03 MAY 2006 WO 03/039481 PCT/ US02 /35967 ADI POSE Tl SSUE- DERI VED STROVAL
CELLS FOR THE REPAIR OF CORNEAL AND | NTRA- ORBI TAL DEFECTS AND USES o E—ImEgﬁ
5 CROCSS NCE TO RELATED APPLI CATI ON Thi s application al ns iority to
U.S. Ser BEFOEEE’ 3:gdv 347,605 filed on November 9, 2001. FI Ef‘%“&é‘%’ RENTI O o
The invention provides isol ated adi pose tissue-derived stromal cells induced
to express at |east one characteristic of an intra-ocular stromal cell.

Met hods for the repair of <corneal and intra-orbital defects of the eye with
differenti at ed ADIRPOSE TISSEB{DERBEDSTROMALJIEELLS FOR THFREEAIR OFar e al so

provi ded. 15 BACKGRNIMI GNI RWVERA-ORBTTALAEFECTA ANDISES THERBOFonposed of
a nultitude of tissue types. Three different coats conprise the eye; from
external to internal: the sclera and cornea, the choroids, and the retina.

‘Wthin the three coat SCROSSIHEFFRENEE!I TG REIRITED AP IENEORs hunor, the
crystallisne lens, and the vitreous hunor. Stromal cells are an integral 20

conmpone nt of eac r’l“hlisafiﬁ%l'lcef"f”fon REmeYSorftP e BIRISEAINREId0RIAl, 60§ FitkdadONdvember

rel ati onships with t nei ghboring epithelial, endothelial, neuronal, and
i nfl ammat or yg g §61.S- A number of conditions affect the eye and its function.
For exanpl e, 'disorders of the cornea include so- called prinmary and

secondary di seases (Kruse & Vol Ciﬁﬁ%”@%@ffﬁ%@ Opt hal nol .

S(4):46-54). Primary di seases of but are not linited to:
aniridia or 25 absence of the iris; eythrokeratoderm a or a reddeni ng and

hyper kergtosis of  the skin; an itis wth tipl e endocr.i pe

defi ci enti es. Seé%‘ﬁdﬁY?“B’? é’é‘ﬁ’é‘gﬁ ffﬁ CLé‘E‘B?/S@ t‘#‘ﬁfc&%ﬁgd SBB'PEI ?f?l ¢4 {%i t ed

to: chemcal injuries; th injuries; contact |ens kera hy; .

repetitive AP Hne S8 25 n PEs POl Methods 2 the Fepair of
corneal and intra-orbital defects of the eye with differentiated or undifferentiated adipose-

derived stromal cells are also provided.

15 BACKGROUND OF INVENTION
The eye is a complex organ composed of a multitude of tissue types. Three
different coats comprise the eye; from external to internal: the sclera and cornea, the
choroids, and the retina. Within the three coats are the refractive media: the aqueous
humor, the crystalline lens, and the vitreous humor. Stromal cells are an integral
20 component of each layer of the eye and share important regulatory relationships with the
neighboring epithelial, endothelial, neuronal, and inflammatory cells. A number of
conditions affect the eye and its function. For example, disorders of the cornea include so-
called primary and secondary diseases (Kruse & Volcker, 1997, Curr. Opin. Opthalmol.
8(4):46-54). Primary diseases of the eye, include, but are not limited to: aniridia or
25  absence of the iris; eythrokeratodermia or a reddening and hyperkeratosis of the skin; and
keratitis with multiple endocrine deficiencies. Secondary diseases of the eye, include, but

are not limited to: chemical injuries; thermal injuries; contact lens keratopathy; repetitive
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linbal surgeries, and band keratopathy, a degenerative condition ip 3

gray band develops fromthe |linbus into the cornea. Many of these |sor ers
i nvol ve t NeO 8¥0P4%lenewi ng stemcells of the cornea, which PBCISIHYIFNTt he
basal |ayer of the linbus, |ying between the cornea and conjunctiva (Kruse &
5 Vol cker, 1997, Curr. Opin. Opthal nol. 8(4):46-54). Linbal insufficiency or
stem cell dysfunction results in syrrptom; that i ncI ude decreased vi sion,

phot ophobi a, .. infl ammti o scl es ntrolling the
Byel 1 UL B, Ao Huor RS, 7 REFD Ryt Pt Pubh 88 bl ¢ ny
i mbal tissu @o,gg' seat'ﬁe?l %reas th t he cornea, as |n cases of a discretely
| ocal i zed chéfY® IROYSIRYE CPC%y i dence i ndicates that the 10
interaction between the corneal stemcells and their under|ying strom is
critical for nor Many phithess Gsprdersmvelys thegselfoensving stemicpipel %ngﬂnsay e fi ¢
autocrine and paracrine gat hvvaK ~These pathways are nedi ated by cytokines
rel eased by sesidgrmthechasal dayer ofcheilimbis, bing hesveen|thewarees ang conjpagiive Gimisné:
grow h factor 01 and (32 (TGFJ3), insulin like growth factor (1GF), 15 basic -
fi brobl as§ gVoldker, {1881, 0Furt. bPER) Optheloet.i (4yteit)h Liatabinspficiney andtem cell
keratinocyte growh factor (KOF). Receptors for each of these are

synt hesi zed Bysfirdveionoreseld @i tyineitorad  theiel inslnde | Hesntased  vikienc ophveaphobia,
epithelial cells synthesize TGFRI and (32, |G-, bFG-, and vascul ar

endot hel i al gflawinkatibacideta,(MESHIsm dDxenbiscied CodthdlingRhE eyedide i sume dabe, this onal
cells express receptors for all of these cytokines as well as platelet

derived growedh Betretted By fraQ%htaﬁadoﬁﬁthmﬂaal diekd disesédDiredsiBlhe doldfelse &
Vol cker, 1997, Curr. Qpin hal ol . 8(4):46-54). The cornea plays a

critical rol 8 inltadedd Of FBIsEeRNA0ERIZ] ciRATiburd! Al &hﬂe@)bf%?ﬁéxﬁﬁhhd]&tes'thﬁ e ONt o
the lens and retina. This requires continuous self renewal of the corneal

epi theliah CaldrgedoR E&\Qée%ctthetd%guegﬁa%rcéllémﬂ shéf uh@&]ﬁdos%kﬁné EsOE?:ﬁd&f gGt 1 on
(Lu et al 2001, Exp 25 Biol 226(7) 4) . Surgi'cal procedures, such as

phot or ef ract | ye Kemnatgct ony or -2 03 MAY 2006 WO 03/ 039481 PCT/ US02/ 35967

The two adjacent cell types display specific autocrine and paracrine pathways.

These pathways are mediated by cytokines released by stromal cells, including but not

limited to, transforming growth factor B1 and B2 (TGFp), insulin like growth factor (IGF),

15  basic fibroblast growth factor (bFGF), hepatic growth factor (HGF), and keratinocyte

growth factor (KGF). Receptors for each of these are synthesized by the corneal epithelial

cells. Likewise, the corneal epithelial cells synthesize TGFB1 and B2, IGF, bFGF, and

- vascular endothelial growth factor (VEGF). Except for the VEGF receptor, the stromal

cells express receptors for all of these cytokines as well as platelet derived growth factor

20 (PDGF) and epidermal growth factor (EGF) (Kruse & WVolcker, 1997, Curr. Opin.
Opthalmol. 8(4):46-54).

| The comnea plays a critical role in the maintenance of normal vision by refracting

light onto the lens and retina. This requires continuous self renewal of the corneal

epithelial cells to protect the deeper layers of the tissue from infection (Lu et al 2001, Exp

25 Biol Med 226(7):653-64). Surgical procedures, such as photorefractive keratectomy or



| aser in situ keratom | eusis, involve the renoval of a portion of the
cornea. These procedures are performed to treat forns of nyopia or( 3 MAY 2006

near si ght Wlson et al 2001, Arch Ophthal nol: 119(6).. -gg% The
repair foﬁ%gﬁ@ﬁgﬂ‘hese procedures requires stronal contrac?)r‘g’ﬂgggé’b' ani ed
5 by epithelial stratification (Taliana et al 2001, Invest Ophthal nol Vis

Sci; 42(1):81-9). Duri ng the healing process, many patients experience a
postoperative anterior "stromal haze", characterized in ani mal nodels by

the appear anggeof wpfcér%emk@ﬁst it 118 roRNPAIESISh HorinPOR IR, MTHEd:e
actin (a-SMA) (Nakanura et al 2001, Br J Ophthal nol; 8S(2):209-13). These

myof i br obl as l Hegd n vivo
by anti - TGH( llog%c?l oaﬁellzi ({ng(gter te%rdﬁgfgflggéﬁ g%?%géﬁelc%?% (wlﬂ%glkggalb?glster et

al 1999, Pr Qgcl}agﬁﬂtﬁ]athﬁgﬁlf%& 8@96)3) 311-56). Likew se, there is evidence

that direct I ONS ween the epithelial cells and adjacent stroma

can induce stro di f.f nt.i a of i br.abl This. is further

i nfl uenced by tmlber r@@%‘ﬁg‘%ﬁa ng hﬁ? Pm‘éed%ﬁ%quérﬁﬁgg?‘f‘% Ong ﬁ"@g 5~ %ﬂfed
Cornea; 2 (2 197- he. extent of 0 ] |'s
cor r esponds QSCPWE’ ‘ﬁle%'faﬂ?ﬁ?t'oﬂa(h:ﬁ aehal 2@1 Vﬁétaéplétp?lmk’ndﬂg Jtlprgp'g?
phot orefractive keratectony (Ml | er-Pedersen et al 1998, Cornea

17(6): 627- 39P““‘P$1thegéﬁal‘%P?“Stsh@a'&lﬁé@?t@é“(ﬁﬁpﬁréﬁ“ﬁ%alPOHtQE?é"‘“i“ée %‘FFé'Oéaﬁ‘éoma‘

i ndependent of the technique for epithelial cell renoval (mechanjcal or

| aser based) hi#eee craciarizod g, anisph MeeB| By yhe sorRance f.- fzwﬁbr%bleféw el of
bi omateri al s have been used to treat and repair corneal] and ocular 20

def ects and exfressingglphTlsmogtbrmuesale agtin (caSMA)(Nakanmuaa ef o 2001,rBrchOphthdmiol;agen
and gl ycosam noglycans (Robert et al 2001, Pathol Biol (Paris);

49(4) : 353- 6335(2¥h9-13)| yihesauml shitgbhlasta cellbyft tdacainin doidre GETGFRadblbckednpr ove
corneal epithelial wound healing in rat and rabbit nodels, as assessed by

eval uati ofn t t
Eve Hos: 10,000 VA8 1 SRTRGEERRGEANRIMSl B ol | M0 Rrich 25”%??@%1?%?’1&3% o)

ggfgggzgi' 8;*1‘%’33 @%?eﬂh%%@g 1) 4PLs8) VWAL GndfE TP edEnde M) Riredt VO

interactions between the epithelial cells and adjacent stroma can induce stromal
differentiation of myofibroblasts. This is further influenced by the presence of amniofic
membranes (Choi & Tseng 2001, Cornea; 20(2):197-204). The extent of “stromal haze”

15 in animal models corresponds to the depth of damage to the corneal stroma during the
photorefractive keratectomy (Moller-Pedersen et al 1998, Cornea; 17(6):627-39). In
patients, the degree of corneal haze is the same, independent of the technique for epithelial

cell removal (mechanical or laser based) (Lee et al 2001, Ophthalmology; 108(1):112-20).

A variety of biomaterials have been used to treat and repair corneal and ocular

20 defects an_d injuries.  The comeal extracellular matrix is rich in collagen and
glycosaminoglycans (Robert et al 2001, Péthol Biol (Paris); 49(4):353-63). The
glycosaminoglycan, hyaluronan, has been found to improve comeal epithelial wound
healing in rat and rabbit models, as assessed by evaluation of the stromal and endothelial
layers (Nakamura et al 1997, Exp Eye Res; 64(6):1043-50; Chung et al 1999, Ophthalmic

25  Res; 31(6):432-9). Tseng and others have pioneered the use of amniotic membrane in the



PCT/ US02/ 35967 treatnent of a variety of ocular disorders (US Patent No.
6,152, 142). The ammiotic nenbrane is polarized, with a “stromal' si (8 pydy
“basenent wRyRB6K; Side. The stronmal side contains collag ,@ Land 111 an
fibronectin with a basal |amna distribution of collagen tgg UBH3¥% i ni n
and heparin sulfate proteoglycan. The basenment nenbrane side 5 of the
ami oti ¢ nmenbrane supports epithelial cell growh, while the stromal side
supports the growth of fibroblasts in a manner simlar to collagen. The
amiotic menprane. i i SO o] twga o] S and
rm:aﬁhe?lt of a varie E)F gch&r gi‘fscgrggrs I?)zg%ﬂtggggé, 25021’ 542?{‘5 pﬂ% :ﬁxru)(igg

t hen used for e surgical” repalr Intra- he nmechani sm
f ti f t iotic i ' apl et el 0. under.stapd.
Foupver .t nAPEMTER 1§ RS0 UGB g ABSHRE SFertA oS nifibr ane

in culture suppresses the expression.of TG-(i py fibroblasts (Lee et al

2000, Curr EVQE‘%%‘,?G COp g0 n%@i@dqﬁﬁad %H'E"g?‘ft’é‘d‘k'ﬂw pasg] laﬁwaidffff HERR 0 1(3
by epithelial cells (Solonon et at . 2001, Br J Ophthal nol; 85(4): 444-449).
The ami ot i ¢coHasentsdVnkrminaapd hepagn sylfascrreepglysans dhe basgment mearaneside of
corneal 15 and ocul ar defects. For exanple, deep corneal and scleral ulcers
have beefd t radslectiigtic membrgaesupportyspitheliat gelt growth, while thertiemat side ppparte t o
fill stromal |ayer, basenent nenbranes, and as a wound cover (Hanada et at
2001, Am J Qe gaiwiblof fibsaba)s: B2a nBther Amilarotoi eollagemidihe rmnietis membrne ds r educe
stromal inflammation and ulceration in H V-1 keratitis, an imune nedi ated
di sease (Heiibdlgehframshehurain Pochta, crybpresested ottt ther naetl b the SerigicalP@pair of
42(9):1969-1974). Severe neurotrophic corneal ulcers also have been treated
wi th ami otihtea-ocibdy dsoeters( Chen et at 2000, Br J Opht hal nol ; 84(8):826-833).
Ami otic nenbrane restored the corneal and conjunctival surfaces and
reduced |inbal sthenmatchahibil afmaBlidrOBE QS Wntdit@ fnieaibraueUtetaiite Mcombletly
thermal burns (Metter et at 2000, Ophthal nol ogy; 107(5): 980-989). Amiotic

nenbr ang owasindéSido@SHaWe R BED S inVlrd @vidénck itk dle predeREY i dmmidticdhbABriapd t i n
patients with partial linbal stemcell deficiency (Anderson -4 03 MAY 2006

in culture suppresses the expression of TGFB by fibroblasts (Lee et al 2000, Curr Eye Res;

20(4):325-334) and interieukin 1 o and interleukin 13 by epithelial cells (Solomon et al
2001, Br J Ophthalmot; 85(4): 444-449).

The amniotic membrane has been used successfully to treat a wide range of corneal

15  and ocular defects. For example, deep corneal and scleral ulcers have been treated by the

use of multi-layers of the amnictic membrane to fill stromal layer, basement membranes,

and as a wound cover (Hanada et al 2001, Am J Opthalmol; 131(3):324-31). Amniotic

membrane was found to reduce stromal inflammation and ulceration in HIV-1 keratitis, an

immune mediated disease (Heiligenhaus et al 2001, . Invest Ophthalmol Vis Sci;

20 42(9):1969-1974). Severe neurotrophic corneal ulcers also have been treated with

amniotic membranes (Chen et al 2000, Br J Ophthalmol; 84(8):826-833). Amniotic

membrane restored the corneal and conjunctival surfaces and reduced limbal stromal

inflammation resulting from acute chemical or thermal burns (Meller et al 2000,

Ophthaimology;107(5): 980-989). Amniotic membrane was used as an alternative to

25 limbal autograft or allograft in patients with partial limbal stem cell deficiency (Anderson



WD 03/ 039481 PCT/ US02/ 35967 et at 2001, Br J Ophthal nol; 85(5):567-575).

Ammi ot i ¢ nmenbranes have al so been used in surgical treatnent of pt @rym@zooﬁa
w ng-like fold of menbrane extending fromthe conjunctiva to the cornea,
with attacHEHP¥48 the sclera (Solonon et at 2001, Opht hACHBS8$3967
108(3):449-460). Amiotic nmenbranes were used to treat |ate onset 5 glaucoma
filtering bed | eaks as an alternative to conjunctiva with success (Budenz et
at 2000, AmJ Ophthal nol; 130(5): 580-588; Barton et at 2001, |nvest

Opht hal nol Vi s oo 42(8):.1762-. 117! |1. as to I nprove recovery.of a
stabl e cor nedf! i@:ltﬁ%{ %‘ﬂﬁ‘%&ﬂ&ff?f“ééﬂg@'@up@?ﬂ‘%ﬁ e rgrhr?éd’g‘éeaalfoﬁbef'ﬁgs%d?gi cal
treatment of band keratopathy, the depositi of. calciumin.the cornpeal
basement nen%‘r'%l??i E@gﬂ?fﬁa‘?{/pe&’%%r?:d?”ﬁ%‘i'}‘g,t%@nro&{mf“ ] FF@“‘H%%% tg? her
causes (Anderson et at 2001, Cornea; 20(4): 354-361). Because of the

di fficul ti esCoRRBEIEY2 R dhe qornean ity Jiamhasblst o ihe §HEW: (R0lomem 5t Al 52001,
resear chers have been | ooki n&@for alternative sources of stromal naterial

for repair oPphtirimpleeyol0&DHeA60Y e furnigtic FRMbBReD M2 BSed O CGEAL &R anet at

di scl oses nmethods to culture already 15 differentiated ocul ar epithelial
cell's in ¥itglaucomalfdtering ied draks ashareajteomative tapepingtvawith sugagss (Bubenziataht nent
of corneal defects. The source of the epithelial cells is autol ogous biopsy
mat eri al f r a2800hamhie@phthalmel; d 30(BUS 0 SpaBaremt et ab200d s Inevsst Sypththabhaod Afis &oigl
recipient. US Patent No. 6,117,675 to van der Kooy et at discloses stem

cel I s i sol at4x8) y761768)as mellias 2o dxiproveramiverytdiatstable@otheilfepitisliuimadnd dedude vi tr o
into retinal pignent epithelial cells 20 that are transplanted into an

i ndi vi dual sgtiufae phingwhenOuediis @ins afgiodl tidatndnelof band Tdistopathy, ake Adpositibe of et i nal
stemcells is enbryonic or early post-natal tissue. US Patent No. 5,912,178

to Wlle, Jrealdhi G eeori¥RbRemef oaithiadSetdadye shrBoittbdid, @hrohieivBitis @fd Of
various types of histologically conplete human epitheliumincluding

epi derm § C&hdQBuseH{ Avllersth Bl 00, EbfileatloppUesu-36lihe resulting epitheliumis
grown in vitro 25 fromisolated animal epithelia cells or basal stemcells

i sol ated from epigdglse 3k tifel EfiléBIties FssYOBWHB B frocurement of amniotic materials,

researchers have been looking for altemative sources of stromal material for repair of
ocular or corneal defects.

EP 93830229.6 to Cancedda et al discloses methods to culture already
differentiated ocular epithelial cells in vitro to be used for subsequent transplantation for
the treatment of corneal defects. The source of the epithelial cells is autologous biopsy
material from the healthy eye. Thus a patient serves as both donor and recipient.

US Patent No. 6,117,675 to van der Kooy et al discloses stem cells isolated from
the retina of mammals that are differentiated in vitro into retinal pigment epithelial cells
20 that are transplanted into an individual suffering from diseases of the retina. The source of

the retinal stem cells is embryonic or early post-natal tissue.
US Patent No. 5,912,178 to Wille, Jr. discloses media and methods for the in vitro
formation of various types of histologically complete human epithelium including

epidermis, cornea, gingival and ureter tissues. The resulting epithelium is grown in vitro

[
L

from tsolated animal epithelia cells or basal stem cells isolated from epithelial tissue.



03 MAY 2006 PCT/US02/ 35967 US Patent No. 5,942,487 to Ogawa et al discloses
a conposition conprising a stem cell factor that can be applied to @gﬁﬁﬁz@g
corneal ti ﬁre to stinulate corneal growth. The inventors hypothesize
corneal st e U are stinulated to m grate and grow. U. S.PEAVERB50.
5,863,531 to Advanced Ti ssue Sciences, Inc. discloses a tubular 5 living
stromal tissue prepared in vitro, conprising stromal cells and connective
tissue proteins naturally secreted by the stromal cells attached to and
substantial ly envelopiqg a three-di nmensional tubul ar franework conposed of
a bi oconpat i bl e, URSALHT N-meP4eeiBE 19 Qeawaeh tligeipscs & campasttion CORREEBE Bsiellged by
the stromal cells. It is an object of the invention to provide a cell,

materi al aneelhiaclapthat eandeaApplied t9 disgased romegljispye torstiguiategormgahgowih- nkhe
‘corneal, defects. SUVMARY OF THE | NVENTI ON The present invention provides an
adi pose- der inventorsthypeth¢siasrthat comeal stem celiis arelstimulatadde migrte @né gtomat ed t o
possess at | east one genotypic or phenotypic characteristic of an 15

i ntraocul ar or o008 #atest NonBB6LE Ul to AdwancedeTiksue divichessuheddifsdpses acubular
therapeutic treatnent of degenerative or other diseases of the eye. The
present §nvéving Giombks tissne @répded ifeditto,dsongiidingodtipanl teldnadf connthize Uissueand
culture of adipose tissue-derived stromal cells to treat intra-ocular or

ocul ar def egioteifdf nadit¥lly Qcie@ddagythe 2Porhal cRIPAthiRRed@® A8 tulfantiNg, édveRpingan,
met hods and conpositions for consistent qualitative and quantitative

i nduction ofhr&ddiRieRdiors® nlbhid Gane@del EAAPRELP 6Hh HROHPatibl/EHIRBIWNg SaRAMal ,
onental or any other adi pose tissue sites to express at |east one genotypic

or phenoty phgvigdarAGkial dpalds brifbed v thestRinthl 8fisOr ocul ar stromal cells is
provi ded. In another aspect of thé invention, isolated adi pose

tissue-derived Cglds d’bﬁé%hbﬂﬂé' fiSntichilo E:g)]yfﬁefafcﬁﬁ,erﬂéti:ﬁatl Q?d;inﬁ&éf_ﬂgé‘ 6&%&5&@% 06

expresses at | east one” characteristic an I ntra-ocu

10 repair of ocular, including corneal, defects.

SUMMARY OF THE INVENTION

The present invention provides an adipose-derived stromal or stem cell that has
been differentiated to possess at least one genotypic or phenotypic characteristic of an

15 intraocular or ocular stromal cell. This cell can be used for the therapeutic treatment of
degenerative or other diseases of the eye.

The present invention also provides methods and compositions for the use and
culture of adipose tissue-derived stromal cells to treat intra-ocular or ocular defects of any
etiology.

20 In another aspect of the invention, methods and compositions for consistent
qualitative and quantitative induction of stromal cells derived from subcutaneous,
mammary, gonadal, omental or any other adipose tissue sites to express at least one
genotypic or phenotypic characteristic of intra-ocular or ocular stromal cells is provided.

In another aspect of the invention, isolated adipose tissue-derived cells are induced

25 to differentiate into a cell that expresses at least one characteristic of an intra-ocular



WO 03/039481 PCT/ US02/ 35967 stromal cell conprising the step of: contacting
an isol ated adi pose tissue-derived stromal cell with an ocul ar i ndu&MAY 2006
substance. This substance is in a chemically defined cell culture nedium
‘and i ncl ud¥R 0L factors, cytokines, chenical agents, afh§TO5"¥éPfbnes at
concentrations sufficient to induce isolated adi pose tissue-derived stromnal
cells to 5 express at |east one ocular cell marker. In another aspect of
the present invention, adipose tissue-derived stronmal cells are genetically

engi noer ed t QSR &R oREALEL BB sidh%r. SRR okl ifle. AADALNAR 9Oy nduce

pat hways that faci recovery an epal r of Intra-ocular defect.
This is accanpli.shed by expasin e cell | ene tr f V, r
conpri si ng acrrlE@iltgli%' %%%51 cglcfnﬁc B nr?ﬁ' :llhtlsr %u(%g%%%e'sd% ﬁ%‘b"?‘!‘étﬁ‘? éﬁe@o‘h& itions
such that the desired nucl.eic, acid j i ntroduced, intq the cel|l.

ALt er naci vel iR aed i anddntidss gt dacrors sHORLEFR GURIcH GEmie SR tarmones,
naked nucleic acid. The invention further provides for a nethod of treating
a degener at i Vb cerEntratigRgseifigient tp dndyes dsolates; aqipese fipsue-degiyRdhistpmal flls to

adi pose-derived stromal cells than have 15 been induced to express a

char act er Pst icspress ahlegd one explaseell markge| | . A distinct advantage of the
invention is that the adi pose tissue-derived stromal cells can be isol ated
directly from thin snother gspattolf hroprssent mmentionradinosoHysue-derived sirpmaldishaiaegd by
anot her host (allogenic transplantation). In another aspect of the

i nvention, adgemptsd!yténggwered by expeshs ptateinmthatceh|godafydhe cdll phreadtyp2and indudeei r
undifferentiated or differentiated state in or on a three dinensional matrix
conpri sed of pathwaysuthat familitstg nthéetdéovetyi avaio rapair | dfl snynintretocelar defette Thisdist 0
surgically repair sites of intra-ocular stromal ulceration. In another
aspect of thacdomptistieddsy, expdiip® s tdliSHUL geiRl traneflir Yedt@nNEdmmeBidgsa Aideitiaeid
directly without differentiation for autologous and al |l ogeneic

transpl anpat imfudafg &atanSeeh® und& fiAPBtRneitieHEsifch UWhatOths Udesiral SLU1GE ak@Sisby
correcting bleb | eakage. In this enbodi nent, 03 MAY 2006 WO 03/039481
introduced into the cell. Alternatively, the cell is treated with, and aliowed to incorporate,
a naked nucleic acid.
The invention further provides for a method of treating a degenerative eye
condition in a host that includes administering adipose-derived stromal cells than have
15  been induced to express a characteristic of a desired ocular cell. A distinct advantage of
the invention is that the adipose tissue-derived stromal cells can be isolated directly from
the host (autologous transplantation), or can be donated by another host (allogenic
transplantation).
In another aspect of the invention, adipose tissue-derived stromal cells are cultured
20 in their undifferentiated or differentiated state in or on a three dimensional matrix
comprised of a natural or synthetic biocompatible material to be used to surgically repair
sites of intra-ocular stromal ulceration.
In another aspect of the invention, adipose tissue-derived stromal cells are used

directly without differentiation for autologous and allogeneic transplantation of cells to

25  promote successful glaucoma surgeries by correcting bleb leakage. In this embodiment,



PCT/ US02/ 35967 t he adi pose-derived stronal cells is adm nistered tq]ﬁﬂ@ e
preferably in the desired Ilocation, and allowed to differentiate ei ¥

t hrough (i - jnistration of appropriate cytokines and ot her biol ogical
factors, d@oﬁgf'ggk vivo factors already present or induced?fHUS¥3%bst. 5
In still another aspect of the present invention, adipose tissue-derived
stromal cells are used for autologous and all ogeneic transpl antation of
cells for the treatnent of human conditions, including but not limted to,
corneal haze, indquced, by , photarefractivelthe uti c keratect.o repgir
during the "BaAdiPedariyed supmel gelly s afff‘g'r‘%?cg?& raiecﬁTefetr?@&t'ﬁg% d?ﬁ"% and
ker at opat hy, surgical rempval  of tunors, |esi s) or. .10 scar tissue from

t he conj unctlpgationondclomed to differeptiate e n@“ﬁ'ﬂgﬁgf Lo-3dmimstration A REPIOREMECt  of
the invention, adipose tissue derived stromal cells are transplanted in
conbi nat i on Sxakineaiand etheebiglogisalfaetors; ars(ijd in vive fagtogs aleadwepresspé or ndueedonher
aspect of the invention, the adi pose tissue derived stromal cells are

di fferenti attbelh¢sit o cel | s of adi pobl ast |ineage before transplantation into
the di seased eye. 15 In yet another aspect of the invention, the adipose

ti ssue devived stinstthhnatiedrlaspear & tok preentinyerdioe dadipuse tissek-deriel stdmpbdzllast

| i neage and transplanted. along wwth ammiotic nenbrane tissue into the

di seased eyeare hfed forcdutslogdus tahe allopentit iranbpRntioe eficetls fdrahe asatdeftaifbgmanus
popul ation of cells or as part of a cell population in which the other

cel | s secret®nsitibss, anfiRiding SBRPOIot t NEmBEOW, 2Z0rmeal diHater enticatli oByof t he
ocular-like cell. The invention also contenplates a kit for isolating stem

or stromal cbloresfachve/thedpR@Rekdrhtsstify.! Rephirl MeringdaR Obdi®aRRrd Ofemicval @i Ng
adi pose tissue froma patient and a neans for separating stemcells from

the remai ndegteQbial Qiecitdli tRaftent bF BMR: kefdépaltlyl s@bRA fefol 4l A7 TuMorsMRSibRN ok OF
differentiating the stemcells, wherein thé nedium causes the cell to

express ff WEhAR6AIUIS the LnMNivaAPARormBE MuMRRZAmio i uthers.

In yet another aspect of the invention, adipose tissue derived stromal cells are
transplanted in combination with amniotic membrane tissue into a diseased eye.
In another aspect of the invention, the adipose tissue derived stromal cells are
differentiated into cells of adipoblast lineage before transplantation into the diseased eye.
15 In yet another aspect of the invention, the adipose tissue derived stromal cells are
differentiated into cells of adipoblast lineage and transplanted . along with amniotic
membrane tissue into the diseased eye.
The cells of the invention are used either as a homogenous population of cells or as
part of a cell population in which the other cells secrete substances to support the growth
20  or differentiation of the ocular-like cell.
The invention also contemplates a kit for isolating stem or stromal cells from
adipose tissue that includes a means for isolating adipose tissue from a patient and a means
for separating stem cells from the remainder of the adipose tissue. The kit also includes a

medium for differentiating the stem cells, wherein the medium causes the cell to express at



|l east one genotypic or phenotypic characteristic of an-ocular cell, or is
generally ocul arogenic. The invention further includes conposition 3%“@2%6

nmet hods for engineering tissue fromthe adi pose-derived CE%tRIRL&%EF

i nventi on W& ¥E*®Wnpositions include an adi pose- 5 derived N

conbination with a biologically conpatible lattice structure to allow the

tissue to differentiate and expand. Thus in such a way, eye-like tissue or

whol e organs are nanufactured. The biologically conpatible lattice can be

adi pose-deri a i e
Y& ﬁﬁé ;g.ﬁotg,né K b ngg«?m WarMﬁc RIrO4e o@ularpﬁat aghy%a{érau

gl ycoprot ei n, ni In nol ecule, a hornone, cytoKines Yand
grow h factor0 ?&GA attice can also include or be prepared from 10 pol yners
of nononers se ‘fromthe group consi sting of gI ycoI ic acid, lactic

acid, propyl at e cap act gn al ur.onan nic.acid
conbi nat i ons t her {5 INVERYODy ﬁfgk’fr 'gglugés pBE)IF e mﬁ@?‘gsrfélen%' ??r'f)‘qusue
protein, polysaccharj de, aci d, ort hoester. Qg%frlde
pol yphosphaz &8 &Sﬁ‘ﬂ’tpﬁiﬁt %F%ﬁﬁé’:}xﬁ? "He‘ltﬁ’ﬁblﬁlﬁ ICOMPOSHADS é?ﬁ'g)do'l%‘ea SSreri ¢
mat eri al can al. so be .a hydrogel formed by cross-1jnking a polyner
suspensi oA h&¢iYsg ehdn GQ‘I“P%‘a@f?“s}SE? §éﬂ°lf’81‘§?l§’ ¢pmpatibig lattigs %E{CEJT%Fmali%fhﬁr es of
the invention will be nore fully apparent fromthe fol]low ng disclosure and
appended cl atipsye todiffprptare prsoRpm| Tys arsurhE oraseNibs tissug oF @/holejosgags reow
cytometric analysis of hunman adi pose-derived stromal cells. Depicted are
repr esent at i wanpfagiuredy t Shetbiglegicatls| spspatiblerlagpe carcibe gadfpses-derived nitselfr and) |
CD44 (hyal uronate receptor), CD49d (al pha 4 integrin), CD55 (decay
accel er at i ngirfchsle @ny humandromim-mglmepmt@mdwewmm hibranegtinamplegde,) .
Undi fferentiated stromal cells 25 isolated froma single donor were stained
wi t h nonocl orabmant] dodkiss aad)gionst factedi. Clike datieccai\@lsO XicRi® 48 he PBpdvEd/fra@06
PCT/ US02/ 35967 antigens (solid line, right of each panel); isotype
monocl ondb ceolymels afhotdtlys fel@tddefiomithe group consisting of glycolic acid, lactic acid,
propyl fumarate, caprolactone, hyaluronan, hyaluronic acid or combinations thereof.
Alternatively, the polymeric material can be a protein, polysaccharide, polyhydroxy acid,
polyorthoester, polyanhydride, polyphosphazene, synthetic polymer or a combination
thereof. The polymeric material can also be a hydrogel formed by cross-linking a polymer

15 suspensfon having the cells dispersed therein.

Other objects and features of the invention will be more fully apparent from the

following disclosure and appended claims.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a flow cytometric analysis of human adipose-derived stromal cells.
Depicted are representative flow cytometric analyses for CD9, CD29 (beta 1-integrin),
CD44 (hyaluronate receptor), CD49d (alpha 4 integrin), CD55 (decay accelerating factor),
and HLA-ABC (Class 1 histocompatibility antigen). Undifferentiated stromal cells

25 isolated from a single donor were stained with monoclonal antibodies against indicated



| eft of each panel). Representative n = 5 donors. Bar indicates fluorescent
intensity >99% control. 5 Figure 2 is a schematic show ng | ynphoi d03 Y2006
pr ogeni tor\%%ij);?uﬁu day co-culture. A significant percentage of both W\e
CD34+ and A48 s expressed either the CD7 or CD10 antitJéWSHRs%674
stromal donors, n = 2 UCB donors). The individual phenotypes represented
the foll owi ng percentages of the total henmatopoietic population: early

| ynphoi d progenitors, 20.2% (CD34+ CD7) and 9. 5% (CD34+ CD10+),

respectively; 10 NK/T-cell progenitors, (CD34" 7+), 31, 4% and B-cel
progenitors a@@&_(soééh@ﬁ,)r !ghp?t.o %&/g P#ge A1SE'EE? e 'B)r?m%i‘i‘tﬁmé’% SN The
invention is an_adi pose-derived stromal or stemgell jnduced to express at

| east 15 orleft gesash ppneh- Serisaentaitvg giT> donersa dtas indigates fiypresceatintengity U ar

origin. Mire preferably, the cell possesses at |east one genotypic or

phenot ypi ¢ ¢Rafecteristic of a corneal epithelial «cell. Aternatively, the
cell possesses at |east one genotypic or phenotypic characteristic of an
ocul ar stromal cell. The cells produced by the nethods of invention provide

a source of partially or fully differentiated, or undifferentiated
functiondl cell s Fignre 2gs genindnygpic showin2 ympleid pypgerdtochmr at day si-cusirofA mat ur e
ocular cells for research, transplantation, and devel opnent of cellular

t her apeuti c sipnifibant serfentagt € bothemt IEDE4 " ahd WDIFB kel Spased, eithpr hEaBbby human
di seases, tissue repair or inprovenent, and the correction of degenerative

di seases of QR eytien B ef 8rsabnyl HHiRrs o 2 UCBPIdHRe)] Bhe MIVIQES phéhoBpasiuce
and use such cells are also included. 25 -10 WO 03/039481 03 MAY 2006

PCT/ US02/ 359§ reskntePeihe MolibRhs p&eetiatRetdfVhe [oRfl Chandishoidie PEIERAIBRE ehityt
lines the eyelid and covers the exposed
lymphoid progenitors, 20.2% (CD34" CD7") and 9.5% (CD34" CD10"), respectively;
10 NK/T-cell progenitors (CD34" CD7"), 31.4%; and B-cell progenitors (CD34 CD10"),

7.7%.

DETAILED DESCRIPTION OF THE INVENTION

The invention is an adipose-derived stromal or stem cell induced to express at least

15  one genotypic or phenotypic characteristic of a cell of ocular origin. More preferably, the
cell possesses at least one genotypic or phenotypic characteristic of a corneal epithelial

cell. Alternatively, the cell possesses at least one genotypic or phenotypic characteristic of

an ocular stromal cell. The cells produced by the methods of invention provide a source of
partially or fully differentiated, or undifferentiated functional cells having genotypic or

20  phenotypic characteristics of mature ocular cells for research, transplantation, and
development of cellular therapeutic products for the treatment of arnimal diseases,
preferably human diseases, tissue repair or improvement, and the correction of
degenerative diseases of the eye, preferably the corneal epithelia. Methods to produce and

use such cells are also included.

-10-



surface of the sclera. "Cornea" refers to the transparent structure forning
the anterior part.of the fibrous 5 tunic of the eye. It consists of fUl}/ﬁAy 2008
layers, speghibfasl y: 1) anterior corneal epithelium continuous w t
conjunctiva;, 2) anterior limting | ayer (Bowran's nembr ane)PCT§§S"2’§ﬂ'B§t antl a
propria, or stromal l|ayer; 4) posterior limting | ayer (Descenet's

menbrane); and 5) endothelium of the anterior chanber or keratoderma.
"Retina" refers to the innernost of the three tunics of the eyeball,

surroundi ngyt g g vi treous body and continuous posteriorly with the optic
1. D&fini
nerve. It is S into the pars optica, which rests upon the choroids,

the pars ciliarig 4 € on the ¢ rv.bod dth ars |r|d|ca
whi ch rests upon ¥ ?{léurﬁgﬁ el')srto ?’3’85"38? {hf’“an%tﬂfe eyg@ &adn overs(ﬁheo xR na i s
conposed of a %e} |grrent ed | ayer (pars pignentosa) and an inner,

t ranspar ent s‘l"gi? tfﬁ%{ 8- nervosa),. which toget her make up the pars opti ca.
The optic part of the eye consists 15 of | ayers naned fromvmthl nto
outward as: 1) i rt¥nréi |reﬁefsmh6rfganw gpﬁ@mreforwg}g\)tge frteriqr part 9F the -fibsyus| 5y er
of ganglion cells; 4) inner plexiformlayer; 5) inner nuclear |a er 6)
outer pBexinis af thayeae. It7yonsisisedf fneclerats, spesiBrallys)) anterior samenl; gpithelim,
menbrane; and 9) a |layer of rods and cones. "Transform ng G owh Factor (3"
(TGFO) is aceBinkpes, W the pdmjunchiva;o2)( amdrior Anipng fayen (Bavehan’s membeameli Bt s of a
23 as signal sequence, a 256 as pro-region and a 112 as mnmature segnent.
Prior to sesulstants praplie qrsromallayer; 43 podtaraov duhitng byerRDeRegiet’e nwirtbinan);f ur i n-

| i ke protease. This generates a nongl ycosyl ated, 25 kDa, disulfide-Iinked
mat ur e di neeand §ietotheivmoyithe aitérjor ahanis:r at bgateddrinai t s previ ously attached

di sul fide-linked pro-regions to forma "latent conplex". This conplex is

secreted. ActivatReinaOfGis o b iinasdst of te lihrefunith de theaystall] fimpuading tiedi t i ons
nost likely via a transnenbrane serine/threonine kinase to -11 03 MAY 2006

WO 03/ 03948 itkReild 439 2hd 20tihubil fdstiorl@wvithithe §RR! deted Tt &I dIviaéd maSha Pars
medi ated by the Smad famly of transcription

optica, which rests upon the choroids, the pars ciliaris, which rests upon the ciliary body,
and the pars iridica, which rests upon the posterior surface of the iris. Grossly, the retina
is composed of an outer, pigmented layer (pars pigmentosa) and an inner, transparent layer-
(pars nervosa), which together make up the pars optica. The optic part of the eye consists
15 of 9 layers named from within to outward as: 1) internal limiting membrane; 2) nerve fiber
layer; 3) layer of ganglion cells; 4) inner plexiform layer; 5) inner nuclear layer; 6) outer
plexiform layer; 7) outer nuclear layer; 8) external limiting membrane; and 9) a layer of

rods and cones.
“Transforming Growth Factor B” (TGFB) is a 55 kDa, 391 amino acid (aa)
20  preproprotein that consists of a 23 aa signal sequence, a 256 aa pro-region and a 112 aa
mature segment. Prior to secretion, the pro-region is cleaved at an RxxR site with a furin-
like protease. This generates a nonglycosylated, 25 kDa, disulfide-linked mature dimer
that noncovalently associates with its previously attached disulfide-linked pro-regions to
form a “latent complex”. This complex is secreted. Activation occurs extracellularly

25  under a variety of conditions most likely via a transmembrane serine/threonine kinase to

-11-



fact ors.; "Basic Fibroblast Gowh Factor"” (bFG), also known as FG--2, is an
18 kDa, ~non-gl ycosyl ated pol ypeptide that shows both intracellul ar 0 ArMAY 2006

extracel | yyghsasnbgyity. 5 BFG- is secreted as a nonomner wi.ng
secretion, bFGF is sequestered on either cell surface hepal!F‘jfﬁU?G?“fSé{t?e (HS)

or matrix glycosam nogl ycans. Although bFGF is secreted as a nononer, cell
surface HS seens to dinerize nononeric bFGF in a non-coval ent side- to-side
configuration that is subsequently capable of dinerizing and activating FGF

receptors. }Q.Platel e e“@grr %‘%ﬁzﬂ G é:c?ci (f%y d;fxg L i‘a g’t < rlP%ant?o

het erodi meri ¢ comnbi na genetica stinct, uc
rel at ed, polgacheéotl de chains desi gnat ed A and B. It was originally
identified 2-pl atel et derived fi brobI ast mtogen in serum Subsequent

[ h h
Sytokine s a. i Tk POPECHT B HHE (EGBUG o oR S aer Crifcth & KBne,
connective 15 tissue). " Vascul ar Endot helial G owth Fact or" ('VEGF was

first ident pen-gcosylagdgpiypentidm dhat shpvs \bath infreeeiular cnde FBCHIBIRTAPCtVEYY 5. | ¢
i nduces endot helial cell proliferation and regul ates angi ogenesi s and
vascul ogeneBFSF ivscret¢dsas mepnmern Following geagitipaobf @R &i sequastered an gdbgr ealled  as
a 45 kDa honodi ner. Many cell types, but usually not endothelial cells

t hensel ves, surfie beparin s A ERS) of Mapat grsasemigpgiytdnsf adthough HEGEH) secadterbask nown
as scatter factor, is a nultifunctional cytokine that pronotes mtogenesis,
m gration, &amoasmen celheurfaze Hohegan és dimerithodependefGE & gnab-coglembsidé-at es
integrin function by promoting aggregation and cell adhesion.

HGF/ SF- i nduessdde tbefipusation atiit 141 ubséq@aalyl &gaabrb sthdinMaZing 24ndt ydetivaiinge FiGMase
receptor, followi ng ligand binding. -12 WO 03/039481 03 MAY 2006 ;

PCT/ USOZ/ 358Bdptors.

10 “Platelet Derived Growth Factor” (PDGF) is a 30 kDa homo- or heterodimeric
combination of two genetically distinct, but structurally related, polypeptide chains
designated A and B. It was originally identified as a platelet derived fibroblast mitogen in
serum. Subsequent studies have demonstrated that many cell types secrete PDGF and that
the cytokine is a mitogen for cells of the mesodermal lineage (muscle, bone, connective

15 tissue).

“Vascular Endothelial Growth Factor” (VEGF) was first identified as a growth and
survival factor for endothelial cells. It induces endothelial cell proliferation and regulates
angiogenesis and vasculogenesis. VEGF is a heparin-binding glycoprotein that is secreted
as a 45 kDa homodimer. Many cell types, but usually not endothelial cells themselves,

20 secrete VEGF.

“Hepatocyte growth factor” (HGF), also known as scatter factor, is a
multifunctional cytokine that promotes mitogenesis, migration, invasion and
morphogenesis. HGF-dependent signaling modulates integrin function by promoting
aggregation and cell adhesion. HGF/SF-induced effects occur via signaling of the MET

25  tyrosine kinase receptor, following ligand binding.

-12-



"Keratinocyte growth factor"” (KGF), or FGF-7, is a 28 kDa, single chain,
secreted glycoprotein that has a target relatively restricted to U3MA¥206
epi thel i unyotlesdIpl ecul e is synthesized as a 194 as precurs hat contal ns
a 31 as signal sequence and a 163 as mature segnent. The Y%t h
factor binds heparin and its receptor (KGFR) through 5 discrete regions of
the nolecule. Adult cells that express FG--7 include fibroblasts, T- cells,
snoot h nmuscle cells, and ovarian theca cells. In the enbryo, KG- is found at

many stages of gev nt _t.hr h h ne "lnsulin-like Gowh
Factors" (1GF), ﬁtﬁfgtlll"%gﬁg grca:_tﬁ Iﬁ%, cgs ﬁgér}g)t’ ggﬁ?ﬁbscz{%grg?a’ sL"c%ﬁeD“lh%'aysef rc‘?%l‘:lnsul in.
| GFs act as jn togeni timulators of.cell proliferatjon as_ well as 10
suppressorsggfo g‘f"l“ul%l?? has ohtidert ’%%H"ﬁ&/a{/?g"%r‘i‘dé? elpﬁhecf'élﬂht%l mgfechie o b h
hornmone (GH), the liver is the prinmary site of |GF production. |G-l levels
are al so i nfYRsEE) apg Whiaa RPaior 2 RIS FhAk AT 4len8l segusnce ARt 8JOPr@ and
paracrine tissue production of IG-s contribute to the levels of |IGF

avai | abl e f 810 SEEE: dda matyre growtinfagtor Sinde heparin gad Hotegenter (KEFRhtireghent i al
of a cell to acquire a particular 15 physical phenotype through the process
of di f f ef entiseretegagionsofr the meoledule. ah?uléﬁﬂiétthﬁﬁ@épitemfﬁfﬁ’ igeludecfibrablpsts, al-cel |
and that causes a phenotypic change in the sanme or another cell upon
contact. " Gesllst smwith musdidheclisxpdessiimrtheda calls. | lndbe¢ erobryoiRGE énfgend Ritdany
transcript of a gene associated with a differentiation pathway. 20 The term
"t ransgeni c'$tages ofidecidpmedethcughmeit drymaenchpineor any part thereof, including
but not restricted to, cells, cultures or tissues which includes exogenous
genetic materi al “Insilinklike Gtosvtk efaeors"GHGFR IHF-1 laad i IGFet slafke 60M Riancirilne DNA
added to them and these cells can then be used for transplantation or for

in vitro praeushiPd MhulRr (GFest asliloBerfié stilBRtbRS of cell HREREAMHON afB@NSasany
pi ece of DNA inserted by artifice into a cells that beconmes 25 part of the

genonme qf t Bgpeidrs of &lluiak apddtotic Or Unk&nE SAtkd] of growth Rgnoht aHY,
integrated or 03 MAY 2006 WD 03/039481 PCT/ US02/ 35967

the liver is the primary site of IGF production. IGF-I levels are also influenced by nutrition

and developmental stages. Autocrine and paracrine tissue production of IGFs contribute to
the levels of IGF available for growth regulation.
“Developmental phenotype” is the potential of a cell to acquire a particular

15  physical phenotype through the process of differentiation.

“Hormone” is any substance that is secreted by a cell and that causes a phenotypic
change in the same or another cell upon contact.

“Genotype” is the expression of at least one messenger RNA transcript of a gene -
associated with a differentiation pathway.

20 The term “transgenic” is used to describe any animal or any part thereof, including
but not restricted to, cells, cultures or tissues which includes exogenous genetic material
within its cells. Cells of the invention can have the DNA added to them and these cells
can then be used for transplantation or for in vitro production of hormones, cells or tissues.

“Transgene” means any piece of DNA inserted by artifice into a cells that becomes

25  part of the genome of the cell, cell line, tissue or organism (i.e. either stably integrated or

-13-



as a stable extrachronmosonal el enent) which devel ops fromthat cell. ﬁygh a
transgene may include a gene which is partly or entirely heterol ogous’ aMAY 2006
foreign t or organismto which the heterol ogous gene is
introduceaybggmﬁﬁgarepresent a gene honol ogous to an endod%ﬁaugnééﬂﬁ of the
organism Included wthin the definitionis a 5 transgene created by the
provi di ng of an RNA sequence that is transcribed into DNA and then
incorporated into the genonme. The term "transgenic" additionally includes
any organismor part thereof, includin ut nof limte o, cells, cel
lines, cellattFebiestraghromessaghele %@fhgbﬁgﬁﬁWfaéo%é}&’i cﬁlﬁt é}’%hda B§sEEReyi t r o
mani pul ati on or, by any transgenic technology. 10 H Adi pgse-Derived Stem or
Stromal Cel may Apglirssa 2ge | iStRFHYC e ERfirgly Refgrplagaus- reforsj@t tastheotedl| otcel | 5™
refer to cells that originate from adi pose tissue. By "adi pose” is neant
any fat tissigenismhty adighothe héterologousrggnehds lintepdiicadk arhinay rapfessoka@ génssue,
derived from subcutaneous, onental/visceral, 15 manmary, gonadal, or ot her
adi pose ti sbemolegds to Bn ehdozabdug, gebdef theiopgaasmi. sinslubediwahie dbis deflitianeis adi pose
tissue. Such cells may conprise a primary cell culture or an imortalized
cell ling. tThasgapaseal by ths peovidiyg Gfanf RO saquency thanis seamdeaisediptd BNAf amisue.
Preferably, the adipose tissue is mammalian, nost preferably the adi pose
tissue i s hiBncofpdr@sy eitoehit gefdhhé. CeThef teadli‘Banedit’s atMditibmilly rigguddspaaguct i on
surgery, however, the source of adipose tissue 20 or the nethod of

i sol ation obrgamtkiAQsH Sakt! therdsr, isclititig, bl hbtCithitddOtol BEIls) BMENhdsOBell Adltirds dtumMaN
extranmedul | ary adi pose tissue-derived stromal cells represent a stronal

stem cel | spuueewhbat schame s *B@énvg%&ﬂby qy%&&mhaénwhrahompbg?{ny rfan&geRic

disconfort to the patient. Pathol ogic evidence suggests t

adi pose-der'ﬁggg)lggty(orral cells are capable of differentiation along nultiple
| i neage pat hways.  Adi pose tissue is readily accessible and 25 abundant in
many i nggvi duals. Qoesity is a condition of epidem c proportions in the -14
WO 03/039481 03 MAY 2006

II. Adipose-Derived Stem or Stromal Cells

Adipose-derived stem cells or “adipose-derived stromal cells” refer to cells that
originate from adipose tissue. By "adipose" is meant any fat tissue. The adipose tissue
may be brown or white adipose tissue, derived from subcutaneous, omental/visceral,

15 mammary, gonadal, or other adipose tissue site. Preferably, the adipose is subcutaneous
white adipose tissue. Such cells may comprise a primary cell culture or an immortatized
cell line. The adipose tissue may be from any organism having fat tissue. Preferably, the
adipose tissue is mammalian, most preferabty the adipose tissue is human. A convenient
source of adipose tissue is from liposuction surgery, however, the source of adipose tissue

20  or the method of isolation of adipose tissue is not critical to the invention.

Adult human extramedullary adipose tissue-derived stromai cells represent.a
stromal stem cell source that can be harvested routinely with minimal risk or discomfort to
the patient. Pathologic evidence suggests that adipose-derived stromal cells are capable of
differentiation along multiple lineage pathways. Adipose tissue is readily accessible and

25 abundant in many individuals. Obesity is a condition of epidemic proportions in the
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PCT/ US02/ 35967 United States, where over 50% of adults exceed the
recomended BM based on their height. It is well docunented that a |3%>’ﬁ b
are a repl‘eal §}a§5}3hfa cell population. Even after surgical renpval

11 posuction-of "other procedures, it is comon to see a reCLﬁCrTé'#ﬁ'éB&’ﬁ("of

adi pocytes in an individual over tinme. This suggests that adipose tissue
contains stromal stemcells that are capable of self-renewal. Adipose
tissue offers many practical advantages for tissue engineering

applicati on Fir ab ant ., Second S acgce rvest

met hods wi t ’“‘ﬁi’ rﬁ%ﬁ*ﬁr Wﬁ’F’?k""Fbg{}’%e"r}lp%‘i'PF ﬁ’fmdrme ’8°°"?‘P°’\d§3 i&%‘i cgﬂ'ég]eé‘ Wi | e
stromal cells represent | ess 10 than 0.01% of the bone marrow s nucl eat ed
cel |l popul atl'ielgh there are up to 8.6 x 10 stronal cells per gram of adi pose
tissue (Sen et al 2001, Journal of Cellular Biochem stry 81:312-319). Ex
vivo expansi on oWtels velk dpcumepied thay adiperytaspare a remienishiableicsh popylafion Bwin s
fromO0.5 kil ograns of adi pose tissue. These cells can be used i mredi ately or
cryopr eser vafief surgidal ramayablt ipasursios copthad procpdnngs,dt iapphinontd ssne rechfreredi pose
derived stronmal cells al so express a nunber of adhesion and surface

prot ei ns5 Thésdipocytuthear addividual favee timar k€his ssggehts abatClliposChiaGie (domtadgr i n
beta 1); CD44 (hyaluronate receptor); CD49d,e (integrin al pha 4, 5); CD54
(1 CAM ) ; CDsbofaletmy celladmebre cagablegpiiself-teneyal. CD105 (endoglin); CD106

(VCAM 1) ; CD166 (ALCAM and HLA- ABC (Cass | histoconpatibility antigen);

and cytoki nes su@lipdse i tsey | €ffdes Nafy practieal lddvamt@gddnEsiopliage -cnginediing
stinulating factor; GW colony stimulating factor; granul ocyte- col ony

stinulating abﬁlfaaﬁdsns | BRd¢eRt i@ dblidal. t (SEUonﬁaﬁt@raccé%Elﬁm oChdrvds alelod@Rdthbone
nor phogeneti ¢ protein. I\/any of these proteins have the potential to serve a

hemat 0poi et inGininsdy PRIt fhg%atﬁér'lﬂcq"hﬁ’@ @ﬁ%lﬂédlslﬁﬁlet I‘ﬂmeasrn%nﬁh@élﬁ%ﬂr&eﬁtqgg@n by
bone marrow stromal cel for the isol ation, expansion, and

differengi a o [ Y 4
reported? sl éi“émq‘?@gmsﬂﬁﬁ?‘;"se‘?ﬁ%@f“ TSS9 B8 BRI 20e

stromal cells per gram of adipose tissue (Sen et al 2001, Journal of Cellular Biochemistry
81:312-319). Ex vivo expansion over 2 to 4 weeks yields up to 500 million stromal cells
from 0.5 kilograms of adipose tissue. These cells can be used immediately or
cryopreserved for future autologous or allogeneic applications.

15 Adipose derived stromal cells also express a number of adhesion and surface
proteins. These include cell surface markers such as CD9; CD29 (integrin beta 1); CD44
(hyaluronate receptor); CD49d,e (integrin alpha 4, 5); CD54 (ICAM1); CD55 (decay
accelerating factor); CD105 (endoglin); CD106 (VCAM-1); CD166 (ALCAM) and HLA-
ABC (Class I histocompatibility antigen); and cytokines such as interleukins 6, 7, 8, 11;

20  macrophage-colony stimulating factor; GM- colony stimulating factor; granulocyte-
colony stimulating factor; leukemia inhibitory factor; stem cell factor and bone
morphogenetic protein. Many of these proteins have the potential to serve a hematopoietic
supportive function and all of them are shared in common by bone marrow stromal cells.

Methods for the isolation, expansion, and differentiation of human adipose tissue-

25  derived cells have been reported. See for example, Burris et al 1999, Mol Endocrinol
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WO 03/ 039481 PCT/ US02/ 35967 13:410-7; Erickson et at 2002, Bi ochem Bi oph¥
Res Commun. 2002 Jan 18;290(2):763- 9; Gronthos et at 2001, Journal B MAY 2006
Cel | ul ar §,ha( ‘?)Jg?sqy, 189: 54-63; Hal vorsen et at 2001, Metabolism

50: 407- 41 vorsen et at 2001, Tissue Eng. 7(6):729-41; PABUSOHEISGT 2001,
Bi ochem Bi ophys Res Commun 281:907-912; Sal adin et at 1999 Cell Gowmh &
Dff 5 10:43-48; Sen et at 2001, Journal of Cellular Biochemstry
81:312-319; Zhou et at 1999, Biotechnol. Techniques 13: 513- 517 Adi pose

tissue-deriy cells are. optai ne rom m nce human ose tissue
by col | agen%‘gmd-{t g??oé'rFt gh%Pog' gf"@f‘) ?‘y%éﬁﬁ E]P‘Pﬁ’ﬁﬁt ?@?1 Jap i% Eéq"f et at
2001, Metabolism 50 407-413; Hauner et at Clin Invest 84:1663- 1670;
Rodbel | et %tGreothes et al 08, dpureﬁéfﬁczﬂmlangwsij 1&2 Prp3; Malversaaesth39¢at ed

that 10 human adi pose tissue-derived stromal cells can differentiate along .
t he adi pocyMetabolismoHli#&ed/li3e Halvatsen st a @90 hstiissue RaggéopRBmtlayiern ¢l é0dlon et at
2002, Bi ochem Bi ophys Res Commun. 2002 Jan 18;290(2):763-9; G onthos et at
2001, Jour ndibctein Balphyd Res Poymiup 2&;;9,07-9189881&&3; aHhEPQBo&HrGreM}aI& D1,

Met abol i sm 50: 407-413; Hal vorsen et a!, 2001, Tissue Eng. 2001 Dec;

7(6): 72% 4110:43348) Seh enal 2000, JouBiaboh@elluBir dibshembey 8TETA1IN92BH0u%d 8l 1999912;

Sal adin et at 1999, Cell Gowmh & Dff 10:43-48; Sen et at 2001, Journal of

Cel lul ar  BBiofb@idl.STachinigdes3B2 53331 7.ZAQlipoed tissue-HAPRd RoflaPEARGIre obtaimbdi ques
13: 513-517; Zuk et at 2001, Tissue Eng. 7: 211-228. Human adi pose

tissue- de“ﬁ‘&ﬂ' nAfdel humbh Qdiﬁdxse(ii@idefbyr«:@ﬂég%ﬁ%@ﬁ!g%ﬁmﬂ%ﬂan&}cﬁﬂh%h{nﬁjo%%ﬁ ce that
can be harvested routinely with mnimal risk or disconfort to t he patient.

20 They Camﬁweéea Q%oﬁm&hmmcbof 39!4%1 HaRAed) 39@ mmqgvelst fe

pat hways, genetically englneere re-introduced 1 nto I ndividuals as

i ther aut ojy Eoﬂédb%LurgL?and CBlo%eﬁé?E%f“”%@ﬁ%ﬁj Lﬁ)MQs%%éﬁZn?{i. &%atﬁl&?‘%rnia

Uni versity o Pitts gents o niversit

o7 U5 ot RS 80 o 00RO BT R, 7
free of adi &8&%003{% ang osteoblast lineage pathways [Erickson et al 2002, Biochem Biophys Res
Commun. 2002 Jan 18;290(2).763-9; Gronthos et al 2001, Journal of Cellular Physiology,
189:54-63; Halvorsen et al 2001, Metabolism 50:407-413; Halvorsen et al, 2001, Tissue
Eng. 2001 Dec;7(6):729-41; Harp et al 2001, Biochem Biophys Res Commun 281:907-
15 912; Saladin et al 1999, Cell Growth & Diff 10:43-48; Sen et al 2001, Joumal of Cellular
Biochemistry 81:312-319; Zhou et al 1999, Biotechnol. Techniques 13: 513-517; Zuk et al
2001, Tissue Eng. 7: 211-228.
Human adipose tissue-derived adult stromal cells represent an adult stem cell
source that can be harvested routinely with minimal risk or discomfort to the patient.
20  They can be expanded ex vivo, differentiated along unique lineage pathways, geneticalty
engineered, and re-introduced into individuals as either autologous or ailogeneic
transplantation.
WO 00/53795 to the University of Pittsburgh and The Regents of the University of

California and US Patent Application No. 2002/0076400 assigned to the University of

25  Pittsburgh, disclose adipose-derived stem cells and lattices substantially free of adipocytes
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WO 03/ 039481 03 MAY 2006 PCT/US02 /35967 and red bl ood cells and cl onal
popul ati ons of connective tissue stemcells. The cells can be enpl oyédiay 2006

al one or wid timselgiol ogi cal I y-conpatibl e conpositions, to 9‘?'&?[[%9'93\96
differentiated tissues and structures, both in vivo and in' Vi

Additionally, the cells can be expanded and cultured to produce hornones
and to provide conditioned culture nedia 5 for supporting the growh and
expansi on of other cell populations. In another aspect, these publ i cations

di scl ose a }jea 9{% ' }r‘élﬁ ah&‘EfohEl ngMQﬁ&ﬁ%tf &lnleéhvg%‘éﬂfe@teﬂ-fceﬂ?"hﬁ’cgm attice can

i ncl udes extrace matri x teri al ormalposetlssue

be used as g, 5ubat gl &r G | BAILAIR LA 20shhbRLenb! Ao of

cells, whet N’ vivo or in Vi gen or ure t|s§Ue or
structures. ,. i cation discloses. adl ose ti tromal 10
cel I's tnar fiben g B SRR Ry o B Vishe Ao %‘f S BBnot ypi ¢
characteristic an . i ntra-ocul tromal c 91, 297
assi gned t o® %«?\p@&flﬁi aag cilired tocpradiios bemmones & E?sR’PY‘%chO&ﬁ& P'-EB’I’%F‘@ human
adi pose tissue-derived stronmal cell that has been differentiated to exhibit
at | eastd onfor ewpReH D &g gevd a9 expangion ebethercel! pagilationh Wenaterpspertathess t o
repair bone 15 and treat bone diseases. This adi pose-derived osteoblast-Ilike
cel | can bepubjieationaldisplosgye dippidedvedylattisaisnbstantiolly denvisl aberllii which ingledssx. U. S.
Pat ent No. 6, 426,222 assigned to Bi oHol dings International discloses

met hods f or extracklisdan gnatrit matstialforn adipesedissueatiihe tatticeaan hensad agxtspbateteub| ar y

adi pose tissue by incubating the adipose tissue cells in aliquid nutrient
medi um t hat fanilitte the gtcawthn amd diffregliatioo o c¢llscwhather Wi b8 Ro, antd akdagen oPat ent
No. 6,153,432 |listing Hal vorsen et al as inventors, discloses nethods and

conposi ti onmatuey tigsbe ofl strdctured) Neithéropublitatiod rdistlReLadip 3o tigdurSderivadstednexd from
adi pose tissue into adi pocytes bearing biochem cal, genetic, and

physi ol ppi cadlls ¢haahaetiRen fiduce 15 exprearat teasitdiapheldsic/@Eehftypis @harh@erisfic i mary
adi pocytes. WD 03/039481
of an intra-ocular stromal cell.

U.S. Patent No. 6,391,297 assigned to Artecel Sciences discloses a composition of
an isolated human adipose tissue-derived stromal cell that has been differentiated to
exhibit at least one characteristic of an osteoblast that can be used in vivo to repair bone

15 and treat bone diseases. This adipose-derived osteoblast-like cell can be optionally
genetically modified or combined with a matrix. |

U.S. Patent No. 6,426,222 assigned to BioHoldings International discloses
methods for inducing osteoblast differentiation from human extramedullary adipose tissue
by incubating the adipose tissue cells in a liquid nutrient medium that must contain a

20 glucocorticoid.

WO 00/44882 and U.S. Patent No. 6,153,432 listing Halvorsen et al as inventors,

discloses methods and compositions for the differentiation of human preadipocytes

isolated from adipose tissue into adipocytes bearing biochemical, genetic, and

physiologicél characteristics similar to that observed in isolated primary adipocytes.
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03 MAY 2006 PCT/US02/ 35967 WD 01/62901 and published U.S. Patent
Application No. 2001/0033834 to Artecel Sciences discloses isolated gilwag@g
tissue-denwgashsugonal cells that have been induced to ex (qﬁ?"g)éi&ga
phenotypi ¢ characteristic of a neuronal, astroglial, henatopoi Sy EsIe
progenitor or hepatic cell. In addition, an isol ated adi pose tissue-derived
stromal cell that 5 has been dedifferentiated such that there is an absence
of adi pocyte phenotypic markers is also disclosed. U S. Patent No.

6, 429,013 assig i Spfi.SsGl : {15 i ed to
an isol ated adi ggg)em???g&g@g ‘#@\%’éﬁr‘g?r%ﬂ% Qggﬁféﬁgﬁg{@ aslp%ogggrsi"“itgé&gg% to
express atgl; . h ct ekl sti: f 0ds. SO
i Dot osed 1 ST HISHSes MR A lifhuierd ol OHBPEMN Brep MR REF G930 505
Peterson et al . di icl 0ses hhat recu%ﬁ%or .ce%l S_whic have t}pe got egti al to
generat e boFREFST 2k A7 P BhenRyPH, Chatasiatisticy of Aopyuisonpl supeials iemapOIelB o et i ¢
and non-henmatopoi etic tissues including perjpheral, bl od, bone majrow and - .
adi pose ti sBg .mtfsowa%?e@oéé A tian an drolatedkaAdingse Hismie-dened STRBRLRET 47t he
met hods of invention are isolated by a variety of nethods known to those
ski |l ed 1 n basbegsy dediffrentigted suecthptybereisangbsense obadineryiephepatyrim magessi isy  of
Pittsburgh et al. In a preferred nethod, adipose tissue is isolated froma
manmal i an s#®) dedosedr ef erabl y a human subj ect. A preferred source of

adi pose tissue is onental adipose. In humans, the adipose is typically

- isolated by 20 IUW.fofaent No. 6,429,0He assigntd tofArtebad Samnerst distloss eompositens
transplanted into a human subject, it is preferable that the adi pose tissue
be i sol at edditecrtts haisohedadipoly kste-daivas sttamgd celV idehdsdeerminduc@d toExpoess S
transplant. Alternatively, the transplanted cells are allogeneic. As a
non-1im ting lexasm ¢haracristicofihbadtosfte. i Isethads 41 a6l ipeIs&difbsdifferesttiting ed
stromal cells, the adipose tissue is treated wth col |l agenase at

concent [t i @& cbgd.ween 0.01 25 to 0.5% preferably 0.04 to 0.2% nost
preferably 0.1% trypsin at concentrations between -18

U.S. Patent No. 6,200,606 to Peterson et al. discloses that precursor cells which

have the potential to generate bone or cartilage can be isolated from a variety of
hematopoietic and non-hematopoietic tissues including peripheral blood, bone marrow and
adipose tissue.

15 The adipose tissue derive stromal cells useful in the methods of invention are
isolated by a variety of methods known to those skilled in the art such as described in WO
00/53795 to the University of Pittsburgh et-al. In a preferred method, adipose tissue is
isolated from a mammalian subject, preferably a human subject. A preferred source of
adipose tissue is omental adipose. In humans, the adipose is typically isolated by

20 liposuction. If the cells of the invention are to be transplanted into a human subject, it is
preferable that the adipose tissue be isolated from that same subject so as to provide for an
autologous transplant. Alternatively, the transplanted cells are allogeneic.

As a non-limiting example, in one method of isolating adipose tissue derived
stromal cells, the adipose tissue is treated with collagenase at concentrations between 0.01

25 to 0.5%, preferably 0.04 to 0.2%, most preferably 0.1%, trypsin at concentrations between

-18-



WO 03/ 039481 03 MAY 2006 PCT/ US02/ 35967 0.01 to 0.5% preferably 0.04 to
0.04% nost preferably 0.2% at tenperatures between 25 to 50C, pBé&fiayaisy
bet ween 33 wg dfsays0St preferably at 37C, for periods of between 10

mnutes to 3 hours, preferably between 30 nminutes to 1 hour FPSIOSYY3%T er abl y
45 m nutes. The cells are passed through a nylon or cheesecloth nesh filter
of between 20 5 mcrons to 800 mcrons, nore preferably between 40 to 400

m crons, nost preferably 70 mcrons. The cells are then subjected to

di ff tial trif,ugat ' t] Yl di Fi col | P |
o e ooy PRI AR U5 DY R b RLLa Sl Bl

bet 100 30 : f I t o 15Q0 : f bl t
500 g for  po ot Cop BER AR E Rt 45 PROAFTTUY 2t 37 3t dPLBHipds o5 15
m nutes, nost preferably 5 10 mnutes, at tenperatures of between 4 to 50C

preferably bEEWSEhIGminuesipé hoprspreferablysberueen 30 mimytseto } housamost Resferehly net hod
of isolating adipose-derived stromal cells a nmechanical system such as
descri bed i n4bgimitgsgIhe gllsase passed though auﬂomgwpeSAclgt}asn@hﬁtsr Hbstwspedlf or

I ntroduci ng an adi pose tissue sanple into an automated device, subjecting it
to a washbngmigophiasd0 anigroas, diae prefemabiin hetphens40 tohi0enigronbanest prelsatily 70
agitated and rotated such that the resulting cell suspension is collected

i nto a cent r infierges: r Eadeells acethtm shigectddntosdifftrestiahagntrifugationaditepidys o nledia wed
cells are isolated froma tissue sanple, preserving the cellular integrity

of the desi pbes aditdilsor PattoMor bihetysaetiontite gradidwti (et e edictrel centtififged angpkedself| s To
Exhibit At Least One Characteristic of an COcular Cell The invention

i ncl udes t hepétveadt NN 30003218, RbieiPererablisri00 g6l 1 SGOXOFEhoSE Bleferitly AFOORE; fob  t O
forma cell that expresses at |east one genotypic or phenotypic

Cho. di 1 er on e e B e R 1o et PR Lo of
cell mediig; Limfthe at RfpRlandPHObdwsR! 4°Sto B, JreRfbly Betl&n03P48 hooC, most
preferably at 25°C,
In yet another method of isolating adipose-derived stromal cells a mechanical
system such as described in US 5,786,207 to Katz et al is used. A system is employed for
introducing an adipose tissue sample into an automated device, subjecting it to a washing
15 phase and a dissociating phase wherein the tissue is agitated and rotated such that the
resulting cell suspension is collected into a centrifuge-ready receptacle. In such a way, the

adipose-derived cells are isolated from a tissue sample, preserving the cellular integrity of

the desired cells.

200 TII. Inducement of Adipose-Derived Stromal Celis To Exhibit A¢ Least One
Characteristic of an Ocular Cell

The invention includes the treatment of an adipose-derived stromal cell to induce it
to form a cell that expresses at least one genotypic or phenotypic characteristic of an
25  ocular cell. Non-limiting examples of how to induce the differentiation of adipose-derived

stromal cells include: 1) the use of cell media; 2) the use of support cells; 3) direct
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03 MAY 2006 PCT/US02/ 35967 inplantation of the undifferentiated cells into
the tissue of a patient; and 4) cellular engineering techniques. A)0 OMAY 2006
Medi a | nduseoesinssdsivhil e the invention is not bound by any tﬂﬁ%&%z@‘t%'f
operation, it is believed that treatnent of the adi pose-derived Sironal
cells with a nmedium containing a conbination of serum enbryonic extracts,
ammiotic tissuelfluids, purified or reconbinant growmh factors, cytokines,
hor nrones, and/or chem cal agents, in a 2-dinmensional or 3-dinmensional

m croenvi r ongiMneribh ! df the difretddfade Tefi€ thedlithd ?Eé%@téfaé ngt'ibnt;_l&d!VW &llular

specifically, "the invention prOV|%es a nethod for diffeéerentiating an

adi pose- derj 3 j a cell having a genotypic or phenotypic property
of an ocular&%gﬁﬁﬁﬁh%%%h |%ing: pl ati ng isol ated adi pose-derived adult stem
cells at a desired density, including but not limted to a density of about
1,000 to about 500,000 cells/cnR; incubating the cells in a chemcally

defined culture i ri.sin t | east one 15 conpound sel ected fromthe
e e Seennt

group consi sting hor mone, cytokine, serum factor,
nucl ear hor none reciﬁéat or, ligand, or anleot her defined chenjical agent. In

I
still another aspheic By ipHalipR yenti koynd by @nyitheogy gh ppespiian. ief beliypd g
invention are grown in cultures until evidence of corneal epitheljum
formati on i streyaey gbthe afipaseaderiveshsteanmal aeflstwith amedivgy qoptpining ¢ swbingtignpfed by
standard bi ochem cal analytical techniques 20 known to those skilled in the
art for the srumemboyasic exinartarammiotie tispep/fluids, putitiedl erae¢ombingnt growthaators,
epithelial function. The layers of corneal epitheliumare then engrafted
into the howtokiness hernianes,t asiéarechpenieal atgents, o ar gamensianabopr fudipsasienal Base
medi a useful in the methods of the invention include, but are not limted
to, Neur obam#iroenvifeumot, evi iridack the tiksired diffetdntation. f et al bovi ne serum or basic
fibroblastic 25 growth factor (bFGF)), N2, B27, M ninmum Essential Medium
Eagle, ARC 1, LPNHer2Gpsiididaly 0RO AfvEntion provides a method for differentiating an adipose-
derived cell into a cell having a genotypic or phenotypic property of an ocular cell,
comprising: plating isolated adipose-derived adult stem cells at a desired density,
including but not limited to a density of about 1,000 to about 500,000 celis/cm?;
incubating the cells in a chemically defined culture medium comprising at least one
15 compound selected from the group consisting of: growth factor, hormone, cytokine, serum
factor, nuclear hormone receptor ligand, or any other defined chemical agent,
In still another aspect of the invention, the differentiated celis of the invention are
grown in cultures until evidence of corneal epithelium formation is observed. Media
containing the epithelium is then analyzed by standard biochemical analytical techniques
20  known to those skilled in the art for the presence of markers that would be indicative of
comeal epithelial function. The layers of corneal epithelium are then engrafted into the
host tissue for tissue generation or regeneration purposes.
Base media useful in the methods of the invention include, but are not limited to,

Neurobasal™ (supplemented with or v(rithout, fetal bovine serum or basic fibroblastic

25 growth factor (bFGF)), N2, B27, Minimum Essential Medium Eagle, ADC-1, LPM
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03 MAY 2006 PCT/US02/ 35967 (Bovine Serum Al bum n-free), F10(HAM, FE12
(HAM), DCCML, DCCM2, RPM 1640, BGJ Medium (with and without Fittof-2Mékgem
Modi fi cati onwo os@aegh Medi um Eagle (BVME-with the addition of (Eﬁ%{ﬁé‘s syal t
base), Dul becco's Mdified Eagle Medium (DVEM wi thout ser ung, ne,

| MEM 20, d asgow Modification Eagle Medium5 (GVEM, Leibovitz L-15 Medi um
McCoy's 5A Medium Medium ML99 (ML99E-with Earle's sale base), Medium ML99
(ML9911-with Hank's salt base), M ninum Essential MediumEagle (MEME-wth

EZ;%? and M (PR e A o Lo AN R DS DB, ReRRAS o
1565 corL 300 TP (31 B GO0 P A i SO,
L BRI 1 o o e o N s e M T

ot her useful li.g are available fro ) and l.and, N.Y.., USA and
Bi ol ogi cal | ﬁﬁgﬂ'!tﬁ‘l“@@?“%é"tmﬂgE Ranc, W&ar@%‘)& #@f@é“}@nﬁﬁ%r 8P hese
media are 15 summari zed jn_Methods in Enzynol ogy, Volume LVIILI.  "Cell,
Cul ture”, Spp.CHEM) Lelbaricolspyieaiin MefFoss SAakibiiymaptediurm M99 b pdirwith
publ i shed by Academi c Press, Inc. Preferred nedia for culturing corneal
epi thel i al cdiarle’s sale baspnMerigm: E 94 (M13RH-with, Henleke salthkaspe Migingiz Essepid | n
U.S. Patent No. 5,912,175 to Wlle, Jr. Generally, nmedia useful in the
met hods of t Adediym cfagieo MEM-E-with Earlels fsalt dasee Miningim issentiel dedwmhdiaglepeci es
20 origin at a concentration of at |least 1%to about 30% preferably at
| east about IMEM-HrE#h Hank's tsalp based rad Minpwo tEsiamvial Mediugohagle MEMDNA Ao
chicken or other species origin are present at a concentration of about 1%
to 30% pref evithxon eatentidaptinabadd), d86ngauiisdus wiets, inphdingrmddigm 4B EMRD%
Gowm h factors, cytokines, hornones and other specific factors useful in the
25 i nventlioon 14bsICMRL 1868, OMRL [1066, NETCQ 135, YBTA6 1 NdABOST 3, DM/ 145 Biilliemt'i n,
t hronbopoi etin, -21

G, Neuman & Tytell, Higuchi, MCDB 301, MCDB 202, MCDB 501, MCDB 401, MCDB

411, MDBC 153. A preferred medium for use in the present invention is DMEM. These
and other useful media are available from GIBCOQO, Grand Island, N.Y., USA and
Biological Industries, Bet HaEmek, Israel, among others. A number of these media are

15  summarized in Methods in Enzymology, Volume LVIII, "Cell Culture", pp. 62-72, edited
by William B. Jakoby and Ira H. Pastan, published by Academic Press, Inc.

Preferred media for culturing corneal epithelial cells are known in the art and
include the media described in U.S. Patent No. 5,912,175 to Wille, Jr. Generally, media
useful in the methods of the invention will contain fetal serum of bovine or other species

20 origin at a concentration of at least 1% to about 30%, preferably at least about 5% to 15%,
most preferably about 10%. Embryonic extract of chicken or other species origin are
present at a concentration of about 1% to 30%, preferably at least about 5% to 15%, most
preferably about 10%.

Growth factors, cytokines, hoﬁnones and other specific factors useful in the

25  invention include, but not limited to, growth hormone, erythropoietin, thrombopoietin,



WO 03/039481 03 MAY 2006 PCT/ US02/ 35967 interleukin 3, interleukin 6,
interleukin 7, macrophage colony stinmulating factor, c-kit |igand/ ﬂt%rpmtgbg
factor, ostewpisaegerin |igand, insulin, insulin like growt h\,\{:ﬁﬁ$ 967

epi dermal grow h factor, fibroblast growmh factor, nerve gro

cilary neurotrophic factor, platelet derived growth factor, and bone

nor phogeneti c protein at concentrations of 5 between picograninm to
mlligramim |evels. For exanple at such concentrations, the growh
factors, cytakiep@kirABdinkReiBincs ibeAtdkin 7N niabRpkEgt Rt og‘un{ummg A icaft ar e
able to induce, up to 100%the formation of BI ood ceFIs (Iyrrph0|d

erythroid, myghpi/def’ cedl cRirebstebirBRBISS ligdna, GRYGA ﬁsqrﬁnm& gﬁbﬁh
assays. (I\/boreaet ?al c(l 973 r SteIga ga%anlger I nst . /il -6 Lee et al .

1989) J.
(178 12307 15189 alé Fur ?%%ﬁjrsf?‘ggbgﬁgnt?zb“gﬁ {°ra'lew (éu A cbnpgiiﬁo%g%%g&%
aded (0 e gy tglﬁﬁletsawe Bt a%mﬁnomne%gw iR iy

am no aci ds, ure o

L5, i A o oa%f?rﬁéﬁ@%gﬁsﬁﬂ%?%&it%hﬁﬁ SHeon
e S e

is recognized that the c medi a condition described above yield a cell
whi ch  expr edB@Ee 4P tPéQ%{» tbﬁ'@ﬂg@mqf&l@dﬁﬂﬁ)ﬂmmcvbw@ﬁ@p goFlelq aniatelgh
single type of ocular cell. The particular cell types are separated by any

means know t ding#gsslin srlopy &yming ynite(CELY assays. Fdiaore ¢f aér(ﬂ?ﬂi)éeN - Ganeerdasins
t hat take advantage of the genotypic or phenotypic characteristics
expressed by S0H@3d23:f kgecattal. 21 289) d e Inmunabh R8T Bi388 Hraviedinasetol. §2A83)de Exped

cells as listed below are well known to those of ordinary skill in the art,

and copi dfs| YMeddb3:1¥7elf1fn the literature. Additional phenotypic markers

continue to be disclosed or can be identified w thout undue

experinent ati on. Anig fofther regnized et sdditianalis@updnents emdyi vemadeied trdr st ¢ulitere

adi pose-derived adult stemcells have been induced to a differenti ated

state. medium. Such components include antibiotics, albumin, amino acids, and other
components known to the art for the culture of cells. Additionally, components may be
added to enhance the differentiation process. By "chemical agents" is meant steroids,

15  retinoids, and other chemical compounds or agents that induce the differentiation of
adipose derived stromal cells by at least 25-50% relative to a positive control.

It is recognized that the cell media condition described above yield a cell which
expresses at least one genotypic or phenotypic characteristic of a single type of ocular cell.
The particular cell types are separated by any means know to those skilled in the art.

20  Particularly useful are means-that take advantage of the genotypic or phenotypic
characteristics expressed by the differentiated cells. Phenotypic markers of the desired
cells as listed below are weli known to those of ordinary skill in the art, and copiously
published in the literature. Additional phenotypic markers continue to be disclosed or can

be identified without undue experimeniation. Any of these markers are used to confirm

25  that the adipose-derived adult stem cells have been induced to a differentiated state.
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-22 WD 03/039481 03 MAY 2006 PCT/US02/ 35967 Lineage specific phenotypic
characteristics include, but are not limted to, cell surface proteldsMAY 200
cyt oskel et aw@saaiseigis, cel |l norphol ogy, and/or secretory prolglétﬁggu 3Igog
exanple, differentiated corneal epithelial cells synthesize Te ot f or
transformng gromh factor f31 and 02 (TG-(3), insulin like growth factor
(IGF), basic fibroblast growmth factor (bFGF), 5 hepatic growh factor (HG),
and keratinocyte gromh factor (KG) (Kruse & Volcker, 1997, Curt Opin

Opt hal nol ; 8(¢)...46- - ohdinary.: Ski bl W L reaognd ze

t hat known callé‘l%?aléé% ék‘l)%c %H%S%Pgs%gﬁ?@ﬁ%#gmﬁ%% T8 %mf:%ﬁlﬁycl)lfﬁ}fr?hé rtgt’s%ﬁc g%’%\e
reaction, chem.cal_ or, radi ochem cal t hods I centain e_pr.esence
or absence Ofprgt'qn?,nc é)gc’]ée]gtgl BEFPH I?@qlogfoa‘fﬁa&gsﬁ?)%@?p%%odi }Fr%mf‘?rg?]ﬁ’e

i nvention proyides.a dedifferentiated, |salated di pose-deri ved |t stem
col | capabl e SHerERisfy ek el S baltede fedistors S PRRfanis vy dector
phenotypi c characteristic of an ocular cell within_a culture nedi um capabl e
of such diff&r@EBZ4TOER). ingulinlifiergrevibfasten((GF)abasisditaobiast gravdh fagter (PEGFIm cel |
is identified by the absence of mature adi pocyte markers. 15 B) Use of
Support Cdl | shepatichgrowtht factoh ¢HEFY, fapd &enatinacitorgrowtht facton(KGBE &Krumedi Velekest r ormal
Cells I n anot her enbodi nent of the invention, support cells are used to
pronote the DO7d0HT ©penOpthtlimol 8§#):46184)adinp ad @rdisary vkl is ttheoarh wilk edcbgnizeThus,
adi pose-derived cells of the invention are isolated and cultured within a
popul ati on ofthatekhewyn raktinetrif efimlbdsyert,hémmpehémaichly npalgmaaste thaie dreaction,

popul ati on. The popul ation of cells is heterogeneous and i ncludes support
cell's for supfemicaborfradibéhemidabmiethedeehdity Btertalitthe Pyeerice @n absbrigeeTal linggdel S

i nclude other cell types which will pronote the differentiation, growh and
mai nt enance ofpedihemdei.red 25 cells. As a non-limting exanple, if an

adi pose-derived stromal cell that expresses at |east

10 In another embodiment, the invention provides a dedifferentiated, isolated,

adipose-derived adult stem cell capable of being induced to express at least one genotypic
or phenotypic characteristic of an ocular cell within a culture medium capable of such
differentiation. A dedifferentiated adipose-derived adult stem cell is identified by the
absence of mature adipocyte markers.

15

B) Use of Support Cells To Promote the Differentiation of the Adipose-
Derived Stromal Cells

In another embodiment of the invention, support cells are used to promote the

20  differentiation of the adipose-derived stromal cells. Thus, adipose-derived cells of the
invention are isolated and cultured within a population of cells, most preferably the
population is a defined population. The population of cells is heterogeneous and includes
support cells for supplying factors to the celis of the invention. Support cells include other

cell types which will promote the differentiation, growth and maintenance of the desired

25 cells. As anon-limiting example, if an adipose-derived stromal cell that expresses at least

one genotypic or phenotypic characteristic of a corneal epithelial cell is desired, adipose-
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one genotypi c or phenotypic characteristic of a corneal epithelial cell is
desired, adi pose WD 03/039481 03 MAY 2006 PCT/ US02/ 35967 derived <tT MAR006
cells are fwodBnsmsl ated by any of the neans described abovepcigng8iRwn in
culture in the presence of other ocular or non-ocul ar support cells. In

anot her enbodi nent, the support cells are derived fromprimary cul tures of
these cell types taken fromcultured corneal tissue. In yet another

enbodi ment, the support cells are derived 5 fromimmortalized cell lines. In
sone enmbodi NMRBfived strBMabede afel fir6iSikblated b afPéfthe fdansadebcibed abseyand! giow hier
enbodi nents, the support cells are obtained allogeneically. It is also

cont enpl at ed chiturk A Bie€ pRBEnck NVfE BiteP dbchBA tor t Aéh-6@ldr SsuppSel defls.S UBP Qinbthéine
differentiation of the desired cell can be genetically engineered to be a

support cell -em]SE&meﬁﬁ‘ ltﬂessuPﬁcﬁ't &?1@%& &by OB Prinl e cﬁlﬁg@?‘&‘ftﬁéﬁ c@lﬁ%@ﬁ‘@k& genes

or to repress the expression o endogenous genes by any net descri bed

bel ow or kn O\%o‘-no 1,?1%?%1? cﬁéeall :t)igﬂle.i rip t)@? ar?o'ilﬁer e%gdi éngPed gﬁ%orq %Efgst %r% ?el'iVe

nodi fyi ng the Ce resent ‘I nvention I nvo 0Si cells to

naked nuclei ¢ aci.d fr nt i.e.. DNA or A)._such that the,nucleic i ds
are incor po‘rﬁé’frébmfnﬂft%g‘te”ﬁecege%ﬁ‘e I(Slfs‘{”ffee@gﬁ"\‘%)"ﬁfs’a@'ﬁasr‘i’ﬂ%qﬁ tcﬁlflft arg hog’“ﬂﬁe eic
acids are expressed jthin the . .cell. Alternatjvely, .the cells of the

i nvention ar é‘“@i’ﬁ%%’ﬁmft“c?%fr ﬁ'é?g‘éd’?’re'étﬁsﬂ?ee?“p?i@'t Qeéféta@r%&?%qnggmwg?%ucl eic acid
including a trans%ene such that .the nucleic acid is. introdyced into the
cel | under condi t ftdhalsqsppiemplaled byrths Present frpvaRdQictal the cplls wsed fe.supaert tG ¢ hi n
the cell. 20 C) Inplantation In another aspect, the invention provides

adi pose- der i rentiadomef the dpsired qal! con be ganetinally caginesssd o ke @BYT ARl afhg east
one genotypic or phenqtyPic characteristic of an ocular cell that are
useful in autelsoye genctiagllyanpdifjedto exprass PgEROVE ZENASE to FpEsse thespressioneof

subject is mammal tan, nore preferably, the subject is human. WO 03/039481
10  endogenous genes by any method described below or know to those skilled in the art. One

method of genetically modifying the cells of the present invention involves exposing the

cells to naked nucleic acid fragments (i.e. DNA or RNA) such that the nucleic acids are

. incorporated into the genome of the cell in a manner that the nucleic acids are expressed
within the cell. Alternatively, the cells of the invention are exposed to a gene transfer

15  vector comprising a nucleic acid including a transgene, such that the nucleic acid is
introduced into the cell under conditions appropriate for the transgene to be expressed

within the cell.

C) Implantation
20
In another aspect, the-invention provides adipose-derived stromal cells and
differentiated cells expressing at least one genotypic or phenotypic characteristic of an

ocular cell that are useful in autologous and allogeneic transplantations. Preferably, the

subject is mammalian, more preferably, the subject is human.
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03 MAY 2006 PCT/US02/ 35967 Thus, in still another aspect, the invention

di scloses a nmethod for providing differentiated cells capable of exps PWS?UGQ
at | east ongezageRyypi ¢ or phenotypic characteristic of ang((r),ﬁné(ﬁgsqgg 0
a subject, conprising: a) isolating adi pose tissue-derived stro cel
b) plating and incubating the cells in a nmedium appropriate for the
differentiation of the cells; c) introducing the differentiated cells into

t he subject. In another enbodi nent of the invention, a nmethod for providing
undi fferenti at ed [ - ' Sti.0 | b ' F&W.Si ng:
a) isolating adi po@gs’?ﬁsgtﬁg- Setﬁigrlv% Eicst’t ?}%n{aﬁﬁéné%ﬁ%?c]%% ?n?lro g?i&ng t eé
undi f ferenti at. i bj ot e . i .

i nvention t hgélﬁgmﬁgt%%ﬁgkﬁ g?‘geanfﬁ g?eégs%gsll%sate-l esf?c;\%%dgrpﬁa ¥ o?rra}phceqnfpéc
i ntroduced into t]he tSlr:lP?j ect. in gne l_g)ar i cul ar_enbodi ment, they are

i nt roduced di‘%’hé‘f,af epstic i g goifprcsl] 19y suRIFEt CPMPISINE: 2ot her aspect of t he
invention, the undifferentia{aed adi pose-derived stromi‘ll_ cells are

i ntroduced al ong with &hy ofsclaHes phgsue-genyed somakegllss or differentiation
factors as_ described herein that will provide an . environnent suitable for
the in vivo differenti & ionPting ad incpbating therells, inp medinmy, prnsopriats E’ﬁé%“e
support cells in one particular enbodi ment are amiotic cells. In another
enbodi nent, tdidersutigtion pftgcells: are derived fromprimary cultures of these
cell types taken fromcultured corneal tissue. In yet another enbodi nent,
the support cells are dpri vintrodyoingthe diffgrentidted-eedis ndo theishbjest. | n sone

enbodi nents, the support cells are obtained autologously. In other

enbodi ments, the support cells are obtained allogeneically. WO 03/039481 03
MAY 2006 PCT/ US02/ 35967 I n another enbodi nent, the dedifferentiated

adi pose-derived cdh landtberpemthoditemht bfithe invention, a method for providing undifferentiated

ls; 5

ar e

10  adipose-derived stromal cells to a subject, comprising:
a) isolating adipose tissue-derived stromal cells;

b) introducing the undifferentiated cells into the subject.

It is contemplated in the invention that when undifferentiated adipose-derived

15  stromal cells are introduced into the subject, in one particular embodiment, they are
introduced directly into a diseased eye. In yet another aspect of the invention, the
undifferentiated adipose-derived stromal cells are introduced along with any of the support

cells or media or differentiation factors as described herein that will provide an
environment suitable for the in vivo differentiation of the stromal cells. For example,

20  these support cells in one particular embodiment are amniotic celis. In another
embodiment, the support cells are derived from primary cultures of these cell types taken

from cultured corneal tissue. In yet another embodiment, the support cells are derived

from immortalized cell lines. In some embodiments, the support cells are obtained

autologously. In other embodiments, the support cells are obtained allogeneically.
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conbination with a pharnmaceutically acceptable carrier for a therapeﬁglc
application, including but not limted to tissue repair, regenerati MAY 2006
reconst r uct Wemsgsssnhancenent. Adi pose-derived cells can bepgpitayR6k-0Y

nmet hods disclosed in U S. Patent No. 6,153,432 5 (herein incorporated by
reference) to dedifferentiate the cells such that the dedifferentiated

adult stemcells are then induced to express genotypic or phenotypic
characteristics of cells other than adi pose tissue derived cells. The
dedifferentiated afhdses-diftodintat, ARt dediffereitidil adipdstidedvddocdlini|pishaded in

non- endogenous gene sequence for production of a desired protein or

pepti de. The cg@ginkdidh fithi ApRAMAUBEAR- 8REpSE @fldr 6RA. theRpdiic ddppBREaiish] ve 10
enmbodi nent, be adm nistered to a host in a two- or three-dinensional matri x

for a desir eq'nchﬁfi‘rgu ?@ﬁ%&%g&g%&@%&e ﬂeﬁaiﬂ’ r}E%e‘BEEQRS’rL rFEéHnstch:ﬂIGn Q)?%\Md(n@&ﬁaft.i at ed

cell is obtaine fromthe patient's own cells ternatively,
t he dedifferentl - eel | t Qi i I, '

Mani pul at i on%{)]#ﬂ(%{gggglﬁﬁglge@f@?icg@gg%gY ?‘se{hgg ??ﬁgs%h\}%r?t%oﬁ)r?@ng e'%&zzjeﬁ? 352 and

t heir progeny, ar.e.i npor t target.s f.or..gene. therapy ere the.lnserted
genes br oot ShPHE eBR A EREAERT RS RE SORbur PR Re hfr B Rl
transpl anted. .20 In t anot her e di nent, the .adippse-tissue derjved. cell
expr essi ng atadﬁ%éétﬁ" %ﬁé areg@‘ﬁ%t’ ‘ch)g’r e’iﬂﬁ%ﬁéﬂi’g}’%" ﬁiﬁmﬂ‘i §l?qrac99€61fg'9§n° ocul ar
cell are genetjically nodified to expres exogenous genes or to repress the
expr essi on ofc%ﬁbif/éh%gélg‘&ﬁég?“@é‘eﬁﬁéﬁt ﬁﬁf ‘Jﬁ'ué@gé‘d’rﬂ?feh ived cells
genetical ly nodifyi n%]lesuch cells and popul ations. One nethod of genetically
modi fyi ng t h&ak ke medidied io inchyde Sdion-<piRRSARUS NG FRAVERRS JoBRINEEStep of Rdlesttnd) s t o
25 naked nucleic acid ﬂragnentsggi.e..DNA or RNA) such that the nucleic

aci ds are 03 Prtei 2oReptids-0 313 destitferpatiptadsadipass gigrivedn eel} gam.alnedd jaierpativge
genone of the cell such that the nucleic acids are expressed within the

cel | . Al tlér ngmbodiment, b adngialstesedsp athigst ip pveert ardhreerdimassignal anpttiv fog aglesieed

transfer vector
therapeutic purpose. In one embodiment, the dedifferentiated cell is obtained autologously

from the patient’s own cells. Alternatively, the dedifferentiated cell is obtained

. allogeneically.

15‘ D) Genetic Manipulation of the Adipose-Derived Cells of the Invention
Stem cells and their progeny are important targets for gene therapy, where the
inserted genes promote the health of the individual and to whom the stem cells are
transplanted.

20 In yet another embodiment, the adipose-tissue derived cell expressing at least one
genotypic or phenotypic characteristic of an ocular cell are genetically modified to express
exogenous genes or to repress the expression of endogenous genes. The invention
provides a method of genetically modifying such cells and populations. One method of
genetically modifying the cells of the present invention involves exposing the cells to

25  naked nucleic acid fragments (i.e. DNA or RNA) such that the nucleic acids are
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cbrrpri sing a nucleic acid including a transgene, such that the nuclejpg !@ffiﬁ]ﬁ
is introduced 5 into the cell under conditions appropriate for the

transgene twolBnseei €essed within the cell. The transgene cag&bﬁugnm
expression cassette, including a coding polynucl eotide oper Bied to a

suitabl e pronoter. The codi ng pol ynucl eoti de can encode a protein, or it can
encode biologically active RNA (e.g. antisense RNA or a ribozyne). Thus, for
exanpl e, the coding pol ynucl eoti de can encode a gene conferring resistance

to a toxin, ?nc%@i’o%ﬂ?éheim@zhﬁ;%e%@& tH@celﬁTLﬁﬁ lehait Y ki ROMGe ie%r%s@&c?%t”ﬂnar
si gnal i ng noi et e.g. cell” adhesion nolecules, receptors etc), a tactor
pr onoti ng or QM 3y 0r secretion of an endogenous hornone, peptide or other

factor, or any other cellular product. Were it is desired to enpl oy gene
transfer technol to deljver,a given transgene, i sequence will be
nown. Wt hi n 1 ne ABUBPRelf gh¥ BaCer g ProriB GO Rpostt T At daruth ity |
linked to a 15 suitable promater, Exanples of suitable pronpters include
prokaryotic ﬁ?@?ﬁﬁ%"&%“ﬁﬁﬁfg\ﬁ’gﬁp&“%?%w ne, such 1 F“e‘sF Jsirig acig, iy grodpeed

her pes virus pronoters, cytgmnegal ovirus pronoters). = Qher suitable

pr onot er s Sar éntethesel gpdes cRRdiioNs eprIoRrian fos dhedrmagsat tabe eprestedvithintbegethct i ve
pronmoters, signal specific pronoters and tissue specific pronoters. It wll
be wel | know?he transgheaseandie an| exgrepsion eassedies inclydiag accoding thelyapele@ise oaerably
pronoter suitable for driving gene 20 expression in a predefined cellular
cont ext . The ligkgshtessiuiabie ammatere Thasoding polpraualestide canagncodme protrin. ey it can

pol ynucl eotide, and it can include other elenents (e.g. poly-A sequences,
transcri pti oeatode bipldgically pctivedtidh (s g.cantisanbe RNAker) a nbozptms]. r Blahis, fonexampe.essi on
cassette containing the transgene should be incorporated into a genetic
vect or suit altiescofling pdiyhiclentida gart dneoder ageng emefertiog tdsistaned fos. tofiepehntinnge, an t he
desired 25 end application, any such vector can be so enployed to

geneti callby wpdkiny, 4 dell-saffhdesbotntintraczluldBsiihYing Gdfety\@.£ 310 3dhetidn molecules,

PCT/ US02/ 35967 as plasm ds, naked DNA, or viruses. Any nethod of

construct i ng réceprofiatd)/ £thcRK proabih@ BroweinsiSRtieionbt & dhdbfeolEiiirmbse, pegilecan be
enpl oyed. These nethods are well known in the
or other factor, or any other cellular product. Where it is desired to employ gene transfer
technology to deliver a given transgene, its sequence will be known.
Within the expression cassette, the coding polypeptide is operably linked to a
15  suitable promoter. Examples of suitable promoters include prokaryotic promoters and viral
promoters (e.g. retroviral promoters, herpes virus promoters, cytornegalovirus promoters).
Other suitable promoters are eukaryotic promoters such as enhancers, constitutively active
promoters, signal specific promoters and tissue specific promoters. It will be well known
to those skilled in the art to select the appropriate promoter suitable for driving gene
20  expression in a predefined cellnlar context. The expression cassette can include more than
one coding polynucleotide, and it can include other elements (e.g. poly-A sequences,
transcriptional regulatory elements and the like) as desired.
The expression cassette containing the transgene should be incorporated into a

genetic vector suitable for delivering thé transgene 1o the cells. Depending on the desired -

25  end application, any such vector can be so employed to genetically modify the cells such
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art and include such nethods as direct cloning, honol ogous reconbi na[i)%mY%agl
the like. Those skilled in the art wll understand that the choice

vector w | lwbas@eliy: determine the 5 nethod used to introdu ector
into the cells. The genetically altered cells can then be i ﬁﬁ%ﬁﬁgé &:;’nt

the organismby a variety of nmethods under conditions for the transgene to
be expressed in vivo. Thus, in a preferred enbodi nent of the invention, the
transgene can encode for growh factors such as TG-(3. The cells containing

the transgengs EJQEm;Eg: r{aﬁefﬁ’ﬂmt f&? Qn@fes ! Wh? AR Bh Qb A @1)5 Qesired eRpreion

di seased human or other Al'ternatively, exogenous orelgn or

horol ogous nlé%sgt{ecwﬂpfl%@erc ﬁst us%? SLELE Eflpiofea. [ fest e Pm%dé’%rgtwrk‘ﬁ fRhe

i nvention by varil e of 0o ni ques I ar sSe S

the art. Thus 1ahe tr f u i nc , but
not limted aFo é’fczc ro;ho | 8Snas da CIO@ gﬂbs%‘ﬂg% %s rerﬁo oré%‘f“g‘ 1,‘{'\9
| i pof ection, .retr .ot her v I vec oth means
DT e O, R S g i SR lifgf—*pf?ﬁ%gvﬂct
"characterlzatl " of the resulting differ ntlated cells is intended the
i dent i ficati GFthed useshtp REPdyoRihp MeGtOIIBIIRA S4S-pr ot ei ns, genes, and/or ot her
mar kers indicative 20 of the Ilnea(lge comm tnent of the stromal cells to a
particul ar tern nabe gineticallysiterad gefissqan tthen bejpEagducefeintioghe ofeapism Y 2 BHEYar e
not limted to (a) detection of cell surface proteins by immunofluorescent
met hods usi n@f peethods rindgreeqniditionsrdro Eieotnaisgann tto besd pxpsessedh e divas i dbpsa in 2
secondary fluorescent tag, including the use of flow cytonetric nethods; (b)
det ecti on of praferted zobotlimeat ofithe timientiory yhei tramsgené lcaroensodefor gnavwth daptors suchg
protein specific nonoclonal 25 antibodies |inked using a secondary
fl uorescent wafGFB.nThachllsgonthieingsiee wdnsgdne fordiGKhenthan bed@rodicBi3n03BAGE 03
MAY 2006 PCT/ USO2/ 35967 net hods; (c) detection of cell genes by pol ynerase
chai n redoti ofia discasad iumanydoothdr mainimah, and/ or northern bl ot anal ysi s.
Termnally differentiated cells nay be characterized

Alternatively, exogenous foreign or homologous nucleic acids are transferred to

the cells of the present invention by a variety of other techniques familiar to those skilled
~in the art. Thus, nucleic acids are transferred by such methods including, but not limited
to, electroporation, calcium phosphate, microinjection, lipofection, retro-or other viral or

15  microbial vector or any other means known to those skilled in the art.

E) Cellular Characterization
By “characterization” of the resulting differentiated cells is intended the
identification of surface and intracellular proteins, genes, and/or other markers indicative
20 of the lineage commitment of the stromal cells to a particular terminal differentiated state.
These methods include, but are not limited to, (a) detection of ceil surface proteins by
immunofluorescent methods using protein specific monoclonal antibodies linked using a
secondary fluorescent tag, including the use of fiow cytometric methods; (b) detection of
intracellular proteins by immunofluorescent methods using protein specific monoclonal

25  antibodies linked using a secondary fluorescent tag, including the use of flow cytometric
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by the identification of surface and intracellular proteins, genes, and/or
other markers indicative of the |lineage commtnent of the stronal c@lﬂ!‘#\YtZ@Oﬁ

a particul aggtghsigpl 5 differentiated state. These nethods il ingl ude,
but are not limted to, (a) detection of «cell surface prot eﬁ%ﬂjéu%%g%y

i mmunof | uorescent assays such as flow cytonetry or in situ inmunostaining
of adi pose-derived stromal cells surface proteins such as al kaline
phosphat ase, CD44, CD146, integrin beta 1 or osteopontin (G onthos et al.

1994 Bl ood %%%Qﬁn%f’%%«g%ﬁ’on (ol?)celfggrgegtb%ﬁ%w &s@%’hﬁﬁ?kégﬁb&rm glfn?h%rfh‘?zaﬁxn,

i rmunof | uor escent such ce§t onmetr I'n

i mmunost ai ni i j e-deri r I I A
nonocl onal anﬁ?@%@géﬁ%?é)akggﬁgct i onTéfﬂq?%g cg{:(}%% %tgag‘lido%ug?rl ap%ﬁecggrg&ggegct ive
MRNAs such as_thos oduced by. corneal epithelial cells includin G-&31
ond (a0, 1 o by BRagEnRE GRS B8 e B BrmEb ey Piste opsse o Jhemitads

nmet hods such . as poly ase chain reactiogn, in situ hybridizatjon, and/or

ot her bl ot aﬂéﬂ“ii’S?’“s 0?3@% legengs commitment obake Semsl) g 1pas Reioy pytemmalyse of
the Cells of the Invention as Therapeutic Agents Most preferably, the cells
and popul at i GHEretiated stk o These meghadh pild inclide, BroYtdinited tone@) derestionof
agents. In one enbodi nent, the adipose-derived stromal cell is adm nistered
20 to the eyeell suddcermpleipsity immaunpdiyprescgnt assaysi Bxh asrfipvaicyiomety tog in situ
differentiate either through (i) co-adm nistration of appropriate cytokines
and ot her bi dhwghestdinihgcsfoadiposerdeived) stramali ¢adls susfaco psoteing ewchy apr dkaine or

i nduced in the host. CGenerally, such nethods involve transferring the cells
to the desir gtosphatssecCOH40EPD4G, imegrincbetd b oricsteopoasin AGepndlfos epal. 3994 Blood

i npl antation or engrafting or in vivo to the animal directly. The cells are
transferred 86:41644P8),dbpdatetion bfmtiecelylappryteimthydahrmppflwipescait metholis aleh
generally wll vary according to the tissue -29 03 MAY 2006 WO 03/ 039481
PCT/ US02/1859GY fiby R@tonfearty of xasihl immGobthiningof allipesefsaerdesivédstiongl adlis ubiyg

bathing the graft or infusing it with culture mediumcontaining the cells.
Al t er nat i vel ¥pecifite monbd!Snahrmtib&BEE dc)0 BetbdiRn dSSS tHe€ekpbdskidn of lineage selective
mRNAs such as those produced by corneal epithelial cells including TGFBI1 and B2, IGF,
bFGF, and vascular endothelial growth:factor (VEGF) by methods such as polymerase

chain reaction, in situ hybridization, and/or other blot analysis (See Gimble et al. 1989

15 Blood 74:363-311).

F) Use of the Cells of the Invention as Therapeutic Agents
Most preferably, the cells and populations of the present invention are employed as
therapeutic agents. In one embodiment, the adipose-derived stromal cell is administered
20 to the eye, preferably in the desired location, and allowed to differentiate either through (i)
co-administration of appropriate cytokines and other biological factors, or (ii) in vive
factors already present or induced in the host. Generally, such methods invoive
transferring the cells to the desired tissue or depot, either in vitro as a graft prior to
implantation' or engrafting or in vivo to tile animal directly. The cells are transferred to the

25  desired tissue by any method appropriate, which generally will vary according to the tissue
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within the tissue to establish a population. Cells can be transferred_to
sites in vivo using devices well know to those skilled in the art f&d MAY 2006
exanpl e, cavbesmyodsl trocars, cannulae, or 5 stents seeded\géﬁbggﬁﬁﬁglls
etc. The differentiated or undifferentiated adi pose-derived stromal cells of
the invention find use in therapy for a variety of disorders. The cells are
used to treat disorders of the cornea including but not limted to:
aniridia or absence of the iris; eythrokeratoderm a or a reddeni ng and
hyper ker at 0Stype OForl &@mpld, Bellskied BhristdriedWb b igrafiby bathiag R Laof Hifigngdie i ency;
chemcal injuries; thermal injuries; contact |ens keratopathy; and

repetitive | bohad mediebh@miy th bRAIAHeRRN Y, SheStBlY arcASEHell oRMR deired i@ C€l 'S
of the invention are used to regenerate the cornea follow ng such surgical

procedur es. asiRNGHONELE AELdatish K BOAIRRROBEICtarl A Finsded td Lidk o FhBThEUS! o

bot h of which i1nvolve the renova a portiron of the cornea. Recovery of

these pr OCedH{v‘? ks Weg%o{vetﬁ H}lx&s? s%a@f:ﬁt%gégﬁﬁr;g}g%%?ﬁ %%&é&,ﬁoc%%b(%aﬁ%pg | r

haze", charactérized Tn ani na earance astic

cells expressin | ph nmoot h muscle actin (a-SMA) which are prevented by
the use o tﬁtgmsg%?‘fcgw%hﬁ’eﬁa &dures of the present invention. The

di sease-state to he treated be the resulf of an autoi ne. dysfyncti on
or infection by aﬂ?ﬁ °r8}na£eganér d{q‘?é{]ﬂ%‘?@aﬂ E&geﬁlﬁ%ﬁﬁ. sﬁp% Q u@'e
Engi neering The cel |l s, described herein can be enployed in tissue
engi neeri ng. MYAEOPYAh psoH therapyifaed YR Rl Py oﬁlfc?‘ilnlﬁ ARV thifater
conprising maintaining the inventive cells _under conditions sufficient for
themto expafigorder ofi the comse jingluding buh solglimited do:nanifidia or pheencepf(the isn
include, for exanple a portion of an eye. As such, the cells described
herei n 25 ar eytbrokeratodermimn # radieningvinchhypenketatnsisrpiitee skins digratiss withgntiple
engi neering, including but not -30 WO 03/039481 03 MAY 2006 PCT/ US02/ 35967
linmited 10 t bubeoineeddficianoyyi chemitak tyjuriesthienmal Hinjufies; |contiet gensUseatopasinys rand Nos .
5,902, 741 and 5,863,531 to Advanced Ti ssue Sciences, Inc.; U S. Patent No,
6, 139, 574, Veepetitivie limtbabsurgeries or limbal insufficiency. Additionally, the cells of the invention

are used to regenerate the cornea following such surgical procedures as photorefractive

keratectomy or laser in situ keratomileusis, both of which involve the removal of a.portion

of the cornea. Recovery of these procedures often results in a postoperative anterior

15 “stromal haze”, characterized in animal models by the appearance of myofibroblastic cells
expressing alpha smooth muscle actin (¢-SMA) which are prevented by the use of the
cells and procedures of the present invention. The disease-state to be treated may be the

result of an autoimmune dysfunction or infection by a virus or some other infectious agent.

20 IV. Tissue Engineering -~

The cells described herein can be employed in tissue engineering. The invention
provides methods for producing animal matter comprising maintaining the inventive cells
under conditions sufficient for them to expand and differentiate to the desired matter. The
matter can include, for example a portibn of an eye. As such, the cells described herein

25  are used in combination with any known technique of tissue engineering, including but not
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U.S. Patent No. 5,759,830, Vacanti et al.; U S. Patent No. 5, 741, 685
Vacanti,; U S. Patent No. 5,736,372, Vacanti et al.; U S. Patent l\ﬂ)z MAY 2006
5, 804, 178, WwWaasfbisget al .; U S. Patent No. 5 5,770, 417, Va et _al.;
U.S. Patent No. 5,770,193, Vacanti et al.: U.S. Patent No. CP?J%}@“@B”@
Giffith-Cm et al.; US. Patent No. 5,516,532, Atala et al.; U S. Patent
No. 5, 855,610, Vacanti et al.; U S. Patent No. 5,041,138, Vacanti et al.;
u. s. Petent No. 6,027,744, Vacanti et al.; U S. Patent No. 6,123, 727,
Vacanti et bm’lte@tostho{éatts&ﬂb OEQS des@rlﬁéﬁan@follgﬁﬂ%O% Satatent Nos: 5, ﬁﬁt‘ﬁﬁtanhb

5, 144, 016, jak Braek et a U S. Patent No 944,754, Vacanti ;

Patent No. 518330 ATURG:Plicdle sC,emgth ey Eoha N0 6 19 vl (Sl naer

et al.. To uce suc structure 0 tu ations are

?ﬁL”Ef‘%?ﬁd oy PR t’s@@%@” % fﬁrri"e@%@%ﬁ%ﬁe%m AL
| hvent on el o iééftﬁat\%”@tnﬁ@tﬁaﬂggnﬁ‘?’a@v O cPREB YRR ot U R

ani mal re he cells are inplanted into such i1 other

abod menbs . 7RG 4 [VaU et ApRULSPEER NG (o DriSPa Y acaRi et koAb FoHE NG ssue
in vitro. As such, the cells are can be adm nistered alone or in a mxture
of cells, or 57898 (itffitheCipace ol p&-2 Jlatent M- HalGadds titale esaly &S PaeitNaat e
formation into three-di nensional 20 structures conducive for tissue,

devel opnent . 5:BABE10. f\acartk ahpleU.& Hatepb Nos 584h, 168 ¥epantyre@l., 8kS.sReste Non to a
bi o-conpatible lattice, such as one that includes extracellular matrix

mat eri al , sy6i0Réf44 Yrshytivet al.; B\R. dlatentNo. §rl3047R7,f Yacaoti st abt ¢.S.Rakdnt Nd.at ti ce
can be nolded into desired shapes for facilitating the devel opnent of

ti ssue types5,536689, Keimp etral.eil.b.ofatgrt dlo. dd94.816 dikgpeksBiaclont dgoripi Baterg Ndhe
inventive cells and 25 popul ations and a biologically conpatible lattice.
The | attilde 6444,084,f Vacamd 1iSnPatddt §3. S¥¥3,3006Ti0 @8/a03 248 1U BCHatdh) Ni35967
polymeric material, having fibers as a nmesh or sponge, typically with spaces
on the order 6,143,501, Sittinger et al..

To produce such a structure, the cells and populations are maintained under
conditions suitable for them to expand and divide to form the organ. This may be
accomplished by transferring them to an animal typically at a site at which the new matter

15 is desired. Thus, the invention can facilitate the regeneration of part of an eye within an
animal where the cells are implanted into such tissues.

In still other embodiments, the cells are induced to differentiate and expand into
tissue in vitro. As such, the cells are can be administered alone or in 2 mixture of cells, or
alternatively can be cultured on substrates that facilitate formation into three-dimensional

20 structures conducive for tissue-development. Thus, for example, the cells can be cultured
or seeded on to a bio-compatible lattice, such as one that includes extracellular matrix
material, synthetic polymers, cytokines, growth factors, etc. Such a lattice can be molded
into desired shapes for facilitating the development of tissue types.

Thus, the invention provides a composition comprising the inventive cells and

25 populations and a biologically compatible lattice. The lattice can be formed from
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of between 100 gm and about 300 pm Such a structure provides sufficq?% 200
area on which the cells can grow and proliferate. Desirably, the latti qu@
bi odegr adabiv® @wss4sti e, so that it will be absorbed into tpgw%gj,m%()ﬁatter
as it develops. Suitable polynmeric or 5 copolyneric lattices are prepared
usi ng nononers such as glycolic acid, lactic acid, propyl fumarate,

caprol actone, and the like. Oher lattices can include proteins,

pol ysacchari des, pol yhydroxy acids, polyorthoesters, polyanhydrides,

pol yphosphoz epdnericQhatsridl! 9 trgtiteR! aé Mahésh o 3pdnge,Uhpically Witld SiagéAdAl 8rder
pol yners, or ‘any conbination thereof Al so, the lattice can include

hormones,  SUCH tRfvelh 996 fimf Ptgp&ﬁ B(r)g : OlSuBES striBRlre Bf%ﬁ?dg@ smgflﬁgiéﬁi-agea dnBkEip! C

acid etc), desired extrace ar IXx materials (e.qg. ronecti n,

| am ni n, I t QL] : - Vil |
2o, o CORIAN Bl B R Bl (e Sy eifiBR o UL 1
e o b S e Ay e R R Bkl &SP LSRG "

the cells ,solution or su ens:lon.can bi:a&15 i{&Lused
T

containing the cells I, ,
or i nj ect &d APEIRRS Jaticss, e BrerpiEd BTE manemier SUE & GIVFRLE Apid J5ES 2k ng
of a suspension_inpcluding the polyner and al so _having the inventive_cells
di spersed t he¥e f‘l‘?ara&%eﬁﬂpml}?ﬁt%"ené‘f’ﬂo e obiker o QRRET detisrsy FADy dnciyde PROISINS. t 0 be
di spersed throughout the lattice, _facilitating nore even perneatjon of the
lattice w th Rohsagehpndes, wHyhydrnxy acids,eolyoashpesisrs, inotyankydsidess 2alyphespherenssat ur e
cells of a desired phenotype or precursors thereof, particularly to 20
potenti ate tha sypidierst padymers, partculariyipdegiadabde pplymsis; ot anyt pasmbination dheref.
pronote the production of hornones within the lattice. Those skilled in the
art woul d apphlecitht dattideatan| intlude bermeues, abdheas’ gnowtn fictess, eptokines mérphogens
conposition are derived fromany suitable source, e.g. matrigel, and can of
cour se i ndl ude.g. otinnmieracidhbtc) aigsicdsextracellslar tralrize materizlsdeg. fiBreatdtimy lanininabl e
| attice is derived fromthe 25 acelluar portion of adipose tissue for
exanpl e adi pasHagen s er ethermatedidisifear DN, virases,2eheV\ERIDFHEIN) G d&FedAY 2006
PCT/ US02/ 35967

- To form the composition, the cells are introduced into the lattice such that they

permeate into interstitial spaces therein. For example, the matrix can be soaked with a

solution or suspension containing the cells, or the cells solution or suspension can be

15  infused or injected into the matrix. Preferably, a hydrogel formed by cross-linking of a

suspension including the polymer and also having the inventive cells dispersed therein is

used. This method of formation permits the cells to be dispersed throughout the lattice,

facilitating more even permeation of the lattice with the cells. Of course, the composition

also can include mature cells of a desired phenotype or precursors thereof, particularly to

20  potentiate the induction of the.inventive cells within the lattice or promote the production
of hormones within the lattice.

Those skilled in the art would appreciate that lattices suitable for inclusion into the

composition are derived from any suitable source, e.g. matrigel, and can of course include

commercial sources for suitable lattices. Another suitable lattice is derived from the

25  acelluar portion of adipose tissue for example adipose tissue extracellular matrix
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substantially devoid of cells. Typically such adi pose-derived |l attices

i nclude proteins such as proteoglycans, glycoproteins, hyaluronin, (3 Mgy 2006
fibronecti ngo og@kdsgpens and the like, all of which serve ajJ /cel | ent
substrates for cell growth. Additionally, such adipose-deri<§ Y¥#Ptes can
i ncl ude hornones, cytokine, growh factors and the |ike. Those skilled in
the 5 art would be aware of nethods for isolating such an adi pose-derived

| attice such as that disclosed in WO 00/53795 to the University of
Fresburah. RSORRAA:edla BRLSI T Rically S £RESe-adfleq IS ind BRI Al LIS

| attices and COMposIrtT ons of the  FRVERtToh are used 1n tissue engl & ring
and regeneration., Thus, the inventio ertains to an,inplantable structure
10 i ncor por af RGERRYHE: glygoniorcin, l@’é‘ﬁ“&%eﬁ%?ﬁé@é&?ﬁ%& aﬁ‘L ee‘ﬁ‘ﬁtfﬂ r?gt ure
of the inplant will var ccording to the use desired. The inplant can
conpri se mat B’ﬁlEhtSF’é’&i‘é € ?B%E%Pns ﬁfﬁgﬁ r c‘?qhﬁrﬁl”ﬁ?eﬁﬁfi@g’ﬁ?élyofmlht%ﬁﬁoﬁ' §ived Thus
for exanple, an inplant can conprise a popul ation of the_ inventive cells
that are undatfss pap inslpdehasmonas: PEPKing graveah Sactars ansthe dikey Thoss skilledintthee of

a suitable size and di nension. Such an inplant is injected or engrafted

wi thi n a hosantmeuldis ayareof aghodhfor dwinting shdranordipaserderévedtlpbipe sfch @g thaar
tissue wthin the patient. The adi pose-derived |attice is conveniently

enpl oyed as piaelosedf ina Wi | G0/53aP3 te ethk i Wnivergityc of dlittslhngh, trverporaeshbeérein by ovi des
a kit including the inventive adi pose-derived lattice and one or nore other
conponent s, saierbncas hydrating agents (e.g. water, physiol ogically-

conpati bl e saline solutions, prepared cell culture nedia, serumor

conbi nations or 2Phedkeils, papilaims,! lbgiceand compositions bf the énventiat arahed in tssge

di shes, plates vials etc), cell culture media (whether in liquid or

powder ed f or giginedflhg Bhdtdgeferativnl MPMBSthaNAlventien bédktns 10hir BngliRabid btruchad
i nclude any such ingredients, preferably it includes all ingredients

necessar Yot OinzbipBRiihg aty & thddibdlésed aiventtle Petdre f THe R adl @S tuk£6F theinplank RAIN
proper conbi nati on. %’he desired kit can also include cells which are seeded

into the | at{iG@cRidifetahé RRUesiredd3 THA@NPRAAR48hpAst Mhre3f8R or can include

immature tissue or the lattice. Thus for example, an implant can comprise a population of

the inventive cells that are undergoing differentiation, optionaliy seeded within a lattice of

a suitable size and dimension. Such an implant is injected or engrafted within a host to
15  encourage the generation or regeneration of ocular tissue within the patient.

The adipose-derived lattice is conveniently employed as part of a cell culture Kit.
Accordingly, the invention provides a kit including the inventive adipose-derived lattice
and one or more other components, such as hydrating agents (e.g. water, physiologically-
compatible saline solutions, prepared cell culture media, serum or combinations or

20  derivatives thereof), cell culture substrates (e.g. dishes, plates vials etc), cell culture media
(whether in liquid or powdered form), antibiotics, hormones and the like. While the kit
can include any such ingredients, preferably it includes all ingredients necessary to support
the culture and growth of the desired cells upon proper combination. The desired kit can

also include cells which are seeded into ;che lattice as described.
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PCT/ US02/ 35967 Alternatively, the cells of the invention are differentiated
into cells, possessing at |east one characteristic of a corneal epiUtFJI‘ll‘éAYi Alp
cell which woamsegnded in vitro to grow corneal epithelial P(E.j./g@ﬁfﬁ;&r
subsequent inplantation into a patient. The cells are inplanted al"one or in
conmbi nation wth other tissue such as ammiotic nenbrane tissue. 5 The
present invention now wll be described nore fully by the foll ow ng
exanples. This invention may, however, be enbodied in many different forns

and shoul d not be sucoBgidifqfl 8d1s!drthd fidedtn RE JRERABEER MeS cSIR! pdstis

L rein.
Rat her, these enbodinents are provided so that this disclosure V\Hlﬁggg

t hor ough and e - W . - é’ﬁz of, I i tion
to those ski I1 ed |en$ht agéggf%%&%%ﬂépﬁ@\éﬁ%ﬁltaﬁw rj?p I (rgggﬁdnlhu@?(?\t/de%gphods

15 Adi pose-derived s cells are.isolated fromli.nosuctij.on terial
25 desor bearedneminelR Bisyd O SutrbdbeRt Bpoaifitn a8 Galidl; oFBS Sefifaf
81:312-319). .These,cells . may,be._continued.in culture.in th resence of,
but not 11 mi GBRIARES SPRB SR EPURPRIPTIRER SHier R AR R PR
suppl enented with or w thout fetal bovine serum (FBS), N2, B27
(I'nVi trogén), or basic fibroblastic growh factor (bFGF). Modul ati on of
glucose 20 levels_ in the nmedia will also be-perforned. Cells are seeded at
vari ous densiti es Thppresestinyentionmowrwill|bg dgscribedmoreguldy byths follomang sxapiplesapl v,
they are seeded at a density of about 1000 to about 500, 000 cells/cn®.
During the cuihisuingensienimgy, hewensr.t beosrelepdinddin amanyedisfpughty fomms gnd spuldnetebeci al |y
avai |l abl e radi o-i nmunoassays or enzyne-linked i nmunosorbent assays for
bi ochemi cal c2fstied &elimitedtd thtrembodimenss sab ordf hgpéian athet, dhese ebpdimants @rsi at ed
with the ocular stromal cells -34 03 MAY 2006 WO 03/ 039481

provided so that this disclosure will be thorough and complete, and will fully convey the

10  scope of the invention to those skilied in the art.

EXAMPLES
Example 1
In Vitro Inductive Methods

15 Adipose-derived stem cells are isolated from liposuction waste material as
described (Sen et al., 2001, Journal of Cellular Biochemistry 81:312-319). These cells
may be continued in culture in the presence of, but not limited to, the following media:
Neurobasal™ (InVitrogen) supplemented with or without fetal bovine serum (FBS), N2,
B27 (InVimrogen), or basic fibroblastic growth factor (bFGF). Modulation of glucose
20 levels in the media will also beperformed. Cells are seeded at various densities and fed at
intervals of every 3-6 days. Most preferably, they are seeded at a density of about 1000 to

about 500,000 cells/cm’.
During the culture period, conditioned media are analyzed using commercially
available radio-immunoassays or enzyine-linked immunosorbent assays for biochemical

25  markers and the expression of phenotypic markers associated with the ocular stromal cells
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PCT/ US02/ 35967 or corneal epithelial cells. I mmunohistochem cal (IHQ

anal yses are performed using anti bodi es agai nst (but not |imited to)) M4y 2866
t he above i phenotypi ¢ markers. Exanple 2 5 Use of Adi e-Derived
Cells Wthqgégfﬁ/g%gﬁpati bl e Menbrane Approaches to the use o?’ciﬁ'fsﬁ?ﬁ’ 67
tissue-derived stromal cells in their undifferentiated or adi pocyte
differentiated state in a conposition with a bioconpatible mterial for
transplantation to repair an intra-ocular |esion are provided. Surgical

pat i ent's Under e APOSBLRA'GREU G S ShARHAZY () Whalsck e WRBHRITRE Do

generated within a 1 tar Excinmer Laser ('VISX, Inc.,, ar a,

ot al (2001, Seideede iy ol oy o HEA e Rooreslfhof BB RRERTT i Do

central 6-nmm di aneter | aser photoablation is performed wth a 45 pin depth
setting for epithelial debridenent and an appropriate setting for stromal
abl ation. After PRK, either undifferenfi at eld or adi pocyte differentiated
adi pose 15 tissue-derived adult stem cEXaMPIE2e i niroduced into the abl ated
area in a conposition with a bioconpatible material, Prior to introduction,
the adi pode-derived cés¢ &/ 4qrosederiigdtelsiVah a JiaceurarieMendigher on t he
surface of a bioconpatible nmenbrane, including but not limted to, amiotic
menbrane, swine i HAdpEephesl tosberuess 2L adiprseq tissuefRAivede siragrlafceliy ino their
simlar product. The adi pose-derived cells are cultured as either
undi f f er ent | amdidfepntisted oobdipetytd differeptisted stote inradenmempsition yithes fiocemipapibleyt e
differentiation according to the nethods described in Hal vorsen et al
(2001, Met abohateinl 58 tvaf5pidi®ition Theepaic eh intiatcsniat Esion arequoonidsi. tSargisal petientso fi t
t he defect size. The adi pose-derived cell surface is placed adjacent to the
denuded ar ea unflergo phetatherkhentic Gaeyacstoney wing & €93 il extilvieo bedne gereratedswithintaur ed
into place using 10-0 nylon using interrupted or continuous bites in the
cornea anid 25VISK$1asS2 Extymedcaeas VISXies] $atd Clata; Cavyent delbvgred AntiEHs ovithat  al
2001, . Br J Ophthal nol; -35 WD 03/039481 03 MAY 2006

fluence of 160 mJ/cm?® as described in Lee et al (2001, Journal of Cellular Biochemistry

81:312-319). A standardized, central 6-mm diameter laser photoablation is performed
with a 45 pm depth setting for epithelial debridement and an appropriate setting for
stromal ablation. After PRK, either undifferentiated or adipocyte differentiated adipose
15  tissue-derived adult stem cells are introduced into the ablated area in a composition with a
biocompatible material. Prior to introduction, the adipose-derived cells are cultured in a
directional manner on the surface of a biocompatible membrane, including but not limited
to, amnijotic membrane, swine intestinal submucosa, Ampligrai™, Dermagraft™, or a
similar product.  The adipose-derived cells are cultured as either undifferentiated
20  fibroblast-like cells or induced to undergo adipocyte differentiation according to the
methods described in Halvorsen et al (2001, Metabolism 50:407-413). The
cell/biomaterial composite is cut to fit the defect size. The adipose-derived cell surface is
placed adjacent to the denuded area of cornea. The composite of the cells/biomaterial is
sutured into place using 10-0 nyion usiﬁg interrupted or continuous bites in the cornea and

25  limbus; any excess composite is trimmed away (Anderson et al 2001, . Br J Ophthalmol;
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PCT/ US02/ 35967 85(5):567-575). Follow ng the surgery, a disposabl e bandage
contact lens is inserted and topical antibiotics instilled. Pati ent &3 MAE 2006
eval uated pestosopmsatively for 1 to 4 days after surgery ang-fpégladgaed on
antibiotic treatment for appropriate periods of tine (up to | nonth).

Fol | ow up exam nations perfornmed at 1, 3 and 6 nonths include visual acuity
5 testing, manifest refraction, slit |anp evaluation and in vivo confocal

m croscopy. Exanple 3 Gene Therapy Methods Next are described nethods to
convert adi pogss5X3i63snIs). dedliowdsk the sorigerdy, & dishsablabandagé cartddt teneiinesed agd at

| east one growth factor or protein accelerating intra-ocular repair (TG(3
bl ocki ng prot@piil dafibidgcsPmytieac thtiemy Bfe0aated pbstlopklangy &itl Y dofshie) -
Surgi cal patients undergo phototherapeutic keratectony using a 193 nm

exci mer beam i Alainblinel O ¥R RbfeniSfor BoioBRite RAGLs dOMhupl RCH
Santa Clara, CA) and delivered at. 10 Hz wth a fluence of 160 /pcmz as
described in t : p 1l (1) - : .

st andar di zed,llng&h' I;@iogg %@%mﬁ@k@?%@%ﬂé (1)’[ %aaéﬁg)% mdnifs e yish agmt)(Ni th a

centr a atron 1s performe

e Pty kS 3 IO, 3oL B0, 11 79

stromal abl ation: renti or

differenti ated adi pose tissue-derived adult stemcells are introduced into
the ablated area in a conposition with a bioconpatible material. Prior to
introduction, the cells are transfect eg or transduced with 20 an appropriate
nucl eic acid vector expressing a sol ub ?—5“!‘9';‘33 Il transform ng growth factor
beta receptor protein. This protein binds to tpe transformng grow h factor
beta cytokine and inhibits its abieng JharepyiMertedst i on a signal transduction
cascade at the cellular |level (Row and-Goldsmth et al 2001, Cin_ Cancer

Res. 2001, 7(9):29%xKt arg) desqribed gnetheds g copvesinpdipase disgie-dseived stomal solls ingp

interfere with recovery followi ng corneal surgery and 25 pronotes corneal
fibrosis [Qestedp eapressing] aoleast Gengrawthl &ty of 77oigin) accelgmting 0B 03 FEPAB  VAY
2006 (TGFP blocking protein) using any vector approach (viral, transfection, other). Surgical

patients undergo phototherapeutic keratectomy using a 193 nm excimer beam generated

within a-VISX Star S2 Excimer Laser (VISX, Inc., Santa Clara, CA) and delivered at.10 .

Hz with a fluence of 160 ml/cm® as described in Lee et al (2001, Ophthalmology;

15 108(1):112-20). A standardized, central 6-mm diameter laser photoablation is performed
with a 45 um depth setting for epithelial debridement and an appropriate setting for
stromal ablation. After PRK, either undifferentiated or adipocyte differentiated adipose
tissue-derived adult stem cells are introduced into the ablated area in a composition with a
biocompatible material. Prior to introduction, the cells are transfected or transduced with

20  an appropriate nucleic acid vector expressing a soluble type II transforming growth factor
beta receptor protein. This protein binds to the transforming growth factor beta cytokine
and inhibits its ability to initiation a signal transduction cascade at the cellular level
(Rowland-Goldsmith et al 2001, Clin Cancer Res. 2001, 7(9):2931-40). Transforming

growth factor beta is known to interfere with recovery following corneal surgery and

25  promotes corneal fibrosis (Jester et al 1997, Comea; 16(2):177-87).



PCT/ US02/ 35967 The genetically engineered cells are then cultured in a
directional manner on the surface of a bioconpatible nenbrane, inclddimgm
but not i bq%g'gﬂm ami otic menbrane, sw ne intestinal submicosa

Anpl i gr aft'lr% Friagraft TM or a similar product. The cel |'s PG/ESEF%er ed as
either undifferentiated fibroblast-like cells or induced to undergo

adi pocyte 5 differentiation according to the nethods described in Hal vorsen
et al (2001, Metabolism 50:407-413). The cell/biomaterial conposite is cut
to fit the defect .gize. The cel.l surface 1s placed adj.acent.to the denuded
area of cornea. Th’@’e&?ﬂ%{%ﬁ gngipects I°I°§7 BiedhEh g'?"i"ﬁﬁ% P& é%??ﬂaéﬂwf“?ﬁré’“ Gce
using 10-0 nylop using.interrupted or contjnuous bites in the cornea and

i mbus; any oRERSSOLD Higgampaiblemembrang, dcNiiRE P IE IDHRC s amRlos embgney

Qpht hal nol ; 10 85(5):567-575). Foll owi ng the surgery, a disposable bandage
contact |ens F%ing pdsstinal qubmngosa SgndigrafiypilPasmagat s’ o & similap grodpety | Bisicsllsyr e
eval uated post-operatively for | to 4 days after surgery and maintained on
anti bi oti c tra&acuamed seitherppddisrantiated ﬁbw%b&shl@fceﬂs eranqugpd togunidengp adipgcyteol | ow
up exam nations performed at 1, 3 and 6 nonths include visual acuity
testing, nfni diffetentiatidn aefordipg itothe nsdthads desepibed, bl Halvorsen etradl (2001 vMetabalonf ocal
m croscopy. Exanple 4 Sinple Transplantation Adi pose tissue-derived stromal
cell s are trafisfi7a4i3edThd cxbidbiomaterdal oarapasitt ¥s. cubtr fii thaefe@Gizpa The ndlksunfacker go
phot ot herapeuti c keratectomy using a 193 nm exci mer beam generated wthin a
VI SX Star S2 fptice®adjhceaeto thylde(ided ara, of Samea CThakcanpdshy ofivellsthidrhateiapds at 10
Hz with a fluence of 160 ml/cnR as described in Lee et al (2001,

Opht hal nol ogysuturddBiolplackhdingAN-0 AisH }igandirgged ocntinus 6itd¥Th dieadBle€hnd aser
phot oabl ation is perforned wth a 45 mdepth setting for epithelial

debri dement apgb@n aPBCRR doRipRsifetk iMfhell Qay PARdcr B aPPOAL BPD.OphitHaRiol PRK,
either undifferentiated or adi pocyte differentiated adi pose -37 03 MAY 2006

WO 03/ 03941 85(5):567-575). Following the surgery, a disposable bandage contact lens is inserted and

topical antibiotics instilled.

Patients are evaluated post-operatively for 1 to 4 days after surgery and maintained
on antibiotic treatment for appropriate periods: of: time (up to 1 month). Follow up
examinations performed at 1, 3 and 6 months include visual acuity testing, manifest

15  refraction, slit lamp evaluation and in vivo confocal microscopy.

Example 4
Simple Transplantation

Adipose tissue-derived stromal cells are transplanted alone intra-ocularly. Surgical

20 patients undergo phototherapeitic keratectomy using a 193 nm excimer beam generated
within a VISX Star S2 Excimer Laser (VISX, Inc., Santa Clara, CA) and delivered at 10

Hz with a fluence of 160 ml/cm? as described in Lee et al (2001, Ophthalmology;
108(1):112-20). A standardized, central 6-mm diameter laser photoablation is performed

with a 45 um depth setting for epitt;elial debridement and an appropriate setting for

25  stromal ablation. After PRK, either undifferentiated or adipocyte differentiated adipose
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PCT/ US02/ 35967 tissue-derived adult stemcells are introduced into tﬁg
abl ated area by direct injection. The cells are introduced as eithe > MAY 2006

singl e cel lwewspengi on or as sheets of cells. Follow ng the P&q{,gﬁyjy%.,a
di sposabl e bandage contact lens is inserted and topical antibiofics’

instilled. Patients are evaluated post-operatively for | to 4 days after
surgery and nmaintained on 5 antibiotic treatnent for appropriate periods of
time (up to 1 nonth). Follow up exam nations perforned at 1, 3 and 6 nonths

i ncl ude Vi sualissaetérived bt 40 cellBit [n@dlucel §it6 BfelabRibd a¥dd By diREDinRYEnUaiHeOoN
and in vivo confocal mcroscopy. Exanple 5 10 Cytoki ne Expression Profile of

Human Adi OS esdiR e ifodticb PR e h b Bl SO AOra RRERSHORIR Bllidufindlne huren

adi pose derived stroma rom “multiple donors has been determ

these exper| ”&H%%ﬁcggﬁ%#ﬁfét?anﬂ leCaRaL #ﬂ??i?ﬂﬁ ﬁggﬁfdlégﬂﬁg}wﬁ gﬁéﬁhed.

cultures were | | 1T popol ysacchar i de

condi ti oned I um and tota re harvest af ter periods of. |.to 24
our s. T 15 TSIt pap L S el B AR P EG BR Rontnt oBve
cells, adipose derived, strpomal cells expressed the follow ng cy i ne
TRNASL it T EUBRHG  §eemetpfoT hngopiate) perpas oF e Gy 1l ctieil o FlMDBPor y
factor (LIF), nmacrophage-col ony stinulating factor (M CSEzy, ) .

gr anul ocyt e- nExHRAtanE PerdIESY &l A and rgorths inslude cfiguakpsuity testing, manifest
granul ocyte-colony stinulating factor (G CSF), flt-3 |ligand, stem cel
factor, tunorrefeetianssis lanpevgluagon andrp xivo comfoesd migrest@PYror phogenet i ¢ prot ei ns
2 and 4 t (BWMP-2, -4). 25 -38 WD 03/039481 Exanple 6 03 MAY 2006

PCT/ US02/ 35967 Ability of Human Adi pose-Derived Stromal Cells To Support The
Proliferation And Differentiation of Hunan Unbilical Cord Bl ood Progenitor
Cells Example 5

10 | Cytokine Expression Profile of Human Adipose-Derived Stromal Cells
The cytokine expression profile of human adipose derived stromal cells from
multiple donors has been determined. In these experiments, confluent, quiescent adipose
derived stromal cell cultures were induced with lipopolysaccharide (LPS, 100 ng/ml) and - -
conditioned medium and total RNA were harvested after periods of 1 to 24 hours. In .
15  common with both murine and human bone marrow-derived stromal cells, adipose derived
stromal cells expressed the following cytokine mRNAs: interleukins 6, 7, 8, and 11 (IL-6,-
7,-8,-11), leukemia inhibitory factor (LIF), macrophage-colony stimulating factor (M-
CSF), granulocyte-macrophage-colony stimulating factor (GM-CSF), granulocyte-colony
stimulating factor (G-CSF), flt-3 ligand, stem cell factor, tumor necrosis factor oo (TNFa)

20 and bone morphogenetic proteins 2 and 4 t (BMP-2, -4).

25
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5 The ability of human adi pose-derived stromal cells to support the
proliferation and differentiation of human unbilical cord bl ood §+ Y 2006
hemat opoi etwo ophisggni tor cells in co- cultures was determ nq,qw@ﬁ é“.‘ﬂ

cul tures of adi pose-derived stromal cells were established’i

plates (6 X 104 cells per well). Unmbilical cord blood (UCB) specinens were
depl eted of contam nating erythrocytes by treatnent with hetastarch and 10

of contam nating granul ocytes by Ficol I density centrifugation. The

remai ning UCB nononucl ear cells were § ﬁ depl eted according to the
StentepT (StenCells, Vancouver, BC) pro co this relies on i munonagnetic
negative cell s ti S i i nst

CD2, CD3, CDi4, )&%%é’f?ﬁ :%%B? g”&ﬁég' 6%? gt"ﬁ‘sk?djgﬁ’edﬁcﬁffs’oﬁ%?n t he
last purification stdp/oeRi|op BBt R T IH UG efg f’f CD34

ant i bodie and so fl.ow cyt.omet to, 10, 000 of the final CD34+
L1 D0 e, AN 0 e R ety 10k 00 90 S ARk B

adi pose-derived stromal cell layer. Cultures were maintained in the absence

of exogenous defﬁramaﬂ%off'mmanw@rbpl&akm blpod GRG4 hemajpnojesic prpgertofdledn coy ¢ he
end of these periods, individual wells were harvested trypsi n/ EDTA

di gestion ancuByE yves degrminedyy Spplueat cyltures 19§ adirper- éqsws%/ riireingh cells e

foll owi ng ant |£§j% conmbi nations (fl uorescent tags i ndi cated in

par ent heses) :es eq i 2&)wellcplies (ARC)I0" aells pertwielh). Combilica exrd dloodDRXR)PE) .
The results of these assays are described bel ow. These studi es exam ned the
expansi on of sp&Bnémsmdrodepiettd of caritdmipaingl eaythmagtes by tré2metywitldhgastech and
stromal - supported co-cultures. In the absence of exogenous cytokines, 25
adi pose- ddx i wdctostamirmatihg @éﬂu@cyﬂapm@rﬁie@il_ dersity oeﬁmiﬁcgaﬁmpar‘ﬁaieaﬁmeﬁﬂgoUﬁB
hemat op0| etic cell nunbers (average, n 4 stromal donors, n = 2 UCB donors;
range 2 - 9. 4jonotitiiear OV ¥er20fifealfD démle&a%c&ﬂ:rcﬂ@' kMSBQ/%%}“&qSteaﬂwmded to
a 2.4- fold expansion of the CD34+ UCB cell popul ation (average, n = 4

stromal donorgncéuver, BAYProdes1othss religdn@eimimvhomagnetic .nefative @bl kéleaih upiag @ent age
of both the CD34+ and CD34' cells expressed either the CD7 or CD10O antigen
(Figure 4, avgEiade of Bntibodies directed against CD2, CD3, CD14, CD16, CD19, CD24, CDS56,
CD66b, and glycophorin A. In the last puﬁﬁcation step, the /in” UCB cells were stained
15  with CD34 antibodies and sorted by ﬂow. éyfdniétry. Up to 10,000 of the final CD34"
UCB cells have been co-cultured in individual wells with a confluent adipose-derived
stromal cell layer. Cultures were maintained in the absence of exogenous cytokines for
periods of 12-days, 3 weeks, or 6 weeks. At the end of these periods, individual wells
were harvested by trypsin/EDTA digestio.n and analyzed by flow cytometry using a
20 combination of the following antibody combinations (fluorescent tags indicated in
parentheses): CD45 (FITC), CP34 (APC), and either CD7, CD10, or CD38 (PE). The
results of these assays are des;ribed below.
These studies examined the expansion of UCB hematopoietic cell populations in
12-day adipose stromal-supl;oned co-cultures. In the absence of exogenous cytokines,

25  adipose-derived stromal cells supported a 5.1 -fold expansion of total hematopoietic cell

numbers (average, n = 4 stromal donors, n = 2 UCB donors; range 2 - 9.4). This
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4 stromal donors, n = 2 UCB donors). The individual phenotypes repre@ent ed
the 5 follow ng percentages of the total hematopoietic population: e ﬁIW\Y 2006
| ynphoi d pregeniioss, 20.2% (CD34+ CD7+~ and 9. 5% ( CD34+ XS02/35967
respectively; NK/T-cell progenitors (CD34- CDT'), 31.4% and -ceﬁ‘
progenitors (CD34" CD 10), 7.7% Further analysis indicated that there, was
a significant expansion of the early |ynphoid progenitors. The CD34+ CD7+
popul ati on was expanded 4.8 2.2-fold over the 10 12-day period progenitors

(mean s.d. , dresbndid @¥l4-IORPEBandforrolthd EBIFODOBTLI pbpHENs@verifion B4+ CD

10+ popul ati on was expanded 3.5 '1.6-fold progenitors (nean

st ronal donorgmmra1 Forlrs. _ﬁgﬁp{&%oﬁmﬂgﬁ%b%ﬁ Aeéi@ﬁﬁ&mi B&aﬁ%&%\fﬁtﬂ%ﬂéi on

of the CD34+ popul ati on overall and suggests that IS approa " enrich
human | ynphagi r o) . {-ndi . i -derived
stromal cell gélg%ﬁ agg%}}p‘%g? f J‘?ﬁsggdd%lﬁ%@%?\:tqg?i@toaﬁ]E@n@%%%%%?@ég !
progenitor ce}ls | i tro. Modi{fication d .ot.her enbodj nents of t

i nvention w I‘{ ‘%@“Qpé%ﬂ%ﬁnt“ to 0{1%:% Sﬁ_‘i‘qr‘fﬁegﬂf’ Hnélﬁﬁuﬁlr EP?]S i Eﬁ?r?sﬁ'?tgts.'%he

i nvention pertains having the benefit of the teachings resented in the

f or egoi ng des‘leﬁ‘i"?ﬁ‘ﬂ’gtlj’ﬁ’?e SPEé“a‘Q?LbF’H‘f‘%%P’ﬁPa%PﬁGQ‘?“’%ﬁ’& B‘F’bqi’@fbt]?r{)g’?r@o'fso be
20 understood that the invention is not to he limted to Egeﬂépeci fic
enbodi ments di0CP dEPd4akdt hard Hoeh (G2 | R0 dntssrectivsly: Féte RTagenyfogs
intended to be included within the scope of the aB%endoed clainms. Although
specific teer§D3F LRI ByAler amd Betell pregeaiyors (DI EP10Dn7.2%gener i ¢ and
descriptive sense only and not for purposes of limtation. -40 03 MAY 2006
WE CLAIM 1. An adupbereanalysisuiadigeted \that thereomasl a significantopxpansion 06 thagiose
ti ssue, wherein said stromal cell has been differentiated to express at

| east one | i Ngmpkoié peegerdiiors. MEekED340fCRY" populaih waspkpanded 4B 1cB2-fold Bver ke
stromal cell of claiml1l differentiated in vitro. 3. The stromal cell of

claim1 diff f eredlyl pridd drbechith- (nfban EN8d St oMBkir&iRdll dddbrsC hakm LCBMISHRH)N
exogenous genetic material has been introduced
Likewise, the CD34™ CD10" population was expanded 3.5 + 1.6-fold progenitors (mean *
sd., n ="4 stromal donors, n = 2 UCB donors). These values exceed the —fold expansion
of the CD34" population overall and suggests that this approach will enrich human

lymphoid progenitors. These results indicate that the adipose-derived stromal cells can

15  support the differentiation of hematopoietic progenitor cells in vitro.

Modifications and other embodiments of the invention will be apparent to one
skilled in the art to which this invention pertains having the benefit of the teachings
presented in the foregoing descriptions and the associated drawings. Therefore, it is to be

20  understood that the invention ‘is not to be limited to the specific embodiments disclosed
and that modifications and other embodiments are intended to be included within the
scope of the appended claims. Although specific terms are employed herein, they are used

in a generic and descriptive sense only and not for purposes of limitation.
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into the stromal cell prior to differentiation. 5. The stromal cell of claim
1, wherein the stromal cell is human. 6. The stromal cell of claimd_ ’
inplanted into a host. 7. The stromal cell of claim1, wherein exogenélﬁl‘oA 2006
genetic material has been introduced into the stromal cell. 8. The ocul ar
cell of any of clains 1-8, wherein the cell is a corneal epithelial cell. 9.
The ocul ar cell of any of clains 1-8, wherein the cell is an ocular stromal
cell. 41 03 NMAY 2006 10. A conposition conprising a bioconpatible materi al
and an adi P6&&AMssue-derived stromal cell isolated from adi pose tissue,
wherein said stromal cell has been differentiated to express of at |east
one |ineage specific marker of a corneal epithelial cell. 11. The
conposition of claim10, wherein the bjoco tible maerial i.s selected from
the group consh éf‘iaﬁamﬁf“‘s&?fﬁ ‘Hﬁ?ﬁmﬁ’é}w‘ﬁhéﬁ‘i@gﬁ%f”iﬂ@’ﬁimmd‘?’ said) o] ygl ycol i ¢
acid, polylactic acid, .polyglycolic/polylactic acid, hyaluronate,  or

fibrin . 1 wempteen fsn afGrtaed e pliel i viarnd riims ERSHUATBIY mot er i al
is amiotic, .rrpr ne. 13. The conposition of any of clainms 10-12, wherein

t he ocul ar"pgg%?lf’ S a corneal epithelial cell. 14. The conposition of any of

clainms 10-12, wherein the ocular cell is an ocular stromal <cell. 15. A
met hod for differentiating isol ated adi pose tissue-derived stronmal cells to

di spl ay at Ieazg&reo#rgggggpgf‘gg%%?&ﬁe@én%gt 1%!v!imr_mr ker conprising the step of

contacting an i'sola ose I ssue-derived stromal cell with an
intra-ocular tissue site in a host. 16. The nethod of claim 15, wherein the
i sol ated adi pose tissue-derived stromal cells are obtained fromthe host.

17. The net hod 3(_)1‘11]&4“%' clﬁof glrlqji&n;nlagte i se ti ssue-derived stromal cells
are isolated froma donor that is not the host.

4. The stromal cell of claim I, wherein exogenous genetic material has been introduced

into the stromal cell prior to differentiation.
5. The stromal cell of ¢claim 1, wherein the stromal cell is human.
6. The stromal cell of claim 1 implanted into a host.

7. The stromal cell of claim 1, wherein exogenous genetic material has been introduced

into the stromal cell.
8. The ocular cell of any of claims 1-8, wherein the cell is a corneal epithelial cell.

9. The ocular cell of any of claims 1-8, wherein the cell is an ocular stromal cell.
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42 03 MAY 2006 WD 03/039481 PCT/ US02/ 35967 18. A nethod for differentiating
i sol ated adi pose tissue-derived stromal cells to display at | east one
ocul ar cell marker conprising contacting an isol ated adi pose tissue- dQWYJ@@
stromal cell with an ocul ar inducing substance. 5 19. The nethod of claim
18, wherein the ocul ar inducing substance is in a chemcally defined cel
culture nedium 20. The nethod of claim 18, wherein the ocular cell marker
is a marker for a 10 corneal epithelial cell. 21. The nethod of claim 18,
wherein the ocular cell marker is a marker for an ocular stromal cell. 15

22. A nethod of)o! & eathposiioREbniRih@h bidbon@atile matef? BRI AladipBseaRitdidedi@a or post -
surgical condition in a host conprising: i) inducing an isol ated adi pose

ti ssue- dersirgmel csll {618l 1618 lallipdse iy §) WhSRinahid s@@sd] cellHASb&E difRFentigtéd tomar ker; and
ii) transplanting the induced cell into the host. 20 23. The nethod of claim
22, wher eidiprefi®f adeddame lihdagSspeciflemhrkadf s tarabdpitbeal &llar e i sol ated from the
host. 24. The nmethod of claim 22, wherein the ocul ar di sorder, degenerative
25 condition or surgical condition is aniridia, eythrokeratoderm a,
keratitis, chemical injuries; -43 WO 03/039481 03 MAY 2006 PCT/ US02/ 35967
t her mal i nj uri d3; Tleenmpasitioh efdaitod 0 avieps thy biocampetiblé muteridl issbttedfiongéri es,
| i mbal 1nsufficiency,

group consisting of amniotic membrane, collagen, hydrogel, polyglycolic acid, pelylactic acid,

polyglycolic/polylactic acid, hyaluronate, or fibrin.

12. The composition of claim 11, wherein the biocompatible material is amniotic

membrane.

13. The composition of any of claims 10-12, wherein the ocular cell is a corneal epithelial

cell.

14. The composition of any of claims 10-12, wherein the ocular cell is an ocular stromal

cell.

15. A method for differentiating isolated adipose tissue-derived stromal cells to display at
least one ocular-associated cell marker comprising the step of contacting an isolated adipose

tissue-derived stromal cell with an intra-ocular tissue site in a host.

16. The method of claim 15, wherein the isolated adipose tissue-derived stromal cells are

obtained from the host.
17. The method of claim 15, wherein the adipose tissue-derived stromal cells are isolated

from a donor that is not the host.
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photorefractive keratectony, laser in situ keratom | eusis, an autoi nmune
dysfuncti on, viral or bacterial infection. 5 25. A nethod of tﬂé%MAh@mhn

ocul ar dis enerative condition or post surgical cqqﬁ} a host
conpri sing i) rgdﬁgtlng an adi pose tissue-derived stromal ce /6&%& &Q

transplanting the cell into an infra-ocular site in the host. 10 26. The
met hod of claim 25, wherein the adi pose tissue-derived stromal cells are
isolated fromthe host. 27. The nethod of claim25, wherein the ocul ar

di sorder, degenerative condition or surgical condition is aniridia,
eythrokeratoderm a, keratitis, chemical injuries; . 15 thermal injuries;

contact |ens keratgpat @gme{hﬁag&id&ﬁegsndahggﬁaﬁ&a o#hdeond dAVE) B Lk G) eney.

phot orefractive kerate mle
dysfuncti on, r Vi r

al f )
Vo o5 5y Spta o Res Rhe ARGl Torrk! BFRISRe sftci naro Rl phbesd W'

de- dlfferentl ted prior t ansplantatjon into the host.
gen%ed Etromal CCIPWlt{l ano ularr%n uc{ng substance.

5
19.  The method of claim 18, wherein the ocular inducing substance is in a

chemically defined cell culture medium.

20.  The method of claim 18, wherein the ocular cell marker is a marker for a

10  corneal epithelial cell.

21.  The method of claim 18, wherein the ocular cell marker is a marker for an

ocular stromal cell.

15 22. A method of treating an ocular disease, degenerative condition or post-
surgical condition in a host comprising:
i) inducing an isolated adipose tissue-derived stromal cell to express at least
one ocular cell marker; and
ii) transplanting the induced cell into the host.
20
23.  The method of claim 22, wherein the adipose tissue-derived stromal cells

are isolated from the host.

24,  The method of claim 22, wherein the ocular disorder, degenerative

25  condition or surgical condition is aniridia, eythrokeratodermia, keratitis, chemical injuries;
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15

thermal injuries; contact lens keratopathy; repetitive limbal surgeries, limbal insufficiency,
photorefractive keratectomy, laser in situ keratomileusis, an autoimmune dysfunction, or

viral or bacterial infection.

25. A method of treating an ocular disease, degenerative condition or post
surgical condition in a host comprising
i) isolating an adipose tissue-derived stromal cell; and

ii) transplanting the cell into an intra-ocular site in the host.

' 26.  The method of claim 25, wherein the adipose tissue-derived stromal cells

are isolated from the host.

27. . The method of claim 25, wherein the ocular disorder, degenerative
condition or surgical condition is aniridia, eythrokeratodermia, keratitis, chemical injuries;- .
thermal injuries; contact lens keratopathy; repetitive limbal surgeries, limbal insufficiency,
photorefractive keratectomy, laser in situ keratomileusis, an autoimmune dysfunction, or
viral or bacterial infection.

28.  The method of any of claims 25-27, wherein the adipose tissue-derived

stromal cell is de-differentiated prior to transplantation into the host.



