WD 03/ 039481 PCT/ US02/ 35967 ADI POSE TI SSUE- DERI VED STROVAL CELLS FOR THE
REPAI R OF CORNEAL AND | NTRA- ORBI TAL DEFECTS AND USES THERECF CROSS
REFERENCEVOQ@3BEMSTED APPLI CATION 5 Thi s application clai necprisoz/sivg7to U. S.
Serial No. 60/347,605 filed on Novenber 9, 2001. FIELD OF I NVENTION 10 The
i nvention provides isolated adi pose tissue-derived stromal cells induced to
express at |east one characteristic of an intra-ocular stromal cel
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neuronal ,  arfd flammatory cells. A nunber of conditions affect the eye
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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



| i mbal surgeries, and band keratopathy, a degenerative condition in which a
gray band develops fromthe |linbus into the cornea. Many of these

di sor der swpresoBoe1 t he sel f-renewi ng stemcells of the cormeausetisdoh? reside
in the basal layer of the linbus, |ying between the cornea and conjunctiva
(Kruse & 5 Vol cker, 1997, Curr. Opin. Opthalnol. 8(4):46-54). Linbal
insufficiency or stemcell dysfunction results in synptoms that include

decreased vi.sion, hot o] i on, .ede and s m of

muscl es. cont PR s ée%%egf&f}%ﬁ%&erﬂtwaﬁw eegta% gty SEERgrerechil by
transpl ant atcl&ﬂ of he%thél%/ rr‘n&i'e ti ssue to diseased areas of the cornea,
as in cases BYelQPfieRf Bys e e iC9%WER-chermi cal burn. A variety of evidence
indicates that the 10 interaction between the corneal stemcells and their
under | yi ng st r o4y of thess digprders involys thesselfrrgnryying sempestls ofibe seipee Biichcel |
types display specific autocrine and paracrine pathways. These t hways
are nedi at edeHge ayhohaspidayer of by dishus Jying beivyean thesqraea qnﬁ EPRiHRcHYya H&useh&t
limted to, transformng growmh factor (err)l1 and (err)2 (TG-(err)),

insuli n 15 keVejekont P97 aCuisr OpinOpthalrenlp§&):46-54)0r bistkat insyffisienty pretewreellbFGF) |
hepatic growh factor (HG-), and keratinocyte growh factor (KGF).
Receptors f alysagionofresulfes én asympigms héwi zdludy teémeased neiaion.e pphotophotas,
cells. Likew se, the corneal epithelial cells synthesize TG-(err)1l and (32,
| GF, bFGF, dnflammatinuedemacadophsal 0fthe gumidsivofiterdling th¢ WEGE) In Exwejetesfthis t he
VEGF receptor, the stromal cells express receptors for all of these

cyt oki nes asambe borasted|battahgiantition vEhkalihlihbal tiaat oo diréhs¢dApéds of thiedompa,der mal
grow h factor (EGF) (Kruse & Vol cker, 1997, Curr. Opin. Opthal nol.

8(4) : 46- 54) .as TheasexosMetiscitely Hocalized chidntied! budl & vanietysd enidenve éntidaes tiak thaor mal
vision by refracting light onto the lens and retina. This requires

conti nuoms Sitefactieinbw@keerDthel fencadsREALelIseqidt Heik ivablerbild Strdnte By &itRal fdrhe
deeper |l ayers of the tissue frominfection (Lu et al 2001, Exp 25 Biol Med

2%6( 7) . 653- GkmalPukgibgal procedures, such as photorefractive keratectony or
- 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 $1 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 2, 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 & Volcker, 1997, Curr. Opin.
Opthalmol. 8(4):46-54).
The cornea 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



WD 03/ 039481 PCT/ US02/ 35967 |aser in situ keratom |l eusis, involve the
renmoval of a portion of the cornea. These procedures are perfornmed to
treat forwe 0d039popi a or nearsi ghtedness (Wl son et al 20@CT/USAL/83967

Opht hal nol : 119(6): 889-96). The repair follow ng these procedures requires
stromal contraction acconpanied 5 by epithelial stratification (Taliana et
al 2001, Invest Ophthalnol Vis Sci; 42(1):81-9). During the healing

process, nany patients experience a postoperative anterjiqgr "stro haze",
char act eri zdefer An SHY fkeratorpilrasis, B‘)‘/Olt"ﬁéheaEﬁ‘gﬁ’Pgﬁté W‘%B#%ﬁr%ﬁ‘?ﬁs?&geﬁ?el |'s
expressing al pha smooth nuscle actin (a-SMA) (Nakamura et al 2001, Br J
Opht hal nol ; Pressgurys srggerfarmed-to ezt formstof Brigpie0 pparsighipdness{alsop gLl 2q01-n
culture by TG-(err) and bl ocked 10 in vivo by anti-TG-(err) antibodies
(Jester et ahrchOpirthalmed:Id8(6):188096).177-87; Jester et al 1999, Prog Retin
Eye Res; 18-(3):311-56). Likewise, there is evidence that direct )

i nteractions bet ibenenatrefolpwingdhgsalprasedures reaviresdirameneontaetipneaceeippanisduce
stromal differentiation of nyofibroblasts. This is further influenced by
t he presenceéyoépithelinl stratificatiombladines et(a2001,8nTest Aphthainio] Ve Seie 42(1):81-9).
20(2):197-204). The extent of "stromal haze" 15 in ani mal nodels

cor r esponds Dwirghthe diegling mbocessmpene faventhexpedemeal pastoperatived amtéring “stnamal
phot orefractive keratectony (Ml er-Pedersen et al 1998, Cornea;

17(6) : 627- 3%aze’] rchapetkeiiaddt & abinel deglese bpf the cappesanch agfe mysfibihslag&neslls

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

| aser based)exﬁiﬁe@ﬁn dlpid sl muSaadiial (Mg (Nake (rh)et 1200208 J Opkthslivl;y oOf
bi omateri al s have been used to treat and repair corneal and ocular 20

defects and 4spj WOFQ%. :l"rﬁb(%&o ,oﬁﬁﬁbla%tée§%?f| iHéB%E:%gf&flﬂuf‘e BSTERE Qr)ld Blociddl agen

and gl ycosam nogl ycans ert et al Biol “(Paris);

100t SO OSh ey AR TR Gl QAR ghennst ol Loy
s5o55e0 b UL HoLL R0yt 6000 0, SRSLET 085 lsHERS: B2,
31(6):432-9). Tseng and ot hers have pioneered _the use of anmiotic nmenbrane
in the interactions between the epithelial cells ‘and adjacent stroma can induce stromal
differentiation of myofibroblasts. This is further influenced by the presence of amniotic
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 and injuries. The corneal 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 corneal 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



-3 WD 03/039481 PCT/ US02/ 35967 treatnent of a variety of ocul ar disorders
(US Patent No. 6,152,142). The amiotic nenbrane is polarized, with a
“stromal 'weiode3®wsd a " basement nenbrane' side. The stromeRICTAISA®3396Nt ai ns
collagens I and Il and fibronectin with a basal |amna distribution of
coll agen type 1V, lam nin and heparin sulfate proteoglycan. The basenent
menbrane side 5 of the ammiotic nenbrane supports epithelial cell growth,
whil e the stromal side supports the growth of fibroblasts in a nanner
simlar toigeilcagena vEhetyashbaldrodisneddns §3% Ratent Nool6db@d42) okhe panietifan
placenta, cryopreserved, and then used for the surgical repair of

i ntra- ocul ghenliraRr Befotarizédewitealfamimali sifle and iaothasmenhmembrangt side. ndibr ane
remai ns i nconpletely 10 understood. However, there is in vitro evidence
that the prgsRRCEiconRMBicolidgensTRmiNAaeRd fibronetih twithe basad sz distribhtéon of
expression of TGF(err) by fibroblasts (Lee et al 2000, Curr Eye Res;

20(4) : 325- ?b%ﬂ%geﬂg%)eilvg RidifiH khdhepadn anfited prbtesdigak] The ba3ertyntepntbinakisale cel | s
(Sol onobn et a 01, Br J Ophthalnol; 85(4): 444-449). The ammiotic

menbr ang haog‘t ShitREHeRbGRESh dpithélial E@PdrorthvinilRe thargemalsidecupgats 15
and ocular detects. For exanple, déep corneal and scleral ulcers have been

treated by DG owth bf HorsBihdd in £4RhTer im0 20BNl ThERMATOHO anérfbriridl i

stromal | ayer,” basenen ranes, and as a wound cover (Hanada et al

2001, AmJ i%%ltre]@ I‘fr]o thhe il?rgl&ﬁ)l c:ééf}ahﬁxiy)é refl O4ddGhe BB FRBe WaSicdl Gyt df0

reduce stro in nmati on 3 atton in HV-1 keratitis, an imune
nmedi at ed disgaselggfil&ggnhaus et al 2001, . Invest Ophthalnol Vis Sci; 20
42(9):1969-* %ﬁ?% gVére'neurotrophic corneal ulcers also have been treated

wth amiotic nb{ngé]%ﬁ}sé-gg)f Pﬁgﬁén A t?l? Oagl;l,]nagfc ﬂle%%galleffmris ﬁé&rﬁﬁlét@l%g' 833).

Ami otic nmenbr cornea conjunctival surfaces an

reduced linbal stropml inflanmmati.on resul ti f C e, Nolg
t her mal 1§y r pdersigep gﬁwgf’era{he'fdﬁ& Wg@fﬁ‘? %c!eﬁr%ﬂ@%be ;rg%%(cg;aﬁmg 0- 989
Amiotie n‘eirrllbcrul&%lilqrg Smieslélesseﬂclje éﬂxspreéslsr}or?1 l)ft fé%)‘/ %{berolt)lgsts (Lee et al 2000, Curr Eye Res;

20(4):325-334) and interleukin 1 o and interleukin 1B by epithelial cells (Solomon et al
2001, Br J Ophthalmol; 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 amniotic 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,

Ophthalmology;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

4-



25 linbal autograft or allograft in patients with partial |inbal stem cel
deficiency (Anderson -4 WD 03/039481 PCT/ US02/ 35967 et al 2001, Br J

Opht hal noWwQ 0868453t 567- 575). Ammi oti ¢ menbranes have al so PegISay&e¥6T n
surgical treatnent of pterygia, a wing-like fold of nenbrane extending from
the conjunctiva to the cornea, with attachnents to the sclera (Sol onon et
al 2001, Ophthal nol ogy: 108(3):449-460). Ammiotic nmenbranes were used to
treat late onset 5 glaucoma filtering bed |eaks as an alternative to

conj unct i vaet/ﬁlfzﬂ()lsﬁéé@@hthemaeﬂvﬁﬁ)ém 75). Zowgotippembrapisthayg #es been negddn :
580-588; Barton et al 2001, Invest Ophthalnol Vis Sci; 42(8):1762-1768) as
wel | as to isurgicaly &eatmenty of \toyeia et wiedikeofolbaf membmey jextendingl froselibe
ocul ar pain when used in the surgical treatnent of band keratopathy, the
deposi tion eénjurstive itanthiencarhen, cwitin edthcheentsim tthersnlsraa f8olemern ret aaly 200,

sarcoi dosis, chronic uveitis and 10 other causes (Anderson et al 2001,

Cor nea; 20( ©Ophthalblyi ) 08B 440:460).0f Amhieticlinfefribcankes ivese asdotoi tatak dhteviopset t he
procurenent of ammiotic materials, researchers have been | ooking for

al t er nat bve ghotoneeflta@inged deakb asrai eltéradtive as cogpaitiva ofith sncasksaBudenzcairaheal
defects. EP 93830229.6 to Cancedda et al discloses nethods to culture

al ready 152000, fAe% & Uphthbebl O30S 58003 38N Bhité et RO, TvestiOghthatnaol s 8sied f or
subsequent transplantation for the treatnment of corneal defects. The

sour ce of th@(rﬁmézhpﬂsmaés W&l dsSo irfipravt 1RERGBUST adtBRSmelBdpahdlam dndeedvche
heal t hy eye us a patient serves as both donor and recipient. US Patent

No. 6,117, 6%&11510pav@%6@ lisd§ORYthE burdlcaldirfih &1 &F bahE RaRpthy, thOejosoh @M t he
retina of mammals that are differentiated in vitro into retinal pignent

epi thelial ¢k 1n%9e LRdal BERmEhBRSRb AN &goﬂd'altyoto%ﬂrcbl'agélél iclremlc Lﬁ’@i‘tlg @hd Ng

from di seases of the retina. The source of the retinal stemcells is

enbryoni;g O @%%Auyegrlgﬁ&ei_lﬂﬁte@%lM?%@nea%(@@%%l‘)‘o- 5,912,178 to Wlle, Jr.

di scl oses nedia an or the in vitro fofmation of various types of

hi st ol Ogl cal | y CBQ&%h?et & tﬁé‘ Hﬁﬂcu‘ft@és ags%kfafémv&lﬁl%y wo'agrement of amniotic materials,

researchers have been looking for alternative sources of stromal material for repair of
ocular or corneal defects.
EP 93830229.6 to Cancedda et al discloses methods to culture already
15  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

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



epiderms, cornea, gingival and ureter tissues. The resulting epitheliumis
grown in vitro 25 fromisolated aninmal epithelia cells or basal stemcells
i sol at ed WomaiagaBt hel i al tissue. -5 WD 03/039481 PCT/ US02/,839562/33967 Pat ent
No. 5,942,487 to Ogawa et al discloses a conposition conprising a stem cell
factor that can be applied to diseased corneal tissue to stimnulate corneal
growm h. The inventors hypothesize that corneal stemcells are stinulated
to mgrate and grow. U S. Patent No. 5,863,531 to Advanced Ti ssue Sci ences,
I nc. discloses &StRanamk No. 5,942,487ito (gawa etrmhHis¢lpsss acomppespneampising & stem
conprising stromal cells and connective tissue proteins naturally secreted
by the strqenlfacklths cat baspptied toodiseaskdsiohsblaissicatolstimalateedoopsaigrowth. The

t hr ee- di nensi onal tubul ar framework conposed of a bioconpatible, non-Iliving

material  hawdnfes hypotiesitd thiwdorpiates cdils ackgtichubyedithenigbteandipropel | s. 1t is an
object of the invention to provide a cell, material and nethod to assist in

the 10 repair @fSosmNo. 5365981 ROAGRMBEATIssIdEScixmtes, BIUNMMARYS GRUBHIEE
| NVENTI ON The present invention provides an adi pose-derived stromal or stem

cel | that hagn, Bammh dishicepreplridine ditdo0 chRSEaES stimal @a% ah eongentiot sk or
phenotypi c characteristic of an 15 intraocular or ocular stromal cell.

This cell f D8y HREHBRELLHIS afidcBad FR sabstandigigieafeRbinga or
ot her di seg‘ggtgﬁgfl&t%lﬁgyggée@%m}é present i n\allenti on al sso Sparnovlégjges nmet hods and

conposi tio Wﬁre%%m%n@ﬁmﬁ'lsﬁfnﬁgrdﬁalﬁéw&y r8mPbse@ YrROGEcInipafible, SRt livgd melerigmal

cells to treat Tntra-ocular or ocular defects of any etiology. 20 In
anot her aspect of e}sﬁ'al'sg%égﬂﬁc%@db tegf;gﬁ?@gﬁls_corrposml ons for consi stent

qualitativeagﬁlglrguan I'tative rnduction of stromal cells derived from

subcut aneous, | {lsntgg %ﬁ@ct%?%%q%%ltlgﬁr%%g\hdé% ce‘fl’in%af%}iﬂedﬁd afdinea %@astsiistsifﬁ We sites

to express at geno phenot ypi ¢ characteristic o
intra-o Oul ar _ar ocu agrinc?&d’ir?gn&)lrne%fldclet%ct's.s provi ded.

repair of ocu
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



I n anot her aspect of the invention, isolated adi pose tissue-derived cells
are induced 25 to differentiate into a cell that expresses at |east one
char act erwetosm3®ail an i ntra-ocular -6 WO 03/039481 PCT/ USeEIr359535965t r onal
cell conmprising the step of: contacting an isol ated adi pose tissue-derived
stromal cell with an ocul ar i nducing substance. This substance is in a
chemcally defined cell culture nedium and includes growh factors,

cyt oki nes, chenl agent and/ or _hornones _at congentrations sufficient
to induce i sSBIHR EF”a e the SpR o 6P1eRoas &p igihiad 2oiers isue-degived sreed at

| east one ocul ar, cell marker. In another aspect of the present invention,
adi pose ti sstfl- Wi A% eeplar indusing substpaceq Ehis Q‘é‘?ﬁ@ﬂ?‘b&l inya @W@IQ@Héﬂéﬂnqdﬁeﬂxpr ess
proteins that can nodify the cell %henot pe and i nduce pathways that
facilitate tHéureareiiun pndingludesgipwihdacterpeyiakines-chemicalragerss, aad/or lingngss
acconpl i shed by exposing the cell to a gene transfer vector conprising a
nucl ei ¢ aci dat1@neangpiiptis niyiliciant dngoduse ismiated adipbseatitsuc-daiveil tsiromsl edlishiot hat
the desired nucleic acid is introduced into the cell. Alternatively, the
cell is tYeatspresyatti¢ast cmacelhl eslleeirken. | ncor porate, a naked nucl eic acid.
The invention further provides for a nethod of treating a degenerative eye
condition in a hdsandthataspeatodiithe presahirinvesionr adigpsa tisqneslerivkdrsiromal @ils avenl
cells than have 15 been induced to express a characteristic of a desired
ocul ar cel | . gefetitaBy engitecredtarkpes mbteink ehat canembddifnthe sell pidnotypearidinpnse

ti ssue-derived stromal cells can be isolated directly from the host

(aut ol ogous pattevagplthat Atilinwr) theofecorry Agd depaat eflaby imdRdichier dbfst (Talsl geni ¢
transpl antation). In another aspect of the invention, adipose

ti ssue- deri vedofiplishéBby eghdsmgahe celltd brgefb traRfdr rve&tblebcsmpmmgfzf RE@AE lagiied or
differentiated state in or on a three dinensional matrix conprised of a

natural @y syehdigs iaCtritsp&RMpRle? BhifbRRRItRhs bRhPMat#RAddsRed Hi@E AkidYist epai r
sites of intra-ocular stronmal ulceration.
introduced into the cell. Alternatively, the cell is treated with, and allowed 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,



I n anot her aspect of the invention, adipose tissue-derived stromal cells
are used directly without differentiation for autol ogous and al |l ogeneic
transpl arwetosose48f cells to 25 pronote successful gl auco®aTaisnysa9ses by
correcting bleb | eakage. In this enbodinment, -7 WO 03/039481

PCT/ US02/ 35967 the adi pose-derived stromal cells is adm nistered to the
eye, preferably in the desired location, and allowed to differentiate
either through (i) co-adm nistration of appropriate cytokines and ot her

bi ol ogi cal thaatipbs-desived birgmalreells woadnsioisteresl tal the g, peiebht inothe jdegiteded i n
the host. 5 In still another aspect of the present invention, adipose

ti ssue- der i efios} andraloweé ltd differanéiate Sitberftbroughi (i lcogdmmistratioradll apgpeopaiats
transplantation of cells for the treatnment of human conditions, including
but not |i ndyk&hek @nd 6MENSIaloghalzRctdn A qEYlinbyvo fatiotsailreddyaresentat tifrkioebut i ¢
keratectony, repair during the "bare sclera" renoval of pterygia, surgical
treat ment of,chgpd keratopat hy, surgical renoval of tunors, |esions, or 10
scar tissue fromthe conjunctival or corneal surface, anong others. In yet

anot her aspect  gf, stildgndthf Q5PebOST thgteRAcAvEntisH URIpded fisesdaivedsmat ebllss ar e
transplanted in conbination with amiotic nenbrane tissue into a di seased

eye. |n anoj Q?%ed%pﬁﬁélogg s & all SRR ir3plahidBorP6l RRAS for eStiddBnene bf MefhnSt r onal
cells are differentlat &llnto cel |l s of adi pobl ast |ineage before

transpl ant aldfiohl1t Oirifinfll SBASCho?Y Uimitd 1, ¥ Sbun@AIOL e asiRRHd OTbyl e
i nvention, e adrpose tiSsue derived stromal cells are differentiated into

cells of adjpoblast. -.a p eflind! BRI<HM B ehbGal HENDr ane
tissue int op}fc’r%)ere%cégé{{shgﬁsgﬁg E%ﬁttg&glg?’l l'gé?)g% étﬂﬁlen%i %en%%%c are used either as
a honogenou

| at. I f i i B Whi ch
oo anoUs RERLL A S Sl gl by S-BL ROy o v

! - - e S anpes - e gr owt
0T e oL ol B Sl eB Rl icy bt en <1 o0 contemplates 2
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



adi pose tissue that includes a nmeans for isolating adi pose tissue froma
patient and a neans for separating stemcells fromthe renai nder of the
adi pose twel0m394%he kit also includes a nediumfor diffe/Pemusat/339g7t he
stemcells, wherein the nmedium causes the cell to express at -8 WO

03/ 039481 PCT/ US02/ 35967 | east one genotypic or phenotypic characteristic
of an ocular cell, or is generally ocularogenic. The invention further

i ncl udes conpositions and nethods for engineering tissue fromthe

adi pose- der i §&% Q@& §LoyPIc A PhENPERIG Gharaderistic cofnpb Scla selli At lig @encasily

adi pose- 5 derjved cell in conbination with a biologically conpatible
lattice strRPIFFEERE al | ow the tissue to differentiate and expand. Thus in
such a way, eye-like tissue or whole organs are manufactured. The

bi ol ogi cal | y conp&eiipyeatipm furthee inchded eonaptisitions antbmietheds for sepinecaing tisfuec| ude
any human protein, proteoglycan, glycoprotein, hyaluronin, fibronectin

mol ecul e, a9t sposedenied rrelds afntie gmentidn. f Siwhmospositiens|ia¢ltdecan wtigosed SO

i ncl ude or be prepared from 10 pol ynmers of nononers selected fromthe group
consi stirfg oferigéd/eadl inccoatimfion awithi abialigitally pomoymyiblef lattiae athwecture &paldvadicone,
hyal uronan, hyaluronic acid or conbinations thereof. Alternatively, the
pol ymeri ¢ meissud taldiffmentioe and pxpahéi Thusiokychacediaeycitke tRaleyor WhoRXotgE bk,

pol yort hoest er, pol yanhydri de, pol yphosphazene, synthetic polyner or a
conbi nat i on miruércanéd. The toloyioallyi Compitiblel Rltice aan HeSaifRe-Aetiedr BGH ardor med
by cross-linking a polynmer 15 suspension having the cells dispersed

therein. O hetludddngHusaa pebtéia Airblegy@h, Epeopre¥iaMyatfonth, lfibrdRctPmslebub,! Y
apparent fromthe follow ng disclosure and appended clai ns. 20 BRI EF

DESCRI PTI ON dforrhbike, DRAMONGR otdh @aclord. STIR: 1hthiodean 8 RideGr B@ﬁk}f&k&ﬁ% hurman
adi pose-derived stromal cells. Depicted are representative flow cytonetric

anal ysesjf Orpo?a%rs 6PE3néh&t Reldeitd EBRN thB eroup féstdY@ IHBNALEJr REEPLAE) -

CD49d (al pha integrin), CD55 (decay a?ceperatiﬁg factor), ’
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



and HLA-ABC (Class 1 histoconpatibility antigen). Undifferentiated stromal
cells 25 isolated froma single donor were stained wth nonocl onal

ant i bodi ewoagasgast i ndicated -9 WO 03/039481 PCT/ US02/ 3596T/Usansiogens
(solid line, right of each panel); isotype nonoclonal control antibody
(dotted line, |left of each panel). Representative n = 5 donors. Bar

i ndi cates fluorescent intensity >99% control. 5 Figure 2 is a schematic
show ng | ynphoid progenitors in a 12 day co-culture. A significant

per cent age gfighat(bolidlime G of eachl paiaBy fsotypt nenesigabemird! anitibedsr(detted 1OBY7 or
CD10 antigen (n = 4 stromal donors, n = 2 UCB donors). The individual
phenot ypes |ehepeongahdyl Rdpeestabtivew nf dperc ddr aighstes fllubteecentinthsity >99%

henmat opoi eti ¢ popul ation: early |ynphoid progenitors, 20.2% (CD34+ CD7+)
and 9. 5% ( CL34s1.CD10), respectively; 10 NK/T-cell progenitors (CD34- CD7),
31.4% and B-cell progenitors (CD34- CD10+), 7.7% DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The invention is an adi pose-derived stromal or stem cel

i nduced to express at |east 15 one genotypic or phenotypic characteristic

of a cell of Ocuﬁiggreoz 1 BnoBieBTRABhd pidpeniteld a PPEsLEsanAL A cast
one genotypic or enotypi c characteristic of a corneal epithelial cell.

Al ter nat i veliyisthe pEblnROSERRE 8% Ehad'Saalcone SRNOLYRIE ahePieTY b C

characteris ar stromal cell. The cells produced by the

met hods of F@gﬁnaé%igé&n roy g%n?all %H(Efg,en af 5 88 Ub@rb)Y TRE ifdiNilval phenotypes

differentia ifferentiated Tunctional cells having genotypic or 20
phenotypi ¢ characteri sti¢s . t oGpl I [0S -

t ranspl ant afeipﬁefsi?n%%(ﬁ&he élce’l\(ljoéy 1@% r%?ﬁeH%geSc gfl Iﬂﬁelr etl((riglt hgrpgtgﬁeod%t?c sﬁé@%ﬁ%i se alrfb(/)r t he
treatment of ani nal di seases,, r dj 5 i ir or
inprovenentBm§W8%?W@g?H?F%?§@6%%gﬁgfﬁégz é&gﬁggé glseaggguﬁ¥§%ﬁ§x§§§?
preferably &;\{?@Eégﬁ r%)?c?gleni%}is t(eﬁg!l'aCD%} g?g‘%, tar(?d Fﬁr-geqygr%ggﬁtgrs mﬁlﬁ(ﬂloe)?l I's

are alsd% n
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 animal 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.

25
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25 -10 WD 03/039481 PCT/ US02/ 35967 1. Definitions "Conjunctiva" refers to
the nmenbrane that lines the eyelid and covers the exposed surface of the
sclera. "wormnmadusrefers to the transparent structure formPeg/ushz3sant eri or
part of the fibrous 5 tunic of the eye. It consists of five |ayers,
specifically: 1) anterior corneal epithelium continuous with the
conjunctiva; 2) anterior limting layer (Bowran's nmenbrane); 3) substantia
propria, or stromal |ayer; 4) posterior limting |ayer (Descenet's
nenbrane) ; 1. Ddinflonendot hel i um of the anterior chanber or keratoderma.
"Retina” refers to the innernost of the three tunics of the eyeball,
surroundi ng t he “Cofjundtivaeaiars oty memdirane thak Husdbe gyolid end esvis t @¥posede opti c
nerve. It is divided into the pars optica, which rests upon the choroids,
the pars cidutfaéd itheddieg) rests upon the ciliary body, and the pars
iridica, which rests upon the posterior surface of the iris. Gossly, the

retina . is conpegRs Rferdtd Mer&isparpitgiradine domtyethe eparier peitgdthetfdse)s and an
inner, transparent |ayer, (pars nervosa),,, which together nmake up the pars

optica. sl hetuﬁiEtdehep@yret ffcohdifts 8F Bve Wysiss tpecifiddilyofl) antbidyresosnenbepticliunpm
within to outward as® 1) internal limting nmenbrane; 2) nerve fiber |ayer;

3) layer of gandus %thcﬁlel c%n ufdtiva B§ hnteti&Xlih P 1hydy §Bowhn’s iteibrinel;| Bar
5

| ayer; 6) outer plexif orm ayer; outer nuclear |ayer; 8) external

limting m@g@@% o sfi‘orhﬁylgfer Oéf) po@t@ﬁ@r RAfing RS (Desden®ds mdnibrang:),Gr owt h

Factor (err is a am no acid (aa) 20 preproprotein

that consisfs gt In_&)t fu f%ﬁeqiﬁ?elnotsﬁﬁﬂl%ﬁxc&keﬁt&l%aas pro-region and a 112 as

mat ur e segmar?t rror to secretion e pro-region is cleaved at an RxxR

3: tsﬁl ¥‘1 ;2 ?i LE;:}I %A’k%fegsl t%ttﬁeaﬁlﬁemn-ggt' oF (RERREAES & tROAZbAE esYdudligg the2D kDa,

10  vitreous body and continuous posteriorly with the optic nerve. It is divided into the pars
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 (TGFp) 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
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t hat noncovalently associates with its previously attached disul fide-Iinked
pro-regions to forma "latent conplex". This conplex is secreted.

Acti vat i owomsosms1 extracel lularly 25 under a variety of cecdiUSIDBRI6NDSt
likely via a transnmenbrane serine/threonine kinase to -11 WO 03/039481
PCT/ US02/ 35967 initiate an intracellular signal cascade nedi ated by the
Smad famly of transcription factors. "Basic Fibroblast Gowh Factor"”
(bFGF), also known as FGF-2, is an 18 kDa, non-glycosyl ated pol ypeptide

t hat shows ifigiath annintracdiblatiisipnalaceicaslk tmeiatd by dhe dotadviamjly ofbirapseription
secreted as a nononer. Follow ng secretion, bFGF is sequestered on either
cell surfagathieparin sulfate (HS) or matrix glycosam nogl ycans. Al though
bFGF is secreted as a nononer, cell surface HS seens to dinerize nononeric
bFGF i n a non- cegaieRibréblde Grévath Hader TORGEY Wit krownt d3atGH-2, swbskdglkleant | y
capabl e of dinerizing and activating FG- receptors. 10 "Platelet Derived

G owt h Facth slcBRERd ipslypeptide kil $Howe-boltt ifteiceihdali anelr extracelbubei avtiviton of
two genetically di'stinct, but structurally related, polypeptide chains

desi gnatsed gr@H sBoreted a¥'@thoRbhEH NIbWingdedtttidn, BEGRS sequsieted cateitlardelled
fibroblast mtogen in serum Subsequent studies have denonstrated that,

many cel | t%ﬁgcse lﬁ%ﬁzfrfnestuﬁ‘at@ (ﬂ"?ﬂatfijﬂgf-ycostalli’iﬁlogbﬁﬁﬁj AGhbhdPOR O gRretddas cel | s
(6]

of the mesoderna I neage (nuscle, bone, connective 15 tissue). "Vascul ar

Endot hel i al | ?61%’1\@%? é:e:Zlﬁ g%l%el{{él E%Qs tW¥8indrizE SlonbAiefid bEGRth ol caiaRnt idand

survival factor ial cells. It induces endothelial cell

proliferation.and requl at . ' IoSnaBRd ol AREHZBLENRS hSival GFS a
hepari n- bi i TS% (iﬂn%lg%%’!rl%{ grlﬁih 1?%%59@%9@%(??%,[ ed0 as azg% kDa honodi mer. Many
cell types, but usually not endothelial cells thenselves, 20 secrete VEG-.

"Hepat ocyt €GP0t h factor” (HGF), also known as scatter factor, is a
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. Tt 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-



mul tifunctional cytokine that pronotes mitogenesis, migration, invasion and
nor phogenesi s. HGF- dependent signaling nodul ates integrin function by
pronot i ngvoageswegat i on and cel | adhesi on. HG-/ SF-induced eCfrasz3merur via
signaling of the MET 25 tyrosine kinase receptor, follow ng |igand

bi nding. -12 WO 03/039481 PCT/US02/35967 "Keratinocyte growth factor”
(KGF), or FG=7, is a 28 kDa, single chain, secreted glycoprotein that has
a target relatively restricted to epithelium The nolecule is synthesized
as a 194 as pr eegg@ockRakowthai $KEFS br BEF, ire28 Koquinglcehzindeere®dl3 as
mat ure segnent. The mature grow h factor binds heparin and its receptor

(KGFR) thr ng&t}?n'éteﬂi RdtehR b e@igen selativelyhecsorivteric i epitiidiuht Thel slechlat isexpr ess
FG--7 include fibroblasts, T- cells, snmooth nuscle cells, and ovarian theca

celI's. In tha,emiye a 16Fad sreb@sditthatcormyg a St ageipnalf sedasnet apherit3 aa
t hr oughout ?ﬁ[e mesenchyne. §I nsulin-like Gowh Fact oreg" (1 Ggm | G--1 and

|G- 11, shap g, aQ06niint Alire JAAWRIEREH: birls hByfakiniand itt EEHIAUKGER) thirduzgeni ¢
stimulators o cé& p';}glf#?eratl on as wel | agﬁaﬁlo suppreséggrs 012 celf%ul ar

apopt ot I pﬁ&c@%@%&%}on? ﬂ”{)erﬁl fiONAERL cAfs WhQWbRsPGROMNACI( & fibroblags, | T-ver s

the prinfary si oduction. IG-—-1 levels are also influenced by

nutrition apd devel o [ r is -
product  on Sl rERERAARPR LT aF| B e e ™ S owt

regul ation. "Devel opnent al, phenot ol e potential of a cell to acquire
a particul aﬁtagei%te%ﬁgg?%e %thﬁﬁ%gﬁlgﬁtf%é;&?ﬁb% gh the process of differenti a?i Ion.

"Hormone” s any, substance L hak.Ls Serust 6Bl iDL 3o 05 seRuses a

Phe. expreasi on of at. | east ane messenger FNALEANSeEi Bt anGE Rl o
associ at ed RN i i%“?“iif‘e 5W%Ws%§€%§%y§tl%ttﬁrgg§t% éﬂ} ﬁ%qli? Jrr%t?\)g 3% %él s used
to descg& besuapgr%ss%psl onfp'%lelh(ljlgr t%)%}gto%g Ii)Elth%VQ}‘/asI: e[?rflder ithréccloglcrj(i)lncg' growth hormone (GH),
the liver is the primary site of IGF production. IGF-1 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
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but not restricted to, cells, cultures or tissues which includes exogenous
genetic material wthinits cells. Cells of the invention can have the DNA
added to wbeni39dl t hese cells can then be used for transpicanisat/sson7 or for
in vitro production of hornones, cells or tissues. "Transgene" nmeans any

pi ece of DNA inserted by artifice into a cells that becones 25 part of the
genone of the cell, cell line, tissue or organism(i.e. either stably
integrated or -13 WO 03/039481 PCT/ US02/ 35967 as a stable

ext r achr onpg Qreadbleedx@aERbhodbkiat bledlentp vhjzh devaopst fan theekbéll. Siebh ttansgaaasgene
may include a gene which is partly or entirely heterologous or foreign to
the cell onyayOfmaRAE SMEdn® WHKICTS fdity betatirelyoignirslogeneori foreignt tootie el ,oror  may
represent a gene honol ogous to an endogenous gene of the organi sm

I ncl uded wid-hinfint h6 igEH Mhd iherdidioas Behd anSgeRiacal et mey bgpresest prganedi ng of
an RNA sequence that is transcribed into DNA and then incorporated into
the genone. m?or%gﬁgfgl ant dnAPSHEIN Fene B dliet drOadnd. Y Inlclva@bdiG@thinatiy defiitiparis am or
part theregP, including, but not limted to, cells, cell lines, cel

cultures or, . L] ef qidnl8 iflisiandcibed infODNAMndUl at i on
or by a%& ﬁﬁg Eéggﬁgew?g?ﬁﬂgﬁgggg0?%§Eﬁﬁiﬁ¥pose-Derived Stem or Stromal
Cel | s Adi pose-deri S e r radiposes bive Qasitibe! inflgddsSanyr ef er
to cells thtg?n lnészp\éll%geélt @?ﬂ}%nééggfngbsgﬁflieg@u?aq ;hi'\'éagidposew@i s meant yany f at

tissue. The_adipose tissue. | . 0 | tenadbP s, Lélb stiwresd@r | ved
from subcut REWIL O Bk eéﬁofwﬁqgéglggll?ﬁ?@pggﬁ%%@ﬁc gonadal , or other adipose

tissue site, Preferabl t he adi pese ;i : i i ot ssue.
Such cel |'s FRSYFSCERASE igglgdnée B?Sl ﬁ%e?yaﬁgr%filbilcﬁlu?ﬁ?gﬂggﬁﬁm? \en;?rg??d g?qurzag ﬁl((::el I
line. The adipo?e ti ssue may be from any organi sm having fat tissue.
Preferably,m@W@°g§dipose tissue is mammal i an, nost preferably the adi pose
tissue i s human. A convenient source of adipose tissue is fromliposuction
surgeryl0 however, the source of adipose tissue

I1. 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 immortalized
cell line. The adipose tissue may be from any organism having fat tissue. Preferably, the
adipose tissue is mammalian, most preferably 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 stromal 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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20 or the nethod of isolation of adipose tissue is not critical to the

i nvention. Adult human extranedul | ary adi pose tissue-derived stromal cells
representwa 03®s18nal stem cell source that can be harvest @edTrusor/339ety wit h
mnimal risk or disconfort to the patient. Pathol ogic evidence suggests

t hat adi pose-derived stromal cells are capable of differentiation along
mul tiple |ineage pat hways. Adi pose tissue is readily accessible and 25
abundant in many individuals. Obesity is a condition of epidemc ‘

propor t i onsUnitedtSises, Whdre\ed) 30BIF4BItPETLLISDR/re®a8Tendeth BMEbagidaere fieirpher e
over 50% of adults exceed the reconmended BM based on their height. It is
wel | docunagignel t hat adi pocytes are a replenishable cell population. Even
after surgical renoval by |iposuction or other procedures, it is common to
see a recurrence: isbw@f daslinemey tles atipodesi aielavelerashable exll tpopwationihi Bvesuggest s
t hat adi pose tissue contains stromal stemcells that are capabl e of

sel f-renewa)fier M%i!@élsr&né{’a%#ﬁ ahétRnsor BRBY priptedates,dais cadman tages réarreides s ue
engi neering applications. F?rst, it is abundant. Second, it is accessible

to harvest &5&?@\%&%‘&& hn HAMAOR ovet $Hnel O ThidSsup@dsisethit. adipuse dissuet cantrins
repl eni shabl e. ile stromal cells represent less 10 than 0.01% of the bone

merrow s nugl eat 6o celdmARUWaPAHION selthGleRaRr € UP to 8.6 x 104 stromal
cells per g%g%?0$ aggﬁbse tigg%e (§gn et al 2001, Journal of Cellular

Bi ochem stry 81, gla-3); M X RARALDN aM4Blagd tOr 4isd@eksmeite@inds up to
500 mllion strd%a%%%eﬁgge Eﬁgn1§£?§kPlograng ofa%dipose tissug. Tﬁ%ée

cells can be 1?aﬁgni.mﬁrg!,arfl§l %)dxl%ant.cr%g&fd?si@fsvﬁr‘éesfsﬁfe {Og%l?g,@st ;ekR9FaS or

al | ogenei c %F Icat’i ons: pose derived stromal c s al so express a
Al o e v N
e R e v U
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 (ICAML1); 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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ABC (Class | histoconpatibility antigen); and cytokines such as
interleukins 6, 7, 8, 11; 20 macrophage-colony stinulating factor; Gw

col ony stwouwBasd4gy factor; granul ocyte- colony stinmul ati n@Crasonssset eukem a
inhibitory factor; stemcell factor and bone norphogenetic protein. Mny
of these proteins have the potential to serve a hematopoietic supportive
function and all of themare shared in conmon by bone marrow stromal cells.
Met hods for the isolation, expansion, and differentiation of human adi pose
ti ssue- 25 idenpvedriciebh st 4122062, RiechemePiopliysRes Soemnfupy 2€02akap118;:29¢):7¢3 et al
1999, Mol Endocrinol -15 WD 03/039481 PCT/ US02/ 35967 13:410-7; Erickson
et al 20029 Bir&fh&ns: Bl 2001y Sounes ofOslinlar. PHYEIOReY,al89 58:629 BeRprsaed-al 3001Gr ont hos
et al 2001, Journal of Cellular Physiology, 189:54-63; Hal vorsen et al

2001,  Met ap@hiotiom F0:400 21 4:13a1vbtadnva@ b 200 1 Tisade BY01(6):TRB4$Lid gt al 2001,
7(6):729-41; Harp et al 2001, Biochem Bi ophys Res Commun 281: 907-912;

Sal adi n et @bl 99Biophd! ResCEinlin &8D00T-052; 1IAi8r 48il 1989, @41l Grov@B@ Diffour nal
of Cellular Biochem stry 81:312-319; Zhou et al 1999, Biotechnol.

Techni ques {h3i3 Bl 3ep 171 2061, PBGRall LB BidcHaRisey BLIEI-31%1Zh6u a1 & 10D9,ai ned
fromm nced1 human adi pose tissue by coll agenase di gestion and differenti al

centrifugatd. - t s3d 520044 -HGVed Qrdhal -AlSare ek et al
1989, J Qi]%]18{é%1\1/1{g§?1*e\g‘%§1§%8313 i??(s)l;zﬁl?é‘g%’gﬁﬁ%t al 1966, . J Bi ol Chem

241:130-139] . Oth . 104 e erdtii deri ved
cel Fam mmc%g?l*ll{ﬂglygdl&?é%%te 'Bgtz@lgtg%&@é dibht B IR difee RO Gerdtfifateomder i ve

stromal s can erentiate along e adi'pocyte, chondrocyte, and
Cormun. - 20081 57 S Yoty B A Mot o (DG BB BAACTET |l ar
i vor sen el7A Rodis &8 oSy ' 38R Clesfpg it e g bR Rlctiadidee )
@ D11 Lo A, sGgrreofur-9sorst, Spt ncior TR Bpad Mk adiohe vt
L 3 ey 220 pfcobp: Faeab S SRSy (ERGABE 847 Sod picthda Bl itk et 2!
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, Journal 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, genetically
engineered, and re-introduced into individuals as either autologous or allogeneic
transplantation.

WO 00/53795 to the University of Pittsburgh and The Regents of the University of
Californja and US Patent Application No. 2002/0076400 assigned to the University of

25  Pittsburgh, disclose adipose-derived stem cells and laftices substantially free of adipocytes
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Human adi pose tissue-derived adult stromal cells represent an adult stem
cell source that can be harvested routinely with mniml risk or

di sconf orwotos/osdael pati ent. 20 They can be expanded ex vi woT/uot/s®senti at ed
al ong uni que |ineage pat hways, genetically engineered, and re-introduced
into individual s as either autol ogous or allogeneic transplantation. WO
00/ 53795 to the University of Pittsburgh and The Regents of the University
of California and US Patent Application No. 2002/ 0076400 assi gfned to the
Uni ver si ty a8fl reddBoddi detls indrqdidhal ghpaitatiosseofadimpotie-tiard steanlcadisehesells eandad

| attices substantially free of adi pocytes -16 WO 03/039481 PCT/ US02/ 35967
and red bl aghigetl, saérd & owahinpaslbgitilyrompbiidenempositeont,i siouegestraim cel | s.
The cells can be enployed, alone or wthin biologically-conpatible

conposi t i ONBgrerkRiaBANRLRE @nd Hrich@éss Bbthah @thotdnd S elroaAddisibnailyl theeslls ot h i n
vivo and in vitro. Additionally, the cells can be expanded and cultured to

produce horymones,aighd Quia'b PRAIGENRrnbAREMd Esipiovide comdtiicned chlarre s1epiaor ti ng
the growth and expansion of other cell populations. In another aspect,

these %“PLfiﬁxc%:qkﬁﬂﬂg%{zﬂe%%v&ﬁ SncPerphRGorfisHotnes ell Riphiationss W siotith hepedtythekgvoi d of

cells, extracellular matrix material form adi pose tissue.

The | attice u%ﬁgatigﬁs &'i%ﬁgseaas\l}ﬁo—ﬁﬁmh N&aki& LfstahtBly|del @l OflcBIs, GRHAM Rclaied
di fferentidlion of ce S, ether in vivo or 1h vitro, into anlagen or
mature tissue 0 tr . i L cadt d om: g i {ol ssue
derived st r%‘ﬁﬁ‘fcﬁlﬁgr ré’eﬁxﬁﬁ %ﬁréatl %v%ggﬁg}l%dﬁ%éel tc ghﬁﬁé Sﬁ%giaiféuigggﬁ one
phenot ypi c or... typi ¢ characteri.sti f 1Nt Ea- acular sfr 1.
O o b ent BBRAES RN LSBT bornf vilfhel VA AT B0, floliRen 6
conposition of an isolated h n_adi po t -deriv I | that
has been diPFBESEILP Y SR elrtpuéﬁcaﬁg%g {S(?%%g a@ﬁ’&%‘%@%&? ?ésr?{gg Sg?ﬁlﬂéln
ost eobl ast that can be used i,n vivo to, repailr, bone. A
di sease) T8 ﬂ‘&Hﬁ"ﬁSE’SE"H’é‘ veed do W%Sfﬁﬁﬁﬁﬁ-eﬁ PP %ggﬁ{%%'gg{)%tqfagﬁgf}ﬁy
genetically nodified or conbined with a matri x.

of an intra-ocular stromal cell.

P

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

physiological characteristics similar to that observed in isolated primary adipocytes.
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U.S. Patent No. 6,426,222 assigned to BioHoldings International discloses
met hods for inducing osteoblast differentiation fromhuman extramedul | ary
adi pose twel06394BY i ncubating the adi pose tissue cells inPaTusqusx6nutri ent
nmedi um t hat nmust contain a 20 glucocorticoid. WO 00/44882 and U.S. Patent
No. 6,153,432 listing Halvorsen et al as inventors, discloses nethods and
conpositions for the differentiation of human preadi pocytes isolated from
adi pose tissue into adi pocytes bearing biochem cal, genetic, and

physi ol ogi cal ciwad at/62901%h peblished USt Patent tApatication dlovet) 110033 B4 tutacebr i mar y
adi pocytes. -17 WO 03/039481 PCT/ US02/35967 WO 01/62901 and published U.S.
Pat ent  Applgcatds @iscliees i2ddd AARRS FidsubdervadetrenaSerile time bawdibsel wdeesdite ol at ed
adi pose tissue-derived stronmal cells that have been induced to express at
| east one RhgRAE MPiefst CheMehRyHiS chara@iristic R aaabnal, asstroglipll,i lzdmatopoietic

her nat opoi eti ¢ progenitor or hepatic cell. In addition, an isol ated

adi pose ti SSuRqH5 r ¥igshtis CEILMR adaRioh, dnf1edlatd htigosh eisue dexdveidfsenmaitdelitled such
that there 1s an absence of adi pocyte phenotypic markers is also

di scl 0sad. i, Goon/RUfRIenMRed oot e LR 950 hisvRd dradipodyecslenSighie nmeiersis scl oses
conposi tions directed to an isolated adi pose tissue-derived stromal cell
t hat has be?gal\(}é{eﬁ)g%fd to express at |ease one characteristic of a

ods

a .
chondr ocyt €. are al so disclosed for differentiating 10 these

cells. U S. Pat t.Q.: Pe S it t

E(ra eicgg isg{ ge:c I s%ﬁv’\%’i C erftﬁ‘gc\%(ek%zﬁgﬁaoa?sg%eiti% @gecgle%%%nacf gugglﬁgebﬁgrgmggﬁﬂsage can

. lated.froma variety.. 1 i et s el Rt ti '

el udi ng slrerd e lls%ﬁts%é?@%ssa%ﬁ%@%?ﬁe% B A R R e pose
i ssue derive stro cel.ls useful, in.t : ol Hi ;0

i sol at ed byatiea%‘i“}egﬁ?fa‘ét?“%toﬁgﬁ OdrosIs: ?@etﬁgglgd%?ﬁlﬁcggyﬁ} ?lﬁﬂgregﬁ%mg uch as

descri bed itrﬁes\e/:\lc?ells

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 10 0.5%, preferably 0.04 to 0.2%, most preferably 0.1%, trypsin at concentrations between
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00/ 53795 to the University of Pittsburgh et al. In a preferred nethod,

adi pose tissue is isolated froma mamualian subject, preferably a human
subj ect. wopses®Esr ed source of adi pose tissue is onental PaEEIUS0%EI96T n
humans, the adipose is typically isolated by 20 |iposuction. If the cells
of the invention are to be transplanted into a human subject, it is
preferable that the adi pose tissue be isolated fromthat sanme subject so as
to provide for an autol ogous transplant. Alternatively, the transplanted
cel s are @ld10QeCprefitably MONtd D.04%] mystepreferably, 0.2%, eniemperetisd bstWees ol at i ng
adi pose tissue derived stromal cells, the adi pose tissue is treated with
col | agenasesat, 6095 YasfE@bly HrsvdeRt38R en 40°Q) Imos preferalily 59437}, ébeperisidy of. 04 t o
0.2% nost preferably 0.1% trypsin at concentrations between -18 WO

03/ 039481 REHdeiSnBRAE 0 3hdds, prefetabbbetwedel Xrminites @ DHodrom0st @asfyrabiipst
preferably 0.2% at tenperatures between 25 to 50C, preferably between 33
to 40C, mogfs ﬁ%ﬁé@rﬁ@ bl18hre 7Ged ThRiugl & hiIAS Secscblothivaesh fil@r ofitetiees 200 3
hours, preferably between 30 mnutes to 1 hour, nost preferably 45

m nut es.; The, R 5icPaS SEGke RIGHSY bRrwdkh A0 tO40CHRESECIO4 Prafastly f7] t er  of
bet ween 520 lc%%%:&(g%s tlc? 800 me(frph)i)ns, prmre preferably between 40 to 400

m crons, m)slicro%.efﬁl% AbhYard Qhegrgugi'é&ﬁ(? to dif@reafdl! Bnifigatibie dirdeubjie aie@ld dro
irectly

differential "centritugation In nedia or over a Ficoll or Percoll
or other particyl ate gradi : _ lohi HO&R triioct RE Sdedsdf

bet ween 100°Y€6? ’68@%g?rgﬁkﬁgk%f&ékggﬁg&gggt tcgaffSCOOX g, "mo3t prﬂgfer ably at
500X g for eri 0 ween ] r et yfet to 15
m nut es, nﬁ%ﬁpgﬂgﬁ%@(@ ’fﬁf’rﬁﬁrﬁu{%y an(%t%t%%%:éé?ar s&%rf%l ot Weeng4 to 50C,
preferably between 20 tq 40 t r ef . n aaatiber

met hod of i%%‘PQW%“’%ﬁYP 6‘%‘8‘-%8@?”?5%“&’ lg?rr% %@Q@i?ﬁélgﬁﬁg& Sélﬁl}sg [ sylgtem such
as described, in US 5, 786, 207 .t o _Kat z, et IS . em h®ce yed
for int®odniuke AfeHBFAYLS of PSETE éaﬁ%??cf Rfeggglﬁggﬁﬁgrér%? gdmdlé@%c{eﬂ,agto
subjecting it to a washing 15 phase and a dissociating phase wherein the
tissue is aRfPfeEbBPtEA® r ot ated such that the

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.

70 TIII. Inducement of Adipose-Derived Stromal Cells To Exhibit At 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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resulting cell suspension is collected into a centrifuge-ready receptacle.
I'n such a way, the adipose-derived cells are isolated froma tissue
sanpl e, pweansi4ty the cellular integrity of the desiredPceluse2/3267111.

| nducenent of Adipose-Derived Stromal Cells To Exhibit At Least One
Characteristic of an Ocular Cell The invention includes the treatnment of an
adi pose-derived stromal cell to induce it to forma cell that expresses at
| east one genotypic or phenotypic characteristic of an 25 ocular cell.
Non-1i i t i Rgplexanay s thef urtitfferémiated cieble inthehdlitisfuer @i ipatidngnangs 4) cellular

adi pose-derived stromal cells include: 1) the use of cell nedia; 2) the use
of supportpﬁ§h&§hg&kmﬂgwﬁpt -19 WD 03/ 039481 PCT/ US02/ 35967 inplantation
of the undifferentiated cells into the tissue of a patient; and 4) cellular
engi neering techniques. A) Cell Media Inducenent 5 Wiile the invention is
not bound by any theory of operation, it is believed that treatment of the
adi pose-deri VedA§Ueﬂmdi§ﬁ{du%eM€ﬂth a nedi um cont ai ni ng a conbi nati on of
serum enbryonic extracts, amiotic tissue/fluids, purified or reconbinant

growt h factors, wiNLRKERSSHon e P B&Shd BNsHyOthedih @Tioparaticiy énisshelieved ahat
2- di mensi onal ong- I nensi onal nicroé%Ci?gﬁnegt,%%ll i nduce the desired

differ ent i gt Ol dind/Rlifos3RERIsG8hkNocld Wtnla Mot Gfhupfiay b dagbiaaimatdiod f or

differentiating an adip erived cell into a cell having a genotypic or

phenot ypi ¢ SQ{}IO %rré‘hé’Pﬁ{cse adts Y ﬁ'fotig ‘ﬁlséue/éluﬁﬁ,%iiﬁ%h BBrecothBiharl GroviR el

adi pose-der’ emcdell's at a desired density, including but not

the col | s IS Enei ey ey sediRal BT i ¢ TaHCioR & sl bl ne. 16

the cells i ne re medi um conprising at |east one 15

Cyt oki ne, gutraeny i e edfe RSPl ALt 2" P A0 or any ot her
defi nedl OChem CalMc%‘g %pr)]éciﬁcally, the invention provides a method for differen,tiating 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 cells/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 cells 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

70  known to those skilled in the art for the presence of markers that would be indicative of
corneal 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 without, fetal bovine serum or basic fibroblastic

25 growth factor (bFGF)), N2, B27, Minimum Essential Medium Eagle, ADC-1, LPM
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In still another aspect of the invention, the differentiated cells of the
invention are grown in cultures until evidence of corneal epithelium
formati orwo93obmer ved. Media containing the epithelium i ®Crhmse2/asel yzed by
standard bi ochem cal anal ytical techniques 20 known to those skilled in the
art for the presence of markers that would be indicative of corneal
epithelial function. The layers of corneal epitheliumare then engrafted
into the host tissue for tissue generation or regeneration purposes. Base
medi a usef @Bovife $demnabiamsfre), RIOEANY,SLi GiAND DRI, IPE@MQ;JQPMBW}Q’ mted
to, Neurobasal TM (suppl enented with or w thout, fetal bovine serum or

basi ¢ fi br geijametifm 2§iteraaut Witifoat Fiton(IaélGB) )ModificatiBa) , BastinMedinmEEegat i al
Medi um Eagl e, ADC-1, LPM -20 WD 03/039481 PCT/ US02/ 35967 (Bovi ne Serum

Al buni n- f r eBME-F kP (dAMdditiba 201 B sCGhE), DEBuRco'sRPMdife84Bggle BGIiwvedi um
(with and without Fitton-Jackson Modification), Basal Medium Eagle

( BVE-wi t h tRemadHithlb@n s@imfavhRate, SMEMDES Glasgbhl beditioati ¢ Nl
. 7 L = \ X g edifioationVBailé¢ iMellikagl e
Medi um (DVEM wi t hout serun), Yamane, | MEM 20, d asgow Modification gEagI e

Medi um 3 ( QIR0 121 sLvikFudYeSicusy's MEGAdiSmS Mel¥eti MTDO tdDaRvwith
(ML99E-wi t ar%’g“' s sale 1bSase)fl i\/bgi %mggy(lwﬁggliw tm% s sal tggase),

M ni mum Es %Z%%’E%L‘lﬁaﬂg?"gj Mgkﬁﬁfbﬁ% N BEM i HEREd SiliSbasd), Mikaae) Esdehtidl mum

Essenti al Hw th Hank's salt base) and M ni num Essenti al

Lo <o I B TELSEEEM dnde Slenregn: ,
301 MCDB %@ﬁ%&h%ﬁ%ﬁ%@a&%'aﬂﬁ%ﬁ%rﬂﬁmﬁ MediiheEhale UENERNAA-MCDB
for ’ use in t) é resent | nvent.i nli " ND?,C 1?)3' A'pr e rrpdl ar
avai | abl e fY&hit BES 2 HAY afléﬁa%‘a‘?“%%%ﬁ%ﬁ“%f‘%f%ﬁ‘%ﬁ?g?’h‘%“ﬁgf@?E os.
ptt gt R AR R G AT it
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 GIBCO, 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
usefitl 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, hormones and other specific factors useful in the

25  invention include, but not limited to, growth hormone, erythropoietin, thrombopoietin,
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by WlliamB. Jakoby and Ira H Pastan, published by Academ c Press, Inc.
Preferred media for culturing corneal epithelial cells are known in1the art
and inclwoespsmsmedi a described in U S. Patent No. 5,912pCTHISVD3MST e, Jr.
Generally, nmedia wuseful in the methods of the invention will contain %etal
serum of bovine or other species 20 origin at a concentration of at |east
1% to about 30% preferably at |east about 5% to 15% nost preferably
about 10% Enbryonic extract of chicken or other species origin are

present at jmedaRinedt ingtleain ¢f istbrbaukinl % macrainge pelefyw séipplipting fackosstkihbout 5%
to 15% nost preferably about 10% Gowh factors, cytokines, hornones and
ot her specilfohfid/§t@int @IS fdsef vitedprotedeein Rgandnrsnlin, oinsilivc likelegrowstiyt fagiors, | i ni t ed
to, growth hornone, erythropoietin, thronbopoietin, -21 WO 03/039481

PCT/ US02/ 3396iérmdl Bfcvth Giétor,filBoblash pr@mitie fakion, nétveigiveh fastor ¢ilay, nevestiophinage
colony stinulating factor, c-kit Iigand/stemcell factor, osteoprotegerin
ligand, i nsfh'fltbt{/ﬂ\})laiefé? hrivad kidseh c@wtand bast meBhogengticdestainlat gimosutiationsatfor ,
fibroblast gromh factor, nerve growh factor, cilary neurotrophic factor,

pl atel ety defeiwef fohimi & hidlligradind] ROBIS. MoF RRagseat suchpronteimtias, the
concentrations o#ﬁ% bet ween pi%%gran1n1 to mlligramim |evels. Fbr exanpl e
at such CO%&@&J@&&%@MJ&? andIhMoResh BEMPTShe MKk dTabe @nehtion arecibisious ef ul
in the nethHods of the invention are able to

formation of ,blo | ; ~ induce, up to 100%the
| i e .
| i neages) i RO @)ﬂtycl?b iSind FoHTRRR ShblgIndells Qiphoit, @ly@irdidPmyslbidic Iptitelet

Nat | . Cancer |ns o-rmng uni t ’C%I:U) assays. (Moore et al. (1973) J.
142 3u75. sapspb RIS B (GRS TSI |
urther recggpj h ddit i _

RN R R A T e e o

nmedi um Suc e'antipiotics, a am no aci'ds, an

other conpo ) to the art for the culture of cells. Additional
conponeH%s Wﬁgq%giggg "to enhance the differentiation process. By y

"chem cal agents” i n '
g It is ﬁmggraregogﬁzgé ?llnag 2dditional components may be added to the culture

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 well 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 experimentation. 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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15 retinoids, and other chem cal conpounds or agents that induce the
differentiation of adipose derived stromal cells by at |east 25-50%
relative wooa/opmagi ti ve control. It is recognized that thePcalUSonENvT
condition described above yield a cell which expresses at |east one
genotypi c or phenotypic characteristic of a single type of ocular cell.
The particular cell types are separated by any neans know to those skilled
inthe art. 20 Particularly useful are neans that take advantage of the
genot ypi C qlindBe Bl ShenSHFE ahiracterddtice inchuipr g sel nblylimied & ctlésefceat ed
cells. Phenotypic markers of the desired cells as |isted below are well
known to t hpsengfcyREeidaryotsiks, lckll invriHotegy dnd/anetretonyi modiicts. Hoobkdnghed in
the literature. "Additional phenotypic markers continue to be disclosed or

can be i depfiaedWotAUy it BelRXRRhbdRNVeadptas for Arysfofmink gevtmircker s ar e
used to confirm25 that the adi pose-derived adult stemcells have been

| nduced 10 @ %@@Egﬁgﬁ@f fi6ith (3o Gtn fack (A OB RAasPEBAIAROBGIGE).

Li neage sp ypl C acteristics include, but are not limted
secr ot ory” PrBHreRITEReERIGEY SRE Kl e e B B el | o
Theul 11 K850 ot FrgPBr e o S S ArEL Rl MR whiPeoteiEE )
Vol cker . tber7knii ook Fitrbn: SpApecsomist ghuhapel b SR,
| munocher emicabol HEP - AT BADY BTG e ST R Adeass

met hods readily ascertain the presence or absence of a |ineage specific
mar ker. 10 $pecidpswde@r embodi ment, the invention provides a
dedifferentiated, isolated, _adi pose-derjved adult s ﬁ. ce%l ﬁapapgg of
bei ng i bluced t dnesmtles serahodimaentt then EVgRHG: PIAVECS ot dtﬁ BYgpe Solated:
characteristic of an ocular cell within a culture nmediu c%pable f .such
di f f er ent i asdipose-dexivedaitelt stemrpell sensble-of heing Hlucedp i%@ﬁssa?glﬂaf 08¢ 8FHOEE!T i s
identified by the ‘ . i

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 cells of the invention. Support cells include other

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

25  cells. As a non-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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absence of mature adi pocyte markers. 15 B) Use of Support Cells To Pronote
the Differentiation of the Adi pose- Derived Stromal Cells In another

enbodi mrerwwO®B/084381 | nventi on, support cells are used to pr®@cES0Y/BE67 20
differentiation of the adi pose-derived stromal cells. Thus, adipose-derived
cells of the invention are isolated and cultured within a popul ati on of
cells, nost preferably the population is a defined population. The
populatlon of cells is heterogeneous and includes support cells for

suppl yi ng faRevear Srotmal tdie aaefissisalited by anynefith¢ ineans dSsqpibed abayed dnd grayyl inde

other <cell types which will pronote the differentiation, growth and

mai Nt enanceu@firet e tigke prdseitbe 25 ottlet oculds a@ nareduian uppet ex:HﬂpI B apdthem

adi pose-derived stromal cell that expresses at |east one genotypic or
phenot ypi ¢ GhRbmsdne thed g orPEelR a€dddiwad friopi pringdry ahltueesl df these delbiypedakeadi pose-
-23 WO 03/039481 PéT/USS /35967 derived stromal cells are first isolated

by any of t rggﬁggd d&ncdithas. AROKE ancied e@itddiinent) the slpipuitt eelisnart lleriprdesence
of ot her non-ocul ar support cells. In another enbodinent, the

support 5ce| érogn alﬁl%ogﬁ{lie\ﬂeaellf i3 Pl 5 emBbditess, fe uppse celey hret()ﬁm&ﬁedt aken
from cul tur corneal tissue. In yet another enbodi nent, the support cells

are derived u%%goﬂﬁgbmﬁﬁér%lrd ﬁl the Edﬂﬁ@ﬁ cellsrhregéﬁi@n&ml’lggérﬁﬁ@ﬂﬁ the

support cel? auto ogousl'y. I'n other enbodinents, the support

cells are obtai rlﬁg A %)g Gﬁ)‘lagéacﬂ l%?ythe fesbrit i eﬁﬁor?ﬂﬁﬁ ﬁl%le@st@o@dl%/sd Brt e s ent

i nvention that t e ce port t differentiation of the

desired cel éﬂ" r:rg;n 18P (iesﬁédl ééll%glglog eﬁgal{a/%ngﬁle&ecfw Ly S@IJ[’ kell. T’hl?e cells

are genetic 0O express exogeno enes or to repress he

i e i STty o e
Fragment. (FOBETRGERE RRGRY TSR CRaler heoR s i Bty 'gﬁii‘?‘*e’inr*“é"‘“ﬁ' Gnéicl €
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.

O) 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.

-24-



incorporated into the genome of the cell in a manner that the nucleic acids
are expressed wthin the cell. Alternatively, the cells of the invention
are exposwo oso3®msgene transfer 15 vector conprising a nuclPerasarside?
including a transgene, such that the nucleic acid is introduced into the
cell under conditions appropriate for the transgene to be expressed wthin
the cell. C Inplantation 20 In another aspect, the invention provides

adi pose-derived stromal cells and differentiated cells expressing at |east
one genot ypi ¢ OIThpd)einostilp imtled aaspest, ethe sinvaptiod désglosescalmgthede far prAvdingr e
useful in autologous and allogeneic transplantations. Preferably, the

subj ect i s diEEremlatedn cell¥O tapapl ebf erlkysingt hie lsstbjoreta igendfypiarnr pirenotypic

03/ 039481 PCT/ US02/ 35967 Thus, in still another aspect, the invention

di scl oses anhpmbtBediclo@an balaticdil foth slbfebiccammirisiiged cel | s capabl e of expressing
at | east one a genotypic or phenotypic characteristic of an ocular cell to

a subj ect, conprisingy a)isblaggddigtge BiPaGHel bisand cely i ved stronmal cells; 5
b) plating and i ncubating the cells in a nmedium appropriate for the

differentiation of tBg cephig snd in@ﬁlfaﬂﬂ%@ﬂdwsll% he adintdiemesppiaptied foeties i nt o
t he subject. In another enbocﬁ ment of the invention, a nethod for providing

undi fferent&iﬁ%]%gﬁaﬁwo%ggg e-derived stromal cells to a subject,
conprising: a) Isolating adi pose tissue-derived stromal cells; b)

i ntroducing the undi{ferept th€lieSrehte LS indd! e 8Gtject.! t 1S contenpl at ed
in the. invention thgé \Ahgltrtlllog&ncﬁ%f ?erlengi ated adilpose-déri ved 15 stromal

cells are introduced into the subject, in one particular enbodi nent, they
are

In another embodiment of the invention, a method for providing undifferentiated
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 cells. 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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introduced directly into a diseased eye. In yet another aspect of the
invention, the wundifferentiated adi pose-derived stromal cells are

i ntroduceaoaBosiysi t h any of the support cells or nedia ®@cTdishi/gventi ati on
factors as described herein that will provide an environnent suitable for
the in vivo differentiation of the stromal cells. For exanple, 20 these
support cells in one particul ar enbodi nent are amiotic cells. In another
enbodi ment, the support cells are derived fromprimary cultures, of these
cel | types takemh afotiemepbbdiureet ticodevéffdrentiated (adipoperdsyived galdtinBiovisahddi ment
the support cells are derived fromimortalized cell lines. In sone
enbodi ment sombigtiGupitard phahaseuticably olsbeitabdal carsiat droydhesinputiq APRICAEIN,

enbodi ments, the support cells are obtained allogeneically. -25 WO

03/ 039481 RTdi0Bt 3R Gifnitell o aisaichepaire mpedération, recohstrudidati o1 enhercemsnied

adi pose-derived cell is provided in conbination with a pharmaceutically
accept abl e Lfgdse-QerivieRlcelts da @k aprutd By mpmbicditlased in Urk: Paghtigp. ut53482
limted to tissue repair, regeneration, reconstruction or enhancenent.

Adi pose-sder i isBhlosat &Pty RRréd)s aemfrhyntim the dellsdichothasbeidddifferinBate®at ent
No. 6,153,&32 5 (herein incorporated by reference) to dedifferentiate the

cel I's_such iRtk refriflob R i Chprdd ublorifient prinbfpR enataberistosdificed t o
express genotypic or phenotypic characteristics o cells other than

adi pose ti sc?f‘l'se%tﬂgr; nyed igﬁslgl Ssueldgivae difsl erRnddigteastiadi Rapesedrrivakeectlcel | s

can be nodiTre I'nc a non-endogenous gene sequence for production of

a desired a6 B ‘?rilo'&y?erd tB‘ixgcﬁded%ga&fE%dﬁg%ﬂ%Jsf&héQédu@ﬁc%%laﬂiomen denideamdcel |

can, in an térnatlve I ment. be admnistered to a host in a two-

t hr ee- di i onal nmt rix f.or ' : i -
B T P

tarn aut ol ogously fromthe

patient, s ng%ﬁﬁaelgﬁ Bf%le%ﬁré{t]?ar%d t'\égal fbst ihAGwgEel tfnfe?—rhdgﬁ%gi%}lzﬁ%é%ﬁi for hYeQRaI ned

aIIogeng1 nipulation o I pose-Derived Cel |l s of

t Egr ;B;enmgrépghgmr%gslel. In 8r?eden§b% {n{en D 2 bre A Bat AR gﬁﬁingﬁtﬁ(ﬁsg%ugﬂr gene

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 (ie. DNA or RNA) such that the nucleic acids are
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inserted genes pronote the health of the individual and to whomthe stem
cells are transplanted. 20 In yet another enbodinent, the adi pose-tissue
derived cwblosesgsessing at | east one genotypic or phenot Ppiras02/35967
characteristic of an ocular cell are genetically nodified to express
exogenous genes or to repress the expression of endogenous genes. The
invention provides a nmethod of genetically nodifying such cells and

popul ations. One method of genetically nodifying the cells of the present
i nventi on iimvegloval mxpthsigagpnichef the bélbsuch trs theaeltionasidseire expgseeds Vilgient s
(i.e. DNA or RNA) such that the nucleic acids are -26 WO 03/039481
PCT/U$02/3@&ﬁ£u,incorporated into the genone of the cell such that the
nucleic acids are expressed within the cell. Alternatively, the cells of
the invention ange@sPRSgcthé el gRte invatishare vemtal to egepe itwsfer wectnicl ei c
acid including a transgene, such that the nucleic acid is introduced 5
into the C%!olngﬂﬂﬂ%ﬁ 66181 AbidoRSu@RP b eRhigehE shar thithihe hodeis geidds frrodeced
expressed within the cell. The transgene can be an expression cassette,

i ncludi B9 g,696H 29 RALYDHESRlbHiRpRRE Fitthe/trankonk @sibd expeessadiwithin the pelbnot er .
The codi ng pol ynucl eoti de can encode a protein, or it can encode

bi ol ogi cal | eq&ﬁl%ﬁén% B%kg?e( £ Ekprd8bh $858R, RMARE codingqalyiadleotitluperablgr

exanple, the co ynucl eoti de can encode a gene conferring resistance

to a toxin, r i na: ;
. OXI N5 @ed R ;{'Rﬁﬁbl Y VRS 38 hiélectide (caE 8ndaawI A Grdtdih,F Getanul ar
si gnal i ng moI 6 f) e.g.e?@%ﬁoadhesionmﬁgfgﬁuI%s, creceptorgretc), a factor

pronoting gro .Qr . ] f i
Pactor . or Saigfedyflbr SOl i SRNE i aRRAGIRAGVS: SRCORAR. TAR I et sone
transfer hﬁ% chlcﬁ%igo@%{;lglggt? e i Enc%dg% é&@tcgﬁéﬂﬁlgﬁgﬁstaﬂcé B SRIMENRSMMLE,la be

r?gmga V\':’)ta ik |02 c?sse he codi ng pol ypeptide is operably
e L e R e R
herpes vir ursece%rco?srrgt%)? Elsféctc(): p}rgrrrlr&%?gl g(l)*c\{vivt & s&:rré%{(r)gto? hit éndogenous hormone, peptide
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, cytomegalovirus 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 cellular 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 the transgene to 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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O her suitable pronoters are eukaryotic pronoters such as enhancers,
constitutively active pronoters, signal specific pronoters and tissue
specific wooaosEss. It will be well known to those skill @dTiusoy/beénrt to
sel ect the appropriate pronoter suitable for driving gene 20 expression in
a predefined cellular context. The expression cassette can include nore
than one codi ng pol ynucl eotide, and it can include other elenents (e.qg.
poly-A sequences, transcriptional regulatory elenents and the like) as
desired. The pespidessiked DdES vet/irases.o Ahginrthod of lvensimuetingctbn desitid gxniession
incorporated into a genetic vector suitable for delivering the transgene
to the cel lgsseiRewiiiditngveetors tied das be edplopdl. efigsampthpdsdre ovell kapyn dutbh vect or
can be so enployed to genetically nodify the cells such -27 WD 03/039481
PCT/ US02/ 359644 iaslud® stsHintbehod§ ak eiecDdBningy hotidlogpas recdmpinadrnamd thé like.
constructing the desired expression cassette within the vectors used can
be enpl oyedp,JhgakdTRiHResSHANAINERA IhIGUACHOR et T @ectarwilldmdelly detetniee thach

met hods as direct cloning, honol ogous reconbination and the |like. Those

skilledsn rﬁgﬁodatfs@dWlhﬂrodﬁegﬁl%SIE&&qn{ohﬁéceﬂlbe choi ce of vector will largely
determne t net hod used to introduce the vector into the cells. The

genetical ly al tqge e&ﬁgielﬁr ARRRAY N REEE it e biAnigh 430l iRty a

variety of nethod conditions for the transgene to be expressed in

vivo. Thus, Jo. dsp | Bﬁﬂtlcﬁﬁ%p 'tﬂgeg‘:?sgénet tr&ebé BYSBkePh vivde Thansgene can

encode for gro Fors’s he cel I's containing the

transgene for %&{% d)lmenem)f e Hve&ﬁ?ﬁ %é ge[%g hﬁ%&oﬁ@?or%l‘@wth @ s@h

di seased hdﬁﬁ manal rna exogenous foreign or

honol ogous n U]gé@a (r:’flhg 6! ?ﬁog {enllllg' s%én%qo} ’Pﬁ,‘rF m&ﬁl il BeSindP dutcélﬁn MAS&NRL

i nvention ues iar to those s |IIed .in

the art, Thu nuclglc acr g are transferred by such nethods incl udi ng, but
not |intt eo° 3 iseasefl Bpnpr LG T m abal ci um phosphat e, m croinjection,

lrr:ag(r)]];eﬁf—llo\?mq t {)eL{{%g?@ilggl%h?eéggﬁohgltfwggarqr ?mmof:oggusI 1?L|1cle1 E5GQY aftra A&t Qer
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 cell surface proteins by
immunofluorescent methods using protein specific monoclonal antibodies linked using a
secondary fluorescent tag, including the use of flow 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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E) Cellular Characterization By "characterization" of the resulting
differentiated cells is intended the identification of surface and

i ntracel Iwbas/opr48t ei ns, genes, and/ or other markers indi cRCIES02/2096Df t he

| i neage commitnent of the stromal cells to a particular term na
differentiated state. These nethods include, but are not limted to, (a)
detection of cell surface proteins by imunofluorescent nethods using
protein specific nonoclonal antibodies |inked using a secondary

f | uor escentmdtiagls; icndétectiongpfichid gerss by fpolyintenase chaineeaction, e sito bigbridizgtion,
detection of intracellular proteins by immunofluorescent nethods using
protei n spegifbt sortefsibianalysi25 ant Thadhaly diffeksihtedsictly may de chardeterjzed
fluorescent tag, including the use of flow cytonetric -28 WD 03/039481
PCT/ US02/ 3596ife iddtifiedRn dfturfdet ael inadceliilac phdteige eseshyndial gther matershai n
reaction, in situ hybridization, and/or northern blot analysis. Termnally
di fferenti ghgehi&8! $SthEBNndage COARAGICRT bZaie shymhlheelisd@nt i fartivatar carndhalsur f ace
and intracellular proteins, genes, and/or other markers indicative of the

| i neage ot BRMedMatt.NTh&eHRIds Gall liSclide, Butkié hbtClithitéd fop(ayidettio of
dlfferentlateJ state. These methods will include, but are not limted to,

(a) detectiqp s%tfacecﬁljokair?suﬁyt AR RS ROt B¥sal RIS BN @S foRiRiry & SiaYstusuch as
flow cytonmetry or 1h situ " inmunostaining of adi pose-derived stronmal cells

1'or ost copbt PReFHpE, BF s iR e QR B Sy b ) “darect i on
Cyt oot ry. doreeRt T b o I e B 1o Pt el 1
T neage- sel et d eARClr Rl gl bRHELRR AR PR AHRIERRI" 0
tact or [V by B 8 sith orssRyis ool R BBl AT i

gzbglogl_ gag_llogc’:iﬁg ngén%zlogglhgﬁtib%!iigg; &:S]ade%%%iosn ()is %Ee (gx&te)sls%negf ?il]eagégs%l%cti\;eS Bl ood

mRNAs such as those produced by corneal epithelial cells including TGFf1 and 2, 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 74:303-311).

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 vivo
factors already present or induced in the host. Generally, such methods involve
transferring the cells to the desired tissue or depot, either in vitro as a graft prior to
implantation or engrafting or in vivo to the 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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F) Use of the Cells of the Invention as Therapeutic Agents Mst preferably,
the cells and popul ations of the present invention are enpl oyed as

t her apeutwo cagamss. | n one enbodi ment, the adi pose-derivea@Cstusonsdosrel |l is
adm nistered 20 to the eye, preferably in the desired |ocation, and
allowed to differentiate either through (i) co-adm nistration of
appropriate cytokines and other biological factors, or (ii) in vivo
factors already present or induced in the host. Generally, such nethods

i nvol ve t nggesfFer exanplé, lvellcat kensfaredtie ageafi bybpthing theezrdfi Otifising igMther in
vitro as a graft prior to inplantation or engrafting or in vivo to the
ani mal di r eQluliry medfuen @atdisingthe ctlisardfesrativay.tiee ¢ctie apFeesied op die depised e by any
met hod appropriate, which generally will vary according to the tissue -29
WO 03/ 0394 8&itHRCHe USaR/t3 3&ablish bypopulaticor. Cetlanmi be travsfdnsd 4o sitasimpypasingd to a
graft by bathing the graft or infusing it with culture nedi um containing
the cells. A& WAl kiR 1 thbdeakiirRl i tharaet for exharpleg mathétersdesriarsechngilea orwi t hi n
the tissue to establish a population. Cells can be transferred to sites in
Vi VO USisNG gilR\b&RE witllthe deNo¥ict 0 those skilled in the art for exanple,
catheters, trocars, cannulae, or 5 stents seeded with the cells etc. The

differentiated qfeUfghfchfitatdratisradinese adipbievkevad raombl eelld ofothet he
invention find use In therapy for a variety of disorders. The cells are

used to tr g ESin QferbREfR Y DaRty BEldidides. bUhe Bels Arknistdeh treat
aniridia orqﬁg%lgg%ggﬁgﬁ tﬁe ei:rréyg; eyt hr}}oker atoderm a or a reddening and

hyper ker at Ofl el of i Sdhék ik RARHE! biliShotitiiillb! bitiBiald SRS oM iris;

deficiency; ¢chem cal 1njuries,; ermal injuries; contact |ens keratopathy;

and repeti éé,iﬁif%l Aﬁ? Ie%iaso'fragrgécieﬁ%g%gd Iy ratb Uf th %kiﬁ%atitﬁ@fi}ﬂ m@Riglel y, the

cells of th on  are use regenerate the cornea follow ng such

g A P SR Rl Rh e Ahb Short B BREELOBALLY 1ehdRehrohitng id

kerat o ere a portion “of the

cornea. Recovery of .these .procedures oft r esg i EAE
anterior 15rep%t’tt¥'8ﬁﬁ1ba T v s (E?ﬁg’f‘%é% nglrﬁi%%lg i nﬁﬁé&r[r%w’ ?rﬁloegcgpg%t?@ﬁ\vgﬁﬁdﬁ

appearance e?r]; us do'gcoI r%ée%%xlﬂa?es Ie%o?n%eli If(ﬁlowing 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 (a-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 portion 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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expressi ng al pha snooth nuscle actin err)-SMA) which are pr

use of the cells and procedures of tgg présent)invention. ghgvented by the
di sease- swatig/osmsbe treated may be the result of an aut oiPemirse/sspst unction
or infection by a virus or sone other infectious agent. 20 IV. Tissue

Engi neering The cells described herein can be enployed in tissue

engi neering. The invention provides nmethods for producing aninal matter
conprising maintaining the inventive cells wunder conditions sufficient for
them to expianidd anthost teétmologtes deseribel infke fdlsivingd Urbi Rasent Nppe):d(iafft éfdcan
include, for exanple a portion of an eye. As such, the cells described
herein 25 a[gs33sEe AdvanoatbTisatel Srieneist Mncarly:SkPsons Noe SHAP§iie Yreantj gistle

engi neering, including but not -30 WO 03/039481 PCT/US02/35967 limted to
t hose t echnpt ggiasNeesTIo 8300Vadant biealf OL9. PaienigNo.3,741,6P%t asentindd.S. Bate2 741
and 5,863,531 to Advanced Tissue Sciences, Inc.; U S Patent No,’ ’

6, 139, 574, \NAGans 7RV Rhnti et dU; §.9.PateanNoNa8045] 78592880 et Wacksst Patent Ng.. ;. U. S.
Patent No. 5,741,685, Vacanti,; U S. Patent No. 5,736,372, Vacanti et al.:
U.S. Patsents g, 457, 8fbark? & alVagaNPhicit Nal 5,7701%8, VRedngingt Ao .US. Bt 0¥o.417,
Vacanti et al.; U'S Patent No. 5,770,193, Vacanti et al.; U S Patent No.
5, 709, 854, 59@31‘8“5&} BB ePAl:; U.Y: ButerPNoe 51515932, AtalA &t BB2U.SAPabat Na. al . ;

U S. Patent . 5,855,610, Vacanti et al.; U S Patent No. 5,041, 138,

gaca”“ et Adssio1h): Facdhdl &M NOs. PRedd No. 7641, 198C Fadnticdt A} .U.SUPGentRds.ent No.
, 123,727, Vacanti et al.; U S Patent No. 5,536,656, Kenp et al.; U.S.

Pat ent No. 0 . ak- e € 19d. DB t -
Vacanti . S02 e Mol B BE Skl R, L, B e o

6, 143,501, Siptinger et e ; - tlye | 190.2nd
ggguh_at! gnss?%ﬁeésﬁ‘aﬁ ﬁ;‘ ieﬁgfd Hhsdggﬁﬁtglgﬁ' |%Aﬁgﬂlsa gﬁ.ﬁ% Iagil’)blgétég glr" ?E’érﬂgtﬁeg ls[é(;{pand
ivjde rm.g he organ. I Pay ac i gheg,db r i ,
Ei hem toi%n %ﬁ‘f“nﬁfl t\{fﬁ?rglal ﬁ% agaggl't 2}1 e ’_Zl?%vahlf c']ﬁlggﬁéet ﬁléwglr?aﬁgérpd}?t?gw "
e;zlaf?hiIhéimxéﬂ?saﬂégﬂéhﬁn can facilitate the regeneration of part of an

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 a 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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animal where the cells are inplanted into such tissues. In still other
enbodi nents, the cells are induced to differentiate and expand into tissue
in vitrowoy3msmbly the cells are can be adm ni stered al on®@Coruso2I336mM Xt ur e
of cells, or alternatively can be cultured on substrates that facilitate
formation into three-di nmensional 20 structures conducive for tissue

devel opnent. Thus, for exanple, the cells can be cultured or seeded on to
a bio-conpatible lattice, such as one that includes extracellular matrix
material, syhinteikinatqilyaeing fibey e kimesks or groogs, kypically otith spages on Hectide

| attice can be nolded into desired shapes for facilitating the devel opnent
of tissue tofpesveed Dosumtahé abowy 801 jion Spehovstaereaprovidgsonifidieh age ppihishng t he
inventive cells and 25 populations and a biologically conpatible lattice.
The | atti cqng adlishen ftsviagd holifrate.3 DeM@b3 HR:31484 iPHoddgaaiabIe H9@Timp oy ner i ¢
material, having fibers as a nmesh or sponge, typically with spaces on the
order of hgfeenn RALHEbENhiaHRUANBAOmEMRr Slickieelatsr URtitable fphondrides
sufficient area on which the cells can grow and proliferate. Desirably,

the |attq Cecfggh?l bRdegriadabl GruRE dsidFemofishmert Radh bd glycblic bed,alastir bad i nt o
e

the ani mal r-as it develops. Suitable polyneric or 5 copolyneric
lattices ﬁ;&o@leﬁﬂ{aﬁﬂe,uéd 2dTBHROTIRA Sthé UGKR. 2SOk tatlides @i theludacirbeinaci d,
propyl fundrate, caprol actone, and the like. OQher lattices can include
proteins, | ri drdX9! a4{aY S PoYthB&skdls poRahbyarilleto sl pticSphozenes,
Eoléanhydrﬂ%§§¥&%%ﬁ§%h%§gﬁ%£e es,’q%r synthetﬁkggg¥€ners? %gfticularly

i odegr adabl e | yers r LR tdd g@,ﬁlggf Soabikdien liadrdofce can
i ncl ude horﬂﬁﬁg v %B%%mg§’6?@%%%8?@g¥%rs%ﬁg%tokinégfmﬁtrphégeng 10 (e.q.

ude hor ehEs” § | .
{1 bronect | A lpeloEs S FFUAERORTRS, Shal o BT RS cy@idhet Sndposcrs

agen etc) or ot naterla s . VI ruses,
nt rodutid (o aetinge teif Brek SRR v RS PR AR LHRERRYCY, AbrontoHR, KL, 21 ©
e e o S B P P T RSPl o hgdissol vt fon o
' 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, €.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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15 infused or injected into the matrix. Preferably, a hydrogel forned by
cross-linking of a suspension including the polyner and al so having the

i nvent i vewoaBlo3948i spersed therein is wused. This nethod ofPCrarsensioen
permts the cells to be dispersed throughout the lattice, facilitating
nore even perneation of the lattice with the cells. O course, the
conposition also can include mature cells of a desired phenotype or
precursors thereof, particularly to 20 potentiate the induction of the

i nventive GRistantidytdevBidiofeellsatTypicslyouclpadipase-derited lgstic instudeproteifs sioh nones
within the lattice. Those skilled in the art would appreciate that |attices

sui tabl e fQt o&dgirh@ glydbstofeli, hyamrpus, fibromecting cdBagenednd thentikengll odii t abl e
source, e.g. matrigel, and can of course include conmercial sources for

sui tabl e | afihiC&sve ANYLHRL Sibiskald Br bal kioseh.i $ddeiohalyd sidhamlifosed@bedcel | uar
portion of adi pose tissue for exanpl e adi pose tissue extracellular matrix

-32 WO 03/ %8%3 %?15 ggfullc@ﬂgmgs@ EytoRiMD Tr@hi fadidry afleiheilite OfThowlskitled Tiythecal |y

such adi pose- attices include proteins such as proteoglycans,

gl ycoprqt ei ns | Fmd 11t susiP b adigse-denved Betict kkeh,asahdt of
whi ch s§rvéﬁﬁgmgégéﬁﬁ%%fﬂgﬁﬂg?§39255ﬁg%S?elI grgmﬁh. Addi tional ly, such

adi pose- de chs\é?o(%ﬁ% lérgt\éfplc ﬁ?/S%g ok E‘Jeu ﬁiv@x@ftm eSittstayghO KhaH@por@Ed Wekkid ®9t Or S

and the |i ed’inthe art | d be aware of methods for
i solating such an adi pose-derived lattice such as that disclosed in WO
00/ 53795 t FH8Uni versity of Pittsburgh, incorporated herein by

nvent L on are. udDopl BIEGE Bfien sl i TaR L IRTRAD SRRsRlin ke
i scl osed | REBRE A TCRPEBROR TR 0 R e i 6 TRBAAGLL My D 11
el udel | et g8 sraehged B ERe s T1orcis, LFer e TmbRaiy® o 07"
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immature tissue or the lattice. Thus for example, an implant can comprise a population of

the inventive cells that are undergoing differentiation, optionally 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 the lattice as described.
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a suitable size and dinension. Such an inplant is injected or engrafted
within a host to 15 encourage the generation or regeneration of ocul ar

ti ssue wiwbion/osdael pati ent. The adi pose-derived | attice i sPCorusensdnt |y
enpl oyed as part of a cell culture kit. Accordingly, the invention
provides a kit including the inventive adi pose-derived lattice and one or
nore ot her conponents, such as hydrating agents (e.g. water,
physi ol ogi cal | y- conpati bl e saline solutions, prepared cell culture nedia,
serum or combi nalife@atvely, tROcdirof et inversion lrer diffbrentiated intcedlls presessingsatr at es
(e.g. dishes, plates vials etc), cell culture nedia (whether in liquid or
powder ed f Qgd¥) enePéHatddiciblicCSE a berheud Rpishetinidedlnehith kee. expirided in Nrokiotgrowan

i ncl ude any such ingredients, preferably it includes all ingredients

necessary tg@3hppSitlialt hiu€ Ubt wieqirt: gnpwithtionl ithex gatisnt. edTiwektlls agon
proper conbination. The desired kit can also include cells which are

seeded int quiBfichafoht 6EInABmEMESEH WittHlother3BsudBuELsQRAMBiL NRETHIBIRAB5967
AIternativeF&, the cells of the invention are differentiated into cells,

possessisng at |east one characteristic of a corneal epithelial cell which
are expanded in vitro to grow corneal epithelial tissue for subsequent

i nplantation in k son oS Wil YeHe@kiBed mBR! @ ha lf§)1eevig exafples.
conbi nati on mﬁtﬁ%gﬁﬁgéﬁ?ﬁggﬁg sucﬁ ag gnﬁiotic neﬂ%?g%e ti ssue. 5 The

present i nvﬁﬁ% i%n%:ér%go%ml% woprvggerfj o GhbRES A0Sy dtkbdnbPiorhbend Sdutirhsidbe

exanpl es. owever, be erbodied in many different forns

d shoul d t b ] Aim . i -
ﬁ gr eis n f) u Rat %)gﬁt,rueﬁ 28 i’lglrl]t% H‘E[)cg tglg eﬂl%g&lhl@ltg &4 b Bﬂglge TR TRAE Smb6dimbats bk

e 'ments are provi so that this disclosure

w |1 be thorough and conpl.ete, ang.wil | I dh&in Ay sepreurf the
i nvention t&OY} gk g‘ﬂ'ﬁ @1Sed&s°f°ﬁﬂrteﬁ”éﬂgF gﬁor%@ﬁbgééﬁplé%?ml 6 1 Th Vit ?o
| nduct | \1/(? N&:E)Qé) (()jfsthe invention to those skilled 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 (InVitrogen), or basic fibroblastic growth factor (bFGF). Modulation of glucose
20 levels in the media will also be performed. 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 enzyme-linked immunosorbent assays for biochemical

25  markers and the expression of phenotypic markers associated with the ocular stromal cells
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15 Adi pose-derived stemcells are isolated fromliposuction waste materi al
as described (Sen et al., 2001, Journal of Cellular Biochemstry

81: 312- 31WP.030sase cells rmay be continued in culture in Po#/ysors®ete of,
but not limted to, the follow ng nedia: Neurobasal (err) (InVitrogen)

suppl enented with or w thout fetal bovine serum (FBS), N2, B27
(I'nVitrogen), or basic fibroblastic gromh factor (bFGF). Mdul ation of
glucose 20 levels in the nedia will also be perforned. Cells are seeded at
vari ous denai tdrsml apithelieldcedls. Immuspbisfosheoficab (BIG) Balysesasrs. Perpsnedpyséiger abl v,
they are seeded at a density of about 1000 to about 500,000 cells/cn(err).
Duri ng the mtibbdieeagamsi (bok not mited iod aretbiitiesibaveadescrihed phenotypipsnarlgers.
comercially avail abl e radi o-i munoassays or enzyne-|inked i mmunosor bent
assays for biochem cal 25 markers and the expression of phenotypic markers
associated with the ocular stromal cells -34 WO 03/039481 PCT/ US02/ 35967
or corneal epithelial cells. |nmmunohiEsamplar cal (I HC) anal yses are
performed using antibodies against (but not limted to) any of the above
descri begl phenot ypi cyssyrigpsse-Boner\ClI2Wih doconpbilphpebieei ved Cells Wth
a Bi oconpati bl e Menbrane Approaches to the use of adi pose tissue-derived
stromal cells inaflgiches Upditel @k&NSS RSO tisAEb-RIOYE Estidirfal edelint Inatthelr st at e
in a conposition Wwth a bioconpatible material for transplantation to
repair an i i Morl &8 HifGerBitREGARR inSh Bl p@ktidaalitie B thfocompatelgo

phot ot her apgéjc{lf}%r%%l}%t(gc%?ﬁsﬁﬁsi ng a 193 nm exci rrgr beam gener at gd within a

10 VI SX Star .52 | ( i 12738 ded FoRided Burgiodl fAabdty er ed
at 10 Hz w [nﬁéglaﬁ;éfEgeiﬁ@gh%?&{ltgor%r?ﬂ%ﬁ%@%gwdescri bedﬁﬂibn fee uertgi allﬁ(2001,

Journal of %clell'%qlr@{ogg%ﬁ?%%ﬁm Rdrht¥cto %g;%aﬁ%g}%n%é;&h&%%cgeﬁﬁﬂed Gl &1 6-mMm

di aneter |aser j ron I's perfor h a 45 mdepth setting for
Mter Pk JITReRETRare TRy L EPBE B By ihh O8PPSR AT B A"
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 pum 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

ﬁTM TM, or

, Dermagraft a

to, amniotic membrane, swine intestinal submucosa, Ampligra
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 nylon using interrupted or continuous bites in the cornea and

25  limbus; any excess composite is trimmed away (Anderson et al 2001, . BrJ Ophthalmol;
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15 tissue-derived adult stemcells are introduced into the ablated area in
a conposition with a bioconpatible material. Prior to introduction, the
adi pose- dwpios@sb48el | s are cultured in a directional mann@cTarsoys®esurface
of a bioconpatible nenbrane, including but not limted to, amiotic
menbrane, swi ne intestinal subrmucosa, Ampligraft(err), Dermagraft(err), or
a simlar product. The adi pose-derived cells are cultured as either

undi fferentiated 20 fibroblast-like cells or induced to undergo adi pocyte
di f f er ent i a83(By568€396). dFallpwinng thh eurgerst 4 dideosalie baridpgaicaniicHensy i§iasHednd, |
(2001, Metabolism50:407-413). The cell/biomaterial conposite is cut to
fit the defmpialsintibiotiFhimstittidp Patiende nievaveluated postwpéraidesly Hr 1gp fedays a8facent
to the denuded area of cornea. The conposite of the cells/biomaterial is
sut ured i nt Qurgdraagsd taintgneOeamipioie treainegt fartapproprite geriedscdimean@@ous lbi t es
in the cornea and 25 |inbus; any excess conposite is trimred away (Anderson
et al 2001, montBy. Polfdhupakiminations PorfdieAIt 039484 6RAMMthiSDRILAS 9BTal acuity
85(5):567-575). Followi ng the surgery, a disposable bandage contact lens is
i nser t eds angstidoORhaifdst RO Binp evalubtidneld iPdt enifcabmizr@vatyuat ed
post-operatively for 1 to 4 days after surgery and nai ntained on
antibiotic treatnment for appropriate periods of tine (up to 1 nonth).
Fol |l ow up exaninations perforned at 1, 3 and 6 nonths include visual acuity
5 testing, manifest refraction, slit gamplesval uation and in vivo confocal

m croscopy. Exanple 3 Gene Therapy Methods Next are described nethods to

convert adipose tissue-derived stgHpRh.mp Membit 0 10 cells expressing at
| east one growth factor or protein accelérating intra-ocular repair

(TG-(err) bl ockigg, nroys .cm)edulz\.%t'ﬂgdsaf?)y co\ﬁgﬁ‘ﬁ| géigﬁg RisQReritdd Sdmal lce@Nmkect i on,

other). Surgical “patients undergo phot peuti c keratectony using-a 193

I <R SR SRR T e Y8l e tssu e e
as descri bec(jT(i}IE‘]B kl%gkil’elé p%teiﬁ)%?s?nlg’ an%av%gtgra Lpr{)?(l)agﬂ%.?iral, 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 mJ/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, Cornea; 16(2):177-87).
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15 108(1):112-20). A standardized, central 6-nm di aneter | aser

phot oabl ation is performed wth a 45 mdepth setting for epithelial

debri demewO oatsb48n appropriate setting for stronal abl atipem/usat/s3967 PRI G
either undifferentiated or adi pocyte differentiated 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 transfected
or transduced with 20 an appropriate nucleic acid vector expressing a

sol ubl e type || Theageaétially Bagingendtdells aettivn culteted in achystidmapmennsy an thEhi s
protein binds to the transform ng growmh factor beta cytokine and inhibits
its abilitysirfcd 6f 4 bRtbapatidlesihgnbiné, tiichniidy ot inon limist g emaiotit ienbedneu| ar

| evel (Row and-CGoldsmith et al 2001, din Cancer Res. 2001, 7(9):2931-40).

Tr ansf or m ngying ineMtiRal fsalsihwosd) Blndplige KA aeImbgraft I, er & eindlanptotuat.e ckheeels
foll ow ng corneal surgery and 25 pronotes corneal fibrosis (Jester et al

1997, Cor nege cffred asleftheBuliffered@iatd@PBRbASNG LR I ihifiied Bamidergo tipocyte
genetically engineered cells are then cultured in a directional manner on

the surf ace @k refiftioACRIREME RS e TRESEMRscribb® inHhNersdtét a 02001 j MictablisiD,
ammiotic nmenbrane, sw ne Intestinal submucosa, AnpligraftTM DernmagraftTM

or a st | 5o Ringhist Thd Bely6ighbiSrialdbfpGiil 161k tb AGHE bBaISANThE bl Gttt ed

fibroblast-Ti'’ke cel'ls or Induced to undergo adipocyte 5 differentiation

according to ‘Eﬂ%%d (r:gaefap??%%o HRSRhY ﬁ%réarbf*%%fn\ég.r 990 cBinpd¥ite (o @/ bidvRAtaRA i SM

50: 407-413). iomaterral conposite is cut to fit the defect size.

Th |1 f . | ac i ] . _ Th
c o(rarpggi t es g%ut@%& Imgts'; %lage @%ﬁ@?hﬁgﬁ G%I‘llé Dtetfred 89&&?&&5 8ResSh teQoRRRand Ne

"o ured I nto place using 10-0 nyl on

ing i .upt ed i hites. ' - .
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post-operatively for 1 1o.4 days after surgery and maintained on
antibiotic f%%%gﬂ%ﬁﬁn?%ngﬁﬂropriate periods of time (up to 1 nonth).

Fol I ow u . s
P 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 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 mJ/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 pm depth setting for epithelial debridement and an appropriate setting for

25  stromal ablation. After PRK, either undifferentiated or adipocyte differentiated adipose

-37-



exam nations perfornmed at 1, 3 and 6 nonths include visual acuity testing,
mani fest 15 refraction, slit |anp evaluation and in vivo confocal

m cr oscopyo 0Bx%3Ipl e 4 Sinple Transpl antati on Adi pose ti s®agAber/339en
stromal cells are transplanted alone intra-ocularly. Surgical 20 patients
under go phot ot herapeuti c keratectony using a 193 nm exci mer beam gener at ed
wthin a VISX Star S2 Excimer Laser (VISX, Inc., Santa Cara, CA) and
delivered at 10 Hz with a fluence of 160 mJ/cnR as described in Lee et al
(2001, Opht tissueadbringyl ;adull §8 tylislar@inpoducedinie ta@bletgd 2ecd by dizaetinipctionnihe

di aneter | aser photoablation is performed wth a 45 mdepth setting for
epi thelial deaBrarglmrediced nsleither apinglemell atspensémt drrag shiests dsekds. riofawingdhet i on.
After PRK, either undifferentiated or adi pocyte differentiated adi pose -37
WO 03/ 03948 durB&y/ H/I0pbbROandidessutmed ns e thserthd| andstopicalcaitibivtiey @siied: oduced
into the ablated area by direct injection. The cells are introduced as

ei ther a si paligatsCat levalaREpSst-operaiveBsfos Newt s dofs afiet hwrgerfFaintl ondimtgineden
surgery, a disposabl e bandage contact lens is inserted and topi cal

ant i bi ot 5Cs ghtiidiid kiementP8ri fipkspriafeep@icds Ut gidle p@p t toopemaiith)y el Bollbar vl to 4
days after surgery and maintained on 5 antibiotic treatnment for appropriate
periods of i mBndtiéRs tperfdmiBanith), .3 &Rl leOomonths ifxaei ikl angtyprifngr madifax 1, 3
and 6 nonths 1 nclude visual acuity testing, manifest refraction, slit [anp
eval uation anf, fitfh, ViitMBn W RGBH afll iﬁr\/%(b_@ﬂﬁécal@i@tﬁwoFy.5 10 Cytokine
Expressi on Pr ofcl e of Human Adi pose-Derived Stromal Cells The cytokine
expression profile of human adi pose derived stromal cells from nultiple
donors has been determ ned. In these experinents, confluent, quiescent

adi pose derived stromal cell culturgg Ylﬁﬁeesi nduced with |ipopol ysacchari de
(LPS, 100 ng/m ) and., conditioned medi um and total RNA were harvested

after pel'bi ods of 1C)Et(0)ki;%e4 Exr})%égz%n P%}ile 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 o (TNFo)

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

25
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15 common with both nurine and human bone marrow derived stromal cells

adi pose derived stromal cells expressed the follow ng cytokine nRNAs: 1

i nterl eukwp30839481 8, and 11 (IL-6,- 7,-8,-11), |eukem a iPamiuso2/aa9y7 f act or
(LI'F), macrophage-colony stinulating factor (M CSF),

gr anul ocyt e- macr ophage- col ony stinulating factor (GW CSF),

granul ocyte-colony stinulating factor (GCSF), flt-3 ligand, stemcell
factor, tunor necrosis factor a (TNFa) 20 and bone norphogenetic proteins
2 and 4 t (BWP-2, -4). 25 -38 WO 03/ Estdpié 6PCT/ US02/ 35967 Exanple 6
Ability of Human Adi pose-Derived Stromal Cells To Support The Proliferation
And  Di f f er enyypaty §THBantAdFRe-Dattvdd SvainalGelts Tl SuppbrPTlefnaiifeortiondils 5 The
abi lity of hunan "adbgeasriegsm of Ensh Uawbalicat EbtdsBloal Bregpunt Celse prol iferation
and differentiation of human unbilical cord bl ood CD34+ hemat opoietic
progeni tpr cell Smerabﬁ@;( ofhiniadragpovederided aroman eells tCoudpbi éret pralifetatioresndof

adi pose-derived stro cells were established in 24 well plates (6 X 104

cell's per wWalkklentidddRiofhedhn &R¥idcdd b&aBIOWTE)34" HapabIoAR prépesitaepllsihed of
contam nating erythrocytes by treatnent with hetastarch and 10 of

contam nati sa@!z'% aetxé}nﬁﬁedoy dingabdt GROREtof &BpUsedétigat dtmal Tols merai ni ng
UCB nononul ear I's were |ineage depleted according to the Stentep(err)

(Stentel I's, ﬁta‘@gfe RS welt)plRd 6605‘(0 g aem Sef ReilfS UMbilicAITeHaBEREICB)

negati ve cef i'on usi n cocktall "of anti bodi es directed agai nst

CD2, CD3, CD14. CD16
laﬁtSt bpgrl fi Epa?ﬂh}?ﬁs e 55 é:%g%? i 4?}8@9@ rgfﬁl;& ?%s 4 g?ﬁ%{gﬁ ﬁgﬂi\?\nﬂ?ﬁﬁ%?& the
ce '§Shgﬁgmﬁég{q%ggbgru{l{u%c%cw FRbYendly betfeRR. Ofnd RatiinabCEPo4+

g((j::Bpgng y | ire n i ndivi S wth a confl uent
erive ce a er t e
absEnce of 83?8%‘&&‘?%@% € d’Yﬁ femeges, ep&%(! og&ga P ge{f c]{ga kz@%zg &Ssté}n%%lgb
weeks. At th ’
V%n&%ger?BCB r1])?(>S'c§'\co E’\t{ns re e oln qr%'rn\{llnc()jrﬁé”‘gne‘}i\@ Lelg%twe cell selection using a

cocktail of antibodies directed against CD2, CD3, CD14, CD16, CD19, CD24, CD56,

CD66b, and glycophorin A. In the last pﬁfiﬁcation step, the lin” UCB cells were stained

15 with CD34 antibodies and sorted by ﬂbw. cytometry Up to 10,000 of the final CD34"

UCB cells have been co-cultured in individﬁal 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 digestion and analyzed by flow cytometry using a

20 combination of the following antibody combinations (fluorescent tags indicated in

parentheses): CD45 (FITC), CD34 (APC), and either CD7, CD10, or CD38 (PE). The
results of these assays are described below.

These studies examined the expansion of UCB hematopoietic cell populations in

12-day adipose stromal-supl;orted 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

-30-



wer e harvested by trypsin/ EDTA di gestion and anal yzed by fl ow cytonetry
using a 20 conbination of the follow ng anti body conbi nati ons (fl uorescent
t ags i ndiwetoed3d481 parent heses): CD45 (FITC), CD34 (APC), pamdiser/sdser CD7,
CD10, or CD38 (PE). The results of these assays are described bel ow. These
studi es exam ned the expansion of UCB henat opoietic cell populations in
12-day adi pose stromal -supported co-cultures. In the absence of exogenous
cytokines, 25 adipose-derived stromal cells supported a 5.1 -fold

expansi on Qhrrépbadedhe aatdomidatpmsiveldf o@D JIGBvell papulation avarage nGT|
donors, n = 2 UCB donors; range 2 - 9.4). This -39 WO 03/039481

PCT/ US02/ 3596al &RbFEEBOTUEB dofiore; rangd- 1.4 0B 3).eApsianificont psfeentage cfiigththelcB cel |
popul ation (average, n = 4 stromal donors, n = 2 UCB donors; range 1.4 -
3.3). A si ghi4 GRNCDRET LRALAEG s eithatthe CDF or CDAA-antiged (B1@8%-4, eeirdgs, ®Xpr essed
either the CD7 or CD10 antigen (Figure 4, average, n = 4 stromal donors, n

= 2 UCB dO@Pfs@m Théokdi 4 dustBPh&RSS)Y IRE ifdipites eptierstypdsercprefantddotiieng
per cent ages o t%e total henatopoietic population: early |ynphoid

progeni t.or s ¢ 45¢ GR7ibt1 Bt Sport (Fop@dtionCRNG) lymbasip @eddeniedry,;
NK/T-ceff HP%%%%F é?é CD34- CD7+), gﬂ.4@b and B-cell progenitors (CD34"

ODLO) 7 Ty Jor (BBl REAMY B 0lsAl IS LAoDINY, fehRtavhaNR TednprbEainis

expansi on 0O Reearly | ynphoi rogenitors. 4+ CD7+ popul ati on was

expanded 4n&D3§o§%fr7§| ﬂh@ée@dﬁllﬁ%gﬁ?g@Dﬁﬁ@mgjp-y.m.eni tors (nmean s.d.,

n =4 stro ) leemnse, t he CD34+ CD10+
popul ati on masUgé%ﬁ%ﬂ%%g%BSWHQMQaHﬂ%qhBQQQ%nh3&% m&ﬁeé&mnﬁérGftmﬁeﬁbﬁtrowm

donors, n = 2 ese val ues excee e -fol'd expansion of the

CD34+ popul ati on overall d, +S that thi j_ i human
| ynphoi d pr Wg@Rpif pregentigr :’Eher %@%‘P&gﬁ -{t W&P‘Q% <@ Wﬁ%%ﬁ‘%ﬁée@%g ?piél?s iéd_l%gér?hiﬁr ?/Heég

stromal cells can 15 support the differentiatiqn of hematopaietic
progeni 1@r &2ty péripdyprogenitorsbiameen cagdorfs =zh dtr?)‘flﬁe‘?ongﬁb 8d7 r?‘eﬁ 31 e

invention will be apparent to one )
Likewise, the CD34* CD10" population was expanded 3.5 & 1.6-fold progenitors (mean

s.d., n =4 stromal donors, n =2 UCB donors). These values exceed the —fold expagsig_n
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

70  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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skilled in the art to which this invention pertains having the benefit of
the teachings presented in the foregoing descriptions and the associ at ed
drawi ngs.woOlanefsere, it is to be 20 understood that the i ®meEntSOLBE9E not to
be limted to the specific enbodi ments disclosed and that nodifications
and ot her enbodi ments are intended to be included within the scope of the
appended cl ai ns. Al though specific terns are enployed herein, they are used
in a generic and descriptive sense only and not for purposes of limtation.
-40 WO 03/ 09@6LARaT/ US02/ 35967 WE CLAIM 1. An isol ated adi pose

ti ssue-derived stromal cell induced to express at |east one characteristic
of an ocular cell. 5 2. The ocular cell of claiml differentiated in vitro.
3. The ocular cell of claim1l differentiated in vivo. 10 4. The ocul ar cel
of claim 1, whergin exogeardadigeseaissue-denived stedmahasll ndlaced 1 rexproghiat dest nt o
the isol ated adi pose tissue-derived stromal cell prior to differentiation.
5. The ocul gfe dh&labteiMticof @h Beular cénerein the cell is human. 15 6. The ocul ar
cell of claiml inplanted into a host. 7. The ocular cell of claiml,

wher ei n gxogenous genetic material has been introduced into the cell. 20
8. The ocular cell of any of clains 1-8, wherein the cell is a corneal
epithelial cell, ﬂ'l'a%cﬁ%e%felﬁirﬁ 1 afffeRndated inGligd.ns 1-8, wherein the cell
is an ocul ar stronal 1 WD 03/039481 PCT/ US02/ 35967
3. The ocular cell of claim 1 differentiated in vivo.
10 4. The ocular cell of claim 1, wherein exogenous genetic material has been

introduced into the isolated adipose tissue-derived stromal cell prior to differentiation.

5. The ocular cell of claim 1, wherein the cell is human.

15 6. The ocular cell of claim 1 implanted into a host.
7. The ocular cell of claim 1, wherein exogenous genetic material has been

introduced into the cell.

20 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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10. A conposition conprising an isol ated adi pose tissue-derived stronal
cell induced to express of at |east one characteristic of an ocul ar cel

and a bi owormpasd4Bl e material. 5 11. The conposition of clpairmsad3sdeher ein

t he bioconpatible material is selected fromthe group consisting of

ammi oti c nmenbrane, collagen, hydrogel, polyglycolic acid, polylactic acid,
pol ygl ycolic/polylactic acid, hyaluronate, or fibrin. 12. The conposition
of claim 11, wherein the bioconpatible material is 10 ammiotic nmenbrane.
13. The conposi tilon of campositfoncdomipmising @n isvlatechadipdsa tistis-dstivedasirogsd cell s a
corneal epithelial cell. 15 14. The conposition of any of clains 10-12,
wher ei n t heindotddamw expieks b ataleast @nellcharacieristinmil apeichlar ¢gll and adidromppigie
differentiating isolated adi pose tissue-derived stromal cells to display
at | east onmateibl. ar - associ ated cell nmarker conprising the step of
contacting an 20 isol ated adi pose tissue-derived stromal cell with an
intra-ocular tissue site in a host. 16. The nethod of claim 15, wherein the
i sol at ed adi pose tissue-derived stromal cells are obtained fromthe host.
17. The gethod ofy.cl afge d&mposhivnesi cline 1@diieedn tthe disvoneatible thadriabrial
cells 25 are isolated froma donor that is not the host. -42 WD 03/039481
PCT/ US02/ 3598doted! Srond® 1B BRAL @6nsii"ciﬁ% eéfe Rbin@dticN ghenfb@ind} edllaghpdsdrogel,

ti ssue-derived stronal cells to display at | east one ocular cell marker

conprisi ng Edicgid@poti Bl AR &19%1%&1@/ blyRotiCacidl yaledaistdr GBEA. cel | with
an ocul ar iﬁ%gggngcsuhsﬁa%ce. 5 1%. e ngtgod of cIZin118, wherein the
ocul ar inducing substance is in a

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

10  amniotic membrane.

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

corneal epithelial cell.

15 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

20  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

25  are isolated from a donor that is not the host.

-42-



chemcally defined cell culture nedium 20. The nethod of claim 18, wherein

the ocular cell marker is a marker for a 10 corneal epithelial cell. 21.
The met hoo®B/oad448i m 18, wherein the ocul ar cell marker isPeTnsokeef or an
ocular stromal cell. 15 22. A nethod of treating an ocul ar di sease,

degenerative condition or post- surgical condition in a host conprising: i)
i nducing an isol ated adi pose tissue-derived stromal cell to express at

| east one ocular cell marker; and ii) transplanting the induced cell into
the host. 20 23. The nethod of claim 22, wherein the adipose
tissue-derived stromal cells are isolated fromthe host. 24. The nethod of
cl ai m 22, wher ei 8t he Aowethed fod dErapdiptingdegatedadipdsy éissug-gerived giromalreeldy to
surgical condition is aniridia, eythrokeratoderm a, keratitis, chem cal
injuries; -di$laynt0edsdagetshlPCE pBidt 36@piising trmtastihg amjsalaiedsadipoemtissae- | ens
kerat opathy; repetitive linbal surgeries, |inbal insufficiency,

phot or ef r act derieekgroniab cdlbwigh ad asbar indncisg substkmreat om | eusi s, an aut oi nmune
dysfunction, or wviral or bacterial infection. 5 25. A nmethod of treating
an ocul ar5 di sease, degenerative condition or post surgical condition in a
host conprising i) isolating an adi pose tissue-derived stromal cell; and

i) transplantingot he Taelnhethodt 6 @find MY, whedéinl Ity o&ildreindutitghsubbtagde. is i) a26.
The net hod of claim 25, wherein the adi pose tissue-derived stronal cells

are isol at edcHe@A11Y BEfilRASEN 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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27. The nethod of claim 25, wherein the ocular disorder, degenerative
condition or surgical condition is aniridia, eythrokeratoderma, keratitis,
chem cal wojoa3®st -. 15 thermal injuries; contact |ens kecatuspasivg]
repetitive linbal surgeries, linbal insufficiency, photorefractive
keratectony, laser in situ keratom | eusis, an autoi mune dysfunction, or
viral or bacterial infection. 28. The nethod of any of clains 25-27,
wherein the adi pose tissue-derived stromal cell is de-differentiated prior
to transpl anthermad iiyriesconisat lpgsderatapgthy; repetitive limbal surgeries, limbal insufficiency,

photorefractive keratectomy, laser in situ keratomileusis, an autoimmune dysfunction, or

viral or bacterial infection.

5 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.

10 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;-.
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.
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.
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