ol d SHNBET A HESLETRoReNR Chris " el
the ExpsenbnilREANRT S have previously shown that

undi fflerentiated hESCs are capabl e of form ng

t er aforruetiqri o ZEGYM inhitin)- Fsr sthefarmatiosl 08 emrm@élub@smatnx

CLEPIRLERL O R R MBI 3P 1

iratisshy suilsure ipthtéioin e pestn@nf  allfir®medint €6@pAEAg ascorbic acid
formati on (data not shown I nstead, a | ocalized
a@d(j thasene (GBymediym)ofAfter 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 (Figures 15a-j). Freeze-drying was
done using standard lyophilization device. The resultant tissue was completely
devoid of viable cells as detecting using e.g., standard viability assays, thus reducing
the risk of cell-based tumor formation and immune rejection.

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

as evidenced by seeding the dry tissues with different cell types (e.g., Human
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| oose connective tissue was observed, with no evidence

of other tissue type (data not shown). Using this
worR@elsospt i s possible to explore the in-vivo PCT/IL2007/000047

devel opnental potential of adult stemcells-derived

CTPs. Altogether, these results denonstrate that adult

stem cel |l s-derived CTPs argg 25 non-tunorigenic and

are commtted to the connective cell lineage in vivo.

emBXahRI IEdReyCTIB ¢eHk) SdratRbMvBENEe ANDaCiaR Tl sAGEATHYSSWEESIUR] as
VI VO.To, assess .t he .potential o e | {,. stemcells
a mpdel @é&ll@ﬁqﬁé‘: il SFF]‘BE%?P:‘%W? 16‘?{&’ fﬂ@tgﬁwaéﬁi) to form
car trik 39Rd aRgudI A& tdhabRrizéd By \l@stolggﬁsilﬂYﬁﬁ@staining, electron
subcut aneously transplanted into cdl nude m ce and .
mittoecopyrandt the m?aufts demopsteaterbhab SreeEGN Waskept Byect, 1o native
assesse s. fo . 2. /, 007/ 000047
forf SR Fis ROl Plfer W GRS (R Ao Rl e T b
wel lcvRslavik@ionz 6 ECRESEsll rathdval madidone pagmiealbowith detergents

tissue - For subcutaneous tr pl ant ati on of adul
sugh e 925 1 @1 dor inpoTPUMe, REON BOMIEDe CARPLEA VI dpotease
i PREG | s il |Cis KRS, MBOR), i1N Bomed
int6y SPREAHID A déscritBH ih LAl MY AT DR TR0, T Dlome
MiteroRea. 49(ihyl184A05 Bistdlegskar(d electras mingoscopy absays show that the

fat-derived CIPs) were. injected .l ach inci si.on.
resplligioeue S Camelidnpeciias BRGE fmOM R grese et thtfes 160 165,
16br@aspl antation included bone tissue, as confirned by
t'he radi o- opaque transplants seen by X-ray ana

| vsi
( Fi gloeluligizedh EGM: dssuads bivesmparibieurt heg ﬂ?tﬂc@{npxggi@ of the
BAY f d ' 5 . .
BB S ] AP e e
thd for@dfies oftkecandhrg hewltissed) @bl hdnddel er diloigesic ichAtseddilg (Figures

6Bresence of bone tissue follow ng 5 nonths of
16bs Hids pplapedil$h- - denonstrates that the CTPs
undgp V\ﬁ%ﬁtk}ne radi Radhoinf {£ sPHHOR (ReRAPRshLRRHE AN the
t hat e transplantation Was not associated wth a_
actlinfmizede tissep(goessed Gtosefatdadenatd TP ist féocwotpepble as

evt a@ns t@fl gﬂ%qsqgfg?%ll gtvgmgmﬁlggegig&e rﬁigﬁl%\égx!fwge{ﬁgb%eer gggs‘fola%ﬂtﬂ)n with no
sigRlor pHsefdcabh.zed masses (Figures 11 a-c), _
denonstrati n& 15 that the ectopic transplant is
| the

bi ochliggstlicn| the fiedze-dried eandéarede-osltutirized he TP wierippd fissues are

nous nd not, rejected d1S ] NQ.  SYS . .
Cate :f(i) 31883180 piePEy SIS, raeg%ﬁgvﬁg’n% gga}eélch nré%éﬁggt% gir&ﬁﬁagea Jigh
hydkcphul@sty) ahll 8410 be @omdinednaitly seadatl Hydeogelt wpineke an injectable

transplants reveal ed the formati on of new bone from
fogrps derived fromfetal tissue (data not shown) and

hyp & Wil %3 i a@P%gfee&églftﬁgteth{e q@t%@[ Qhn @mltic;ﬂfea ?#Hea?cciﬁc cell

W th earl m nerali ze one matrix fo I on
typasgisuchl aatskin, sledletglemsdodejicagliaeahewte, fatk eartitage,diane eetc atodereate

OSSR, | T AN (3 001 SHow CIF S8l Yed cpenlturing
CTPs With the second cell type before the formation of the primary tissue, or by
seeding the second cell type onto the already processed CTP-derived tissue, allowing
the cells to interact with the intact-ECM tissue, before secondary round of freeze-
drying and/or cell removal will occur. Alternatively, the second cell type taken from
the patient can be left to grow on the tissue prior to transplantation back into the

patient.
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further shown in Figure 12a, analysis of frozen

sections of non-dem neralized tissue denonstrated the
wo ooormsisen of mneral deposits within the ect opeTIL2007/000047

transplants of the 25 adult stemcells derived CTPs

(fromfat tissue). In addition, H&E staining of

hi st ol ogi cal sections deriwed fromthe ectopic

transpl ant confirned the formation of bone tissue .

( Fi Qurified FHM commponeris\reBotakpigfiie comppRgit 9k ﬁ%le%??‘g Pggtelgs 1s

h or ~+gbN .- VEer: : : ' 28] ;
pullEF Rl GEA"pf GRPYREV L hetBL plsBRiing F At PG AR ation
mellicdR) arffectoatiltand Préteibsiy astdssedoby gek electsgdiviasiss webtetrhblotting

ectopi c . transpl ants. were.subjected tpo. i nost ai.ni nqg. .
and, PEp yaimiss ARGt hRCRRP IR AIPTSELIRAPIOE: h oouy Slinical-
gré{r(]igi/i\}l%y- ﬁ%’foxarﬁﬁ{ﬂs FRBRer f6ns $45Able$8t bioMatdMaldptiidhtionsThe

ormed ectopic tissue is WO 2007/ 0805
PCT/ 1 L2007/ 000047 56 positively stained with the

anti-human m t ochondri j (data not shown),
denonstrating the hurra?"%ﬁjﬁ%d%% the ectopic tissue.
ADVIAeS TENS CERESDERBED TS MRS CAPA BURFEOBF ORMING FAT
the adult stemcells derived CTPs of the present

i nvention to form bone ardS&&# i | age tissue in vivo. 5

o 1 Bt KOGRIATE GRS et gt tssue
stnREMADYLSrr FiiMiseid, [T HobkRkiVED fiChPahy Jassdgest-20 ere cultured in a
culthis e R BaRaAnnG OEM SEPIERAd YEa 16 14 Celreted Tof), 0.5
ST 478 5P, L FE Ay .

andlfblldwinl A hihyscif-duRBERipIRlytes Ywdrd obseresdl @ighre 6p). ahid Guther
t he tendon %r aft of the present invention ,g?s f.ol I.ow. :

testithppeientied of €18 Hevvad feam apotenadut ssae to differegijatgfinto the fat

ce{lqﬂl%'aéé B&aPadilVel! CfPs \‘%%J%'éulltﬁr%' ih(?ﬁéi Qeﬁné BhiHrY iR dbfigibed
- vitro g ndon g t

enerated te raft or the presen

" hekdinaboive and follog¥ing 19 4diags it qulitiPadipddytasegeraebsergrddiiigure 6b).

ith furt [jtti f. 4-5 t .
Dot Nk SBbl L Aoto0y 5 B5E Bl b s dorived

C %antdiﬁ‘éﬂéﬁﬁat@%{tg tAeRkYandaBRY 8dipotyiedn pl ates using a
ce scraper and rolled to formrounded cylinders

(Figure 13b). Non-absorbable sutures were inserted at

the ends of .a truct throu LI. | ayers I .gur .
130) F ToanRpriail AP AR §6 fuudphy wich e r clarity,
ddsénsPlimnthat Edtle:ar ok BparbRs efi®odbnditst @ay Malge be provided in
tenpl ates made fromflexible siljicon tubes enbedded in.
compinatisinginess single gmbogdimentn deopversely, waiousHigataessatithe gyvention,
he Achi | -le i ] .
oS T b Sy T Sy o e
provided e€pak el e ipamxduim@bleanbcontbigitidn. edges of the

' uﬁklethoég%h ittllel ?r?vetnteionlgj Ohgs(bFée%u Elgscgi%g& ‘in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all
such alternatives, modifications and variations that fall within the spirit and broad
scope of the appended claims. All publications, patents and patent applications and

GenBank Accession numbers mentioned in this specification are herein incorporated

in their entirety by reference into the specification, to the same extent as if each



Experinmental Results 25 In vivo repair of a critica
Achill es-tendon injury using the in vitro forned
wao endososgr aft of the present invention - Fol | oRETTL2067€000047
i nduction of a critical Achilles- tendon injury the
treated mce are unable to extent their ankle,
resulting in a nmaxi mal exténsion of |ess than 90
degrees (Fiqure 14a). To repajr the |nJury, adul t, stem
indisidus! pelalisatiens IFR drr pHeH GPRICAIN cUiPRBATks Ageessign qumber
witBpARbalk 4 ol BhRsiabik B0 HhSphfect B e In
ad(ifﬁogu citatiothdr idantificatiomt bf arfyt mfemnmsptmmapplmatlom rshall not be

| gnt ed ce .are capabl e of exten their

conSTHER, reAn BRSO G GPanEar ORI OTHG FRBGOY eth i tinpresent

inS&men) - WO 2007/ 080591 PCT/1L2007/ 000047 57 The
transpl anted tendon grafts are renodel ed and exhi bit
excel | ent bi onechani cal properties - Follow ng 6-8
weeks of transplantation, the transplanted tendon
grafts exhibit good integration at the sites of
suturing (data not shown), with circulating blood
vessel s invading the graft (data not shown). Further
hi stol ogi cal 5 evaluation of the transplanted grafts
(generated fromfetal derived CTPs) denonstrated that
the grafts renodel ed and integrated well (data not
shown) with -snoother edges. Further bionmechanica
testing using the tensile test machine denonstrated
that the stress/strain behavior of the tendon graft
(generated fromfetal derived CIPs) after
transpl antati on resenbles that of a native rat tai
tendon (data not 10 shown). The transpl anted tendon
grafts are of a human origin -To confirmthe human
origin of the transplanted tendon grafts (fornmed from
fetal derived CTPs), a cross section of the
transpl anted tendon was subjected to i munostai ni ng
analysis using the anti-human mtochondria anti body.
The transpl anted tendon is positively 15 stained with
the anti-human mtochondria anti body, denonstrating
its human origin (data not shown). EXAMPLE 10
FORMATI ON OF ECM AND ACCEL ULARI ZED MATRI X USI NG THE
20 CONNECTI VE TI SSUE PROCGENI TOR CELLS Experi nent al
Results Formation of ECMin vitro - For the formation
of extracellular matrix (ECM, the CTPs (from fat
tissue) were plated at high densities (5-10 x 105
cells/cnR) in tissue culture plates in the presence
of a culture medi um conprising ascorbic acid 25 and
dexamnet hasone (CTP nedium. After about 4 weeks in
culture (other periods of




time are al so possible) sheet-like tissue was forned.
The sheet-like tissue was subjected to freeze-drying
w@ee70805¢el | renoval (Figures 15a j). Freeze- dPgi/MRoaTAB0047
done using standard |yophilization device. The
resul tant tissue was conpletely devoid of viable
cells as detecting using e.g., standard viability
assays, thus reducing 30 the risk of cell-based tunor.
formati on and i mune r &EERBNCHS y ECM ti ssues are
bi oconpati bl e " room
t enperature in(A ﬁy%'%)drl]?*lﬁg%ﬁésgg %gﬁe?lgqﬁ%ssue fornmed
‘ lwé&acmwrjd) BoLagehiRnc g liabde 354S18%H Siedaced by seedi ng

Wiy b dobesini Ghob musi Ce'd@geﬁgfxa%ﬁi% (i dney
3. 2%5%31& 0. FandhkaRs gy, . %thrﬁfﬁthfF P}F f(gad@lrg Am. 86,
oge |c cell seedi ng

new ti ssue, ‘as a nodel for af
(RP4lre88.16a-h, 17 and 18a-d). The dried tissues were

o SRS PR AP RO B e L
5.WBstK ROR. qzobacﬂ)rthdpl@di%s g0 hS@-sﬁOf or m supporting
bi ol ogi_cal cellul ar activities gures 16a-f, 16g-h).

6. A& s 1908t Vo Wiesmamn, H.Ee(200 )aIrmJQrangxw@f@ Surg 33, 325-
chggically with detergents such as SDS (0.1 %

“incubation time 20-60 m nutes), conbined with protease

7.i MhisohkeorGF. &ddeiutd, ®.J. )(2@02) RinddtigpR 1 Keardavgd.l JS.

2000, J Mat er. Res )
53501000 Vi w6 gy BARTIaRE L bAIGH é%%%we%%a@éo%)r%we 30,
t lgad.7ohe 10 resultant tissue is conpletely acellular,
while the ECMis preserved (Figures 16a, 16c, 16e,
9.1 ®iftemper, Ad &\, Mbelrayz ddMEREdk, §$ﬁ3€ Jaiswhli, (R:ﬁrrpﬁd)ugidtse R., Mosca,

IR ATRTRE AL S i BRI L R B9

tS@ﬁMa32w4Qh31nhe formation of secondary nem1t|ssue
as a nodel for allogenic cell seedin %Fi ures
101%&5“98@00111%1\4 -aAerubgis- AR. &riCangaddd Q&%) |JsC@lh8hmswh204
? 19a-f, when transplanted in vivo the
acellu arized tissue (generated fromfetal derived

1ICTRE) P.iss, Bhw ddnivaEzudal, €. auangy I .dBagelt] JDY,, IKA% 0 0giBeahaim, P.,
st ai ni nq of hgg,tis Igf one. week after transplantation
LOFetior Yo dgHedwk. BBk (2008) Lieveing 3014800t her , t he

12 "T88&808 1. 8d, R RE-FiRCE! SHAa{ﬁlrg' zed GERAEL! eA. Swiergiel, J.

tissues are  easy to handle shape, suture
r &t dershadl, Ve8n&rdapdsdl.yMr @99&):8(36:@6:(28@;11 a4 hi gh

Y e e SN S B B VR, i v,
aSBfe@lCHa&e]Qeﬂv@ﬁis’gﬁ neaombmol@@\w%wse condi tioned by

specific cell such as skin, skeletal

l%ﬁghwlémec aYldi Yasukays@ls étskmtz-Ekiar th. Mglion,bore, & denvenisty, N
CYAR0F Proc Natl Acad Sci USA 97, 11307-11312.

15. Hwang, W.S., Roh, S.I., Lee, B.C., Kang, S.K., Kwon, D.K., Kim, S., Kim, S.J.,
Park, S.W., Kwon, H.S., Lee, C.K. et al. (2005) Science 308, 1777-1783.

16. Levenberg, S., Huang, N.F., Lavik, E., Rogers, A.B., liskovitz-Eldor, 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.



ti ssue specific, specialized intact ECMtissues. This
can be done by co-culturing CIPs with the second cell
wo ype/okishore the formation of the primary ti SSPET/IIR00TN0P0047
seeding the second cell type onto the already
processed CTP-derived tissue, allowng the cells to
interact with the intact-ECktissue, before secondary
1%0 nd_of freeze 30 drying and/or cell renoval wll

s L Algngy Reft-i Ye&! ¢-F--tIHB. Hedohd V681, Robyqre Pt,dkdeR., Hoog Y.H.

theg t t r the tissue prior to
transpwéﬁ?avtvf E LSI&C&IPB’ eﬁwp%’tgﬂ ent. WO 2007/ 080591

19><Bﬁ¢1by,2m:'71 Bﬁ)@ﬁdclm AR Pholakj EMl. BEBunayIoDe (#094) TikSickng 10,

onponent or selected proteins is purified
lghgég%é or CTP-derived tissues according to standard

2@ I9RktEE WV D Uhbink SR A, ‘&‘Mc‘W&qu?zOOI?@lJ %%glétfeﬁpégﬁfsotﬁb 155,

i s assessed by gel electrop ores western

2harprbileoiilbe, IaMaJ e N.BudtStpdat bi (agoa}ﬁqﬂ Medézs el:61

d | |
24 DAL, LRV OGRS 2O GG G, waaie
apmJA ,CEsﬂdoOh&ElcE%N\/BLEhdrﬂnso‘fD] ULP@BFM&@&@@EBV MERR.
CTPS ARE CAPABLE OF FORM NG FAT TISSUE 10 To further

23 ddentjoyenty MOt Bl dF. Murs SarFederivie Fe SpehntiaaCe Zambsih, P.Y.,
faioh'ifeﬁﬁliﬁ Eéﬁ%feﬂ» Eé %\@)rlge&g Ifr 'P?S'l%{%i b t?%&% B&L 35,

from any passage ‘uredin
nﬂdﬂﬁﬂﬁﬁbntalnlng aNENIsuppIenented mnth 15 % FBS

| ect i.sobutyl - | - met hyl xant hi ne
24&% ‘7’ g’llﬁssul Lge. ielél arkePR&s Sne Shamblett, M.J.,
f@éaﬂi&rtnﬂ 8ZE¥1%se@ YIRS were
observed (Fi ureﬁ%ﬁ(Q@X%@%%#F%g?é%?ﬁ?égﬁ the potentia
2% Hydiesisd.del-i Veig, Kr ém@stnmamei; Ka@002) Oisesarhritis Cartilage-10, 333-
dlggerenUate into the fat' «cell lineage, fetal
derl ved CTPs were cultured in the sanme culture medi um
261 04 17, Heetakih B1. einaR RO RER anslk i hhh S MSYTééued@ngll N01-109.
ANture adi pocytes were observed %ure .
2 PPRHOS, GheBedekek (¥ Nelehaic Adi (1OB§) SplbisshaReadtitt317-
skem ceI I's - derived CTPs can differentiate into fat
tissue and form adi pocytes. 20 It is appreciated that

28 €loethionM.B &t Hemmsndek, MITE. (QOO@)rBﬂoﬁiaterMH zih 189%116r
e context of separ ate

it descri
2L 55l KR Sy S0P s b BeRESISH. &mnnmm@m Acb, Stein,
sTng) heabo ¢, MertB'KeQeanr JBIM G\safeta %Eéf%ﬁﬁysﬁ{l %Iéﬁ,em-

invention, which are, for brevity,
cdhdext of a single enbodiment, nay aI so be

SRRBULIER 6B it S TSRS 1A

c@gj unction with specific enbodinents thereof, it is

evident that many alternatives, nodifications and
31y Bellaws.§nS., Aubin, J.E. & Heersche, J.N. (1991) Bone Miner 14, 27-40.

32. Sodek, J., Ganss, B. & McKee, M.D. (2000) Crit Rev Oral Biol Med 11,279-303

33. Mannstadt, M., Juppner, H. & Gardella, T.J. (1999) Am J Physiol 277, F665-
F675.

34. Sperger, J.M., Chen, X., Draper, J.S., Antosiewicz, J.E., Chon, C.H., Jones, S.B.,
Brooks, J.D., Andrews, P.W., Brown, P.O. & Thomson, J.A. (2003) Proc Natl
Acad Sci USA 100, 13350-13355.



wi ||l be apparent to those skilled in the art.
Accordingly, it is intended to enbrace all such
wa@bkdogtsEpi ves, nodifications and vari ations the€T/i12007/000047
within the spirit and broad 30 scope of the appended
clainms. Al publications, patents and patent
applications and GenBank Aegessi on nunbers nenti oned
in

' his specification are herein incorporated
3 $ Rjéqtl '@Fﬁsﬁ‘%@’yl\’by Dlaéﬁfé:r &HocCpigehi-Nise Ss pémaﬂgh%t Nonfishes, T.,
cobRIB s tyen e 200 581
P?:% 1 L2007/ 01?50%14 aGOB'i ‘ri]l% %g% S é%a%?c?céﬁ on pat ki (2005)
o AddiRhi 94l 14%t i on or GenBank AcceSS| on number was

3¢ Rl PRiee - nliupnt o Prinifabdnee Ko ddhargn Y Yang, AX

CIJbﬁIiIB)H OGinis] €NThiek 0K, Xin i@fMaéWalg 025 SR 03 584632064,
3_{Iligélcatlon shall not bé construed as’ an a mSSI on

otk e (2004) DpeReeGeretdy 873-808.e as prior art to the

s RN L e e
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5. The method of claim 1, wherein said adult stem cells are obtained from

a postnatal tissue.

6. The method of claim 2, wherein said fetal tissue is obtained from a
placenta, amniocytes, amniotic membrane, cord blood and/or chorionic villi sample
(CVS).

7. The method of claim 3, wherein said postnatal tissue is obtained from
umbilical cord, cord blood, foreskin, bone marrow, blood, fat tissue, connective tissue

and/or fibroblasts.
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15.  The method of claims 1, 2 and/or 8, wherein said culturing is effected

under xeno-free conditions.

16.  The method of claims 2 and/or 8, wherein said passaging is effected

under xeno-free conditions.

17. The method of claims 2 and/or 8, wherein said passaging is effected

under feeder-free culturing conditions.
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24.  The isolated cell preparation of connective tissue progenitor cells of
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differentiating into cells of a chondrogenic lineage, an osteogenic lineage, an

adipocytic lineage, a tendon and ligament lineage.

25.  The isolated cell preparation of connective tissue progenitor cells of
claim 19, wherein cells isolated following said at least 20 passages in culture are
capable of differentiating into cells of a chondrogenic lineage, an osteogenic lineage,

an adipocytic lineage, a tendon and ligament lineage.
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a cartilage tissue.

32. A method of generating a tendon tissue, the method comprising
culturing the connective tissue progenitor cells of the isolated cell preparation of cells
of claim 18 or 19 in a culture medium which comprises ascorbic acid and/or
dexamethason under culture conditions devoid of a carrier, thereby generating the

tendon tissue.

33. A method of forming an extracellular matrix (ECM), the method

comprising culturing the connective tissue progenitor cells of the isolated cell
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