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" generate connective tissue progenitor cells which
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differentiation potential to cells of the connective
tissue lineages. 10 For exanple, bone marrow derived
MSCs can be cultured in a culture medium (e.g.
D1\ 4EM) suppl enented with serum However, although
cells cultured under such conditions and isol ated
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cysteine, an antioxidant (e.g., vitamn C) and

ni coti nam de. For induction into osteogenic

differentiation, the cells were cultured in a nedi um
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a chondrogenic |lineage, an adipocytic |ineage and a
tendon and |iganent |ineage. According to stil
further features in the described preferred
enbodi nents the adult stemcells are obtained froma




According to still further features in the described
- preferred enbodinments culturing is effected under
feeder-free culturing conditions. 20According to

still further features in the described preferred
enbodi ments the cul ture nedium further conprises
i norgani ¢ phosphate. According to still further

features in the described preferred enbodi ments the
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not™ 'expressi-ng CD45 an A- DR Accor d| ng to still
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a@glﬁncpngpma,ﬂmjh compriseh dexpmsthasone and ascorbic so as to allow
. differentiation -of the adult stem cells into the connective fissue progenitor cells,

Whercin the comnective tissue progenitor cells are capable of differentiating into at

least two cell lineages of a connective tissue; thereby generating the connective tissue

progenitor cells.



According to still further features in the described
preferred enbodi nents the connective tissue
progenitor cells are capable of differentiating into
cell's of a chondrogenic |ingage, an osteogenic
l'inenge, an adipocytic |ineage, a tendon and |igament
I i neage. According to still further features in
t he described preferred enbodi nents cells isol ated
fol b\@&&r&lﬁl%tbfﬁﬂthaﬂfez{t@%ﬁq pRieripasabgesenisn cul ture are
capable of differentiating into cells of a

desafted dsebgyenihe meﬂxeég’fexﬂmmomwg@ﬁﬁ@&ﬂgn@ég@mwve tissue
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progenitor cells are capable of formn ral i zed

daysriellowing intiebwiligring of %e adylt stern gelisri herd ‘Pi’r t he
descrl I RS i
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descri bed preferred enbodi nents the connective tissue -
progenitor cells are capable of form ng an
extracellular matrix (ECM. According to stil
further features in the described preferred
enbodi ments the connective tissue progenitor cells
are capabl-e of formng a tendon tissue. 6
According to still further features in the descrlbed
preferred enbodi nents the connective tissue
progenitor cells are capable of formng a |iganent
tissue. - According to still further features in
the described preferred enbodi nents the connective
ti ssue progenitor cells are capable of formng a
cartilage tissue. _ Accordi ng to yet another
aspect, there is provided a nmethod of generating a
tendon tissue, the nethod conprising culturing the
connective tissue progenitor cells of the isolated
cell preparation of cells as defined above in a

_ culture medi-um whi ch conprises ascorbic acid and/or

dexanet hason under culture conditions devoid of a
carrier, thereby generating a sheet-like tissue which
is rolled or folded to formthe tendon tissue.
According to yet another enbodi nent there is provided
a method of generating a tendon tissue, the nethod
conprising culturing the connective tissue progenitor
cells of the isolated cell preparation in a culture
medi um whi ch conpri ses ascorbic acid and/or
dexanet hason under culture conditions devoid of a
carrier, thereby generating the tendon tissue.
According to still another aspect, there is provided
a nethod of fonning an extracellular matrix (ECVM,
the method conprising culturing the connective tissue
progenitor cells of the isolated cell preparation of
cells as defined above in a cul ture nmedi um which
conpri ses ascorbic acid and dexanet hasone, thereby
formng the ECM According to still another
enbodi nent there is provided a nethod of form ng an
extracel hilar matrix (ECM, the nethod conpri sing
culturing the connective tissue progenitor cells of
the isolated cell preparation of cells in a culture
medi um whi ch conpri ses ascorbic acid, thereby form ng
the ECM According to still further fetes in the
descri bed preferred enbodi nents the cul ture medi um
further conprises dexanet hason. The present ,
di scl osure successfully addresses the shortconi ngs of
the presently, known configurations by providing
nmet hods of generating and using connective tissue
progenitor cells fromadult stemcells. Unless
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BRI EF DESCRI PTI ON OF THE DRAW NGS The

invention is herein described, by way of exanple

only, with reference to the acconpanyi ng draw ngs.
WReor/ogelci fic reference now to the draw ngs PGIIL2007/060047

detail, it is stressed that the particulars shown are

by way of exanple and for purposes of 5 illustrative
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10 over the surface of the culture plate (Figure 5b,
focused on the bottom surface of the plate). At |ater
devel opnental stages, the structure progressively
beconme wi der, |onger and well defined, with

't endon- I i ke norphol ogy, and el ongated fibroblast-Iike -
-cells growing in parallel (figures-5c-f). FIGs. 5g-m
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presence: o% sel f-produced matrix in CTP cul tures
1sglat¢épaﬂpx¢pmmlﬁ§P%'ﬁe¢l gure 8d - SEM anal ysi s of
f et d ec[l.%é/% Jﬁh%%ﬁ%ts @ ek sdribeg rpad feded ¢mbodiments the,
epi c

e I n-vitro chondrogeni.c ¢
ccﬂinéétﬁféelﬁﬁsu@tptdganm& tdils @’EPsaPaN?u pf diferentiatipg gipjos cells of &

derived CIPs (take fro e, a tendon and
chondrogenis g f gltun‘?éor 10-14 days

%Aﬁéggpﬁ glture spl i tt| ng and Were subj ected to
I'stol ogrcal and i mmunostajn an es. Fi .
Hi stm&m sl dwithea £ragRe DI tklﬁ 8%98{1@@%5 e ﬁ‘?‘ﬁé"e‘m%ﬁ‘s cells

e T

' caRoNd chskapehic kinepe) dmosmigeticdinenge, anadinagyto fipeaggea tpadon
peri phery of the sanple. Scale bar - 100 p.m Figure-
mgﬂﬁﬁﬂﬁﬂk -rius red staining detected col |l agenous
AL M@r fiftnbarie i thegsbibdianofup0embiiments the
FI G Is”a ot om crograph of _a one .nhon h o
uﬂﬂkﬁﬂﬂbn&amﬂxuymnmuaﬁﬂedﬁwwwﬂkagfﬁﬁqﬁqﬁgnB?
di fferentiati on was i nduced through peIIet cultures
(passage 9) in the presence of |ow serum TG~ P3
suppl enented nmedi um Note the presence of 20 matrix
prot eogl ycans (blue) in the pellet culture. Earlier
' peIIet cultures wer e not p03|t|vely stalned (data not




3016d, 16f), and the corresponding tissues w thout

~seeded cells (Figures 16a, 16c¢, 16e), denonstrating
t he bi oconpatibi-lity of the freeze dried engi neered
tissue. WD 2007/ 080591PCT/ LL2007/ 000047 FI Gs.
16g-h are hi stol ogi cal sections of the 293 human
enbryoni ¢ kidney cells seeded on the freeze-dried
engi neered tissue, derived fromfat-CIPs. Figure 16g
- low magnification (X 100); Figure 16h - high

epi t RepfinedaptLnat bl B BERTARRERCG bABodads the
BB tisse frbéenitdrcells aritapatigef ofmiSEMbUBplisEng hi gh
T ecsion i fatet Bobe e e Eh B FrbhB e
ofittive Hschb BoetingoBal 48 QARAL 0, OAMIRE SR cBracORlan atix

(eomi.neered tissue, derived fromfat-CTPs. Figures

18a,b - nmcros I ¢ appear an f t Lulag] #e
engi Agg}rglggf:q g@ﬁ@r&%g ‘ﬁ‘ﬁr’%ﬁ%@eg?ﬂl%glféé al nieﬁlgb%Pgnts the
i b Bt ARH Ane pRCabatié ofofniiap iaidodeissueed -
S. Note e absence of nuclei or other cellular
conponents and the presence of fibrous ECM Figure
18d - fibronectin imunobi stochem cal staining [using
the anti fibronectin antibody, Diagnostic Bi oSystens,
~Inc. (DES) Pleasanton, CA, USA, Cat. No. RP013] of
the acellul ari zed engi neered tissue; Figure 18e -
Type | collagen 15 i munof | uorescence anal ysis of the
acel lul ari zed engi neered tissue; Figure 18f - Type |
col I agen i munof | uorescence (using the anti collagen
type Il antibody, Chem con;, Cat. ‘No. MAB8887)
anal ysis of the acellul arized engi neered ti ssue.
FI Gs. 18g-i depict human keratinocyte cells (HACAT
cell line) seeded on the acellularized engineered
ti ssue derived fromfat-CTPs one hour (Figures 18g,
h) or 5 20 days (Figure 18i) follow ng seeding the
cells on the acellularized engineered tissue. Figure
18g - REM analysis of two cells using X 3000
magni fication (size bar = 10 pnm); Figure 18h - SEM
analysis of multiple cells using X 1000 nagnification
(size bar = 20 pm). Figure 18i - H&E staining of the
seeded cells on the acellularized engineered tissue
(rmagni fication X 100). Altogether, these results
denonstrate the 25 bioconpatibility of the
de-cel lul ari zed engi neered tissue. FIGs. 19a-f
depict transplantation of the acellularized tissue
(generated fromfetal derived CIPs) in vivo. Figures
19a-b - the acellularized freeze dried tissue is
inserted through an incision in the skin of an ICR
nouse. Figures 19c-d - macroscopi ¢ appearance of the
transpl anted tissue one week foll ow ng 30
transpl antation. Figures 19e-f - histol ogica
sections of the transplanted tissue one week
followi ng transplantation stained with H&E. WO
2007/ 080591PCT/ 1L2007/ 000047 13 DESCRI PTION OF THE
PREFERRED EMBODI MENTS The present invention is
of methods of generating connective tissue progenitor
cells (CTPs) fromadult stemcells and of using such
cells for cell based therapy and tissue engi neering.
Specifically, the present invention can be used to
repair and 5 regenerate damaged or di seased tissue by
adm nistering the CIPs of the present invention to a
subj ect in need thereof or by inplanting in the
subject a tissue graft generated in vitro by the CTPs
of the present invention. The principles and
operation of the nmethod of generating connective
-tissue progenitor cells according to the present




cul turing of bone-derived cells in a culture nmedi um
containing serumand fibroblast 14 growh factor
(FG--2) (Sottile, et al., 2002); culturing of
processed |ipoaspirate (PLA) cells in a culture
medi um (DVEM suppl enented with serum (Zuk, PA., et
al ., 2001); culturing adi pose derived stern ceIIs in
a medi um cont ai ni ng N—acet?l Lcystelne an

S IRO IR L W e

skel et fisSard & 1@@{1&@31 rmigatmsnttmtal ni ng
W%qhg%%ﬁ%%ogm\%}(ﬁ%%actor p?IJ:GF 2) and dexa th%?)%g?? th
(Nhsgédnﬁnggmﬂmnihﬁmﬁdtmkﬂﬁ1Dih@é§¥ﬂ ot gi§ the
cells isolated fromearl é%gﬁ@ge 1 -
' cquec@yegﬁsuglygqgeg{ﬂrtﬁgﬂlﬁq{%c g%?l ons exhl b| ed a
differentiation potential into various cell i neagngs
such, as th Held mmralnceﬂﬁmdfgadcrpmg@m on tissue,
cel IA‘fcorﬁjglg eﬂ“ﬁ)ﬁ %&tijfffgdﬁgntl ation potentigl eofsolated cell
msunﬂﬂ]od@okr@rzimg)nmlwa@&ﬂerf@@@ﬁ%‘@s ‘%’ﬁ?cﬁm%g Passage o e

pr(:éa}/agxon OF %e‘{YE‘ as cleﬁn@qagb\;e'lﬁ)ﬁl culﬁlﬁﬁﬁecmmh Whll:ﬁl DomEBescistarne gc1d and/or

t ht Sot »
- ddRarfethasert u railire cultxg'ggthupgssqﬂorqli ag’ 3 ﬁméeir . ereb"y Cﬁ%rQe?% gtg ?%cﬁ“ﬁ( tissue
w{uﬁ & rgl ed%pﬁld% lf&m%lé Ekioh fig¥ud. s their use for :

erapeutic and pharmaceutical applications.

I\/breover t he use of r gondi ti ons for
the Aesqelingieystarolst ﬁolélﬁ%é@;‘ugg %tp:rdg]gjg es (e.g

nigEbl o€ géﬁesﬁimg asemlon assm, the m&mdtqog@u@alg Phlﬁm tﬁ%%‘i& ive
of scaffold ri. e f
s oot 10t St i et %%zﬁ.ﬁﬁg%%%%szlg%% |
rﬁ% an&rl‘hQ 2B ald) oz %exénﬁ%@bﬁmdﬁr duhmenmdmohadevmd of a
overed that culturing of connective tissue N

cmnﬁgﬁlﬂ&byrge(l@@gtbﬂw@oﬁ@é‘%t ed fromadult tissue can
- be performed in a culture medi um which conprises

¢ g(rjt A c%dnﬁgetf) Ghisp aélgﬁzeﬂagmum a%%hedametﬁé&&frfahﬁng%' esétraceuum

] tured in such a culture nmedi um and
matgj(BeMit he st@rchp@\ cpmprising salgiring tecaspnprstivx Beprl argegnifor cells of the

isWlakd et Rp aﬁﬁ&rﬁtﬂ’qaﬁ aQ@Eﬂn@cij:ﬁ)oQé nta' d¥Rurt Bre@ium viHichl BABise? Bcorbic
passages) and maintain their. milti pot ent

agy af dppethatons frersbt Brtipathe E¥Mi s is in sharp contrast
10 o\l s R 5oL XARRARRON and ascorbi o

t0|n uce t termnal differentiation

m&hod BEfRmaRes &:@facsRildrandttik GECRD, the nmhmbqemrtsmg cultlmng
l'i neage (see for exanpl e,

the 0oBecibye tissg @rosemioretela of Sdgtkd cah piepatgfionpf el in o
cuffi8iodrng g coplPRBs aspbic 9{@,5@181@9%%&{%&@@1\4 P.A,

e In the anpl es section

whi mmmwtﬂmhﬂmgsmhaﬁe@nh&mﬁmg empogiments the

met hod, of _t he esent |nve tign are highly
Culrg PRGALR tf\“g’é g‘?—ﬂ‘ ﬁ}afﬂ?‘be expanded in culture
for @k k@s’ﬁﬁ&sc&@mﬁ&&ﬁ@g’eﬁy attichses rashotteinings@f the weepently,
foll ovm ng 20 gﬁassages their differentiation

knpwn enpufigirations ;»rcmdms@; ﬁ-“rfﬁfcg"ﬁn%‘lﬁg %‘QJ& rﬂ?‘%%ﬁssue
i Ex
pr%%;:nﬁgrdccﬁlsmﬁ%omha%?.gls%ﬁ&m er shown in the Exanples

ron the CTPs of the present
Utle ethcraize defiiedcalpbhmicad rd sdiénsifisierms i pdhempindays the same
ost eogeni c |inea

mesgg) @m@éﬁﬁﬁﬂ%@?%é’%ﬁ opdinary skill in fhe,art to which this

m&énﬁ@ﬁ‘ BElongAS Mﬂl@% hkthe@oend &atdrialsagailacbl sjuivalendo rhose
nd | i ganent neage (tendon cells, g:_Ia%a{ir)gnt cel |

S
desmﬁtecEmeﬁmrcm rbg |ig. the prasdige o gpStin fPrEgeat inenion,

s Bl <ol o el Bl A ELPPrRoplct, he paent

sp@oﬁdaheﬁ, inMRgiee &ﬁmﬂw@ wvill cauttegl] dnbéditiomtthe matpeialst methods,
CTPs of the present |nvent |[§‘g web abl e of
mmgsaeﬂbﬁs@wm gl ejmi’)‘%%@ ti ssue and

“a cartilage tissue in vivo. Thus, according to
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16 The adult stemcells of the present
i nvention can be isolated from various bi ol ogi cal
sairpl es which contain adult stemcells of a fetal or
woaogasesomat al tissue. Non-limting exanpl es @CT/AL2007/000047
bi ol ogi cal sanples containing adult stemcells of a
fetal tissue which can be used along wth the nethod
of this aspect of the present invention 5 include a
pl acent al tlssue whi ch can be obtained froma
: 5 R/ THE DRAWINGS g pregnancy or
oW n nanc ce to
Ry %acﬁws AR AL BT i o St e
the aw@cblﬁlbhn@ﬂig Bewpips. amﬁmpfemﬁmrd:ﬂrecn@m\m go meeigamngglm detail, it
(between the 9-14 eks of estat
is stesgeadclba terp SEO¥E it b7 S0k SR anfaB plfbdsd of
111us&Qﬁ’6eJE£bu§sn&h 510RB YicRErdll SHBImERTD e pfestitdnyintioe umla, and
O chorionic villus); ammiogyt ﬁg h can d
are pmmtadeu the aalsﬁmfde,rewﬂegu whais &ﬁhﬁﬁgd@ % HE‘%”J an
ad}(ig“ﬁ'd{g}ém%%t HEEROLAE oFOB hitndifles 2R UaRkp tﬁél gebiat O the

e al so pe ormed on ["at er gest atl onal week)
inveBtior. N8 thisngegard, hion attenapt| i madwgh: Westa@a@ﬂe@#tmkﬁ @f the

t he uterus; bl. ood sa
inveption g‘b F%Pg"c gﬁﬁaﬂ stﬁ'%n &t DE g‘?rn \SA%%nrdéJibnn anc y u&e 0 the
mveaﬁeﬂ ahd @RcHRR) thiedo With @ drmmgs? hfakn@ealppm‘bntge sltme slafiyd in

15 inserting a thin needle tgrou h %‘Ee ab pIren and
the ar s e SedeRIsoEs HBC IBTITLEEY BFRIDOdifth iR

me%) EaNGy gé:h can be obtained froma term nated
pregnancy or inmediately after birth by renoval of
t h&@l@smiaeg b BACS analyses ofoaslulti sigmmiogls & Psf(generated

sromp gt PERIrE AR kit M gt pRHEN VAR Suffady afbckers
chaldBEAGR FMSbE. sAaslpaein wfls ﬂmenr(éatsrmre Oulitwredint C TP medmm
for hetaer mk oSS RGS TRGbA, S0l b o

idAceh demﬂ e 1a), CD166
CD%@ﬁﬁianghn%ﬁhégﬁt%% bltrt h: for eskﬁvﬁgl < g:cxggience

| (Serﬁ)mceﬁbdﬂlghf N} U@waﬁag)NwM@m%@ bFigBe dPhed 44 6

Cat.frﬁgrlg{){)‘aa@t 319 FBlrd 11! 498 BortleB Eli! BHITHCH 1006F) (Figure 1)

any connective tissue (see f
CDJ?S( o B, €k NG, 348RGNKimuB; 1hzHLA-SBC (englence Cat. No.
ferentlatl 73; 2 474- 83
12’%9353( He (& vdHA‘tA‘ DRy gb(egc’ﬁg?%gcagolgyr ge neiyc”:t:l:egraI ¢ lg).

Noté b@@ gpoEﬁi% QRSB BB bichl IS hearfabd aﬁarmrestncxufdmgocmos
ti spine, rib or "other medullar aces; ai
(igars e e (g ). G504 ERignpr khaad i, Aaswe 1), and the
st_or. |ren
e e
celldginize was Bﬁl@tﬂa\d&utbeé&gie Additionalty, birvells mm@sxtwlmfthLA—

can_be obt ai ned uysi n 0 Q obtajn
ol Bogpelbt F ALY (ENG 1, 18 by boipdppativiicy
con‘sfgﬁ pr eferably isolated fromthe biol ogical
anp

e co tal ning thereof Methods of isolatipng adult
st efiGseldas: sare RARGR i anabises lopicting dtthE’FHEﬁ"élonf gf markers

R 8 o 1 MBS ) e

10 (@) GEldott sallaticancdlistdenivad m@ngemteab&:tom bywan figal bone
LK003200; V\brthl ngt op Bi.och 0 o
tsong) Ganes it R PTTBSUEE B A QNI AT e REs s 2 and 3,
reséécﬁgﬁ%o%@aﬁg‘% %@]ﬁ:fér&ﬁﬁteﬁqmws GidgRne 1) Bad Regative (neg.,

I denti fyi ng
lana Aylcantimt kAdyjt sienr eells §§@Yﬂdc@TR%W3fBI°§B'éFCE sn AP II%edeBll for 1 or
Dis. 2003 31(1): 18-27] and Collins, A T. et a
[Identification and isolation of hunan prostate
epithelial stemcells based on
al pha(2)beta(1l)-integrin expression. J Cell Sci.
2001; 114(Pt 21): 3865-72]. Briefly, in order
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3000 x g, nore preferably 200-1500 x g, nore
preferably at 500 x g, for periods of between 1
mnute to 1 hour, nore preferably 2 to 15 m nutes,
WOorRon#Eospsoef erably 5 25 m nutes, at tenperat.ur ECTIL2007/000647
between 4-50 C, preferably between 20-40 C, nore
preferably at 25 C. Thus, cells Still
alternatively, isolation gf adult stemcells from
ami ocytes can be performed by directly subjecting
10 plsagesnifelidvang |wihich RIPI waw remmed jahd T1P ipficEips were

ates th ells f
pe ﬁ’é’ﬂ‘?‘{ Biiag the oﬁg Rrg%ef%ﬁlé dt“ﬁ gra%!? F sﬂ? em ceﬁq]e §%§n which
follGwid. t qgﬁctestad glaﬂtd\;ib u‘rzegeo %ﬂgﬁgm as),z gg);f% gmgsual zl:anaol-
ascorpi c_aci
(Comewwfhb Hipige 26k O PPETHT GRREe g0 65%%%@%8? ifrg 29, ALP

t f L
(a seed?’n tﬁe agﬁgﬁé% poMRAt Rk 28f LeredCBllagen type

stémcells in a culture vessel

Figdre 24, CQi-X (@:ﬁlasercmpﬁ &; &Fipira i, COMR (Figus pi)apasiecasy (Figure

20 3854 Py 28, Sy RRBLY Y B RGP 20,

CoICXZ[l r(eanageﬁ thrbes XUE Fiueg en),mcomlmgumzmh Bighpoandfigure2q),

Ela:;ﬁﬂ ﬁlpr ol i fergtl on. i cuI t ’:Wﬁmﬁééicma tal IB n%léjlt fﬁuﬁ)}l

(Flggﬁ Sid.Y Mﬁﬂecthatc%mﬁm%efétmeﬁeaem@ iﬂaehﬁﬂ'@aieﬁfred EPs
esenht i nvention may be 1 x 105- 1 x 106 ce

expease higholewely roéfcereabmgmgﬁasztowhlhall (CHbS L cBignte A SO

(Flé}g%%’b ,y ?tﬁC%QS & 45%:5:9{?#3 Ct&ﬁle 0% ng) g%?dd Hhe§BiSrole in
ostdfoibyst ahd @h@tﬁlrody@&rrlﬁeaﬁnﬂlaﬂsnl Mist elotfaﬂ@éfm‘e Reolbgerc (Col-L,

(preferably, nder humi di.ty
Figiiee <6h C@e(#nog "é&l‘my aCere T Bf({ Wﬁ[elgl im g %F%a'd by
ostéol?oﬁasﬁebﬁ&qle@ﬁn {Finsre 28Pasd ostdopblitin (Figae ik, mﬂmb,natlpassage 1),
may be any culture medi um capabpl e of sugf%ﬂ in thet 1
twognmrhnmcqﬂngempémm X Frrelsds PRATIE Y Eeccptor

|
capaim %1%?% E%ﬁﬁ apgéySé% eQaWhY& RBHIaI nhih B Bitheostasis and

nmedi umcan be a
bonsafeemations eahdmbstiesspeoific ciikdline | plsphatase dfdiba iges 25 which

o BRHERG T 81 00 R W1k S G0 Bt g o
higB$askeY, GhdieSing garsmgémé potential. amhlhﬁemmeﬁs derasl'eld GTPs were

whi ch "are needed for mainta ol fer on
alswls_ﬂaw ferr cariflpgs mﬁﬂq %@16&3 | Eﬁ?‘gsstl&rﬁb‘&r% e @ Jati i fAPet (C54;
Fi%ﬁ%dbﬂ{rlhg;%ﬁg %‘ El trfxo lﬁﬁlﬁ)eﬁrbe cbﬂ%eﬁr(@'ﬁgﬁf’é 2, mamly at

ynt etICtISSUGC ture di um
passageh 1 g swhikip Ha-aMaEw- ﬁalbfw@;r@acollmmgpsm@@d t@dhe hypertmphw

| sr.ael 2 M
caSE et 35kt S, Bk e i proci
(COMEMERd2e OB gl ol dendkdésCTPeat pRissge Daerke) mpn—collagenous
| srael), supplenented with the necessar %ﬂ]t|v$ﬁ ¢
carfilage -matiK aprolglis c A1 B tiABr BILR FHE SXPropI éf g Igamen
spécﬁﬂ! gltk%fl:t Suchis!sudeAkid Q’ %ﬁ‘@ 2h1) lnﬁeh‘xﬁl? aﬁﬁ&ﬁsé@@ H)f) 4 ﬁalscnptlon
present | hAvention are tanti al pur e, th
ﬁmm$amwwmtmﬁamﬂmdmm@&%m@@%ﬂm&wm@&%@@%ﬂﬁ and other

o8 eR Ao PP YT ABpaP LB b oot
Fighié QB) bhingend Ia@c@{rygzagﬁe Dipy, diglyces gfigwe 2ghclastin (Flgure 2r),

capabl e o expan ing CTPs_and nmi ntaining,their

ﬁbmmﬁf@% @maps)eﬁnckteawm-ﬁi@wm tbé"eé‘bﬂ?tﬁ‘tt?dat ed t hat
t he pggl had, ﬁéplﬂ%ﬁgp?;§$g?t PJ‘ QelifSRath doRNEAtE GBsue of a
can use a vari et |so derivatives or

fetan ahggmeaa)vanﬂd}:omraaun dptatissee (Figums Bi-ok dFigreapa — CIPs from
activity (e.g., 30 expanding CIPs and nai nt ai ni ng
their differentiation state). Non-limting exanples
of cortisol derivatives or anal ogues which can be
used according to this aspect of the present include
hydrocortisone, cortisone acetate, prednisone,
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The ascorbic acid which is included in the culture
medi um of the nmethod of this aspect of the present
i nvention can be obtained fromSigma (St Louis, MO
woLBNosexad i s provided at a concentration of CTIRAST/000047
20 ug/m, nore preferably, at least 30 pg/m,
preferably, at a concentration which is selected from
the range of 20-500 20 ug/gm, nore preferably, at a
concentration which is selected fromthe range of
pas@fe 10 Figuyt b, ~GEPe fonepassadsl §; Figurea3e onEdRs HEanp gassage 3

whi is selected fromthe .
s LS 5 L5, P ) QAo i
modefoREs @l Malderival STRGF thx peséntimtcationeFigosta -0f wekks post
Exanpl es sectjon which foll ows, the present ipyant
surseaod IR Rt ER g T AITORELR BRIV Frete ghieR iy gbatue
ﬁssﬁ@e@.h‘_d%i QerfbtlsBlfing R ifEiM A 0R of BbAY 1ifsaé &t viwe following 3 weeks
muttipotent CIPs.” As is shown in Figures 8a-d and is

or Sdnewths bitdnsplaptationl e 3 of the Exanpl es section which
fol. he, GTP ) : wht ¢
OLiBUS so £, STSmARIRHAL SoRind BforiBichach-Alod Riaton by

as resen ion are capabl e of
fat §BuoUagved CEPa bisagt mitigh-densiy efoaflagnty CTP guigirdepromete the

i ncrease the deposition.of mneralized ik .

fo %F?? RV & i‘gldﬁoﬁtfﬂf 7 Wﬁﬁ% ?h seugg;aéﬁ%g i Hrowing

ove 88 dublde of e Rltldciife MEdhte Y, Bsdubel on thelbodem surface of the
I norgani ¢ phosphate such as beta- glycerq Qg hat e

platehi 8 leien dpeclelnentpletageso MOSFEHIITE SPLOEETHH cong yider,
long{cge h%él?&éﬁﬁédpgfg@{gxtﬂioﬁuln&%&gﬁ&o P dldee1Giital fﬁtriﬁ)é‘oblast-like

rumi1s provi a concentration in 2
cells grgengin parfllel (OH@end-Hpr ef erably, at a concentration

f 1-50_nmM f er ahl '
of Higa: vt are proEp RS Sk pPhiafe SR G Rk il fn by
fetRAASRTSH QUPE, pakbige MOt IA0Tigte thi-Snaspedhionscanbe aplpseof the

i nvention further conprises_ serum.or serum, .
spontappelsbh BRC Eengon LA ARy PS R UBE LAY, (chemipon. Cat.

zﬁip[% I RGh s O HESOEBHIB MW Bf 8%p6RaTRMs!P Fern@idtendon
No; |c:%¥€%P%%§%f%he seruﬁ1i%‘alculturg medi um)_.. Such

tisseer Bigneas biej deSEWbandlyssm of thenenontaneeusty (orapdnteadon, fisue
. i SR g ' : _
im0 L AL AP SR SO W SESL
TEFQhk&ﬁﬁuﬁum?%?ﬁtgmﬁmﬁh&ﬂﬁafkﬂﬂ?g?%@ﬂtégf H&Q, I
nvitrogen an ISl and, " . or .0l 0 .
| nabis P arephriomiEaRos fsPiSraaerooian Ao flaye-dsrived

| CT%? Eﬂéigﬁl{e%%:) BF IR MericaNCPBs @it BE¥linkd &fpocytes. Figure 6a— light

nvitrogen Corporation (Gand |Island, NY USA).

 miGFhsoperafnfabderseduGTPe whiche disferentigies iplp adieocprosnBg Ry 60 —

.this. aspect 0 e, presente ' ' i
e R A T
adipod@és0 35 % nore preferably, 10 %to 30 % nore

f bl 10 % t0.20 15% .0., 15% . Y e
Py cFEradr e ahotamisaeansop fifigenTsrreens, aavsi; depigting

thaP rﬂ%s Gl LIUP B%isoﬂ?eri\/%d i fmciethe t %BRAtidd efom fetal tissue)
culturing conditions, L e., under condjtions which
expess alealimedhosphatiserbh L omsingnthn ani H1FeangibodpReeR) Systems Inc,

.pat hogen rek r.gul . :
MR S TN Sttt KRB EieE R ad DOGRARIR (using the
antPrRESBAIcinnMeHodeN RIBD,pCaf eta VA Bididn (Beusefh)m dluclei were

serum repl acenent, and cul ture medi um additives
coyrdergtainedvathyP ARE Kblpge Se2ls bassy G WBs . vitami ns or

hor nones such as dexanet hasone and ascorbic acid) are

preferably synthetic or reconbi nantly expressed

hi ghly pure additives. It will be appreciated

that the CTPs of the present invention can grow in

t he above-described culture nediumby either directly

attaching to the wall of the culture 25 vessel (e.g.

the bottomof a culture flask) or by attaching to

feeder cells which are attached to the wall of the
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25 preferably, after no nore than 8 days in culture,

nore preferably, after no nore than 7 days in

culture, nore preferably after about 4-6 days in
wocwase®1 Passagi ng according to this aspect POI/ILING7/000047

present invention can be performed by dissociating

cells fromthe wall of the culture vessel using e.g.,

type IV coll agenase (at altoncentration of 0.1 %for

B e
deri%8d lcTPan CFi%n%iSTati ﬂﬁcrbmﬁi_ée&ibﬁ dfOCBP 2ultiRt €h&icpddddy/ frb@ ftal

_ tissue culfure vessels (i.e., a splitting ratio of |
tissye) Alpmiopstenting enkanced mingrlizationpaligitd nassagesd digpe gbopilizarin

e by Pt e o

. minerabiaticab Figurd 8- beninesdiniog enlysis mhfbdgpebcallagen(Ghemacon,

passagi e 3-6 da referabl y,. culture . . .
Catp NS MR FDC IR0t Biosbiasiree o $Lerratierd s ja TP
culitresf @mafiad fieas sagl Migae Gdr di SV andijses WEtfbal defivddn CTPs
aspect of_the present invention is performed for at

- demopgtsatineoninesaEigatioRor e preferably, at |east 25 tines,

MorgGar 616 lehtdhe #-vi92BbndBe RS 8RLESwialbl biShe CTPs. Adult

splitting the cells using a splitting ratio of 1:3, .
stemyoelds ferbfed (CGRsy(takan Siolni any pagsagst 9fd -&F passageghwere cultured in

litting rati f 1:4). . Crj it
CTB Db ol R P Pl SR SRR ', Bere SATBAGE 1o
h;sﬂlonfgﬁm %mimmnﬁommhglawlyms sﬁggxé %/er%sitelogagds‘amfnaﬁbn of
. east passages. _ ) ef er.a , passagi hg .
mtaatc%?oqui}areﬁ SERE L EAmE Bl tigsue) aéb%lw%f erbya %gwgﬁlﬁm-
Thel B&EMSR g MR oivih S bIRE LRAGHRYRLIRERS EBeIRAGH Younae, at the
feeder-fréee conditions. In addition, the

peripberiyoef the saipls. aSqabcbarof 180hpmp Fégwe Obi-rRietetsidws red staining
referably conprises a..st of, isolating.the CTPs
deifliel L GetnlmS PR et BB Blls: RS a0 b ot i
| sofrat 1109 ahghothibRetl dTQ & ehBich@peldtsetticiBstibdd Rith

in culture, e.g., prior to the first culture
TolgidinedjpergDireeird diffeanentiohen was induged fupughpsietayitags Rassage
follown 15 | N0:
o) in s S B ond R OB Hisbh e BB NS il of
matiRNBoasde] yehnsC (blyk) dv ahié pelidtecubimss agarlih pEllRsculhmes were not
enabl es passage of the nedium_and/or by
postigby staiperhidatsrnod shavgy. Sedle bay 40Q imysi ng a coni cal
tu e I.f [ t : :
reth o 4B eBpR nch b TMmtiod RURRAR, Yandplfitasion of
the ffatrdenioed 2T Ps @fiphid mresene kyamibim gFighe I0EPs mAgosmpd view of a

HOPRATIBEFD TR B IRAEPULeS SER d5rgb AT RS PHsfrom.
ansgyfgagtehﬁ £20 pashitd. ReStk @k Wsiblostiofia Bl angs %J_irugkéd with an
| S

ferentiation capacity. Preferably,

. anrgyenBigared lah ghowen | 12t sgelsc Edlagving tragspimaatien: fhguss 11b is a

. < X - . 1l Yo i 4
malyARpREDEH, o el BECRUOUEIRILER (B6 UL dn Higure 4
follRwireremordl @R eNbhieltht eshnd shapep{chmgcikiisties Of @ . nontchrcerous
hour s._bet ween passages in,which the cell n er was
mapy; BEICRHRGH SHDRoFRTRL T A3 Sues 10 JA8R 1o
derRdnstkA QA Yl OB Secdilifié NEnRASRAGL hel AP SAHRIRIE Uerived CTPs
shown) .” Preferably, expanding of the connective o
(gensrated effpmofye riissus) “ie diipepmpatiblee vealll intessatad dvithin Wbe Eepipient
[ . ' - (e d. xanmet hasone) and ascorbic
Inog%ggﬂfgﬁg %éﬁﬁ%ﬁ?@ﬁ&é'* ﬁgg Oat |least 3.5 x 109
connective tissue progenitor cells are obtained from
a single cell of the adult stemcells follow ng about
20 passages. As is shown in Figures la-g and is
described in Exanple 2 of the Exanpl es section which
foll ows, FACS anal ysis revealed that the CTPs
i sol at ed accorQing to WO
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cells - derived CIPs. Preferably, the connective

tissue progenitor cells of the isolated cell

preparation are capable of being naintained in a
wops@lishssnat i ve, non terminally differentiat edCIVBLWT/000047
- for at least 20 passages in culture. The phrase "non

termnally differentiated state" as used herein

refers to cells 20 which g e capabl e of

differentiating to at least two cell |ineages of the

COMNBCtiued tisdmeseveh okl twiuagfamedabdlogass jsybeutancous

| t : npl [ h i ' . .
g 9108 FH NS ST SIS PR Bl B HighRE 4
and M. ol 12005 fréiskctbhefnealdemintealized disGERinfonstmting the

vari ous passages_(

.9, f s 1-25) _
 formdioh a Suigbreb 6D ricale ok Lo REELE AT QAR sotion
N oCartilage , L t 25

* stingg V0 Bt B el Kl GNREIGE TS 1 OECET hod

i N FIGe. Bedrptiematiedly depisthibe strhisky efigepaitiag cgtital yxaddles-
in,vitro in the presence qf_.inokgani e, .
tendag s Pu BN & (30pT GE TOTBel FOPHES Takd andey SLPs of
the ?&@é}ﬁ i SfidR) TapMtaizal NEighaddiiyhBROs defval dEpasiiuss are

he maj or conponent of bone mnerals. In_addition,

growhevith nolfodeprtsplitingrfer dnt Maeks thfemy ekl Hrgb i guiture
platél.gmlglgrle(%' -Qg()ﬁ&es%éeféf'%%?stﬁfséﬂ ere fOREOGhe RS tard Qently -

|'s- derive ornmed a fibrous ECM .
rembFédiiomplAes UsingExeeiipceperiandf rotl b tofopmpounsicd exlinders. Figure

o et FOUA AT SRR

e present 1 nven

| FigtbaEld CeCodsRBctd '8 incitwentised fhavensplmmtivnedr kbt inside

cusiganameds raploioede: e s Slsps Fara PP edafpin sgar plates.
leg&.ﬁ‘{icg,géé L] Lﬁﬁdﬁg %@gjy@& Sieie DecHiInG MBiEhohl i@ MudB eni€d BScut to

5" presen ention is a bone tissue (e.qg.,
form s eritiealt gaps Fedure d3e onfbe tipndont grafeonslaugis arq gyaged to the

' y ctive ti . { L Lkl tri ECM ,
profigiign ikt S bR RS eRy ol L age '

ti SElGR. 14a-b depi@rthexepyit @f 4 eriticalnAehilemiendors syjuty #heivo

i sol ated cell, preparat.ion . of the CIPs of the.presgnt
Follp Wt FPRSRIZRIAEO8 AL 1 <GEOR rMECT i JARRSl, PP fion 0 adalt stem
ells: 1868 Pobi fotal Gisfie) IFROL 1480 g Hcfoscopic view of
°eﬂg%§g%a§2§é(@.%’é‘?, a- VMEM supgl_ e?nsnt ed with 15 % serum ,
a nbO4rakkplentedraniveal owbich 5gast puieatech & 6Filsa Ashillessisadongmiury

nM f1 - ey pho e) ;
(oxbiep .ty AP FRIBY® g e the bBuREEARELle to cyiont s uldle,
restilife & 8 tatfmdl RRtepslbi uf & lvsbal 9Mddgreea {peltovubindspr Figure 14b

mul tilayers) far. a period of, at .| eas days., bef ore ..
- arﬁl%@ﬂ%o%@a‘fl‘i)“ﬁ of dpfplayiaro Temaed pdon %fahe%ﬁﬁfﬂﬂ?és“s friptiration
mt(g% ﬁtﬁ;??egfé | L ¥aE18PR 'cﬂﬁ%lg‘iﬂj%féd Acuskaysdohd W t hout

assagi ng. presence of bone tissue can_be
det BiGH. Agaf Hep1evmadsessenicvia Gagured 54) andrfiEcmalypes (Figures

et Bids. Asul piemads _
1Dt e R s B B B BBV 8 i gy

f or E@m qaﬁgem SEMS%ﬁdglyﬁs ofuiih (ylgl inonan Gibgonig Kidsy orells)
a al FAL)., X9, type | ¢ol n . .
soeded Gtibe (s (i SRORISHT ﬁﬁ%‘&?ﬁ}‘fﬂﬁ?@“ﬁ&%ﬁ@ﬁ% (Figures 16,
16%3%@?&8& thb c%BIﬁlﬁg@jggqgs@s kaitHone sebas et (BRares| 162 2bc, 16¢),

Ion, the rastructural and chem cal data of
derthomsirating thedicampstbitict efithe feezeuticd gnginssred ismp] e,

ener gy di spersive spectroscopy (EDS), scanning
el ectron m croscopy (SEM and/or confocal Raman
spectroscopy (CRS) anal yses essentially as descri bed
el sewhere [ Ubel aker DH, et al., J Forensic Sci. 2002
Sep; 47(5) : 940- 3; van Apel doorn AA et al., J R Soc
Interface. 2005 Mar 22;2(2):39-45]. 25For the
formati on of connective tissue, the isolated cel
preparation of the CITPs of the present invention are
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20 such as scleraxis and type | Coll agen. For

the formation of a cartilage tissue, two nmain nethods

can be enployed: the "intact |ayer" nethod (renoval
woabozusbseeonf | uent CTP cul tures wi t hout precoldcager@zencos7

treatnment and culturing the intact layer in a CTP

medi um essentially as described in the Exanples

section) and the "pellet gulture"” nethod (spherical

pellets 25 which are cultured in nedi um suppl emrent ed

Wi tHHGS E16¢R ard distolegitd sevtiops abthe 283 hedap hobploatcdidaey cells

TGE-433; essentjally as, described.i.n t .
scodsnn ) oorRran CAmeRh b SRS P SR e 168 -
%5%9 . Qe t hn= hage ehagrificais {Xr400nr Késts th
1owsuc ggglgﬁg(ggrmg?}taﬁggul fate proteoglycan Sig%%( _’e
preseyproofithe 89 bgrithelial velcand e S B-GRVELHEM Gnrked pydrrows).
Pr QiR 11 imaBP47 HAICUdpREe el BfboIRARLPSE §05dlons3
whi'ch” fol Tows, e present inventors have devised a
huriaangntirgoniy kivngh caleneided ouhe freeretdsichengineerpd fisggeshown 1n

. forpptjon of .a tendon tiss Thus, the CTPs of the
Flg‘ﬁfF%?&ﬁ Rfﬂ‘g‘?m%%ﬂc’ﬁ%‘”}% n@ﬁmuﬁcrﬂédd invitro at a cell .
densicsy 1330 RBRY hOSRERHRC Bl indedd /86 Aeriddd dfond f410CKPs.
. 106 cells/cn2 in the presence qof a ?ultu%f nediuq% .
Figeignt Wab ngn@p@ﬁ@p%@pgq@wcg nHn s FRpgecte (fissue.
Fig%l SCQ%&E%% '&f' a?égi;ﬂﬂ%&ég cDbiHSHA NOLBFHANEx derived CTPs.

, ures were ong periods of up to 4 nonths
Noterthe absenceof micldi on ottfen celhdar eqmpapentsgnd fke prgseie @h fipypus

' _f and is.descri i ‘ .
el 558, 50 B T B Ao e e
fibrf)ﬁfdl‘ﬁiﬁcbtn:ziﬁ?d@, Ulﬁgﬂoﬁi‘c{ Bﬁﬁ@rfmﬁgallmbz@w&%mhﬁph,; ftamh Yiéd Cat.

cells alt expres e. CcOJ l.agen_an > |
NonBPPIIL vhiheet Pzt SRR Fote B o s Sgllegen
méﬁ%ﬁoﬁ%&@ CRFLIS Alf ﬁ&%@ﬂﬂbﬁﬁed}/\&igﬁbeﬁddeﬁs‘duaﬁ Fipiird 08F —

t he native tendOn tissues (Exa

: e 6). .
Tykh s collepeo ridinmpoflyorpeaerien Gesies r{gﬂs geE i coflpgsm byng Hsaibody.

i nvent t her g ol QY. i ng
b
ef f B3 d8Hy depibithumiandketdimoGiPsely (HAGADreel dine) seeded on the

i.nventjon.in a culture medu L.eh C [
el S e B T T A R 5B 2001
daysQRiitd 989 fORKAhE seddidy BRI dellSon thd asthariged engihéangl tissue.
the tendon tissue. The term"carrier"” refers to any _
Figytsal S+ SEM eadysipef fwecelly using r$ 200ihmagniiieation fsige bér =10
at t h of :ice 7 " s .
T

barCON fun® gl K81 SRR taldiey of Hacksead celfs dheheCGicHularized
directly to the culture vessel wall and not

to a
engineersibfissie (yaenifiowioar Ko\ 00).. Altqeethes eregRapsy wpioprzy the
. 1o all .kno t . gﬁg&; | g, endon tissues in
b"@??i%ﬁbdﬁk%ﬁ%mggggggggg&%n eggﬁwgg%élls-qf-interest
(e. GlGs. roa-fgkepiet iramdplanttivdi dfi thel acdlulaized tissycs generated from
scaffold .20 or a p mer itable f.or tissue .y .
fegl st G ED) 1 vivo PR i e Secierie s e dapoe i
insbR6d 9BREpR AN tholdih GENEeNsKih TFUS TORPIicEes aBigarddi c-d —~
acid (e.g., between 1-500 J%g m preferably,Tgpoga )
maSmseam¢ nippearmncelexedr ribe hamasmarted g tissuset Gienwetk sioflowing
ref er apl 4t - T, WintcdGis
m’géé% |°ﬁlg aflg&ieﬁ gg‘?rgt hiél too gl%er? gétgoél?%l'gfx%e % on ti SSSS]l]:Ieeone
wesk fAbviihg Gamppetitionbiaided witleH&Rt i nvention is
ef fected w thout cell passaging for culturing periods
whi ch vary between a few weeks to several nonths
(e.g., between 4 weeks to 6 nonths). Preferably, the
culture nediumis occasionally replaced, e.g., every
2-7 days (e.g., every 4 days). It wll be appreciated
that the process of tendon tissue formation begins as
a single cell attaching to the culture plate side
wal I, formng 30 fibrous matrix with a tendon-Iike
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For exanple, as is shown in Figures 14a-b and is

described in Exanple 9 of the Exanpl es section which

foll ows, the present inventors were capabl e of 7
wonregraiseiong a 25 critical Achilles-tendon inj CI/ILENO7/000047

m ce. Thus, the inplanted tendon grafts were

renodel ed and exhi bited excel |l ent bi omechani ca

properties. Mreover, thegnplanted tendon grafts

were functional in vivo as evidenced by the increased

QES@EE§IQ%EQE§Eﬂiﬁgﬂﬁﬁﬁﬂﬂﬁgﬂﬂﬂéﬂﬁhﬂﬂﬁﬂétion of a tendon
graft instead of the.in ure Achi es t |
? ureaorBtipeegnn ot BROEFIE (eROlshbe SR e ieart Mbockior
celtt RETPS)SRER addiP VieAt <5a11§ ah@ WL udng o @ils tihratelittaeed therapy and

connective tissue enitor cgells obtained accordi.n
tissue engiveatvich o 8pesifie %ﬁsﬁéiﬂcﬂ t JRVanHRn GAR é)@nvse? 9 FP3h %“d

L

invéntaptbe fibjdet itheeddxtmpbior b dwplnting i fefwbiesing s emaft
the adult tissuesderi,ved he present
g“@ﬁ@%HPWHﬁjgkéﬁ%ﬁ#%féﬂ? E§EF F%%? t he ki dney
cappid BriffipleChbi b@bx@ﬁoxmoﬁ ﬁaeardeﬁxbdl dfzetenmting copmotiver tissue

formati on of | oose connective tjssue bserve I n,
progemtor icgHs apeording dp ithe ATeSFR BRETANCB Igayopa%ﬁge indewith

refeé%ﬁg%‘t&ﬁae S&%gé%d X}ﬁﬁ{g&é’i@nﬁtﬂiﬁht tissue- derlved

wer e utaneous y transplanted into cdl npude

m cRefosrtxpliining etlehws nae ambodiment ofibeinvratiandg dgaelt is to be
nde PR e A RTE! Bobh ARES i L g Eadon SRy Wit efort in

the [foIbWOmMe Rﬁ@@ﬁ)ﬁbﬁmﬁ ckexﬁpltfﬁad(tﬁl tharExagiplesFUtetivention is capable
hi st ol ogi c yses of.the ect.opic.tissues

of Qe RTRBR 11 G AR TREESFS FEGPHGRRSLED VPR G pg: Also, it

to B AnMorst8d (Y RS E% SgyCaid tehaiRldgh Gdmpsibanlierein is for the

- tissues. accordln%1to yet anot her aspect
pmpﬁsetdfeiemrmemaﬁd ﬁhﬁé‘#ﬁﬂﬁﬁew@ a§ lig@ieg-ded a net hod

Th ebﬁ%%ﬁyg ttsgﬁg%];@ %E]gg %]QIF ab g, %ﬁﬁﬁ@fﬂiﬂaﬁﬁa&é Hia Bifers

1S e antln Subj ect In
new @pgortlietieffor elidits applmaacms veeatings s @@1 gorogpditing pnd replacing

cells of the e t n n;. ther
dampaged; o 19k s E‘%ﬁ ‘é’g‘g 8 éﬂtsﬁ‘gb hfgﬁeelg%r as e\ﬂt E%Pmameﬁ of
r p%ﬁ'{n%r Sarh&eH 06 MURBrdReddi SiihBeiet Histed dubldldsgbmfeg anitifnye and
suc

as a plant or an ani nal prefer bl nnaé
tengest el he e ofumiperalisplegmafts and art Bt 5 SB‘PFF%%S owever,
whils L?ljleetfsg o @elp grr%g% ﬁﬂﬁﬁﬁﬁi‘ %ﬁﬁg&ﬁﬁﬂ/ DR BT @h&eﬁ@ gifts are

prée eing at any age who iS in
ostﬁ@&ﬂdﬁcﬁﬁvalyanfanmc td thelr bidegieal sowitergarts, and eouwld fael.

const r uc regeneration or re
For it €6l bEEH théraeh FHE D98 ol ing FRUPRERE fhermos of
1so‘fﬁt§1§aa§ﬁ%x SRBeNaEAt @ Grogenittl &llsOrhitl cegive rss tl‘,GaIDnnllmlted
may be mssing a particular tjssue. Prefera %
ampohat efenneestivg Bsue seil Engagee prpghls ob @WWW‘W\W@ i vitro

_amﬂug % g0 the nmethod of this aspect of the present

thon I ncl ude bone tissue, cartilage tissue and
| oo3&rivon simdick wlemhped e 1deizﬁf3npldamng regnditiensCirichcan top aised

subj ect. can _.be.perfornmed us nethod
to GFREr ARSI TSR PHEBTL SU° L T BRET g ENar pp(pasion
in Whiklbe %n@ Xﬁlril&g@xlﬂﬁﬁ ditRrerfiatifiehen@dl t6 aelhibahd beneetivestissue
are preferably adm ni stered near or at the
hnsageer SFhesninshgdes for @Xgnz)leb@ﬂ’éumgalfthop‘ag@ﬂo@bﬁlﬁﬁ%@@ MRCs in 2
Lissue). W thi eg t 0 h
oot Sglorbfied MRt (e o € PhSRR, REECH, HTa099)
curt&@@g of b@reede‘rfvad tceliein glicsleas estdum dantaiping Soum and Tibroblast
carti |l age, bone or connective tissue. It will be
appreciated that in sone cases alternative sites nay
be used. In addition, it will be appreciated that the
cells can be adm nistered as an isol ated cel
preparation (cell therapy) or can be first seeded on
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15 recipient immune system or encapsul ating the

non- aut ol ogous cells or tissues in immnoisolating,

sem per neabl e nenbranes before transpl antati on.
WOBReAs8M at | on techni ques are general |y cl asddVigen0ag60047

m croencapsul ati on, involving small spherical

vehi cl es and macroencapsul ation, involving |arger

flat-sheet and hol | owfi bgy nenbranes (U udag, H et

al . Technol ogy of manmalian cell 20 encapsul ation.
groath/faBon(FERD) (Satde, et200102) 2ultedngsofiprocessed lippesphiaigsPLA)

oot 880 ¥l (HAERH. EbpRREREINR, SHbl . AT L.

20(¢?L‘,I tulRifiga Rakiboat | denived tskenfloglinai @ medium containing N-acetyl-L-
al phaphenoxyci nnanyl | depe-acet.yl.ated ..
cysktey @R FPORIAERo (C. BYSEBEY 31208 Henemssofl Sy dat. Appl. No.

20056960938). Gha Rl M ATk IBIR) BRsHe SellPOcaduFEmediam containing
n1cro¢ncaﬁsulat|on of enZénes, 25 cells and

fibrgblasit yiaetan)i(REEr2adandi Eeeeicthasems ilastpgiacomo, M, et al,

2oL bR B A B e 2

such odultuging yécnditives adxhiitsitedy a ndi€ierentiatidni getentiad eint epriops cell

. Mcroencapsul . 2000, 17: 245- .51. Foy. _exanpl e,

ling3gey, gkt Ites OEREHi% p%{PB%Os?f“% | lipqisiCoselt ingpees, the

difeRInAURN pSLni] tdF sich REHP BloviTBiterSh8bdge®buch as passage 20 was
2- hydr ox ethy['nethylacrylatei&HENA), met hacrylic, .

nevge sfmwuwoﬁ) addifipnpysem§ PulisiELonditigns(cauingse tush byiSqgile, ot

o g2 RO PATNELE Pl A AR B gl

whichringiod theie use WOURDPELHS AEDIHPETAGUELC) 2ppibetamk. Jdoreover, the
shells in arder t.o inpart a negative char

sl YRR HAnE GoMPRI s CARRCRYS BV PAREar rbp L.

mafedigsue Sudd ad tealion Mitit) il 1By ebefcarblscatialdsitlcasiet or for cell
cel | encapsul atj on Bioggterials. 2002 23: 849-56).

basefl herapyvasmsEeipemoBstalp® based on al gi nate, a marine
pol ol i ’ Bl ichl @iventofs h
dia%Q?%§E?%%§$#§§?ER%Fg%??égl%ﬂ@%hnof. or 20%3, e

undver§d 3b8) cuwiuring of dwnpecdive \tissue Progenitea(plT8) cells isolated from

] crocapsyl es gan be pr e N - PO .
cafl, R TR0 Bt PSR (helst SRR AR bt e,
de@ﬁf&tt&@&ieg g ekddiblosRid iidthat ecllsi dtﬂluf]elidein potly eatitor medium
ancg%() v Fr:gegeépﬁggq:sgwo i U%qr%l %,qg{gét}tgﬁ %E)}gz'?ro { c%:x‘%%@leg pgrtgoeds of time
(e £PBf Fe%.i;taﬁ(? gags?gég) 684 lmBRSHPEEahiBBoteft diMRFAHStbn PG Batial.

mal [ er capsulés

are used. Thus, the qunlity control, |
Thives frastiacm borgtagbiol athsr, shaligst wkich tsgsr dspamethason and @searbic acid
.. vitro activitje f. en | af. ekl s, | -
in ol oot o€ e inT SARBUNSE it b ERGY AR e
osté@%ﬁh ﬁﬂhhﬁage (set fal exambl 159 Il\g;s'trﬁgaﬁﬁhds, MD e’aflﬂs aﬂgfj;i Pﬁﬁenger, M.F
t.hrough size control . i omat er : ;
ot 3 15988 0Bt ety 0P 1 it ARl oo aROKPE RS i o i,
aLwﬁk¢lcontrolled pore size as small as 7 nit, tailored
surface chemistries and preci se microarchitectures

wer ésfis ishdwinoins thecBsashpipd yedtionuwiick dollewse the (¢13°s generated

envi ronpents, for.cells (WIIi. . e el Si:
ac Rk £ 1 o B8 predels Map B Rty Bieiteliye esflg sod oan
beieRpdnaed Gabultey feres leavbl Pevhee witle hitohtaini} BvenlPilowing 20
6-9; Desai, T.A _Mcrofabricatign technalo for
pagsagrsr thetr differeptiatinn eateniiel in ary ghthemepasciiveyissyegel type. In
m&B&% a%qg farfhrer Sﬁ%%léﬁl) the Bxamplet R€ctlof AALIEHIBNs! the CTPs of the
preparation o s of the present invention may al so
présextninpeartionofvere pirableact diffecertiatiogninsi the msteogenic linpgge, the
used herein a "pharmaceutical conposition” refers to
a preparation of one or nore of the active
i ngredi ents described herein with other chem ca
conmponents 25 such as physiologically suitable
carriers and excipients. The purpose of a
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Techni ques for formulation and adm nistration of

drugs may be found in 10 "Rem ngton's Pharmnaceuti cal

Sci ences, " Mack Publishing Co., Easton, PA, |atest
woedi7tosena] whi ch i s incorporated herein by refP€Tanze7/000047

Thus, the teachings of the present invention can be

used for various therapeutic applications such as

tendon and |iganent repains bone regeneration,

cartil age regeneration, tissue augnentation, tissue
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gereRfting thekovhddtios tisardirtgeniterketls. condi tioned with
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as purified ECM conponents 30 for tigsue .
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15 tissue including bone, nmuscle, cartilage and | oose

connective tissue, fromterm nati on of pregnancies

from9-16 weeks of gestation. In addition, adult stem
wocsivasexeri ved CTPs were generated from adul tPQI/IEZG&000047

including foreskin (froma neonatal individual) and

fat tissue (from 20-60 year old individuals) obtained

via |iposuction. Briefly, jgdi pose tissue was washed

with PBS solution and then subjected to 0.1-0.2 %

t ypEhd hdiOstem! ¢Eﬂﬂg arfabe msgetsmveﬁlor:lofranlbwsnb@ﬁds {romhgarious

vioBegh st it coni e i bR GF RAERY moltH e

No#$ibfi@ngd Le;aeﬁﬁples aﬁbmcg'mﬂa sahiples eomwimingostuiiniterat dofig of a fetal
tissp PGS 4 WP B IR O Pt P GresBset A B9 pgesent invertion
mcfu‘aé &5 KiaRerdti1SE4dRe WRSc\RaR S ¥bthiDedBRns @l %ﬂhbéiﬂalaﬁé pdyhef an
tissue was cut into 2-4 mm pi eces, and then subjected
ongomg:mgm o tfolhawing pRepngesyl Tﬁ’g@ﬂé@f&l @rigastgon Sylailge with a
r
A T C I L S e
preEi®cs Chative@nthaddl4 eelts dsgmetatms) @Lmsamng)abaﬂletmthmugh the

pi eces, nd t ubje d to.O.
cerll| I 448 %M&g@éﬁ?f&ﬁn m&?@}%agfma SW@%Y%?P? pepgpia Ge.
chdrRbic Rlidd); £lRseytb®hichicah bt bbGHRd Wasarsibednbdsis oo oiibing
pi eces, and then directly seedegd on tissue culture

PTGEH%EES“S@N&N ibpvesaUbedlan £ teTR0ewseknet sestehiane fBnbe also
m e gr%g%ﬁéltz %c*t%&ﬁgﬂg B%H 1\;\%111&8{1[1%5 ihy nt C{_Hgéﬁr%étlﬁ% %H&men
int® lm&phsemp ted Mmch sdfipleivivhich @g:h ;bce]’omqamabplhatoedocentesw of an

i.nor gani ¢ hat and, |
é%a ba ey L b s hion Sk Sl viRg 16 PG wask of geraion) by
ins ra&hh@ﬁﬂi@ﬁlu%ﬁ@ﬁﬂ[@abdoﬁﬁn @‘1@ mb"rmg &¥Hli8 to the umbilical cord;
di f erenti ation Met hod the "I nt agt yer"

amﬁ@!lﬁ oembgnfre Fhichc 471 R Oéﬂﬁié?ﬁda fus Tensiaed Hirege
miilBaCl dtt S5l @RoIMOMAHRMBIC 0. | 1-13) were

omthe culture plates (V\/lthout
pr eNeotlimzsitjep esenpleeaf h@hlg)cahmeﬂ prngaining agelt steeeddls of a

ro R R S OB G T Lt B 8 T s e

invieM{b:C Rlcluda WhdrRas jeny IQtlhean@ﬁx present viih deb ﬂnbﬂha’l cord) and

s e e A e
shcgﬁ}f] SHEPeRge q‘m%&kl? ABOSE LY fotksién ﬁb%&ﬁas@s? | Jisiéicad B ®btained
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froamal ncwbbm drugjdetr individigd elawmmlm ﬁ_br@é@tfr pheR corBrptive

o3 RGEL 8 B SR P B A A, 7
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( NM 004348 ) CBFAI F: CCGCACGACAACCGCACCAT (SEQ ID
NG 1) CBFAlI It CGCTCCGGCCCACAAATCTC (SEQ ID NO 2) -
40 62 C 30 sec Sad 215 bp 283 bp SOX9 NM 000346 Sox9
wWORNABBHGAAGAAGGAGAGCGAG (SEQ | D NGO 3) So0x9 [PCTAL2007/000047
TCAGAAGTCTCCAGAGCTTG (SEQ I D NO 4) 35 58C 30 sec
EcoRI'l 264 bp COL1 NM 000089.3 hCO.1 F:
GCACACAATGGATTGCAAGG (SEQ Iip NO 5) hCOL1 R
TAACCACTGCTCCACTCTGG (SEQ I D NGO 6) 35
biochem.com/default.html or provided along with the Cell Isolation Optimizing

System (catalogue no. LK003200; Worthington Biochemical Corporation); Alison,
M.R. [Tissue-based stem cells: ABC transporter proteins take center stage. J Patﬁol.
2003 200(5): 547-50], Cai, I. et al., [Identifying and tracking neural stem cells. Blood
Cells Mol Dis. 2003 31(1): 18-27] and Collins, A.T. et al., [Identification and
isolation of human prostate epithelial stem cells based on aipha(Z)beta(l)—integrin
expression. J Cell Sei. 2001; 114(Pt 21): 3865-72].

Briefly, in order to isolate adult stem cells of a fetal or a post natal tissue
which includes dense matrix associated or connective proteins (such as elastin and
collagen), the tissue can be first minced using a scalpel or a razor blade to small
pieces (e.g., tissue chunks of 2-5 mm), following which the tissue is subjected to an
enzymatic digestion using an enzyme such as dispase, collagenase (e.g., type L, 11, 1I1
or IV), trypsin, natural protease, elastase, papain. Digestion enzymes can be obtaihed
from various suppliers such as Sigma (St Louis, MO, USA) and Worthington. Tt will
be appreciated that selection of the type of digestion enzyme for dissociating the
‘biological sample containing the adult stem cells is depended on the composition of
the proteins in the tissue and those of skilled in the art are capable of selecting the
suitable enzymé for each type of tissue. For example, for the digestion of tissues such
as a placental tissue,.chpn'onic villi sample (CVS), amniotic memb;‘ane, foreskin,
bone, adipose tissue (fat) and loose connective tissue which include collagen, type 11

collagenase may be used. On the other hand, for the digestion of a tissue which is

 rich in elastin such as the Wharton's jelly of the umbilical cord, elastase may be used.

For example, a biological sample containing an adult tissue (e.g., an adipose
tissue, CVS, placental tissue, aromiotic membrane, cord, fofeskin, bone, and loose
connective tissue) can be dissociated using type I Collagepase at a concentration
between 0.01-0.5 %, preferably 0.04-0.2 %, most preferably 0.1 %, at temperatures
between 25-50 °C, preferably between 33-40 °C, more preferably, at 37 °C, for
incubation periods which may be effected from 30 minutes to 24 hours. It will be
appreciated that the time of incubation with the digestion enzyme 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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64 C 30 sec Ned 39 bp Bell 45 bp 476 bp ONEC NM
003118 Onec F: GCAGCAATGACAACAAGACC (SEQ ID NO 7)
Onec It CTTCTCATTCTCATGGATCTI' C (SEQ ID NO 8) 35 58C

wo3W7aeesebped 166 bp 277 bp OPN NM 000582. 21 RCPNLIBO7/000047
CTAGGCATCACCTGTGCCATACC (SEQ I D NGO 9) hOPN It

CAGTGACCAGTTCATCAGATTCATC (SEQ I D NO 10) 30 55 C 45
sec EcoRI'l 226 bp 330 bp ALP NM 000478

with the digestion enzyme, for digestion of, the sample is incubaied_for 1-10 hours
with the digestion enzyme, for digestion of foreskin, the sample is incubated over
night with the digestion enzyme, for digestion of loose connective tissue, the sample
is incubated over night with the digestion enzyme. It will be appremaied that to
increase digestion efficiency, the incubation with the digestion enzyme is preferably
performed under agitation (e.g., by 40 RPM) Tt should be noted that measures are
taken in order to dissociate the large cell aggregates to small cell clumps or preferably
to single cells without hampering the cell structure and viability. It will be
appreciated that the morphology of the dissociated adult stem cells can be monitored
using an inverted microscope and the viability of the cells can be measured by
subjecting a sample of the celis to the Live/Dead viability assay (Molecular Probes,
Molecular Prdbes, Inc., Eugene, OR, USA).

Preferably, folldwing enzymatic digestion, the biological samples are
subjected to differential centrifugation as is further described bereinunder.

Aliernatively, isolating adult stem cells from tissue samples which are devoid
of or have non-significant amounts of collagen, such as cord blood and bone marrow,
can be performed by directly subjecting the sample to a differential centrifugation
acéording to known techniques as described elsewhere [Halvorsen, et al, Metabolism |
2001, 50:407-413; Hauner, et al, J Clin Invest 1989, 84:1663-1670; Rodbell, et al, J B
Biol Chem 1966, 241:130-1391.

Differential centrifugation can be performed in a culture medium or over a
gradient such as Ficoll or Percoll. Cells are centrifuged at speeds of between 100 to
3000 x g, more preferably 200-1500 x g, more preferably at 500 x g, for perlods of
between 1 minute to 1 hour, more preferably 2 to 15 minutes, more preferably 5
minutes, at temperatures of between 4-50 °C, preferably between 20-40 °C, more
preferably at 25 °C. Thus, cells

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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ALP F: TGGAGCTTCAGAAGCTCAAC (SEQ ID NO 11) ALP R

ATCTCGITGTCTGAGTAGTACCAGIC C (SEQ ID NO 12) 35 62 C

30 sec BstXI 120 bp 435 bp Hpth/rI NM 000316 hPTH R
WORRGBACCCTCATCTTCATGG (SEQ | D NO 13) hPTI | PRI/IR2087/000047

GCATCTCATAGTGCATCTGG (SEQ I D NG 14) 35 60 C 45 sec

Sad 148 bp 417 bp COL9 cc2 (17/11) NM 001852. 31

Co19/2 F: TGGITTAACTGGAGCEAAGG ( SEQ | D NO 15) Co19/2

It GCCCACCATGAATTTATATC (SEQ I D NG 16) 35

Culturing the adult stem cells according to this aspect of therpresent invention
is effected by seeding the adult stem cells in a culture vessel (e.g., a tissue culture
plate, flask, container or bottle) at a céll density which promotes differentiation of the
adult stem cells into connective tissue progenitor cells which are capable of
proliferation in culture while maintaining their multipotent capacity. For example, a
suitable cell density which can be used to generate the CTPs of the present invention
may be 1 x 10° — 1 x 10° cells per cm?, more preferably, 5 x 10° -1 x 10° cells per cm’
(e.g., 5 x 10 cells per cm?). Culturing conditions ﬁsua]ly include incubation of the
cells at physiological temperatures in the range of 35-38 °C (preferably; 37 °C), under
huimidity and in the presence of 5 % COx.

The culture medium used by the method of this aspect of the present invention
may be any culture medium capable of supporting the growth of the CTPs of the
present iovention while maintaining their proliferative aﬁd multipotent capacities.
Such a culture medium can be a water-based medium which includes a combination
of substances such as salts, nuirients, minerals, vitamins, amino acids, nucleic acids,
proteins such as cytokines, growth factors and hormones, all of which are needed for
maintaining CTP proliferation and differentiation levels. For example, a culture
medium according to this aspect of the present invéntion can be a synthetic tissue
culture medium such as alpha-MEM (Biological Industries, Beit Haemek, Israel), Ko-
DMEM (Gibco-Invitrogen Corporation Vproducts,- Grand Island, NY, USA),
DMEM/F12 (Biological Industries, Biet Haemek, Israel), supplemented with the
necessary additives as is further described hereinunder. Preferably, all ingredients
included in the culture medium of the present invention are substantiaily pure, with a
tissue culture grade.

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

present include hydrocortisone, cortisone acetate, prednisone, prednisolone,
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60 C 30 sec Splzl 330 bp 520 bp - COLI O NM 000493 COL

10 F: CCCTTPI TGCTGCTAGTATCC (SEQ I D NG 17) COL10 R

40 60C 30 sec Xhol 194 bp 468 bp CTUTTGICCAGG LI
WOHGCHSBEAC (SEQ | D NO 18) COWP ( NI\/DOOOQB’C)I‘f[OZDM/B'OOOM

CAGGACGACL11 GATGCAGA (SEQ ID NG 19) COWw R

AAGCTGGAGCTGICCTGGTA (SEQ I D NO-20) 35 57.5 C

20

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

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

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

The ascorbic acid which is included in the culture medium of the method of
this aspect of the present invention can be obtained from Sigma (St Louis, MO, USA)
and is provided at a concentration of at least 20 pg/ml, more preferably, at Jeast 30
pg/ml, preferably, at a concentration which is selected from the range of 20-500
pg/ml, more preferably, at a concentration which is selected from the range of 20-200
pg/ml, more preférably, at a concentration which is selected from the range of 30-100
pg/ml, e.g., 50 pg/ml. For example, as described under “General Materials and
Experimental Methods” of the Examples section which follows, the present inventors
have used 50 pg/ml ascorbic acid within the culture medium to obtain a highly
proliferative, multipotent CTPs.

As is shown in Figures 8a-d and is described in Example 3 of the Examples
section which follows, the CTPs generated by the method of this aspect of the present
invention are capable of forming mineralized matrix. Preferabliy, 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-
glycerdphosphate, 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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30 sec BstXl 141 bp 314 bp WO
2007/ 080591PCULL2007/ 000047 37 AGGRECAN NM 001135 AGN
F: ATCCGAGACACCAACGAGAC (SEQ I D NO 21) AGN it
WOGHKEHEGACCCTCACTGATGT (SEQ | D NO: 22) 35 60C BOTAEI0T/000047
Sphl 290 bp 477 bp CS4 NM 001897 CS-45 F:
CCCCCATCCTCACTACAAAC (SEQ I D NO: 23) Cs-45 It
ATCCAGGGTTCCTCTGIGTG ( SEQ2kD NO. 24) 40 bp 60 C 30 sec
Pstl 34-38 242 bp
the range of 0.01-1000 mM, preferably, at a concentration of 1-50 mM, even more

) preferably, at a concentration of 10 mM.

Preferably, the culture medium used according to the method of this aspect of
the present invention further comprises serum or serum replacement (e.g., a defined
preparation made of mainly synthetic or recombinantly expressed proteins which

replaces the serum in a culture medium). Such sera can be derived from a human

source (human serum) or from an animal source {e.g., bovine serum, horse serum) and

can be obtained from a variety of tissue culture suppliers such as Hyclone (Utah,
USA), Invitrogen (Grand istand, NY, USA) or Biological Industries (Biet Haemek,
Israel). A preparation of serum replacernent can be obtained from Gibco-Invitrogen
Corporation (Grand Island, NY USA).

The serum or serum replacement used by the method of this aspect of the
present invention is provided at a concentration range of 1 % 10 40 %, more
preferably, 5 % to 35 %, more preferably, 10 % to 30 %, more preferably 10 % to 20
%, e.g., 15 %.

Preferably, culturing according to this aspect of the present invention is
effected under xeno-free culturing conditions, ie., under conditions which are devoid
of animal contaminants (e.g., animal pathogens such as retroviruses). Thus, the serum
which is included in the culture medium of the present invention is preferably human
serum or serum replacement, and culture medium additives (e.g., the growth. factors,
minerals, vitamins or hormones such as dexamethasone and ascorbic acid) are
preferably synthetic or recombinantly expressed highly pure additives.

It will be appreciated that the CTPs of the present invention can grow in the
above-described culture medium by either directly attaching to the wall of the culture
vessel (e.g., the botiom of a culture flask) or by attaching to feeder cells which are
attached to the wall of the culture vessel. Feeder cells are cells such as stromal cells,
fibroblast cells (e.g., foreskin fibroblasts, human embryonic fibroblasts) or human
fallopian epithelial cells, which secrete growth factors and/or nutrients and support the
growth of the cells-of-interest (e.g., stem or progenitor cells) cultured therewith.
However, it will be 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 celis.
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SCLER BK000280.11 Sol er F: TGCAAGCTTCCCT ii! CAGT

(SEQ I D NO 25) Sol er R CTGCACAGCCGAAATTGTAA (SEQ I D

NO 26) 40 60C 30 sec Hgal 292 bp 455 bp COL3 NM _
woQoe€m8eeP1 Col 3 F: CCTCCAACTGCTCCTACTCG ( SEQPICIDANDOZ#)047

Col3 it CGGGTCTACCTGATTCTCCA (SEQ I D NO 28) 35 60C 30

sec Bgll 266 bp 439 bp collagen, type "al NM 004370

Col - X11 F: GTGCCTGGACTGAI 221 GGIT (SEQ I D NG 29)

Col -M R TGTGGAGGCAATTTA T1GA (SEQ I D NO 30)

Preferably, culturing according to the method of this aspect of the present

" invention is effected under feeder-free culturing conditions. As used herein the

phrase “feeder-free culturing conditions” refers to culturing conditions which are
devoid of feeder cells. For example, as shown in the Examples section which follows,
the CTPs of the present invention (which are cultured under feeder-free culturing

conditions) are completely devoid of feeder cells and thus represent a pure population

- of CTPs.

Preferably, the method of this aspect of the present invention further
comprising passaging the connective tissue progenitor celis in a presence of the
culture medium which comprises cortisol (e.g., 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 culfure medium.

The term “pa.ésaging” as used herein refers to splitting the cells so that the
cells can grow besfond confluency. The term “confluency” as used herein refers to a
density of adherent cells which when attached to a wall of a culture vessel cover 100
% of its area. Preferably, in order to prevent the differentiation of the CTPs of the
present invention to terminally differentiated cells (e.g., osteoblasts) or to cells with
limited differentiation potential (e.g., precursors which are restricted to a specific cell
lineage), the first passaging occurs when the cells in the culture reach subconfluency,
i.e., when the cells cover about 70-90 % -_of the culture vessel wall, more preferably,
when the cells cover about 80-90 % of the culture vessel wall. Preferably, when
cultured according to the teachings of the present invention subconfluency of the cells
in the culture occurs no more than 10 days of the initial seeding of the cells.
Preferably, the cells are serially passaged after no more than 9 days in culiture, more
preferably, after no more than 8 days in culture, more preferably, after no more than 7
days in culture, more preferably after about 4-6 days in culture.

Passaging according to this aspect of the preéent invention can be performed
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 celis 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 cm?).
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35 p 60 C 30 sec Seal 185 bp Szyl 414 b 464 bp DECOR

NM 001920. 31 Decor F: TGAAGAACCTTCACGCATTG (SEQ ID

NG 31) Decor R GAGCCATTGICAACAGCAGA (SEQ I D NG32) 35
WOoR0C/BeIsec Sad 25.5 bp 481 bp Bl GLY NM 0017 PCI8L2007/000047

Bigly F: TGCAGAACAACGACATCTCC (SEQ ID NO 33) Bigly It

CCAGGTTCAAAGCCACTGIT (SEQ I D NO 34) 35 60 C 30 sec

Bst XI 192 bp 319 bp 23

Preferably, the cell culture is subjected to culture passaging every 3-6 days,

. preferably, culture passaging occurs every 2-5 days, e.g., every 4 days.

Preferably, passaging according to the method of this aspect of the present
invention is performed for at least 20 times, more preferably, at least 25 times, more
preferably, at least 30 passages, while splitting the cells using a splitting ratio of 1:3,
more preferably, a splitling ratio of 1:4 (a splitting ratio of 1:4). As described in the

" " Examples section which follows, the CTPs of the present invention were serially

passaged every 4 days for at least 25 passages. .

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

in addition, the method of this aspect of the present invention preferably
comprises a step of isolating the CTPs (i.e., separating the CTPs from the culture
medium). Isolating the cells can be effected at any time while in culture, e.g., prior to
the first culture passaging, following the first culture passaging, or following any
other culture passaging. Thus, the CTPs can be isolated by filiration {(e.g., using a
membrane which prevents the passage of CTPs and enables passage of the medinm
and/or by centrifugation of the cells (e.g., using a conical tube centrifugation at 1500
RPM). ‘

Preferably, the method of this aspect of the present invention further
comprises expanding the CTPs. As used herein the phrase “expanding” refers to

increasing the number of the connective tissue progenitor cells over the culturing

iperiod without hampering their differentiation capacity.

‘Preferably, CTPs generated and isolated according to the method of this aspect
of the present invention are highly proliferative cells. For example, adult stem cells-
derived CTPs exhibited a tripling time (i.e., the hours between passages in which the
cell number was triplicated) of 80-100 hours during passages 1-18 aﬁd of 120-140
hours during passages 19-25 (data not shown).

~ Preferably, expanding of the connective tissue progenitor cells in the culture medium

which comprises cortisol (e.g., dexamethaéonc) and ascorbic acid is effected such that
at least 3.5 x 10° connective 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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ELAST NM 000501.11 El ast F: GCTATGGACTGCCCTACACC ( SEQ
ID NO 35) Blast |t AGCTCCTGGGACACCAACTA (SEQ I D
NO 36) 40 + bp 60C 30 sec Bg il 288 2 39 371 bp FIBRO
wONM72EEAB2 Fi bro F: GGAGTCAGCTGOCAAGAGAC ( SEQCITIL2007/000047
NO: 37) Fibro It ACACACGTGCACCTCATCAT (SEQ | D NO 38)
35 60 C 30 sec Xhol 215 bp 482 bp TEN C NM 002160 Ten
F: CGTGGAGTACCTTGTCAGCA (SEQ | D NO 39)

the method of this aspect of the present invention express on their cell surface CD1035
(a marker of endothelial cells, also known as Endoglin, GenBank Accession No.
NP_000109.1), CD166 (activaied leukocyte cell adhesion molecule, also known as
ALCAM, GenBank Accession No. NP_001618.2), CD44 (e.g._; GenBank Accession
No. NP 0006013, NP_001001389.1, NP_001001390.1, NP _001001391.1,
NP 001001392.2), CD29 (ITGBI; e.g., GenBank Accession No. NP _002202.2,
NP_391987.1, NP_391989.1, NP_391988.1, NP_596867.1, NP _389647.1) and HLA-
ABC. On the other hand, the CTPs of the present invention do not express CDh45
(PTPRC; e.g., GenBank Accession No. NP_002829.2, NP_563579.1, NP_563578.1,
NP 563580.1) and HLA-DR, thus resembling the expression profile of other
mesenchymal stem cells like cells.

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

Thus, the present invention provides an isolated cell preparation of adult stem
cells — derived CTPs. Preferably, the connective tissue progenitor cells of the isolated
cell preparation are capable of being maintained in a proliferative, non terminally .
differentiated state for at least 20 passages in culture.

- The phrase “non terminally differentiated state™ as used herein refers to cells
which are capable of differentiating to at least two cell lipeages of the connective

tissue even following 20 passages in culture. For example, as is shown in Figures 2a-

-u apd is described in Example 2 of the Examples section which follows, adult stem

cells-derived CTPs from various passages (e.g., from passages 1-25) express markers -
of osteogenic lineage, the chondrogenic lineage, cartilage cells, tendon cells, ligament
cells and ECM-forming cells. Moreover, as described in the Examples section which
foliows, when cultured iﬁ vifro in the presence of inorganic phosphate, the adult stem
cells - derived CTPs formed bone nodules (bone tissue) containing calcium-phosphate
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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Ten 1t AGGTAACCGGTGACTGATGC (SEQ I D NO 40) 35 60C 30

sec Xhol 252 bp 438 bp Table 1: Prinmers used

to anplify RT-PCR products of the noted genes (are
wored7se®d to usi ng GenBank Accession Nos.) aP€I/IL2007/000047

provided along wth the PCR annealing (Ann.)

condi ti ons, nunber of PCR cycles (Cyc.), the size of

PCR products and the restpsction enzyne (Rest Enzyne)

and digestion 5product used to verify the identity of
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pre:éeg n 1%%§9’ﬁssu¥\(e Me&&ltﬁﬁl@,l a)ctdnﬁe&ﬁre tidduERe.g., loose
oche, Mannhel m German). The array nenbranes t 4
conh@ENe timyue) Seextesclilpramas G5 adpadaadiis g igpment tissue

rArray Bioscience Corp., Frederic, WO
w%ﬁ?%ﬁ%%%ﬁgamzoow 000047 38 NMD USA) were
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Pictures were digitized with CCD Megavi ew | R and
anal yzed wth anal ySI S software (Soft | magi ng
Systen). Scanning electron nmicroscopy (SEM - For
wOSENMosewl | s and cel | -seeded scaf fol ds were fiPCEFULLOGT/B0047
% gl ut aral dehyde in 0.1 M sodi um cacodyl ate buffer pH
=30 7.4, followed by gradual dehydration in ethanol
and dryi ng usi ng hexanet hgkdi sil azane (HVDS) (Signa)
Sanpl es were sputter coated with carbon 39 and
RNAi @vpedieimbised nEGddsdbn manoss sush 25ctanmn L dCel-Bbt angniype XII

R L T
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25 load cell was zeroed after the attachnment of each
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WO 2007/ 080591PCT/ 11, 2007/ 000047 42 conti nuously

expandi ng wi t hout obvi ous senescence up to 25

passages, suggested the derivation of a putative cell
WOll2007e08058t passage 25 the growth rate of the ®ETITE206H800047

sl owed down (data not shown) and the cells tended to

formmneralized cultures at a higher frequency (data

not shown). Cultures recovwered well after freeze/thaw
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t hag i1 waﬁﬁé&imlmﬁt ﬁmenginbm(gjva:s paﬁloglm' diss@aofbinterest

and CTPs from | ater passages e It rmrphol
(e.g-astendsn o7 liganenpys the; )‘i %gﬁﬁﬁg

become

| sho%lg sla!: ﬂfa}t ?&ﬁﬂﬁﬁ %@ﬁﬁﬁﬁﬁé@bf @@He&ﬁk@ﬁhsﬂé:ﬁ(&}ggtﬁ%ﬁmg 4-5

ity po ential of the fetal derived CIP
wedls), | the whest-dike éswdwbs@m@@@ﬂ fing iengiliarecesssd Wslph gy 2 cell
scrag:;e;)f i ﬁ%@c ult frvﬁ{deﬁ ‘to gﬁl!n? %ee& Fedf %ﬂ@gf inferBi 46 g,

experl ata not
ten&&H) Widandin. Wt amllldbéltappﬂalciamd tﬂamduegiooﬂteh(:lﬂtlmwgl eanditions

nnrpholog and phenot as assess
conplau pesaEleg o Bb GEPUE BRSO Ry VLA Bgf fisue
tﬁ exﬂaﬂx tENEaiRht Rinaed bf ae @M&Sw@ueﬁ cancbe easily

derived CiPs from passages 7-8, 14 and 20
perﬁnmedwﬂelﬁpr%amllﬁ@emfﬂ%ﬁéﬂ’é SEEePot ypi cal L'y nor nal

(daj,a not hovvn oared 18 Suinhiabl&schibéd in Example 9
cel orb%ggama)? ss%glugtﬁgﬁ%glg%fng SRSsuni n scylm’retrlc P

of @&l Exgthples iseqtionatvhichafetlods, 5f0idowﬁg (!,»(Snw i ipethe jhigh, density

progenitor c obtained fr g cel
culbee e amend SeeBHEL SRS FOT TG BBb At JoBphBEgf doumded
oylidids  ThE SesuilingUndtRr fiséaddsi Were I@Iﬂ%ﬂvﬂ—sbépeﬂ h:ens,h'ueﬁse nuth typical
I nvention generates_a sufficient anDun or

ulmumcrmasb@ra@treaszfé apdh Giomeeh H’b’ﬁPﬁt‘@%\’E’ ten%ons
f NS StoRa¥E yﬂﬁmrﬁémah@& fated
tha gﬁﬂ‘ﬁ%ﬁ_’aﬁ stﬁiézco 1i’lalétsed ?l%gfm gdul tlst emcells b0
CTPy dfuthie r;gmnti upm‘se!g i(erginearedhiéss@Tp cap dieuirian pplent

h prol ve ca acj,t.
sufpddaghy oiindh et SR H o R B CIE R Ly fgfggam
reg@kafibi® BRGBNtpaRPLdng ikhnighes lasteint inothe artr(e SprBsgd surgmal

I nventors have uncovered that the.CTPs &? t he. (paied%ww) ‘o
toq! rpel tas oh sealeel.s SROCAL FRAINE, S| dgyifge T PHILL FUEL
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proteins. A significant overlap of 36 transcripts

shared by the three populations (i.e., -

undi fferenti ated hESCs, hESC-derived CTPs and human
wohed7akosel Ps) was observed. WO PCT/IL2067/000047

2007/ 080591PCT/ 112007/ 000047 44 This set of shared

transcripts represent genes that though known to play -
~asignificant role in ostepgenesis, are already -

switched-on at the hESC stage. Table 2 Expression

pr ofs deacritietléh Axasiplen o fheExamplogsgctompahich follayamhss the
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Examples section which follows, when the adult tissue-derived CTPS were
subcutaneously transplanted into cdl nude mice, ectopic new bone and cartilage
tissues were formed. The ectopic tissues were well vascularized and biocompatible
(Figures 1la-c) and included radio-opague bone tissue (Figure 4). Further
histological analyses of the ectopic tissues confirmed the formation of new bone
(Figures 12a-b) and hypertrophic cartilage (not shown) tissues.

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

- cells of the present invention; thereby in vivo forming the connective tissue.

The phrase “in vivo™ refers to forming a tissue within a living organism such
as a plant or ap animal, preferably in mammals, preferably, in human subjects.

The phrase “a subject in Iieed thereof” as used berein refers to a mammal,
preferably a human being at any age who is in need of a connective tissue such as for
tissue construction, repair, regeneration or replacement. For example, such a subject
can suffer from a diseased, degenerated, injured or broken tissue or may be missing a
particular tissue. '

Preferably, the connective tissue which can be formed in vivo according to the
method of this aspect of the present invention iﬁclude bone tissue, cartilage tissue and
loose connective tissue.

Implanting the CTPs in the subject can be performed using methods known in
the art such as by administering or injecting the CTPs with a syringe needle, catheter
or cannula. The cells are preferably administered near or at the site-of-interest (e.g.,
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
cattilage, 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 &

scaffold and then administered to the subject (engineered tissue therapy).
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The present invention further contemplates monitoring the formation,
regeneration or Vrepa‘ir of the connective tissue following implantation. For example,
the formation of new bone tissue can be monitored by X-ray and/or CT analysis; the
formation of a new tendon tissue can bc monitored by MRI; the formation of a new
connective tissue can be monitored by MRL  Alternatively, the formation of new -
tissue can be evaluated by physiological assays such as extension of a tepdon, strength
of a bone and the like. 7

It will be appreciated that the CTPs of the present invention can be derived
from eiﬂicr autologous sources such as self bone marrow cells, self cord blood cells,
self foreskin cell, self adipose tissue, or from allogeneic sources such as bone marrow,
bone, umbilical cord, cord blood, connective tissue or other cells derived from non-
autologous sources. Since non-autologous cells may induce an immune reaction
when administered to the body éeveral approaches have been developed to reduce the
likelihood of rejection of non-autologous cells. These include either suppressing the
recipient immune system or encapsulating the non-autologous cells or tissues in
immunoisolating, semipermeable membranes before transplantation.

Encapsulation techniques are gererally classified as microencapsulation,
involving small spherical vehicles and macroencapsulation, involving larger flat-sheet
and hollow-fiber membranes (Uludag, H. et al. Technology of mammalian cell
encapsulation. Adv Drug Deliv Rev. 2000; 42: 29-64).

" Methods of preparing microcapsules are known in the arts and include for
example those disclosed by Lu MZ, et al., Cell encapsulation with alginate and alpha-
phenoxycinnamylidene-acetylated poly(allylamine). Biotechnol Bioeng. 2000, 70:
479-83, Chang TM and Prakash S. Procedures for microencapsulation of enzymes,
cells and genetically engineered microorganisms. Mol Biotechnol. 2001, 17: 249-60,
and Lu MZ, 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 mic_focapsules can be further encapsulated with additional 2-5 pm ter-polymer
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shells in order to impart a negatively charged smooth surface and to minirmize plasma
protein absorption (Chia, S.M. et al. Multi-layered ‘microcapsules for cell
encapsulation Biomaterials. 2002 23: 849-56). |

Other microcapsules are based on alginate, a marine polysaccharide
tSambanis, A. Encapsulated islets in diabetes treatment. Diabetes Thechnol. Ther.
2003, 5: 665-8) or its derivatives. For example, microcapsules can be prepared by the
polyelectrolyte complexaiion_behween the polyanions sodium alginate and sodium

cellulose sulphate with the polycation poly(methylene-co-guanidine) hydrochloride in

. the presence of calcium chloride.

It will be appreciated that cell encapsulation is improved when smaller
capsules are used. Thus, the quality control, mechanical stability,  diffusion
properties, and in vifro acﬁvities of encapsulated cells improved when the capsule size
was reduced from 1 mm to 400 pm (Canaple L. et al., Improving cell encapsulation
through size control. J Biomater Sci Polym Ed. 2002;13: 783-96). Moreover,
nanoporous biocapsules with well-controlled pore size as small as 7 nm, tailored
surface chemistries and precise microarchitectures were found to successfully
immunoisdlaie microenvironments for cells (Williams D. Small is beautiful:
microparticle and nanoparticle technology in medical devices. Med Device Technol.
1999, 10: 6-9; Desai, T.A. Microfabrication technology for pancreatic cell
encapsulation. Expert Opin Biol Ther. 2002, 2: 633-46).

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

As used herein a "pharmaceutical composition" refers to a preparation of one
or more of the active ingredients described herein with other chemical components
such as physiologically suitable carriers and excipients. The purpose of a
pharmaceutical composition is to facilitate administration of a .compound to an
organism.

Herein the term "active ingredient” refers to the isolated cell preparation of
connective 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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carrier or a-diluent that does not cause significant frritation to an organism and does
not abrogate the biological activity and properties of the administered compound. An
adjuvant is included under these phrases.

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

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

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

The present invention further contemplates an article-of-manufacture which
comprises packaging material and a composition comprising the isolated cell
preparation of CTPs of the present invention along with instructions for use in cell
based therapy, tissue repair, reconstruction, regeneration and/or replacement.

The present invention further contemplates an article-of-manufacture which
comprising packaging _maierial and a tissue graft generated in vitro from the CTPs of
the present invention aiong with instructions for using the tissue graft for tissue repair,
regeneration and/or replacement.

The present invention further contemplates the use of the CTPs of the present

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

following examples.

_ EXAMPLES

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

Geﬁerally, the nomenclature used herein and the laboratory procedures utilized
in the present invention include molecular, biochemical, microbiological and
recombinant DNA techniques. Such techmiques are thoroughly explained in the
literature. See, for example, "Molecular Cloning: A laboratory Manual" Sambrook et
al., (1989); “Current Protocols in Molecular Biology" Volumes -III Ausubel; R. M.,
ed. (1994); Ausubel et al.,"Current Protocols in Molecular Biology", John Wiley and
Sons, Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular Cloning”,
John Wiley & Sons, New York (1988); Watson et al., "Recombinant DNA", Scientific
American Books, New York; Birren et al. (eds) "Genome Analysis: A Laboratory
Manual Series", Vols. 1-4, Cold Spring Harbor Laboratory Press, New York (1998);
methodologies as set forth in U.S. Pat. Nos. 4,666;828; 4,683,202; 4,801,531;
5,192,659 and 5,272,057; "Cell Biology: A Laboratory Handbook", Volumes I-1I1
Cellis, J. B., ed. (1994); "Current Protocols in Immunology" Volumes I-III Coligan J.
E., ed. (1994); Stites et al. (eds), "Basic and Clinical Immunology" (8th Edition),

~ Appleton & Lange, Norwalk, CT (1994); Mishell and Shiigi (eds), "Selected Methods

in Cellular Immunology”, W. H. Freeman and Co., New York (1980); 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.

7., 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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"Animal Cell Culture" Freshney, R. L., ed. (1986); "Immobilized Cells and Enzymes"
IRI., Press, (1986); "A Practical Guide to Molecular Cloning" Perbal, B., (1984) and
"Methods in Enzyrhology“ Vol. 1-317, Academic Press; "PCR Protocols: A Guide To
Methods And Applications", Academic Press, San Diego, CA (1990); Marshak et al.,
"Strategies for Proiein Purification and Characterization - A Laboratory Course
Manual" CSHIL Press (1996); all of which are incorporated by reference as if fully set
forth herein. Other general references are provided throughout this document. The
procedures therein are believed to be well known in the art and are provided for the
convenience of the reader. All the information contained therein is incorporated

herein by reference.

GENERAIL MATERIALS AND EXPERIMENTAL METHODS
Connective fissue pmgenitors (CTPs) derivation and propagation from adult
stem cells — Adult stem cells derived CTPs were generated from fetal connective
tissue including bone, muscle, cartilage and loose connective tissue, from termination
of pregnancies from 9-16 weeks of gestation. In addition, adult stem cells derived
CTPs were generated from adult tissue including foreskin (from a neonatal individual)

and fat tissue (from 20-60 year old individualsj obtained via liposuction. Briefly,

adipose tissue was washed with PBS solution and then subjected to 0.1-0.2 % type I
c;)ﬂagenase digestion for 1-4 hours. The stromal vascular fraction was then separated
from the adipose cells by centrifugation and farther purified, using Plastic adherence,
to remove contaminating mononuclear cell fractions. Next cells were introduced with
CTP medium. For foreskin CTPs, foreskin 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 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
overpnight. 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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Chondroegenic differentiation
Method 1: the “intact layer” method, formerly called “spontaneous” - Sub-
confluent CTP cultures (from any passage, e.g., 1-13) were removed from the culture

plates (without pre-collagenase treatment) as an intact layer, were placed in

suspension and were fed with the CTP medium described hereinabmfe. This method
generates typical cartilage morphology.

Method 2: the pellet culture system, formally called “directed” - Sub-
confluent CTP cultures (from any passage) were re-suspended at a density of 2 x 10°
celis/ml (the density can vary), dispensed into 15-ml conical tubes and centrifuged for
5 minutes at 1,200 rpm to form rsphericai pellets. The pellets were further cultured in
medium containing 1 % serum in addition to high-glucose Dulbecco’s modified
Eagle’s medium supplemented with 107 M dexamethasone, 50 pg/ml ascorbate-2-
phosphate, 40 pg/ml L~proline, 100 pg/ml sodium pyruvate, 50 mg/ml ITS+Premix
(Collaborative Biomedical: 6.25 ug/ml insulin, 625 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-p3. This method induced up-regulation of specific cartilage mafrix
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. ¢DNA
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 ot freated 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).
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Table 1
RT-PCR primers and conditions
(Ggf;:r " Forward (F} and Revers:f (R)' primers (SFQ ce. | amn. Restr. ﬁf;fl)fcf
| Aeccession No,) ID NO:} 53 Enzpme size
CBFAL F:
CCGCACGACAACCGCACCAT (SEQ ID
~ CBFAI NO:1) 4 | 62°C | Sacl
I (™M _004348) CBFAIR: 30sec |215bp| 283bp
CGCTCCGGCCCACAAATCTC (SEQ ID
_ NO:2)
Sox9 F: ATCTGAAGAAGGAGAGCGAG
SOX9 _(SEQ ID NO:3) 55 | 58°C | p.eq
NM 000346 Sox9 R: TCAGAAGTCTCCAGAGCTTG 30 sec 264 bp
(SEQ ID NO:4) _
_ hCOL1 F: Neol
COL1 _ GCACACAAIGq§g£§CAAGG(SEQID i | s2oc | 3980
NMO00083.3 | o3y | R: TAACCACTGCTCCACTCTGG 30sec | Bell | 4765p
(SEQ ID NO:6) , P
Onec I': GCAGCAATGACAACAAGACC
ONEC (SEQ ID NO:7) _ 35 | S8°C | SpHl
NM 003118 | Onec R: CTTCTCATTCTCATGGATCTTC 30sec |166bp| 277bp
(SEQ ID NO:8)
hOPN F:
CTAGGCATCACCTGTGCCATACC (SEQ
OPN ID NO:9) 50 | 53°C |EcoRlI
NM_000582.2] hOPN R: 45sec |226bp| 33Gbp
CAGTGACCAGTTCATCAGATTCATC
(SEQ ID NO:10)
ALP F: TGGAGCTTCAGAAGCTCAAC
ALP (SEQ;SPI\;S‘H) 35 | 62°C | BsiXI
NMO0OAT8 | A PCTCGTTGTCTGAGTAGTACCAGTC 30sec | 120bp) 435bp
C (SEQ ID NO:12)
hPTH/R F: CACAGCCTCATCTTCATGG
Hpth/r] (SEQID NO:13) 60°C | Sacl
NM 000316 bPTE/RI R 3 | 45sec |148bp| *17PP
GCATCTCATAGTGCATCTGG (SEQ ID
NO:14)
COLS o2 Col9/2 F: TGGTTTAACTGGAGCCAAGG
a7in (SEQ ID NO:15) g5 | 60°C | Sphi | 0 bp
NM._ 0018323 Col9/2 R: GCCCACCATGAATTTATATC 30sec | 330bp
— : (SEQ ID NO:16)
COL10 F: ‘
CCCTTTTTGCTGCTAGTATCC (SEQ ID
COLI10 NO:17) ' 40 | 60°C | Xhol
NM 000493 COLIOR: 30sec |194bp| 468bp
CTGTTGTCCAGGTTTTCCTGGCAC
(SEQ ID NO:18)
COMP F: CAGGACGACTTTGATGCAGA
COMP - (SEQ ID NO:19) lgs |S7S°CBsXN| L,
(NM_000095) | COMP R: AAGCTGGAGCTGTCCTGGTA 30sec | 141bp P
‘ (SEQ ID NO:20)
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AGNT: ATCCGAGACACCAACGAGAC
AGGRBCAN | (SEQ ID NO21) 35 | 60°C | Sphl | 0
NM 001135 | AGN R: GGCTTCACCCTCACTGATGT 30sec |290bp
(SEQ ID NO:22)
CS-4S F: CCCCCATCCICACTACAAAC Pel
Cs4 (SEQ ID NO:23) s0 | $0°C | 3433
NM 001897 | CS-4SR: ATCCAGGGTTCCTCTGTGIG 30sec |7y 242 bp
(SEQ ID NO:24) P
Scler F: TGCAAGCTTCCCTTTICAGT
SCLER (SEQ ID NO:25) 4 | 69°C | Hgal
BK000280.1] | Scler R: CTGCACAGCCGAAATTGTAA 30sec |292bp| 455bp
. (SEQ ID NO:26)
Col3 F: CCTCCAACTGCTCCTACTCG
COL3 (SEQ ID NO:27) 35 | 60°C | Bgll
NM_000090.2] | Col3 R: CGGGTCTACCTGATTCTCCA - 30sec |266bp| 439bp
(SEQ ID NO:28)
Col-X1 F: GTGCCTGGACTGATITGGTT oot 185
collagen, type (SEQ ID NG:29) 60 °C b
XO Col-XII R: 35 | 20 w0 Stylal 4| 464%p
NM 004370 | TGTGGAGGCAATTTGTTTGA (SEQ ID
NO:30) bp
Décor F: TGAAGAACCTTCACGCATTG '
DECOR (SEQ ID NO:31) 45 | 60°C | Sacl
NM_001920.3] | Décor R: GAGCCATTGTCAACAGCAGA 30sec |255bp| 481bp
(SEQ ID NO:32)
Bigly F: TGCAGAACAACGACATCTCC
BIGLY (SEQ ID NO:33) 35 | 60°C | BsiX
| NM_001711.3] | Bigly R: CCAGGTTCAAAGCCACTGTT 30sec |192bp| 319bp
' (SEQ ID NO:34)
Elast F: GCTATGGACTGCCCTACACC Bell
ELAST (SEQ ID NO235) s | 60°C |
NM_000501.1] | ElastR: AGCTCCTGGGACACCAACTA 305ec | 4095 | 3710p
(SEQ ID NO:36) P
Fibro F- GGAGTCAGCTGCCAAGAGAC
FIBRO (SEQ ID NO:37) _ 35 | 60°C | Xhol
NM 212482 | Fibro Rt ACACACGTGCACCTCATCAT 30sec |215bp| 482bp
(SEQ ID NO:38) '
Ten F: COTGGAGTACCTTIGTCAGCA
TENC (SEQ ID NO:39) 35 | 60°C | Xhol
NM 002160 Ten R: AGGTAACCGGTGACTGATGC 30sec |252bp| 438 bp
(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 aleng with the PCR annealing (Ann.) conditions, number of
PCR cycles (Cye.), 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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MD USA) were pre-hybridized for 2 hours with heat-denatured salmon sperm DINA
(Invitrogen) at a final concentration of 100 pg/ml according to the manufacturer's
siructions. The membranes were hybridized overnight with Biotin-16-dUTP-
labeled ¢cDNA probes, and then washed twice for 15 minutes each in a solution of 2X
SSC, 1 % SDS followed by two washes of 15 minutes each in a solution of 0.1X SSC,
0.5 % SDS. All steps were performed at 60 °C with continuous agitation.
Chemiluminescent detection was performed using the Chemiluminescent Detection
Kit (SuperArray Bioscience Corp., Frederic, MDD USA) according to the
manufacturer's instructions. The membranes were blocked for 40 minutes with a
GEAblocking solution Q. Binding of alkaline phosphatase-conjugated streptavidin
was performed by incubating the membranes for 10 minutes in a binding buffer. The
membranes were then washed four times, for 5 minutes each, with 1X Buffer F and
sinsed twice with Buffer G, followed by incubation of 2-5 minutes with CDP-star
chemiluminescent substrate. All steps were performed at room temperature with
continuous agitation. The signal was detected using X-ray film.

Karyotype analysis - For karyotype analyses, standard G banding was
performed on adult stem. cells derived-CTPs (from fetal tissue, CTPs were from
passage 8-10, from fat tissue, CTPs were from passage 14) essentially as described
elsewhere (Amit, M. et al, 2000).

Electron Microscopy - For transmission electron microscoi)y {TEM) cells
were fixed in 3 % glutaraldehyde in 0.1 M sodium cacodylate buffer pH = 7.4, post-
fixed with 1 % OsOy and in 2 % uranyl acetate, gradually dehydrated in ethanol series
and cmbedded in Epon 812. Ultrathin sections (70 to 90 nm) cut on an
ultramicrotome (Leica UCT) were mounted on grids, stained with lead-citrate, and
then examined with a Tecnai 12 transmission elecﬁon microscope under 120 kV.
Pictures were digitized 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 =
74, followed by gradual dchydration in ethanol and drying using
hexamethyldisilazane (HMDS) (Sigma). Samples were sputter coated with carbon
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and viewed under LEO field-emission scanning electron microscope for imaging and
energy dispersive spectroscopy (EDS) analysis.

Cytochemistry and electron microscopy - For histological analyses, cells were
fixed in 10 % natural buffered formalin, gradually dehydrated in ethanol and
embedded in paraffin. Sections were stained with Hematoxylin and Eosin (H&E) for
general histomorlﬁhoiogy. Picro-sirius red (Gurr-BDH, England) was used for the
detection of matrix cbllagens, and Toluidine blue (Serva, Germany) was used to
detect matrix proteogyléans in chondrogénic cultures (Hyllested, J.L, et al 2005).
Alizarin Red {Sigma) was used to detect calcium phosphate deposits on culture plates
as evidence for bone mineralization. For immunofluorescence studies, cells were
fixed in 4 % paraformaldehyde in phosphate-buffered saline (PBS), and stained with
the following primary antibodies, diluted in primary antibody diluent (Dako): anti-
human type I collagen (Chemicon, Intnl, Inc. Temecula, CA, USA, cat. No.
MARB3391), anti-human alkaline phosphatase (R&D, Systems Inc, Minneapolis, MN,
USA, Cat. No. MAB1448) and anti-human type I collagen (Chemicon, Cat. No.
MAB8887). DAPI was used for nuclear counterstaining. Appropriate secondary
antibodies were used for visualization.

FACS analysis - Cells were removed from the culture dish with type IV
collagenase (Wortington) (0.1 %, 30-60 minutes at 37 °C) followed by Trypsin/EDTA
(Sigma) for 5 minutes at 37 °C and re-suspended in a FACS buffer [Sigma, PBS
supplemented with 2 % fetal bovine serum (Gibeo) and containing 0.05 % NaN3]. Fc
blocking was performed by addition of 4 % Human serum (Sigma). Cells were

" probed for 30 minutes at room temperature with the specific monoclonal antibodies

(Pharmingen; eBioscience; DAKO) or an appropriate isotype control antibodies
{(Pharmingen; eBioscience; DAKO) in FACS buffer. Cell were washed twice in
FACS buffer, and analjrzed using a FACSAria flow cytometer (Becton Dickinson).
Acquisition was set for 10,000 events per sample. Dead cells were excluded from
analysis by staining with 7AAD (eBioscience). Data were analyzed with Diva
software (Becton Dickinson). Experiments were performed in duplicates.

Scaffold fabrication and cell seeding - Electrospun nanoﬁ‘ber 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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factor 2 (basic) FGF3 BBG--3/INT2 n rt n Fi brobl ast
gromh factor 3 (nurine mamrary tunor virus

integration site (v-int- 2) oncogene honol og) FGFRL

WOBBGHR81 FGR P p P Fi brobl ast growth factor reTaptoor/o6o47
(fins- related tyrosine kinase 2, Pfeiffer syndrone)
FGFR2 BEK/BFR-1 P n n Fi broblast growth factor

receptor 2 (bacteria-expressed ki nase, keratinocyte

grow h factor receptor, craniofacial dysostosis I,
preparedustatfokly wds 608 pm, fiber diameter ranged between 200-450 nm, with

porosity of 85 %. For preparation for cell seeding, scaffold mat was cut into 0.5 x 0.5
cm? squares, gas-sterilized with ethylene oxide, immersed in 5 M sodium hydroxide
and washed in PBS to increase surface hydrophilicity. For sceding the cells on
scaffolds, subconfluent CTP cultures were collagenase-treated, trypsinized and
counted. 5 x 10° cells were resuspended in 10 ul of CTP medium, seeded onto each
scaffold and allowed to attach for 30 minutes before fresh medium was added.
Cultures were maintained for one month before harvesting for analysis. Plain culttures
on plastic plates were used as control.

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

Mechanical testing of in vitro engineered (formed) tendon grafts -
Engineered constructs were removed from their culture plates immediately before

testing. The construct diameter was measured at several positions along the length,

© using an optica.l microscope (Olympus BX 60 X500 magnification). An average

diameter was calculated, using measured values. Tensile testing was performed with
a Micro Fiber Tensile Machine, outfitted with a 35 N load cell and a special stainless
steel grips. The grips clamped the specimens by jaws machined from Delrin (acetal).
The control of machine was performed by developed software on Matlab6 and data
acquisition performed with National Instruments hardware on a Pentiumil PC. The
load cell was zeroed after the attachment of each sample. Samples were moistened by
regularly applying drops of PBS. The gauge length was taken to be the length of the
construct between the grips, which was measured from the calibrated images of 2 fast
MotionScope CCD camera. Tests were conducted at a constant displacement rate of
(.08 mm/sec.

In-vivo studies - For subcutaneous transplantation {(ectopic transplantation),
cd 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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Pfeiffer syndrone, Jackson-Wiss syndrone) FG-R3

ACH CEK2 p n n Fi broblast growh factor receptor 3

(achondropl asi a, thanat ophoric dwarfisn) FLT1
WORDOMMBEPRI P Fins-rel ated tyrosine kinase PCT/IL2007/000047

(vascul ar endothelial growth factor/vascul ar

perneability factor receptor) FN1 CIGFINC P P P

Fi bronectin 1 GDFI O BM 13- 3B/ BMP3B .

fetal (from passages 5-6 and 10-11) tissues were implaz;téd into ‘the subcutaneous
pouch. The method for critical Achilles tendon mjury model prepatation is described
in the description of Figures 13a-¢. All animal expe;‘iineﬂtal protocols were approved |
by the Animal Use and Care Committee of the Technion Faculty of Medicine.

| In vive transpléntation af CIPs underneath kidney capsules - Subconfluent
CTP cultures (from fetal derived CTPs, passages 5-6 and 10-11) were scraped off the
culture plates, washed with PBS and implanted undemneath the kidney capsule of 5-
week-old CB-17 SCID-beige mice {n = 6). _Six and twelve weeks after
transplantation, kidneys were retrieved, fixed in 10 % buffered formalin, embec_ided in
paraffin, and sectioned for histological examination.

_ EXAMPLE 1
ISOLATION OF CONNECTIVE TISSUE PROGENITOR CELLS FROM
HUMAN ADULT STEM CELLS

A cell source for tissue engineering should be highly profiferative while
phenotypically stable in vitro, providing a sufficient amount of cells. As estimated
elsewhere (Muschler, G.F. et al, 2002), approximately 7 x 107 osteoblasts are needed
to form one cubic centimeter of a new bone. While reducing the present invention to
practice, the present inventors have uncovered, through laborious experimentations,
culturing conditions suitable for the isolation, propagation and differentiation of
connective tissue progenitor cells derived from adult stem cells, as follows.

Experimental Resulis

Isolation of connective tissue progenitor cells (CTPs) from aduli stem cells
Adult stem cells from fat, foreskin or fetal tissue were dissociated with a combination
of enzymatic digestion and aggressive mechanical agitation. The derived cells were
cultured in the presence of a CTP medium containing ascorbic acid and
dexaméthasone, factors koown to promote osteoblastic  differentiation
(Maniatopoulos, C., et al, 1988; Coelho, MLJ. 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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continuously expanding without obvicus senescence up to 25 passages, suggested the
derivation of a putative cell line. At passage 25 the growth rate of the cells was
'slowed down {data not shown) and the cells tended to form mineralized cultures at a
higher frequency (data not shown). Cultures recovered well after freeze/thaw cycles,

and showed the same proliferation and differentiation potential as prior to the

- freeze/thaw cycles. In addition, adult stem cell derived CTPs from early passages

exhibit a2 morphology resembling that of mesenchymal stem cells (MSCs, Figures 3a-
b) and CTPs from later passages exhibit a morphology resembling that of fibroblasts
(Figure 3c). .

CTPs exhibit clonogenic potential and normal karyotype — The clonality
potential of the fetal derived CTP cells was assessed by seeding single cells each in
different culture wells. Colonies were formed in high efficiency (20-22 out of 24
experiments (data not shown) and were identical in their growih kinetics, morphology

* and phenotype, as assessed by RT-PCR. Additionally, G banding analysis of fat stem

cells derived CTP nuclei obtained from passages 5-6 and from fetal derived CTPs
from passages 7-8, 14 and 20 confirmed that the CTPs are karyotypically normal (data
not shown). |

CTPs are suitable for cell-based tissue enginee;r'ingr - Assuming symmetric
cell division, at least 3.5 x 10° connective tissue progenitor cells are obtained from a
single cell of the adult stem cells following about 20 passage. Thus, the unique
derivation method of the present invention generates a sufficient amount of cells for
celi-based tissue engineering application. |

Altogether, the present inventors have demonstrated 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 vitfo stability (with normal
karyotype) and clonogenic potential. In addition, the present inveniors have
uncovered that the CTPs of the present invention are suitable for cell-based tissue

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

To test the potential of the adult stem cells derived CTPs of the present
imvention to differentiate into the ostcogenic lineage, the expression profile of the
CTP cells of the present invention was assessed by RT-PCR, ¢cDNA microarray and
FACS analyses, as follows. ' ‘

Experimental Re,fults 4

CTPs express osteogenic markers - Gene expression of CTP cells grown in
the presence of the CTP medium from passages 1 and 10, was assessed by RT-PCR
analysis. As is shown in Figures 2a-u, CTPs stably express core binding factor alpha
1 (CBFA1l), and SOX9, bm‘h. are early transcription- factors known to play a major role
in osteoblast and chondrocyte differentiation. Type I collagen, the most abundant
extracellular protein which is synthesized by osteoblasts, osteonectin and osteopontin,
two major non-collagenous bone matrix proteins, parathyroid hormone receptor 1
(PTHR1), which regulates mineral homeostasis and bone formation, and bone-
specific alkaline phosphatase, which binds phosphor to calcium and forms bone
hydroxyapetife, were all detected in the CTPs, indicating osteogenic potential.

Immunoflucrescence analysis of the adult stem cells derived CTPs
demonstrated that the fetal-derived CTPs of the present invention express alkaline
phosphatase (ALP, Figure 7a) and osteocalcin (Figure 7b), markers of the osteogenic
lineage.

Expression profiles of CITP-derived osteogenic-like cells - The gene
expression profile of the cells 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
faciors 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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role in osteogenesis, are already switched-on at the hESC stage.

_ Table 2 '
Expression profile of fetal stem cells-derived CTPs in comparison fo
undifferentiated hESCs and hESCs-derived CTPs (p9)

Symbol

Gene Name

Undiff- hkESCs

CTP, p9

Fetal

Deescription

ALPL

AP-TNAP/HOPS

Alkaline phosphatase,
liver/bone/kidney

ANXS/ENX2

Annexin A5

ARSE

CDPX/CDPX]

Arylsulfatase E
{chondrodysplasia
punciata 1)

BGLAP

BGP

Bone gammas-
carboxyglutamate (gla) |
protein (osteocalcin)

BGN

DSPG1/PG-51

Biglycan

BMP1

PCOLC/TLD

Bone morphogenetic
protein 1

BMP2

BMPZA

Bone morphogenetic
protein 2

BMP3

BMP3

Bone morphogenetic
protein 3 (osteogenic)

EBMP4

BMP2B/BMP2B! .

Bone morphogenetic
protein 4

BMPS

MGC34244

Bone morphogenetic
proiein 5

BMPo

. VGR/VGRI

Bone morphogenetic
protein 6

BMP7

OP-1

Bone morphogenetic |
protein 7 (osteogenic
protein 1)

BMP3B

BMPS/OP2

Bone morphogenetic
protein 8b (osteogenic
protein 2)

BEMPRIA

ACVRLEKI/ALKS

Bone morphogenetic
protein receptor, type

CASR

FHH/FIH

Calcium-sensing
receptor (hypocalciuric
hypercalcemia 1,
severe neonatal
hyperparathyroidism)

CD36

FAT/GP3B

CD36 antigen
(collagen type I
receptor,
thrombospondin
receptor)

SCARBI

CD36L1/CLA-1

Scavenger receptor
class B, member 1




BSP1/JVv4-1 P P p SMAD, not hers agai nst DPP honol og 1
(Drosophila) SMAD2 MADH2/ 11 SMAD2 P P p SMAD, nothers
agai nst DPP honol og 2 (Drosophila) SMAD, nothers
wo2ger/g3ei91 DPP honol og 3 (Drosophila) SMAD3 PCT/TL2007/000047
HSPC193/ HST17436 P p n SMAD4 DPC4/JIP P p p SMAD,
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Ribosomal 1.1 domain

CSIG L12/PBK1 n n o containing 1

Collagen, type X, alpha
COLI0AL COL10A1 p P n 1(Schmid metaphyseal
chondrodysplasia}

COL11A1 | CO11Al/COLLS n P P Conaile;ﬁ;yf’ .

COLI2A1 COL12A1L/TYPE o ; p p Collaﬁgh??c X1,

X1I
Collagen, type X1V,
COL14A1 UND p P n alpha 1 (undulin)

Collagen, type XV,

COLI5AL COL15A1 _ n n n alpha 1

Collagen, type XVI,

COL16A1 |  447AA/FP15T2 p P P ey

Collagen, type XVII,

COL17A1 BP180/BPAG2 n P B alpha 1

Collagen, type XVIIL,

COL18A1 KNO P p ) aloba 1

Collagen, type XIX,

COL19A1 | COLSAIL/D65228E n . n n alpha 1

COLIAL | AA 694-711/0H4 n n p | Collagen, opel alpha

Collagen, type 11, alpha
1 (primary
COLZAL COL11A3/SEDC o) ) P osteoarthritis,
spondyloepiphyseal
dysplasia, congenital)

Collagen, type HI,
alpha 1 {Ehlers-Danlos
syndrome type [V,
autosomal dominant)

COL3Al EDS4A P p p

Collagen, type IV,
COL4A3 TUMSTATIN n n n alpha 3 (Goodpasture
antigen)

Collagen, type IV,

COL4A4 CAa44 p p p alpha 4

Collagen, type IV,
COL4AS ASLN/ATS n n n alpha 5 (Alport
syndrome)

Collagen, type V, alpha

COLS5AL COL5Al P ' P p 4

Collagen, type VI,
alpha 1 (epidermolysis
COL7Al EBD1/EBDCT n P n bullosa, dystrophic,
dominant and

recessive)

Collagen, type IX,
alpha 2

COLY9A2 EDM2/MED p p p

Colony stimulating
CSE2 GMCSFE p n n factor 2 (granulocyte-
macrophage)

Colony stimulating

CSF3 G-CSE/GCSF n I n factor 3 (pranulocyte)

Cathepsin K
CTSK CTS02/CTSO n n (pycnodysostosis)

DCN DSPG2/PG40 p p p Decorin




SMAD5 DWC/1V5-1 P P p SMAD, not hers agai nst DPP hono
1og 5 (Drosophila) SMAD6 HST17432/ MAD P P n SMAD,
not hers agai nst DPP honol og 6 (Drosophila) SMAD7

WONPI/ORDH? p

P n SMAD, nothers agai nst DPP h&&3Iibyo7000047

(Drosophila) SMAD9 MAD/ MADH6 P P p SMAD, not hers

agai nst DPP honol og 9 (Drosophil a)
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EGF

URG

Epidermal growth
factor (beta-
urogastrone)

EGFR

ERBB/ERBBI

Epidermal growth
factor receptor
{erythroblastic

leukemia viral {v-erb-
b) oncogene homolog,
avian)

FGF1

AFGF/ECGF

Fibroblast growth
factor 1 (acidic)

FGF2

BFGF/EGYFB

Fibroblast growth
factor 2 (basic)

FGEF3

HBGF-3/INT2

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

FGFR1

BFGFR/C-FGR

Fibroblast growth
factor receptor 1 (fins-
related tyrosine kinase
2, Peiffer syndrome)

FGFR2

BEK/BFR-1

Fibroblast growth
factor receptor 2
(bacteria-expressed
kinase, keratinocyte
growth factor receptor,
craniofacial dysostosis
1, Crouzon syndrome,
Pieiffer syndrome,
Jackson-Weiss
syndrome)

FGFR3

ACH/CER2

Fibroblast growth
factor receptor 3
(achondroplasia,

thanatophoric
dwarfism)

FLT1

FLT/VEGFRI1

Fms-related tyrosine
kinase 1 (vascular
endothelial growth

factor/vascular
permeability factor
receptor)

CIG/FINC

Fibronectin 1

GDF10

BMP-3B/BMP3B

Growth differentiation
factor 10

ICAMI

BB2/CD54

Intercellular adhesion
molecule 1 (CD34),
human rhinovirus
receptor

IGF1

1GFI

Insulin-like growth
factor 1 (somatomedin
C)

IGFIR

FTK13

Insulin-like growth
factor 1 receptor

IGE2

IGF-IT

Insulin-like growth
factor 2 (somatomedin
A)




MML310 SL-2/ STMY2 ii

net al | oprotei nase 13 (col | agenase 3)

n n Matrix netall oproteinase 10
(stronmelysin 2) MW13 CLG3 P P p Matrix

WO

WO200r/8@&90591PCT/ | L2007/ 000047 48 MVP2 CLGA/ ClPGHALINOROGH047
Matrix netal |l oprotei nase 2 (gel ati nase A, 72kDa
gel ati nase, 72kDa type |V g7ol | agenase) MKP8 CLGVHNC n

ITGAI1

CD49%a

P

B

P

Integrin, alpha 1

ITGA2

BR/CDASB -

Integrin, alpha 2

(CD49B, alpha2

" subunit of VLA-2
receptor)

ITGA3

CD49C/GAP-B3

Integrin, alpha 3
(antigen CD49C, alpha
3 subunit of VLA-3
receptor)

ITGAM

CDIIB/CR3A

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

ITGAV

CD51/MSK3

Intagrin, alpha V
(vitronectin receptor,
alpha polypeptide,
antigen CD51)

ITGBI

CD29/FNRB

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

SMADI .

BSP1/IV4-1

SMAD, mothers
against DPP homolog 1
{Drosophila)

SMAD2

MADH2/HSMAD2

SMAD, mothers
against DPP homolog 2

{Drosophila)

SMAD3

HSPCi93/HST17436

SMAD, mothers
against DPP homolog 3
{Drosophila)

SMAD4

DPC4/JIP

SMAD, mothers
against DPP homolog 4
(Drosophiia)

SMADS

DWEC/IV5-1

SMAD, mothers
against DPP homolog 5
{Drosophila}

SMADS6

HST17432/MAD

SMAD, mothers
against DPP homolog 6
{Drosophila}

SMAD7

MAD/MADH7

SMAD, mothers
against DFP homolog 7
{Drosophila)

SMADY

MAD/MADHé

SMAD, mothers
against DPP homolog 9
{Drosophila)

MMP10

SL-2/STMY2

Maltrix
metalloproteinase 10
(stromelysin 2)

MMP13

CLG3

Matrix
metaltoproteinase 13
{collagenase 3)




n p Matrix netal |l oprotei nase 8 (neutrophil
col | agenase) MVEQ CGELB/CLGAB n n p Matrix

net al | oprotei nase 9 (gel ati nase B, 92kDa gel ati nase,
wo2akacwype |V col | agenase) MSX1 HOX7/ HYD1 p PETALMER000047

homeo box homolog 1 (Drosophila) Msh honeo box _

honol og 2 (Drosophil a) Nuclear factor of kappa |ight

pol ypepti de gene enhancer 4n B-cells |

(p105) MS) C2

MMP2

CLG4/CLG4A

Matrix
metalloproteinase 2
(gelatinase A, 72kDa-
gelatinase, 72kDa type
IV collagenase)

MMP8

CLGV/HNC

Matrix
metalloproteinase 8
(newtrophil
collagenase)

MMP9

GELB/CLG4B

Matrix
metalloproteinase 9
(gelatinase B, 92kDa
gelatinase, 92kDa type
IV collagenase)

MSX1

HOX7/HYDI1

Msh homeo box
homolog 1
(Drosophila)

MSX2

CRS2/FPP

Msh homeo box
homolog 2
(Drosophila)

NFKB1

EBP-1/KBF1

Nuclear factor of kappa
light polypeptide gene
ephancer in B-celis 1
(p105)

PDGFA

PDGF-A/PDGF1

Platelet-derived growth
factor alpha

polypeptide

RUNX2Z

CCD/AML3

Runt-related
transcription factor 2

SERPINTH1

ASTP3/CBP1

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

SERPINHI

ASTP3/CBP1

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

S0X9

CMD1/CMPD1

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

SPARC

ON

Secreted protein,
acidic, cysteine-rich
{osteonectin)

SPP1

BNSP/BSPL

Secreted
phosphoprotein 1
(osteopontin, bone
sialoprotein I, early T-
lymphocyte activation
1))




CRS2/FPP n n n

NFKB1 EBP-1/KBFl rt p P F DGFA

PDGF- A/ PDGF1 P p n Platel et-derived growth factor
al pha pol ypepti de RUNX2 CCDY AML3 P p P Runt-rel ated
woroernsewipti on factor 2 Serine (or cysteine) PCT/AL2007/000047

pr ot ei nase inhibitor,

G -ade H (heat shock protein
47), menber |, (collagen binding protein 1)
49 .

TGFB1

BETA 1/CED

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

TGFB2

TGEb2

Transforming growth
factor, beta 2

TGFB3

“TGF b3

Transforming growth
factor, beta 3

TGFBRI

ACVRLE4/ALK-5

Transforming growth
factor, beta receptor L
(activin A receptor
type [I-like kinase,
53kDa)

TGFBR2

HNPCC6/MFES2

Transforming growth
factor, beta receptor It
{70/80kDa)

DIF/TNF-ALPHA

Tumor necrosis factor
(TNF superfamily,
member 2)

TWIST1

ACS3/BPES2

Twist homolog I
{(acrocephalosyndactyly
3; Saethre-Chotzen
syndrome}
(Drosophila) -

VCAMIL

INCAM-100

Vascular cell adhesion
molecule 1

VDR

NRI1I1

Vitamin D (1,25-
dibydroxyvitamin D3}
Teceptor

VEGFE

VEGFA

Vascular endothelial
growth factor

VEGFB

VEGFL/VRF

=

Vascular endothelial
growih factor B

VEGFC

FLT4-L/VRP

Vascolar endothelial
growth factor C

PUC138

pUCIS

PUCI8 Plasmid DNA

PUCI3

pUCi18

PUCI1S8 Plasmid DNA

PUCILS8

pUCI18

PUCI18 Plasmid DNA

BR|BRE|RR|<

= =R E-E =N =N

=R E=AE-N - = ]

GAPDH

G3PD/GAPD

e

s =]

o

Glyceraldehyde-3-
phosphate
dehydrogenase

GAPDH

G3PD/GAPD _

Glyceraldehyde-3-
phosphate
dehydrogenass

PPIA

CYFPA/CYPH

Peptidylprolyl
isomerase A
(cyclophilin A)

PPIA

CYPA/CYPH

Pepiidylproly}
isomerase A
{cyclophilin A}

‘PPIA

CYPA/CYPH

Peptidylprolyl
isomerase A
(cyclophilin A)
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SERPI N111 ASTP3/CBP1 P P P SERPI NHI ASTP3/CBPI P P P

Serine (or cysteine) proteinase inhibitor, clade H

(heat shock protein 47), nmenber 1, (collagen binding
woRooasn3v1l) SOX9 CVDL/CVPD 1 n n n SRY (sex PCI/AL2007/000047

determi ning region Y)-box 9 (canponelic dyspl asia,

aut osomal sex- reversal) SPARC ON P P p

50
Peptidylprolyl
PPIA CYPA/CYPH P J p p isomerase A
(cyclophilin A)
Ribosomal protein
RPLI3ZA RPLI3A p P P L13a
RPLI3A RPLI3A p p p | Ribosomalprotein
ACTB b-Actin P p P Actin, beta
ACTB b-Actin p p P Actin, beta

Table 2: The cDNA 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 apalyses 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 la-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 CTPs
express markers of mesenchymal stem cells (MSCs). The ¢cDNA microarray and the
RT-PCR analyses demonstrate the presence of specific markers of connective tissue
derivatives including osteogenic lineagc;, 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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glycerophosphate) Wasgadded to the CTP medium. Briefly, CTPs from any passage of
passages 1-25 were - grown in a CTP medium supplemented with 10 mM beta-
glycerophosphate and the potential of matrix formation was assessed. As is shown in
Figure 8a, enhanced mineralization which was visible macroscopically (e.g., at
passage 11), or was induced at different passages if cells were grown until over-

confluent. Mineralization was confirmed by Alizarin Red staining (Figure 8b), and

~ scanning electron microscopy (Figure 8d) coupled with EDS spectra analysis of the

bone mineralization. The EDS analysis detected calciumn 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 hydroxyé.pa_tite 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 lincage while producing

mineralized mairix.

EXAMPLE 4 :
HUMAN ADULT STEM CELLS-DERIVED CTP CELLS ARE CAPABLE OF
DIFFERENTIATING INTO THE CHONDROGENIC LINEAGE

To induce to chondrégenic differentiation, the two differentiation methods
described under “General Materials and Experimental Methods” were employed.

Experimental Results

Induction of CTPs to chondrogenic differentiation using the “infact 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

mattix surrounding the cells (Figure 9b).
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Induction of CIPs to chondrogenic differentiation using the pellét culture

. methed - The induction of chondrogenic differentiation was further assessed using the

pellet culture system of chondrogenic differentiation as published elsewhere (24).
Cells (passages 1-9, of fetal derived CTPs, and passages 5, 10, 15-20, of fat-derived
CTPs) were grown as pellet cultures in the presence of low serum TGE-B3
supplemented medium as described in method 2 of chondrogenic differentjation in the
General Materials and Experimental Methods, hereinabove. A section of one-month-
old pellet culture was stained with Toluidine biue, showing the mafrix 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 Resulfs

Seeding of CTPs on electrospun PCL/PLA scaffolds resulted in connective
tissue formation — 5 X 10° CTPs (passage 10-12) resuspended in 10 pl of 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 genérated (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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conditions but on plastic tissue culture plates did not show any form of 3D tissue-like

_ formation (data not shown).

- Altogether, these results demonstrate the ability of the adult stem cells derived
CTPs of the present invention to form mineralized matrix and tissue-like paiches
when grown on nano-scaffolds.

EXAMPLE 6
CTPS ARE CAPABLE OF FORMING TENDON GRAFTS INVITRO

-To test the ability of the adult stem cells derived CTPs of the present invention
to form a more compact and organized tissue, the long-term ]:ngh -density culture:
technique was optimized, as follows.

CTP cells are capabie of forming a tendon-like tissue - The long-term high-
density culture technique induces the self-assembly of 3D, cylinder-shaped constructs,
which morphologically resemble early develbped tendons. This_procéss 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 C1P
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 Sk, 1, m and data not shown). Altogether, these
experiments demonstrate the engineering of functional tendons from the adult stem
ceﬂs 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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CTPs) were removed from the culiure plate and were put into a custom built testing
machine. The strain-stress response of the constructs resembles a non-linear
behavior. ‘ :
Altogether, these results demonstrate the formation of a tendon-like structure

with excellent mechanical properties resembling that of mature rather than immature

_'tendons.
EXAMPLE 7
ADULT STEM CELLS DERIVED CTP CELLS FORM CONNECTIVE TISSUE
INVIVO

To assess the commitment of the adult stem cells-derived CTP cells to the

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

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

CTP cells are non-tumorigenic in vivo - fetal derived CTPs from passages 5-6
or 10-11 were implanted undemeath the kidney capsule of 5-week-old SCID-beige
mice. Using this animal model, the present inventors have previously shown that
undifferentiated hESCs are capable of forming teratomas (data not showﬁ). Six and
twelve weeks post transplantation, kidneys were hatvested for anaiysis. Both
macroscopic examination and histological analysis did not detect any form of
teratoma formation (data not shown). Instead, a localized sub-capsular formation of
Joose connective tissue was observed, with ﬁo evidence of other tissue type (data not
shown). Using this model, it is possible to explore the in-vivo developmental
potential of adult stem cells-derived CTPs. |

Altogether, these results demonstrate that adult stem cells-derived CTPs are

non-tumorigenic and are committed to the connective cell lineage in vivo.

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 cd] nude mice and the formation of ectopic new bone and cartilage

was assessed, as follows.
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CTP derived ectopic transplants are biocompatible, well-vascularized masses
with radio-opague bone tissue - For subcutaneous transplantation of adult stem cells

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

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

flask (from either fetal or fat-derived CTPs) were injected in each incision. Ectopic
transplants visible following 3 weeks of transplantation included bone tissue, as
confirmed by the radio-opagque transplants seen by X-ray analysis (Figure 4a and data
pot shown). Furthermore, X-ray analysis performéd following 5 months of
transplantation confirmed the formation of bone tissue (Figures 4b and c). It should

‘be noted that the presence of bone tissue following 5 months of transplantation

demonstrates that the CTPs underwent terminal differentiation to bone tissue and that
the transplantation was not associated with a fumorigenic process. Close examination -
of the ectopic transplants following the removal of the back skin revealed the
presence of non-cancerous, well-vascularized masses (Figures 11a-c), demonstrating
that the ectopic transplant is biocompatible, well integrated within the recipient mouse
and not rejected by its immune system.

CTP derived ectopic transplants include bone and cartilage fissues -
Histological analyses of the ectopic transplants revealed the formation of new bone
from CTPs derived from fetal tissue (data not shown) and hypertrophic cartilage {data
not shown) tissues with early stage of mineralized bone matrix formation and a later
stage showing osteon-like structures and new bone formation (data not shown).

 CTP derived ectopic transplants include mineralized bone fissue — As is
further shown in Figuré 12a, analysis of frozen sections of non-demineralized tissue
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-buman mitochondria antibody (BioGenex,
San Ramon, CA, USA, Cat. No MU213-UC). The newly-formed ectopic tissue is
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 positively stained with the anti-human mitochondria antibody (data not shown),
demonstrating the human origin of the ectopic tissue.

Altogether, these results demonstrate the ability of the adult stem cells derived

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

EXAMPLE 9

THE IN VIVO REPAIR OF CRITICAL ACHILLES-TENDON INJURY USING A

TENDON GRAFT FORMED FROM ADULT STEM CELLS DERIVED CTPS

“To test the functionality of the in vitro engineered tendon graft from the adult
stem cells derived CTPs of the present invention (as described in Example 6,
hereinabove), the present inventors have induced a critical Achilles-tendon injury in
mice and implanted the tendon graft of the present invention, as follow.

Figures 13a-e schematically depict the sirategy of repairing a critical Achilles-
tendon injury using the in vitro generated tendon graft of the present invention. High-
density CTP cultures were grown with no further splitting for 4-5 weeks to form a
sheet-like tissues in culture plates (Figure 13a). Next tissues were gently removed
from plates using a cell scraper and rolled to form rounded cylinders (Figure 13b).
Non-absorbable sutures were inserted at the ends of a construct through all layers
(Figure 13c). Constructs were immediately used for transplantation or kept inside
custom-made templates made from flexible silicon tubes embedded in agar plates.
Full thickness, 3-4 mm long segment of the Achilles tendon in nude mice was cut to
form a critical gap (Figure 13d). Next constructs were sutured to the proximal and
distal edges of the injured Achilles tendon (Figure 13e).

Experimental Results .'

In vivo repair of a critical Achilles-tendon injury using the in vitro formed
tendon graft of the present invention — Following the induction of a critical Achilles-
tendon injury the treated mice are unable to extent their ankle, resulting in a maximal
extension of less than 90 degrees (Figure 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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mar lﬁze anspll;'mtfl%? tendon grafts are of a human origin —To confirm the
human origin of the transplanted tendon grafts (formed from fetal derived CTPS),
cross section of the transplanted tendon was subjected to immunostaining analysis
using the anti-human mitochondria antibody. The transplanted tendon is positively
stained with the anti-human mitochondria antibody, demonstrating its human origin
(data not shown). |

EXAMPLE 10
FORMATION OF ECM AND ACCELULARIZED MATRIX USING THE
CONNECTIVE TISSUE PROGENITOR CELLS

Experimental Results

Formation of ECM in vitro - For the formation of extracellular matrix
(ECM), the CTPs (from fat tissue) were plated at high densities (5-10 x 10° cells/cm?) |
in tissue culture plates in the presence of a culture medium comprising ascorbic acid
and dexamethasone (CTP medium). After about 4 weeks in culture (other periods of
time are also possible) éheet—like tissue was formed. The sheet-like tissue was
subjected to freéze—drying and/or cell removal (Figures 15a-j). Freeze-drying was
done using standard lyophilization device. The resultant fissue 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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wel | -defined fibrous structure and parall el
orientation of elongated, fibroblast-like |ooking,
cells (Figures Si, | and data not shown). Thus, these
cells fornmed a well organized, highly cellular

col | agen-associ ated mneralind tissue, as evident by
hi stol ogy and el ectron mcroscopy (Figures 5k, 1, m



behavi or. Al together, these results

denonstrate the formati on of a tendon-like structure

5 with excellent mechani cal properties resenbling
wotbeosgsdr mat ure rat her than i nmat ure tendons PCEXENPLE0047

7 ADULT STEM CELLS DERI VED CTP CELLS FORM

CONNECTI VE Tl SSUE 10I N VI VO To assess the

comm tment of the adult st@®m cells-derived CTP cells

. to the connective tissue |ineage on one hand, and to
indgsidusl peblicadion, PaipRsrorgRaRat 3P R @wﬁaﬂﬁ Afepsston number
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are non-tunorigenic in vivo - -
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invemtignt or s have previ ously shown that undifferentiated
hESCs are capable of form ng teratonaas (data not
shown). Six and twel ve weeks post transpl antation,
ki dneys were harvested for analysis. Both macroscopic
exam nation and histol ogi cal analysis did not detect
any formof 20 teratorna formation (data not shown).
Instead, a |ocalized sub-capsular formation of |oose
connective tissue was observed, with no evidence of
ot her tissue type (data not shown). Using this nodel,
it is possible to explore the in-vivo devel opnent al
potential of adult stemcells-derived CTPs.
Al t oget her, these results denonstrate that adult stem
cell s-derived CIPs are 25 non-tunorigenic and are

conmtted to the connective cell lineage in vivo.
EXAMPLE 8 CTP CELLS FORM BONE AND CARTI LAGE TI SSUES
I N VI VO To assess the potential of the

adult stemcells derived CIPs of the present 30
invention to formcartil age and bone tissue in vivo,
CTPs were subcutaneously transplanted into cdl nude
m ce and the formation of ectopic new bone and
cartilage was assessed, as follows. WO

2007/ 080591PCT/ 1 L2007/ 000047 55 CTP deri ved
ectopic transplants are bi oconpati bl e,

wel | -vascul ari zed masses with radi o- opaque bone

ti ssue - For subcutaneous transplantation of adult
stemcells derived CTPs, the m ce were anesthetized
and approximately 5 mm|long incisions were made in 2
or 3 locations on the back of the animal. CTP cells
froma single T75 5 flask (fromeither fetal or
fat-derived CTPs) were injected in each incision.
Ectopic transplants visible follow ng 3 weeks of
transpl antation i ncluded bone tissue, as confirned by
t he radi o-opaque transplants seen by X-ray anal ysis
(Figure 4a and data not shown). Furthernore, X-ray
anal ysis perfornmed follow ng 5 nonths of

transpl antation confirnmed the formation of bone :
tissue (Figures 4b and c). It should 10 be noted that
t he presence of bone tissue follow ng 5 nonths of
transpl antati on denonstrates that the CTPs underwent
termnal differentiation to bone tissue and that the
transpl antati on was not associated with a
turnorigenic process. Close exam nation of the
ectopic transplants follow ng the renoval of the back
skin reveal ed the presence of non-cancerous,

wel | -vascul ari zed masses (Figures Il a-c),
denonstrating 15 that the ectopic transplant is

bi oconpati ble, well integrated within the recipient
nmouse and not rejected by its imune system

CTP derived ectopic transplants include bone and
cartilage tissues - Hi stol ogical anal yses of the
ectopic transplants revealed the formati on of new



56 positively stained with the anti-hunman
m tochondria anti body (data not shown), denonstrating
the human origin of the ectopic tissue.

woAbbgeddner, these results denonstrate the aldriiLyoonbooos7
the adult stemcells derived CTPs of the present
invention to formbone and cartilage tissue in vivo.
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tlssue progeni tor cells. 2. The net hod of

L SO 1 R R SRRy o

fetal §BGleUm Whi ch conpri ses dexanethasone and ascorbic

acid, wherein a first passage of said passaging is

effected at subconfluency of about 70-90 % fol |l ow ng

n'tial uIt I.n f. said t | o gy
ture gf cﬁ ? &Jn gal a&%ﬂ g%Ln eﬂls%r?l%gguf’d from a

O%Mmﬁﬁ@hg sald at | east tmo ceII I|neages of the

connective tissue are selected fromthe group

conS|st|ng of an osteogenic |ineage, a chondrogenic

ea an_adi .1 Cy | i .
garrgn | ﬁglgd g)%%}/a&rln 7 &rh%%ﬁ%%l@ﬁ%fl %S%J%qs Sﬂi‘laﬂ%g frfm a placenta,
ammwﬁée laﬁm&ﬁicdn@ﬂwahe sdoadhbloet lagd/ar ehalovba wviBitsahrpbe{GV S).
fetal tissue. 5. The nethod of claim1,
mhereln sald adult stemcells are obtained froma
tnat tﬁ%ﬁ‘ ~.Al :
vvher ei n sal et a °t1%“%"‘sﬁe@1h§;ro tsgilan fa‘fi?%n%(r‘gaSﬁé B Sbizined from
umbiib&icentti acord nlbod,y forsskin hone t merronerbloadefat dissut, woooattive tissue
and/ aor. chorionic villi sanple (CVS). 7. The
and/qrdibreRlagts. cl aim 5, wherein said postnatal tissue is
obtai ned fromunbilical cord, cord bl ood, foreskin,
bone marrow, blood, fat tissue, connective tissue
and/ or fibroblasts. 66 8. The nethod of any of clains
2-7, further conprising expanding the connective
tissue progenitor cells in said culture medi um which
conpri ses dexanet hasone and ascorbic acid so as to
obtain at least 3.5 x 109 connective tissue
progenitor cells froma single cell of said adult
stemcells foll ow ng about 20 passages. 9. The
met hod of any of clains 1-8, wherein said culture
medi um further conprises serum or serumrepl acenent.
10. The method of any of clains 1-9, wherein said
dexamet hasone is provided at a concentration sel ected
fromthe range of le-1 0-8 M 11. The net hod




- 17. The isolated cell preparation of connective

tissue progenitor cells of any of clains 12-16,

wherei n said connective tissue progenitor cells are

capabl e of differentiating into cells of a

chondrogeni c |ineage, an osfeogenic |ineage, an

adi pocytic |lineage, a tendon and |iganment |ineage
8. 67The method18f any whtclrduts &-7,gBrbea coMPFiEng eRRFBAING the onnective
tissub Ngrop&iifoe bello MAr sAd n@ltatd tediung whieh compeists dexdmahbasene and
ascofth QSH'S%)OJS 16 &bt Sin 1(’53@?3 '5%9'1@%&‘31116&1&6 tﬁ?tgﬁ)rﬁrfe Fﬂ&%ﬁ &@fls from a
mng§ﬁxﬁﬂf§%%%$¥%sgmx§ é%iﬁh (??%r gxanethason

under culture condltlons devoid of a carrier, thereby

gefier at Thy metlyitbof ahy kaf qlaimsukSwihersin saif gultge gediun further
compriedl edtuin@riserum feptact@maton ti ssue. 19. A net hod

of 14,01 mmegm%ﬂm%ﬁa@?edfl iR 10Rtliexeih EEMdeximethahbagprovided

at acog?&tra%ifmn?%g&e& ﬁr}n[”tﬂg‘re{hgf%?ﬁ‘@e‘ibﬂf ti ssue progenitor

& Tsol preparation of ceIIs of
any of clains 12-16 in a culture nedlun1mht
cohpr i sBke metbord iof anyef elamdl-Bexbaren said SHer ]ﬂ"f’é‘rde‘B}?mVlded ata
 conckmtationgeletted EGM the range of 20-50Fhe/met hod of cl ai m 19,
mhereln said culturing conprises seeding the

ect Jﬁ\}{? éds UTQ ?fg ﬁbﬂ of co‘ﬁﬁl:étﬁfe %fssdé ;ﬁ' émtgleéb?!stré’sultant of
22

the Iafztheqi é&ﬁ'iglylo Whem Fhel ntnﬁctlv g)? e%%]BJt&n}fells are
capablg| Qfsb%ﬁt&m#mﬁe‘éd@lat proliferaiive) pan t efmma?ly erepfigfed state for at
leasti2€qlastages inadultuyer adarracimhleof! daifgrenfating antamt Jeastitwo cell lineages
of aVash&kiRe tfisuAand twistamtbelcbsnedtiee iissmenpragetitfor ScBMexpress core

: btﬂﬁ%kﬁ&ord.hal ﬂ%%lThe met hod of claim 1, further
C npr|S| ssaglng the connective tissue progenitor

cells in a presence of said culture nmedi um which
~conprises dexanet hasone and ascorbic acid,. wherein a
first passage of said passaging is effected at
subxonf The et celOpreprafiod of bawientivd tisti¢ arogenitorurelln@f claim

12, fhed &@%anect%&eeﬂasﬁg bi‘c%ehi'ﬂorsééllg cfptkisWCB 1 0B diDIgs, Ch44, CD29
| STI'NG <110> chni on Research S

and FG(Fed nent Foundation Ltd. |TSROVI TZ- ELDOR, Joseph
COHEN, Shahar <120> ADULT STEM CELL- DERI VED
COMNECTTEIsTlaBgURR! PRecEmRfiqoRE comaretedSisre pregerjtrgelle of claim
12 o<1R0wha3R3ab&ik tGfirectfe €470 protmniion ¢alls not expoessBigdCR43 gnd HLA-
R.1 <211> 20 <212> DNA <213> Artificial sequence <220>
<223> Singl e strand DNA ollgonucleotlde <400> 1

o RS o A L ogat %%lzg%%gtf;%d Bl of my o

clamml\l& i wheveisl the isoksederbigpseparation is deveid o

16.  The 1solatcd cell preparation of connective tissue progenitor cells of any of
claims 12-15, wherein the isolated cell preparation is xeno-free.

17.  The isolated cell preparation of connective tissue progenitor cells of any of
claims 12-16, wherein said connective tissue progenitor cells are capable of differentiating
into cells of a chondrogenic lineage, an osteogenic lineage, an adipocytic lineage, a tendon
and ligament lineage. '



cgctccggcec cacaaatctc <210> 3 <211> 20 <212> DNA

<213> Artificial sequence <220> <223> Single strand

DNA ol i gonucl eoti de <400> 3 atct gaagaa ggagagcgag

<210> 4 <211> 20 <212> DNA <213> Artificial sequence

<220> <223> Single strand ol i gonucl eoti de <400> 4
‘tcagaagt ct ccagagcttg20 <210> 5 <211> 20 <212> DNA .
<218> AAtinethed #if sspeatnga tepdyn-tissye he gohnd.caqprgig culturing

DNA ol i gonucl ide < '
the @ngic%dgggs%gﬁo%%?go%éfilggﬁéﬁﬁg@%gﬁ @@AIE %Ir i sztigfiacﬁquﬁg of any of
clain&Ee AUeNC e 52A0re medium which comprises ascorbic acid and/or dexamethason
~ander culture conditions devoid of a carrier, thereby generating a sheet-like tissue which is

rolled or folded to form the tendon tissue.

19. A method of forming an extracellular matrix (ECM), the method
comprising culturing the connective tissue progenitor cells of the isolated cell preparation

of cells of any of claims 12-16 in a culture medium which comprises ascorbic acid and

- dexamethasone, thereby forming the ECM.

20.  The method of claim 19, wherein said culturing comprises seeding the

connective tissue progenitor cells at 4 cell density of 5-10 x 10° cells/cm’.

21.  The method of any of claims 1-11 and 18-20, wherein the adult stem cells

are human aduli stem cells.

22. The isolated cell preparation of any of claims 12-17, wherein the adult stem

cells are human adult stem cells.

23. The method of claim 1, further comprising passaging the connective tissue
progenitor cells in a presence of said culture medium which comprises dexamethasone and
ascorbic acid, wherein a first passage of said passaging is effected at subconfluency of 70-

90 % following initial culturing of said adult stem cells in said culture medium.



<223> Single strand DNA ol i gonucl eoti de <400> 6
taaccactgc tccactctgg <210> 7 <211> 20 <212> DNA
<213> Artificial sequence <220> <223> Single strand
wOoDbBY/msbisgonucl eot i de <400> 7 gcagcaat ga caacREGAT07/000047
<210> 8 <211> 22 <212> DNA <213> Artificial sequence
<220> <223> Single strand DNA ol i gonucl eoti de <400> 8
cttctcattc tcatggatct tc k210> 9 <211> 23 <212> DNA
<213> Artificial sequence <220> <223> Single strand
SEUERIN BT M onucl eot i de <400> 9 ctaggcatca cctgtgccat acc
<110><2382iohk et 2 REelaR4R FoPNAI@2E3> Artificial sequence
<?£@§"%@5’R'Sf°ﬁ§‘lhe strand DNA ol i gonucl eoti de <400>

1
<120> %Dt?L?g‘StTEgMaCSESLa—gERETJEg %EN%QC%IaJE JI.SS%% CPROGENI‘I‘DRS FOR TISSUE ENGINEERING

<130> 33250
<160> 40
<170> PatentiIn wversion 3.3

<210> 1

<211> 20

<212> DHA

<213> Artificial sequence

<220> .
<223> BSingle strand DNAR oligonuclectide

<400> 1 20
ccgeacgaca accgcaccat .

<210> 2

<211> 20

<212> DWB

<213> Artificial sequence

<220> ] )
«223> Single strand DNA oligonucleotide

<400> 2 -0
cgetecggoe cacaaatcte

<210> 3

<21i>» 20

<212> DNA

<213> Artificial segquence

<220> ) _ .
<223> Single strand DNA oligonuclectide

<400> 3 20
atctgaagaa ggagagegag

<210> 4

<21i> 20

<212> DNA

<213> Artificial sequence

<220> )
<223> Single strand DNA oligonuclectide

<400> 4 a0
tecagaagtct ccagagettg

<210> 5

<211> 20

<212> DNA

<213> BArtificial sequence

<220> ‘
<223> Biangle strand DNA oligonuclectide

<400> 3 20
gcacacaatg gattgcaagy



<210> 11 <211> 20 <212> DNA <213> Artificial sequence

<220> <223> Single strand DNA ol i gonucl eoti de <400>

11 tggagcttca gaagctcaac <212> DNA <213> Artificial
wogewpseee <220> <223> Single strand DNA PCT/IL2067/000047

ol i gonucl eoti de <400> 12 atctcgttgt ctgagtagta

ccagtcc <210> 13 <211> 19 <212> DNA <213> Artifici al

sequence <220> <223> Singte strand DNA

’10 ol i gonucl eoti de. <400> 13 cacagcctca tcttcatgg <210>
< >

Li14,<211> 20 <212> DNA <213> Artificial sequence <220>
<212<2d8> Si ngl e strand DNA ol i gonucl eoti de <400> 14

<213y dgtiétedt ¥YPYeat ct gg <210> 15 <211> 20 <212> DNA
«220213> Artificial sequence <220> <223> Single strand
<223DNAedt iSHEPUBPeBtItE €4 80> 15 tggtttaact ggagccaagg

<a00<210> 16 <211> 20 <212> DNA <213> Artificial sequence
taacea@@) Bacactetyg 2

<210> 7

<211i> 20

<212> DNA

"«¢213> Artificial sequence

<220> B .
<223> Single strand DNA oligonucleotide

<400> 7 _ 20
gcagcaatga caacaagacc

<210> 8

<211> 22

<212> DNA

<213> Artificial segqueénce

<220> . .
<223> BSingle strand DNA oligonuclectide

<400> 8 sn
cttectcattce tcatggatct tc

<210> 9

<211> 23

<212> DNA

<213> Artifieial sequence

<220 ] )
<223> Single strand DNR oligonucleotide

<400> 3 3
ctaggeatca cctgtgoecat acc

<2i0>» 10
<211> 25
<212> DNA .
<213> Artificial sequence

220> _ _ .
<223> Single strand DHA oligonucleotide

<£00> 10 25
cagtgaccag ttcatcagat teatc

<210> il

<21i> 20

<212> DNA

<213>» Artificial ssquence

220> ‘
<223> Singlie strand DNA oligonucleotide

<400> 11 20
tggageottca gaagctcaac

<210> 12
<211> 27



<223> Single strand DNA ol i gonucl eoti de <400> 16

gcccaccatg aatttatatc <210> 17 <211> 21 <212> DNA

<213> Artificial sequence <220> <223> Single strand
woDb#y/mbisgonucl eot i de <400> 17 ccctttttgce tgctPaginn7/e047

<210> 18 <211> 24 <212> DNA <213> Artificial sequence

<220> <223> Single strand DNA ol i gonucl eoti de <400>

18 ctgttgtcca ggttttcCig gcac <210> 19 <211> 20 <212>

DNA <213> Awt!ficial sequence <220> <223> Single
§g§§lu?gungN§ ol i.gonucl eoti de <400> 19 caggacgact

%« fgcagla ¥2210> 20 <211> 20 <212> DNA <213>
<20Artificia <RR0> <223> Single strand DNA
<223 FHOR TS %&% ggﬂaojgéb aagctggagcgtgtcctggta <210>
<4002 112<211> 20 <212> DNA <213> Artificial sequence <220>
ateteabtyg SCRPRYT S8 Fand DNA ol i gonucl eoti de <400> 21

at ccgagaca ccaacgagac <210> 22 <211> 20 <212> DNA
29%243> Artificial sequence <220> <223> Single strand

<212 ol i gonucl eot i de
<213> Artificial sequence

<220>
<223> Single strand DNAR oligonuclectide

<400> 13
cacagcctea tetteatgg ] 18

<210> 14

<211> 26

<212> DNA

<233> aArtificial seguence

<220> .
<233> sSingle strand DNA oligonuclectide

<400> 14
gcatctcata gtgcatetgg 20

<210> 15

<211>» 20

<212> DHA

<213> Artificial sequence

<220>
<223> Bingle strand DHR oligonucleotide

<400> 15
tggtttaact ggagccaagy - 20

<210> 16

<211> 20

<212> DNA

<213> Artificial seguence

<220>
<223> 8ingle strand DNA oligonucleotide

<4D0> 16
gcccaccatg aatttatate .20

<210> 17

<211>. 21

<212> ©DNA

<213> Artificial sequence

<220 .
«<223> single strand DNA oligonucleotide

©o<4Q0> 17

ccctttttge tgctagtate ¢ 21

<z210> 18

<211> 24

<212> 7DHA

<213> artificial sequence



<400> 22 ggcttcaccc tcactgatgt <210> 23 <211> 20
<212> DNA <213> Artificial sequence <220> <223>
Singl e strand DNA ol i gonucl eoti de <400> 23 occccat cct
woQagteemnaac <210> 24 <211> 20 <212> DNA <213PCT/AL2007/000047
Artificial sequence <223> Single strand DNA
ol i gonucl eoti de <400> 24 atccagggtt cctctgtgtg <210>
25 <211> 20 <212> DNA <218> Artificial sequence <220>
<223> Single strand DNA ol i gonucl eoti de <400> 25
o0 §CAAQCTLC ccttttcagt <210> 26 <211> 20 <212> DNA
<mxSZA§ﬁeémﬁmﬁmmm&hmﬁaquemce <220> <223> Single strand
DNA ol i gonucl eoti de <400> 26 ctgcacagcc gaaattgtaa
reLD3eedkos ke 20 <212> DNA <213> Artificiat sequence
<220> <223> Single strand DNA ol i gonucl eoti de <400>
<10 koCCl CCaactg ctcctactcg <210> 28 <211> 20 <212> DNA

<m;%2ﬁ3> Artificial sequence <220> <223> Single strand
<2lz

<Z213> t&ungpgﬁgggptlde <4OO> 28 nggtCtaCC tgattthca

<220> . .
£223> Single strand DNA oligonuclectide

<400> 1% 20
caggacgact ttgatgcaga

<210> 20

<2il> 20

<212> DNA

<213> Artificial segquence

<220> )
<223> Single strand DNA cligonucleotide

<400> 20 20
aagctggage tgtoctggta

<210> 21

<211> 20

<212> DNA

<213> Artificial sequence

<220> ] )
<223> Single strand DNHA oligonuclectide

<400> 21 20
atcegagaca ccaacgagac

<210> 22

<211> 20

<212> DHA

<213> Artificial sequence

<2Z20> . ]
<223> Single strand DNA oligonuclectide

<400> 22 30
ggctitcacce teactgatgt

<210> 23

<211> 20

<212> DNA

<213> Artificial sequence

<220> ] .
<223> Single strand DNA -oligonucleotide

<400> 23 20
cccecatect cactacaaac

<210> 24

<21i> 20

<212> DNA

€213> - Artificiel sequence

<220>



<210> 29 <211> 20 <212> DNA <213> Artificial sequence
<220> <223> Single strand DNA ol i gonucl eoti de <400>
29 gtgcctggac tgatttggtt <210> 30 <211> 20 <212> DNA
wos8dzagesAtificial sequence <400> 30 tgtggagecaL2007/060047
atttgtttga <210> 31 <211> 20 <212> DNA <213>
Artificial sequence <220> <223> Single strand DNA
ol i gonucl eoti de <400> 31 $gaagaacct tcacgcattg <210>
32 <211> 20 <212> DNA <213> Artificial sequence <220>
<223>< Fpgse Sirprg| W SHEFREBRIR ol i gonucl eoti de <400> 32
«agexdagccatt gt caacagcaga <210> 33 <211> 20 <212> DNA
atccag@tBeetApotdtii ci al sequence <220> <223> Single strand

DNA ol i gonucl eoti de <400> 33 tgcagaacaa cgacatctcc20

<§§c1:i<2$0>' 34 <211> 20 <212> DNA <213> Artificial sequence
<eilg

21<Z90> <223> Single strand DNA ol i gonucl eoti de <400>
<213:34reeaggt $sa@aceagccact gt t 20

<220>
<223> Singie strand DNA oligonuclectide

<400> 25
tgeaagcotte ccttttecagt . 20

<210> 26

<211> 20

<212> DWA

<213> Artificial seqguence

<220> )
«223> Gingle strand DNA cligonucleotide

<400> 286 ‘
ctgcacagee gaaattgtaa 20

<216> 27
<211> 20
<212> DNA
<213> Artificial sequence

<220
<223> Single strand DNA oligonuclieotide

<400> 27
cctocaactyg ctoctacteg 20

<210> 28

<211> 20

<Z12> ©DHNA

<213> Artificial sequence

<220
<223> Single strand DNA cligonucleotide

<400> 28
cgggtctace tgattcteca 20

<2l0> 29

<21i> 20

<212> DNA

<213> Artificial sequence

<220>
<223> single strand DNR oligonucleotide

<400> 29
gtgoectggac tgatitggti 7 20

<210> 30
<2il> 20
<212> DNA
<213> Artificial segquence

<220>
<223> Single strand DNA oligonuclectide



<210> 35 <211> 20 <212> DNA <213> Artificial sequence

<220> <223> Single strand DNA ol i gonucl eoti de <400>

35 gctatggact gccctacacc <210> 36 <211> 20 <212> DNA
wOBWAsoMt i ficial sequence <220> <223> Si ngl @CIIEZGTH000047

DNA ol i gonucl eoti de <400> 36 agctcctggg acaccaacta

<210> 37 <211> 20 <212> DNA <213> Artificial sequence

<220> <223> Single strand6DNA ol i gonucl eoti de <400>

37 ggagtcagct gccaagagac <210> 38 <211> 20 <212> DNA
e b33 Artifid cial sequence <220> <223> Singl e strand

ol i gonucl eoti de <400> 38 acacacgtgc acctcat cat

165240> 39 <211> 20 <212> DNA <213> Artificial sequence
«<115220> <223> Single strand DNA ol i gonucl eoti de <400>
<ZL23oMe Ot ac fcttgtcagca <210> 40 <211> 20 <212> DNA
<m3>2{293%? ‘ﬁ%fal sequence <220> <223> Single strand
<220DNA ol Egonucle tide <400> 40 aggtaaccgg tgactgatgc

<223> single rand DNA © 1gonucleo

<400> 31 . 20
tgaagaacct tcacycattg )

<210> 32

<211> 20

«212> DNA

<213> Artificial seguence

<220> . .
<223> Single strand DNA oligonuclectide

<400> 32 20
gagecattgt caacagcaga

<2i0> 33

<21il> 20

<212> DNA

<213> Artificial seguesnce

<220> ) )
<223> Single strand DWA oligonucleotide

<400> 33 20
tgecagaacaa cgacatchtec

©o<210> 34

<211> 20
<212> DKA
<213> Artificial segquence

<220> ) .
<223> Single strand DNA cligonuclectide

<400> 34 20
ccaggticaa agccactgtt

- <210> 35

<211> 20
<212> DPHNA
<213> Artificial sequence

<220> - .
<223> Single strand BNA oligonucleotide

<400> 35 ”0
gctatggact gococtacace

<210> 36

<2il1> 20

<212> ©ONA

<213> Artificial sequence

<220> ) .
<223> BSingle strand DNA oligonuclectide

<400> 36 20
agctcétggg acaccaacta :



WO 2007/080591 _ PCT/IL2007/000047

<2310> 37

<21il1l> 20
" «212> DHA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 37
ggagtcagect gecaagagac . 20

<210> 38

<21il> 20

<212> DNA

<213> Artificial sequence

<220> .
<223> Single strand DHA oligonuclecotide

<400> 38
acacacgtge acckcatcat 20

<210> 38

<211> 20

<212> DNA

<213>» Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 39
cgtggagtac ctigtecagea 7 20

<210> 40

<211> 20

<212> DHA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonuclectide

<400> 40
aggtaaccgg tgactgatge 20



