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as “tissue-specific stem cells”) have been found in very small numbers in various

tissues of the adult body, including bone marrow, (Weissman, (2000) Science
287:1442-1446), neural tissue (Gage, (2000) Science 287:1433-1438), gastrointestinal
tissue (Potten, (1998) Phil. Trans. R. Soc. Lond. B. 353:821-830), epidermal tissue
(Watt, (1997) Phil. Trans. R. Soc. Lond. B. 353:831), hepatic tissue (Alison and
Sarraf, (1998) J. Hepatol. 29:678-683), and mesenchymal tissue (Pittenger et al.,
(1999) Science 284:143-147). In particular, adult stem cells found in the corneoscleral

1

CONFIRMATION COPY



surfaces. [0005] The ocul ar surface consists of

corneal epithelium conjuctival epithelium and
w@e@soonmeal tear film In a healthy eye, cor neei/1B2005/000203
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provide an unbroken supply of corneal epithelial cells necessary to maintain the
equilibrium of the comeal surface (Tseng, (1996) Mol. Biol. Rep. 23:47-58). A
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Therefore, damage due to the loss of linbal stemcells

cannot be repaired without the re-introduction of a
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because the ultlmate success of the therapy is dependent on the gradual replacement of

the donor’s corneal epithelium with the recipient’s corneal epithelium, which may

have a poor prognosis due to a deficiency of limbal stem cells in the recipient’s eye.
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grafts, each spanning approximately 6-7 mmin |i nbal

arc length, which are harvested froma healthy eye,
wee@beras y fromthe sane patient. This procedeCEIB2E65/000203
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patients with limbal stem cell deficiencies.
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the eye, or the forrinx and/or conjunctiva area of the

eye. After the cells are cultured, they are
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of stemcells fromcorneal tissue by neans of

selecting stemcells that express the nenbrane protein
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des rable to de trans nts rafts..that w.l

S Copl B LRSS nd BRI s PR g B el the ooutr

o c lshllrﬁce and ingeevel Vighe. r’ﬂib[’dfsrebtyeqa rapptbsbihegwhich hiedhtemded to supply

|ons fllrrbal cells heablllt
PO Bemal afhcafio e At wiks Roaisiest ool deiplencyaiih sostol itgions
t h thﬂih%ag%' dab toYMNRYd QippTy 6 unbiishhti4l 80 2leml il w1th self-
present disclosure describes a tissue i)ést em where

t hEeEePaaliye opatiyrpresshi Hestransplps o cellus, ity é%eerql?le to
at plraR! nahPtihs30r 9DYRO mdtha/if Sbd Sndrd §11Q€es§ﬁ1§~°1ﬂerepamng and
system are undi fferentiated stemcells (USCs).
Pr efcepgiprijng pearUseiice ompaurn@,@tsafowma\gdmawﬁﬁm@m%oml@%ns of
50

h(gﬁntb?gss{@l% Zégi;/{(’gm@%ﬁ/@ a[b?ﬁtz ré%ﬁfseratg{:%d gl i allféu%%%?ﬁﬁﬂa? stbl cells
exptréssyéone or nore stemcell marker genessel ected
fromthe group consisting of SSEA-4, SSEA-3, Cct-4,
Nanog, Rex 1, SoBRRIEFINGMMARY OFHEINVENEION St em Cel |
Factor. In a preferred enbodinment, USCs are positive
f o{003fhge Tdp otsiséit diselapry descdbes mtlsg@rsymnk‘@hermn the tissue system

o o’
S5yt PGS RAPA IR ST Al e o
system are undifferentiated stem cells (USCs). Preferably, the USCs comprise at least
about 30%, 40%, 50%, 60%, 70%, 80%, or 90% of the limbal stem cells in the tissue

system. In various embodiments, USCs express one or more stem cell marker genes

6



ti ssue systemare positive for SSEA-4. In other

preferred enbodi nents, cells in the tissue system
wexpserd4dne or nore cell surface markers sel er€BEIB2650090203

the group consisting of K3/K12, K19, and p63. In other

p r ed18dELHoR RO glloHF %ncsmtﬂl@ ef SSE& e S%%%g @tc{ﬁ% Wbk VR 1, Sox2,

from corneoscl era nbus tissue.

cofdieb$8) Eraal-81,| aﬂdu%telpl Gdl Bagiery bea gintferiradeenbodimeninl/SCs are

SR R AR e LY,y s

rrulembodimpms,eai Igastsaboet &%&t@% 0% 86%, 006, @r¥&enf the USCs in the

| closur.e al so rov t hods, of gener at.i a )
i SR B A RlbPdbrSTHT, M E0” oA Hteredigoots in e
undséu% esyeuaim aipedds &hemrond)fe scellcauifacd Siaf@rd Bedectddefismothe group

carotsing Ao KB IEE, i iR b SBticoreh e saatpse e tase

| i gfddm @sﬁﬂérﬁreﬂ fro@tdrikoesleraClimbsOtisdtid. NW/hile ARPEdrAEds€leraPfimbus
[ i nbal steg?hogl |s . fromthe fagitured carneal |1 nbal

celifue gyays B¢ opaged Hont ash gfable; mpmmal; dvuman ttigsugais e particularly
f 0 predHRARbuIED rlereﬁlra%[? th&lidsud ﬂ@&h{ k8 nﬁﬂ't'i {9680 BBGK Y sfom.
wherein the stem cell -specific surface marker is

expyoasp ed T prasht ifseloans 4188 fidviabemnsdsl of gbhdplehl a e system,
cul turi n%ét he isol ated popul ation of USCS to generate

t havhereinsthe tisspstsusiem cobRFes PRifeientistedetions aelisa poreprisng the steps
thgelinmbal stemcells conprise at |east about 40-50%

of the cells in the tissue system nore preferably at

| east aboui?) isQatigxoutealilimebat édsiefrpm atderort | ssue system

nost pr ef yst%inﬂg ﬂ* Ca% g?ﬁgéletgsgueg%y%% n%é ggrngaqlﬁﬁ?ba;l %gls in |

the tissu n ot A nent’s
i mbal stem@ﬂln‘es conprlse USCs, nost preferably human

USCs. Pr ef se at st .abo
30% 40% (G005 *50f PROVRB OB 369 G ARE: (epiped comeal
stemcells i ]mnbaﬂl eeltsl ‘@SUﬂmgylﬁidbmea] limlmﬂ eslirtd e€lect for one or more

enbodi nent s, the SS on re stemcell
mar ker genesS'¥B| % tSBEF1§ El"ﬁem@\?i‘i ‘% ¢ itpysoell-specific

SSEA- 4, SSEAwdfacddairkéris &%Fé@ﬁbd b?&ﬁﬁdﬁfereﬁﬁ%té’d stdrh @ells (08 Cs);
Tra-1-81, and Stem Cel] Factor, In_other preferred

enbodi ment®), cukringthe Folated pepulatios of JSCefA &s@ﬁﬁa&esthe a%sée gistem.

more cell surface nmarkers sel ected fromthe

gro
coti1d} nén Srefagdembodygpents, thenlimpa] stenyigel scqgnﬁglgp Bt 1east about

|'i 13894 dfSRISIIY B e iSsud %i{l@é'n@trﬁorE Bf‘eférélﬁﬁ H@le§s¥ SBREBORYY of the
be i1 solated fromany sui 'e mammal , W th hunman

ti sellseingBe Hisgyasyitenyl mest praferntly ot dpagioboute80-§9% fob thgheefls in the

R 94 LD OSBRI APBNrc Usc

| mploainpraforabiy hmnargUast i Poeferably, thed Efiﬁisecmuprparat least] aémmy30%,

o W5 BAh o gk, 1P B LG A I8l . 1

r epre;ﬁar&dtenﬂmdhméﬁiﬁﬂhe HREs edpeess aneor more stem cell marker genes selected
from the group consisting of SSEA-4, SSEA-3, Oct-4, Nanog, Rex 1, Sox2, Tra-1-60,
Tra-1-81, and Stem Cell Factor. In other preferred embodiments, cells in the tissue
system express one or more cell surface markers selected from the group consisting of
K3/K12, K19, and p63. The corneal limbus tissue used to generate the tissue system
may be isolated from any suitable mammal, with human tissue as a particularly
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[0018] In other preferred enbodi nents of the above
nmet hods for generating a tissue system the cornea

WO povbaro1ed ssue is preferably cultured in cul t UPET/I2A05000203

that supports the preferred growth of I|inbal stem

Eﬁ/@ﬁ?eggﬁ g@@s , Ple ab%%%ﬂplt@sub gﬂ:mf/\%é{ilﬁra{éﬁddc@mﬁ %htoatﬁe above

furt Iemsn . a nutrie
semgthodh#ilbhe smitabimfoe tmmplmta@on, depbnttien| @grafting tomrecipient,

oS, PR 5 LR A B o
I nprefarred esﬂ)ddlmnts,e(hemcipmm andahscﬁr@w fha satheydr ocor t i sone,

basic fibroblast growh factor (bFGF), and | euken a
| n[ﬂﬂlSl or yn fodet @reféﬂtddF&mbdauEﬁm abtlyz atiohe nmﬂmdeafbr generating a

| BBEL e G S S B i e
ex aufipbes BR%refortéd gemth of Iﬂﬁﬂaﬂ]stehﬂceﬂﬁ ah®USed, for example in culture

enbodj nent s, corneal .1inb tissue. is cultured 0

o o Eh o DAy SO oot TPRlormit2 WS gyt 8658 a8 one or
eX ifods 8bluble factoRt Edlectddr ﬁbmogl@agraq; Sousisasg of &me&mrmbﬁoxme
extraceglular matrjx carrier or biocoated

di §A¥SO).prespmpimanty humane epidermal grawih afPCt%l(‘ihf%QFPasmH‘HWar?Odmm

a”EéléHlﬂeC tféﬁé‘t@&ﬁn QxydeB&tﬁdﬁ@P%ém Tk SHidse! gréFh BRtor (bFGF) and
bi ocoated with oné or nore attachnent factors such

fi Eﬂukﬁ@lg dghibifogy factor qLIFR que@geé)}y thg comnepldinbal | tissue is cultured until
fi BO0Gkd ﬂmbﬁpl:%}lﬁgiﬁ%e ole) Q%e&hﬁeuﬁéaﬁgycoﬁﬂﬁernﬁq%) .(a%:ple 80%
gr owt act or

hepat ocyte growth factor, er at1 nocyt ,
hyderdluentt i sone, or a corrbl nati on thereof. The corneal

linmbal cells cultured on an extracellular matri x
calf018) afle prfefal sibydidess otbe avmdalf Hohalt tisus apgoliured on an

ma | al ' 0.l [
TG Al Bl LDy bR o R R o
rrebtummtﬂe wairbcenlanwmadtox tdaoiee @f bisédatdd petrit tishear t ,Preffembly, the

agneti c-af finit el | s rtin
£ PR ORE e iR Aty Rt 1 e e laggrig) gy be
a piopodted with oné oidﬁGfe atﬂaébmlitnh €ictogs)yoashl a¥EiirBipged) &ndfin, collagen
m) stemc lb ec:lf rf.ace. nmarkers sgﬁg‘ed to
o OY aieasgisCEbronsiiny pqllagen, BOViaS BIHGEY PHFCh BPT GoRaigeRte growth
Ssﬁﬁtcﬁ; Kk&PRiinotyte NBHRH, falex dro@@ﬁﬁgone-rbﬁalco%maﬁbﬁl‘tﬁer&? The
Stem Cel | Fact or, CD73 ¢D10 , CDb4, and CD 17.

| ncerngalr ipbal| gellsy ciesde R edn émfelhﬁ%tmm’h eaggjegrjre  preferably
Celdissc?&?a@éﬂ %ﬂoﬁl e fRpGt TRIRI pisP tlébla%‘ik 6ht UES 1S preferred

SSEA- 4 may express one"or nore of these markers,
an @mbmbment@,rtbe earhdal bubglceliscaresrted hsipe metheds well knowm te Frose of

Q‘t(ih%' enal‘Pff %&aﬂﬁa‘ﬁ%rgl gﬁ@i@lafﬁiﬂyl %3k e(%}ﬂ%%sor fluorescence-

ers n cer aln-e ment s e sor
compiviated cell scbraag (FAES Lo 19084 2 H@%aﬂsﬁ)% U808 In7@hér egbogiments,
900/ or 950/ sitive c 0. fer
%Prnxgpﬁeg en{ %ﬁ ﬁpg%f c%ms gtsF I:te(g) %) %jé (ﬁ ﬁclﬁg{ag but
culafewicﬁ tinged do SSEAule SSEA@ ot-gXamogt Rext heSokiZ,SEmd 60, Tra-1-81,

Rt 1o BB G s an D e Psge pd 0 28, btiulady
COpteAgRA dnibodimd&i®) the @@ deM-specific surface marker used to select USCs is

SSEA-4. USCs may express one or more of these markers, and therefore will be

preferentially selected from the population of corneal limbal cells using these markers.



sheet, tenascin, fibrinogen, fibronectin, and

fibrinogen and thronbin sheet (Fibrin Seal ant,
woeios®EEMIt M) ), or any conbi nations thereof. TPET/1B2863®0203

base may al so be biocoated with a support nmaterial,

| gl Btanp e@y&mﬁa{ts 'thms&@éa @QcJ‘wms@'XMéAEt' ébo{le‘i%% aﬁk%, 50%,

| am ni n, V, tenascin, bri nogen,
fi 6@%n’él:%,|8ﬁ%,8 %c@%%&'ﬂi@ﬁmtm@@& I n cert al n
preferred enbodi nents, the tissue base is hunan

anﬂméﬂl c Fepisfoaed emhodimenis cheisalelef DRRHetPNFRISSisiace cultured on

: SO| gﬁgga@ 9 R4 S ?%rt]ﬁlg'ti Qﬁ%@gﬁ &) et gu'ﬁ%l dmf-gpu’r the ti tlssue base

madsl mamlnhlaetn amnhbtlcainlex;lﬂz:ranhel\/Iminalgdal§VI tlamimiap anldhgan ﬂﬁocutcollagen v

ot e et b omd B ARE raPEl o

i nSeztlant AReltkedlUpOr @ﬁbropmbinauénsbmeﬂebﬁstrhe elskiwe bass! tay @lso be

hed with hu bit factor, . .

oy Dot B o ok B e Rt PR Bfoligited b phan Finioti

SOhiébib&né aﬁéﬁaﬁmﬁ e6llgpeh eV, f fepidtin €ibhehep, @abmbim! i MeorREtin, or
di met hyl . hoxi de, recorrb %{1 Fﬁn epi der nmal

gr GRARpatL %98? re nslameﬁamés e empoduments, the Yswue dyapg j§, human

hy ghR%88 tnheiﬂﬁﬁ)e aiogk BRNSb] Qﬁa@@ lagSiotie 'R BtadeAbio8ated with a
BRI EF DESCR| PTI ON OF THE VI EAN6 OF THE DRAW NGS

[ OPRprt Phaderfab| bewsm@teérpamlﬁw qf&%wmefeﬂblvweltw@gem@dmm
SP&ft fiiFaldwoe @élfé 16! reﬁpalna ‘%Jlﬂi%‘iu%&nﬁn?l O;ﬁ Jﬁ%reﬂ@%ﬁ@%? Staple in
e present I SC S

certaln aspects of ure. present
d| s meéluma@nbhedb@nh eondifieded sredivh @yam@f@mmumed human

ofnSpale Brblec RodhRILANS B aRTUANAAR LR B

h e f%Et(m, or[cOibg2 ]ne&-'llugl,ﬂuppl&mertﬁbd%x/iﬂl steair mongsabdblefactors selected from

ti avered.tissye t amiotic nbr ane
oy pf Rt RO SEh el P Bbh i T Rshhal growts
FI eastos,yihalief sotimaseiehits itansiérria Hydtocetiséhel andbabic fibsdlast growth

bi sy sanple. Fig 2A shows unl abel ed control cells.
' gf C1%B shows cells treated with antinmouse fluorescent

e an FRAEDESCRIPEON 93%%@& YRS ﬁﬁ'ﬁin@%%

(s@l\m?giﬁ &Eeil 03{)5%: earnbr Olglﬁt ?ﬁ%%é@?l%apr%sreme 1srﬁemﬁcatlon and are

aninchided! afmﬁhéaemeﬁmwwmm%pdmdy)the ﬁm&o&sm@ yrh%%sent
ofthe ceIIS| t he ‘i%a sue bi opsy san‘p L
podistlpgrze may be %ttesmrﬂo icgterence) eqf.ngqs?g esedigsjags in
CY t&Bihation wilhahy Sdtfiledidedett Eﬁdﬁ&@p@lﬁd hiYeBinSnflRéiented herein.
sanple. Fig 3A shows unl abel ed control cells. Fig. 3B
shew2rce! IFfsuire SAHES: W didiniaf tof a"MbisitayekeiCisnd i@ onasnniotic
a secondary anti body | abel control. Fig 3C shows cells
| apembERngat the tsapinationpint gy el i ary anti body) and
with anti-nouse FITC ( secondar){ ant | bady)

A B

Ap 033} naiguye 24dlayr cytomettisl palysis ¢fh @ﬂw@saél@,‘gﬂé ttisgge biopsy
sagphfle affg NOHols \iBlab&Ed E&HRoSRIBE" Fig. 2B shows cells treated with anti-

mouse fluorescent isothiocyanate (FITC) antibody, a secondary antibody, as an FITC

label control. Fig 2C shows cells labeled with stage specific embryonic antigen
matker-4 (SSEA-4) antibody (primary antibody) and with anti-mouse FITC (secondary



4 marker. [0025] Figure 4. |Imunofl uorescence
phot om crograph of a nmulti-layered tissue system

WG h@dorg4posi tive i nmunof | uorescence for SSEA-EBCT/[E20856100203
Figure 5. Inmunofluorescence photom crograph of a
muj .4 ye t
i rrér%dr? 8?f)u oé C}Eeﬂr?cﬁié%&?%(?%%:fgﬁrﬁ %éelﬁ% Egect oﬁéﬂ(ﬁSS\é]l?:e b‘OFS(Y SamP le are
Fi pesiteredor therfi®vbHmeskezscence phot omi crograph of a
multi-layered tissue system show ng positive
i 004t | uBigusednElow oytometsic Janalysis [ogaﬂky]red=agw6@ gystem sample.
! nﬁ’ér}&f L%Wselﬁlfa%ﬁﬁ& cgllﬂzpotl %Qﬁ{ r ?%r 38 rlh&tz ?elﬁlﬁ'eta{ealﬁﬁleélﬁgmouse
tissué systems i imunot ['uorescence tor
Q:FI-T@ ar{tlB&BQ]as Fsegon@ry&ntlbcdydmlmt yordoh efig $Crsjiows cells labeled with

CroviRY BORHEpa ol o UL fltmo 55 YERS Yyl antibocy.

| MAYHroR@ atety TS ef &s aells s thedel Wstem dartiple B pobieive/fe tRrSSEA-
EIite K|t. p63 is a nuclear antigen and the brown
I.spots are the positive nuclei of the cells in

ﬁlp%%f - Bighoth Brmboof{potocond piepiicrggith o6 Siimevored ssu

Sh@é&eﬂﬁshbﬁﬁlgfpa&ﬁ{re RIRERAGEeRbIY/ ISk H0si tive cells in
the superficial layers of the tissue system [0031]

Fi szq 10Figu®BN 0hiniIfRSERRE: Pl RI0I0EIa@H PR Anlifi-lfered tissue
ti-1layer ed ti.ssue system shovvlrsg t he _basal | ayer

exw@gsshewwfpowwwﬂeorﬁcgwéo p &l FP@MFF i gure
| munof | uor escence_phot om crograph o

rm[0(0271| ay Efeuge . &m&n@@feé?ﬁng%wwcwph@:éémtl-éafyered tissue

Cognexl MhofrhegoRlitSEimithotilob8ndel fSS118-15005t €m usi ng t he
Vector Elite Kit. Expression of Connexin 43 has been

shongt © BfuRo$.e RmbibiildfestdnBDBhotdiRR Rlgraph of a multi-layered tissue
epi thel ium7]0033] Figure 12. ne expression profiling
of systean shewingmepitivamanognorgseandetfpy @gfer ed ti ssue system
RT- PCR of the undifferentiated stemcell markers

0c{0929] Nafigyre fekmmueoryioehemissy BlpPmeragRMPSf @APDH-layered
ex e

B e Sy WSS TP R BR s Y PR loperoxidase
[ OgBa was g@nfms .usiBgrthey Napthr GEteolfist paB i mng nuplear antigen and the
vi Qr%vvlnl cto ore %otts gFe Rd Qo% VE ngélg'l é’lf B4k @s 18f sg%aslystgxéss ue

bl opstes 1 n ranspor I on ne

fter supgica 0 .
OGSO B B Bk b i g
rrukﬁsteni s‘hﬁe/li]:%dhé fosslypeessiyetof B8/ Yopusitive célisib the stpesBicia layers of

J es. %0035] Fi gure 14. Bar graph denonstrating the
’IS?"te)?y Myl ti-layered tissue systens at 6, 12,

rgﬂfﬁﬂﬂ ¢ g PR Bpo G o BB of At 1o 1 fsue

V\hh;fstbnaihfoez@tgaﬂe badisl IslenBipréskign of Kidia thé SsStkesysigsit ens

[0032] Figure 11. Immunofluorescence photomicrograph of a multi-layered tissue
system showing the absence of Connexin 43 expression in the tissue system using the
Vector Elite Kit. Expression of Connexin 43 has been shown to be absent in the

limbal basal epithelium.

10



over |longer periods of tine. Viability was neasured by
t he percentage success rate (survival) of cells in the

W e@sn®1syst em DETAI LED DESCRI PTI ON OF THE | NMEMIB2@)/000203
[0036] The present disclosure descri bes a tissue

SY $6633) Co"mﬁﬁl%'la di F)fe@glﬁ{‘gkﬁfliﬁg o?fttﬁgncgl‘f' &,I ?ulgt gcﬁé a multi-

that are refera f-regénerating an ived from
codlayerad mqsma sigstend bz LBéf -PGR ofeth¢ undifferentiwdets stf:mrcell markers Oct-4,

9onGhEE WAL vl AT PURSPSNR BBR LELBITal NS 0hycd as

use ein tissue sys
c elalpgsitivergnmitrel. rfg(ptd@ﬂbn ofllekl naidteys testecHWasafpmnbpr | at e
ti ssue base, suitable for transplantation,
i M0t at iRigyreds. I@ﬁraf@htdmanmmmthbafmbﬂnjajfcﬁahe present disclosure

Pr %F qirn?b%i Yissub %??Qs1e§§%$ra§%%ﬁ%@éf % ﬁ;;ﬁl gg azfn(d Z?r hgurs after

Commgﬁ;al &o@a’c&bﬁ Wabfhterakl mbﬁuﬁﬂelﬁb al&gb&ﬁédt@& Qfccess rate of
celdls.1 ﬁ]% q ﬁ egllug fferentlated stem
ceI Peclonipe m serodisiesviign | figsug fioggies.

o ST ol 2 B R S SBuBE o2 SRy TS e e

c e lsj,rstﬁmﬁft i6f 12; 28k @B Sour® p@sft-eﬁmbb YTRIMNYOsems WRHY transported at
cel|-specific markers. USCs of the present disclosure

o x KItBAT At A" OB FQOM, femporah, Aetalr @féqcteééhfaweblb%?féh@ figsge systems
fnl; E)Oeerﬁlén Encgfé?gp% S‘%}é%ﬁl@ﬁ\%%@ﬁ%gregwg %Erfﬁé‘n%age suggess rate

1, (anlmfaﬂﬂsﬁohe@ﬁ@ﬂwstemong termproliferation in

cuI ture. In addition, USCs of the present disclosure

may prolifer aD@TMHE@QE@CQﬂ%TI@I‘b@ErTﬁE INVENTION, be

undifferentiated or differentiated cells, depending on

en0B6hredihal e t fiselesureodessxibespl @, tisses gfstetth e comprising

pr r ti at
ﬁﬁﬁﬁ%reﬂﬁa?fd gcgrlﬁtﬁlé{‘ iﬁgﬁ% I?ﬁt Red gﬁ:&ér Iy §4e (o b ;{tﬁ a ? derived

i nto cornea are essen
t héom@amwy linbng tisson asfwelles roethodarfos gerferatieg dfe tidveesystem and

Egtx @rtﬁéﬂgof t g \i?& rHere ffe nt I & el(pglnﬂs Qg,ole)ulatlon of' cells

pro ess er ep eren
pr ecmpmmg U&Cd; S pquablye oa rmr eapﬁqopnatal tigsnel badep. suitable for

7 refe enbodi.ment s e tissue t .
tu eceplanlhoB SrBlan Bl 57 SFECE A-BiabR BT T REER: the tssue
| i sYasn fs :Smpfah’() Anplatity SEgraflofoe exaniple E%ﬁigidéll bft, or tah®mposite
present dj temw th

sc s a tissue, sy
sepf Eh F&‘?q ﬁéierﬂé@ggre&ﬁﬁs pP%f I8b1 yA% obgsHi beiging the term

| af‘ﬂﬁh@&@dﬂa&ﬁ' i QBIIPSESYUSCY” RFAR Gndiffelef@idd &bg&ﬂstantlally
70% at | east about 80% or at | east about 90% U

Thangiffesatinted ealls 1| uneepamitisd iaregeniser eslls,nwhigh p?éPré@n@@g@f more
of stBER1isPedifMEmbrSiS jﬁeﬁ%‘ﬁ%’eemﬁo%ﬂ;t didm EAES Jlebff@tn%?ketréq QUSCs of

ability of the tiss emto restore
di ﬁ@aywnbélmlmwesmmtc@% cell-tike cltammucamndtprmmes such as, for

n
e PG ipfhssil oPES shectt, AR R ARnB YA, i3, 0o
sy dlanoep, Rek dwSozx, I’iErady&f)t emi/érdohetesth givdliferhition m dobtogerin addmon
pef f, tinme by continuousl.y re ulatin theou
D FRE e rop oW B P B EenRini ek Vhih Hay be
essadifferghtidtal éhdiffemtididdycells, depending on environmental conditions. For
example, USCs of the present disclosure have the potential to differentiate into corneal

epithelial cells, which are essential to the healthy function of the ocular surface of the

s
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functioning of the ocular surface. In certain
enbodi nents, the tissue systemis a conposite graft

W@ ovpHTEi#hg an extracel lular matrix carrier, fRPCT/IB2005/000203
exanpl e, amiotic nenbrane, having a plurality of

USCRs. YWREMBED Heln ph‘érf&dnt‘ydlﬁéreﬂ@%n’aﬁr&eﬁ ut g @?c%é whereby

vivo on the extrace ar matrix carrier 003
Pr efdifferohtjatedatent cells wvepwgwsaneells acquim s paaaspedialized fate.
i npl anted, or grafted onto a danaged or di seased eye
anfP03Bl e o preégmdrendmdinaantssmheffmw Bysteal mithiSCs is derived from
par t \&Le i rrb C
Mo F(Srglgog%lgzlraeér J:o%eisaﬁ Pingﬁs Fssud dﬁ S gg donor, 3% paxkslﬁ]ar %1&: present
h edBclnsuraissutiysed $ystent Witla seiﬁmgmralhngr%l(ls,s&rﬂr‘prd‘eﬂably comprises a

compfot B ieR AELSER BT rp S aRRL AL TP e M, or o

or 16d$t%|@ﬁtﬁ%b9?)lﬁ€sl nmakr) piessntedf artingé ipapilhtion &mﬁﬁlﬁd PBREntage of
| al tissue bio .use enerate the
ﬁ§§é i thetissHe i Rmgeedly M lgft’f%glf AR B¢ Hpue systqum fo restore
t | asHRred o8 lREaded DS ﬁ%@es'aﬂ@ﬂ @atisplaMbti@y, %ﬁlaﬁthﬁ&r or graft to a
aut ol ogous tissue systen). Alternativel when t he

dopwmmsfiag gebiegt. ngmad@lpg@ ljbe Bigh pegportio : UG in the tissue system
r e Riant sys%e'ﬂ‘?toqag @Qi'ble' f§r a"l%ﬁée‘? F)éﬁﬁdyoﬁmp:' W &9%@)(1&1? keﬁ)topulatmg

donor, for exanple | ose telative of the reci
of thersular awg"émeamh mablg rlithal stom ¢edly, whislh atpeess to the healthy

?ngenl T ssué&%ags%lﬁ% et C&?@ﬁgéﬁ%%ﬁﬁ?%ﬂm&%l Stem is 2

t ha@mpqs&mgmfant)mplnm hg eatracielhslwuestrtxeczgaeteﬁ“mc a;tdn;ple amniotic
identical to.the pi of thetr a
o BTl e A PR gl ld AR st o Cfed e

Si givb bh derektracdilalat gex ofirriiSi NQ cor neal li nbal tissue
as the source to derive a tissue system as discl osed
he[0038] i s Préferablelthd tissee epseen iisntrani3plantad, righplated oo gmﬂhiabnto a

tigsue from a donor. . The process.re |res only mn

suRBraye e et Sead 285 D1eBEF B St p e Py gy i

_sr E&m] echy Wﬂféeﬁ&rggfn?&?ﬁ&ﬁ%bll HéﬂﬁiBﬂSlei instReél tﬂalﬁég%d Readeded eye. As
e corneal linbal tissue i [ cor nea,

whieed hesein, § suliedaridng Semileﬁﬁla%tem. @Edg%maqy figa damaged or

| ogREREN 8fe Rf hAW 8loplefeabSer of igbaNiighi Llls BY e dlaﬁlaged or

provi des protection fromenvironnental insult, and

al Hisoased eye. tIp erefgrrad embadimentsiberfienor @ﬁﬂvsflmhabh&su«v bippsy used to
tNefRYfe ﬁss‘&% s?ﬁ@xg witl Qfgtfs' fesPlnet Y3 p?@'t g)f the tissue system

coffpartment s e anterior non-corni

st transplant cnnplanranng@fte(pe t idlpgdus [tiaspersystend). ( AJtemptévely, when the
Yy t i0-

har gorr S Ift ree r{%\gf}}m e Vi%’ Ebtathe I&gngb? r@g éi gﬁ?{rﬁg ﬁfeg?mbly a bio

celcdampatlbter domet, ke emnqﬁeya &k)sé credattnzeadf the Imfoqhd:rmsaf Yhe amdplant or

derlyin e fronal .. associ d cor.peal \
g miy" e B Hrosd 2 Bare SRR RS o BeaTRRG jcggaver Ge.
m,| klldgehia)tissuet syatbm). SItf1$ Yéheially glesiableaidt!t@niphingdd c@lislor tissues be

covers the anterior surface of the corn(? O di, rLeXl )
ex E s with

a_Aenetirally 1denticehie theorcipisRRidhe BHIsPIARA P ordes & f“sol

pl @sRe kdfecibhch superficial epithelial cells are shed
fromthe epithelial surface and replaced by those from

belgusy] Bagakighitichdieldyaltage &f! wing corneal limbal tissue as the source to

derive a tissue system as disclosed herein is the relative ease in obtaining corneal
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mgrating inward fromthe periphery, replenish the
popul ati on of deeper corneal epithelial cells. [0040]
w@orsezd143 i mbus (al so known as corneoscl eral | PEDIBRPOI/®0203
an annul ar transitional zone approxi mately 1 nm wi de
betlingan tlﬁdﬁe Trod B%né‘zndTh@ %r&%s%tﬁun‘é? l&th'l Yo le tB is safe,
eye

scI er}g &t%g pears on the outer surface o= the
£-i3gth fLocIeRt: and erly Rm?ibblt)?ﬁéeslqfﬁ@nﬁﬁéﬂlmemtlsstl@arclne@ed The

c Ochﬁ@aIQHﬁba'l tﬁ§5u§ G &hid 11'1 fhel & Piyagm&‘,h Yoz %Ls%ﬁr rrgg vascr:]%}ar tissue

i nvol ved in the netabolismof the cornea
cortfatdy logafed ébthe Haitr snrfacs| ofsthe ewigdarheye. ik proviles padttosion from

pr %nﬂ?dﬁbﬁﬁtaf ﬁl@ﬁlt fdnh r%lo@?'f&t gff{ Ezgtt R s‘rgiotg%/ofol}gé& h the eye.

cornea. Wi sou
r eghe soule ds c:conprsadl of e elini edmmetrlentsaly thewhibrigt ®m-cornified

l f.th
C e %1ﬁve\3g psg %%t \R/ntﬁeqﬁaﬁ]z ayer ia%gf @ﬁ &%P % r(fei:ff%g Ssmasgqq%g Prepria. The
US@Bmam dohma dmrmsalthﬂeb ritnosn Weellh tylpés: Clrdenl iefsBhelial cells; stromal

ChAFAER EF| GhiveR, MR B kit B ey comea

dl sadodislinkcelle SCormée gpﬂlehinﬁ S4+ectMBl AN HMal LY Batid ﬁ@e to seven cells

per centage of USCs derived fromthe corneoscleral
thickand ok thepgpigsior guare(of theeromspe Qriaarlyya gatural turmover of
S U%@&ﬁ ePfthefald@NB 9kds Bfacéjinsﬁﬁél? gup%ﬁﬁml ?@1%%1111 é%llg ¥ﬂ%' $84 from

procedure for isolating corneal i ssue
thu epithelial rsupfaceoand seplicpd &Yoﬁbgsp ﬁr@msbes},qw ngBasal @plﬂleﬂal cells,

Mightidd Ak Hods Ue g xﬁlh gﬁéﬁ?s?rfth% gpogﬁlaﬁgl{r%? d%%per corneal

quadr ant” of the corne onor- s

Pr epitglitleslls or obt ai ni ng such bi opsi es fromthe

corneal |inbus, for exanple by | anellar keratectony,

ar 0048l wn Comeelh Giswus f(alsk i kriowinnag Ivernaoselerabniiebis) his oS ynnular

| SoBATRYR B A0y VB SELETHGOLAR, 6 B e

cu Penjunstiva andeclarat |Itsq:tpears ys the ottt sefaos eftthéeyebalhas 4 dlighSfurrow

hat .a su |ent orlon f the ].i nbal .

1 SR he 108 berdsdt o sRat e hams 5 e o o bl Verator nd i

t i Bﬁubedsyrsthermeta]ﬁblhﬁ efetht \cothed. h e iabal Qi cBﬁJaétwaﬂ@blmehal cells,

g} t:m_:n‘oal slaue bi OP ¥Fé5 transported or stored in

SEP L P BT aculof prar {lon mraintety thsrintegrty it dssgpren While

pr gfiekficeh tHadihd mbﬁ@é of %ﬂ%ﬁ@ﬁlﬁﬁeﬂ%oﬁﬂ%ﬁ itRERY cgl 'H}E 'a&lﬁ? stem
of | becco's Mbdified Eagles Medi um ( M

F- 99lls( the exagt lpcation aad, propertignelcaiespicelis Wnunk@m Tfhmwtence of
Seh Yapkidion s U%@l (tﬁ)e toflea? gf‘?mbu@ hﬁﬁ(:gé —lﬁ{e rk%a{ﬂzt)enstlcs was

insulin (0.5-5 , transferrin

s oukaavs améh |19¢0éat%d) a Shafgqﬂ?ﬂzyd byy the quenent wmﬁm(so The pBesent
?g%l?éé%suré%r?;egatt %}l%l 8&}1@13] lﬁgl‘épéggc%ga I)Egg%n rﬁl eﬁ from the

Pr edreqoadiengl lithims) whrbh knagz &k lusddito pstoesthapeulqt saffecel dfa damaged or

cu thin 48 hours of surgical renpoval fromthe
do%l%)érég&[e%ﬂ] After linbal tissue is biopsied froma

or CP &b ' SpERCRca: G et o] Borthie Jypaicaty

Sremovextsmalt ldpsty adnsisting of 0.8-3 mm” of limbal tissue from the superior or

temporal quadrant of the corneal surface of the donor’s eye. Procedures for obtaining
such biopsies from the corneal limbus, for example by lamellar keratectomy, are

known to those of skill in the art. Once a biopsy is removed from a donor, it must be
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matri x or biocoated surface, for exanple extracellul ar
matrix carrier or biocoated petri dishes. The |i nbal

w0 e@soid opsy may either be cultured as an i NPED1B2005/000203
expl ant, or may be dissociated into a single cell

sus@RpeheNtols Feflitf & B8l 8 lipttal HERE blo 3% &h@eecru[t@l@d into a tissue
enbodi nents the presence of a suppo mat eri al

f aéystem diselosadrhergin. nbi ip gmpartaphthat ¢ Mﬁple@tr@m@eqﬂ the fimbal tissue
th %10:3539&%11{ Rathld Mg%ﬂ%oﬁ%%% ? 1l u@tsfs’ten{ DR nved therefrom.

facifitatin t he stem cel
Pr @faterablyy thehlamb@l riisalnat biogsyc it tram;pox“ce;lnmi btopsidcines ntmmm evhich

15 SithoR Bttty e iy 52 PRESS S RERR dspPRLE i Biowsy
I [ m)mpnhes of Uatbecapdd Modified Biglet Medipmi (I2VEM)and rHamre [F- EN(ratio

" B b PEREE PAn blhEs, Eof Plood Jamar ansvor Bivfo 85 FR3) e
cok0.agetp/rhly, infudiny(0/5-3 g/l tram’erﬁn is- 59@/mr),Lsoerum *sd]d:rﬂte (0.5-5

fibr Iat der| rowthfactor
LS B ipgorbiahe F . e rpl)ehofd Bk RLQ1-bh SpjouR, gentamyein
ot REY-56 WaRe, t andeddptiotdrRin Bh. Si!JIQS’QInglt)’Ht FFefe?db?y rel?a/hmbal cell
al so be treated with one or nore a ional growth

f abioppigs e Pace BenliEa withinASdogrs of spgisalamppel ﬁP@rth‘hé@@ﬁ

Il am ni.n, collagen FV,tenascin, fibronectin, collagen,

boWM@l pi tAffer élfrgbalesw%\& biopsigd frere adneytib isgplasedtin culture with
f aghipire nﬁﬁﬁ%&ﬁ&%ﬁ@ﬂ%&%@%ﬂrﬁ&ts pport MAERA Qhdn r@%ﬂ%xtr&reuular

conbi nati ons t her eof Human "amimi oti ¢ nenbrane I S
pr &fagpy edigconted girfage;i nrgemm@bsqx@@pellulnmamuogmeor biggpated petri

c a I 0

B, RS 00T 8 B A e v
6 ﬂBQcham ioch Swelegeadl smWns(OhQ giigr fambeidg @fthtetial fwolpreferred
1 Zémégcg gﬁtg' 'the a}iia#ré]snegclfen &P e{ Dok ;8% ﬁngat%lg ! ?aézréht t%¥ %glfbe Rt Coet) the limbal
e n bﬁnncellt Imethgbiopdyho die tisa;uafhalturs e, thetdbg fdoilitating the growth of the

TR TIE e AL oL Pl ol Lo Sl R B b i

S C calpirelg Exdraplboushpport inaRriblk @sdfiet celfurinf ¢infodl fidG€include but
with rowth factors, extracel | ul ar matri x  conpounds,

ROt R EAHET GRS Ao elan s oHamivaliah panioto membrane,

m@’&'f@ﬁlﬁy' fufarP r&ﬁxﬁét[@%&h’&ﬁé ataghidiR) ARG, atehfé@tui hg aluron,
ti ssue system because it is a natur al substrate whic

f adibripeasiesoliopen-IV, aioh-1-dysingn gelgtin vitoly-bforifbs fibrencefire platelet
enhﬂgﬁ@éﬂg%wthtfmo P?Gg?, gd %rfﬁ{ Zaglﬁ XYbltlJbrtlﬂ €o E@%nn&uth other

or stro . I xed snoot
a supotir watgtizls.e Thorsupport matarglsUsay .alspr tef ecatabl wmﬂat ¢reder more

tracel.l ul ar rical [ ted, ..
sur (ggé}%l %?Oe tgefg%t?&b%datlﬁﬁﬁ%he feg%gﬁb If%sg)%l ple ﬁgﬁ%‘%ﬁﬁ’] laKu T,
pr ebléagere iV neddsed, fitfromutit uxbllmn,t boeideipitoadry texist EGF, hepatocyte

i . &é@nifsn%moa&sﬁaz@%@reof
 DSOBAP! 2Bl SR LSS BB P R OSOR e

| S tikdue eanddde de bﬁpér@@uﬁﬁfgohlaﬂhbdﬁﬂelt hibtwnl tb tisdsé 6Kskill th thBart (see,

extracel lular matrix
for example, U.S. Patent No. 6 152,142, and Tseng et al., (1997) Am. J. Ophthalmol.

124:765-774, each incorporated herein by reference). For example, amniotic

membrane may be prepared to enhance the growth of limbal stem cells by removing
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bi ocoated tissue culture surface. After several hours

to a day, additional nedia is gently added and the
wezpbamni4s s i ncubated for several days at 370CPCHIBROGAN0203

i ncubat or, changing the nedia every alternate day.

P [ L8

Sk ISP, LB T Sn ws
beghesharical is¢repiag,i faljowed bihéhectdatroeng of ithe mrfaeér with growth factors,
ermogl ARNES ma[rﬂl cAnach*aﬁa étahc%x“ Sl e%@e\%l | D& ot268s. ! Amniotic

gener at e asin uspensi on
S U nsaguamrt isya pnafdmad esdbs{tmtegfen eemtaing the tiksis gstary Heeduse it is a

oi G CoREE oot e RS bl el Boplt s, T one

ex ambbﬁmbni; thetannjigic melEiBTa%e,(\eltlgthe @as%ﬁ%ﬂf Iﬂémliir@nei?& stromal side up,

m nut or dj spase ht, at_400)

e b ied SmoPhBN RS alowlcds R S g SChc  eflged sseods of
Enzyinpt éxgrabdlRidk NMkix ahbemss for biseRwdatirBeObre B&cribed in the
eplthel [ um1 therefore, stroma or nesenchymal cells may

be SFUMRIELRPIYF- absent in the single cell suspension.

[ 0045 The preferred nmedia used for_ culturing the

i 1t <% geetsred mathadnf cipiingthe bmpal: trﬁued%ansas is to subject the
Pr @kSILRRb YrySHARL AR 8 e fbhufes néi&léll §8re %Féffb‘ir?bag%? Ithe explant

exanpl e a Serum or serum based sol ution tha
nuRag srgacelylaramatiie of bpcagtadrissiiersiuligre phde. gh emelhampnnt of culture

Vi %Hd dn'i s Qltan tae&d’ﬁ:dct@ltilé‘ e£ and so ‘iﬁ‘a&‘iﬁ st tcrc' ﬁ{e rlacellalar matrix or

heat -1 nact | vat human er um or hunman
sefoum)atedr tissugredltare rrasfacs sbftd:reseserpbhcamam edlayu atdkilt@naivmedla is

Ty N e a—

s u mhmgmgvﬁw imetliaevinyiabtaimyte rdeg.u Prefabblaché pitdsng ﬂﬁ?eed)ﬁgmhaa flimbal

I|f ratlon and ferentiati The vvthf tors.
up st PR RS o e oottt R s@tncell Bt prpTfersting in the
selcelaadred Th foei®y epbekiimeis, the tinlbhl fised biopdyEishy be Ra&l © generate a
fibroplast growmh factor (bFGF), le kegiainhibitory
f aclgle (ol BiPensinm uyiich subieans I Bliiied 1 ReaRie e tissue system

t r ARGloSId hBreind’ Mm&#gﬁu kRéT 13nHal ftismet @fo}ﬂs §§tv@Jshed and then
(hLIF), as well conbi nat i ons_t her eof

suPaBaEicaly taied feperamplentithinmsin FIEA (og- & R5%ifon 39-Fpinutes)
ar tor Hﬁﬁfas@ Re. 41 SEbmibi a?@‘fdg %kﬁémg@s{ﬁ%ﬁtcéll sﬁ%@nslldrﬁgﬁbh includes

aretreatedvvl I nes or ot her
f aéisé‘rss Ennaymticireateent ﬁ@mi@ssep@atpﬂnecfféhmm}wlpmlthdr@fpm giroma

in of HI%S g&‘%ﬂ;ﬁﬁ gells[ngag%gzged%éde aBQaﬁt fn'tﬁ?ﬁﬂ%& ?]] Hﬁﬁhaon

culture or exa e célls

be co

oo i), C O tibieped “f’e#tﬁﬁ?d Ef‘srzr“*ﬁlﬂhé dhelifibol QW 4 DMEM or
al DMENL:E-32 glrb)\mezdln ipteférably sumtenieaadtvwﬁiblcmm&oﬁérurﬁa% example
70% 800/ 900/ or 95%.co uen ef

o SR G SR SRS el 1P A RO bE oy aingpining the
fr fg’mvtth anclbw‘almli@'&if ht%d oallsb (lra@t ﬂdﬁdck%uﬁ bd:rﬁmpladaeﬂla&tg@&dauman serum,
cul tuyre ate efera t rou epzymati c di gesti, n,

f 0Pt &fgﬁ%cgrdu'glp% Sw%s. Y disep% s%lpglsma%rﬂi growth
Theackspt’s LAsddchersR) Bt eetnt F@B%Vﬁhhﬁcﬁ& hedfers 119 hRdteit® |tﬁa$ bind to
in the culture usmgavarlety of the netho known to

t héeseptgrs athe pell syrfageawii th e@ﬂ@l"}rya@sthﬁﬁ?ﬁ%‘faélﬂé celhpr pealiferation
and differentiation. The growth factors used for culturing limbal tissue are preferably

selected from epidermal growth factor (EGF), basic fibroblast growth factor (bFGF),
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fluorescence sorting, for exanple solid phase
adsorption, fluorescence-activated cell sorting

w@ BaS8)9143magnet i c-affinity cell sorting (MACS)PCHIBRI®0203
like. In preferred enbodi nents, the USCs are isol ated

th ﬁéﬁk%asi@mn't&? fackd? KLHGF?( R, sbATHNR b0 'h&l?xgr? H%felmj?, or guman

sorting o aln surface mar Ker $
medévbeigiacihiddenyi fagonilIFX nowelltas combimtiofis ﬂlkrebf Hmwtem any

g;%?l%ﬁn%%oﬁ%gm F]é%\%h t%) Q]Qo%z ]of 1t Nde ta?tC s n| YGRes Y certam

rescence-s echni ques 1'nvol' Ve tne
us embbdlmppm,dhe limbal cslieare (redtéd mﬂl &aolands@r sthpagmtveh 12868 which

th { t t [
sp(g%lfs? %hg%@sftgeaef%”w@?o& & “rtﬁwAﬁEer Sé’éhatﬁ sol at e

om tur d, li,nbal. ¢ nclud re no
el itk iat (RRs Sy bt Sxafiple until he
an delﬁﬂbeﬂﬂme Icﬁnﬂlfeﬁf elier USC§ paI0bY f¥eiated , frddb@s cﬂﬂtﬁrel S%ﬁi‘&@/ the

by l'mgistﬁl?er %iljlt%{enlﬁ a Q ?;Iogalllq% Héaatgr ! acbg{l%, > %8 2, 80%,

cel9b%s Wi f 9596 oRAk&H. PO ipkdfedUSEBodMENtE DRI BRBall 5 are first
the m xed gopulatlon of cells cultured fromthe |inba

t i disseeigtidoiveyy thowpxteeeiiniaryratyx ot bigceagad) tissueagpliyes Rlafes reglerably
t 0 i EHERVEZHAES b E@sﬂ)ﬁ fof E&a?n;@é/ u§§§!,r @rg%:su{‘ EDfI%r or dispase solutions.

ceII-surface mar Kers not found he case of

us@se UsEls e bie isplstad| fromb e ofhier bmbal ogbcin th¢ euln@@mmg/@ variety of

i U D Bl I 5 o s v

Thélueresdentresbriinigyifer exewble solid tphase sadsm)tmnn Eldotsscen@ractivaged cell

o RS AR AR AR . 00y S Pl

ememtlodiments, thé1&SCs ale ddobatkedabiohigh seirdig, foe emmlble asimusiflootescence
500/ 70% 80% ﬁOO/ 95% 980/ or 9%33:;@ Posnlv%kn
sluting of cartaimcellsspiface markets.  wo Brelried mptods pf iajying Vgl known

COI‘ﬂd&bwdfgklﬂllﬂif’ﬂﬁ|ar@@dMAC$ra@d$ACS€ned for the presence
of USCs by screening for expression of certain gene

maneoars. ISertinge techsiguael sotixem linfidadfiedstencetbtalai®S ,techniques
popul ati ons of USCs .can be jdentified by the
ox el SO JEPTDHALS Rem ool ferkem o smia USGsigmgother cells in

CClhredoultian Q@proﬁﬁ%asteh[r %il'specﬁ@: ﬂlﬂfaceTrEléi‘kérs @t mhy Be &Sealo isolate

stem cell factor 1, as well as ot her

ge B Creiore culiyred, dmbﬁlf é@lkﬂ nlfl?la@E‘e Hutc%rp et ligyited doriHSHAr4. oEA-3,
t h@iﬁ@f gﬂl@gmébyﬁf 59'54”}?161 PR atr, gﬁet&fl‘ed ?Hpﬁdémglgg 1 §SCs are

enri ched for  USCs I's i'so usi ng one o ove
e tisobdis, byt MAGSsibioagle theawse Ioéa afrleUpﬁaeer wakbt snchas S8EAd. By this

o s SRAaRA 805 ARG b o AR AR, pAURBRISG B from

fo lthetmlamt]mmtatmm gf celllapiblanddi fmgn tlmrlnr@ahtﬁdsumlgopxyt (Aliamatlvely, the
d P.

c P ihetn Y suRE R S B bRur SR s R gt g Barers

abaot fo38300n4036s. 5 WGthed Odiée OTQ%CSSE%teBCﬂém Qim‘rﬁﬁ%ddéiag’SCs are

In néaga (/ee orrtlgee ollgxgv‘rglg%elﬁur}ace mar ers 85%5 e(qD45 CD14, CD133, CD106,

CDl1c, CD123, and HLA-DR.

[0048] The enriched limbal cell cultures obtained by sorting have at least about
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 98%, or 99% USCs. In
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USCs are cultured on a tissue base in the presence of

an enriched nmedium for devel oping the tissue system
wowakouses. Preferably, the tissue base has  PCT/IB2005/000203

characteristics which approxi mate the natural ocul ar

S UIphiEifod drfoafXAIPE i AHIEHELIIPEL AeaStiouPSIROIE 80%, 90%

clear, thin, elastic, bioconpatible, non-vascular, "and ’

no¥5%n OB Yent 89% HEAchmositivoUSCOp pbr altertative) embhodimerts, mixed cell

e em—

enisaphessmt of certwn tgess nerkeas e In she eheecofechitadotinbal cell cultures,

Ly bl -+ MaLTi gel (t dits
colaun e s fn S Uil Y by Rt of e s suoh o
f1 ISSEAeYSISEA-Bir O0DI40 Nagey, ITayer) -UNK-1C BGF-Ag €190 STREL81, stem

pol y- |- i ne, .ge in, poly-L-ornithin, fibranectin,

ol &P fisto Bt s %%Wh a Wl oy otheseps makek o essiied cells
( Fiobedmbimgdhabreofel | seal (tnm), Reliance Life

Sci ences), and the like, or conbinations thereof. In

ot ljgu49p b odteeilgopulbtich &1 BSHAECNS SRidhed for NIs39RMaB hising one
or flagrl n gel, and the gel may further conprise )
ot ﬁgﬂlﬂ avermgiheds the fsolaiedecelly asp piglrmblagultisdiumdericonditiens and in

SY lrfdilia ih%?ﬁdrﬁ%@%&bwﬁpxaf U {Rdnd _&’evteiopﬁagﬁ’cl ﬁ‘?ttﬁsue‘c‘#&gm for

as corneal stromal Tibroblasts, derivatives o

e §eRwipHas. inplesting, onagfitagionined damagedpt diseagedcdyeaPreferably the
corneal ' i LSt i o, 400
Cnaoiee Sy fah CORPndFilS, oonlidh i Qhlitey SRATLARE3Br:, 40%
hy §0%g 60%, #%.080%. 308, o9 85%cd$Escln d pofsrred embpdimyntHEkMAsolated
mat fdo% - erred. i ~the tissue base W | |
po Uk e St B sSIE 86 U W mrsp e 0/CH hes o, for
i mdewdpingyhe tissaé systein witke USE's.uPrefeyablye the tissuedsdsk lids @Raracteristics

the,ti,ssue base s preferabl on-antigenic, and. .

£ adiHhy SHPERHERF hE Rlra! LSt Rlict oh - EpiR hagifstios such as
]t i beiay akat i, egfsﬁd)l_lbi”bco{nﬁﬁﬂﬂd, ndbGaspiiles, efd ﬁdiﬁl-dﬂitigélﬂﬁ, aB@8h also
or use in gener gt ti ssue system disclose .

he SERRRTH (LS BOFARPELIRG ot el sl diHegmtigtionalizr Bensplant, implant,
prgpgaftd using methods well known to those of skill in
the art. The human amioti c nenbrane nay be used

| NEUBH] W I phdber&Pbhab&litadts, SHE 11868 ba®d i SIIARIAE6Hh mammalian
epithelial cells. Preferred met hods for preparing the
huABROHAneRbangeMBiigald™ agnd Hs sgpiyalenfs,i lemina, KSpassi, eentactin,
be r hed| S LSSUE, .

i slh %A%rg g’gt'l@%ﬁ%nt’ ﬁ{rg%ﬁg’d%?l? é onaf b(g%g%lzlr\{ g]:lrlfgtt’ glgl?;i[ I,%,S]?g’fg%latm’
ex apfytleomithint @bsoapctinh plateles dletivadagrewthbfanter HBDGF), WBCGmbin sheet
on . L.SSHE: @ j td I\ S . erial ..

{ bl Sl NEyaRRe, RENG.EPH: Sorhf, MHRRRY i tohBinacions
fi therqofgbingthdr amibndimenisothé tispeabds¥ is ¢ evlagani ge] or a fibrin gel, and the

fibronecti col | age ovine pituitary extract, .EG,
et B, iy P Sl AIF oY e B e s i vtom.
hy dhchelingtbus ﬁditemlnqlmgl t6 ﬁgi_m'blaﬁﬁ,i sﬁﬂ?astchﬁfeiel(kfrombpﬁl:&aﬂ’las'[f) derivatives
preferred enriche I.a use or culturi i mha )
e B ail T, BRI BSLAT Golsy SHobrAd] STOREIGpal cells. Tn st
DVeidefenkBodineénts, theeikisde baRk &f £hyilad ], Toiuxbh@PRMH SHihelid Bydogel, a
soft hydrogel contact lens or a poly-HEMA matrix. In preferred embodiments, the

tissue base will be gradually resorbed in vivo after transplant, implant, or graft of the
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nutrient serum for exanple a serum or serum based
solution that supplies nutrients effective for

woreooanzgumi ng the growh and viability of the USUSIB2005/000203
(e.g., knock-out serum heat-inactivated human serum

Or tiEMBRI GO th Qiﬂﬁﬁil 8RRt Me bald R ﬂ?ﬁg}aﬁly%}i—aﬁﬁée%cb %nd facilitates
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t he h fac at susdto ure

1 A Selered SEbodirGhs, By 29GP ohust S Rinriaried il support
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i n%ﬁ ditip Su@PﬁgmstPﬁlréat moé%]emp%ys@ %Pre&r%isé selggied from

e”’ﬁ@ﬁhdg%ﬂt Bamihile coTRy ge@ TVS @6habdin, PAIBRYCEN, ! EflabdiS BéRine pituitary

system  including the nmedi um used to transport the

| i §EEAct (BCEs hepatsicyis eroveth fagker, kesefingpnte sowth @C@mhydfOéomﬁ@e or
bi epsbiRstiont ARregpr i ched medi um used to culture the

limbal stemcells, and the nediumused to transport

thepgshp SUGhS YRESHN eﬂx@ch@@ﬁneﬁﬂ%éi {or é\ﬂ%ﬂﬁ?ﬁﬁbfl cells to_generate the

ot herfactors of animal orig his w | p mnimze

anyissup systast iscOMENRPNBMED: Folf2 (tl Hé mefligs prefetaplit sipplsimented with a

XA S RO UGHE AR RGhLAR Byptcs i
g e nﬁfccailve f(ﬁairaiuiltaiumg t]ueegrawﬂnagldtvuabdey bf the (IS de.annock-out serum,

ceI h_can i ed,t cultur n
WigeRtvared e Sammtf of Bifedlf R by, P kit piethiso be
an du;rpmwneﬁwﬂ withr grewthimfdctirs.E. THe nidire miagoalso be enriched with a

"Ter atoca omas, and. enbryoni c, stem cel | s:
or SRR SRR R Hon] 1apctshisd Rfiag erSippc fppogiag culture
Au e 29 AD-508) dr-culBide MedBindhipplenehted &uMa&n:l@Gg 4-12 ng/ml)
Kltan% 1991 Bi ote hnol ogy ]hﬁ73 106; Spi er (19 %‘H
CuPF Otheygrw é?‘cé?ré@ﬁh piitage svwthvas USGH, Citheaietons e deypuluring
( 192 celﬁb%PJ %%Fe%aﬁ)l y! SA8RQ frorh BHMBd; h?&oco}@rhoﬁé BGF, bFGF, LIF,
(20011) ot echnol . 19(10): 971-4; and Lebkowski
et ingplin, (sg@my)sd@alm &rman transégrin] lamipinsgrogecting archthe like, as well

I

cofif cARS Rk BREEH Tpnli) B RRARL iy ohoffs WdTIB culture th
ap pimbpl ¢ells et aryditagmateoofzitingw mmbu@@somgm r #hmenriched media may
SUbgém%gtsds%H rgl()j(l) Eeert?srs]lﬁ%%;s I‘Flog:tlg ct):rn 319 uUH 18’1 é%néa Oon, or
t o grafiighbor i ng ceI s that are d| fferentiated, the
culture of USCs will neverthel ess remain substantiall y
ungoasBEr e iostiee chrafresd tinbodimpnts,athe anedis used toupeegaer the tissue

pa%}% 5 nclfucfjmg the medium used to transport the limbal tissue biopsies, the medium

used to culture the biopsies, the enriched medium used to culture the limbal stem cells,

and the medium used to transport the tissue system, do not contain any sera or other
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appropriate conditions, and individual USCs constitute

a substantial proportion of the cell population.
woeashfasenti ated stemcell cultures that are PCT/IB2005/000203

substantially undifferentiated contain at |east about

20 ' , oy cont aj .
b SR Bh BB B, T VBl A R S AU b ol fiBlion of the
c utissue eystans twithesekegehic abmponeaspthepby ataking ¢lhd tissensystens safe for
an subcul.tured while frequently exchanging the

Fm?%a %%}Po prevent then1fron1d|fferent|at|ng
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conprising USCs are preserve ter every pass
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FurtPBRaan RO n et et pomPnS | RTRE, ot ptiiiecd under
t heggomtayopidiieny add ﬂidivﬁdifaBBJSGfﬁ)toﬂ%ﬁtutbSaedekt@mgﬁ Ipﬁjpait@n of the

additional tiss tens for aut .
ot Btlaten; sy Fadlpetiied atacd, SABHer nHahcare Mbstantiall
r eghdiffeidhtiAsieconin AMRHSOHIRI09S ShddffereRbaal TR a&nﬁaj E6dMin at
previ ous surgeries, infection, and the like These

cr iraprabeut 4% O-180Veor 8% WPeo Fer sxample; USGe i pulfuge must be

adﬂéﬂt'a@ '&ﬁ%gf)ﬂOﬁﬁéi@ celY a&ﬁ,ﬂ? ah® Eu&h%mlé BleGudday 'eﬁéﬂaﬁgmg the
The "avai | |ty of these preserVGd culturés w |

obvilgre mediameauevient themdiom difigrentigmgl In longdprm p@@m When the
T effsad p&g%agg% Ittﬁbgr Eﬁfrbte <t11 ehsﬁ esrﬁylﬁtcﬁmeﬁsab} §nto sn%gle-cell

t her eby e ris exhausti ng a source
auswpogows. [Typialy, atsmglemlllssspenslcumd dells israshief@DHd] thahseeded

cells in.t e ti ssue s di.scl osed herein may be
sc%tgﬁs%h? FofacBtS sBRENGIEOE) coreening for
°X B, o8l S L bl SEL 055, 1Moo o
Tr fnote Péksagbs, awﬂho&ﬂ. USEk eﬁbstaﬁhilll}f differenti{tiigF ) The Sombal celReultures
as wel | ene er. of undifferentiated
cerPEpine USib e SHPTRRErLOR futies Ho i tné poifts without
eX s§ F | dferexitial BSt%ﬁlzﬂitlﬁeﬁeﬁiBly' nSRELin Bedih kRitScomprises culture
part|cularlﬁ E§)ce|| ific markers, indicates %P
t haedivgx wih 9§p Yorheat mactlvated serum collected from human cord blood and 5-

10% DMSO. Preferably the limbal cell cultures comprising USCs are preserved after

every passage, for example by cryopreserving, so that additional or multiple tissue
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conpri ses USCs, which exhibit ES cell-Ilike
characteristics and properties. The cells of the

W0 e@s1syst em may al so be characteri zed for tP€r/1B2005/000203
presence of keratinocytes, for exanple by screening
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o Pt ierict el B TR hEReRo Mol Sl el Bue system
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chang Tl SRR RO ER et ol Ry e e ot matrs 10
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di h f |

ap% | cag | gﬁsgﬁff ans%%gtgh%p%as t %ﬁsfg{reé{lgﬂga o d&?asg,e' or

gr [ ect S I [ [
TR Bt B¢ PGS et ool e b BPhESL) lfﬁéét%@%é%ﬁ%ﬁed o
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or FARPE e it e et i iy S e B it owpignuy tat
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" 1 t&RhifE Ranspoition! EdiARY whicB i€ prdf@abl9ithe enriched medium used to

culture the tissue system comprising USCs. The specially designed transportation
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therapeutic treatnent and prophylactic or preventative
nmeasures. Therapeutic treatnent includes but is not
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or diseased eye. In preferred enbodi nents,
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wo psomisystem facilitates epithelization, nmai PCHIB2E05/000203
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palQ0shl Eor ¢xamplet thei tissud syséspi eaw Bomandplappd, dualanigdsor grafted to

Obgé’fn'aﬁl %dd gg%ﬂfo@f‘eg Q]ﬁlgi%et %nyv)ﬁg’h &Qﬁa@%@ﬁg vJefl %xﬁf’i‘?&tho%e cg skill

patient an ects were t
ac oothd iartgortecsuttnmethed sivalkvies p&nommiy atAh@lnﬁbmrﬂﬂwad by removal of

hnbal,. hi r vedfro t edo
oy SR Palinte D B oML fef Bha B T b SRr I e
sufibawaschidr tissieldf ahe kahed any dryremdheisky m@ﬂlan Rerateetomy. The
partlcularl rich | i npal stemclls
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keratoplasty to cover the entire area. The transplanted, implanted, or grafted tissue
system is then secured to the damaged site, for example with sutures or any other

means known to those of skill in the art.
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transport nedium The transport nedi um consi sted of

Dul becco's Modified Eagl es Medi um (DVEM) and Hani s
wOo-202/008d5 um (DVEM F- 12; 1:1) suppl ement ed w t PCH#52005/000203

fetal bovine serum (FBS) or 5% human serum col | ect ed

fromcord bl ood, 0.5% di et hyk sul phoxi de (DVMBO), 2

ng/ M reconbi nant human epi dermal growth factor

( r 1063 ThesfoHgwimgz ekavani¢s ase ngluded tol demongiateareferied gubpgiments of

So egfrgé:fot%%r)%mltt sioulg 8@ n‘%/ n#nteﬁ'x Eh%gég {ﬁln 'kﬁp ghi%éaaﬂ{gﬂ? ::céc%quues
anﬁiﬁdbs:ﬁlo 1rn| thege;;arﬁiptesdzl?tahgﬁbm Wepreseat $fr:];niqi1efsie<ﬁsc§|deﬂeddm the
© GpSTP RO o HRBRplaEfsepeRiruynion. s off R cpnsidered to

BI oaﬂumwmbﬁﬁed/\m&slfquraheé YHéwesS/ef; thok©6f dkilf mcthe aﬁﬂﬁnould in

as i ncl ud Hepatiti.s BV|rus ati
f}g u%‘s {hpy@pgsent @ﬁ“ﬂ?ﬁ“ﬁ 2pprggipte A f‘fé’o%bﬁ’\gf) CRBPG B ‘?1@“
it | erfhodRedn®s whith o discRsdd éﬂﬂabtllﬁbﬁﬁh@ hike Gl shhh!laﬁ‘sresult
[O 66] Linbal tissue fromthe |jnbal biopsies was

i nithayt Idﬁpmﬁﬂn%\?&“&ﬁn‘kﬁcw fithe ventigker sol uti on

(PBS with penicillin, stre torryc:| n, and gentanycin)
and cut into small pieces. F#eRle Lsmal | pi eces of

B acdi l“e‘?tiﬁiwgifﬁe%g SERPYT c monbrane. | h-the
o 0B wi RO R B 5o 0ein o 18025 064 Yofies Hfolpmen

t opsReh, MsBiuBondl Rekielt Bédrd Gppro®al B2 RbYaikdide CRforsbd chhsBlt was
to the biocoated tissue culture surface, The next day

2 Abtaized fiem eaghriaticetitndrAonek andialk umen subiects| e e accbrding
' nﬁi"ﬁl@tﬁéisﬁl@rAéoﬁ dRYsR %nz%?@%ﬂﬁi‘m%ap%pdyn\%é %iéally removed

After 5 days the linbal stemcells in uré

begam @pciomrecm fmg supriof |f $enoiral tquadrpets mf @lpfspcé@eahéu@ace by
a gb‘rnlle?ﬁmag@at&%ﬁ{/ Yor ‘é%&’e ga[rﬁﬂha{r %%Ui]\xtlﬁﬁbﬁl Héxh%gns After

or ceps ovm n stem cel |
r eammom ghe |’u>1dpls3e wasllltnmedlateiy obptd mue 2 ml prambpc&elvxat ﬁlled with

S net ho avo t he wt h of
{1 bR S0 a5 robotSe iR oSO NI s Modificd Bales
vveMedahﬂ ORRIEEM)Oang r Khah’ um-IZ Mebimyn (MENEELIR,hEl):mprememeé with

{037 porieh s ARG o Fimah i Sy B8 0.5%

f r aﬁﬁﬁgh tsulpﬁ@kldw (m\qsOﬁtzeﬁg/ﬁe kdcomBinantGaiein adpideind fgrowth factor
e Systemsslpwg ?5 After the.linb cell

BHEE.t hue pap! Bansk gﬁmé&fa} o ity &3 peiml

Ceh Fo¥¥2ti&ns Ul %{(ﬁ/@ chQlerABGRIAIA, CSOaﬁélin'l”gEl‘{taﬁ?élh ﬁﬁlr l 25‘ Gig/ml
( I'i nbal stem cell

to isolate pluripotent
ar emp}s@ncurﬁe Rlood samplps searg alsqnegliscied fiom ofick genos @ad transported
us 'aﬁg% QuiftP ach rlgﬁ%}l %séﬁ@%psgr he a {e}iﬁﬁ lo \é%@d QGW ﬁ{cﬂﬁfd Blood

ing an e anmount
C omraplﬂﬂewela imediniely festiad ort lofecfmus fdéseages, omlﬁdlsg H@mtltfﬂf He virus

CCLUBISI L. AU Qhflethd Gy 2 STngl e cel

and co
[0065] 2) Culturing of Limbal Biopsies to Produce Limbal Stem Cell Cultures

[0066] Limbal tissue from the limbal biopsies was initially washed several times

with ringer solution (PBS with penicillin, streptomycin, and gentamycin) and cut into

small pieces. These small pieces of limbal tissue were dry incubated for 2-5 minutes,
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henocytonmeter. Next, the cells were spun down and

resuspended to a concentration of 107 cells per 200 ni
w@boophoaphat e - buffered saline (PBS). The cel | BCT#B2605/000203

incubated for 30 minutes at 40Cwith 1 n of prinary

a n&ﬂdbcﬁéﬁ’ g&a%%%n%e,( tho®3ted %ﬁf&l@ ﬁfé&bra‘ﬁé it?lﬂle R RAL énc&ﬁlar fashion.

primary antib y wer e wash

tV\AcsenalJu @momsftMMrm@émmn‘ylﬂm da%mcmtlt bty (159-2@ pl) was

0 I
"SSP ob ARG St Bl AR A WERCRARHD 5 o iy tome
beadtsreg Qurﬂaef; Whe hextday, Bi ok afcthe sauid mhdlbmmzlastarddem’@ the plate and

SSEA- 4 t 20
SR LA T O R0, R TSl i e
20cdliis ﬁmtt]&Sculfﬁl’Eebégeh |pSoli£ﬁatﬁ1gwaAhﬂﬁis ﬁd‘ilite Ghet biofstes Wrdré) g8y and

to re ve an nbound secondar y.. anti body. [ 0069] Th

cefd® é’%% OfRete e ‘E%§[é%‘k‘t ﬁ%"&% ﬂYUQ ak&\‘@ég]‘heqmebal stet
na@smetrbﬁa@ﬁigma@@laﬁa itd) @ortidué Iewmmﬁaﬁm&mma avoided the
i nstructjons Bi otef) to isol ate SSEA

pogPrih ef @@qep%hymr ar ﬁ%‘g@‘é}ﬁﬁt sellsrip 43 sulrenckhedimhal étf:@c?ells were
fi fifdweddd Srobintit Bley FACNRAShNRDRNEHYb £ oM sd%, ?ﬁaall%ft&n 7 to 21

the colunm was renbved fromthe nagnet and
poddysiyeulfureact i on with SSEA-4 positive cell s vvas

coll ected. [0070] 4) Preparation of Ammiotic Menbr

asl0867i ss 8k Ipdationt ofr Udiigrprtiadsiterm ¢l A1gm ;ﬂ“tltﬁ'i?égthmbal Stem
Se&@l?sadg]di}éh&ﬁmr?ofeﬁésﬁé‘ﬁfétén&él ar matrix carriers are

aval e to serve as a tissue base for culturing

'P'D@%] St %‘Re{: ﬁle' lﬁnba? WG cAifr Méasﬁea%ﬁ 4Bired VY | lof‘ O8fifhency, the

[ am n G, or CO agen uman ammi otic

nem‘lwmdecclhswers e&utheaed: o mﬂgeetiq affinity selbsodiol| ®IAGHeto isolate
r ' e t I

o AR L ST P LT ML R DR e

Pl agdEnd. ﬁS%rtmpbmdiE‘EA wEhe trgosid wed mabtrhlized byl aelding\aa equal amount

n se oper. ati qns .and .ty ans
AP BF i RGP AP B R ek Pag sl ver
of subsdqueno’ pip@étDSﬁhJatﬁ dimgfié ecedld @aiehﬁen ( BHcﬂSS):ounted using a
su Ierrented th .50 unit/m penicillin, 50,unit
ot Pepcatpetsr, Newotagplivese Shap GFin i peipbertag forg confentraion of
anwdﬁqieﬁg pé&i 200 B onlﬁﬁﬁﬁtea&uﬂm‘@aquM§ Tl[eadéﬂﬁ Qetedificibated for

t he Iaboratoré wthin hours of sur
I

L R AL Wi B 08 TR kP B S AT B0SFergisp). After
f Oinch&fusﬁ %&U§5E¥l 3 ORRBTAABORS Lo Hee RSshEE RS RAH PBS to

above. Once received, the placenta was washed
Wi rehncwasmynlg oradiantibady. rAR8ud seErensiom Af zent @etzrntqum Huorescein

IOBHFSRAR, DTS 85,55 oS5, BUBB PRt b,

wgﬁviﬂchnlandmclthe; SsEd-p pﬁmag'/ athtlbadqahwcleraddsdl tcB 200 pl of the cell

Placental tis e

reRBP AR B b RSTRE N TR AR, e Sy were washed

e thgefiteswaith PBS toaembveamg ugltuyd sdcohdaagsantibody. mes t o

renmove substantially all blood clots. Next, the

ch@oo69n Wdhe el |s@em;icfn wis thbe passed ﬂircbugh rm]u]lﬂ(k&magmehbl_column

?nls%fo = \%g Se maan actur%r se F1’1'1 ttrugtwngl (1\431 tenyl qglotec o2 1ola et §SEA-4
positive cells. The negative fraction was collected first, and the column was washed
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washed 5 tinmes with the washing nmedium The ammiotic

menbrane was then placed on a sterile nitrocellul ose
woressbozmes with the epithelial side of the nenbP@neB2005/000203

facing up. The nenbrane was cut into 5 cmx 5 cmarea

pi c e - | s

W R PRRHBECNoRl PhCofith RoF Rattypl Shpf B datiog] and h Bsicve

DVERrtticBavith $8EAH pofitipy ellewssebllaeted.ot i ¢ menbr ane was

checked for sterility, as well as the absence of

my ¢¥70hs me) dfrepanatvnet iAmniaietNgembraite as i TisshoBaselfed Tigsue System

use. The pieces of amiotic nenbrane were each stored

at [0078J00 CAlfboagtaievanirudstile extaodiiutin matrin damiersart @vailable to serve

cul . | i | .st.em.cell s _we repared f t hese

o s R ou B BT ot B0, PR el pees, pocr,

pi dmeisinaEGFpontdliageeV ahunian donfiotROmembrabe s/as gedho culture limbal

amj ot i ¢, nenbr ane s then carefully renoved fromthe,

o BB st o DEnvaom of Bes, Smbios ey Gl Baeh With the
pr eblescad yf mintdaqilicehi@bimbmbrahdie Pldchi@slomeribigndg|vas€ EolRBted from
ste{i e gl ass slide in a, 100 (rlrm petri plate. Next, a .

s mAlePUFol BEPABf SCBHCPs 9prainps iand (MRngRetied i lnboaterya fgldies in 2
t oyaRypeF MBEuANRbMstiRe NEITDuEAE00’ A Modphste TBIRAN QMRS (DPBS)
I ncubated at 370C for 30 m nutes. Aftfer incubation,

t heurplsmented; syith) 20 spitad  penicillinn i Ot it/ niiFeRfrnysis 100 peg/ml

schapeibhd Wistfy/dl &géﬂoteﬁem?g el‘laééﬂﬁ?fneﬁhﬁ% bWas ﬂé@ﬁgﬂt&d to the

condi tlons. The "ammi ot1 ¢ nmenbrane was then was

t i inboraigry hithénshihagrs o6 Isurgeryn Blitresampleseree dlsarndliectedafrel each
amib Qi lafid 5&5{‘1%& ﬁﬂ?ctigﬁ‘@&i%s{)&i%ﬂbé&%stﬁss d%&n’%’e(& £b%?r]§.l | ul ar
carrier matrix or tissue base In culture, was placed

on |t i . . )
oofGzgh | e RicBq thd Hadiall o hLAGIR Sl mogium to remove
( MotucispanddiloodTtiets.afhé eashingmeadinavensisisl 6£RPRS eupplemented with
PETL.insernt. fq.. € e sin er ,10 Ethilo

om0 B e in, PR ertiRing. TR ol AR 25 pgmi
Si lainphx_ﬂer@iﬂ ril‘ll;(.)gPla{;@ﬂh;]l 4isjsdge\ga;r ﬂhﬁsﬁdﬁﬁmt the afidivnis ,mdoht@ane using
amj at i c. menbr ane shou spread on the rane _ .
Bl sistUEe AT the it SRonraE e SPGB oV B 1o times to

of rdnitve REBERMERAIDy A1B6186d £168. INIRE theThélorOkas fR8lel RERITitheAdbhiotic
the stronmal,  side of the nenbrane faces oqut of the

i n&embrane yethabiantJoreersrand fsrreithedial gds ef tr emninticrprmrgne was

behRsRdBeiRe wRE tHeSfhshife hltQinkd) Sl amdiftc SXAMRAEWRY then placed
inserting the silicon Oring into the bottomof the

amfp gtsteilqraiteeelintose grembrang Withgthe mpithgheli sirdei of the membraae facing
to,h : f ' ' .
oL BSAIRIL IEARSA0S ol 4 05 o5k ISP et
c uhtegyroevigleflled rwiflofreeaing| recdlintm Borsistings of H% glycerdol i PMi. Each
NG EUht e me% ng}a\ﬂ@s{vaée%cﬁ%glfa?n%ﬁiﬁ%@ as well as the

pe%ﬁtg}?.’oftproce sed "atitioti- me
ami ot 1 C "mennrane waS pre-coate

fi hbden@gemydoplasiod bagelotokid, coataarieation beforeCloviiiy @t iThea pieces of
The ami oti% nenbr ane, was wa%gc? two tines with
cula’lnﬂlroé‘c_f?gm T 15t e&g'é?t?feiiﬁtc_ ‘ed in culture nmedium

F oX073t or Aot EHOST S BT o buppesmbal To Sl Sl frepared

from these pieces of amniotic membrane by first thawing the pieces at room

temperature for 20 minutes. Each amniotic membrane was then carefully removed

from the nitrocellulose membrane using blunt forceps, preferably without tearing the
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[0075] 5) Culturing Isolated Linbal StemCells

Conprising USCs and Generation of Tissue System [ 0076]
wWab@s88EAS 4 positive cells, which contain USCsPCT#B2605/000203

vvashed tw ce and seeded on human ammi oti c nenbrane

§\§'gal e bﬁlﬁepl d%ﬂl { 5196 :gagé Yike Irhe Wﬁ%ﬂéﬁﬂ%‘b NAQE 2 small

ocoate vvlth tofaC| Itate ence 0
US@stuma 06 026% teyrsin ¢t Dd Smehbyvaa pddedrio téver theapaintie nefimtirdre, and

en Qﬂeﬁ n% %\Aééﬁj B&?énﬂ“’“ﬁe% by %75 [@Eﬁ g@tﬁé 1{1% cg%alrﬁoghtga epithelial

W ldyer36P/the camdliidticomeibragel ivam sofaped nffdwith areR sdeiperotusier sterile

i nactj.va enbr yoni c .fi brobl asts. cul ture
ettt S ione The BPRoHE hebane ) RSt 4 (HPS oo washing
Knesiitioaut The pieBesied 180 drebdd- mﬁsﬁd yih®ehnb U{mﬁ:hsﬁhwﬂns as an
col | ect ?? fromcord bl ood, DVRO (0. 59, rhEGF
ngPFTapelinlaycmiermpt, gy fisgup bagery ﬁ‘élf"é?= rT38 Plasechey mlmre plate with
sog Iownmafraewetcﬁed B rrfamwe tefeMIRARO (ﬁm%@nﬂr%eﬁnm (Millipore).
gentarTycm (50 hotericin B (1

nyThe ynniptie m%b@ﬂ%ﬁ@faéﬁm%@ FET oerts fmpmmefbdrusag number
peﬁo Pﬂnl@ﬁ nérpaﬁkérbgﬁt)éﬁu@éo ;%Qngan?edﬁ%a&%mwm til

ti-layered tissue syStentwith arge popul ation

of [ Efs W%%ee@ﬂeg%' Jrefk m%éxﬁufh% a&mfdﬁe% n&ﬁmtsgémh iR sgx%gd on the

Eosi n st ai ni ng of ’ ayere t1ssu

sy gtembra@ﬁ 111$gmhsuahn ey |thﬁt ﬂmﬁ@n@d\ré eaxtheﬂlhlemdeeqf rthemmeibrane faces

P g 'ﬂ{}t s1‘<‘léfl H HE frse n'la'i] sﬁg tﬂ§ m@%g%aé ga%ey out of the insert.
arg nucl er ¢ acl as nuc

bl i]“he ammptlcemﬁnbnane wasaatmchpi wtiformly hefmkbelﬂ!g seeured & th5 insert, for

el bt G’ AR B VAR SERE g mesptyane, o

susyerigy tha amdtip asattanehs Gedasandi\aSmivageaef e ingktuThe entire

as descrlbed bove to isqla SS OSI dve cells
EhetaB T abasC o bt e am crlpRBedind Taf Hlgt 2 hours
W Alfce£ thid (ith€ peryd] the cultive riddiininkl ivas feRelived B he MERMtR Hembrane
F-12 ( DVEM F 12; 1:1), supplenmented with 10% knock- qut
seMahPisrcoaiod b hmlmafébmpﬁ@ @ erllegen Be plone ebin copbagtion. The

fr Qﬁhﬁ% cheRibpd ’wa%@lédocwé 0@mes @t A hnd | héh%ij {detbated

(5 m), transferrin (5 ng/m), sodiumselenite
rrgmwlylmrmerhwéwt $%mﬁ@te(soaf@r ol the ammiciic membrane )was ready for

hL tanycin (50 /'m) and anphotericin
%\?%@ﬂﬂi})ﬁ;%em% |rsT¥)I at eél ceInPs vaere cul ?Ered for
ys S?t : ﬁtte%ﬂngﬁu%gr Ceils u@&h%rrls"i'ng USC% and

rrultl ayere I'S ue systemvvltha arge popul ati on

USGenaxetionaif lassweelystehe ti ssue cul ture was subsequently

ready for transplantation. [0078] After the sorted and

i s¢l0dokd dbe ISSENet positivevaells, rwhieH cantain {USCsoweére iweasbesd twice and

cer re 1SS0 n L
o St sk Fuflc bl it QECH QRS Bt e agpioti

a n&tnbfanefwak: Biocokled NSESlam&mre td Hiaeilitete mhe‘ienbeadsﬁZIUSCs onto the

seriall. ass edfor at t 40 atio
doﬁ‘ﬁ‘moﬂé g%n@ra ﬁ]bﬂgxqrﬁ%p%q (36@ Bg(gglg ure me&mm Preferably, the
culture medium was DMEM and F-12 (DMEM:F-12; 1:1), enriched with 30%

conditioned medium obtained from 2 day old inactivated human embryonic

fibroblasts. The culture medium was preferably further supplemented with 10%

knock-out serum or 10% heat-inactivated human serum collected from cord blood,
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Exanpl e 2 [0079] Anal ysis and Characterization of the

Ti ssue System Containing Undifferentiated Stem Cel |l s
WO 0®3079145 outlined in Exanple 1, a tissue sysPE&mNB2005/000203

conprising USCs was derived fromlinbal tissue -

bi PRE®T0.5%), HEdrer HIAD, WARA H?brﬁ?,l traRRBHH 4 gﬁupfsodium

the tissue Systemderived fromlinbal” tissue, cells in

t heelenitgs (B wg/mbe hydoeertisons| 9-8d uglaila geatamycsy t(&Prerg/mD, and

Wqgeatiatels ' ' .

o Rt BT 28 gl i IEADEE SHLGAER (8 14 BPM period of
val0-d5dayseit BEiCain arfe@kineubatof votilci hélgrleyerddetisewt system with a large
cells,[008 0 onRet I al ysi 0 .
coPrRR LSt i Whinth T s R ReBrp ok in (1 & B
cosipinirgdof ¢het inelticleydredp tigpub adystem o hiuhen tamiitie wyabrene at the

usi ng. fl.ow cyt.onetr nal ysi.s to detect. the presence,

of tepHipatennoint ip aiipiy. Hemardin siapms aogalively chArsBlcRE e ighsuch
t hgs idiahd RibedRsies Glile] WhidS Eadin 8taf€ Phot&ifdpinkde Mifte8 1096 days in
and fromthe tissue s%scizglgrown on an anniotic

me fE s e tipe systegn was 15pdyder Eysplangtionng sel ecting cel I's

by MACS as _set forth abpve. The two popul ations of
cel9%d7her eAltSWéP‘ﬁFi%dat}?éﬁg? £CR| ispensign cwis| Bassy tEtah a MACS
PORIdbRMtic QB R sCleRlrBdEL 8bdva 16 ildid SSERS Iﬁn@ﬁ‘ivé R8s BRNARY were
into a cell s.us&en& on, Next, 100 m aliquots of cells

we peedesk prrdiasiigel Yeqoatril pokptes, With gulierg gdigmp od heopultypremedipm was
anyy T yahe 1tihe A it o .
12,2501 a_l_nﬁielﬂfz eBMEMPERE 111k ﬁpﬁleﬁﬁ'eﬁ@&j wifh R)é\ %féfég dou\’gvis%rﬁm or

S
groups. The first group of "cells were not |
an 1@fthebloidgctizated heroan segim catlested dwonebrdbloag, ¥ISOLPI50), thEGF

wefL i b i t =4 DL mar i '

LD e B0 X byttt 1 YRR ot SRR £ o,
i naydradoetsont (5 BEEA, SFGF i(Ame/sl)a hEIFo@ dyg/mNe entaragdit €501 ng/ml)
the second and_third group, wer shed with PBS a

| et ARHPeB (hes BB e Te¢ el el utsi dar B 10 days a
ang il €S @bEbatot 0P afrMlti 28 efididéiR SyRém 4@k d 1rge PBpulation
dar k. éOOSS] After incubation with the secondary

an®f Y8y was phiained, |The gsug cplture wassulsegtgsly wpady foftinspipntation.
with PBS, resuspended in 400-500 m of PBS, and | oaded

i n{78] Facdierthe wufed rpd dokaiadosrlle everg BedtoR- piliErs 19semfluence,
Thee sl %§1_t1ﬂ‘€sr§f U988 efd 8sdRitddl HAlreSHEAL 68 fre@D gio-coatggotissue

logarithm c fluorescence was eval uated based on 10

gatdtire dishesat awticrofdoht The USGaieresthers expandsd anfl gerially passaged

ba J: med usi ng

CE %%%#go E%‘#ﬁ?a\[/t\g?g ; @egst,éﬂaia)‘%{(@%tmﬁgﬁs%%s} esul ts of

the flow cytonmetry anal ysi g.fQrfebi mbal biopsy cells is
shown in Figure 2, while Figure 3 shows the sane

an@gﬂ‘ﬂﬂ':_s Q01yE8! bid | BhihiGediZafist € of Vb  MiGRITPE sk d Containing
USCs. Figure”2 shows that only about 30% of the cells

i nUnfiffecaptiated 8¢m| Celbal ti ssue bi opsy are SSEA-4

positive cells. _
[0080]  As outlined in Example 1, a tissue system comprising USCs was derived

from limbal tissue biopsies. To better understand the cell population of the tissue
system derived from limbal tissue, cells in the tissue system were analyzed using flow
cytometry, immunofluorescence and immunoperoxidase assays, and molecular
analysis for the presence or absence of various cellular markers of undifferentiated

cells.
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In contrast, Figure 3 shows the popul ati on of SSEA-4
positive cells has been enriched to 74% of the cells

wEe@semi4i n the tissue system indicating the PCTIB2005/000203
percent age of USCs present in the tissue system

Qo) 2) lgnﬁgﬁ AhditSSaRReR and | nmunoper oxi dase
assays [ 0085] Theée nnrphology and phenotype of the

| $0088] SY e TLNBSpARh BE AR 1¥bal BRPEROIIHRS %9 @mﬁarama the cell

|nnunoperOX|dase assays. First, sections of
depamﬁ#tfqmnz éhe tispussysters yising Ao Wesiyomefry sealysid tlordetegshamsence of

o R TR ATt e Pl Ao R RO €8s ac o

t hedngi-donfliieny spage rmad yfroan thiebidsgiiee sysfeam giovmdyn @i latniatin nagrsbrane

% BSA/ PBS) f or hao a mte ure:
Ssg%uﬁ%(ai %%r ﬁ])agg ﬁ?Ie& c%ﬁ%gy tMégg ag Isetng?tg Stléove The two
Sa pblmlattmm} of Telds- wer6 &né]szeﬁOsepﬁhnem CDite) col@é‘ﬁéd 4el( popullddions were

200 Ch con p63 (
U Rp SR glect 5 dadtionbenpdd Bl cxtarenbi” R {00 Wgiauots of
Cy olLsSydBe pélﬁﬁ:b]lblﬁie@gvﬁh Tritbe XsWoto. 2% sorwaaeaﬁauﬁ@@ﬁ UEhd J:d'ls were
ﬁwbai g th FITC—IabeI d secondar ntlbody for on
Viflgh iR dipe EPEY o TREEToBrOuRAPY el e Bt [oBisd With an

t henfRay koy éoﬁﬂ%l eTH'éDsHEHnﬁ%rduB of BE4RRSE RidlibabRURH SKEA-4 primary
medi um and phot og 60§)hed using a fluorescence
®on)

mi ERgY fos 20 mentesihdrion d ho siidaseupawaseps incubated
th %/1%{?'3 Aa@ gﬂﬁq@{\{ aﬁtl t N‘éﬁj cdll9 itk A€ se¥Bhd %{d ferd EI%u}K fykre washed

was rm eh used wWith
i rrmth&;ﬁﬁr mdq ldaéeteéss@wnmu@h Eﬁqammzied;amdary antibody (Sigma,

tetﬂs@lg)/ﬁﬂ%ﬁ%rﬁﬁés‘i?4°c1[1991§e6&ar The i nmunof | uor escence and

per oxi dase anal ysi's of the sections of the
iS58 RS U TRORHT Bl I, PSSR0 v
ZSM@M&BSd pathi RBSy eesr?jehckd_(lﬁﬁgol-ﬁéo B ofblﬂii? hd Berdedt 386 a FACS
K 0
T s GRS Gl 1B RO R T e

poand logerithmid fuofdstehaé ﬁ'as&)valu'ﬂ&& bpeed oh i10,00PgRERERAts OFith control

K3/ K1 Fi qure 0 tectedlnt e. tissue
oy states trstfp Pl O acirdid, BiciEsepices ooy ormed using

(FOBWLeQUERT AFalays i(Becin DRRinkbr§S UBhS Y&URMoS 8K 18R Scytometry
al so _reveal ed the absence of connexin 43 %FI gure 11).

Thanglysés ion dgnbak bigpse felies shaye i ¥igwre Jumbile Eigw & ghosvsithe same

t henatRed Fp "é%llé’fn b Q1s§dess§l§t§mst‘)6ﬁﬁ)ﬁ§§h§ s MWghB shows that only
f  USCs enerating capacity in

resence o
tp hebartt 38¥cofsiye ealsyin @@Wékurﬁ@hwgalsﬁssmsy RIS pRpiGve cells
I t
st gnmp%gaft F]%h]%{%hszlo%,lp gng&gfnﬂg@tned%%‘s ﬁ(gsnwel%e 1§ ﬁ%%leef'n enriched
f oto dfscesthe wkllupesenf it fhe tismessysteny smch‘mtmgy rtheokugh gercentage of
I cuI ar Analysis [0088] To further
e piPd s Bt

erg? esent in the tissue system
t h?ﬂﬂ%ﬁi I's 2%unoﬂuorescence and Immunoperoxidase assays

[0085] The morphology and phenotype of the tissue system was analyzed by
immunofluorescence and immunoperoxidase assays.  First, sections of the
deparaffinized tissue system were rinsed with PBS and permeabilised with 0.2% triton
X-100 in PBS, blocked with 1% bovine serum albumin/PBS, and incubated the
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anal yzed by RT-PCR for expression of the follow ng

undi fferentiated stemcell nmarker genes: Cct-4, Nanog,
waReoos/0799ehe nor phogenic protein 2 (BWMP2), and POREB2005/000203

m)r phogeni c protein 5 (BWP5). Expression of Cct-4,

d| ffer ﬁ Pat | g) Iﬁ@dlgé)gﬁlngﬁggéfhﬁ&lﬁ/gs | 213? Pk Y/PBS) for 2
celbpus cat cogh @Wg@@‘rmsﬁﬁ -# ¢il160, Ehgmniser), GtenofCellhBactor (1:250,

h [ e S A ousl|
ex%l#%tgés(,rg P ﬂg 1I (?) K Iﬁsﬁe SX\@I s(‘,(gc t'gn yzé_‘dbl%\g:|1 8035 Connexin 43
po$1 200y eChcmd:cma;I po3T hleliOdéISt Bio)rogncfalsl) hE3/RI2RCER00 HCNY, sand K19

TR S0 el S50 ot S i

Exﬁm-dab&ledla&dnﬂﬂbainﬁbbdtyﬂjoﬂ gnet lirﬁlr'Edetmi teigieh@de (Sigma). After
(G, bcg BRL) rrg of t RNA tf{ieated W th
N SEBRGR, (i S A4EP e B ipygeHqus gepurting medigp and

Wa%)hd}ts Hed rusipNAGoBdc RS i nicRdyc \(/)@8‘(1311{86) tF@RE 'ixhﬂthhé}iéromdase
usi ng oney Murine Leukem a Virus Superscript ]

nd
ol |a§f8y5en’f ‘{Ini*ﬂﬂ“i e piotocolumnther Yegpr dbiza kis W@a&ﬂioaYﬁd The
Fo ch@3# e OhS6HE VAR &eallﬁnﬁﬁ%ﬁdxmse( PRy T fact Hﬁﬂmno%gnmdme
m was anplified CR usi ng Abgene 2X
rraé‘tt@hqu@m the appropriate primers. PCR pri rrers
were selected to distinguish between cDNA and genonic

DNA@(W usiThg immynefugipseenes inddmmuapresoidage anplysisi of therseetions of

0y 61 R4 ABES A B Dpfop S

bemomvencenalﬁﬁeum 4),T¢beutPZj¥lS%mSCiFfpomaw orilsqBiziet 5)patwout 30-40%

o3 B S BT b By B R Rl 7.t

an rabeait 150@70‘17npmc(sﬁﬁ&e 65&@1gﬁmr8) 1The pasitive pagsencé20K3fKOI2 (Figure
Table 1 e results of

m nut e or 5 cl.es
oL ol A Jp B S oy el o5 s ek Sipresson bt K19
deiFigstrid).e Luddysissf ﬁﬁ‘suéibﬂ'stegre B&Siohe 8l deveBR RS SbfRfice of

of Cct -4, nd Rex| rs i ndi cat es at USCs :
pr ELFID; a3, iy 18e @y@?sﬁﬁ?“aﬁ’ S aﬁlfﬁmcgm gegmarkers in the
Ex 3tibfs of thieQRe MsRBi tdnkivmsSinéqir&endf ot DSCY WS ULIf-regenerating
SstemConErlsmg Undifferentiated Stem Cel | s: 9g2

[0
Li GRRRFILY insthe tssyp systqne sOther markers) namebuk3/Kld K, m@]e@amdwate
| oRg dolifRalPA-RRS bEfhe HiMHastéR Q‘@ﬁsrin lafd dsk ol wilch Qim{p%rtant for
invitro culturing of a viable tissue ystem w
USegccespivd use afifled tissuessystemtfornsylaesspaier e transported or
stored in the following culture nedia for 12, 24, 48,
and0087] hod» sMakepdar Anplygisr y at 40C. DMVEM and Ham's F- 12
(ratio 1DW{9 suppl enented wi th human cord bl ood serum
( 3160881 durtiger sharacterizede YSCsmygsant)in thertissueisyist¢rs, the cells were

" SRR S e AN LTRIL I s e
( 0 gdnenm§lct-4) Nagegt ReyLi horeSonghoptnic motdin 2 (BMP2), and bone
morphogenic protein 5 (BMP5). Expression of Oct-4, Nanog, and Rexl are down

regulated upon differentiation. Expression of BMPs indicates that cells are of
ectodermal origin. Expression of the “housekeeping” gene GAPDH, which is
ubiquitously expressed in all cells, was also analyzed as a positive control. The

identity of the RT-PCR products was confirmed by sequencing.
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anphotericin B (1.25 ng/m ). After this period of
time, the biopsies were cultured to generated tissue

weyBsema4w th USCs as described in Exanple 1. FCB20051180203

shows the percent success in developing a tissue

Sygéﬂ%@] T I ®ARAY ORI 98N LUftc‘é{@ ﬁoﬁ%@r% R GlsHe %?sten%‘éene%ﬁed in

72 hours after surgical collection froma su
As Extiopke 1 asHisolated ugidg thdféRI;ﬂbmathOd; (Gibeo-BRE). e Naidt )‘V pg of total
cul 0 I
colﬁtl\g%?r g%é’!}i %/\nmt‘ W?éagr egi est éaé%%i%gt g \p&(g%ﬁérrl%t Sy was used
t [ §de)m smhmsah)hreemeﬂmwﬂmtbnmsmg é&olomHthnﬁﬁb Iwdldemin Virus
Qut 12. % t he bio
B?” %eg? g fQi 1S

: ;
r et 3??{8051 P E ?I;%% (ﬁ C OLprime |ﬂ§es'i?8‘%°en's For each

Syqsabbmsralscﬂ clraih treHcﬁore(/HER)Uﬁaétimnab@ Wl of 2DINGU kwas afplified by PCR

£ 80 Mg SROPas i e APRSPHfR . PR primers wre

t r 3g16qed foatistiapuivebetR¥et dBNAEnd Send@iEDNANS, (R@W ih@0@ual primers
after rermgﬁevfrom culture the cultured tissue system

wo §Pssiffedpbiiffesentgsons.  Bhe nygreryused tq %@%Op%ﬁ%amoaﬂvﬁexl BMP2,

ThGNPSS SHE GASHE BOMSs [ER68H) bt Rt %&ﬁl%e%wn 48819 he PCR
recept acI e cont ai ni ng transport ation nedi um ang

t r amppbeatien cepditions wsaddntherthermekoysler ABLBiOsystRims 9700) to amplify
tr

(DR bRty RIS 30T BhEL alfcaith AORSZ6510) foyl minute
oblaadﬁiéﬂ fﬁlrbmr@tedﬁy3©+3d cyelect i vat ed human enbryonic
fibroblasts, and further supplenented with 10%
knock- out serum or 10% heat -liahledt i vat ed human serum
collected fromcord bl ood, DVBO (0.5%, rhEGF (2

ngl mMGene i hsul in (5 ngPniner séqnesferrin (5 ny/Ardngaling | PCR
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may be applied to the conpositions and/or nethods and
in the steps or in.the sequence of steps of the

woreiohotg4ziescri bed herein w t hout departing frpcT/1B2605/000203

concept, spirit and scope of the invention. Mre

SP&egi CalThy, reéultstltﬂls g%y& 2 Ex@tsh&pﬁ‘tm AP AYER Dnstrate

that are chem cal ogi cal | ated may
s u lsspressioneet £l rge@%etestg‘ént Expaession i a5 eQIthﬂe rI@nng,V\hnd Bexlh e:tarkels

¢ 1(94"tes§111 SEG {ege%%.nttg \,%)sgl: gy A& Hﬂ(ﬁi’fgrgntlat Ld SUCh
S|m ar tlt es an |ons

t hose skllledlnthe art ar a‘?‘ﬁ dto be W|th|nthe
spirit, scope and concept o € invention as defined

by | ap

oy L40%8) ONARRG Sttt e i B0 Sy CMPTRCUndiele} e stem
ab®iglls:30- 90% of the linbal stemcells in the tissue
systemare undifferentiated stemcells. The tissue

sy49093] of Limbaltissue bignsiesiwerd ﬂ@luat@dlté fetemminé heove dorgt therbiopsies

Celcl)uclflergrgélﬁsiﬁ tx?aﬁsg)oﬁr S i3 Vi guef SB@‘:' fi b j HE E&yéem with

sel’ec roup conS|st|ng
OctUSEs. Na dignbaRessud biofitiesmw e tlandpartédor, storedinl hé GolloBiBeulture

CD10 d CD.17. The tg S 0 .
o1 BT e 2 8t T2 MO A e e 405 B B s P12 (e
exrigssipfshbntdd withéunias s Byt mr@f(?,-s%gy mMSo wfws)e HHEGF (2
t he qdl fferenti at gﬂ)@st em.cel I ressi “EA

coRgb sy o3 s He/aiy iratsran oo ey Fodim | selinig, (5 pg/mb)
celhgr@robdmgohs Wﬁgglﬁﬂ} emlerzh@uﬁ IASGE)LIGmﬁMﬁ} eBntehydih @smgfml) and
wherein the stem cel |l s express one or nore

suPmRBterigin Bl 25 diginalyt Adfex ﬁheﬁﬁerlﬁ% ofjtimaythe biepsias verg cslftured to
K3lgKdegateddRue HRERRIvithTHSCE é§(fe'é&1b%bﬁﬁ E}EQ [Ile ¢! @igMel13 shows the

vvhereln the ti'ssue systemis derived fr
coPpeetcueqess in developing jastisses syFisa fromshmssry suksyred hpproximately

cl gh @46 43 WE7s hl'lﬁurg B gced? %(?l eg{lcﬁ'{[ fr!>1+1 r;bsldﬁjfct,tl \?ﬁ us%o{)visi in Figure

humah ti ssue. I'ssu
t hd3t tls:smle@;ssare rprcf‘srahlynculturedl wythmeaboui 84 Lheusya‘teem biopsy is

The u t em cl aim

oy SOIRRY Saf B oy el o EBEn o0 et el with
or bippsits culgrddowichin slgiupil 2 hours A eotlebtvd. Hovgeare thethistgiea retained
ti glsgyu%cal% ak&@ tomgﬁgggrgtle QlSStulg (:"systteln“?sS %%ul%a/rg teserrrll 1§:p to a{)out 6/3 hours after

surgical collection.

[0093]  The viability of the tissue system generated in Example 1 during
transportation was evaluated to determine how long after removal from culture the
cultured tissue system would remain viable for use as a tissue transplant. The tissue
system was placed in a specially designed receptacle containing transportation
medium, and transported at room temperature or at 4°C. The transportation medium
consisted of DMEM and F-12 (DMEM:F-12; 1:1), enriched with 30% conditioned
medium obtained from 2 day old inactivated human embryonic fibroblasts, and further
supplemented with 10% knock-out serum or 10% heat-inactivated human serum
collected from cord blood, DMSO (0.5%), thEGF (2 ng/ml), insulin (5 pg/ml),
transferrin (5 pg/ml), sodium selenite (5 pg/ml), hydrocortisone (0.5 pg/ml),
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linmbal stemcells, conprising the steps of: (a)

i solating corneal linbal tissue froma donor; (b)
weeiosardiimy t he corneal |inbal tissue to expandPCDIB2eEH/000203

Ilnbal cells in culture;(c) isolating a popul ation of

gggiun%u?gﬁ’ 1?%4}115 %r[ oﬂh@?erlefﬂlﬁ ?rfbﬁj p%/ﬂﬂ)n efle \Jléﬂ”‘fﬁ?lof the tissue

by s rneal s to sel
f 0 BYStIvR Wos chmk@i at idervale pf 6,513e24, fand 48 hmfrec”éhmab@be@f the tissue

Wh s‘?én'f ik Q%Jsﬁ(glﬁlgbl? ﬁlehluﬁapﬁé‘s' Js%e%seﬁlf)'ege%gotﬁl ﬂsg?aﬁljge df{rs élﬁh as pH of the

pressed erenti ate
c u medrum; g/launlay iof chatalld, popantage |ocﬁ rdeaxf célisyrimad ingeigeity o€ tHestissue

ner aﬁlgecf‘*‘h??%;% seg?g &/\;1??1 “8% I‘Imseéhod of claim 10,

un rentiat net hod .of claim 11, .
ﬁ‘?‘fg“ﬁ R B4 RIS Fiabily 406 HRRP Gt a6 bt B peviods
| epsﬁt-cabtﬁrﬁh tdeﬁdﬁﬂirt]lggontﬂ]tbetel:npﬁbtafe eﬁt\x\?hﬁﬁh(iﬁé héi;udr:] SysteéRewhd tBsidported.
syst.e The nethod of .claim 11 erein the .
ungilﬂrrlvr better msults were pbiagier svhen fhe Gssup S¥SteR Wiap ransppreq at 4°C

celfanspRalif wss R Red aﬁebﬁlcteegeﬁwaﬁchew&{e@&cellem viability for
consi stin SSEA- 4, SSEA-3 Nanog, Rex-1,

St e foah hZ%ma@tOé fransppriatipn gpith gm 31ab¢mwgl fomum_fter ¢bbaprs.

and CD117. The nmethod of claim 13, wherein the

undQ096kr el off the campopitios pad @ﬁﬁb@@s@s%@mﬂ clyimedrhstdipepn be
Of nfai@hi ‘%gééﬁ‘ %ﬁbﬁl dnfie SREIERLEIN thaRfo @%xgg}éeg}@dtlﬁsclosure

gNh?SSI ng onprise-at least ab
lertbetormoempmndanﬂmds lnéthis igvangios b@teém:n deseribed it tegims of

lfé”}“lre@ e]trgbodm%{s t%vﬁlrh% LS(&BQJF& & rﬂ%% o?tslgﬁ S'i: rF g: {; vanatlons

ex ress one mar Ker's selec
t heagbe lappltﬂdns tk&tcomgo slﬁonKBﬁd(erneth)cB and 0ith & StepsTdren the sequence

s of Sepest e e esel e in Bl Pbe e B ohighh it anc

1osodph©lf ehenintdidiod. ms@yﬁbﬂm ht&vﬂlheta’pbduentftﬁa?t certain agents that

e B Etea REP Y TR e e SO e heents deseribed

I e GbrRin Rthil® aBe Rathé MR AimBireris@lRl wolldf b 8ISl N ABNSuCAT similar
bot h e%{%ez The nethod of claim 18, wherein the donor

i s syhst rAid geodificatiprscinppignt to those skilled in the art are deemed to be
within the spirit, scope and concept of the invention as defined by the appended

claims.
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The nethod of claim 18, wherein the donor is

bi oconpatible with the recipient.The nethod of claim
waosmhauei n t he corneal linbal tissue is cul teCBEIB2065/@0203

bi ocoat ed surface or an extracellular matri.x .carrier.

The net hod of claim 22, wharieAlMS he bi ocoat ed surface

is a biocoated petri dish. The nethod of claim 283,

WhwsADIPELAIMEDIR: i S bi ocoated with one or nore

attachnment factors selected fromthe group consisting

?f E fi brAniege @ysttlhllill aaxﬂlbﬁsinbgqmmgaﬁ céllé, whe@BaS€ lefist about 30-90% of

i bronecti.n, collagen, baqvine pituitary extract, EG,

hepat oc@\? Bméﬁlé@&nhcq%aett e tisRe Sster e w@{fgﬁmw stexe f%-,

and hydrocortisone. -The nmethod of claim22, wherejn

th gxt%ectyﬁwygﬁmﬁéfﬂmlsi%he?éﬁ' @‘EF&@@FWB%‘:?Q‘F&% Fglgsxpress

consi stddathr Aordréih cQL et mafRiETBletBd frdfthOfrbép consisting of

menbrane, lamnin, Reliseal (tn), thrombin, tenasci

ent act i YSBAr¢a?SHAR, O¢tid Newasg Rex-1.c3iem S6H Kastor, Tra-1-60,nCD73,

pol y- L- \en39etpid éphyr L-ornithin, fibronectin,
and pl a&t:%ﬁg{2 (g)eri ved ’glrl%wtifl] factor (PDGF). The nethod

0f 5,01 & T ARsu NGl ot cflh? 1 ok A oo bdiftbrciBE] dforh Sell1eliRRss
amiotic menbrane. The nethod of claim?22, further

conpr i sh¥pAtthe step of dissociating the cul tured

corneal linbal cells prior to isolating the |inbal

st ém ceThestissurrrystamtoh g@in@ﬁ, whezgimthe ondiffreniated stene cells
corneal J | | .S .G r [ I W =Xel .
suppl ens %Jéydﬂ%msﬁﬁg%gmgﬁseﬁig'}%&ggﬁﬁgpgﬁ %a(%:t#%erels sektg%ltcggsm
f r om t htissgg syslemconsi sti ng of di net hyl sul phoxi de,

reconbi nant human epi dernmal growth factor, insulin,

sofi um Bl tessue systetarod nlaing i rwhereiin the liohal stérs oells, exjrass ane or

fibrobl ast owt.h factor nd.l eukenm a i nhibitaox

t nct or . ool 8he RReR e AR o8 {HETafh L PlaBla FiRb 12 K0,
l'i mbal alpes. are sorted using magnetic affinity cell
sorting (MACS). The nethod of claim 10, wherein the
cobneal The tisedd systeinl of chaing 1 Sidtekednl thie Sissvg system is derived from
fluorescence- ac];]i‘%/at ed cell sorting (FACS). The nethod
of cl ai FAMAGSCIGRLIREY BHE: one or nore stem

cell-specific surface markers .for isolatin he . .

o7 eal T4 55 SEPIS Claibb.ieget B CPRGMEIEHE Lt rsue is human
consi stgige.of SSEA-4, SSEA-3, Cct-4, Nanog, Rex-1,

Stem Cel |l Factor, Tra-1- 60, CD73, CD105, CD31, CD54,
ang. CDl fifo 5@ Y8l cRim ¢)vHientid the tHdHR s Ritdin IsEmsItidaered
cell-specific surface marker for isolating the corneal

| i nbal ®¥P§ ¥ysieBl. SSEA- 4. The nethod of clai m 10,

wherein the isol ated P_opul ation of linbal stemcells
0. The tissue system of claim 1, wherein the tissue system is suitable for

transplantation, implantation, or grafting to a recipient.

10. A method of generating a tissue system, wherein the tissue system comprises
limbal stem cells, comprising the steps of:
(a) isolating corneal limbal tissue from a donor;
(b) culturing the corneal limbal tissue to expand corneal limbal cells in

culture;
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are cultured on a tissue base to generate the tissue
system The nethod of claim 33, wherein the tissue

whawse/oraapri ses a bi ocoated support material . H¢EIB2005/000203

met hod of claim 34, wherein the biocoated support

mat eri al i) RORHY a%?&la@&nt AL P.tstefrrf"‘éélﬁrﬁon? GheClififed corneal
fromthe group consi'sting of fibrinogen, Tamnnin,

col | agen IV, limb#lzsBs by sortingrthbyreqrneahlimba|cBgerselebicfor ore or more
pituitary ex{Lacter- hepateo r fact or e
keratinocyte gr o&?tlk‘%?ggtcor, aeng%ﬁ%g?ocor%fls@lﬁe&elﬁ’h%en specific
met hod of cl stitfrr@@arkehis exiressediey undif&umtibad stemscells;

selected f 0 nsi sting of h n amiotic
nmenbr ane, (Pg&nqlﬁlﬁﬁg q%eoiéplg\%e It OJP @j&uot%e%fglénél?ali rg?eftf BTTSntB feperate the
entactin, hytdsue gtenRel | seal (tn), thronbin,

Matrigel (tm, and fibronectin. The nethod of claim 33,
whdiei nThéimethod sfidaiaEk whereh thalimbaisienitdells caAgsane.

The net hocggfgrf cl ? m 35, wherein the hunman amiotic

menbr an&8 PECEREEIFECHt h one or nore attachment

factors.selected.f.rom.th r onsi St | of |.am nin,
conPagents bepd RELRNT 1, pig it iieriitel fiem osl S Faspasite at
Rel i sealeastaboutt70yatihelimtdaiei gells(ih Me tisarchy§tbhr onect i n.
The met hod of claim 10, wherein the isol ated

popfal at Tagimethodl bfilaim I, vlieref the undifférentiatddetbnt EelIRRbrE N one or
enriched with canpditioned nedium gbtained from

i nact i vICESFIHY ﬁ%ﬂspéﬁlﬁF y&%ees ¥lesies gwst%le gropp gonsistipg of SSEA-4,
met hod 98EA&!3i0%:-40Naible Rek1, 150 I3R! 1BkRE BARW®IA®SN, ¥D10s,
linbal stemcells is cultured in medium’enrichéd wth
human | ER&A1204. ard €PLbEy factor. The nethod of claim

10, wherein the isolated popul ation of |inbal stem

cellfts i $he methpdeef elaine (3s (rhereie theauadiffprprtintad: steamygelly express
one or RYEL4sol uble factors selected fromthe group

consi sting of dinethyl sul phoxide, reconbi nant hunan

epijger Mihe HeMot gbf fc@ééﬁlofﬁis, wheRH i %gﬁ%ié%%é@ ls?:ﬂi.c Fegli’s nc;]xpressing

transferrin, and hydrocortisone. hod o

10, f ur BPled-4ceomprise pilgast alqui SO0 eof sheglimbaltskem cells in the tissue
popul at g}g{émof isolated |inabal stemcells for at |east

10, 15, “or 20 passages. The method of claim 10,

fupgher ' : i : l.at

[ Bal SREAPALE eIy R LESEhhe iR S| Al Sress oneor
cl ai m 4Bprevdel suifacetrhrkdrs spdectad frame the \groupaopsistmgf K3/K12, K19,
cul ture dhum wi th 10-90% heat inactivated human cord

bl ood s%r m-and 5-10% DNMSO.

17.  The method of claim 10, wherein the corneal limbus tissue is isolated from a

human donor.

18.  The method of claim 10, wherein the tissue system is suitable for

transplantation, implantation, or grafting to a recipient.

19.  The method of claim 18, wherein the recipient has a limbal stem cell deficiency

in one or both eyes.
20.  The method of claim 18, wherein the donor is the same as the recipient.

21.  The method of claim 18, wherein the donor is biocompatible with the recipient.
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The met hod of claim42, wherein the popul ati on of

linmbal stemcells is cryopreserved preferably after
wer@sypassage. The nethod of claim 18, furthePCT/1B2005/000203

conprising transporting the tissue systemto the

r eeh pi e r | : r

b S R S L A T
t he tr abispaatedshifan or ex exstagelludar owtrpy dagées. a port abl e,
cylindrical housing base open at the upper end to

r e@2i veThdmmethodef cdaim?2t wherein dhedliowetdd sitrfacis ahdodoatey] petri
W th pagagllel neans positioned within the upper end of
t he housing base for supporting the tissue system and

e e
t r ans poattaghment faceregi@zd dronsthe grosp corsistnk 6f fibring geng laalinin,

tissue cwl tur rade asti.c- or nedi cal . grade

st ai nl cLLeeq Y, Ruptchh, Bbenccis coflagen hspie ittty &g ECF,
<110> ThdpetcytSaiowsthfabor, kéasihyogte, growthfasddrpana hydretafizone.
Tl SSUE SYSTEM W TH UNDI FFERENTI ATED STEM CELLS DERI VED

FROBI CORMEALthtd MBS 22 30 RerRE 4 rdoc0 OBt 1847t Q0R1esibd Grom the
TO BE ASS| GNED <141> 2Q05-01-25 <150> .74/ MUM 04 <1S1>
2004- 018794P @félétin%ﬁ 1\4"’1‘175&'1%81381%3#1?{“ apigticymembrang, Japming

<211> 2Relise e tHabifbih2tkBasciiOdinchia Hyeifon AR gdn, collagen-1V,
t gaaggt cqg algt_caacgga t1 tﬁgt .26 <210> 2 <211> 24 <212>
DNA poly-L-lysine, gelatin, poly-L-Ornithin, fibronectin, and platelet derived growth

factor (PDGF).

26.  The method of claim 22, wherein the extracellular matrix is human amniotic

membrane.

27.  The method of claim 22, further comprising the step of dissociating the
cultured corneal limbal cells prior to isolating the limbal stem cells.

28.  The method of claim 10, wherein the corneal limbai tissue is cultured in culture
media supplemented with one or more soluble factors selected from the group
consisting of dimethyl sulphoxide, recombinant human epidermal growth
factor, insulin, sodium selenite, transferrin, hydrocortisone, basic fibroblast

growth factor, and leukemia inhibitory factor.

29.  The method of claim 10, wherein the corneal limbal cells are sorted using

magnetic affinity cell sorting (MACS).

30.  The method of claim 10, wherein the corneal limbal cells are sorted using

fluorescence-activated cell sorting (FACS).

31.  The method of claim 10, wherein the one or more stem cell-specific surface
markers for isolating the corneal limbal cells are selected from the group
consisting of SSEA-4, SSEA-3, Oct-4, Nanog, Rex-1, Stem Cell Factor, Tra-1-
60, CD73, CD105, CD31, CD54, and CD117.
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are cultured on a tissue base to generate the tissue system.

34.  The method of claim 33, wherein the tissue base comprises a biocoated support

material.

35.  The method of claim 34, wherein the biocoated support material is one or more
attachment factors selected from the group consisting of fibrinogen, laminin,
collagen IV, tenascin, fibronectin, collagen, bovine pituitary extract, EGF,

hepatocyte growth factor, keratinocyte growth factor, and hydrocortisone.

36.  The method of claim 33, wherein the tissue base is selected from the group
consisting of human amniotic membrane, laminin, collagen IV, tenascin,
fibrinogen, entactin, hyaluron, Reliseal™, thrombin, Matrigel™, and

fibronectin.
37.  The method of claim 33, wherein the tissue base is human amniotic membrane.

38.  The method of claim 35, wherein the human amniotic membrane is biocoated
with one or more attachment factors selected from the group consisting of
laminin, collagén IV, tenascin, fibrinogen, entactin, hyaluron, Reliseal™,

thrombin, Matrigel™, and fibronectin.

39.  The method of claim 10, wherein the isolated population of limbal stem cells is
cultured in medium enriched with conditioned medium obtained from

inactivated human embryonic fibroblast cells.

40.  The method of claim 10, wherein the isolated population of limbal stem cells is

cultured in medium enriched with human leukemia inhibitory factor.

41.  The method of claim 10, wherein the isolated population of limbal stem cells is
cultured in culture media supplemented with one or more soluble factors
selected from the group consisting of dimethyl sulphoxide, recombinant human
epidermal growth factor, insulin, sodium selenite, transferrin, and

hydrocortisone.
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gt Ayagalbemethodiofdagd Oghugher comprises cryopreserving the population of

44,

45.

46.

47.

48.

limbal stem cells in freezing medium.

The method of claim 43, wherein the freezing medium comprises culture
medium with 10-90% heat inactivated human cord blood serum and 5-10%
DMSO.

The method of claim 42, wherein the population of limbal stem cells is

cryopreserved preferably after every passage.

The method of claim 18, further comprising transporting the tissue system to

the recipient in a transportation receptacle comprising transportation medium.

The method of claim 46, wherein the transportation receptacle comprises a
portable, cylindrical housing base open at the upper end to receive the tissue
system and closed at the bottom, with parallel means positioned within the
upper end of the housing base for supporting the tissue system, and a cap for

closing the open upper end of the housing base.

The method of claim 47, wherein the transportation receptacle is constructed

from special tissue culture grade plastic-1 or medical grade stainless steel.
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