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into lsev&ﬁﬂéﬁllﬂl&@g@ ﬁﬂﬁ%ﬁfreﬁil)%ﬁ ated ti SUSHIRBRE 1Rl Embryonic stem (ES)
cells are quintessential stem cells with unlimited self-renewal and pluripotent potential, and are
derived from the inner cell mass of a blastocyst-stage embryo. Adult stem cells are specialized
undifferentiated stem cells, which, after birth and throughout adulthood, retain the ability to
replace cells and regenerate tissues in an organism. It is generally understood that adult stem
cells, as compared to ES cells, have less self-renewal ability, and although they may differentiate
into multiple lineages, are not generally described as pluripotent.' Cell therapy has the potential to
treat any disease that is associated with cell dysfunction or damage, including but not limited to
the potential for manipulating stem cells, whether ES cells or adult stem cells, to repair orreplace
diseased or damaged tissue. This potential has generated a great deal of excitement in the

scientific, medical, and biotechnology communities.’
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Mucin deficiency is detected in alkali burns, chemical and thermal burns, Stevens-Johnson

Syndrome (SJS), neurotrophic keratitis and Ocular Cicatricial Pemphigoid (OCP). See Gilbard
and Rossi, Ophthalmol. 97:308-312; 1990; Lemp, Int Ophthalmol Clin. 13:185-189, 1973; Tseng
et al., Ophthalmol. 91:545-552, 1984. The conjunctiva also provides a smooth and wet cellular
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1983. PO BEeApI@Nnd grade 4, 5 and 6 ocular burns, in which the surviving corneal and
conjunctival epithelium is thin to absolutely zero, the desirable ocular management méy be to
attempt a restorative and reconstructive intervention by re-establishing both corneal and
conjunctival epithelial cover, one after the other (see Dua, Br J Opthalmol. 82: 1407-11, 1998).
In Nakamura et al., Invest Ophthalmol Vis Sci 44(1):106-116, 2003, re-establishment of the



conjunctival epitheliumis thin to absolutely zero,
the desirable ocul ar managenent nay be to attenpt a
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mechanical or shearing forces, during or after surgical transplantation. Therefore, a delicate
balance is neéessary to preserve the proliferative potential of transplanted cells, while at the same

time ensuring that transplanted cells have the necessary functional characteristics of the tissue



addition, the use of epithelial tissue constructs for
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as methods for preparing such a conjunctival tissue system. In preferred embodiments, the
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conjunctival cells are cultured on amniotic membrane, such as human amniotic membrane
(HAM), to generate the conjunctival tissue system. Preferably, the conjunctival tissue system
disclosed herein is an equivalent of conjunctival tissues on the ocular surface. Surprisingly, the
conjunctival tissue system disclosed herein, which may be prepared by culturing a conjunctival
biopsy in a single medium, is sufficiently stable, stratified, and adherent that it can be used for

clinical transplant. Preferably, the stable conjunctival tissue system is less likely to break apart



conjunctival cells are cultured on amiotic menbrane,
such as human ammiotic nenbrane (HAM), to generate the
W@ oov7aessé val tissue system Preferably, the PCT/IN2007/000075
conjunctival tissue systemdisclosed herein is an
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eplthehahzed after surgery. A preferred clinical outcome is a good functional and cosmetic result

in the treated eye.
In various embodiments, the conjunctival cells found in the tissue system express one or more

stem cell marker genes such as, for example, Oct-4. Preferably about 30-35% of the cells in the



and/ or maintains conjunctival epithelialization,
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Although the conjunctival tissue system disclosed herein may be transplanted to the appropriate
site of the eye using methods well known in the art, the present disclosure also describes a suture-
less method for delivering the tissue system to the eye of a subject. In the present disclosure, the

terms “subject,” “patient,” and “recipient” are used interchangeably. In a preferred embodiment,
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biopsy. AelgBARanalysis of conjunctival cultured cells and conjunctival biopsy with MUC5AC
(103 bp) (lanes 3, 7) and MUC4 (102 bp) (lanes 4, 8) markers, respectively. Lane 1isa 1 Kb

DNA size marker; lanes 2 and 6 are GAPDH (house keeping gene) of cultured conjunctival cells

and conjunctival biopsy, respectively. Lane 5 is a negative control with no cDNA added to the
reaction mixture. ,
Figure 3: Rabbit model of chemical injury creation and transplantation showing the injury,

transplantation and healing. Fig. 3A shows a rabbit’s normal eye. Fig. 3B shows saturated NaOH



Fi gure 2: Expression of MJUCS5AC and MJUC4 in the
conjunctival tissue system and conjunctival biopsy.
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conjunctival biopsy with MIC5AC (103 bp) (lanes 3, 7)
and MJUC4 (102 bp) (lanes 4, 8) markers, respectively.
Lane 1 is a 1 Kb DNA size marker; lanes 2 and 6 are
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cell s and conjunctival biopsy, respectively. Lane 5 is
a negative control with no cDNA added to the reaction
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Preferagl;'%rgglﬁ g?%j&ﬁctg\%gﬁéshé Gskery diaelgsc@ssmsn it bettiradlrah b tissue that comprises
conjunctival cells (e. g., a biopsy or explant) using a simple single-step method, in which the cells
are expanded ex vivo to form a conjunctival tissue equivalent. Itis surprising that such a method
can produce a tissue culture with the stability necessary for clinical transplant. For example, the
conjunctival tissue system comprises cell-to-cell and cell-to-substrate adhesion structures that
| enéure structural integrity after surgical manipulation and transplantation. The single-step method

preferably utilizes media that is able to support the outgrowth of the cells in the conjunctival



generation of a conjunctival tissue system In
preferred enbodi nents, the conjunctival tissue system
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secondary corneal and limbal damage, thereby potentially preventing secondary limbal stem cell

deficiency. Treatment with a conjunctival tissue system as disclosed herein preferably results in



preferred enbodi nents, the conjunctival tissue system
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In preferred embodiments, the conjunctival tissue system comprises progenitor conjunctival cells,
wherein at least about 20-90% of the cells in the tissue system are progenitor conjunctival cells.

Preferably, the progenitor conjunctival cells comprise at least about 20%, 30%, 40%, 50%, 60%,
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cells, an@@hpu@@yéS%rOcjzﬂe/p@ﬁmemH@em sthérentodients, waids invhe t1ssue system
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sitive cells. In preferred embodi ment s,
surface %%%hg eRA RGeS derapaniaidenonpletion eellsissbibiting: f%%es associated
I t % 05| tive
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In preferppd emhedinyentsoldhe Praspedisclassre, phreotpatinctval tissue system comprises

goblet cells. The goblet cell density in the disclosed tissue system may be about 1, 1.5, 2, 2.5, 3,

cells.

3.5,4,4.5, or 5 goblet cells per 100 cells. In certain embodiments, the tissue system comprises
about 0.5%, 1%,’2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, or more goblet cells. In
preferred embodiments of the present disclosure, the tissue system comprises viable progenitor

conjunctival cells, for example in the range of about 2.0 to 2.5 million cells in the tissue system.



conjunctival cells, and the presence of the these
markers in the cultured cells denonstrates a m xed
w@opalgasson of progenitor cells and differentiBEBEIN2007/000075
cells, which, at the prefended ranges, results in no
nore than about 20%termnally-differentiated cells in
the tissue system In preferred enbodi nents of the
present disclosure, the conjunctival tissue system
conprises goblet cells. The goblet cell density in the
di scl osed tissue system may be about 1, 1.5, 2, 2.5,
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ot her enbodi nent s, conjunctival tissue
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Scherner et a
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for a | onger
conjunctival cells on biocompatible polymers. In still other embodiments, the conjunctival cells

are grown on artificial substrates that can support epithelial tissue. Preferably the substrates used
to support the growth of conjunctival cells, and the formation of the tissue system, promote tissue

stratification. In certain embodiments, the substrates may also support terminal differentiation.



period of tinme by continuously repopul ating the ocul ar
surface with viable conjunctival progenitor cells,
wokiochomse essential to the heal thy functi oni nBCDIN2067000075

ocul ar surface. In certainlénbodi ments, the tissue
systemis a conposite graft conprising an
extracel lular matrix, for exanple, ammiotic nenbrane
(e.g., HAM, having a plurality of conjunctival
progenitor cells and termnally differentiated cells,
wherein the plurality of conjunctival progenitor ceIIs

In prefegred embodiments, dlxe donoo OﬁﬂIEthBJUHXUWahc&ilSIHSéch’(O gemtmiexthe tonjunctival

nents, the.tissue s
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or diseaggyip ong o botla sy In hst pisterteg iepbedigenisy thegetipieatrndiogor are the

same.' CONj unctival tissue used to generate the tissue system
may be isolated fromany suitable mammal, w th human
tissue as a particularly preferred source. For

conj unc tiss be_.isolated fromth
An adv AP i i ool FOME O o AR o iRt FisP udisolosed
herein i$@Rirt1BGHd 843e infIbeSiAINA BN ukPBRGHd V53h 2 BERBEALSREr A0Ad e is that
are cultured fromsuch'isolated tissue. The tissue

obtainingthe bippgethenkit noge avdiondiisigofaoy sthseqrenhesdsead psh,mbd@amage The

processl?&{:ueﬂleg oﬁl?%%grr {?S%e%f lthl,a%i &bylsgfeg sg%Hp ! %ﬂf J{}ﬂ?]};'taérll }/ ﬁmgﬂ biopsies of
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system das
maximal density of progenitor conjunctival cells. Human conjunctival biopsy specimens may be

obtained, for example, from patients undergoing routine surgery for nasal pterygium (Girolamo et
al., Br J Ophthalmol. 83:1077-1082, 1999) or cataract. To obtain a biopsy, a small piece of

normal conjunctiva (e.g., 1x3 mm size) may be removed from the superior bulbar region, 10to 15

~.



herein is the relative ease in obtaining conjunctival
tissue froma donor. Another advantage is that

W DRioaiovssng t he bi opsy shoul d pose m ni mal ri skP@F/IN20§7/000075
subsequent corneal or |inbdaf damage. The process
requires only mnor surgery that is safe, sinple, and
efficient, and only small biopsies of conjunctival
ti ssue are needed. The process is carried out under
aseptic conditions, as well as under |ocal anesthetic
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the explaftsphef B¢ pedeobdeh hasamsyt-hérabane sidaof thaf ammiotic membrane. The
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I'n one ment, after renoval fromt
days intulansport contai ner, the biopsy is placed in PBS
Usi ng fine dissection forceps and a scal pel, the
conj unctival biopsy may be cut into nultiple snall
In prefePﬂeg %ﬁﬁ)oélime%ts ofAXPARRE $ethdd” ’for@éﬁ&ﬁhﬁ%@ 1iS5uBRY dtdin Shé Sonjunctival
The explants may then be placed on the support
tissue isrmtiduriedlin fcolureuhedia ¢hat snpbactartbé grawth of conjunctwal cells, preferably

conjunctival progenitor cells. In preferred embodiments, the isolated conjunctival cells are
cultured, expanded and differentiated in a single media, thus avoiding the complex media

components and steps involved in media transferring. Preferably the media uses non-



submerged in culture nedia. Wen an amioti c nenbrane
such asHAM i s the support material, the explants may
wheooplogiseel on t he basenent - nenbrane si de of t hBCT/IN2007/000075

ami oti ¢ menbrane. The nedilemis then changed

regul arly, being careful not to dislodge the explants.

The cells fromthe explant may be allowed to grow

until confluent over the support nmaterial, usually

after several days in culture. In preferred

enbodi nents of the above nethods for generating a
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~the conjunctival tissue system.prefera results in.a ..
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F-12 (lcOnhediomi peeiferelly| sspplamanted vith & aysicati sapmafyerapple a serum or

pr ef er abl ith .goblet ce . I Nf er sper T
s B GRS B ey RS Sl AR ERBA B TR APty of
the cellKRPMkrlbBk-bhORAR hetkinhtivaftdhimaakérumpiuhen eseé tloboserum, human

generate the nmedia for culturi ng the conjunctiyval

serum alpwsind Ehyesprefarredpercpniegneimairions Sitam s & meta womypharg0-5% to
the conj.unctival ti he Dul becco's Modified

25%, e I AT (e %r%“i et 2O Byem P12 (10 1) medi um or

The mdd@dingy Btsd De(shpplemeBail with goeflefabiry Aspptdneeinetie wirth“growth
a nutrient serum. for exanple serumor se m based It of

factor” GofFT RO R 1R ECRRIPR Ghils Il ABEES, BIR gIe Py result o

activatif[g 'c&hﬁéﬂt&gfetal@i%n %@Mﬁre‘ﬁﬂgﬁdﬁ. Fhikiably t8E gblieh B8litating agents used

. 0., 'knock-out serum heat-inactivated human serum

to cultre fincanpurtitibdlantls seanynstage el human or human recombinant origin. The

preferred growth factors for culturing conjunctival tissue are selected from epidermal growth

factor (EGF) (e.g., human EGF, recombinant human EGF), basic fibroblast growth factor (bFGF),

insulin, sodium selenite, or human transferrin, as well as combinations theréof. The preferred

concenﬁ'ation of the various growth factors are as follows: (1) about 5 to 15 ng/ml EGF, more

preferably about 10 ng/ml EGF, (2) about 2 to 10 ng/ml bFGF, more preferably about 4 ng/ml



serum al bum n). The preferred percentage of nutrient
serumin the nedia is fromabout 0.5%to 25% nore
w@e@eyabs y from about 15%to 20% The nedi a neGI/E2067/000075
be suppl enented with growtH7factors. As used herein,
the term"growth factor” refers to proteins that bind
to receptors on the cell surface with the primry
result of activating cellular proliferation and
differentiation. Preferably the growth facilitating
agents used to culture the conjunctival cells at any
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In ceﬁa%cﬁ F@g?%}nlj{?gilshg%gﬁ?g 60 ﬁgfnrra? of péent am cin, and/or 40
supplententedOwitig Andutaént Arpinat for iesamp, fatal kewineasemura fbBE). ey, serum

.the nedia rises 50 f .. .
albumin BRI 05 PP TRy AFHeraD: B aReogp S pBBIamSBd b one
or more SBRIbIeI FREHRSTop ¥24rEHE USISs diksliA sEpRRAREMM S B [0mgtnl maimbinant

i ncl ude carcinogeni c substances, such as C&ﬁl era toxig 1

human epiderirtaé okowid, faolel CRESH, & sake aydin, Srugal sedium) sglentte, 5 pg/m
certaip e di nents, ,t r j CORBIJSE In oth

vt SRS P SRR, g VLA il Sy b BARIRE 1 ot

embodiftéhts] £t ms&iaused fto rprepeadnieetisshetspdternp irichetinge thenmeEHBS) ysed to
human serum al bum n, or human_cord Rl ood, ser

- m,. . ;
transpomrtby epRIBRG/Ival HesteuMDRAS: HETRERI LUt I BHBFR B tjgnsies: and the
... 0n | t : i Ly
L o T
animal eg@erTib vgHcwihnfisiotior afyr HEGH) cordamigation phihel tissue system with

ng/ M sodi um sel eni te, .5 /M transferrin, b5 { .
XenogeRy SPHPERALtS g}qﬁégayinﬂapg&hegg%@’ SYSIRTS gﬁffgr or hH%mra% ag&n{ﬂtratmn.
antibiotics. In other enbodi ments, the nedia used to

prepare the tissue system including the medium used )
In certafimembodiments, the conjuncfival tissue is cultured on an appropriate support material

such as an extracellular matrix or other biocompatible polymers, which may have a biocoated
surface, for example extracellular matrix carrier or biocoated petri dishes. Preferably, the
~ extracellular matrix is amniotic membrane, more preferably HAM. The support material may be
biocoated with one or more attachment factors, including but not limited to fibrinogen, laminin,

collagen IV, tenascin, fibronectin, collagen, bovine pituitary extract, EGF, hepatocyte growth



transport the conjunctival tissue biopsies, the nedi um
used to culture the biopsies, and the nmediumused to
W e@nepesd the ti ssue system do not contain aPgI/Be0er/000075

or other factors of non-hur&n aninmal origin. This wll

hel p mnimze any risk of contam nation of the tissue

system wi t h xenogeni ¢ conponents, thereby making the

ti ssue systens safer for human adm nistration. In

certain enbodi nents, the conjunctival tissue is

cultured on an appropriate support material such as an
factor, bv\;ataﬁlmetel gtrclmth rlﬁacuoi:,xhyzdro@gﬂimm&?blo@ﬂﬁmatnibhiaﬁoﬁlqhéfrﬁ@ﬂ? S.n other

.whi ch, ma ve a.bi.ocoated surface, for exanple . )
embodifiGhiS e P a5 Gkt ar e s ek eap el Fplitate generation
of the c#Hjemeval tH:d & ; | | Bl

aeri otic .msrr%; %?se}%?ﬁnﬁfﬁg?l@?iﬁ S%—ﬁk?&%g%l ﬁgﬂ%g%?‘%rﬂm support
for the contuapiivdl tigmp speteini obent thd suppokt roateriadis amnietiattearbamentt may be

a hoclading but. ngt limted tq fibrinogen,.
pinced QR Al b Bl ron e Pusedneis HHE S Pfsgiase, the
membrahe iayebehtwbatedl itk ishase!to helgremded ahPshBiic epithelial cells, which
. r%\{vt hfactor, keratinocyte growh factor,
could m?f’;r SWER thespihecqusnt sayticeiihs peimstivalmeteof . I n ot her
enbodi nents, the support material is placed on
nitrocellulose filter paper to facilitate generation
Preferabdy, themmppaninatecial bl chbiaststistics yéicmpbiok@hdte ti natural ocular surface,
b ohal trocel | ul o(ﬁe gheet na%@al so, provide further support
such charggtengiies tahading Priagt mited je beipgtcdenr. thime Alastie biegspwetible, non-
vascularTRAB 6 fin-dr¥ioBMBI Bt ddithRT .
_ni (rocellll Ul Gse filter pépgﬁﬂgﬁrt]ﬁl?tﬁgxﬁggfg%%@gg%rtgﬁ%rOWth
of conjugidenl aglls, Phther pgasityr o diffarertiatedrvenjuaytited celig ubatkds normal
. i.th di.spase to he re e any _ammiqtic epithelial
diftreniloh SGR AR Bo ARG Ere TNPKRT PRETSOSBUgReRS, the support

material GV i0VWelpr&fualli CeseRRL YA Gvb YAbr t6@kbIant JTHRS BB bbtent NG addition, the
support material has characteristics which  approxi mate

support pygierighis preferabburcarandigeiace, such characteristics
i ncluding but not limted to being clear, thin,
el astic, bioconpatible, non vascular, and/or
Amniotin omengirtieg paticulatlp Faald, i @8ferrbd ©rSURRMd biBBEE] Edjunctival tissue,
d gﬂrqeferabl,y supports the growth of conjunctival cells,
and gengalpg &ie [i¥ugSwpteR deseribads haspiant Matheds Esnpraprsitigviiman amniotic
braf€hb i ept i ation [
mentrifEl Ssotel ke OB L ! RN BA0, B0 e 015010
and Tserggrds obli (189D $\m1Ih ©phtiphoolt 124eA6SF174] each Incofp@rasdiush byreference).
resorbed in vivo after tranpsplant of the tissue o
The amef R BAR bR SR B 37k v AR ORGAL S¥aRe. prdenuded of epithelia
cells. FdleRhapRDAMNIBAB AR beAFBHLLd © HBIRE juncti
part i,%ui arly HAM i_rs. prg};‘ erred for cult u?i;{bﬁ m%rlthoop;fs?fbrel]&ncuval
cells by xegmjvincanidogdnons swnsticanihadiehelaby figezchtatvines eezyawptit digestion,

itor AESEHLACS GG, RS L E RSP DAL AL By

extracell{ife Matrf:0fon@canE, @nd/dr RiheRALL BihabBing Srolertles4 A mnd membrane is
Tseng etal, (1997) Am J. Ophthal nol. 124:765-774,
5

a preferrgg SHOHOFPp reaeTatng dheetissup yystesh deesvse jt. is Pheatenah subisirate which

facilitategﬁlri? g%.gﬁltgr%ylg ﬁgﬁéﬁgt“) #%\%ﬁtw\é{: %ezlls.t rhel ot ei etm eol(f.ir?llent, the ammniotic

membrane, with the basement membrane or stromal side up, is affixed smoothly onto a culture

plate for culturing conjunctival cells. Biocompatible membranes are chosen from materials which

can adhere to the eye and aid in presenting the cultured cells.



cells. For exanple, amiotic nmenbrane nmay be prepared
to enhance the growth of conjunctival cells by
WO 2000099366 endogenous ami otic epithelial cell SPEKIN2007/000075

freeze-thawi ng, enzymatic dPgestion, and/ or nechanica
scraping, followed by treatnent of the surface wth
grom h factors, extracellular matrix conmpounds, and/or
adher ence- enhanci ng nol ecul es. Amiotic nmenbrane is a
preferred substrate for generating the tissue system
because it is a natural substrate which facilitates

In othet hmb@dlartﬂnts tthe aojugotival tisab spaahupcultel o@edd spprbpriA®Support

the amiotic penbrane, with the basenent
mateﬂaﬁwg‘raé S%IF baserig ganerate e tipuc systers i RisETEAEBRMna, e tissue

base is Rafithdldh %nﬁﬁcﬁfceinérﬁf)raﬁé‘ |Mé’t§1g51@“ quﬂin&‘x? Ghiry %gl I"\:/eclr cﬁﬂagen IV sheet,

Bi oconpati bl e mbranes aré chosen from
tenascmmb@homﬁb@hwel, tiod fibréncgye amhtircantin s}me‘p(rFe}sﬁn&aﬂ@t (Reliseal ™),
ot her enbodl the ctival

or any %or%%lﬁaét?oglﬁ?? éﬁ?fr Sl e HiSSHe gase&ﬂaya b?) }:)Jé)ﬁpqt @Lpgwpt)rt material,

includifpabet ndt 1isUEA &S hambh SSMBoRASR M RaBENEhAHE &Jlgag&ﬂ ?ﬁu fenascin,
system In_preferred embodi nents, the tissue base

ﬁbrmog%ﬁnﬂ%m%, firpmestinconeermbinatiens thereof fedetteimpretbaed &mbv,dlments the

e bR 980, 4 S0 RO ERLe  DERS L R i e
The corghraival Esﬁnenm pigakblytcultteld i eaddibi)that Will A0y the cells to expand
thereof. The tissue base may al so be

without 5?@%%31% ¥ 8&?@@%‘@&&%@%1@ pilBIre mpdigmsapplgmpnted wish a nutrient
smmn1%ﬁ%ﬁ%ﬁgoﬁﬁg&%ﬁpﬂggggbgﬁﬁﬁupﬁnbrane | aminin, collagen

V, tenascin nogen, ronbi n, fibronectin, or
conbi nat i ons thereof hi certain preferred enbodi nents,
nor e

tlSS e base. ami ot i ¢ nmenbr ane,
In Someﬁﬁﬁw B T B te e e B R GOS8 sebpors paterial may be

di %‘éﬂljﬁ*é)ﬁptthé/ Ahphdrs r fgum
o RS 0 AP Aol B BLBIENCEN Ml o

embodimghiss the @@raumqudi defle a@rsprtai V9igg mﬁkhodsswalhhﬂlmm v thedetodsldll in the

e, or SR SRR SRR B QHLCUERY oBREMI SR 0080 woriog
(FACS)! hﬁnﬁﬂmidsllabélﬂﬂg%r 1ﬁﬁﬂ1ﬂr§>-f¢wré§éé&@~s@d‘mﬁ€ t@ﬂﬂf el dsa&heas sohd phase
ort rraterlal may be di ssoci at ed romt e sup

adsorpﬂﬁﬁf dfi Hplateoaj RuMAtENpplo geimasivalc @rqg@mtqru oedls @red/cbls dlfﬁ:renuated |

' |
conj uncﬁ‘gﬁl%Ell E?lgeg gﬁ% ?ﬁ f{(ep gulﬁl%?% %F %t(s)%%/a% s%?g?ﬁ fnageﬁlaf E[g gg?dlments
that 1solzﬁte popudanilquise)f nerg nedtivet @ik brichyd @sid orgof the BBoveMREER)ds, tBE isolated

BT I e
progenifb® ‘é@l‘l’s} e ((fe'v‘&t}{n‘?ﬁnts&fl 4 fsB @2&6@@3}?&%3@%&% 580 famaged or

i sol ate a.population of conjunctiva or ce
diseasedsgy¢/ or di fferentiated conjuncti val cel l's, either

SR A G R STy
14 days,@6 Beheigk &h@donﬁﬁiofﬁal‘?&ﬁ%@%@@t@mu SiHRGe B aPhe &hﬁnft?%%ﬁ%r conditions

met hods;, the 1solated cells are preferably cu
well an}W%I@r thesmer shiBris thmert,i for exarende anddraubmerppd ot sirtlifed conditions.

Preferab¥y Mo system cultured under these conditions will comprise at least about 30%,
40%, 50%, 60%, 70%, 80%, 90%, or 95% progenitor conjunctival cells. In a preferred
embodiment, the isolated progenitor conjunctival cells are cultured on a support material in the
presence of an enriched medium for developing the tissue system with progenitor conjunctiv.al

cells. Preferably, the tis support material has characteristics which approximate the natural



progenitor cells and the devel opnent of a tissue
system for transplanting onto a damaged or di seased
wey®7/09s5ed erably the tissue conprising conj unceCwmi2007/000075
cells is cultured for 10-2B0days, nore preferably 12-
14 days, to generate the conjunctival tissue system
The cells may be cultured under conditions well known
to those of skill in the art, for exanple under
subnerged or air-lifted conditions. Preferably the
ti ssue system cul tured under these conditions wll
conjunctiedipissieeandtcah ebstsuppat the306ythadrosoier GOGEnclivalceldnes well as
o 0 : , . .
normil i PR A IS e Bl s g,
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e presence of an enriched medi um for devel og’: ng_ ..
transport He tissustystesysininaing this vigbdis nf thertiseusriysteat Jubgientty) that it is still

Pr ef er abl the tis support material has
‘Beﬁﬂa%ﬁ§?§%$%V¥§?ﬁQﬁ93 i"ch approxi mate the
nat ural conjunctival tissue and can al so support the
rowt h of progenitor conjunctival cells, as well
Preferah%y)

pihretissey sistane i fransplsnteafony a dampesel oA iseasdi e 2 able to repair
ocular s%r'ég Selr’lla Ré%%%?@ﬂr@&{l%@fﬁ SO6REL Oviﬂh%e?é?@ @&ﬂﬁ&qi%vgl'r&anﬁ% br disease.
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As used hassphkanbjecPinvitheseadikconjunetivak damages ed diseast maaysipayeta complete
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system 121;12 :b@ %Hésﬁﬁ}ﬁecﬂc; feglécé 39% obt- thEbeli8r RPfa¥e bfvhytlb&sidg, including

emis transplante 0 a damaged or di seased eye )
areas thairate aljdcent to theganea. do preferralenftadiandntp dierapaivnsgtival tissue system is

LT R R -

system SI8Y §la§ b6 PHcHA Kifhvedist g ¥BFan&vabnIBaBRerBitfAbayLtha eyelid.
- conpl ete absence of conjunctival progenitor cells in

the danmaged or di seased eye. The conjunctival tissue

system may be transplanted to replace or_support the
A varietyooflsargical pprroachas thahgrel walblros, toithese @ sing 1atheast haygevolved to

are adj acent to the.cornea. .ln f 4 ' L
B T R e L
at the r&§pifitdyef Pridt eeahnsplant,ahs lseaded 8sdafiagetieonuhetivalmay be excised,

surface. The conjunctival tissue system

| be . .
with thp lagiobgowf R heterdlpgany wainahel itV‘é‘_leoWSieﬁéPﬁﬁ%’g pYeE g Sergunctivel
defects .gfrl‘}éé {V%gtﬁ%}/aglh bfthne 'g‘o?(jtﬂ.ﬁét%}’ti%ﬁe %}éhﬂﬁ fabrr ARRAP B2 Ssehi@bonditions,

own to-those of s In the art have o
as well a¥ ahdee dodad asatietic, Amathee stnspland ntay atrsgorilacsd wiverrthe conjunctival

ST TR ENTE AT
patch. fg&ﬁé@%ir?%ﬂ@, MoReRERAs Blay B8 PREET0 FR M tehd #BtefRY ph&tect the

xcl sed, t'he autol ogous or heterol ogous o
transplaxonSurgital wethods Seuteanspleniang plistve dyssare o theeye of a recipient are well

conj unct.iv.al. defect The :
known G o ef FYd1mithe St TR FRRE iy Bt Hi e R Releasable
conjun@i@PhlthreCBPAjLiERIE sufe YabEryap Pedisie OphtedhoeSiesidaisi 2007 Jan-
Anot her transpl ant nay al so be placed qver the i
Feb;44doipthend vdghar I, Weinberger D, Dan G, Avisar R. Pterygium surgery: fibrin glue

versus Vicryl sutures for conjunctival closure. Cornea. 2006 Dec;25(10):1168-72)

A wide array of sutures and suturing techniques, which are well known to those of skill in the art,

may be used to affix transplants to the ocular surface. Although generally successful, suturing



ti ssue system for exanple an additional amiotic
menbrane patch graft, to act as a protective patch. Li
wo@ehenIssbodi nents, a contact |ens nmay be pl acRCI/mNges7/000075
the tissue systemto proteé@t the transplant. Surgica
nmet hods for transplanting a tissue systemto the eye
of a recipient are well known to those of skill in the
art. (Nguyen DQ Hale J, Von Lany H, Harrad RA
Rel easabl e conjunctival suture for adjustable suture
surgery. J Pediatr Ophthal nol Strabi snmus. 2007 Jan-
thin tlssﬁmpcthe( bc)ulé*rﬁisSuesameht&d])ama] pro}j%gﬂ bela@la fto E?ssu@ablt@s\lfle applosmon
R Pter |umsu I brin ue versus Vicry
hemoreig. lactingfors I AT Dbl AStroBo et he aet pobEmsgBesel sutures
§]
ot oAl T4 1 Rl U M0 OB i
products faheuttsutupesy ISkieghisfeidsmbleafh additioansphedttsnd in sutpery translates to
lewihmP uIa surface. Al though generally successfu
ngthln tissues to the ocular tissues creates
speC| al problens related to tissue-to-tissue
. apposition, henorrhage, inflamrmation, visualization,
While apigprigie tighus sptieros eregredaddo ,belpuremr denbingvaxsse dosditiomsethere is
I The
elso a xR KO\ SediEL oBirpabd Sifites I SRR BLoRGRURe Hipe@BeT improve

outcomqs; odniatize verhplidstiossitptoeide patielli @hifyrt,desi shakk® prétedure lengths.
addi.tio reduced tinme j.n surgery translates to | ess

Thus, in pegggif ppodigents, ysgntfisiaspic rae desifer turglesedalivaryerf a tissue
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atlent confort,

tions rovi de and
techniqugfgp, Sﬁlsiff eaunre e ¢ REmSSivelk ¢ ccaipEfFRl oells to damaged or
diseasedFBO ATHIBBRuSs- letsg‘@elﬁfe%sﬁfbttls%e%%t@ﬁ%&ld%é@ﬂér@ﬁ%n%pdisoaoe used with

suture-less deliveryof atissie systemto t
a tissue gystemesomprising yndiitwsstistetaim esllstdesversieornfcomeal hmbus as disclosed

h
inUs. SheRBAI LAl SuchtsBlue, (OLXEmLE, . 1

preferred bﬁlﬁu&nﬁdﬁ?ﬂie\/@rese—ﬂ’ﬂ QidcRBHRI HHYGAEATHr IBe USIRE @f tHeht%sue system
delivery of corneal] as well as conjunctival
comprisiggneRyewichivalyicelén yemeey eanerylate. s Jnupthern @geiemj@i |emé>pghn@mts the

blocompﬁtlﬁlesaﬁﬂgsﬁé/ f’st LRSS %gh&%re d4 pefc{éﬁyfr(% ) e}gaect used, é)P ylactide

I ssue system conpri Si eren

glycolic ded; mdlyﬁmanmf:mlmaaﬂlc hdldil‘amiSacrﬁSte@,IcB@hp S@dbﬂnﬁtldﬂs%ereof In still
whi ch is incorporated _herein by

11/ 043 9,
other empRf BB P PEEARE Aty ORIBFSREY AU BIBGHT e Riogompatible
with the % & PGS BEHterdLTE] A3YIe8s PLAN IS (et sihifes A th%(tetﬁé’ cxﬁ{ured tissue

e tissue SySt em conpri sing conjunctl val ce
system Iaayaﬂpg rsgt anethe |injuoy hérilepmefimizieg tendisticbaaoe so thd eec1plent’s eye.
is a i ssue adhesi v

Preferab%éﬁng &J{s@ (gft afn? g.ﬁﬁ%q V’fsdéﬁt% t@s%cslyatemgmﬁq %& mtgga%q%&lpq tgansplanted

ceﬂswﬁﬁﬂkdhn&@@@byﬂ@&ge@éy@oly|aCtIC acid and acryl ates, or
: any conbinations thereof. In still other enbodi nents,

t he bioconpati bl e adhesive conprises any adhesive
The co‘anHét%I liSul 's?s‘f&%ﬁlcio%!eg herein can be utilized for therapeutic applications, for

example as a transplant for subjects in need of treatment. The tissue system of the present
disclosure can be used to treat any subject in need of treatment, including but not limited to
humans, primates, and domestic, farm, pet, or sports animals, such as dogs, horses, cats, sheep,

pigs, caitle, rats, mice, and the like. As used herein, the terms “therapeutic,” “therapeutically,”



with the eyes and is neater, safer, and | ess
cunbersone than sutures, so that the cultured tissue
wWGeyBreMmssey be set on the injury while m nim zP@OIN2E7/000075

di sturbance to the recipient's eye. Preferably, the
use of an adhesive with the tissue systemfacilitates
integration of the transplanted cells wth the damaged
or di seased eye. The conjunctival tissue system
di scl osed herein can be utilized for therapeutic
applications, for exanple as a transplant for subjects

“to treat]N“ti@@deaf o1 €htrapyit refdihie batls Shmawytsc ma*mmwt faed mmlaptlc or
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malfuncé@Bn Q?fld%gérﬁgatté)hfsﬁasgm@tmﬁtdﬂs@mIlssohamage injury or
di sorder. Preferably, subjects in need of such therapy
will be treated with a therapeutically effective
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and health, the desired therapeutic gffect the size b
permits the ttissue sesierafiot gig e tlﬁamtqnéeé 81th &nd JPRASHELS OF fegenefate the

site of inplantation, the extent of
:mmdmngggd%ﬁ&ﬁ?fgghe chosen route of delivery, and the

treatnment strategy.  Those of skiII in the art will be

hle t these factors, tq det t
In  pREREHEIODCRTY Bt e SISO ORIt e (s Ry fyrmioed
conJuncﬁ'vﬁl(:}%}%@&gto? Sh&P dff?é%gﬁf&tédoce'ﬂﬁ eatHAREinPaL At9pical ald&imple culture

e systemis preferably adm nistered to a patient
schemeiuging ghaamsledest Whe pmealmittlssue Inester ses ehasgoserigedand grsagsed fop safety
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and funSABRdicABRked hif1aRIBEE BbriiSEdR WY Eonj@lcat@Svet®traced in this rabbit
culturi n? human forni ceal conjuncti valcgﬁ iqenl tor
s

model. ded/Foampiestleandr i At described kerein, faarafeR ofihatispye sypteny Hyferms of
' abnormaf rfoEscularlsatlon Gnderneath the graft, and polymorphonuclear leukocytes (PMN)

infiltration, was compared in parallel with controls. The severe bilateral destruction of
conjunctival epithelium may be treated by engraftment of cultures of conjunctival epithelium with

goblet cells propagated from the fornix or other zones of the conjunctiva. Shatos et al., IOVS



schenme using glass slides. The prepared tissue system
was characterized and assessed for safety on a rabbit
wor@el9wsse ocul ar conjunctival burn injury, whiRGI/aN2d07/000075
not involve suturing. The wBable and functional
engrafted human cells derived fromthe conjunctiva
were traced in this rabbit nodel. See Exanples 1 and
2. As described herein, the safety of the tissue
systemin ternms of abnormal vascul ari sati on underneath
the graft, and pol ynor phonucl ear | eukocytes (P
44(6): 2|4ﬁﬁ2l486 @Dhriles&msEm&]b@} -260,i1A%4alrsal ¢tel., MiogRetinalthye Res 16:227-
241 19§B_e severe bilateral destruction of conjunctival
itheliummmay be treated by engraftnment of cultures
of conjunctival epitheliumw th goblet cells
opagated fromthe fornix or other zones of the
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Blood samples of about 2-5 ml from the same patient who had provided the tissue biopsy were
collected and transported along with each conjunctival biopsy to a centrally located cGMP
facility. Blood samples were immediately tested for infectious diseases, including Hepatitis B
virus (HBV), Hepatitis C virus (HCV), Syphilis and CMV. 4
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culture media was used to prepare the tissue system.

It was surprising that a method which uses the same single-step media for the proliferation and
differentiation of the conjunctival cells could successfully produce a tissue system for transplant,

given the structural characteristics necessary for such a tissue system. with the combination of



ofthe culture nediumwas added to the set up, and the
medi um was changed every alternate days thereafter
waeaoriosrseady for transplant. The cells were grBPURIN207/000075
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to prepare the tissue system It was surprising that a
nmet hod whi ch uses the sane single-step nedia for the
proliferation and differentiation ofthe conjunctival
cells could successfully produce a tissue system for
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CAC TGT CAA C 3’ (SEQ ID NO:4) this large gel-

forming mucin




Hi st ol abel i ng and Hi st opat hol ogy: To determ ne the

characteristics of the tissue system the conposite
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hr ee- qgay old.culture after the biopsy was pl aced

Sectlonsmw Uit Wi Ogre ® d gitmsXd §aig reintea and M@cl@;dmlﬂnt% BSA for 1 hour
with 1nt$1ﬁ?ed%9§}%§g WRHBREANS: {5; *Aﬁteé Aﬁ%ﬁfy&ag{slb&ﬁes 3(21?80) and AE-3

ture entire str covere
(1:500) (GhdrhigemtCAY threcelded t fﬁlegectioB& anaAfric&bat&Dod@M%hﬂit 4°C. Sections

. cul nmunof | uor escence st of the culture
were inGibptel R rSHENSE PHOBGTEG VRIS fPel Bt b seqToderborsie) Sections
were méiHedA\RitB n{dunf8s mklia q&%ﬂaﬁbm%ﬁﬁ%x%&%éa' With huB%?cent microscope.

onjunctlval t1ssue syste ol e nount prepare
For Perigdig leamd.ﬁsvhcféyl%Aghsimm AeparafBuitér savtionl albng lithi therwhble mount

were tre ?S\ﬁéh g?g/l §é (%I@:: C(I:qldl %) ot M@%ﬁ ! ou@ﬁé@@gﬁutes at room

temperaaﬁa| VB¢ SectiondietRUouskPEEnsd Rith QbmMILHRE andI\/UC4 in the
conjunctival tissue system confirmed expression of

these two markers in the tissue system as well as in
Crarach DS ORI O5I LFL B, Pl R IR RS e g shovn
herein, myrkemfoveysolabitins bod speeidic nuctOfp s (Ohinv-Aatswljebaly, Molecular Vision
11:1-10,%@5) lvy%rez identified as being expressed by the cultured conjunctival cells. Prior to
transplant, the conjunctival tissue system was stratified in vifro. The primary culture showed the
initiation of growth in a three-day-old culture after the biopsy was placed on HAM, with large
cells coming out of the explants on the amniotic membrane (Fig. 1A). After 14 days of culture,
the entire stretch of HAM was covered and confluent with cells (Fig. 1B). After 20 days of
culture, immunofluorescence staining of the culture sections demonstrated cytoplasmic

expression of AE-1 and AE-3 (Figs. 1C and 1D). PAS staining of the conjunctival tissue system



The present Exanpl e exam nes the ability of the
conjunctival tissue system prepared using aplain
weeoyssechene as described in Exanple 1 to tPEHRIN206H000075

injured eye of a rabbit nodal of ocul ar conjunctival
burn injury xeno-transplanted with the tissue system
The conjunctivaltissue systemwas grafted using a
ti ssue adhesive in the rabbit nodel. After
transplantation, the survival and integration of the
human cells were traced and eval uated using
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i.n one eye of the ani ma he method to generate the

checkediip patalelmih genteolagai n on the same area after 15 days,
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to % a non-toxic, bioconpatible, and inert
the injury was done again on the same area after 15 days, and followed for 10 additional days as

before.

For the xeno-transplantation experiment, there were two types of controls. ‘One control was an
animal in which the eye was injured and followed up for 45 days (n=2). The second control was

an animal in which the eye was injured (Fig. 3C), and then covered with HAM without cultured



material. This tissue adhesive was used for adhering
the transplant on the bare conjunctival tissue. Four 5
waorkoodoggsse of the ti ssue adhesi ve were pl ace onPCTEN20@GU00075
edges of the injury, and tB® transplant was placed in
such a way that the HAM was placed in touch with the
glue and the cells were facing up. Each eye was
treated with a dexanet hazone/ gentamycin solution tw ce
a day for 15 days after the injury was made. After
_ surgery 0.5% cycl osporin A and 0.05%
conjunciisrberdls vaiome2yehatastexpesiolent ransplanted tigd MenardGonREItiadl tissue

drops.three.tings.a day.durin he first week and .
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using thgsksirida tisses adhesive calledshmerybifie (omgnufagturer] indngiaiby €oncdré Drugs Ltd,
t nt nimals. At.the end t he ani mal . .
Andbas EHRERR T oA Do ErPiy s HROeDT bichy Wt contct
with modstube, poljmenzes, \eatl Hak € Shovl B BEAREY0:80Dhibét§MhtibR, and inert
X O% formalin. Rabbits were sacrificed using a dosage
materiak %ﬁit%‘@n%‘gﬁ@v@ oS e i adheningoihei transplenir ati the bare conjunctival

: gAY [ al ' eval watign ..

tssue. EOROR ke (% SL ABRE AR 60 Sk 1 slfatiednivpg and the

transplanewes ja@das sedh arvoayt tharehy FIAM thhs placed it @sich @it 1B glBe and the cells
g crons stai ned wi th hemat oxyl ene and eosin stain and

were lagBg8Pved mi croscopically for the extent of repair. For

I mmunohi stochem stry, after the sections were

: subjected to antigenretrieval, they were treated with

Each eygyabirexted withva deranfashazobe/gémarnpsin sdnfioraivyicaandaytiodys days after the

. nti-hu m tochondri al. antj body (. i con, CA) .
njury PR il | DT A o EROR e derieedhedbpe pniamycin
solutiont WerePfi GGLEHIS@11400r0Pd lrBd Bhe¥ASIa3CRPME HY k@ W) i i

, i nstructions of thg Vect aSteai n a% i tegABC it (\E/ea(r:l%lc;[\rzVlce daily
thereafters fgtimplsrvess follyyad; upfane onempontispediod TAbe sffsdncavéthasmdsplant

WRF PR .o DAB). The bro col.or . . . .
was quspalaﬁlg? ﬂeﬁ%ﬁgé‘lﬂggéﬁﬁn é e giarﬁ]il%goé%(}m%tr griks r?%?}l’ﬁsme of injury in
comparisyt phaseataf] ahiwealhluman cel s was visualized by |ight
m croscopy (N kon E600). For Periodic Acid Schiff
stai ning, deparaffm sed sections along with the whole
At the eftPoiThe RI6] 4 | BERIAIEv RS Dyd B Bith conjuncti
. O DUt e ] é{@ Eﬁ&?ﬂtﬁ @5’8@%&%%5 e%%c&vg@eg?’é ?aélo‘?%th conjunctival
tissues wempemarak s1d kel mel% dosnalier Rabbitntvere sdcaifivetlushhgd B dosage of
. hemat oxylin. .Cinical obseryvations post.injury and
thiopentBE LB Pyt Y GG Beclipns nfof pistompinclapag! evaluation,
conjuncE P i8shes b HonEONARSh@RerR LR Bt rd B cdsBddhioVtsd Syiftf; i
! bl ood clot on the site of tlhe iﬁj%??s Aft}étrﬁﬂ%%ﬁglqu%ﬁecuons
of ~5 mickensstamedorith hempprydnainst eodioctaimsediosdated miotossdpmeatiy for the

extent o4 AP TR0 S SEPGRTET e BB iecBo it Bl dneiirfricven,
they webseate@dvittoBVOM, 09 ihremeplant AthiBltes. Primary antibody anti-human

mitochondrial antibody (Chemicon, CA) incubation was carried overnight at 4°C. Therest of the

procedure for staining was according to the instructions of the VectaStain Elite ABC kit (Vector
Laboratories, Burlingame, CA) used. The substrate used was Diaminobenzidine (DAB). The
brown colored spaghetti-like positive staining pattern in the cytoplasm of the human cells was
visualized by light microscopy (Nikon E600). For Periodic Acid Schiff staining, deparaffinised

sections along with the whole mount were treated with 0.5% Periodic acid for 5 minutes and



of the conjunctival tissue systemand no signs of
rejection. The eyes were cal mand no abnor nal
WO aBecyEsé sat i on was observed during the fol |l oRCTIN2007/000075
period. The eye with only 2fj urywas foll owed up until
the day of termnation of the experinent, and showed
two-thirds of the original injury created (Fig. 3F).
The eye transplanted with the tissue system conpri sing
conjunctival human cells | ooked healthy in terns of
surface integrity and vascul-arisation at the site %ust )
Schiff rdagéarfer Saaninfitesiabgodrheerapdratate. f Bhe seetipoWersgCquEiey S ained with
3G). In order to assess the ability of the
hematoxyBhj unctival tissue systemto heal the injured eye in
the rabbit nodel, the eyes were conpared to a nornal
rabbit conjunctiva section, which has a healthy
Clinicalpbpeivationsipost injot atd teetsplantations Roviournatsrgnjumaall gygsspowed

) infjury, no.goblet cell r i of,
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injury camlbrilenesserted Thernweieng aflprEiqreaclionsoPsgrvepipdopeg Hansplantation
cont r.ol, I ' [ [ dno ab 1
ofthe oof R iy el B RGN RIn apd o sbporme
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3ya kRgSSsind ddnpeptivah
created @jg%blﬁ:j's 6@%2?6 r@gﬁ}é@%@ AR tAkud RNl AR Sind SdnpRBEvA human

no transpl ant, extravasated RBCs
cells lociegiohentthy i1s émmsatf svafaye piteges apfivgsculiisati@e pofhe site just before
.. transplantation, Ih? co?ﬁynctival ti ssue system was
sacrificigg galfer s3tigpingiB§ 7Y vi tro. One nonth after
“transplantation of the tissue systeminto the rabbit
nodel , the cells were found intact at_the site of | )
In orderap pésessahé ahnilitynfthexsmiunshval figeiesygiEp e heal thegpiyregreye in the rabbit

ections fromthe.test ' | t e ' bV
o, e PR 4 Sk Ll A G
populatRRic BEblELEIWak Bhdved h iglwan Aaied injadybnd gabdéticslls are found at the sight

~_ interspersed. The reappearance of goblet cells and :
of injurg @ad t@@@ﬁh@n@wﬁmgw? He(hig %ﬂidﬁ@égglqneﬁeéﬁ%?sﬁ‘?“& pontgplanimals
ih ol ahi - S iA1€cedlst 1d08origBittld biddat @&bd1NGyith mild
with orilﬁghjb%? gfi?(gnvgzé ghS? sell(j1 r A \? S%Qh%e?ilgn&g e{oln!s‘(,g e%tﬁ({ vivo: The 1 ml
infiltrationroE PMOE) [iscdntmb sbbian newhivke pely ideieustei 1AW Wasttransplanterbat the site

. HAM.of .the tissue system.in sjtu nd.epbedded. | h .
of injurk PP R AP S HEIEHAES CHE TP B O P TS A B fom (P
4C). T%E% woRl dx‘)nﬁﬁée]g QJlg dobRe% WElS¥Sthe Rté Bh@ blodll) vesddkewere engorged, and

ervation o uman cells interspersed at the site of
extravatatahBBICanwere ssemed mamg plapes. niagroatrploigbbits thebreseivpd no transplant,

extravai?qri}écg/ (E%(ta%/h gléﬁ %%g losre%rlés lfr?ag?"ﬁ%cr?fs Hgg :j'lf]ﬂgs i %gﬁ?ﬁ fﬁ%?s)})tlg}@a{'tion, the

conjundBABIksEE s MAEHINNEE bestrdiiEse th @iro! Dae biontirafeotransplintation of
spaghetti-1ike staining of human mtochondria with. . .
the tissamsyistenuiminibeirelduhoadeli te clls Were JouRdriRiBeiR) thepwg of application, but
erce

not con muousrk%?g%.eéﬂggn&n.&lﬁi aée%ﬂoﬁseilr&ﬁ the test eyes, in which the conjunctival tissue
system was transplanted, revealed multilayered epithelium with both human and rabbit cells
interspersed. The reappearance of goblet cells and scattered endothelial cells indicate

regeneration and healing of the cells at the site of injury.



varied fromanimal to animal, with no consi stent
| evel s of mgration observed. The retai ned human cells
waowrge/ogdsengat ed and bi g conpared to the ani mal PCEIN2997/000075

and quite distinct. The suBlre-|less delivery of the

conjunctival tissue system performed using the sterile

ti ssue adhesive Antryl ate denonstrated the safety and

conveni ence of this nethod. This sterile tissue

adhesi ve does not get absorbed into the blood stream

and has been used to replace or supplenent sutures in
Detectingsdheaefained arbsyvived haingn welieimsvanthahtesi edls tAhdpginted were

identifid 1208 B0 A RANPOL i HETG 3RbR B RS B bl Tohe bepittelial zone
of the ramﬁi@ielh eahdplidiel WAMISCGRRRGtlA thliR &aRpi ¢F'i d The observation of

b f}% junctival sections, suggesti lg t hat
uman enTEIEReTSomhaihelsitst of ternsnlony, asuel ﬁtﬁttégnagﬂaunn ofthe heils inside the
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1. A nethod for generating a conjunctival tissue
system conprising culturing cells of a tissue

W@ 09pioysseng conj unctival progenitor cells on aPGUPROT000075
material in a single nmediudtconprising: (a) Dul becco's
Modi fi ed Essential Medium (DVEM, DVEM F-12 (1:1)
medium or Hamis F-12 (1:1) nediunm (b) a nutrient
serum sel ected fromthe group consisting of knock-out
serum heatinactivated human serum human cord bl ood
serum human serum al bum n, and fetal bovine serum

While thedjndasnerdalpareldeavenoktae @qygun@’g@}lssug gystesmdiselosed herein have been
descrlbegi' xg(xgmyg dqutgx\é 1!?16{ \%ﬁ:{oﬁg %Iélggsg% ﬁu‘és(? Jio?%%l‘dacirqhanéefs% the form and
details naayt belposbibie Withavit déparingofroraiid dirittof G, prevestrdisciostee For example,
sin e ports the proliferation nd e nsi on
it is expyps shelt%resﬁfh}ﬁ%t 4%%9%%@%% Shosecalpgensh apdler ﬁaﬁarsteps which
By G D S S Bt
are withimthelseapet ofske preser distloeureet hod of claim 1, wherein the
nutrient serumis- heat-inactivated human serum 4. The
met hod of claim1l1l, wherein the nutrient serumis hunman

All of KO8 DRshs $8H WBthRls dIRE 8B bR ElatheCharbilcdn bYRRHE A executed
the nutrient serumis human serum al bum n. 6.

he
without matwo ek petinedntation in lighteofahe prepent dischisaiet Whilethe cempesitigns and

method%g{hls 1rﬁf%n%’l on E%?ﬁ.g 1;@3% rdg%%%g ﬁlg];ﬁrﬁllﬁ ao m;) wgrggod%#&rﬁg it will be

apparen{T& tose of sidlldh mhelart Wae f/8didtionb endyr Rngiptied tmthbfcoﬂlpﬁﬁﬁons and/or
transferrin. 9. The nmethod of claim 1, wherein

methodss il inethretRPs oF #qu}{erﬁéﬁueé’éﬁﬁf plgRs 0%111&&%9@%&%05%91 .harém without
departin OgrorhBle h grltcérﬁ' Pope oMY BlBuidIe Rokd E}Segfﬂcgll? it will be
0 r om t

xture | otics 1 sel ecte
apparentﬂiasd:estanm@enfs thzft redhemicallyst peytdogically, regmdtrmyl b:(-:| sabstituted for

theagery G5 0o Hipian BROHE AmaF T GLRAS U RgPs €0aeren. Aflsuch similr
substitutes and modifications apparent 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.



10.

(a) 15%to 20% nutrient serum (b) 5 to 15 ng/m EGF,
(c) 2tol 0 ng/mM bFG (d) 1 to 10 ng/m insulin;

W@ 2907094566 10 ng/ M sodi um sel enite; and (f) 1 POI/IN2007/000075
ng/mM transferrin. 12. The32ethod of claim 11, wherein
the single nmediumconprises: (a) 20% nutrient serum
(b) 10 ng/mM EGF, (c¢). 4 ng/m bFG; (d) 5 ng/n
insulin; . (e) 5 nmg/m sodiumselenite; and (f) .5
ng/mM transferrin. 13. The nethod of claim 12, wherein
t he single medium further conprises 0.1% di net hyl

‘CLAIMSI phoxi de. 14. The nethod of claim1, wherein the

P ke R BT G M
tissud SorBpANiNg tenjiBIHaBROgeniHr cdlieoneiuppett afatlahinma sifgle

Wwherein the ammiotic nenbrane is human amiotic
medipBAMIIBBING 7. The met hod of claim 15, wherein the

@  Plbsbnavieh dilﬁs&%gfeﬁfg?ﬁ?rh aEﬂB, EMEI@IC}%%?Q ng) midium, or

basenent nmenbrane si mi‘otic me 8.
Henwat-hd (L :0f mediain 1, wherein the culturing step is
perfqrmed without. feeder cells. . 19. e net hod of

() G SuRe R KO E06P ESHING OhGLesb B ATE Ty

RARIE R Hunt@l sbfinh, hubBQlcatEslo &Y sedtbB P A setird 8B@mik, aaH

the fornix region of the conjunctiva. 20. A nethod for
tfetehbovige séremocul ar surface of an eye of a patient

that is, da d. or-gdi.seased conprising transplanting a
© &3 _eﬁ?ﬁeltgr\‘?g%gfalcgogégggistem generated by the nethod of
(d) WadicHtkoblastthewchttar (bF@Hace. 21. The nethod of claim

20, wherein the danaged or diseased ocul ar surface
(¢) rdesdinzed froman alkali burn, chenical burn, thernal

® bsga&n%gr\ﬁge?sdohnson Syndronme (SJS),

(&) transferrin; and
(h)  an antibiotic or mixture of antibiotics,
wherein the single medium supports the proliferation and expansion of the conjunctival

progenitor cells on the support material to form a conjﬁ.nctival tissue system.

The method of claim 1, wherein the nutrient serum 1s knock-out serum.

The method of claim 1, wherein the nutrient serum is heat-inactivated human serum.
The method of claim 1, wherein the nutrient serum is human cord blood serum.

The method of claim 1, Wherein the nutrient serum is human serum albumin.

The method of claim 1, wherein the nutrient serum is fetal bovine serum.

The method of claim 1, wherein the EGF is human EGF or recombinant human EGF.
The method of claim 1; wherein the transferrin is human transferrin.

The method of claim 1, whérein the single medium further comprises dimethyl

sulphoxide.

The method of claim 1, wherein the antibiotic or mixture of antibiotics is selected from
the group consisting of penicillin, streptomycin, gentamicin, Amphotericin B, and

mixtures thereof.



11.

12.

13.
14.
15.
16.

17.

18.

19.

20.

neurotrophic keratitis, Ocular C catricial Penphigoid
( OCP) 5pt er ygi um exci si on, glaucoma surgery,

w0 e@beeassect oy surgery, secton surgery, reti neCT/IN2007/000075

det achnment, squi nt surgeryg3conjunctival nevus,
persi stent | eaking trabecul ectony bl ebs, or superior
i mbic keratoconjunctivitis. 22. The nethod of claim
21, wherein the conjunctival tissue systemis
transplanted to the cornea or to an area adjacent to
the cornea. 23. The nethod of claim2 1 wherein a
The me@dod|of claimslyavharhebie vmglesmedion qoppaiderer e t he
t I ed. conjunctival tissue systemto the eye of
(@) tags}%%tfi’ag}ﬁpgmfﬂ{g%’ nmet hod of claim 24, wherein the
(b) stebillseghBBGE; adhesi ve is isoanyl 2-cyanoacryl ate.
25. A nmethod for treating the ocular surface of an eye
©) of ta l9agwhbF¢hat i s damaged or di seased conpri sing:
(il ' .bi opsy of tissue conprising
@ cé)ﬁ?l}ﬁgjtgi%g?gﬁl%geni tor cells; (ii) culturing the
(e) tilgeué | Wmbsslinopaelenibmeadi al in a single nmedi um
conpr.i sing: (a). Dul becco's Mdified Essential Medium
® (%WW,%%WEM@EEH(L 1) nedium or Ham s F-12 (1:1)
medium _(b) a nutrient serum sel ected fromthe group
The mehsidgafic 1, pheei Be singlerped uREAMPIEEet | vat ed human
S rd bl ood serum human serum al bunmi n,
agg%?%g gmr/llﬁlg’e serum (c) epidermal growh factor
(b) (EGR)ng/tadEdigsi c fibroblast growh factor (bFGF); .(e)
insulin, (f) sodiumselenite; (g) transferrin; and (h)
© an ‘hﬁ%jlgrﬁibé;ﬁ)l:e or mixture of antibiotics, wherein the
(d Si n_ghg/ngqggdﬁ@ supports the proliferation and expansion
of t conjunctival progenitor cells on the support
(e) matepp/mil sbdivhosetendtecon] unctival tissue systemy and A
(Tigd ranspl anting the conjunctival tissue systemto
® th‘eé Zﬁ%’f‘?&g&a&%ﬁﬂhi seased ocul ar surface of the eye of
The %Efel}q%gfltc agltélr 6\&{1%2%%:@&% 1%%(@1.11@“ %Jgkezr%bm%gésed.ﬁ/otcgr%ethyl

sulphoxide.

The method of claim 1, wherein the support material is a biocompatible membrane.
The method of claim 14, wherein the biocompatible material is amniotic membrane.

The method of claim 15, wherein the amniotic membrane is human amniotic

membrane.

The method of claim 15, wherein the culturing step is performed on the surface of a

basement membrane side of the amniotic membrane.
The method of claim 1, wherein the culturing step is performed without feeder cells.

The method of claim 1, wherein the tissue comprising conjunctival progenitor cells is

isolated by biopsy of tissue from the fornix region of the conjunctiva.

A method for treating the ocular surface of an eye of a patient that is damaged or

diseased comprising transplanting a conjunctival tissue system generated by the method

of claim 1 to the ocular surface.



21.

22.

23.

24.

285.

_27. The nmet hod of claim?25, wherein the nutrient serum
i s human serum al bum n. 28. The nethod of cl ai m 25,

wobre9935¢ he EGF i s human EGF or reconbi nant heGEIN2BGF00075

29. The nethod of claim2534wherein the transferrinis
human transferrin. 30. The nethod of claim?25, wherein
the single nmediumfurther conprises dinethyl
sul phoxi de. 31. The nethod of claim25, wherein the
antibiotic or mxture of antibiotics is selected from
the group consisting of penicillin, streptonycin,

The n@8R6ABT Elhit 2A\iledie thiealamaBed andiserised envuds stfeqegefulted from

The nethod. of claim 2 wh [ i ngl '
an an@am,sc@@m%aapu@%%"%ﬁ B0 SRSt SO 550 1 5
., . . . o - . m
v Sl 5 S gl P it s
glaucbma Mrgeny, tlab¢quaesioey surgery 38ctomiyargamt tesialgtetachamient, squint

wherejn the single.nedi.um.coppri ses. 09 ' .
SuraeL RSBy PO FAE R g g o oBcieney g Aidy peic
keratd b .cﬁi/it&.e) 5 mg/ M sodium selenite; and (f) 5 ng/n

tr errin. 34. The nethod of claim 33, wherein the

ans
. L. . [0) 1
o A L AL, Rl S o i
cornealwppo bt areatdpabalt to theaohieaconpati bl e nenbrane. 36. The
met hod of claim 35, wherein the bioconpatible nateri al
The th&thadF elairs 2 evHercame siditle tidsee adhickivel isafsed tceddine®8he
wherein the amiotic menbrane i s_human ammiotic

transplaptsd ganiungival iwe st o the f af e®8%Rhherei n t he |

culturing step is performed on the surface ?E a
The method of claim 24, wherein the sterile tissue adhesive 1s isoamyl 2-cyanoacrylate.

A method for treating the ocular surface of an eye of a patient that is damaged or
diseased comprising:

1) isolating a biopsy of tissue comprising conjunctival progenitor cells;

(ii) culturing the tissue on a support material in a single medium comprising:

() Dulbecco’s Modified Essential Medium (DMEM), DMEM:F-12 (1:1)
medium, or Ham’s F-12 (1:1) medium;

(b) anutrient serum selected from the group consisting of knock-out serum,
heat-inactivated human serum, human cord blood serum, human serum
albumin, and fetal bovine serum;

©) epidermal growth factor (EGF);

(d) basic fibroblast growth factor (bFGF);

(e) insulin; |

), sodium selenite;
(g) transferrin; and
(h)  an antibiotic or mixture of antibiotics,
wherein the single medium supports the proliferation and expansion of the conjunctival
progenitor cells on the support material to form a c‘onjunctival tissue system, and
(iii)  transplanting the conjunctival tissue system to the damaged or diseased ocular

surface of the eye of the patient.



26.
27.
28.
29.

30.

31.

32.

33.

34,

35.

36.

basenent nenbrane side of the ammiotic nmenbrane. 39.
The nmethod of claim25, wherein the biopsy of tissue

w0 20079258¢ ed fromthe fornix region of the conP@CmMT{2047000075

40. The net hod of cl aim2535wherein the biopsy of

tissue is isolated fromthe patient. 4 1. The nethod

of claim25, wherein the damaged or di seased ocul ar

surface resulted froman al kali burn, chenical burn,

thermal burn, Stevens-Johnson Syndronme (SJS),

neur ot rophi c keratitis, Ocular C catricial Penphigoid
The <55 of RhieT YT iviHEr e tieSiudlent §érannde kBockeuug serym.

trabecul ectony surgery, secton surgery, retinal

The 8L HMBR 25 GiHePdin SHéEBidht s&OR ibAGhbY sdrumeiisnin.
persi stent |éaking trabecul ectonmy bl ebs, or superior

The ng %f K625 OGN NGl Y i Shurfed: EGR 6 PR AP @ hGhed BGE.

erein t'he conjuncti val tl ssue system i's

The n'lle%gni gt ﬁ%%neg? %EQE A AR R §1%E§f%rﬁldl acent to

e oc ar sur The et hod of
asterlletlss dto
The sSeihod BF et L5 amiepyia fRetr ol Rt ﬁ@fg?%?@gﬁés AN
birledanaged or diseased ocul ar surface. 44. The method
sulphl
of claim43, wherein the sterile tissue adhesive is

The rhétﬁ?&%f Cl%n? rlﬂ?éff&}{ it ﬁl‘ub{]&lc o niRAROSF dn@bicticeRtseRgtet he
ar surface

ocu an eye of a patient that is danmged

from e ghosp asmsikting mﬁpersclﬂgl, strentogeih sgenifgieinpBpsgtessin B, and
onprising conjunctival progenitor cells; (ii)

m1xt1g5§§q§icqo%g the ti'ssue on a support material in a single

um. wherein the di um supports the

The fﬁ?‘@PﬂP@Plé’cm s Weléié%ﬁgglﬁﬁl%un? ﬁ%m@g Functi val
@) Prqgenid ZW’P Slrlefit @Ruhhe support material to forma
conjunctival tissue system. and (iii) transplanting

(b) thémdrﬁjngv‘mtEGEl ti ssue systemto the danaged or

eas d surface of the eye of the patient,
© 9@#@?% tissue adhesive is used to adhere

@ 1 hq forIWn@ﬁltsﬁl@n conjunctival tissue systemto the
damaged or di seased ocul ar surface.46. The nmethod of
(&) cl dito UL/ wheeddiun selseitesiandl e medi um conpri ses: (a)

DuIb I fel Essential Medium (DVEM), DVEM F- 12
® %%H%QZ rﬁgﬁsgérrﬁgfams F- I12 (1 1|)ums<(ji umM(b) a

The Wﬁﬁ“@'&‘e S GRSk BT HaeleTREag ShBHEsEons Sting of
(a) 20% nutrient serum,

(b) 10 ng/m! EGF;

(c) 4 ng/ml bFGF;

{d) 5 pg/ml insulin;

(e) 5 pg/ml sodium selenite; and

® 5 pg/ml transferrin.

The method of claim 33, wherein the single medium further comprises 0.1% dimethyl

suiphoxide.
The method of claim 25, wherein the support material is a biocompatible membrane.

The method of claim 35, wherein the biocompatible material is amniotic membrane.



37.
38.
39.

40.-

41.

42.
43.

44,

45.

human serum human cord bl ood serum human serum
al bum n, and fetal bovine serum (c) epidernmal growth
wo 20709956€EG) ; (d) basic fibroblast grow h facP@r/IN2007/000075
(bFGF); (e) insulin; (f) s@&6iumselenite; (g)
transferrin;, and (h) an antibiotic or m xture of
antibiotics. 47. The nmethod of claim46, wherein the
nutrient serumis knock-out serum 48. The met hod of
clai m 46, wherein the nutrient serumis human serum
al bum n. 49. The nmethod of claim 46, wherein the
The mséthed ef cteidi 36mvherdinére aponiptid membrinees hyhansanhphoxi de.
50. The nethod of claim46, wherein the single nedium
memigheyr i ses: (a) 15%to 20% nutrient serum (b) 5 to | 5

/m EG; 2tol O /M bFG;  (d /
The et pholace 6, iceein i gl IS Sap (eeilBHY Do LeatifoT3t 1
baser%\ﬁltmerﬁﬁlﬂgg si&é@fﬁﬁé%ﬂ fic membraite et hod of cl ai m 50,
ngl e ne

erel n the si ium conprises: (a) 20% nutrient

e P by s SR RS B8 Py D Rt
of thd ¢ctpefcgival n. 52. The method of claim 51, wherein the
single medi um further conprises 0.1% di net hyl

The misthB@ ok E1dR 25 3vhel 818 thEBiBES Fftiseleds Mothbed fh1aried putichte
support material is a bioconpatible nenbrane.

The method of claim 25, wherein the damaged or.diseased ocular surface resulted from
an alkali burn, chemical burn, thermal burn, Stevens-Johnson Syndrome (SJS),
neurotrophic ketatitis, Ocular Cicatricial Pemphigoid (OCP), pterygium excision,
glaucoma surgery, trabeculectomy surgery, secton surgery, retinal detachment, squint
surgery, conjunctival nevus, persistent leaking ‘trabeculectomy blebs, or superior limbic

keratoconjunctivitis.

The method of claim 25, wherein the conjunctival tissue system is transplanted to the

cornea or to an area adjacent to the cornea of the ocular surface.

The method of claim 25, wherein a sterile tissue adhesive is used to adhere the

transplanted conjunctival tissue system to the damaged or diseased ocular surface.

The method of claim 43, wherein the sterile tissue adhesive is isoamyl 2-cyanoacrylate.

A method for treating the ocular surface of an eye of a patient that is damaged or

diseased comprising:

@) isolating a biopsy of tissue comprising conjunctival progenitor cells;

(ii)  culturing the tissue on a support material in a single medium, wherein the single
medium supports the proliferation and expansion of the conjunctival progenitor
cells on the support material to form a conjunctival tissue system, and

(ili)  transplanting the conjunctival tissue system to the damaged or diseased ocular
surface of the eye of the patient, wherein a sterile tissue adhesive is used to
adhere the transplanted conjunctival tissue system to the damaged or diseased

ocular surface.
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sulphoxide.

The method of claim 46, wherein the single medium comprises:
(a) 15% to 20% nutrient serum; '

(b) 5 to 15 ng/ml EGF;

(c) 2 to 10 ng/ml bFGF;

(d 1 to 10 pg/ml insulin; ‘.

(e) I to 10 pg/ml sodium selenite; and

® 1 to 10 pg/ml transferrin.

The method of claim 50, wherein the single medium comprises:
(a) 20% nutrient serum;

(b) 10 ng/ml EGF,

©) 4 ng/ml bFGF;

(d) 5 pg/ml insulin;

(e) 5 pg/ml sodium selenite; and

® 5 pg/ml transferrin.
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The method of claim 51, wherein the single medium further comprises 0.1% dimethyl

sulphoxide.
The method of claim 45, wherein the support material is a biocompatible membrane.
The method of claim 53, wherein the biocompatible material is amniotic membrane.

The method of claim 54, wherein the amniotic membrane is human amniotic

membrane.

The method of claim 54, wherein the culturing step is performed on the surface of a

basement membrane side of the amniotic membrane.

The method of claim 45, wherein the biopsy of tissue is isolated from the fornix region

of the conjunctiva.
The method of claim 45, wherein the biopsy of tissue is isolated from the patient.

The methed of claim 45, wherein the damaged or diseased ocular surface resulted from
an alkali burn, chemical burn, thermal burn, Stevens-Johnson Syndrome (SJIS),
neurotrophic keratitis, Ocular Cicatricial Pemphigoid (OCP), pterygium excision,
glaucoma surgery, trabeculectomy surgery, secton surgery, retinal detachment, squint
surgery, conjunctival nevus, persistent leaking trabeculectomy blebs, or superior limbic

keratoconjunctivitis.

The method of claim 45, wherein the conjunctival tissue system is transplanted to the

cornea or to an area adjacent to the cornea of the ocular surface.
The method of claim 45, wherein the sterile tissue adhesive is isoamyl 2-cyanoacrylate:

A method for treating the ocular surface of an eye of a patient that is damaged or
diseased comprising transplanting a tissue system to the damaged or diseased ocular
surface of the eye of the patient, wherein a sterile tissue adhesive is used to adhere the

transplanted tissue system to the damaged or diseased ocular surface.

A method for generating a conjunctival tissue system according to claims hereinabove

substantially as herein described with reference to the examples and figures.



