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Field of Invention [0001] The present invention

w0 edoaveri2general ly to a nedical inplant and nmep¢DUSD6/040053

i npl antation and, nore particularly, for the treatnent

o f cornea endothelial defectg$ and di sorders. 2 .

Description of Prior Art Corneal Endothelial Defects

and Di sorders [0002] Endot hel.ial dysfunction is the

| eadi ng cause of EESURBABILESICORNEFS BUTrdde United

States and is responsible for nore than half of the

38,000 corneal transplants perfornmed in this country

eachn¥eakolfhnNbabriiAnnePP2rHd] - The cornea is the

transparent, convex, outernost part of the eye and is

the. min refractive elenment of the visual system
Unl%ke]ﬂﬁiﬁgt? st%%eqﬁﬁ?me body, the cornea contains
0 bl ood vessels to nourish or protect it against
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| ayers with the endothelium being the innernost |ayer.
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clear. Normally, fluid |eaks slowy frominside the
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of corneal vision loss in the United States and is

responsible for more than half of the 38,000 corneal

transplants performed in this country each year
15 [Aintablian, 2002 #1]. The cornea is the transparent,
convex, outermost part of the eye and is the main
refractive element of the visual system. Unlike most
tissues in the body, the cornea contains no blood
vessels to nourish or protect it against infection
20 since the cornea must remain transparent to refract
light properly, and the presence of even the tiniest
blood vessels can interfere with this process.
Instead, the cornea receives 1ts nourishment from the
tears and aqueous humor that fills the chamber behind
25 it. The corneal +tissue is arranged in five basic
layers with the endothelium being the innermost
layer. Endothelial cells are essential in keeping the
cornea clear. Normally, fluid leaks slowly from
inside the eye into the middle <corneal layer

30 (stroma). The endothelium's primary task is to pump



become hazy, and ultimately opaque. In a healthy eye,

a perfect bal ance is maintai ned between the fluid
worewinagr4eht o t he cornea and fl uid bei ng punpedP@USHNG6/040053

the cornea. Once endothelial cells are destroyed by

di sease, trauma or aging, they are lost forever. If

too many endothelial cells are destroyed, edema and

bl i ndness ensue, with corneal transplantation as the

onl ynh £4Ir eebbky apail @bled her aphe [ 9003hal n iout this

treatment of corneal endothelial disorders, it is
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treated by repl acenent of the Descenet's nenbrane
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Ko devel oped a techni que of replaci the en liu
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15 end a full-thickness, cylindrical portion of the

cornea 1is removed and replace by a similar part from
a donor eye, a so called full-thickness keratoplasty.
Although this procedure can provide excellent stromal
graft clarity, it is plagued by the inherent problems
20 of wvertical stromal wounds that heal poorly and
require surface corneal sutures. The latter cause
irregular astigmatism and contribute to vision
threatening situations such as ulceration,

vascularization, and graft rejection.

25 [0004] It has Dbeen recognized that most of the
corneal endothelial disorders could be treated by
replacement of the Descemet's membrane together with
the endothelium. To this end in 1993, WW Ko developed
a technique of replacing the endothelium through a

30 limbal incision. His results in an animal model led
to further development by Gerrit Melles, who in 1998

published his results on posterior lamellar



techni que was devel oped in which the Descenet's
menbrane i s renoved through a sclerocorneal tunnel,

wo ogehkmes wi th sai d endot hel i um and a slice of PETES2006/040053
stroma on which the Descenet's nmenbrane is carri ed.
This is then replaced by a dogor nmenbrane w th
endot helium on said slice of the stroma. The slice is
cut fromthe stroma using a thin knife. The deep

| angétatogndot el ial keeat aplasty KihEK) progedues. The
avoi ds the inherent problens of PKP by allown
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15 all types on a global scale. Areas of applications
include the replacement of nerve,l visual,
musculoskeletal, and soft tissues which may be
severely damaged from combat-related injuries or
disease. One notable example is blindness from injury

20 or disease to the cornea. Cornea Dblindness ranks
second to cataract as a cause of visual loss on the
international scale. There are an estimated 10
million persons worldwide who suffer from cornea-
associated visual impairment or corneal blindness.

25 Once corneal endothelial cells are destroyed by
disease, trauma 6r aging, they are lost forever. If
too many endothelial cells are destroyed, edema and
blindness ensue, with corneal transplantation as the
only available therapy. However, a number of issues

30 severely limit the success of this current treatment:
lack of donor availability especially 1in countries

where organ donation is culturally unacceptable, cost



where organ donation is culturally unacceptabl e,
costof tissue recovery, recent popularity of

w@orreeeye | aser surgery which precl udes subsegUEs1006/040053
use of the cornea for transplantation, high rejection
rate (20% of corneal allografys in-adults and 50% of
allografts in children end in allograft rejection),
| ack of a widely accepted corneal substitute, and that
exi 8fi ng Lt eptcprosy hegesedd madpuldeignat ef weldr reattd ve
host tissue. [0007] The use i&ﬂgolyners as carrier
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i ncofpopanedlbypliefsréheeihepdiidtas anfl $€ fodr ed liografts
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anterior chanmber. [0006] Endothelial cells nmust forma
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The polymers can act as a permanent no-biodegradable
15 carrier for the endothelial cell layers. The
permanency of the polymer requires the removal of
existing cell and connective tissue layers in the
recipient. If the layers are not removed, there is a

potential for a complication known as a dual anterior

20 chamber.

[0006] Endothelial cells must form a tight single
layer to function properly. Previous efforts have
tried to encapsulate these cells into a biodegradable
polymer, but the cells refuse to function unless

25 cultured in a single layer.

SUMMARY OF THE INVENTION

[0008] A primary challenge facing modern cornea
transplant is the world-wide paucity of available
donor cornea tissue for implantation. The device
30 herein disclosed will remedy this shortage by

utilizing a biodegradable polymer film and cultured



utilizing a biodegradabl e polyner film and

cul turedcell conbination as a replacenent for donor
we@ene#E2s The polyner filmw 1l act as a carriBCT/I/82006/040053

the cultured cell layer. Once inplanted, the pol ynmer

filmw 1l dissolve, leaving the cell layer inits

pl ace. [0009] By nmaking the cell carrier

bi odegradabl e, only the cell layer is |eft behind.
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of cell replacenent therapy, particularly in the brain
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neur al crest origin is aoften damaged during the aging,
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mat eri al toget
15 . where cells derlved from the neural crest origin is

often damaged during the aging process. There are

seven general classes of biopolymers:
polynucleotides, polyamides, polysaccharides,
~polyisoprenes, lignin, polyphosphate and

20 polyhydroxyalkanoates. See for example, U.S. Patent
6,495,152, Biopolymers range from collagen IV to
polyorganosiloxane compositions in which the surface
is embedded with carbon particles, or is treated with
a primary amine and optional peptide, or is co-cured

25 with a primary amine-or carboxyl-containing silane or
siloxane, (U.S. Patent 4,822,741), or for example,
other modified <collagens are known (U.S. Patent
6,676,969) that comprise natural cartilage material
which has Dbeen subjected to defatting and other

30 treatment, leaving the collagen II material together
with glycosaminoglycans, or alternatively fibers of

purified collagen IT may be mixed with



wi th gl ycosam nogl ycans, or alternatively fibers of

purified collagen Il nay be m xed
wowangsmedsan nogl ycans and any ot her requi r edPCT/US2006/040053

addi tives. Such additional additives may, for exanple,

i ncl ude chondronectin or anchgrin Il to assi st

attachnment of the chrondocytes to the collagen |

fibers and growmh factors such as cartil age inducing

f acgoycdsImnogl peahs nahtkengr anHed acéguiféFhddndives.

transform ng gromh factor (TGF) . %0011 It is |
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having a polynmer filmcoating, wherein the polyner

filohei thrhoedcoppesetoothbyablitegeén aEi dibelyal andnigcowth

acid i s biodegradabl e, Il. tolerated.by the eye,
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enbpa0hkht sIt BRIEF thESCRIRH OlnOFoTHECDRAW NGB 00r8Fent
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Figure 3 displays a schematic of cornea anat ony.
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| ayehei sye, and can be formed into an optimal film for

ol

cell growth.

15 [0012] These and other objects of the invention, as
well as many of the attendant advantages thereof,
will become more readily apparent when reference is
made to the following detailed description of the

preferred embodiments.

20 BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 displays a front and side view of a

preferred embodiment.

[0014] Figure 2 displays an oblique view of an

embodiment of the present invention.

25 [0015] Figure 3 displays a schematic of cornea

anatomy.

[0016] Figure 4 shows a schematic of traditional

DLEK procedure.



renmoved and the inplant is placed directly on

Descenet's Menbrane. [0018] Figure 5B shows a
waehenet4ex of a nodi fied DLEK procedure in whi BCT/UR®06/040053

endothelial cell layer is not renmoved and the inplant

is placed on top of the remaining endothelial cells.

DETAI LED DESCRI PTI ON AND PREFERRED ENMBODI MENTS [ 0019]

In describing a preferred enbodi nrent of the invention

specobiv]t ernyigk oBA Wehbwbe 4 esoHieg@ittie fof themsakeied

of clarity. However, the invention is not intended to

be PLEKteHOtedEFR Epethirk Ehengndetbelérdtefelandayer is

i's nd to th S i fi m |

aII£€%§ﬁ%§ca?5§qu?ggleﬁ%gﬁ%ﬁﬁéhpgiefgggaga aaggﬁgﬁgf on
manDescéneats @b sdna. si m | ar purpose. [0020] The
preferred enbodi nent of the resorbable corneal button
5 RGBdodeyi ceigsreh®m kRokkgus eschedatiis desi ghakedified
general ly as ZlO) . In Figures 1 and 2, a preferred
enbBHEReRrooedehe ReBvAévRceheorplPsBslaasuppélt layer is
mat | | [ c e d.w ol [
forlflr!éé %%ﬂnévgac% idn%(%a}m@fi%%g \JI'Vth Ehjlizfil%legyer 0 Og bF" the
cul tametntey| snddZ)ebhal opel[H021] To inprove the
ability of the polymer in supporting cell growth or

at t gpghnentp BPs@kteEhGRMAND XEUFEREONPEMSOHEMOITONE Or
nore of The 1ol ow ng w [T De enbedded oOr 1 ncor por at ed

1d Nt ﬂbf&ﬁ“ff‘?ﬁ"@es’&%&’ﬁg‘ 1) 898@89%5 UGt of the
synthesrs: fibronectin at concentrations rangi ng from
abouthvent 560 gpdcidfipol yaenigeloghamiiiln Be resorted to

concentrations ranging from1l to 500 g/ of, pol ynmer
o O R et Do BRt IS « aHQYREF Foms. T EAbE 18
o/ mMoof ipekyaen 48 bdFhnited to the specific terms so

selected, and it is to be understood that each

15 specific term includes all technical equivalents
which operate in a similar manner to accomplish a

similar purpose.

[0020] The preferred embodiment of the resorbable
corneal button (RCB) device as shown in Figures 1-3,
20 is designated generally as (10). In Figures 1 and 2,
a preferred embodiment of the RCB device comprises a
support matrix (11) which can be. coated with a
polymer film formed into a cylindrical shape with a

layer of cultured cells (12) on top.

25 [0021] To dimprove the ability of the polymer in
supporting cell growth or attachment, an attachment
mixture comprising of one or more of the following
will be embedded or incorporated into the support
matrix (11) composition during synthesis: fibronectin

30 at concentrations ranging from about to 500 g/ml of



conjugated wi th pol ycarbophil at concentrations

ranging from1l to 500 ng/m of polynmer gel, EGF
weoiagaeed with pol ycarbophil in concentrati oPGI/US2006/040053

ranging from 10 to 1000 ng/m of polynmer gel, NGF at

concentrations of ranging fro® 1l to 1000 ng/m of the

pol yner gel and heparin sulfate at concentrations

ranging from1l to 500 g/m of polynmer gel. [0022] The

appoddmesf gele prasendn |artve;r¢tnqmmtomtzac]|crfag mmeamastrom 1

t he _use attachnment proteins.suc i bronectin, .
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cr oSEPIIRILRG agehthi s Pailviaaoagihidol . aPol yesrdsaptiations

35 2k3QidqneakoROIY- ag ds6NtAY NI SR bLRLAEADOKY! nep

iC ot I [ S.

radi cal’s i's the source s negative charge
Thesendcige teadi cal sh pepailty dayibopidan. bobdi ngoMddntdest ions

f |ycar bophi | sh i th nucin t
abi FPEST0 G560 57010 4 ol G (FAOEL| 28 RBFGHEH] Aouat 86F at

and cosicesedaeoBRBNLY 28n3AngYehohihe- ¢RURtR hd¥ati W the
(Equal actin, Konsyl Fi ber, trol an, Polycarb) (Park H
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I S not It is also non-"i OgeNFCc, “even in

t he atry it _has not been possible to grow |,

ant 108aPLe 8% hBPB5Egar °_.fe [ 6623] PFRSBRE prafetren can
enbadisaeBhcOhphRe PHESEBE LRVERLCRANEPAPHS82iRs such as
sel f -sustai ni ng pol ymer which enbeds or has
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15 with polycarbophil. Polycarbophil is a lightly cross-
linked polymer. The cross linking agent is divinyl
glycol. Polycarbophil 1s also a weak poly-acid
containing multiple carboxyl radicals which is the
source of its negative charges. These acid radicals
20 permit hydrogen bonding with the cell surface.
Polycarbophil shares with mucin the ability to adsorb
40 to 60 times its weight in water and is wused
commonly as an over-the-counter laxative (Eqﬁalactin,
Konsyl Fiber, Mitrolan, Polycarb) (Park H, et al., J.
25 Control Release 1985; 2:47-57). Polycarbophil is a
very large molecule and therefore is not absorbed. It
is also non-immunogenic, even in the laboratory it
has not been possible to grow antibodies to the

polymer.

30 [0023] In one preferred embodiment of the present
invention comprises a self-sustaining polymer which

embeds or has incorporated within the polymer during



RGDS, bFGF conjugated wi th polycarbophil, EGF

conjugated wi th pol ycarbophil, and heparin sulfate as
waemcrosaesl i n PCT/ US2004/ 032934 . The pol yner BEIURM06/040053

nol ded into any desired shape, such as the shape shown

in Figure 1 , with the shape of a corneal button being

preferred, and cultured human corneal endotheli al

cells will be seeded onto the concave , surface and

al liewed $enpresiser ahe andddhneort | MeRturbOQ2Apdilsing of
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15 human corneal endothelial cells for half-thickness

transplantation using the DLEK procedure.

[0025] In a thin sheet or microparticle form, the
coated biopolymer, in a preferred embodiment, is used
as the support matrix for corneal endothelial cell
20 growth and as a vehicle for cell delivery during a

cell transplantation procedure.

[0026] Figure 3 shows an illustration of the cornea
divided into sublayers. The first is a single layer
of cells known as the Epithelium (13). Deep to the
25 epithelium 1s Bowman’s Layer (14) followed by the
central Stroma (15). The posterior of the cornea is
populated by Descemet’s Membrane (16) and the last

layer of cells known as the endothelium (17).

[0027] Figure 4 depicts a traditional DLEK
30 procedure. In the procedure, Descemet’s Membrane

(16), part of the Stroma (15), and the Endothelium



Descenet's Menbrane, and part of the Stroma (15). In a
DLEK procedure, the surgeon uses special instrunents

W o002i¥Ees t he white of the eye (sclera) and "tRemek2006/040053
into the diseased cornea. The back portion of the
cornea is then renoved and repbaced by a sim |l ar piece
of healthy graft tissue froma corneal donor. Although
only a small piece of cornea is actually replaced, the
gr af(l Wi 13rehekFpnrEeg tanel eneplecedr bya TiealmplaA28](18) .
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significantly | ess astigmatismafter surgery and '
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BXanBsAFBmBRESS SR Ve REEAUSE L NAL - ar §£NQ.,GOr Q?glo (sclera)

stitches to be renoved. Ongoing studies are a
exadhdi njtwheeh®r totoeathe r abisptagdd r egjentdaon iThd essick

i kel i.ih than _conventional transplants. [0029
F:g Pégwéﬁaﬁglggepfg§8ﬁ? tfe hﬁ&ifﬁ@&vﬁﬁoéégyF@P fcerle Py
presensimhvent i phecessemeie 1 BPOIAned 18); didOtrrom o

renoved, and the endothelial cell layer (17) may or
mayCROPCBe FeRBVed Alithouge cady of wirhl Bidgst péplkprnea

1d heigXizging 1 ' ,C | aver 1 be damaged
beyéndaﬁgga?rﬁn?ﬁﬁgﬁl%é%asghglﬁﬁ%%stnﬁé ?eﬁf%éﬁ ﬁeep the
entfrelye ¢oroeheclsatuati ons, the endothelial cel
| ayer may be depleted, but only slightly damaged. In

t he§@0281 uabi.pRShatheetemai nbagaghdgthebial eehhendhienal
not _renoved and the inplant is placed on top of them
Fi gbFaP sl usiymsedsy -+ hBosishidighss | mrghiphaced in  the

t hegpgothel iral Efkhihgxerséﬂfeé,s Eﬁ%vegagndretsm%ted in

15 significantly less astigmatism after surgery and
faster recovery of vision. In general, fewer follow-
up exams are necessary because there are (no corneal
stitches to be removed. Ongoing studies are also
examining whether corneal transplant rejection is

20 less likely with DLEK than conventional transplants.

[0029] Figures 5A and 5B present the modified
procedure of the present invention, Descemet’s
Membrane (16) is not removed, and the endothelial
cell layer (17) may or may not be removed. In the
25 case of Fuch’s dystrophy, the existing endothelial
cell layer may be damaged beyond repair. In this
case, 1t must be removed entirely. In other
situations, the endothelial cell layer may Dbe
depleted, but only slightly damaged. In these
30 situations, the remaining endothelial cells are not
removed and the implant is placed on top of them.

Figure b5A illustrates the situation in which the



implant (10) is placed directly on Descenet's Menbrane
(16) . Figure 5B illustrates the situation in which

wo b@7esmdes helial cell layer (17) is not renpveRCHO0D61@10053
i nplant (10) is placed on top of the remaining
endot helial cells. Use of thegjiDevice [0030] In a
preferred enbodi nent, a thin polyner |layer will be
used for the support matrix and fornmed from hyal uronic
aci ghasnger hel i aberel | Bayét| be7haryesteembveom thed the
pat | ent need| ng transplant. These cells will be grown
ex et and18eéat 6 onplcﬁ%e%ol JhEectayer Usi nfeFremet’ s

Pat e [ ‘
cchauEss deser | Decys, Pokonl AgbELeat o1 o1 cuasion i
conxﬁhuehnciehenehﬁetpeuyerér cetlie IRQR 1 s(¥Badys tmoberemoved
i mpl ant e [003 st rd, DLEK, cor.neal | eral
i nctRf onthe “l‘r&? ac?@@g the aRt2rfdr %Iﬁang%]? ph the
t her of&f @1 & de o Tt , cd hes exi sting endot hel i al
cells are not renoved and the RCB is placed on top.

Oncg into. the anterior chamber, the cells of
the—%e*vm?ﬁl—bvgv—n—t' 0 punp. The suction actl on created

I I |1 t
o 188 Frng cBrRERT CO039] "EHAE T he ROB TS soRpEdTeT

on myeﬁowﬂﬂl bBYyakeHOFaTe dhe | Hsd ed mm@n& h@nd formed
anterior chanmber and the incision is closed. The

10nhy af tenaea bietrents ancbhzynkndatheyselt ocgpéed vhél be
dec n t hyal.ur ' :
L L
di sselves wiiltlhi he24howwrs, leegeantgd, heanéw sxrotdieldnal the

Cellslf$é91ylg§tachggl%§ t@ﬁepa£égﬁnlauggrn gscrlbed in

631

Patent application PCT/US04/32933 to form the RCB.
15 Once the cells reach confluence on the polymer, the

RCB is ready to be implanted.

[0031] A standard DLEK, corneal-scleral incision is
made to access the anterior chamber. In the preferred
embodiment, the existing endothelial cells are not
20 . removed and the RCB is placed on top. Once placed
into the anterior chamber, the cells of the RCB will
begin to pump. The suction action created by the
cells will hold the RCB in intimate proximity to the

existing cornea.

25 [0032] Once the RCB 1is seated on the cornea,
hyaluronase is injected into the anterior chamber and
the incision is closed. The hyaluronase acts as an
enzyme catalyst to speed the decomposition of the
hyaluronic acid polymer disk support matrix. In the

30 preferred embodiment, the disk dissolves within 24



[0033] It is to be understood that the dinmensions for

the size and shape of cuts made in the recipient and
wa@lewen4TeF neal tissues are nerely represent at i RET/US20061@40053

type of surgery which can be done. Thus, variations in

t he di nensi ons and shape of the pocket, flap, cap, and

corneal donor or recipient disks are expected, al

keeping within the scope of the present invention.

[0G3Hrd,t iespMEM I echgenesddidhe et adyllypef Dimly
resor babl e polymer known in the art, can be used as

t hatdwspmd bttt Hedri afe SRCRIHfe pol yner can be

pl aced directly on top of existing endothelial |ayer

or [@033] nglt ayer wanbbe wolegsawbaaf f that stthel ndEpensions
al ternated epbodi nent, the existing endothel.ial_|ayer
caﬁQﬁaEﬁ%nﬁ%ﬂe(ﬁﬁgnFéﬁP?yogrCﬁéﬁn%‘ (ﬁﬂrEﬂﬁ)r?%gbﬁﬁnt
s5hredd abhow r@seicplll ok fudo! YREr rfddemantes eamyetative
risk of dual anterior chanber. [0035] In an alternate
entufdi st , tyhe pof ymewoeaivr i shiebul eebe keonfiPNged BRUS,

manmal . _an. it ﬂB( S, orbi nat i 10

ami o Ji‘—%unroe r%netc%ége coi : agoe% %}ee o%g]%x%% eé, Eﬁf%]?et'
patf®Enip apphp £abindn 20002 14259 t or Sakeieticalt. diwlischare
t eaches that corneal endotheljal cells can be

col S RIFEIarfi-t HEFPRUNG JHed HhdC i FFIRT abbd™h Present

10Vi ty ;e A a8l | suspension with high cell density can be
produced by subculturing the proliferated cells and

subyj | ng em.t r.at ' at i ,
s WEHED LY ST SRR IE, GRLEa LR K 8 type
cordfi péagricablagenlasea mmiowncarpotieat anas ewpl dyedused
and thecell suspension wa | anted t hereon

! d.
cul3UredP FHPRP Y diftiehi 1id th7eiCiAs HF eRut¥ey can be
Singl&d YL L8-t1ly on top of existing endothelial layer

15 or existing layer can be scraped off first. In an
alternated embodiment, the existing endothelial layer
can be stunned (chemically or using RF current) for
24 hrs to allow resorptibniof polymer film and remove

risk of dual anterior chamber.

20 [0035] In an alternate embodiment, the polymér
carrier could be comprised of mammalian amniotic
membranes or a combination of amniotic membrane and
collagen. See for example, U.S. patent application
2005/0214259 to Sano et al., which teaches that

25 corneal endothelial cells can be collected, and then
cultured and proliferated in vitro. A cell suspension
with  high cell density can be produced Dby
subculturing the proliferated cells and subjecting
them to appropriate centrifugation. Then, as a

30 substrate (carrier), amniotic membrane containing

collagen as a main component was employed, and the



cell layer, in which cells derived fromthe cornea
endot helial cells, can have a sim |l ar norphology to

wao bav/ogf423 he |iving body, can be formed. |t haBCDES2906/040053
found that these cell layers can have the equival ent
cel | density to the corneal eh¥othelial cells of a
l'iving body and had a configuration in which hexagona
shapeg cells were regularly layered to forma single
| ayEFLdt SSRGS 19r00BE] RLanks t?h%$e©nogaﬂeﬁuéW@rhdvéor
bee epRLr C and qcu
defgc s a%?%%ﬁ%ﬁ%%gpﬂg%d %% |sq£on edpl%tS&ngﬁﬁtlﬁgﬁfed
ar ecellt dblyerf,orinsehashacelppordemptad xffom the REBneal

F rneal extracellular matrix is rich
igrcgﬁngggiSEdcﬁﬁ dsaﬁ?%oé?vﬁaﬁ% TReberE BPrRhO2OGY, to
53at bkt Bogl HHRarisyind9pbdy, : 3a3- 63 foﬂ%@%ndlt has been

gl ycosan1nog|ycan hyaluronan has been

i nptevedcsPAsalthesier trdlilal laxarrl Gl hagei lllheﬁteqand'alent
rab I S se val uagt jion.of _the
strg%%%ng%%SZﬁ of%%l?gé f%?§%§%( §ﬁ%g81é?la|€%déﬁ of a

ExplEyiencﬁ{est@@ (63nd 10143d50a Crusrr efuadtikR99, in which
al mc 432-9) . Tseng and ot hers have

p.o%%%?%an? Sb§868fcsk%FOW?eenéﬁawéﬁélwnlﬁﬁered to form

10 reat geng18f 18y ¥ar ketycpfirocul ar disorders (U. S. Pat.
No. 6, 152,142). The annlotlc menbrane is polarlzed

Wi t tr [ nbr a si de.
Theb%??%ﬁalg gl%& t ai ns ch a%%ﬁ%ifngﬁgeﬂ efhgised to
fi brosect IadeI tirewahasalodrasdlna agicst IddulEi-ondeffects  and
colla en pe 1V, lamnin and heparin sulfate

pr ot % n. 3RS babentft fERBPERé35Pde bhathemany are

amﬁﬁﬁ&ol@”@éﬂ”@s@”ﬁ’ﬁ’oét§u§8&£@e}né§£1§ehbr the ﬁCB For
gromﬁh whil e the stronal e supports the grow
example, the corneal extracellular matrix is rich in

collagen and glycosaminoglycans - (Robert et al 2001,
Pathol Biol {(Paris); 49(4) :353-63). The
glycosaminoglycan, hyaluronan, has been found to
improve corneal epithelial wound healing in rat and
20 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 Res; 31(6):432-9). Tseng and others have
pioneered the wuse of amniotic membrane in the
25 treatment of a variety of ocular disorders (U.S. Pat.
No. 6,152,142). The amniotic membrane is polarized,
with a ‘stromal’ side and a ‘basement membrane’ side.
The stromal side contains collagens I and III and
fibronectin with a basal lamina distribution of
30 collagen type 1V, laminin and heparin sulfate
proteoglycan. The basement membrane side of the

amniotic membrane supports epithelial cell growth,



fibroblasts in a manner simlar to collagen. The

ammi otic nenbrane is isolated fromthe human pl acent a,
w@eooopsrEser ved, and then used for the surgi cal PECEPS1006/040053

of intra-ocular disorders. [0037] The nechani sm of

action of the amiotic nmenbrame remains i nconpletely

under st ood. However, there is in vitro evidence that

the presence of ammiotic nmenbrane in culture

suppheisesthhe exameasiomﬂﬂe'REﬁﬁpofﬁ$robhast§r6wea of

et al 2000, Curr e Res; 20 (4 25-334) and

i nt EFPEE]Ri?ﬁSES altfbﬁé TRATERAL eF%“éb #h 1y Sitasan-al The

cel ban{ S0 ommeth @n2001s Bri ghi@Qidal epbn 85K 1 nhuman
444-449). [0038] The ammiotic nenbrane has al so been

useﬁlégenb@sfubryOpaeseéaEda wﬁ@@ rdﬂgﬁlofu©©dneébrandhe
EchIar def cLS, afor g f% rqggh and sclera
ulcersgﬁave beRAT T r R t%@ 5@ ?%% se ?%%-Iayers of

miotic menbrane tq fill stronal | ayer, basenent

nenﬁsgﬂ%§ andSas " WEIHEcoPbr FFHatARIa dhepognnigintc
J QHEHBLQ@é Ada {34 fﬁ%%ﬁ%@etef@“ﬂdﬂ&é%SQEﬂkianﬁoW@%er,

found to reduce stromal inflammation and ul ceration in
Hl Veheker ats t iigy andtirenuagidediat ethalf sedse presence of
haus et _al 2001, .|l nvest

| ,
(Helphognbaus Lyala200%, LLIvest, ERBLNAl MRLeVLeaRE ' tne

1oul C@Rﬁr@ééﬁbrﬁla\(ﬂ b'E@EI tkryeat@rdrwbwsagm @ids BRMEENES00,
(Chen et _al ht hal nol ; 84(8): 826-833) .
Ann?%%FcEﬁ%n%?éne2Pé§fo§ d-ethé) Capﬁeaptgﬁéeukln I.alpha.

conpHhctivali sgkfaces apde %ggﬂgfgailﬁgﬁhsstéeﬁa on et al

i nflanmation resulting acute .chem cal or thermal

bur A80T MeBt eF @@hbmaE@@Dg &phd hal A oy9) 107(5): 980-

989). . Amiotic nenbrane was used as an alternative to
[0038] The amniotic membrane has also been used

15 successfully to treat a wide range of corneal 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 covér (Hanada et

20 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; 42(9):1969-1974) . Severe neurotrophic

25 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

30 burns (Meller et al 2000, Ophthalmology; 107(5): 980-
989). Amniotic membrane was used as an alternative to

limbal autograft or allograft in patients with



i mbal autograft or allograft in patients withpartia
linmbal stemcell deficiency (Anderson et al 2001, Br J
w@phwhg4e®l ; 85 (5) :567-575) . Ammi otic menbrBCEESIvaV@10053

al so been used in surgical treatnent of pterygia, a

wi ng-1like fold of nmenbrane extsending fromthe
conjunctiva to the cornea, with attachnents to the
sclera (Sol onon et al 2001, Ophthal nol ogy: 108 (3)

D 449246031 . 1AnbROt istgmende Bhesleiéceecnsgd (Pmdaresin | @t eal
onset glaucoma filtering bed | eaks as n aI ernative

to €9%funcBitva Ini (4P i Bubleh2) & EWS bo, Ampiotic
Cph&@ﬁ$f§ﬁeslﬁg9@)al§§p §§§m ﬁ@%ﬁoqjﬁtsﬁ%ggggﬂ tk@&%ﬁ%nt
Ophthal mol Vis Sci; 42 1762-1768 ) as wel

i npedvetesygiery aofwancsfhbke foddeaf elmrnkh]eam@rreafadndmg

red ce ocul ar in the surg at nt
¢ batn EHrarsRabA tIfRe Kottt  POREH cuf Eh uRtFACPRERES
COFﬂGa|t1'bﬁS§ﬁE€t:a medy Bdigorseeandary Agmisar @phdaailmology:

chronic uveitis and ot her causes (Anderson et al 2001,
w%%%ﬂboféﬁ? 4@Bh. 3cANNiof bp3gpempragey| sgere used  to

con{ggg{a&gget s @t a1§ 112l eSe MY gbpetSed M Nas an

the cor neal ot hel ia S as a support matrix for
theartﬁxnahlwmotQeconm@ndtneatwmhhtesaneean (Bedesedeasal

10 oA P e o PEP A o asii e ol N Gergiiton ot al

gl ugosam navebat opashbieadhesisesPr oper {8 ps1apd-Nass) as
been shomn to inprove the system c bioavailability of
cerW% ih d%%gTébnﬁ@@ﬁ@geacF@§@VﬁﬁEos%f sur F&eéd e sgemneal

25 B HERBlnCRNL o AAES | MUTY LI B YT TOUB, e

lnc$ud@16$l treatment of band keratopathy, the

U‘l

15 deposition of «calcium in the corneal basement
membrane secondary to sarcoidosis, chronic uveitis
and other causes (Anderson et al 2001, Cornea; 20(4):

354-361) .

[0039] It is also contemplated that other substrates
20 may be used with the corneal endothelial cells as a
support matrix for the RCB. In another embodiment

chitosan can be used as a support matrix.

[0040] Chitosan is a cationic biopolymer comprising
glucosamine and N-acetyl glucosamine that . has

25 Dbioadhesive properties and has been shown to improve
the systemic bicavailability = of certain drug
compounds across mucosal surfaces, such as the nasal
cavity (see Illum, Drug Discovery Today, 7:1184-1189
(2002)) .

30 [0041] By the +term "chitosan" we include all

derivatives of chitin, or poly-N-acetyl-D-



derivatives of chitin, or poly-Nacetyl-Dglucosam ne,

i ncluding all pol yglucosam nes and ol i goners of
w@bwcosars ne materials of different nol ecul ar MeT/gk1086/040053

in which the greater proportion of the N-acetyl groups

have been renoved through hydi6l ysis (deacetyl ation)

I n accordance with the present invention, the degree

of deacetyl ation, which represents the proportion of

N- afetiprsgrdngs whithlwdivied beed Ir enpotrgtheosghines  and

n

deacet: L.Qn, 0 rably be in_the range,.
abog?3§%®%§%; ﬁ%?e%%ggggggﬁvsginm?ﬁ%riﬁﬁae S a€&3%ere t
60- 86%eand arosipheber ahl whiehi rhihegcarge @ropbettion of
70-95% [ 0042} The chitosan, chitosan derivative or

sal tPfsedTaFEHE prEERMRS | nPerei orPatioul EeBPESEr afihyough

avgyarselacul arqaetanfi 4 dhe, range 1
to 1?060, 00 Dag nnr%$%referaﬁ]yq?h ? éo?gggéeogwgggthe

15, DOESEBL750v0001Da, ahendsyrpeebdr alelayeity lbhé onang@ich
of 0Q..t o 500, 000. Da. 043] Salts of _
chi ?ggygsggtg e bgéo%i‘gb% i#)t ﬁ'é-]a&eggé,mgroups which

an"are"suita
i nveatreonbe8al t sraMdvedvartiotsudh gankecangd1hpoegani €hould
aci ds ?re sui tabl e. Such suitable salts include, but

ar ePhd eFP_'Ye&*%o?nthEhﬁit?%ﬁgﬁ Phosphate, 47wt more
10 achateershiat&, Qﬁ@rofﬁégé'Qﬁ?a%%o%%et§6§9§9g%hc% most

Preferred salts are the rochloric aci d and m C
aci @reaersbly0bd4in Chii¢ osamgeerf valbowes7 aness hei r
salts are also suitable for use in this invention:

Sui {adh2] chThesashthessamf | vasi idkdnideie Bufat8hR NG  salt
limte esters, ethers or other derivatives forned

to,
by BORdi AE &SP RETHEHC dITRIANGrBupheith phefaydpbxyhave
?Lgﬂglgl%g}l%elg dGHAM DO §HAURS: Al CBFL Q530 BEM£S+o
15 1,000,000 Da, more preferably in the range of about
15,000 to 750,000 Da and most preferably in the range

of about 20,000 to 500,000 Da.

[0043] Salts of chitosan are suitable for use in the
present invention. Salts with various organic and
20 inorganic acids are suitable. Such suitable salts
include, but are not limited to, the nitrate,
phosphate, glutamate, lactate, citrate, hydrochloride
and acetate salts. Preferred salts are the

hydrochloric acid and glutamic acid salts.

25 [0044] Chitosan derivatives and their salts are also
suitable for use in this invention. Suitable chitosan
derivatives include, but are not limited to, esters,
ethers or other derivatives formed by bonding acyl
and/or alkyl groups with the hydroxyl groups, but not

30 the amino groups of chitosan. Examples include O-

alkyl ethers of chitosan and O-acyl esters of



ethers of chitosan and O acyl esters of chitosan.

Modi fi ed chitosans, such as those conjugated to
w@oiogestags ene gl ycol may be used in the preseneCT/US2006/040053

i nvention. Conjugates of chitosan and pol yet hyl ene

gl ycol are described in Interhational patent

application publication W09/01498. [0045] Chitosans

suitable for use in the present invention may be
obt &PREASEBrm vHciddds esour €4 Loisacisudi nguRhi mexas  those

Ha ] X r n, Norway; ,
Seiugggggga}i%g: ﬁ?g ng@deﬁs@ﬁ%ﬁhw né? a;/lsggt in the
Lt dprebrdica; Mansobidhd, ‘g»@gnjhla%;te?ld_ AI_’EtB_ chitos?nd and
Bi ot echnol ogy Ltd. , UK Suitable derivatives include
ChoBBTPRENY Syl stietba anr ROBEFEsPeEhi 1 n Iofemnsttiypnal

Macphtban Bppsschkidon bﬁﬁg98a£%8g2WO%%ggﬂ§b8The

support matrix or "carrier” for the can al so be

co | 0 r-contalp ng pol ymer gel cantai nin
chin?gggﬁ,ﬁj a%géttwgggﬁrfg%ie@%ﬁ ?hefoov\%t &P cont ai Mg PgES=NT
i's toaeedivnt hmagl | Bgencandiaedal ol &GirdoukUr IRlrces,
t he, ca{Lri er for. RCB of the present invention according

to aNBtREFIEspddtiMedul d T Eea giprrayer NovaMatrix,
conpahih8e, Chh&%@f‘; a@%i%g'[a%r Q%HLF%ihgyefné?’l aggnt | Yisa;

provided to the gel layer. 0047 e termTcarrier
1G orMenen RCBndised Bvit ,t He specirfdicat i Ganseanstdan VA, USA;

el e t at,.can serve as arrier qr, support, during
cel ?chuﬁpgr @ilogcr‘? Snt f sogtyerI?’hog'Hou Ig ngflgéggﬁngﬁr&gétlves
anyih¢hudéngheay. ot exagplescaocsatr i RObef€L! chitin
culture is described in Japanese Patent Unexam ned
Pub‘hl%%%%ﬁw KERANS LA Bopas 1bo267, Lomdawni ¢hoaa) -

alginic acid gel layer and an extracellular matrix
conpPt®l gEhe| speroad anatelilx adheSicamrdempont gleé RCB

15'a”%hlagisga%é“%g%%ggsgd of a water-containing polymer
gel 'containing chitosan, and the surface of the
water-containing gel is coated with collagen and/or
alginic acid. Further, the carrier for RCB of the
present invention according to another aspect could
20 comprise a gel layer containing chitosan and an

inorganic layer adjacently provided to the gel layer.

[0047] The term "carrier for the RCB" used in the
specification means an element that can serve as a
carrier or support during cell culture, and this term
25 should not be construed. any limiting way. For
example, a carrier for cell culture is described in
Japanese Patent Unexamined Publication (KOKAI) No.
2001-120267, in which an alginic acid gel layer and
an extracellular matrix component gel layer as a cell
30 adhesion component gel layer are laminated on a

porous membrane, and the carrier for the RCB of the



por ous nenbrane, and the carrier for the RCB of

t hepresent invention can be used for culture in the
waame/osaehni cal field simlar as that of the cBCT/US2006/040053

for cell culture described in the above patent

docunent. [0048] The term "gel8 containing chitosan”

nmeans a gel that contains chitosan gel as a main

conmponent. The water-contai ni ng pol yner gel containing

chipcsaﬁnheanseatﬁanecanobEauabdgfp@lymémugelin the same

peEPP TR b L 46 Wht BFELLAT 2P g ol g hor bl ceEFLes fox

containi 8g1ERr&0888chBYcal 88 BB heB6et Ophbehel 8bERHAP.
as a "chitosan gel”) . As the chitosan gel, a gel can

be lg@@@g?’\/ﬂl @ﬂedoc?érrﬁmt‘ '133&5 %irﬁr?g n%Ht.Lrtglsaﬁlag'ﬁ?QaﬁQ a

whi ch ce culture 1s forne For
&hlgeiamhgel<ﬁnﬁn€ﬂuﬁschlge$anmge¢ha&oes matndm©m@dment
ion i,n whi

tral el [ture is
vor PP ety AR eR it s R S PBERSRLAT o tosan
o gsahes af ks rpsaib ke Of BBY a%oAtdehing

by salt formation of chltosan and an organi ¢ pol yner
conpBRAECHAW | ngedn' an26ni car ediedide, @oBRPREBAN gein  the

for%?@cffl %Qf% by Céosshsﬁékngoﬁ%éﬁgﬁnﬁros %inﬁégg gel

age and t ke can be uti’l he*organi c
1 0ol goetatoimpourt ihaviang ey anleai Gear dséltkeof Ot referred
exa e, natural or syg%getlc o!éner compounds such

| $8sFar it RS FETCERs et e gl

ChOBQlﬁmHé nuself afie;crandorel yssyr enesifyoni g agi ﬁee@@al
be used. Exanples of the crosslinking agent include

conpeuhes hbvi nghi b oﬁehérecglbupg t hat peafprwetlh For
SR OUP, &1 UGN 0ueBHEY, 88 9 WAL JEINEC e
]ihavm@g taososlwv®rein a neutral region in which cell
culture 1is performed, by neutralizing the amino
groups in the molecules of chitosan, a chitosan gel
formed as a gel by salt formation of chitosan and an
organic polymer compound having an anionic residue, a

20 chitosan gel formed as a gel by crosslinking with a
crosslinking agent and the like can be utilized. As

‘the organic polymer compound having an anionic
residue, for example, natural or synthetic polymer
compounds such as polyaspartic acid, alginic acid,

25 dextran sulfate, chondroitin sulfate, and
polystyrenesulfonic acid can be used. Examples of the
crosslinking agent include compounds having two or
more groups that react with amino group or hydroxyl
group such as glutaraldehyde, divinyl sulfone, and

30 halogenated triazine, compounds having two or more
carboxylic acid groups which are made into active

esters beforehand and the like.



carboxylic acid groups which are nmade into active

esters beforehand and the like.i [0049] Chitosan (poly
wo@oensan ne) can be obtai ned by heating chiP@TUS2006/040053

(pol y-N-acetyl -D-glucosanm ne) with a concentrated

al kali solution or subjectingahitin to potassium

fusion, and then deacetylating the resultant. Any

chitosan can be used for manufacture of the carrier

f or [00@9RCBChi tbhenprpseépt Di-glepbsaninkédr cexabpl ebtained

froma_ viewpoint of formation of a nenbrane having a |,

hi gRY mBfBtang tidngt h (PRt ETRT RV S~ RAF+ 6SAPRANE hg A th

deagetoyln@nadegr ecriof1 £ ram B0 bA %Qo%u@gc@mg“ g in

a solution viscosity of from 10 to 10000 cP when

di stol vedtassOus négsionin andasshenaqdesastadeticg the

cid solution. Mre.preferred is,chitosan.havin

Tt Syt herbn Abgr SdTOr Hbnt 76 EE T S BROvEarssee

t heogokHbi @arviseoFioly tofe fHaEN 4P tBe5PPOseRt [0020kiAn.

met hod of successively coating various_other polyner

conpBindR*IMe}&rdi g Fol PagBhSWaPENRI coBcifPrfdion of a

chi .gel suytace [ rri

the e T 22 et il aary I kas | fre O T bRered

| ayes- bypiktagen tevhod @ECetamddepherti@cidemese Nof E¥dm 60

p.,.1232-1237, Aug. 29,.1997,) is preferably .used, far
]igxaﬁ%lg%OTheﬁ%gxﬁk?x&?%W%ran@?ﬁ&&lggmﬁ%%ﬁéé#%%egfi%éom
i mepstenioboa dBMPRanediBsaNvagueeus. sohdts0B 8h andass
one_of various polyner conpounds, subsequent washing

with RN daFRFREsi ALY n SeAGEREn - plgFRr

i
For . p1 0dugh NG L DBy car iyl ! R%%ﬁqf ! NG PELSENY
ge a e 1 t
I nvent 1 on, SUT%&C% nodi |céea$’|rgn %gr t eeseur ace %f tRe ©
wat BP0t pnémd npngviding the solution viscosity of from 40
15 to 5000 cP.

s

[0050] A method of successively coating various
other polymer compounds including collagen, alginic
acid, and chitosan on the gel surface for use in the
carrier of the RCB is not particularly limited. The
20 layer-by-layer method (Gero Decher, Science, No. 277,
pp.1232-1237, Aug. 29, 1997,) is preferably used, for
example. The layer-by-layer method comprises
repeating immersion of a membrane 1in an aqueous
solution of any one of various polymer compounds,
25 subsequent washing with water and immersion in
another polymer compound. For producing the carrier
for the RCB of the present invention, surface
modification for the surface of the water-containing
polymer gel containing chitosan can be performed for
30 both sides or one side of the water-containing
polymer gel. For performing the modification for one

side, a method of attaching a cover on one side,



pol ymer gel containing chitosan can be perfornmed for

both sides or one side of the water-containing polyner
w@edo7/0¥aes performng the nodification for one BCTES2086/040053

nmet hod of attaching a cover on one side,during the

af orenmenti oned nodification gt hod based on .

application or the aforenenti oned nodification nethod

based on i mMmersion, is preferably used so that said

si dg rignotndr auebbmbAt QoReAt agid Vi idutarn:d neetsban based
solution. For the gelation, a gelling agent may bhe .
uset, BPphéedsdon 0051]the @AfRrIRRedMIh freModiffeation
su t trix for. 2B _coyl.d fmde 4f - fd
degﬁ%%‘a’ d??)gﬁwe)éiolol adé%%rlfa@tgr%& tLihsatpk%i% S cr gbslgr I(Ellmr?%egd Phat
Sughidmt eriidal dan betmadeocusig & rnrocessiteipr iwsitly  an

the steps of: procuring a | I agen-hased bi ol.agi cal
5ti dE0ETRAGR &Oorhar: %Péa&l%ﬁg Wit o cgaellqginsgslfeqent

Wi %%ypgleyeﬁgw gepReYAdt 0 obtain a biological tissue
wi th crosslinked collagen structure; decellularizing

th izql,ogi-cal_ ti e ; i n Y ;
_cele[IOB f5 ree t]ﬁls 5t eo;t%genl{d ,e%!%ﬁ%?%ﬁﬁeg' tecﬁ] éet gse Qoffrtgén attirslsxu efor
I ntglecr RAPr ot6aliVveosolnideon faont aini Afjlhyaderoned from
acid _and freeze-drying the said tissue. Th .
colqoéd@fg-eélas‘%tlﬂ%sﬁggfln&%d%%?sﬁﬂfl%%?dr i %iufzgd BHese 2t
1010 feerpbly £@8chaa BPBEEEs RLAGSALANGT t3lkl Bi’fps of:
mamal s. Pol yepoxy Conpound i ncl udes, but not limted
t hegoauo,iny ef ecablagpotgbpdervlomsliygly ct yfuet Rerm 2

pol yet hyl ene gl.y.col gl yci.dyl ether,. .o Iy
coﬁ%ﬁ?‘@lﬁal Iqif ﬁqgak‘)f%eey%ollgyleoéx{/gelcotr%p%sul%%g&th polyepoxy
Pr efafahing o 7%wiv) #f bpollpepaxy cobpowmdwish cross-
treated on biological tissue at the_ con

o ot o
8- 1inkad 3045 1€9r8r 18T38ChBGRS. FUPER #?igﬂjezolng the

15 Dbiological tissue thus obtained to give a cell-free
tissue; and, immersing the cell-free tissue 1in a
cryoprotective solution containing hyaluronic acid
and freeze-drying the said tissue. The collagen-based
tissue includes, but not limited these to, preferably

20 fascia, amnion, placenta or skin of mammals.
Polyepoxy compound includes, but not limited these
to, preferably polyglycerol polyglycidyl ether,
polyethylene glycol glycidyl ether, or other
commercially avallable polyepoxy compounds.

25 Preferably, 1-7% (w/v) of polyepoxy compound is
treated on biological tissue at the condition of pH
8-11, at 30-45 C for 10-20 hours. Further, the
freeze-dried cell-free tissue is preferably
pulverized by physical means, for example, cryo-

30 pulverization is carried out in a pulverizer under an
environment of liquid nitrogen, to protect it from

the damage by heat generated in the course of



freeze-dried cell-free tissue is preferably pul verized

by physi cal neans, for exanple, cryopulverization is
we20rioed2dut i n a pul verizer under an envi r onnReCt/USE006/040053

liquid nitrogen, to protect it fromthe danage by heat

generated in the course of pregessing. The met hod may

further conprise a step of pulverizing the

freeze-dried cell-free tissue into smaller ones under

an RddsdimmNt ofe il Mdy qoen hef dandfiese a step of
cryo-pul verization or the steps of hydrating the

f r deddegiizddgelhef r beeerediel ethd c@dtltifdge hELRFHPat Y
ti . 0 e . - LNk t echni

ar SR LA apiiet ohl ShyREaRREpkn e dRERL eogen
whidefarsi nt @hai ngriyoe pndokanizeal oat r engt hthad wiiegge of

properties of I ti f | antation. |
QR 0 { T r 0RE0F FRRARGST oo RIS coot ddi e on 20

deceldlly Ot fRERIAUE s been actively perforned
to reduce the inmune-rejection against transpl anted

gra[fdo%i[' % dt‘{agm?gé\}gmo%ﬂ egoggglmkh F;@%ghﬁﬂqﬁési Nre

the gr | op new bl onateri or tissue
endineear i ng. shhby liesedrtchest retated bd glaitlagEndelwidele

have been conducted to increase the stabjlity of .
ti S HQkRQWe%hﬁhigﬁqhﬁﬂkﬂ asgﬁ??%tglp%&ﬁeuﬁQﬁque

10t hg M@ tid chky f11glddrar el dehyde fior htp@is Poghestion.
Inthi's regard, alternative techniques for the _
cr g9 -3dakt hep of oc Slhica g StE S SiRk i € R Bt or B EHeS
th%ﬁﬁrtde Q?lgia¥@kgﬁglS'ﬁgéﬁﬁiddéqklﬂgste 6ﬂue Q{ively
colTagen tI'ssue using~pol yepoxy conpounds. OSST
Cr gssefldmiddg tas bedincknovire | nittenartefoct year sagatnst
there are various net '
transplanted gra‘i‘?dS &gfhghen%ggésggggtation, to
15 proliferate cells in the graft and to develop new
biomaterials for tissue engineering. Many researches
related to glutaraldehyde have Dbeen conducted to
increase the stability of tissue structure, which
revealed a serious problem of the high toxicity of
20 glutaraldehyde in human bodies. 1In this regard,
alternative techniques for the cross-linking of
collagen tissue have been explored in the art, one of
which is cross-linking technique of collagen tissue

using polyepoxy compounds.

25 [0053] Cross-linking has been known in the art for
years and there are various methods both chemical and
physical (irradiation) methods. Exemplary chemical
cross—-linking agents of choice known in the art have
been glutaraldehyde and other related non-

30 physiological agents. These cross-linking agents
react with amino acid: residues of the collagen

molecule to form intermolecular cross-links. However,



physical (irradiation) nethods. Exenplary chem cal

cross-linking agents of choice known in the art have
whe@n/ogiserd ar al dehyde and ot her rel at ed nonphysPOI/U§1006040053

agents. These cross-linking agents react with am no

acid residues of the collagerr2omwl ecule to form

i nternol ecul ar cross-Ilinks. However,these harsh agents

may have negative effects on the bioconpatibility and

bi otlogseahaashi ddentef mapskbvakedgedlivegentimsed on the

bi oproducts that,L are caused by alteratiops,in the

co b??r%‘f‘?%‘?ﬁ%ﬁ%% & aBéﬁgﬁﬁFge | AV e%cRingC86ES-

of {heK&d 0881l hgkhnga888nt3 oplBusicteoldrRgens Pk 0dlEE8d by

cross-linked by nonphysiol ogical agents-are poorly

acceptetebionnd int eghat edonfohnatige hest thssuesllagen

Furt her e, lLogali,zed i.nflam'{ﬁtio an re_conpkex, .
SSysIP%]r?ne%&L%ac l|Q§ns laera((e:h&ingadvoan agéekousgg:e.rgecé:f)fsgctlém]é%ng

gl vk gert slehyHescr es9-llaigeke b rerldcage e ps oshicisked 0094hon-
U S. Pat._ No, 4,971,954 to Brodsky et al. discloses
thepliﬁﬁé%l%Jfo‘HQ?hi bddenbP ofher Pedht¥ng2BR§BEEFogP¥al and

SUgfﬁ@e&_Sa*@é‘é{_Si Rlogigal cagentssfor 5988zl i NklRYhermore,
coll agen matrices by the process of glycation.

Howkvezrlitéd nenhbamdéstbnsednddy Bpodskygomplak . systemic
efficient when the cal.l ageno substrate consitsfts of
A4 sag

L0, ot FRASEHT T age 1T bordSohirnreo8ibs partial | pireets  of

ef f gTht ¥a I @sh et | @p6Hs ABL K kE€SCHI Dlpeedo F s @t s .
reconstituted fibrillar collagen, particularly when

thef@@é&ﬁge@.é.s algl opgpti de, &9 | gen.c AL gLORSRYI d& a1,

col lagen is produced by pepsinsol ubilization of  native

col flagehosSk nadepepsen et P (of) Ribheet ebopeapttiates reflucing
e_which are antigeni

he_col | agen. |
porR iRt T eck et Bgen; sSpREL09801Ea1  agents  for
15

cross~linking collagen matrices by the process of
glycation. However, the method disclosed by Brodsky
et al. is efficient when the collagenous substrate
consists of native -collagen fibers, but is only
partially effective for collagen matrices produced
20 from reconstituted fibrillar collagen, particularly
when the collagen is atelopeptide collagen.
Atelopeptide collagen is produced by pepsin-
solubilization of native collagen. Since pepsin cuts
off the telopeptides of the collagen molecule which
25 are antigenic, pepsin-solubilized collagen is the
most wutilized form of collagen in the biomedical

industry.

[0055] A further contemplated support matrix for the
RCB is that derived from adipocytes or fat cells.
30 ~Adipose-derived stem cells or "adipose-derived
stromal cells" refer to cells that originate from

adipose tissue. By "adipose" is meant any fat tissue.



nost utilized formof collagen in the bionedical _

i ndustry. [0055] A further contenpl ated support matrix
WO on70¥e2RCB i s that derived from adi pocytes oPCT/EE2006/040053

cells. Adipose-derived stemcells or "adi pose-derived

stromal cells" refer to cells28hat originate from

adi pose tissue. By "adipose” is nmeant any fat

ti ssue. The adi pose tissue may be brown or white .

adi f6Se 2féRRee derSSHal MROmM Babdtaiiteogs, white adipose

onmeRtialdh M S 1 Y, I r Q dj pose
tisgﬁgs@%fesggﬁg¢%ragly, Fﬁggggggggggrs(%{ﬁﬁﬁﬁiré%ﬁﬁ?ral’
whi temadiryese gonssiad, Soah eglhles: wEﬁﬂ%?my}iﬁﬁggue 'ﬁ%te'
primary cell culture or an imortalized cell line. The
adip5§£659%§¥e ﬁh? ﬁglppéﬁ)&ﬁy%&HﬁﬁﬁaﬁﬁqﬁﬁnWﬁjqﬁuadlpoSe
31 ssdesubref suahl ycellhe adi-RoSedupide | & Mymaldan, o171
nmost preferably the adipose’tissue is human. A .
confehtee svur éa oimadrpasézedssimll slfinem The adipose

li [ ... .however . _the.source .of adi pose

L1 DS M O e o o bR BB ol PP B o T s

not Pceiferehlyt o tihe imméwngi&gaég]ié\duﬁamlrﬁwml i, most
dul di ti ssuederived stromal cells

CopPEEEREaRIE) £ Pl Ranc ol s S b8 RHARN cah fenvenient

1char vested b@uaamﬁbgev\{t&@smenii@mfrbims‘ii%s@ic%‘i%?if Ul Py,
the patient. Pathol ogic evidence suggests that
adi peYevesri kg stqwirE <€l hdippeecapalsive ofr the method

[ hati .multiple li e pat hways.
adi posoorasti; 867 BPPst e sbrnr e BRe HphnagAt A toe
manyniradt ¥odual s. Cbesity is a condition of epidenic

proportions in the United States, where over 50% of

adufbesexcerdut he H&ﬁéﬁn“3¥¥¥£ﬂgﬂuf¥5¥§j‘Q&ﬂﬂ@gé' tissue-
hei ght .
15 gerived 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
20 pathways. Adipose tissue is readily accessible and
abundant in many individuals. Obesity is a condition
of epidemic proportions in the United States, where
over 50% of adults exceed the recommended BMI based

on their height.

25 [0057] It is well documented that adipocytes are a
replenishable cell population. Even after surgical
removal by liposuction or other procedures, 1t is
common to see a recurrence of adipocytes in an
individual over time. This suggests - that adipose

30 tissue contains stromal stem cells that are capable

of self-renewal



[0057] It is well docunented that adi pocytes are a
repl eni shabl e cell popul ation. Even after surgica
WO 20000429y | i posuction or other procedures, iPCT/BS2006/040053
conmon to see a recurrence of adipocytes in an
i ndi vi dual over tine. This suggests that adi pose
ti ssue contains stromal stemcells that are capabl e of
sel f-renewal [ 0058] Adi pose tissue offers many
prafeosal addapbages tdssmbssuexém@hneermm@y practical

appl i.catjons sych aE%the RCB of the present, invention.
Fi r31VaRtages abifdam S5 c RGP 8% ‘B’ﬂ} Qe such

har ygste et ReEls oM thdi k@%bn&'th&éhﬁik%1pa@hgﬁt it is
Third, it is replenishable . Wile stromal cel

rep@h@@d@nteséeﬂh@@,01D1$§oﬁcﬂh§Sbbhe harhéﬁNgst methods
nuclf *e C i$ Polegﬁ t ere are up to %l@ 1O#t ig
Stro celT's per ‘gram o posémilssue (gen et
200#eplent sahbdé. Cattildear iﬁﬁhﬁhﬂﬂ &kﬂMﬁBlr%®2e3kak Exss
vivo expansion over 2 to 4 weeks yields up to 50
mi | Fhen strBhal €811 sPer oRPBS5 RPFEGFaRS BPCéaﬁﬁéee cell

ti ssysu1dPeSE, C€ﬁé§e0§£eb@pU§§dal@ﬂkﬁoﬁgﬁkxmgi cells per
cryopreserved for future autol ogous or allogeneic
appd¥eaat céndI0eE0] t Meshedd Skeor etheal s@I0dtli;onJournal of
exp 0 and differentiati adl pgse

10 OETE Al VB oflrrE S Fave peen Pt et kb oppansion
exappée, 2Bud i 8 ekeatk 1929.ddVohp Evadocﬁromth;@lﬁlcﬂiosﬁomal
Eri ckson et al 2002 Bi ochem Bi ophys. Res Conmmun. Jan.
18,°9bb2; T (9)° 'ﬁ?#OQFamiiéﬁih%%l@@s%l?ﬂﬁﬁPe These
Jour gy 5 of- Gl bl ﬁrseahyﬁfm%@ﬁé/te 9o§4 &30 ﬂﬂé’é}f\?&{‘ for
et al 2001, Metabolism 50:407-41 Fblvorsen et al
zomutwgs@letczh@gom( x @mdgenm preel atat20ols -
Bi ochem Bi ophys Res Commun 281:907-912; Sal adin et al

15199p00%8®] | Methods for the isolation, expansion, and

(J'l

differentiation of human adipose tissue-derived cells
have been reported. See for example, Burris et al
1999, Mol Endocrinol 13:410-7; Erickson et al 2002,
BiochemvBiophys Res Commun. Jan. 18, 2002;290(2):763-
20 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. 7(6):729-41; Harp et al 2001, Biochem Biophys
Res Commun 281:907-912; Saladin et al 1999, Cell
25 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. Adipose tissue-
derived stromal cells are obtained from minced human
adipose tissue by collagenase digestion and
30 differential centrifugation [Halvorsen et al 2001,
Metabolism 50:407-413; Hauner et al 1989, J Clin
Invest 84:1663-1670; Rodbell et al 1966,. J Biol Chem



Gowh & D ff 10:43-48; Sen et al 2001, Journal of

Cellular Biochem stry 81:312-319; Zhou et al 1999,
w@rowreehedl . Techni ques 13: 513-517. Adi pose PCT/US2006/040053

ti ssuederived stromal cells are obtained from m nced

human adi pose tissue by col | aggnase di gestion and

differential centrifugation [Hal vorsen et al 2001,

Met abol i sm 50: 407-413; Hauner et al 1989, J din

| nveéi:8240136811670thRodbehavet dmd@S6ratddBitdlat human

Che  130-139].,_ Ot hers .have denpnstrated that human
adi%%géoégssue%%%y?vg'%ﬁ%%%il cef HEOR% difF@ﬁéﬁtiat&an
al odg frbecadipoeyt£lorchonHeocyigro LO0StBORbastyte, and
li neage pat hways. [Erickson et al 2002, Bi ochem Bi ophys
ResOE%ﬁﬁgﬁﬁsﬁanl1&%?9900§¥j9§662)iElﬁgﬁgﬁwtiéhthﬁs €002,
I O 4 I yShkQl ogy,» 189,54- 63, .
fh|%ggégﬁieﬁigﬁh?g%lgg%@3%%%Fﬁ§n1E8540$fhlsgoégrvgﬁgé%)'
et db3-3001GrInsbae Eag. 4£ec.2001, 20urrl : B29-4L1lular

Har g, et .al 2001, BjQc I ophys. Res Conmmun 281
:9o€?§ié?&%§Vadin?ég-gggéggg,q%%%Y°¥§%ﬂwr1%f[]f%l 2001,
10: ¥8t4BolSen & :aln72003,; Jeurtalsf Gel byl abpol, Tissue
Bi ochemi stry 81:312-319; Zhou et al 1999, Biotechnol .

TeckRPquegci3/,528081F) : 28R -81 s aHazpost Fils0& lEngiorhem
10 2%%5£ﬁ§ﬁ R 6$%%M¥§90é§§7§§7% 1bhe iy %;H% 91 1999,

Pittsburgh an egents 0O e Universi
Cal &b nGacand W Piffatldntd ;i cadn oat Sel. 2M01, Journal

2002,0Q76400 assigned to the_University of Pittsburgh,
dis%Fogg§58$353E}gEEFWé8t§¥eﬁ#%é¥§§§éﬁd pRPY essal 1909,
subsianttrhby. f meenefi gadispocyt es1 gnd1 5 ed zhhoad cgll sg07,
and _cl onal popul ati ons of connective tissue stem

cel TESSURelRel | ¢: cAhlbé2@npl oyed, al one or within
bi ol ogi cal | yconpati bl e conpositions, to generate
1di f{@Pedli aled 00/53795 to the University of Pittsburgh

and The Regents of the University of California and’
U.S. patent application  Ser. No. 2002/0076400
assigned to the University of Pittsburgh, disclose
adipose-derived stem cells and lattices substantially
20 free of adiﬁocytes and red blood cells and clonal
populations of connective tissue stem cells. The
cells can be employed, alone or within biologically-
compatible compositions, to generate differentiated
tissues and structures, both in vivo and in vitro.
25 Additionally, the cells can be expanded and cultured
to produce hormones and to provide conditioned
culture media for supporting the growth and expansion
of other cell populations. In another aspect, these
publications disclose a lipo-derived lattice
30 substantially devoid of cells, which includes
extracellular matrix materiai form adipose tissue.

The lattice can be used as a substrate to facilitate



tissues and structures, both in vivo and in vitro.
Additionally, the cells can be expanded and cul tured

wo eoopogdete hornmones and to provide conditi oneRCT/UR1006/@10053
nmedi a for supporting the growh and expansi on of other
cell popul ations. In another aspect, these
publications disclose a |ipo-derived lattice
substantially devoid of cells, which includes
ext taeekirowaih redd i difateenhaliatbom adi poseld,] sshethdhe in

|attice can pe used as a substrate to facilitatethe
gr oVt BCard dt’t f BLERPY atinti? oFNtRIFR, OFhdIHet s ntyFope or

or LPr¥iifPesi Nt Re2Rhagen uPhiPBEYLA 11ESKEQks adipose
structures. Neither publication discloses adipose

ti ssuesder ideed vedr ostmtorcel | selhat thate hasesn baduceddused

xpress at_ Il east_pon henot ypi c _qr not.ypi c :
%ha?gct%ﬁ)‘gﬁ% ott aﬁl%)?ﬁif’ a-%{c)%l ar esrgjﬁ:éfl%lcpce% . g[e@(%f 1€
U SchPatctdbis01428£033 assikgredularAstecrbl Sekences

di scl oses conpositions directed to an isol ated adi pose

tisgpgedgri yed, stgqmalysel s ybat ohas heenlnducgd at@ecel

express at | ease one characteristic of a chondrocyte.

Met Bodsnaes aldie distdnsedofpoesdifdes entdiatdatgd hese an

cells. 062] ;A s a non-limgtin xampl e, .in e

ot hEALOF R SBRAPPAE AAFPUSGUEFLlad REPPUBA Serombhat has
1ccel bsent hadadicpoSes t EgpHEsES altl eladath WohbB ¢OldragerRasetic

at concentrations between 0.01 to O. 50/@ preferably

0. 08t @ 0.JMNGHFRAY it of ¥edbiogiso. 86 13 493i filfclosed for
con i . 0. 5% referably 0.04
o gfg%/o@éﬁf?ﬂét%g"‘@ﬁ@ ]ngél%}o o P y

nost préefera at tenperatures

mos LOBPBTor bl ¢ arCTC T b pePTGUETHr Dot vildh Totnod of
m nuEEesat Ongd REUEDsPref ss@dl YebetrwaenstHbmaINuEES1EP the
15 adipose tissue is treated with collagenase at
concentrations between 0.01 to 0.5%, preferably 0.04

to 0.2%, most preferably 0.1%, trypsin at
concentrations between 0.01 to 0.5%, preferably 0.04

to 0.04%, most preferably 0.2%, at temperatures

.20 between 25C to 50C., preferably between 33C to 40C.,
most preferably at 37C, for periods of between 10
minutes to 3 hours, preferably between 30 minutes to

1 hour, most preferably 45 minutes. The cells are
passed through a nylon or cheesecloth mesh filter of

25 between 20 pﬁ to 800 pm, more preferably between 40
to 400 upm, most preferably 70 um. The cells are then
subjected to differential centrifugation directly in
media or over a ‘'Ficoll or Percoll or other
particulate gradient. Cells can be centrifuged at

30 speeds of between 100 to 3000xg, more preferably 200
to 1500xg, most preferably at 500xg for periods of

between 1 minute to 1 hour, more preferably 2 to 15



1 hour, nost preferably 45 mnutes. The cells are

passed through a nylon or cheesecloth nmesh filter of
whedreend220 mMmm to 800 nm, nore preferably betr&BIS2006/040053

to 400 mm, nost preferably 70 mm. The cells are then

subjected to differential cengVifugation directly in

medi a or over a 'Ficoll or Percoll or other

particul ate gradient. Cells can be centrifuged at

spe8dFUSe shetiasin HG@f?éabbmoﬁgbrgm’?ew eﬁé_rdiﬂn}pe?tmf ures

Sty r I r,.perio 0

betwaer Lt e BRour e retnre BralEshohg ko 4oc,

15mwsteprefostbpyeber abty 5 minutes, at tenperatures

of between 4C to 50C, preferably between 20C to 4CC,

mosopeef er abl ¥ saknd9&. 1H0QGR3] ol ithakn@Wly i QAT 1y y
that alginate gels may be forned by mxing wth

Yi cBfal Errmedht %&nsrpix kg Guixth+ dichygaiend fmtﬁcﬁms, dlike
i onj e [ I | ose, mechani cal stren an
disggﬁsebauﬁggﬁnghe§¥#t?ﬁe+%%%coge bngﬁf% 681" B 1ose
surmeghdnhgairedituengbee, arkdndAsso Rl eyi cl@kardlie to the
Madl ambayap, ,David J . Money, Biomaterials 20 (1999)
45-%%.55Th‘? AP oftCgeFUEZAVAAdBIheed BT orSade Jon A.

car Rbﬁ[e?f thee RGRy | Q%J]arﬁﬁa\)}ea%,al S LAY enp,ll.at eglooney,

that gelatin and its derivatives can.be used as a
14 esBipaptersubpor ntt39% f 86-RGB. THis usepef ofel gl ncan

' { 1 [ be f d Ln Krishna
Bur gaoarT | TV ehes T, Cat ToK OF CrAEACD B omed

5 68A: ,210-218, 2004; and Hye- Wn Kang, _
'\\(/gg E@?%’S Taﬁgt S PdSAI 1PN 2 i idadt | $8 k2 DN (2099).ts

1339834k 140D6%]ad t Hs @]y cqt enpl ?%?gfhggtlea sppgort
conposi tion conprising carboxynet hyl cel l'ullose and
derfdfafix estean BB useBhanduser esdr bgblet Suppont similar

1§nn§é%%£ﬁ§stggn be found in Krishna Burugapalli, Veena
Koul, Amit K. Dinda,lJ Biomed Mater Res 68A: 210-218,
2004; and Hye-Won Kang, Yasuhiko Tabata, Yoshito
Tkada, Biomaterials 20 (1999) 1339-1344.

[0065] It is also contemplated that a composition
20  comprising carboxymethylcellulose and its derivatives
can be used and a resorbable support matrix for the
RCB. The use of crosslinked carboxymethylcellulose in
tablet manufacture is well known from published
literature such as Wan and Prasad, Effect of
25 Microcrystalline Cellulose and Crosslinked Sodium
Carboxymethylcellulose on the Properties of Tablets
with Methyl cellulose as a Binder, 1International
Journal of Pharmaceutics, 41, (1988) 159-167. Indeed
it is known in the art to use an acid crosslinked
30 carboxymethylcellulose identified as croscarmellose

sodium, type A, NE  or crosslinked polyvinyl



RCB. The use of crosslinked carboxynethylcellulose in
tabl et manufacture is well known from published

wo paoensm4es e such as Wan and Prasad, Effect of PCT/US2006/040053
M crocrystalline Cellul ose and Crosslinked Sodi um
Car boxymet hyl cel | ul ose on thegProperties of Tablets
with Methyl cellul ose as a Binder, International .
Journal of Pharmaceutics, 41, (1988) 15'9-167. |ndeed
it pprisDdond tbe arsbdiamusesearési dgtyesabiekedin the
car boxymet hyl cel | ul ose identified as croscarnel ] ose |
sodMARHTRGHEEA | OF oPTetossIi nkggstric disintegrating

POl yafd Wt £y T &0l &5 SOMANE L AN GLALOPA Gabelingor
manuf'acture of oral "or gastric disintegrating tablets.
Suchse ohposi¢ | presein beveraton yordape edf fordigarynskill

the present invention b ne of ordinary skill w thout
Sun t}é%btérli“?fgﬁ a%%erflr{%g%%lﬁ1 or to inplantation of
the RCB, the endothelial cell |ayer can be stunned. If

t hel QOG&Y i ngr &Pt Kel i AmRlAn @ @ nott st Ghfed B, the
remyy&oh ndNeyr hjﬁé@li hlel‘LB%?m lal, tQLaustinned.  If  the

conpl i cati ons. e cells will continue to punp fluid
fr oexidieisg r oradoThesilui cgdumpi ngract nol misghtnrealiseor

fluid to coll e@% betvEen t he, cor nea ;E;\ndtth maki ng

it dFFITeU t toiSeat 1F¥My H4%i nsPOtRREEDr neat©  cause
10St Uk ddiel 6ol | ST | be@l kowitihe dwew inigert Ofp@b | §1uid

time to cone to confluence on the cornea before the

punprery fitem sheosri st Thys cef}@l¢ amsesrshl égsion might
[ 00 t4.S: e t Scbenstun, yh
endcg%%]se%ifajr&lccgl(]?s %%@p%%@é%&iﬁ@%n??on %n%? udghe RCB
exposkieg t olvardofsisalel engt hseat radiolyr eguehoyt the
' adc':g%%eog. (SRE?mhir%f/ﬂ the' acdellaltsl ovgiﬂt Iglrigg:ll ec%re‘ new layer
15 of cells time to come to confluence on the cornea

" before the pumping from the existing cells cause

problems.

[0067] It is contemplated that methods to stun the
endothelial cells of the present invention include
20 exposure to various wavelengths of radio frequency
radiation (RE), uv, irradiation with nuclear
radiation such as gamma radiation, as well as
chemical means such as trypsinization, acids, bases,
hypoosmotic solutions, buffers with low ion (Mg, Na,

25 Ca, K,) etc.

[0068] Prior to implantation of the RCB, the
endothelial cell layer can be removed using vacuum

action or physical scraping.

[0069] Having described the invention, many
30 modifications thereto will become apparent to those

skilled in the art to which 1t pertains without



radi ati on such as ganma radi ati on, as well as chem ca
means such as trypsinization, acids, bases,

whypooses i ¢ sol utions, buffers with |ow ion (RGI/UBRN6/040053
Ca, K/ ) etc. [0068] Prior to inplantation of the RCB

the endothelial cell layer cap be renpved using vacuum
action or physical scraping. [0069] Having descri bed
the invention, nmany nodifications thereto will becone

appacenstiont inse skel betlirith thethet ihoemhioh Bk defined
pertains w thoutdevigtion fromthe spirit of_ the

"nveRt £BR GCRE [ Hedthy PREBCSHe G dpbbndsderences
cl apg8it&h| nepd o enpesi h86LHEHa e CHY BEEeI-BREEPQRHALEM ] »
by reference in their entireties as if fully set forth

i n ehelspetesi cadson. LREFERENCES 1setko WrtFel dimn the

ST, . . et al. Experinmental posterior |anellar
E%raﬁgéggﬁ%gE?%%ﬁbf the rabbit cornea. I|nvest

Ophthal ol Vis Sci. 1993; 34 (suppl) : 1102. 2 .
Nblﬁgggﬁﬁﬁgiﬁgink FA, Lander F , et al. A surgica

techni que for posterior |anellar keratoplasty. Cornea.
1998; Ko 618 6PeldBan KBl | é5uE@R REancey &1, YapeDoweshal

BR, L Prelimpary clinical results posterior, .
o TSP SE cr SBERTIEY P eoBre natFRroh s Rea P hbckatboie
I ncestoea . Ouhvbak Mupgha12Q00; vi97:58350-1856; 44.(suppl) :
Ter MA, Qusley PJ. Endothelial replacenment w thout
1osur¥g%%°corneal i nci sions or sutures: topography of
the deep | anell ar endot helial keratoplasty procedure.
Cordea M0 GR): Egdighk FA, Lander F, et al. A surgical

technique for posterior lamellar keratoplasty.

Cornea. 1998; 17:618-626.

3. Melles GR, Lander F, van Dooren BR, et al.
15 Preliminary clinical results of posterior lamellar
keratoplasty through a sclerocorneal pocket incision.

Ophthalmology. 2000; 107:1850-1856.

4. Terry MA, Ousley PJ. Endothelial replacement

without  surface corneal incisions or  sutures:
20  topography of the deep lamellar  endothelial

keratoplasty procedure. Cd&nea. 2001; 20:14-18.

5. Terry MA, Ousley PJ. Deep lamellar endothelial
keratoplasty in the first United States patients:
early clinical results. Cornea. 2001; 20:239-243.

25 6. Terry MA, Ousley PJ. Replacing the endothelium
without surface corneal incisions or sutures: first
US clinical series with the deep lamellar endothelial
keratoplasty procedure. Ophthalmology. 2003; 110:755-
764.



5. Terry MA, Qusley PJ. Deep |anellar endotheli al

keratoplasty in the first United States patients:
w@2007p47k3 ni cal results. Cornea. 2001; 20: 239- PABUSHI06/040053

Terry MA, Qusley PJ. Replacing the endothelium w thout

surface corneal incisions or sgutures: first US

clinical series with the deep | anell ar endot heli al

ker at opl asty procedure. Ophthal nol ogy. 2003; 110: 755-

76477 .rehary yMMA. Endethelliiall r epbaeesmsht: thEhlel mhéhbal

pocket approach. Ophthalmpl Cdin North Am

16:RO3kaT 2 aRproagdtr y Qpkthaldiady IS}lnoONﬁé&P %R, 2003;

end9éh@63jﬂ1%ransplantatlon advances in the surgica

managenent endot hel i al dysfunction. Contenporary

Cphéhabfgﬂvg ggihgﬁl|?pét?gﬂumjtg eé%%?énepﬁggxellal

sendetdesp Pénﬂ‘eﬂh&irﬁﬂ agtincéernea.thdl0hirgical management
23:143-153.CLA|NB 1 . A resorbable corneal button

use?tl in ﬁéﬁathﬁﬂaéaé cor nel HomttiiaThg: a ) Cantemporary
bi 1 t h t d
|og@?h,[s|%pgfo<%g zsu:ppé)é 1 M@trix having a top an

bot t e ‘of supporting growth of
dot h I b dot ial, .
enspthaal, col 1By v o ole epdeupel ol .

Si dxﬁlt@ngeép) 13@@@1@@3@Ihﬁhirﬁalcl@rlne]aérdowpm@pl NQornea.
wel |l tolerated by the eye when inplanted into the eye.
102  2G%%/ resok B corneal button of claim1 , wherein
t he bi odegradabl e pol yner support matrix is sel ected
fromthe group consisting of hyaluronic acid, amiotic

menbr ane, chitosan, cross-Ilinked collagen,



al gi nates, adi pose tissue, gelatins,
car boxynet hyl cel | ul ose and conbi nations thereof. 3 .

wab@70oeres babl e corneal button of claim1l , whrCBUS061@10053

endothelial cells are corneal endothelial cells . 4 .
The resorbabl e corneal buttoAlof claim?2 , wherein
sai d bi odegradabl e pol yner support matri x conprises
hya|8£85§§ acid and wherein the endothelial cells are
cor néal “éndot hel i al cells. The resorbabl e cornea

5.

button of clai wher ei.n sai d _bi od adabl e pol,yner
Supprt R e Bk F ORI A SRt PR RET Cbl 1Thger o 2
wher ebpnéhecempdasheyt al cells are corneal endotheli al
cells. 6 . Anethod fqor repairing a cornea conprisin
2°) obt i y B BEg e e S FPROBE e e ST GT
cor neala emrdpt hehd albckebhs £1adm a pghbest aeeduipoating
transplant or usin Eﬁnke endot helial cells; c )
wakingggowggo?géﬁ} tastA8al CHttTion by growi ng and

expandi ng t he hartesiredieblbaekadreor nealcandotshekbshe
cells on the surface of said polyner supFort matri x

until t9& CEPTEPIBHAH1EBnFT B F Fhfettoriidty &°d
st andar c)DLEsicoraeatbacleer abrh8£1 SiRRten theimyewkn1
need of a transplant in order to access the anterior
thanberodfrehed f (185, ege) vhem EmlieRgethen r st ayre
corneal button on top of the existing - endotheli al

cel | ¢-i THh&CERTRIP LT CHAGer PHECOReOEFifEd do tharein
t he EB@%P&@J&%@@%@GO%B@#&@{ SebpSr@madixl Nl MR8 ted
contact with the cells of the anterior chanber of the
corné%@m the group consisting of hyaluronic acid,
amniotic membrane, chitosan, cross-linked collagen,
15 alginates, adipose tissue, gelatins,

carboxymethylcellulose and combinations thereof.

3. The resorbable corneal button of claim 1, wherein

the endothelial cells are corneal endothelial cells.

4. The resorbable corneal button of claim 2, wherein
20 said biodegradable polymer support matrix comprises
hyaluronic acid and wherein the endothelial cells are

corneal endothelial cells.

5. The resorbable corneal button of claim 2, wherein
said biodegradable polymer support matrix comprises
25 cross-linked collagen and wherein the endothelial

cells are corneal endothelial cells.
6. A method for repairing a cornea comprising:

a) obtaining a polymer support matrix;



f ) injection of hyaluronase into the anterior

chanber; and g ) closing the incision of the eye. 7
wabh@7meukod for repairing a cornea of claim6 PCTAIS20686/040053

the endothelial cells that are in the |ocation of the

cornea which will receive th¥ resorbabl e corneal

button are stunned prior to the inplantation step e )

b) harvesting corneal endothelial cells from a
patient needing a transplant or using banked
endothelial cells;

c¢) making a resorbable corneal button by growing

5 and expanding the harvested or banked corneal
endothelial cells on the surface of said polymer
support matrix until the cells reach confluence;

d) performing a standard DLEK, corneal-scleral

incision on the eye in need of a transplant in

10 order to access the anterior chamber of the
cornea;
e) implanting the resorbable corneal button on

top of the existing- - endothelial cells in the
anterior chamber of the cornea so that the
15 transplanted endothelial cells are in intimate
contact with the cells of the anterior chamber of
the cornea;
£) injection of hyaluronase into the anterior
chamber; and

20 g) closing the incision of the eye.

7. The method for repairing a cornea of claim 6,
wherein the endothelial «cells that are in the
location of the cornea which will receive the
resorbable corneal button are stunned prior to the

25 implantation step e).



